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TABLE 15-continued
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TABLE 15-continued

CpdNo. Ral Ra2 Ra3 Ra4 Ra5 Rbl Rb2 Rb3 Rb4 RbS Rb6 Rb7 RbS
15264 Me H H H Ph H H P H H H H H
15265 Me H H H Ph H H H Ph H H H H
15266 Me H H H Ph H H H H Ph H H H
15287 Me H H H Ph H H H H H P H H
152886 Me H H H Ph H H H H H H Ph H
15260 Me H H H Ph H H H H H H H Ph
15200 Ph H H H Ph H H H H H H H H
15200 Ph H H H Ph Me H H H H H H H
15292 Ph H H H Ph H Me H H H H H H
15203 Ph H H H Ph H H Me H H H H H
15204 Ph H H H Ph H H H Me H H H H
15205 Ph H H H Ph H H H H Me H H H
15206 Ph H H H Ph H H H H H Me H H
15207 Ph H H H Ph H H H H H H Me H
1529¢ Ph H H H Ph H H H H H H H Me
15209 Ph H H H Ph Ph H H H H H H H
15300 Ph H H H Ph H Ph H H H H H H
15300 Ph H H H Ph H H P H H H H H
15302 Ph H H H Ph H H H P H H H H
15303 Ph H H H Ph H H H H Ph H H H
15304 Ph H H H Ph H H H H H P H H
15305 Ph H H H Ph H H H H H H P H
15306 Ph H H H Ph H H H H H H H Ph

TABLE 16 23 TABLE 16-continued
Cpd Cpd
No. Ral Ra2 Ra3 Ra4 Ra5 Ra6 Ra7 Rbl Rb2 No. Ral Ra2 Ra3 Ra4 RaS Ra6 Ra7 Rbl Rb2
161 Me H H H H H H H H 1647 Ph H H H Me H H Me H
162 Me H H H H H H Me H 30 1648 Ph H H H Me H H H Me
163 Me H H H H H H H Me 164 Ph H H H Me H H Pi H
164 Me H H H H H H Ph H 650 Ph H H H Me H H H Ph
165 Me H H H H H H H Ph 651 Me H H H H Me H H H
166 Ph H H H H H H H H 652 Me H H H H Me H Me H
167 Ph H H H H H H Me H 1653 Me H H H H Me H H Me
168 Ph H H H H H H H Me 35165 Me H H H H Me H Pi H
169 Ph H H H H H H Ph H 1655 Me H H H H Me H H Ph
1610 Ph H H H H H H H Ph 165 Ph H H H H Me H H H
1611 Me Me H H H H H H H 1657 Ph H H H H Me H Me H
1612 Me Me H H H H H Me H 1658 Ph H H H H Me H H Me
1613 Me Me H H H H H H Me 659 Ph H H H H Me H Ph H
1614 Me Me H H H H H Ph H 4 1660 P» H H H H Me H H Ph
1615 Me Me H H H H H H Ph 661 Me H H H H H Me H H
1616 Ph Me H H H H H H H 662 Me H H H H H Me Me H
1617 Ph Me H H H H H Me H 1663 Me H H H H H Me H Me
1618 Ph Me H H H H H H Me 1664 Me H H H H H Me Pi H
1619 Ph Me H H H H H Ph H 1665 Me H H H H H Me H Ph
1620 Ph Me H H H H H H Ph 1666 Ph H H H H H Me H H
1621 Me H Me H H H H H H 4519667 Ph H H H H H Me Me H
1622 Me H Me H H H H Me H 1668 Ph H H H H H Me H Me
1623 Me H Me H H H H H Me 1660 Ph H H H H H Me Pi H
1624 Me H Me H H H H Ph H 670 Ph H H H H H Me H Ph
1625 Me H Me H H H H H Ph 1671 Me Ph H H H H H H H
1626 Ph H Me H H H H H H 1672 Me Ph H H H H H Me H
1627 Ph H Me H H H H Me H 501673 Me Ph H H H H H H Me
1628 Ph H Me H H H H H Me 1674 Me Ph H H H H H Pi H
1629 Ph H Me H H H H Ph H 1675 Me Ph H H H H H H Ph
1630 Ph H Me H H H H H Ph 1676 Ph Ph H H H H H H H
1631 Me H H Me H H H H H 1677 Ph Ph H H H H H Me H
1632 Me H H Me H H H Me H 167 Ph Ph H H H H H H Me
1633 Me H H Me H H H H Me 55167 Ph Ph H H H H H Pi H
163 Me H H Me H H H Ph H 1680 Ph Ph H H H H H H Ph
163 Me H H Me H H H H Ph 1688 Me H Ph H H H H H H
1636 Ph H H Me H H H H H 1682 Me H Ph H H H H Me H
1637 Ph H H Me H H H Me H 168 Me H Ph H H H H H Me
1638 Ph H H Me H H H H Me 1684 Me H Ph H H H H Pi H
1639 Ph H H Me H H H Ph H 60 1685 Me H Ph H H H H H Ph
164 Ph H H Me H H H H Ph 1686 Ph H Ph H H H H H H
164 Me H H H Me H H H H 687 Ph H Ph H H H H Me H
1642 Me H H H Me H H Me H 1688 Ph H Ph H H H H H Me
16435 Me H H H Me H H H Me 1689 Ph H Ph H H H H Pi H
1644 Me H H H Me H H Ph H 1690 Ph H Ph H H H H H Ph
1645 Me H H H Me H H H Ph 65 1690 Me H H Ph H H H H H
1646 Ph H H H Me H H H H 1692 Me H H Ph H H H Me H
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TABLE 16-continued TABLE 16-continued
Cpd Cpd
No. Ral Ra2 Ra3 Ra4 Ra5 Ra6 Ra7 Rbl Rb2 No. Ral Ra2 Ra3 Ra4 Ra5 Ra6 Ra7 Rbl Rb2
1603 Me H H Ph H H H H Me 5 16-113 Me H H H H Ph H H Me
1604 Me H H Ph H H H Ph H 16114 Me H H H H Ph H Ph H
1605 Me H H Ph H H H H Ph 16115 Me H H H H Ph H H Ph
1606 Ph H H Ph H H H H H 16116 Ph  H H H H Ph H H H
1697 Ph  H H Ph H H H Me H 16-117 Ph H H H H Ph H Me H
1698 Ph H H Ph H H H H Me 16-118 Ph H H H H Ph  H H Me
1699 Ph H H Ph H H H Ph H 10 16119 Phn H H H H Ph H Ph H
16100 Ph H H Ph H H H H Ph 16120 P H H H H Ph H H  Ph
16101 Me H H H P H H H H 16121 Me H H H H H Ph H H
16102 Me M H - H - PhH o H o Me H 16122 Me H H H H H Ph Me H
16103 Me H H H Phh H H H Me
lelor Me H H m B H H PhH 16123 Me H H H H H Ph H Me
16105 Me H H H m H H 2 Ph 16124 Me H H H H H P Ph H
16106 Ph H H H Ph H H H o 15 16-125 Me H H H H H Ph H Ph
16107 Phh H H H Ph H H Me H 16-126 Ph H H H H H Ph H H
16-108 Ph H H H Ph H H H Me 16-127 Ph H H H H H Ph Me H
16-109 Ph H H H Ph H H Ph H 16-128 Ph H H H H H Ph H Me
16-110 Ph H H H Ph H H H Ph 16-129 Ph H H H H H Ph Ph H
16111 Me H H H H Ph H H H 16130 Ph H H H H H Phn H Ph
16112 Me H H H H Ph H Me H 20
TABLE 17
CpdNo. Ral Ra2 Ra3 Ra4 Ra5 Ra6 Ra7 Rbl Rb2 Rb3 Rb4
17-1 Me H H H H H H H H H H
17-2 Me H H H H H H Me H H H
17-3 Me H H H H H H H Me H H
17-4 Me H H H H H H H H Me H
17-5 Me H H H H H H H H H Me
17-6 Me H H H H H H Phh H H H
17-7 Me H H H H H H H Ph H H
17-8 Me H H H H H H H H P H
17-9 Me H H H H H H H H H Ph
17-10 Phh H H H H H H H H H H
17-11 Phh H H H H H H Me H H H
17-12 Phh H H H H H H H Me H H
17-13 Phh H H H H H H H H Me H
17-14 Phh H H H H H H H H H Me
17-15 Phh H H H H H H Phh H H H
17-16 Phh H H H H H H H Pn H H
17-17 Phh H H H H H H H H Ph H
17-18 Phh H H H H H H H H H Ph
17-19 Me Me H H H H H H H H H
17-20 Me Me H H H H H Me H H H
17-21 Me Me H H H H H H Me H H
17-22 Me Me H H H H H H H Me H
17-23 Me Me H H H H H H H H Me
17-24 Me Me H H H H H Phh H H H
17-25 Me Me H H H H H H Ph H H
17-26 Me Me H H H H H H H P H
17-27 Me Me H H H H H H H H Ph
17-28 Phh Me H H H H H H H H H
17-29 Phh Me H H H H H Me H H H
17-30 Phh Me H H H H H H Me H H
17-31 Phh Me H H H H H H H Me H
17-32 Phh Me H H H H H H H H Me
17-33 Phh Me H H H H H Phh H H H
17-34 Phh Me H H H H H H Pn H H
17-35 Phh Me H H H H H H H Ph H
17-36 Phh Me H H H H H H H H Ph
17-37 Me H Me H H H H
17-38 Me H Me H H H H Me H H H
17-39 Me H Me H H H H H Me H H
17-40 Me H Me H H H H H H Me H
17-41 Me H Me H H H H H H H Me
17-42 Me H Me H H H H Phh H H H
17-43 Me H Me H H H H H Pn H H
17-44 Me H Me H H H H H H P H
17-45 Me H Me H H H H H H H Ph
17-46 Phh H Me H H H H H H H H
17-47 Phh H Me H H H H Me H H H
17-48 Ph H Me H H H H H Me H H
17-49 Ph H Me H H H H H H Me H
17-50 Ph H Me H H H H H H H Me
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CpdNo. Ral Ra2 Ra3 Ra4 Ra5 Ra6 Ra7 Rbl Rb2 Rb3 Rb4
17-51 Phh H Me H H H H Ph H H H
17-52 Phh H Me H H H H H Pn H H
17-53 Phh H Me H H H H H H Ph H
17-54 Phh H Me H H H H H H H Ph
17-55 Me H H Me H H H H H H H
17-56 Me H H Me H H H Me H H H
17-57 Me H H Me H H H H Me H H
17-58 Me H H Me H H H H H Me H
17-59 Me H H Me H H H H H H Me
17-60 Me H H Me H H H Ph H H H
17-61 Me H H Me H H H H Ph H H
17-62 Me H H Me H H H H H Ph H
17-63 Me H H Me H H H H H H Ph
17-64 Phh H H Me H H H H H H H
17-65 Phh H H Me H H H Me H H H
17-66 Phh H H Me H H H H Me H H
17-67 Phh H H Me H H H H H Me H
17-68 Phh H H Me H H H H H H Me
17-69 Phh H H Me H H H Ph H H H
17-70 Phh H H Me H H H H Pn H H
17-71 Phh H H Me H H H H H Ph H
17-72 Phh H H Me H H H H H H Ph
17-73 Me H H H Me H H H H H H
17-74 Me H H H Me H H Me H H H
17-75 Me H H H Me H H H Me H H
17-76 Me H H H Me H H H H Me H
17-77 Me H H H Me H H H H H Me
17-78 Me H H H Me H H Ph H H H
17-79 Me H H H Me H H H Pn H H
17-80 Me H H H Me H H H H Ph H
17-81 Me H H H Me H H H H H Ph
17-82 Phh H H H Me H H H H H H
17-83 Pphh H H H Me H H Me H H H
17-84 Pphh H H H Me H H H Me H H
17-85 Phh H H H Me H H H H Me H
17-86 Phh H H H Me H H H H H Me
17-87 Phh H H H Me H H Ph H H H
17-88 Phh H H H Me H H H Pn H H
17-89 Phh H H H Me H H H H Ph H
17-90 Phh H H H Me H H H H H Ph
17-91 Me H H H H Me H H H H H
17-92 Me H H H H Me H Me H H H
17-93 Me H H H H Me H H Me H H
17-94 Me H H H H Me H H H Me H
17-95 Me H H H H Me H H H H Me
17-96 Me H H H H Me H Ph H H H
17-97 Me H H H H Me H H Pn H H
17-98 Me H H H H Me H H H Ph H
17-99 Me H H H H Me H H H H Ph
17100 Ph H H H H Me H H H H H
17101 Ph H H H H Me H Me H H H
17102 Ph H H H H Me H H Me H H
17103 Ph H H H H Me H H H Me H
17104 Ph H H H H Me H H H H Me
17105 Ph H H H H Me H Ph H H H
17106 Ph H H H H Me H H Ph H H
17107 Ph H H H H Me H H H Ph H
171088 Ph H H H H Me H H H H Ph
177109 Me H H H H H Me H H H H
17110 Me H H H H H Me Me H H H
17111 Me H H H H H Me H Me H H
17112 Me H H H H H Me H H Me H
17113 Me H H H H H Me H H H Me
17114 Me H H H H H Me Ph H H H
17115 Me H H H H H Me H Ph H H
17116 Me H H H H H Me H H Ph H
17117 Me H H H H H Me H H H Ph
17118 Ph H H H H H Me H H H H
17119 Ph H H H H H Me Me H H H
17120 Ph H H H H H Me H Me H H
17121 Ph H H H H H Me H H Me H
17122 pPh H H H H H Me H H H Me
17123 Ph H H H H H Me Ph H H H
17124 Ph H H H H H Me H Ph H H
1712 Ph H H H H H Me H H Ph H
17126 Ph H H H H H Me H H H Ph
17127 Me Ph H H H H H H H H H
1712868 Me Ph H H H H H Me H H H
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TABLE 17-continued

CpdNo. Ral Ra2 Ra3 Ra4 Ra5 Ra6 Ra7 Rbl Rb2 Rb3 Rb4
17-129 Me Ph H H H H H H Me H H
17-130 Me Ph H H H H H H H Me H
17-131 Me Ph H H H H H H H H Me
17-132 Me Ph H H H H H Ph H H H
17-133 Me Ph H H H H H H Ph H H
17-134 Me Ph H H H H H H H Ph H
17-135 Me Ph H H H H H H H H Ph
17-136 Ph Ph H H H H H H H H H
17-137 Ph Ph H H H H H Me H H H
17-138 Ph Ph H H H H H H Me H H
17-139 Ph Ph H H H H H H H Me H
17-140 Ph Ph H H H H H H H H Me
17-141 Ph Ph H H H H H Ph  H H H
17-142 Ph Ph H H H H H H Ph H H
17-143 Ph Ph H H H H H H H Ph H
17-144 Ph Ph H H H H H H H H Ph
17-145 Me H Ph H H H H H H H H
17-146 Me H Ph H H H H Me H H H
17-147 Me H Ph H H H H H Me H H
17-148 Me H Ph H H H H H H Me H
17-149 Me H Ph H H H H H H H Me
17-150 Me H Ph H H H H Ph H H H
17-151 Me H Ph H H H H H Ph H H
17-152 Me H Ph H H H H H H Ph H
17-153 Me H Ph H H H H H H H Ph
17-154 Ph  H Ph H H H H H H H H
17-155 Ph H Ph H H H H Me H H H
17-156 Ph H Ph H H H H H Me H H
17-157 Ph H Ph H H H H H H Me H
17-158 Ph H Ph H H H H H H H Me
17-159 Ph H Ph H H H H Ph H H H
17-160 Ph H Ph H H H H H Ph H H
17-161 Ph H Ph H H H H H H Ph H
17-162 Ph H Ph H H H H H H H Ph
17-163 Me H H Ph  H H H H H H H
17-164 Me H H Ph  H H H Me H H H
17-165 Me H H Ph H H H H Me H H
17-166 Me H H Ph H H H H H Me H
17-167 Me H H Ph H H H H H H Me
17-168 Me H H Ph H H H Ph H H H
17-169 Me H H Ph H H H H Ph H H
17-170 Me H H Ph H H H H H Ph H
17-171 Me H H Ph H H H H H H Ph
17-172 Ph H H Ph H H H H H H H
17-173 Ph H H Ph  H H H Me H H H
17-174 Ph  H H Ph H H H H Me H H
17-175 Ph H H Ph H H H H H Me H
17-176 Ph H H Ph H H H H H H Me
17-177 Ph H H Ph H H H Ph H H H
17-178 Ph H H Ph H H H H Ph H H
17-179 Ph H H Ph H H H H H Ph H
17-180 Ph H H Ph H H H H H H Ph
17-181 Me H H H Ph H H H H H H
17-182 Me H H H Ph H H Me H H H
17-183 Me H H H Ph  H H H Me H H
17-18¢  Me H H H Ph H H H H Me H
17-185 Me H H H Ph H H H H H Me
17-186 Me H H H Ph H H Ph H H H
17-187 Me H H H Ph H H H Ph H H
17-188 Me H H H Ph H H H H Ph H
17-189 Me H H H Ph H H H H H Ph
17-190 Ph H H H Ph H H H H H H
17-191 Ph H H H Ph H H Me H H H
17-192 Ph H H H Ph H H H Me H H
17-193 Ph H H H Ph H H H H Me H
17-194 Ph  H H H Ph H H H H H Me
17-195 Ph H H H Ph H H Ph H H H
17-196 Ph H H H Ph H H H Ph H H
17-197 Ph H H H Ph H H H H Ph H
17-198 Ph H H H Ph H H H H H Ph
17-199 Me H H H H Ph H H H H H
17-200 Me H H H H Ph H Me H H H
17-201 Me H H H H Ph H H Me H H
17-202 Me H H H H Ph H H H Me H
17-203 Me H H H H Ph H H H H Me
17-204 Me H H H H Ph H Ph  H H H
17-205 Me H H H H Ph H H Ph H H
17-206 Me H H H H Ph H H H Ph H
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TABLE 17-continued

Ral Ra2 Ra3 Ra4 Ra5 Ra6 Ra7 Rbl Rb2 Rb3 Rb4

Cpd No.

O
ErrmzzsSczzoa
2 =
jasasaclaeip=Nasliasaslziar
2 =
T S A
2 =
ja=fiaeip=Raelazarl- e e=la:)
jasfiasliacileclaclfecliae e Rurer
= .49.49.49
[aRaPRyav -]
jasasacaclfaclacliacarfacar
jasfiasiacieclfaclfacfiasanfurer
jasfiasliacileclfaclfeclias e Rurer

jasjgasganijasaniiasijaiianiiasas

Ph

= o
Ay Ay

Ph
Ph
Ph

=
~

Me
Ph
Ph

17-207
17-208
17-209
17-210
17-211
17-212
17-213
17-214
17-215
17-216
17-217
17-218
17-219
17-220
17-221
17-222
17-223

=099 .9
[soR =P oV W a s s R an)

jasjganiasgas]

janjiaxiasiyas)

janjaissias]

aniasasiant

Me

Me

Me

Me

Me

Ph
Ph
Ph
Ph
Ph
Ph
Ph
Ph
Ph
Ph
Ph
Ph
Ph
Ph

Me

Ph

Me

Ph

Me

Ph

Me

17-224
17-225
17-226
17-227
17-228
17-229
17-230
17-231
17-232
17-233

Ph

Me

Ph

Me

Ph

Me

Ph

Me

Ph

Me

Ph

Ph

Ph

Ph

Ph

Ph

Ph

Ph

Ph

17-234

TABLE 18

Rb6

Ral Ra2 Ra3 Ra4 Ra5 Ra6 Ra7 Rbl Rb2 Rb3 Rb4 RbS

Cpd No.

[
T T T S

1 =
jauiasfianilasfiarip=fi=liasli=slieel=s

3 =
jasiaeanlfaci=aRarlariaclas i lia:)

2 =
jasliaeiianip=Rarliasfarfariiaclt-0ilas as

2 =
ja=liasip=aslarasasarly-baclaz las

1 =
oS T A

janjisniiasjjanianiasiosisngyasssgusian

jasjianiianijasiianiiasiianganiiasiasiianiias

jaajasanfanijaniasanianiianiasfusiias

jaajaniianijanijanijasiianiianiyasiasjasian

jnjisniiasijanianiasiosiangyasssjusian

jasjianiianijasiianiiasiianganiiasiasiianiias

18-1

18-10
18-11

Me

Me

18-12
18-13

o

anjiexigasias]

axiasigasigan

aniasasiant

Q
oo S

o =

anjaissiias]

anjasasiant

janjjanigasias]

janjjaxigasiyas)

janiaississ)

aniasjasigant

Me

Ph

18-14
18-15
18-16
18-17
18-18
18-19
18-20
18-21
18-22
18-23

Ph

Ph

L
T S T T T A T T

O
TS T T T T T A T T T T T T

O = ]
asjp=Ra s lizelanlfac - iasRanfiaranas iz IS

Q = Q
p=fas e cl-ofas asRarfaraciasib=fas

0
T T A T i i S

O
T I I A I I T T i S T

anjinigssijasijasianas juisxiiasssiasasges s

anfiasiasianifasijanijaniiasiianiiasfasiasiias s g

aajjaniasjanijaniangiasaniianiiasianianiangasan

anjjniganijanijasianiansniysxiiasiasianyasgas ges

anjisigssijssijasianas uisiiasssiangasges s

axjjasiasianiianijaniiasiasiianiias

Ph

=
~

Ph

Ph

Ph

Ph

Ph

Ph

18-24
18-25
18-26
18-27
18-28
18-29
18-30
18-31
18-32
18-33

Ph

=
~

=

Me

Me

Me

Me

Me

Me

Me

Me

Me

axiasiasian

aniasasiant

oo A

Ph
H

T

janjaissiias]

aniasasiant

janjjanigasgas]

janjyaxiasiyas)

janjaissiis]

Me
Me
Me
Me

Me
Me
Me
Me

18-34
18-35
18-36
18-37
18-38
18-39
18-40

oom o A
oA T T
oA T T T T
Ao

]
T S

]
oo S
I i i
T T T T T
T T T T T
I i

[a=jiaxiissiiasfiasaniias

Me
Me
Me
Me
Me
Me
Me

Me
Me
Me
Me
Ph
Ph
Ph

18-41
18-42
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TABLE 18-continued

Rb6

Ral Ra2 Ra3 Ra4 Ra5 Ra6 Ra7 Rbl Rb2 Rb3 Rb4 RbS

Cpd No.

2 =
ja=liaeliasib=NararasRas el
1 =
anfiaeip=faclazanlias Ranih-ola:)
3 =
jasip=aslaelfaclac el ilargar

2 =
p=aaclaclaclacl-b e Rarlar
=
jasasacaclfacl-oliasanlasar
=
jasfasacecli-olacliasunfurer
jasfiasliacileclaclfecliae e Rurer
jasasacaclfaclfasliacasfarliar
jasasacaclfaclacliacarfacar
jasfiasiacieclfaclfacfiasanfurer
jasfiasliacileclfaclfeclias e Rurer

-

Me

-

Me
Me
Me
Me
Me
Me
Me

Ph
Ph
Ph
Ph
Ph
Ph
Ph
Ph
Ph
Ph

18-43
18-44
18-45
18-46
18-47
18-48
18-49
18-50
18-51
18-52
18-53

jasjjaniasias]

janjyexiasiyas)

axiasasian

[}

asfialias iD=

o S

oS

janjaxissiias]

aniasasian

jasjganiasgas]

janjiaxiasiyas)

Me

Me

Me

aniasasiant

Me

Me

18-54
18-55
18-56
18-57

Me

Me

] [
oS TENO N T AD D T ET S

o [}
oS T T A T i S T

3 = 3
ST T A T T T S T T T

= 1 =
aslias il lauh ol elas asRasfarfarip=gas fas araeilacitn

s 1 =
asliaclanlial-Vacfianiasiiacliasanip=as laclins il las collas

= 1 =
asfieclaclt-o ]l ecfianlaz]azlies b asasaclias i hcu acllas

asjisxissijanijasijaniiasusisnianasaniases yosiasiasgssgas

anjiasasianifanijanijanianiianiiasiasganiiasgasiiasiasiianiias fas

z=fiasiasjjanifanijaijasiasiiasiiasangasiasgasiasiasjiasias fas

asjjsniganijanijasianiianijsniysniangasianiyasas josiasiasiasjas

%)
=

%)
=

%)
=

-

DL OUOLOLOLOLOOOOY O
PRI == ===

azjjasasianifanijanijananiianiiasiasganiiasgasiiasiasiasiias fas

Me

DL YWY
==

18-58
18-59
18-60
18-61

18-62
18-63
18-64
18-65
18-66
18-67
18-68
18-69
18-70
18-71

=
~

=
~

Ph

Ph

=
~

18-72
18-73
18-74
18-75
18-76
18-77
18-78
18-79
18-80
18-81
18-82
18-83
18-84
18-85
18-86
18-87
18-88
18-89
18-90
18-91
18-92
18-93
18-94
18-95
18-96
18-97
18-98
18-99

Ph

Ph

Ph

= 2 =
asliacly ol sl sl asanla s ib=Rurlaslas Rac vl oiias Raella e

= g =
aslh-oieulaianllesiaxiasip=as arlaxiasacly-blas las laelaie:]

= 1 =
ffarleclaliez s enip=Neclazarlesiari-oliasariia laclaz s

Q O
I T I ST I S I I I I T A T I T T T T S

] [
DN C T OSSO ENOA T T DT ST

] [
T S T T I A T T T T T S T

anjisiissiiasijasijaniias asiasianasfaniasias osjasyasgas gasas

janjiasiasijanijanijanijaniiasaniiasfasijanijasiasgasiiasiasjasiasjas

a=asijasijaniasijanijasiiasasiiasasjaniasasgasiasiasjiasiasjas

LOVLOLOLDLOLOLOLOLOLYOY
eisci =D =i === ===~

Q
=

Y
=

Y
=

Y
=

0 LV O
SSSmpmDmiDmED D

anjiasiasianijasijanijaniiasaniiasfasijaniiasiasgasiiasiasjiasiasjas

Ph

Ph

Ph

Ph

Ph

Ph

] [
DS EOO N TADD T T EE S T

o = [
asjp=eslarles e anl-olaelacarazarlasib=qes Ruaxlaella:)

O = 3
ST DN A T T S T T T

= 1 =
as sl liarian:- e asRanfariias p=gas s lariaelacitn

L
T A T i i S i

= g =
axfieciieclyolaxllesaxiianliaxlies=arlaxiacliaslias i)

[sjiaxigasiiasijasijaniiasias fasiiassssejasas fesasian

anjjasiasjasijasianiianijaniianiiasasiiasiasasgiasias o

L0 L LU O LV O O O
afiarifasiiariias s ianiiasaaip=R=Ep= =10 1p= b=~

{5}
p

L%}
p

%)
=

0 L 0 L LV O
SSSZ zmmmminmin

[sjiaxigasiiasijasijaniasias jaxiiassssejasas esasias

anjjasiasjasijasianijanijanianiiasasiiasiasasgiasiasgias

Ph

Ph

Ph

Ph

Ph

18-100
18-101
18-102
18-103
18-104
18-105
18-106
18-107
18-108
18-109
18-110
18-111
18-112
18-113
18-114
18-115
18-116
18-117
18-118
18-119
18-120

Ph

Ph

Ph

Ph

Me

Me

Me

Me

Me

Q
=

Me

Me

Me

Me

Me

Me

anasjasiant

janljaniasias]

anjjanigasiyas)

anjiaigssiias]

anasjasiant

Me
Me
Me
Me

anjjanigasiyan)

anjiaiasias]

aniasjasiant

Me
Me
Me
Ph

Me

Me

Ph

Me

Me

Ph
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TABLE 18-continued

Rb6

Ral Ra2 Ra3 Ra4 Ra5 Ra6 Ra7 Rbl Rb2 Rb3 Rb4 RbS

Cpd No.

2 =
ja=liaeliasib=NararasRas el

1 =
anfiaeip=faclazanlias Ranih-ola:)

3 =
jasip=aslaelfaclac el ilargar

2 =
p=aaclaclaclacl-b e Rarlar

OO T A T T T

OO T A T T T T

j=ji=nfj i aniasijsiyasiiasiss s

jasjasganijasaniiasiaiianiiasas

%)
=

DYVOLL YO
pip=1=1p= == Jp=gp=

jaaji=nfjaniyanijasiianiianiianiiasfas

j=ji=nfj i aniasjsiyasiiasgyss s

jasjgasganijasaniiasijaiianiiasas

Ph

18-121
18-122
18-123

Ph

Ph

=
~

18-124
18-125
18-126
18-127
18-128
18-129
18-130
18-131
18-132
18-133

Ph

Ph

Ph

= o
Ay Ay

Ph

jaajganigas

[=iexigas

anasiyas

anigasiyas

a=liaeip]

===

[siaias

Me

Me

Me

jaajganigas

[a=lgaxigas

[niaxias

anigasigas

Me

Me

Me

] [
NN NSO T TN E AT T T DT S T

o [}
TS I T T A T T T S T T T

3 3
ST T T A I T T T T T S T T T T

] = o
p=faslaranuiisl-WilaRuslanliacliasiaci=arlariias iz ias)

s 1 =
asialtecanlia -V asanlaciiaslaciani=asRaclins i las )

= 1 =
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=

-

-
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=
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=
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Me

jasi

jusi

jusi

aniiasgianiiasijaniiasasijaniianijaniianiiasiiasiiaciiasuasiias asgasiias

Me

18-134
18-135
18-136
18-137
18-138
18-139
18-140
18-141
18-142
18-143

Me

Me

Me

Me

Me

Me

Me

Me

Me

Ph

18-144
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18-146
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18-148
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18-150
18-151
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Ph

=
~

=
~

Ph

Ph

Ph

Ph
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janljaniasias]

anjjanigasiyas)

anjiaigssiias]

anasjasiant

Me Ph

18-193
18-194
18-195
18-196
18-197
18-198

Ph

Me

Ph

Me

Ph

Ph

Me

Ph

Ph

Me

Ph

Ph
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TABLE 18-continued

Rb6

Ral Ra2 Ra3 Ra4 Ra5 Ra6 Ra7 Rbl Rb2 Rb3 Rb4 RbS

Cpd No.

2 =
ja=liaeliasib=NararasRas el
1 =
anfiaeip=faclazanlias Ranih-ola:)
3 =
jasip=aslaelfaclac el ilargar

2 =
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=
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=
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3 = 3
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s 1 =
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18-232
18-233
18-234
18-235
18-236
18-237
18-238
18-239
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18-241

Ph

Ph
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Me

Me

Me

Me

Me
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18-260
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Ph

Ph

Ph

Ph

Ph

Ph

Ph

Ph

Me

Me

18-262
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18-266
18-267
18-268
18-269
18-270
18-271
18-272
18-273
18-274
18-275
18-276

Me

Me

Me

Q
=

Me

Me

Me

Me

anasjasiant

janljaniasias]

anjjanigasiyas)

anjiaiasias]

aniasjasiant

Me
Me
Me
Ph

Me

Ph

Ph

Me

Ph

Ph
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TABLE 18-continued

Rb6

Ral Ra2 Ra3 Ra4 Ra5 Ra6 Ra7 Rbl Rb2 Rb3 Rb4 RbS

Cpd No.
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1 =
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jasip=aslaelfaclac el ilargar

2 =
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Ph
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Ay Ay

Ph
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Ph

=
~
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18-285
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18-287
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18-289
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anasiyas
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Me
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Me

Me

Ph

Me

Me
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=
~
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AN ONONTSED ST A
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e =]
jaslias A~

AT OT T T T T T T T T T
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40044494 444499999999
S RN PR N 2 P A P i a P 2 B < N S =]
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M I T T
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AN DN OO OO0 ODOOO
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anjiasjasianifanijanijaniianiianiiasasaniasiasgianiias

Ph

Ph

Ph

Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me

18-310
18-311
18-312
18-313
18-314
18-315
18-316
18-317
18-318
18-319
18-320
18-321
18-322
18-323
18-324
18-325
18-326
18-327
18-328
18-329
18-330
18-331

Ph
Ph
Ph
Ph
Ph
Ph
Ph
Ph
Ph
Ph
Ph
Ph
Ph

Ph

Me

Ph

Me

Ph

Me

Ph

Me

Ph

Me

Ph

Me

Ph

18-332
18-333
18-334
18-335
18-336
18-337
18-338

Ph

Ph

Ph

Ph

Ph

Ph

Ph

Ph

Ph

Ph

Ph

Ph

TABLE 19

Rb7

Rb6

Ral Ra2 Ra3 Rb4 Ra5 Ra6 Ra7 Rbl Rb2 Rb3 Rb4 RbS

Cpd No.

L5}
=

Me

19-11

L0 LV 0O Vv LU L U
S22z 222
]
T o S
]
o S
L
T T S T
Q
s s =R e awifanifasl
Q
asjp=aslazliazlazlanl
1 =
Smmmmm e
axiaslia sl lleneniiesl
aslias sl lianianiiasl
axliacliaclallaraciiasl
axiaslias s larlaniiesl

[a=jiaxiissiiasfiasaniias

anjiasjanianifanijaniias)

Me
Me
Me
Me
Me
Me
Me

19-14

19-12
19-13
19-15
19-16
19-17
19-18
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TABLE 19-continued

Rb7

Rb6

Ral Ra2 Ra3 Rb4 Ra5 Ra6 Ra7 Rbl Rb2 Rb3 Rb4 RbS

Cpd No.

33333233

[
T TOAD T EED S T

[
OO A T T T S T

3
e Rl s e s s s s

= Q
jasli-i el aelaclasliasasip=gar

= C
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[
T S

j=ji=nfj i aniasijsiyasiiasiss s

jasjasganijasaniiasiaiianiiasas

jasjjasiiaxiasianiiasijaniiasiiasas

jaaji=nfjaniyanijasiianiianiianiiasfas

j=ji=nfj i aniasjsiyasiiasgyss s

jasjgasganijasaniiasijaiianiiasas

Me
Me
Me
Me
Me
Ph

Ph

19-110
19-111
19-112
19-113
19-1 14
19-115
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—
—
'
(o)}
—

19-19
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Ay Ay

19-117
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19-119
19-1 20
19-121

Ph

T T
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19-1 22
19-1 23

v YO Y
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Y
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Y
=

= 1 =
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= 1 =
asly o clanliec s enliazib=RarRarlecliariasli-o e s aciia:]

= 1 =
sl e elfan iD= Rasfarfariiacl-Wias lariaelacias

L
T T M S T M T A T T T T T

] [
T T S T T I A T I T T S

asjisxissijanijasijaniiasusisnianasaniases yosiasiasgssgas

anjiasasianifanijanijanianiianiiasiasganiiasgasiiasiasiianiias fas

z=fiasiasjjanifanijaijasiasiiasiiasangasiasgasiasiasjiasias fas

asjjsniganijanijasianiianijsniysniangasianiyasas josiasiasiasjas
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Ph

Ph
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Ph

Ph
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19-127
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19-129
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19-131

Me

Me

Me

Me

Me

Me

Me

Me

Me

Me

Me Me

19-1 32
19-133

Me

Me

Me Me

19-1 34
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TABLE 19-continued

Rb7

Rb6

Ral Ra2 Ra3 Rb4 Ra5 Ra6 Ra7 Rbl Rb2 Rb3 Rb4 RbS

Cpd No.
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TABLE 19-continued

CpdNo. Ral Ra2 Ra3 Rb4 Ra5 Ra6 Ra7 Rbl Rb2 Rb3 Rb4 RbS Rb6 Rb7
191165 Me H H H H H Me H P H H H H M
1991166 Me H H H H H Me H H Ph H H H M
191167 Me H H H H H Me H H H Ph H H Me
191168 Me H H H H H Me H H H H Ph H M
1991169 Me H H H H H Me H H H H H Ph Me
191170 Phn H H H H H Me H H H H H H Me
191171 Ph H H H H H Me Me H H H H H Me
191172 Ph H H H H H Me H Me H H H H Me
191173 Ph H H H H H Me H H Me H H H Me
1911774 Ph H H H H H Me H H H Me H H Me
19117 Ph H H H H H Me H H H H Me H Me
1911776 Ph H H H H H Me H H H H H Me Me
191177 Ph H H H H H Me Ph H H H H H Me
191178 Ph H H H H H Me H Ph H H H H Me
191179 Ph H H H H H Me H H Ph H H H Me
191180 Ph H H H H H Me H H H Ph H H Me
191188 Ph H H H H H Me H H H H Ph H Me
191182 Ph H H H H H Me H H H H H Ph Me
191183 Me Ph H H H H H H H H H H H M
191184 Me Ph H H H H H Me H H H H H Me
19118 Me Ph H H H H H H Me H H H H M
191186 Me Ph H H H H H H H Me H H H Me
191187 Me Ph H H H H H H H H Me H H Me
19118 Me Ph H H H H H H H H H Me H Me
191189 Me Ph H H H H H H H H H H Me Me
191190 Me Ph H H H H H Ph H H H H H M
191191 Me Ph H H H H H H Ph H H H H M
191192 Me Ph H H H H H H H Ph H H H M
191193 Me Ph H H H H H H H H Ph H H Me
191194 Me Ph H H H H H H H H H Ph H Me
191195 Me Ph H H H H H H H H H H Ph Me
191196 Ph Ph H H H H H H H H H H H Me
191197 Ph Ph H H H H H Me H H H H H Me
191198 Ph Ph H H H H H H Me H H H H Me
191199 Ph Ph H H H H H H H Me H H H Me
191200 Ph Ph H H H H H H H H Me H H Me
191200 Ph Ph H H H H H H H H H Me H Me
191202 Ph Ph H H H H H H H H H H Me Me
191203 Ph Ph H H H H H Ph H H H H H M
191204 Ph Ph H H H H H H Ph H H H H M
191205 Ph  Ph H H H H H H H Ph H H H Me
1991206 Ph Ph H H H H H H H H Ph H H Me
191207 Ph  Ph H H H H H H H H H Ph H Me
191208 Ph Ph H H H H H H H H H H Ph Me
1991200 Me H Ph H H H H H H H H H H M
191210 Me H Ph H H H H Me H H H H H M
191211 Me H Ph H H H H H Me H H H H M
191212 Me H Ph H H H H H H Me H H H Me
191213 Me H Ph H H H H H H H Me H H Me
191214 Me H Ph H H H H H H H H Me H Me
191215 Me H Ph H H H H H H H H H Me Me
191216 Me H Ph H H H H Ph H H H H H Me
191217 Me H Ph H H H H H P H H H H Me
191218 Me H Ph H H H H H H Ph H H H Me
191219 Me H Ph H H H H H H H Ph H H Me
191220 Me H Ph H H H H H H H H Ph H Me
1991221 Me H Ph H H H H H H H H H Ph Me
191222 Ph H Ph H H H H H H H H H H M
191223 Ph H Ph H H H H Me H H H H H M
191224 Ph H Ph H H H H H Me H H H H M
191225 Ph H Ph H H H H H H Me H H H Me
191226 Ph H Ph H H H H H H H Me H H Me
191227 Ph H Ph H H H H H H H H Me H Me
191228 Ph H Ph H H H H H H H H H Me Me
191229 Ph H Ph H H H H Ph H H H H H M
191230 Ph H Ph H H H H H Ph H H H H M
191231 Ph H Ph H H H H H H Ph H H H Me
191232 Ph H Ph H H H H H H H Ph H H Me
191233 Ph H Ph H H H H H H H H Ph H Me
191234 Ph H Ph H H H H H H H H H Ph Me
191235 Me H H Ph H H H H H H H H H Me
191236 Me H H Ph H H H Me H H H H H Me
191237 Me H H Ph H H H H Me H H H H Me
191238 Me H H Ph H H H H H Me H H H Me
191239 Me H H Ph H H H H H H Me H H Me
191240 Me H H Ph H H H H H H H Me H Me
191241 Me H H Ph H H H H H H H H Me Me
191242 Me H H Ph H H H Ph H H H H H M
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TABLE 19-continued

CpdNo. Ral Ra2 Ra3 Rb4 Ra5 Ra6 Ra7 Rbl Rb2 Rb3 Rb4 RbS Rb6 Rb7
191243 Me H H Ph H H H H Ph H H H H Me
191244 Me H H Ph H H H H H Ph H H H Me
191245 Me H H Ph H H H H H H Ph H H Me
191246 Me H H Ph H H H H H H H Ph H Me
191247 Me H H Ph H H H H H H H H Ph Me
191248 Ph H H Ph H H H H H H H H H M
191249 Ph H H Ph H H H Me H H H H H M
191250 Ph H H Ph H H H H Me H H H H M
191251 Ph H H Ph H H H H H Me H H H Me
191252 Ph H H Ph H H H H H H Me H H Me
191253 Ph H H Ph H H H H H H H Me H Me
191254 Ph H H Ph H H H H H H H H Me Me
191255 Ph H H Ph H H H Ph H H H H H Me
191256 Ph H H Ph H H H H P H H H H Me
191257 Ph H H Ph H H H H H Ph H H H Me
191258 Ph H H Ph H H H H H H Ph H H Me
191259 Ph H H Ph H H H H H H H Ph H Me
191260 Ph H H Ph H H H H H H H H Ph Me
199121 Me H H H Ph H H H H H H H H M
191262 Me H H H Ph H H Me H H H H H M
191263 Me H H H Ph H H H Me H H H H M
191264 Me H H H Ph H H H H Me H H H Me
191266 Me H H H Ph H H H H H Me H H Me
191266 Me H H H Ph H H H H H H Me H Me
191267 Me H H H Ph H H H H H H H Me Me
191268 Me H H H Ph H H Ph H H H H H M
19120 Me H H H Ph H H H Ph H H H H M
191270 Me H H H Ph H H H H Ph H H H Me
191271 Me H H H Ph H H H H H Ph H H Me
191272 Me H H H Ph H H H H H H Ph H Me
191273 Me H H H Ph H H H H H H H Ph Me
191274 Ph H H H Ph H H H H H H H H Me
191275 Ph H H H Ph H H Me H H H H H Me
191276 Ph H H H Ph H H H Me H H H H Me
191277 Ph H H H Ph H H H H Me H H H Me
191278 Ph H H H Ph H H H H H Me H H Me
191279 Ph H H H Ph H H H H H H Me H Me
191280 Ph H H H Ph H H H H H H H Me Me
191281 Ph H H H Ph H H Ph H H H H H M
191282 Ph H H H Ph H H H Ph H H H H Me
191283 Ph H H H Ph H H H H Ph H H H Me
191284 Ph H H H Ph H H H H H Ph H H M
191285 Ph H H H Ph H H H H H H Ph H Me
191286 Ph H H H Ph H H H H H H H Ph Me
191287 Me H H H H Ph H H H H H H H M
191288 Me H H H H Ph H Me H H H H H M
191289 Me H H H H Ph H H Me H H H H M
19120 Me H H H H Ph H H H Me H H H Me
191291 Me H H H H Ph H H H H Me H H Me
191292 Me H H H H Ph H H H H H Me H Me
191293 Me H H H H Ph H H H H H H Me Me
191294 Me H H H H Ph H Ph H H H H H Me
191295 Me H H H H Ph H H P H H H H Me
191296 Me H H H H Ph H H H Ph H H H Me
191297 Me H H H H Ph H H H H Ph H H Me
191298 Me H H H H Ph H H H H H Ph H Me
191299 Me H H H H Ph H H H H H H Ph Me
191300 Ph H H H H Ph H H H H H H H M
191301 Ph H H H H Ph H Me H H H H H Me
191302 Ph H H H H Ph H H Me H H H H M
191303 Ph H H H H Ph H H H Me H H H Me
191304 Ph H H H H Ph H H H H Me H H Me
191305 Ph H H H H Ph H H H H H Me H Me
191306 Phn H H H H Ph H H H H H H Me Me
191307 Ph H H H H Ph H Ph H H H H H M
191308 Pn H H H H Ph H H Ph H H H H Me
191309 Ph H H H H Ph H H H Ph H H H Me
191310 Ph H H H H Ph H H H H Ph H H Me
191311 Ph H H H H Ph H H H H H Ph H Me
191312 Ph H H H H Ph H H H H H H Ph Me
191313 Me H H H H H Ph H H H H H H Me
1913144 Me H H H H H Ph Me H H H H H Me
191315 Me H H H H H Ph H Me H H H H Me
191316 Me H H H H H Ph H H Me H H H Me
191317 Me H H H H H Ph H H H Me H H Me
191318 Me H H H H H Ph H H H H Me H Me
191319 Me H H H H H Ph H H H H H Me Me
191320 Me H H H H H Ph Ph H H H H H M
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TABLE 19-continued

Rb7

Rb6

Ral Ra2 Ra3 Rb4 Ra5 Ra6 Ra7 Rbl Rb2 Rb3 Rb4 RbS

Cpd No.
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TABLE 20-continued
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Ral Ra2 Ra3 Ra4 Ra5 Ra6 Ra7 Rbl Rb2 Rb3 Rb4 RbS

Cpd No.
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TABLE 20-continued

Rb7 Rb®

Rb6

Ral Ra2 Ra3 Ra4 Ra5 Ra6 Ra7 Rbl Rb2 Rb3 Rb4 RbS

Cpd No.
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TABLE 20-continued
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Rb6

Ral Ra2 Ra3 Ra4 Ra5 Ra6 Ra7 Rbl Rb2 Rb3 Rb4 RbS

Cpd No.
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TABLE 20-continued
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Ral Ra2 Ra3 Ra4 Ra5 Ra6 Ra7 Rbl Rb2 Rb3 Rb4 RbS
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TABLE 20-continued

Rb7 Rb®

Rb6

Ral Ra2 Ra3 Ra4 Ra5 Ra6 Ra7 Rbl Rb2 Rb3 Rb4 RbS

Cpd No.
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TABLE 20-continued

CpdNo. Ral Ra2 Ra3 Ra4 Ra5 Ra6 Ra7 Rbl Rb2 Rb3 Rb4 RbS Rb6 Rb7 RbY

20-441 Ph H H H H H Ph H H H H H H Ph H
20-442 Ph H H H H H Ph H H H H H H H Ph

TABLE 21 TABLE 21-continued
CpdNo. Ral Ra2 Ra3 Rbl Rb2 Rb3 Rb4 RbS 10 CcpdNo. Ral Ra2 Ra3 Rbl Rb2 Rb3 Rb4 RbS
21-1 Me H H H H H H Me 21-69 Ph Ph  H Ph H H H Me
21-2 Me H H Me H H H Me 21-70 Ph Ph  H H Ph  H H Me
21-3 Me H H H Me H H Me 21-71 Ph Ph  H H H Ph H Me
21-4 Me H H H H Me H Me 21-72 Ph Ph H H H H Ph Me
21-5 Me H H H H H Me Me 15 21-73 Me H Ph H H H H Me
21-6 Me H H Ph H H H Me 21-74 Me H Ph Me H H H Me
21-7 Me H H H Ph  H H Me 21-75 Me H Ph H Me H H Me
21-8 Me H H H H Ph H Me 21-76 Me H Ph H H Me H Me
21-9 Me H H H H H Ph  Me 21-77 Me H Ph H H H Me Me
21-10 Ph  H H H H H H Me 21-78 Me H Ph  Ph H H H Me
21-11 Ph H H Me H H H Me 5 21-79 Me H Ph H Ph  H H Me
21-12 Ph H H H Me H H Me 21-80 Me H Ph H H Ph H Me
21-13 Ph H H H H Me H Me 21-81 Me H Ph H H H Ph  Me
21-14 Ph H H H H H Me Me 21-82 Ph  H Ph H H H H Me
21-15 Ph H H Ph H H H Me 21-83 Ph H Phh Me H H H Me
21-16 Ph H H H Ph H H Me 21-84 Ph H Ph H Me H H Me
21-17 Ph H H H H Ph H  Me 55 21-85 Phh H Ph H H Me H  Me
21-18  Ph H H H H H P Me 2186 Ph H Ph H H H Me Me
21-19 Me Me H H H H o Me 21-87 Phh H Ph Ph H H H Me
2120 Me  Me H  Me H H g Me 2188 Ph H Ph H Ph H H  Me
21-21 Me Me H H Me H H Me
2122 Me Mo H H e Me - Mo 21-89 Ph  H Ph H H Ph H Me
313 Me Me H = = o Me Mo 21-90 Ph  H Ph H H H Ph  Me
21-24 Me Me H Ph H H H Me 30
21-25 Me Me H H Ph  H H Me
21-26 Me Me H H H Ph H Me
21-27 Me Me H H H H Ph  Me TABLE 22
21-28 Phh Me H H H H H Me
21-29 Phh Me H Me H H H Me Cpd
21-30 Phh Me H H Me H H Me 35 No. Ral Ra2 Ra3 Ra4 Rbl Rb2 Rb3 Rb4 RbHS
21-31 Phh Me H H H Me H Me
21-32 Phh Me H H H H Me Me 22-1 Me H H H H H H H Me
21-33 Phh Me H Ph H H H Me 22-2 Me H H H Me H H H Me
21-34 Phh Me H H Ph H H Me 22-3 Me H H H H Me H H Me
21-35 Ph Me H H H Ph H Me 22-4 Me H H H H H Me H Me
213 Ph Me H H H H Ph  Me 40 25 Me H H H H H H M Me
21-37 Me H Me H H H H Me 22-6 Me H H H Ph H H H Me
21-38 Me H Me Me H H H Me 22-7 Me H H H H Ph H H Me
21-39 Me H Me H Me H H Me 22-8 Me H H H H H Ph H Me
21-40 Me H Me H H Me H Me 22-9 Me H H H H H H Ph Me
21-41 Me H Me H H H Me Me 22-10 Ph H H H H H H H Me
21-42 Me H Me Ph H H H Me 22-11  Ph H H H Me H H H Me
21-43 Me H Me H Ph H H  Me 45 212 Ph H H H H Me H H Me
21-44 Me H Me H H Ph H Me 22-13 Ph H H H H H Me H Me
21-45 Me H Me H H H Ph  Me 22-14 Ph  H H H H H H Me Me
21-46 Ph H Me H H H H Me 22-15 Ph H H H Ph H H H Me
21-47 Ph  H Me Me H H H Me 22-16 Ph H H H H Ph H H Me
21-48 Ph  H Me H Me H H Me 22-17 Ph  H H H H H Ph  H Me
21-49 Ph H Me H H Me H Me 50 22-18 Ph H H H H H H Ph Me
21-50 Ph  H Me H H H Me Me 22-199 Me Me H H H H H H Me
21-51 Ph H Me Ph H H H Me 22-20 Me Me H H Me H H H Me
21-52 Ph H Me H Ph H H Me 22-21 Me Me H H H Me H H Me
21-53 Ph H Me H H Ph H Me 22-22 Me Me H H H H Me H Me
21-54 Ph H Me H H H Ph Me 22-23 Me Me H H H H H Me Me
21-55 Me Ph H H H o H Me 55 2224 Me Me H H Ph H H H Me
21-56 Me Ph H Me H H H Me 22-25 Me Me H H H Ph H H Me
21-57 Me Ph  H H Me H H Me 2226 Me Me H H H H Ph H Me
1-58 Me Ph H = I Me I Me 2227 Me Me H H H H H Ph  Me
259 Me Ph H H H H Me Me 2-28  Ph Me H H H H H H M
2229 Ph  Me H H Me H H H Me
21-60 Me PhH  Ph H H B Me 2230 Ph Me H H H Me H H Me
21-61 Me Ph H H Ph H H Me 60 531 Ph Me H o H H Me H Me
21-62 Me P H H H Ph H M 232 Ph Me H H H H H Me Me
21-63 Me Ph H H H H Ph Me 233 Ph Me H H Ph H H H Me
21-64 Ph Ph  H H H H H Me 2234 Ph Me H H H Ph H H Me
21-65 Ph Ph  H Me H H H Me 22-33 Ph Me H H H H Ph H Me
21-66 Ph Ph H H Me H H Me 22-36 Ph  Me H H H H H Ph  Me
21-67 Ph Ph H H H Me H Me 65 2237 Me H Me H H H H H Me
21-68 Ph Ph H H H H Me Me 22-33 Me H Me H Me H H H Me
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TABLE 22-continued TABLE 22-continued
Cpd
Ra2 Ra3 Ra4 Rbl Rb2 Rb3 Rb4 RbS No. Ral Ra2 Ra3 Ra4 Rbl Rb2 Rb3 Rb4 RbS
H Me H H Me H H Me 5 28 Ph Ph H H H Me H H Me
H Me H H H Me H Me 28 Ph Ph H H H H Me H Me
H Me H H H H Me Me 28 Ph Ph H H H H H Me Me
H Me H Pn H H H Me 287 Ph Ph H H Ph H H H Me
H Me H H Ph H H Me 228 Ph Ph H H H Ph H H Me
H Me H H H Ph H Me 228 Ph Ph H H H H Ph H Me
H Me H H H H Ph Me 10 2290 Ph Ph H H H H H Ph Me
H Me H H H H H Me 291 Me H Ph H H H H H Me
H Me H Me H H H Me 292 Me H Ph H Me H H H Me
H Me H H Me H H Me 293 Me H Ph H H Me H H Me
H Me H H H Me H Me 294 Me H Ph H H H Me H Me
H Me H H H H Me Me 295 Me H Ph H H H H Me Me
H Me H Pn H H H Me {5229 Me H Ph H Ph H H H Me
H Me H H Ph H H Me 297 Me H Ph H H Ph H H Me
H Me H H H Ph H Me 298 Me H Ph H H H Ph H Me
H Me H H H H Ph Me 29 Me H Ph H H H H Ph  Me
H H Me H H H H Me 22100 Phh H Ph H H H H H Me
H H Me Me H H H Me 22100 Phh H Ph H Me H H H Me
H H Me H Me H H Me 224102 Phh H Ph H H Me H H Me
H H Me H H Me H Me 2922103 Ph H Ph H H H Me H Me
H H Me H H H Me Me 22104 Phh H Ph H H H H Me Me
H H Me Ph H H H Me 224105 Phn H Ph H Ph H H H Me
H H Me H Ph H H Me 22106 Pr H Ph H H Ph H H Me
H H Me H H Ph H Me 22107 Phn H Ph H H H Ph H  Me
H H Me H H H Ph Me 22108 Phn H Ph H H H H Ph Me
H H Me H H H H Me 25220109 Me H H Phn H H H H Me
H H Me Me H H H Me 224110 Me H H Ph Me H H H Me
H H Me H Me H H Me 22111 Me H H Ph H Me H H Me
H H Me H H Me H Me 22112 Me H H Ph H H Me H Me
H H Me H H H Me Me 22113 Me H H Ph H H H Me Me
H H Me Ph H H H Me 22-114 Me H H Ph Ph  H H H Me
H H Me H Ph H H Me 30 22-115 Me H H Ph H Ph H H Me
H H Me H H Ph H Me 22116 Me H H Ph H H Ph H Me
H H Me H H H Ph M 22117 Me H H Ph H H H Ph Me
PhoH H H H H H M 2118 Phn H H Ph H H H H Me
Phh H H Me H H H Me
22119 Phh H H Ph Me H H H Me
Pho H o H o H o Me H o H o Me 22120 Phh H H Ph H Me H H Me
Phhn H H H H Me H Me 45
H H H H H M M 2241210 Phh H H Ph H H Me H Me
H H P H H H M 224122 Phh H H Ph H H H Me Me
H H H Ph H H Me 22-123 Ph H H Ph Ph H H H Me
H H H H Ph H Me 22-124 Ph H H Ph H Ph H H Me
H H H H H Ph Me 22-125 Ph H H Ph H H Ph H Me
H H H H H H Me 2126 Ph H H Ph H H H Ph Me
H H Me H H H Me %
TABLE 23
CpdNo. Ral Ra2 Ra3 Ra4 Ra5 Rbl Rb2 Rb3 Rb4  RbS
231 Me H H H H H H H H Me
23-2 Me H H H H Me H H H Me
23-3 Me H H H H H Me H H Me
23-4 Me H H H H H H Me H Me
23-5 Me H H H H H H H Me Me
23-6 Me H H H H Ph H H H Me
23-7 Me H H H H H Ph H H Me
23-8 Me H H H H H H Ph H Me
23-9 Me H H H H H H H Ph  Me
23-10 Ph»h H H H H H H H H Me
23-11 Phh H H H H Me H H H Me
23-12 Ph»h H H H H H Me H H Me
23-13 Phh H H H H H H Me H Me
23-14 Ph»h H H H H H H H Me Me
23-15 Ph»h H H H H Ph H H H Me
23-16 Phh H H H H H Ph H H Me
23-17 Phh H H H H H H Ph H Me
23-18 Ph»h H H H H H H H Ph Me
23-19 Me Me H H H H H H H Me
23-20 Me Me H H H Me H H H Me
23-21 Me Me H H H H Me H H Me
23-22 Me Me H H H H H Me H Me
23-23 Me Me H H H H H H Me Me
23-24 Me Me H H H Ph H H H Me
23-25 Me Me H H H H Ph H H Me
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TABLE 23-continued

CpdNo. Ral Ra2 Ra3 Ra4 Ra5 Rbl Rb2 Rb3  Rb4 RbS
23-26 Me Me H H H H H Ph H Me
23-27 Me Me H H H H H H Ph  Me
23-28 Phh Me H H H H H H H Me
23-29 Phh Me H H H Me H H H Me
23-30 Phh Me H H H H Me H H Me
23-31 Phh Me H H H H H Me H Me
23-32 Ph»h Me H H H H H H Me Me
23-33 Ph»h Me H H H Ph H H H Me
23-34 Ph»h Me H H H H Ph H H Me
23-35 Phh Me H H H H H Ph H Me
23-36 Phh Me H H H H H H Ph  Me
23-37 Me H Me H H H H H H Me
23-38 Me H Me H H Me H H H Me
23-39 Me H Me H H H Me H H Me
23-40 Me H Me H H H H Me H Me
23-41 Me H Me H H H H H Me Me
23-42 Me H Me H H Ph H H H Me
23-43 Me H Me H H H Ph H H Me
23-44 Me H Me H H H H Ph H Me
23-45 Me H Me H H H H H Ph  Me
23-46 Phh H Me H H H H H H Me
23-47 Phh H Me H H Me H H H Me
23-48 Phh H Me H H H Me H H Me
23-49 Phh H Me H H H H Me H Me
23-50 Phh H Me H H H H H Me Me
23-51 Phh H Me H H Pn H H H Me
23-52 Phh H Me H H H Ph H H Me
23-53 Phh H Me H H H H Ph H Me
23-54 Pp»h H Me H H H H H Ph  Me
23-55 Me H H Me H H H H H Me
23-56 Me H H Me H Me H H H Me
23-57 Me H H Me H H Me H H Me
23-58 Me H H Me H H H Me H Me
23-59 Me H H Me H H H H Me Me
23-60 Me H H Me H Ph H H H Me
23-61 Me H H Me H H Ph H H Me
23-62 Me H H Me H H H Ph H Me
23-63 Me H H Me H H H H Ph  Me
23-64 Phh H H Me H H H H H Me
23-65 Phh H H Me H Me H H H Me
23-66 Phh H H Me H H Me H H Me
23-67 Phh H H Me H H H Me H Me
23-68 Phh H H Me H H H H Me Me
23-69 Phh H H Me H Ph H H H Me
23-70 Phh H H Me H H Ph H H Me
23-71 Phh H H Me H H H Ph H Me
23-72 Ph»h H H Me H H H H Ph  Me
23-73 Me H H H Me H H H H Me
23-74 Me H H H Me Me H H H Me
23-75 Me H H H Me H Me H H Me
23-76 Me H H H Me H H Me H Me
23-77 Me H H H Me H H H Me Me
23-78 Me H H H Me Ph H H H Me
23-79 Me H H H Me H Ph H H Me
23-80 Me H H H Me H H Ph H Me
23-81 Me H H H Me H H H Ph  Me
23-82 Phh H H H Me H H H H Me
23-83 Phh H H H Me Me H H H Me
23-84 Phh H H H Me H Me H H Me
23-85 Phh H H H Me H H Me H Me
23-86 Phh H H H Me H H H Me Me
23-87 Phh H H H Me Ph H H H Me
23-88 Phh H H H Me H Ph H H Me
23-89 Phh H H H Me H H Ph H Me
23-90 Phh H H H Me H H H Ph  Me
23-91 Me Ph H H H H H H H Me
23-92 Me Ph H H H Me H H H Me
23-93 Me Ph H H H H Me H H Me
23-94 Me Ph H H H H H Me H Me
23-95 Me Ph H H H H H H Me Me
23-96 Me Ph H H H Ph H H H Me
23-97 Me Ph H H H H Ph H H Me
23-98 Me Ph H H H H H Ph H Me
23-99 Me Ph H H H H H H Ph  Me
23100 Ph Ph H H H H H H H Me
23100 Ph Ph H H H Me H H H Me
23100 Ph Ph H H H H Me H H Me
23103 Ph Ph H H H H H Me H Me



US 8,007,926 B2

155 156
TABLE 23-continued

CpdNo. Ral Ra2 Ra3 Ra4 Ra5 Rbl Rb2 Rb3  Rb4 RbS
23104 Ph Ph H H H H H H Me Me
23105 Ph Ph H H H Ph H H H Me
23106 Ph Ph H H H H Ph H H Me
23107 Ph Ph H H H H H Ph H Me
231086 Ph Ph H H H H H H Ph  Me
23100 Me H Ph H H H H H H Me
2310 Me H Ph H H Me H H H Me
23111 Me H Ph H H H Me H H Me
23112 Me H Ph H H H H Me H Me
23113 Me H Ph H H H H H Me Me
23114 Me H Ph H H Ph H H H Me
23115 Me H Ph H H H Ph H H Me
23116 Me H Ph H H H H Ph H Me
23117 Me H Ph H H H H H Ph  Me
23118 Ph H Ph H H H H H H Me
23119 Ph H Ph H H Me H H H Me
23120 Ph H Ph H H H Me H H Me
23121 Ph H Ph H H H H Me H Me
23122 Ph H Ph H H H H H Me Me
23123 Ph H Ph H H Ph H H H Me
23124 Ph H Ph H H H Ph H H Me
23125 Ph H Ph H H H H Ph H Me
23126 Ph H Ph H H H H H Ph  Me
23127 Me H H Ph H H H H H Me
23126 Me H H Ph H Me H H H Me
23120 Me H H Ph H H Me H H Me
23130 Me H H Ph H H H Me H Me
23131 Me H H Ph H H H H Me Me
23132 Me H H Ph H Ph H H H Me
2313 Me H H Ph H H Ph H H Me
23134 Me H H Ph H H H Ph H Me
23133 Me H H Ph H H H H Ph  Me
23136 Ph H H Ph H H H H H Me
23137 Ph H H Ph H Me H H H Me
23133 Ph H H Ph H H Me H H Me
23139 Ph H H Ph H H H Me H Me
23140 Ph H H Ph H H H H Me Me
23140 Ph H H Ph H Ph H H H Me
23142 Ph H H Ph H H Ph H H Me
23143 Ph H H Ph H H H Ph H Me
23144 Ph H H Ph H H H H Ph  Me
23145 Me H H H Ph H H H H Me
23146 Me H H H Ph Me H H H Me
23147 Me H H H P H Me H H Me
23144 Me H H H Ph H H Me H Me
23149 Me H H H Ph H H H Me Me
23150 Me H H H Ph Ph H H H Me
23151 Me H H H Ph H Ph H H Me
23152 Me H H H Ph H H Ph H Me
23153 Me H H H Ph H H H Ph  Me
23154 Ph H H H Ph H H H H Me
23155 Ph H H H Ph Me H H H Me
2315 Ph H H H Ph H Me H H Me
23157 Ph H H H Ph H H Me H Me
23158 Ph H H H Ph H H H Me Me
23159 Ph H H H P Ph H H H Me
23160 Ph H H H Ph H Ph H H Me
23161 Ph H H H Ph H H Ph H Me
23162 Ph H H H Ph H H H Ph  Me
TABLE 24
CpdNo. Ral Ra2 Ra3 Ra4 Ra5 Ra6 Ra7 Rbl Rb2 Rb3 Rb4 RbS
24-1 Me H H H H H H H H H H Me
24-2 Me H H H H H H Me H H H Me
24-3 Me H H H H H H H Me H H Me
24-4 Me H H H H H H H H Me H Me
24-5 Me H H H H H H H H H Me Me
24-6 Me H H H H H H Ph H H H Me
24-7 Me H H H H H H H Ph H H Me
24-8 Me H H H H H H H H Ph H Me
24-9 Me H H H H H H H H H Ph Me
24-10 Phh H H H H H H H H H H Me
24-11 Phh H H H H H H Me H H H Me
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TABLE 24-continued
CpdNo. Ral Ra2 Ra3 Ra4 Ra5 Ra6 Ra7 Rbl Rb2 Rb3 Rb4 Rb5
24-12 Ph H H H H H H H Me H H Me
24-13 Ph H H H H H H H H Me H Me
24-14 Ph H H H H H H H H H Me Me
24-15 Ph H H H H H H Ph H H H Me
24-16 Ph H H H H H H H Ph H H Me
24-17 Ph H H H H H H H H Ph H Me
24-18 Ph H H H H H H H H H Ph  Me
24-19 Me Me H H H H H H H H H Me
24-20 Me Me H H H H H Me H H H Me
2421 Me Me H H H H H H Me H H Me
24-22 Me Me H H H H H H H Me H Me
24-23 Me Me H H H H H H H H Me Me
24-24 Me Me H H H H H Ph  H H H Me
24-25 Me Me H H H H H H Ph H H Me
24-26 Me Me H H H H H H H Ph H Me
24-27 Me Me H H H H H H H H Ph  Me
24-28 Ph Me H H H H H H H H H Me
24-29 Ph Me H H H H H Me H H H Me
24-30 Ph Me H H H H H H Me H H Me
24-31 Phh Me H H H H H H H Me H Me
24-32 Phh Me H H H H H H H H Me Me
24-33 Phh Me H H H H H Ph H H H Me
24-34 Phh Me H H H H H H Ph H H Me
24-35 Phh Me H H H H H H H Ph H Me
24-36 Phh Me H H H H H H H H Ph  Me
24-37 Me H Me H H H H H H H H Me
24-38 Me H Me H H H H Me H H H Me
24-39 Me H Me H H H H H Me H H Me
24-40 Me H Me H H H H H H Me H Me
24-41 Me H Me H H H H H H H Me Me
24-42 Me H Me H H H H Ph H H H Me
24-43 Me H Me H H H H H Ph H H Me
24-44 Me H Me H H H H H H Ph H Me
24-45 Me H Me H H H H H H H Ph Me
24-46 Ph H Me H H H H H H H H Me
24-47 Ph H Me H H H H Me H H H Me
24-48 Ph H Me H H H H H Me H H Me
24-49 Ph H Me H H H H H H Me H Me
24-50 Ph H Me H H H H H H H Me Me
24-51 Ph H Me H H H H Ph H H H Me
24-52 Ph H Me H H H H H Ph H H Me
24-53 Ph H Me H H H H H H Ph H Me
24-54 Ph H Me H H H H H H H Ph  Me
24-55 Me H H Me H H H H H H H Me
24-56 Me H H Me H H H Me H H H Me
24-57 Me H H Me H H H H Me H H Me
24-58 Me H H Me H H H H H Me H Me
24-59 Me H H Me H H H H H H Me Me
24-60 Me H H Me H H H Ph  H H H Me
24-61 Me H H Me H H H H Ph H H Me
24-62 Me H H Me H H H H H Ph H Me
24-63 Me H H Me H H H H H H Ph  Me
24-64 Ph H H Me H H H H H H H Me
24-65 Ph H H Me H H H Me H H H Me
24-66 Ph H H Me H H H H Me H H Me
24-67 Ph H H Me H H H H H Me H Me
24-68 Ph H H Me H H H H H H Me Me
24-69 Ph H H Me H H H Ph H H H Me
24-70 Ph H H Me H H H H Ph H H Me
24-71 Ph H H Me H H H H H Ph H Me
24-72 Ph H H Me H H H H H H Ph  Me
24-73 Me H H H Me H H H H H H Me
24-74 Me H H H Me H H Me H H H Me
24-75 Me H H H Me H H H Me H H Me
24-76 Me H H H Me H H H H Me H Me
24-77 Me H H H Me H H H H H Me Me
24-78 Me H H H Me H H Ph H H H Me
24-79 Me H H H Me H H H Ph H H Me
24-30 Me H H H Me H H H H Ph H Me
24-81 Me H H H Me H H H H H Ph  Me
24-82 Ph H H H Me H H H H H H Me
24-83 Ph H H H Me H H Me H H H Me
24-84 Ph H H H Me H H H Me H H Me
24-85 Ph H H H Me H H H H Me H Me
24-86 Ph H H H Me H H H H H Me Me
24-87 Ph H H H Me H H Ph  H H H Me
24-88 Ph H H H Me H H H Ph H H Me
24-89 Ph H H H Me H H H H Ph H Me
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TABLE 24-continued
CpdNo. Ral Ra2 Ra3 Ra4 Ra5 Ra6 Ra7 Rbl Rb2 Rb3 Rb4 Rb5
24-90 Ph H H H Me H H H H H Ph  Me
2491 Me H H H H Me H H H H H Me
24-92 Me H H H H Me H Me H H H Me
24-93 Me H H H H Me H H Me H H Me
24-94 Me H H H H Me H H H Me H Me
24-95 Me H H H H Me H H H H Me Me
24-96 Me H H H H Me H Ph H H H Me
24-97 Me H H H H Me H H Ph H H Me
24-98 Me H H H H Me H H H Ph H Me
24-99 Me H H H H Me H H H H Ph Me
24-100 Ph H H H H Me H H H H H Me
24-101 Ph H H H H Me H Me H H H Me
24-102 Ph H H H H Me H H Me H H Me
24-103 Ph H H H H Me H H H Me H Me
24104 Ph  H H H H Me H H H H Me Me
24-105 Ph H H H H Me H Ph  H H H Me
24-106 Ph H H H H Me H H Ph H H Me
24-107 Ph H H H H Me H H H Ph H Me
24-108 Ph H H H H Me H H H H Ph  Me
24-109 Me H H H H H Me H H H H Me
24-110 Me H H H H H Me Me H H H Me
24-111 Me H H H H H Me H Me H H Me
24-112 Me H H H H H Me H H Me H Me
24-113 Me H H H H H Me H H H Me Me
24114 Me H H H H H Me Ph H H H Me
24-115 Me H H H H H Me H Ph H H Me
24-116 Me H H H H H Me H H Ph H Me
24-117 Me H H H H H Me H H H Ph  Me
24-118 Ph H H H H H Me H H H H Me
24-119 Ph H H H H H Me Me H H H Me
24-120 Ph H H H H H Me H Me H H Me
24-121 Ph H H H H H Me H H Me H Me
24-122 Ph H H H H H Me H H H Me Me
24-123 Ph H H H H H Me Ph H H H Me
24124 Ph  H H H H H Me H Ph H H Me
24-125 Ph H H H H H Me H H Ph H Me
24-126 Ph H H H H H Me H H H Ph  Me
24-127 Me Ph H H H H H H H H H Me
24-128 Me Ph H H H H H Me H H H Me
24-129 Me Ph H H H H H H Me H H Me
24-130 Me Ph H H H H H H H Me H Me
24-131 Me Ph H H H H H H H H Me Me
24-132 Me Ph H H H H H Ph H H H Me
24-133 Me Ph H H H H H H Ph H H Me
24134 Me Ph H H H H H H H Ph H Me
24-135 Me Ph H H H H H H H H Ph  Me
24-136 Ph Ph H H H H H H H H H Me
24-137 Ph Ph H H H H H Me H H H Me
24-138 Ph Ph H H H H H H Me H H Me
24-139 Ph Ph H H H H H H H Me H Me
24-140 Ph Ph H H H H H H H H Me Me
24-141 Ph Ph H H H H H Ph H H H Me
24-142 Ph Ph H H H H H H Ph H H Me
24-143 Ph Ph H H H H H H H Ph H Me
24-144 Ph Ph H H H H H H H H Ph  Me
24-145 Me H Ph H H H H H H H H Me
24-146 Me H Ph H H H H Me H H H Me
24-147 Me H Ph H H H H H Me H H Me
24-148 Me H Ph H H H H H H Me H Me
24-149 Me H Ph H H H H H H H Me Me
24-150 Me H Ph H H H H Ph H H H Me
24-151 Me H Ph H H H H H Ph H H Me
24-152 Me H Ph H H H H H H Ph H Me
24-153 Me H Ph H H H H H H H Ph  Me
24154 Ph H Ph H H H H H H H H Me
24-155 Ph H Ph H H H H Me H H H Me
24-156 Ph H Ph H H H H H Me H H Me
24-157 Ph H Ph H H H H H H Me H Me
24-158 Ph H Ph H H H H H H H Me Me
24-159 Ph H Ph H H H H Ph H H H Me
24-160 Ph H Ph H H H H H Ph H H Me
24-161 Ph H Ph H H H H H H Ph H Me
24-162 Ph H Ph H H H H H H H Ph  Me
24-163 Me H H Ph  H H H H H H H Me
24-164 Me H H Ph  H H H Me H H H Me
24-165 Me H H Ph  H H H H Me H H Me
24-166 Me H H Ph H H H H H Me H Me
24-167 Me H H Ph H H H H H H Me Me
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TABLE 24-continued

CpdNo. Ral Ra2 Ra3 Ra4 Ra5 Ra6 Ra7 Rbl Rb2 Rb3 Rb4 RbLS
24-168 Me H H Ph H H H Ph H H H Me
24-169 Me H H Ph H H H H Ph H H Me
24-170 Me H H Ph H H H H H Ph H Me
24-171 Me H H Ph H H H H H H Ph Me
24-172 Ph H H Ph H H H H H H H Me
24-173 Ph H H Ph H H H Me H H H Me
24-174 Ph H H Ph H H H H Me H H Me
24-175 Ph H H Ph H H H H H Me H Me
24-176 Ph H H Ph H H H H H H Me Me
24-177 Ph H H Ph H H H Ph H H H Me
24-178 Ph H H Ph H H H H Ph H H Me
24-179 Ph H H Ph H H H H H Ph H Me
24-180 Ph H H Ph H H H H H H Ph Me
24-181 Me H H H Ph H H H H H H Me
24-182 Me H H H Ph H H Me H H H Me
24-183 Me H H H Ph H H H Me H H Me
24-184 Me H H H Ph H H H H Me H Me
24-185 Me H H H Ph H H H H H Me Me
24-186 Me H H H Ph H H Ph H H H Me
24-187 Me H H H Ph H H H Ph H H Me
24-188 Me H H H Ph H H H H Ph H Me
24-189 Me H H H Ph H H H H H Ph Me
24-190 Ph H H H Ph H H H H H H Me
24-191 Ph H H H Ph H H Me H H H Me
24-192 Ph H H H Ph H H H Me H H Me
24-193 Ph H H H Ph H H H H Me H Me
24-194 Ph H H H Ph H H H H H Me Me
24-195 Ph H H H Ph H H Ph H H H Me
24-196 Ph H H H Ph H H H Ph H H Me
24-197 Ph H H H Ph H H H H Ph H Me
24-198 Ph H H H Ph H H H H H Ph Me
24-199 Me H H H H Ph H H H H H Me
24-200 Me H H H H Ph H Me H H H Me
24-201 Me H H H H Ph H H Me H H Me
24-202 Me H H H H Ph H H H Me H Me
24-203 Me H H H H Ph H H H H Me Me
24-204 Me H H H H Ph H Ph H H H Me
24-205 Me H H H H Ph H H Ph H H Me
24-206 Me H H H H Ph H H H Ph H Me
24-207 Me H H H H Ph H H H H Ph Me
24-208 Ph H H H H Ph H H H H H Me
24-209 Ph H H H H Ph H Me H H H Me
24-210 Ph H H H H Ph H H Me H H Me
24-211 Ph H H H H Ph H H H Me H Me
24-212 Ph H H H H Ph H H H H Me Me
24-213 Ph H H H H Ph H Ph H H H Me
24-214 Ph H H H H Ph H H Ph H H Me
24-215 Ph H H H H Ph H H H Ph H Me
24-216 Ph H H H H Ph H H H H Ph Me
24-217 Me H H H H H Ph H H H H Me
24-218 Me H H H H H Ph Me H H H Me
24-219 Me H H H H H Ph H Me H H Me
24-220 Me H H H H H Ph H H Me H Me
24-221 Me H H H H H Ph H H H Me Me
24-222 Me H H H H H Ph Ph H H H Me
24-223 Me H H H H H Ph H Ph H H Me
24-224 Me H H H H H Ph H H Ph H Me
24-225 Me H H H H H Ph H H H Ph Me
24-226 Ph H H H H H Ph H H H H Me
24-227 Ph H H H H H Ph Me H H H Me
24-228 Ph H H H H H Ph H Me H H Me
24-229 Ph H H H H H Ph H H Me H Me
24-230 Ph H H H H H Ph H H H Me Me
24-231 Ph H H H H H Ph Ph H H H Me
24-232 Ph H H H H H Ph H Ph H H Me
24-233 Ph H H H H H Ph H H Ph H Me
24-234 Ph H H H H H Ph H H H Ph Me

60 .

TABLE 25 TABLE 25-continued

Cpd No. Ral Ra2 Ra3 Rbl Rb2 Cpd No. Ral Ra2 Ra3

25-1 Me Me Me H H 25-4 Me Me Me

25-2 Me Me Me Me H 65 25-5 Me Me Me

25-3 Me Me Me H Me 25-6 Ph Me Me
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TABLE 25-continued TABLE 26-continued
Cpd No. Ral Ra2 Ra3 Rbl Rb2 CpdNo. Ral Ra2 Ra3 Rbl Rb2 Rb3 Rb4
Ph Me Me Me H 26-37 Me Me Ph H H H H
Ph Me Me H Me 5 26-38 Me Me Ph Me H H H
Ph Me Me Ph H 26-39 Me Me Ph H Me H H
Ph Me Me H Ph 26-40 Me Me Ph H H Me H
Me Ph Me H H 26-41 Me Me Ph H H H Me
Me Ph Me Me H 26-42 Me Me Ph Ph H H H
Me Ph Me H Me 26-43 Me Me Ph H Ph H H
Me Ph Me Ph H 10 26-44 Me Me Ph H H Ph H
Me Ph Me H Ph 26-45 Me Me Ph H H H Ph
Ph Ph Me H H 26-46 Ph Me Ph H H H H
Ph Ph Me Me H 26-47 Ph Me Ph Me H H H
Ph Ph Me H Me 26-48 Ph Me Ph H Me H H
Ph Ph Me Ph H 26-49 Ph Me Ph H H Me H
Ph Ph Me H Ph 15 26-50 Ph Me Ph H H H Me
Me Me Ph H H 26-51 Ph Me Ph Ph H H H
Me Me Ph Me H 26-52 Ph Me Ph H Ph H H
Me Me Ph H Me 26-53 Ph Me Ph H H Ph H
Me Me Ph Ph H 26-54 Ph Me Ph H H H Ph
Me Me Ph H Ph 26-55 Me Ph Ph H H H H
Ph Me Ph H H 26-56 Me Ph Ph Me H H H
Ph Me Ph Me H 20 26-57 Me Ph  Ph H Me H H
Ph Me Ph H Me 26-58 Me Ph Ph H H Me H
Ph Me Ph Ph H 26-59 Me Ph Ph H H H Me
Ph Me Ph H Ph 26-60 Me Ph Ph Ph H H H
Me Ph Ph H H 26-61 Me Ph Ph H Ph H H
Me Ph Ph Me H 26-62 Me Ph Ph H H Ph H
Me Ph Ph H Me 25 26-63 Me Ph  Ph H H H Ph
Me Ph Ph Ph H 26-64 Ph Ph Ph H H H H
Me Ph Ph H Ph 26-65 Ph Ph Ph Me H H H
Ph Ph Ph H H 26-66 Ph Ph Ph Me H H
Ph Ph Ph Me H 26-67 Ph Ph Ph H H Me H
Ph Ph Ph H Me 30 26-68 Ph Ph Ph H H H Me
Ph Ph Ph Ph H 26-69 Ph Ph Ph Ph H H H
Ph Ph Ph H Ph 26-70 Ph Ph Ph H Ph H H
26-71 Ph Ph Ph H H Ph H
26-72 Ph Ph Ph H H H Ph
TABLE 26 35
Ral Ra2 Ra3 Rbl Rb2 Rb3 Rb4 TABLE 27
Me Me Me H H H H CpdNo. Ral Ra2 Ra3 Rbl Rb2 Rb3 Rb4 RbS
Me Me Me Me H H H
Me Me Me H Me H H 20 27-1 Me Me Me H H H H Me
Me Me Me H H Me H 27-2 Me Me Me Me H H H Me
Me Me Me H H H Me 27-3 Me Me Me H Me H H Me
Me Me Me Ph H H H 27-4 Me Me Me H H Me H Me
Me Me Me H Ph H H 27-5 Me Me Me H H H Me Me
Me Me Me H H Ph H 27-6 Me Me Me Ph H H H Me
Me Me Me H H H Ph 27-7 Me Me Me H Ph H H Me
Ph Me Me H H H H 45 278 Me Me Me H H Ph H Me
Ph Me Me Me H H H 27-9 Me Me Me H H H Ph Me
Ph Me Me H Me H H 27-10 Ph Me Me H H H H Me
Ph Me Me H H Me H 27-11 Ph Me Me Me H H H Me
Ph Me Me H H H Me 27-12 Ph Me Me H Me H H Me
Ph Me Me Ph H H H 27-13 Ph Me Me H H Me H Me
Ph Me Me H Ph H H 50 27-14 Ph Me Me H H H Me Me
Ph Me Me H H Ph H 27-15 Ph Me Me Ph H H H Me
Ph Me Me H H H Ph 27-16 Ph Me Me H Ph H H Me
Me Ph Me H H H H 27-17 Ph Me Me H H Ph H Me
Me Ph Me Me H H H 27-18 Ph Me Me H H H Ph Me
Me Ph Me H Me H H 27-19 Me Ph Me H H H H Me
Me Ph Me H H Me H 55 27-20 Me Ph Me Me H H H Me
Me Ph Me H H H Me 27-21 Me Ph Me H Me H H Me
Me Ph Me Ph H H H 27-22 Me Ph Me H H Me H Me
Me Ph Me H Ph H H 27-23 Me Ph Me H H H Me Me
Me Ph Me H H Ph H 27-24 Me Ph Me Ph H H H Me
Me Ph Me H H H Ph 27-25 Me Ph Me H Ph H H Me
Ph Ph Me H H H H 27-26 Me Ph Me H H Ph H Me
Ph Ph Me Me H H H 60 27-27 Me Ph Me H H H Ph Me
Ph Ph Me H Me H H 27-28 Ph Ph Me H H H H Me
Ph Ph Me H H Me H 27-29 Ph Ph Me Me H H H Me
Ph Ph Me H H H Me 27-30 Ph Ph Me H Me H H Me
Ph Ph Me Ph H H H 27-31 Ph Ph Me H H Me H Me
Ph Ph Me H Ph H H 27-32 Ph Ph Me H H H Me Me
Ph Ph  Me H H Ph H 65 27.33 Ph Ph Me Ph H H H Me
Ph Ph Me H H H Ph 27-34 Ph Ph Me H Ph H H Me
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TABLE 27-continued
CpdNo. Ral Ra2 Ra3 Rbl Rb2 Rb3 Rb4 RbS
27-35 Ph Ph Me H H Ph H Me
27-36 Ph Ph Me H H H Ph Me
27-37 Me Me Ph H H H H Me
27-38 Me Me Ph Me H H H Me
27-39 Me Me Ph H Me H H Me
27-40 Me Me Ph H H Me H Me
27-41 Me Me Ph H H H Me Me
27-42 Me Me Ph Ph H H H Me
27-43 Me Me Ph H Ph H H Me
27-44 Me Me Ph H H Ph H Me
27-45 Me Me Ph H H H Ph  Me
27-46 Ph Me Ph H H H H Me
27-47 Ph Me Ph Me H H H Me
27-48 Ph Me Ph H Me H H Me
27-49 Ph Me Ph H H Me H Me
27-50 Ph Me Ph H H H Me Me
27-51 Ph Me Ph Ph H H H Me
27-52 Ph Me Ph H Ph H H Me
27-53 Ph Me Ph H H Ph H Me
27-54 Ph Me Ph H H H Ph Me
27-55 Me Ph Ph H H H H Me
27-56 Me Ph Ph Me H H H Me
27-57 Me Ph Ph H Me H H Me
27-58 Me Ph Ph H H Me H Me
27-59 Me Ph Ph H H H Me Me
27-60 Me Ph Ph Ph H H H Me
27-61 Me Ph Ph H Ph H H Me
27-62 Me Ph Ph H H Ph H Me
27-63 Me Ph Ph H H H Ph  Me
27-64 Ph Ph Ph H H H H Me
27-65 Ph Ph Ph Me H H H Me
27-66 Ph Ph Ph H Me H H Me
27-67 Ph Ph Ph H H Me H Me
27-68 Ph Ph Ph H H H Me Me
27-69 Ph Ph Ph Ph H H H Me
27-70 Ph Ph Ph H Ph H H Me
27-71 Ph Ph Ph H H Ph H Me
27-72 Ph Ph Ph H H H Ph  Me
TABLE 28
Cpd
No. Ral Ra2 Ra3 Rbl Rb2 Rb3 Rb4 Rb5 Rb6
28-1 Me Me Me H H H H H H
28-2 Me Me Me Me H H H H H
28-3 Me Me Me H Me H H H H
28-4 Me Me Me H H Me H H H
28-5 Me Me Me H H H Me H H
28-6 Me Me Me H H H H Me H
28-7 Me Me Me H H H H H Me
28-8 Me Me Me Ph H H H H H
28-9 Me Me Me H Ph H H H H
28-10 Me Me Me H H Ph H H H
28-11 Me Me Me H H H Ph H H
28-12 Me Me Me H H H H Ph H
28-13 Me Me Me H H H H H Ph
28-14 Ph Me Me H H H H H H
28-15 Ph Me Me Me H H H H H
28-16 Ph Me Me H Me H H H H
28-17 Ph Me Me H H Me H H H
28-18 Ph Me Me H H H Me H H
28-19 Ph Me Me H H H H Me H
2820 Ph Me Me H H H H H Me
2821 Ph Me Me Ph H H H H H
2822 Ph Me Me H Ph H H H H
2823 Ph Me Me H H Ph H H H
2824 Ph  Me Me H H H Ph H H
2825 Ph Me Me H H H H Ph H
28-26 Ph Me Me H H H H H Ph
28-27 Me Ph Me H H H H H H
28-28 Me Ph Me Me H H H H H
28-29 Me Ph Me H Me H H H H
28-30 Me Ph Me H H Me H H H
28-31 Me Ph Me H H H Me H H

10

15

20

25

30

35

40

45

50

55

60

65

166

TABLE 28-continued
Cpd
No. Ral Ra2 Ra3 Rbl Rb2 Rb3 Rb4 Rb5 Rb6
28-32 Me Ph Me H H H H Me H
28-33 Me Ph Me H H H H H Me
28-34 Me Ph Me Ph H H H H H
28-33 Me Ph Me H Ph H H H H
28-36 Me Ph Me H H Ph  H H H
28-37 Me Ph Me H H H Ph H H
28-33 Me Ph Me H H H H Ph H
2839 Me Ph Me H H H H H Ph
28-40 Ph  Ph  Me H H H H H H
2841 Ph  Ph  Me Me H H H H H
28-42 Ph  Ph Me H Me H H H H
28-43 Ph  Ph  Me H H Me H H H
28-44 Ph  Ph Me H H H Me H H
28-45 Ph  Ph  Me H H H H Me H
28-46 Ph  Ph Me H H H H H Me
28-47 Ph  Ph  Me Ph H H H H H
28-46 Ph  Ph  Me H Ph H H H H
28-40 Ph  Ph  Me H H Ph  H H H
28-50 Ph  Ph  Me H H H Ph H H
28-51 Ph  Ph  Me H H H H Ph H
28-52 Ph  Ph  Me H H H H H Ph
28-53 Me Me Ph H H H H H H
28-54 Me Me Ph  Me H H H H H
28-55 Me Me Ph H Me H H H H
28-56 Me Me Ph H H Me H H H
28-57 Me Me Ph H H H Me H H
28-58 Me Me Ph H H H H Me H
2859 Me Me Ph H H H H H Me
28-60 Me Me Ph Ph H H H H H
28-61 Me Me Ph H Ph H H H H
28-62 Me Me Ph H H Ph  H H H
28-63 Me Me Ph H H H Ph H H
28-64 Me Me Ph H H H H Ph H
28-65 Me Me Ph H H H H H Ph
28-66 Ph  Me Ph H H H H H H
28-67 Ph  Me Ph Me H H H H H
28-68 Ph  Me Ph H Me H H H H
28-69 Ph  Me Ph H H Me H H H
28-70 Ph  Me Ph H H H Me H H
2871 Ph  Me Ph H H H H Me H
2872 Ph  Me Ph H H H H H Me
2873 Ph  Me Ph Ph H H H H H
28-74 Ph  Me Ph H Ph H H H H
28-75 Ph  Me Ph H H Ph  H H H
28-76 Ph  Me Ph H H H Ph H H
28-77 Ph  Me Ph H H H H Ph H
28-78 Ph  Me Ph H H H H H Ph
28-79 Me Ph Ph H H H H H H
28-80 Me Ph Ph  Me H H H H H
28-81 Me Ph Ph H Me H H H H
28-82 Me Ph Ph H H Me H H H
28-83 Me Ph Ph H H H Me H H
28-84 Me Ph Ph H H H H Me H
28-85 Me Ph Ph H H H H H Me
28-86 Me Ph  Ph Ph H H H H H
28-87 Me Ph Ph H Ph H H H H
28-88 Me Ph Ph H H Ph  H H H
28-89 Me Ph Ph H H H Ph H H
28-90 Me Ph Ph H H H H Ph H
28-91 Me Ph Ph H H H H H Ph
28-92 Ph  Ph  Ph H H H H H H
28-93 Ph Ph Ph Me H H H H H
28-94 Ph  Ph  Ph H Me H H H H
28-95 Ph  Ph  Ph H H Me H H H
28-96 Ph  Ph  Ph H H H Me H H
28-97 Ph  Ph  Ph H H H H Me H
28-98 Ph  Ph  Ph H H H H H Me
28.99 Ph Ph Ph Ph H H H H H
28-100 Ph Ph  Ph H Ph H H H H
28-101 Ph Ph  Ph H H Ph  H H H
28-102 Ph Ph  Ph H H H Ph H H
28-103 Ph Ph  Ph H H H H Ph H
28-104 Ph Ph  Ph H H H H H Ph
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TABLE 29

CpdNo. Ral Ra2 Ra3 Rbl Rb2 Rb3 Rb4 Rb5 Rb6 Rb7
29-1 Me Me Me H H H H H H H
29-2 Me Me Me Me H H H H H H
29-3 Me Me Me H Me H H H H H
29-4 Me Me Me H H Me H H H H
295 Me Me Me H H H Me H H H
29-6 Me Me Me H H H H Me H H
29-7 Me Me Me H H H H H Me H
29-8 Me Me Me H H H H H H M
29-9 Me Me Me Ph H H H H H H
29-10 Me Me Me H Ph H H H H H
29-11 Me Me Me H H Ph H H H H
29-12 Me Me Me H H H Phh H H H
29-13 Me Me Me H H H H P H H
29-14 Me Me Me H H H H H P H
29-15 Ph  Me Me H H H H H H Ph
29-16 Ph  Me Me H H H H H H H
29-17 Ph  Me Me Me H H H H H H
29-18 Ph  Me Me H Me H H H H H
29-19 Ph  Me Me H H Me H H H H
29-20 Ph  Me Me H H H Me H H H
29-21 Ph Me Me H H H H Me H H
29-22 Ph  Me Me H H H H H Me H
29-23 Ph  Me Me H H H H H H M
29-24 Ph  Me Me Ph H H H H H H
29-25 Ph  Me Me H Ph H H H H H
29-26 Ph  Me Me H H Ph H H H H
29-27 Ph  Me Me H H H Ph H H H
29-28 Ph  Me Me H H H H Ph H H
29-29 Ph  Me Me H H H H H P H
29-30 Ph  Me Me H H H H H H Ph
29-31 Me Ph Me H H H H H H H
29-32 Me Ph Me Me H H H H H H
29-33 Me Ph Me H Me H H H H H
29-34 Me Ph Me H H Me H H H H
29-35 Me Ph Me H H H Me H H H
29-36 Me Ph Me H H H H Me H H
29-37 Me Ph Me H H H H H Me H
29-38 Me Ph Me H H H H H H M
29-39 Me Ph Me Ph H H H H H H
29-40 Me Ph Me H Ph H H H H H
29-41 Me Ph Me H H Ph H H H H
29-42 Me Ph Me H H H Ph H H H
29-43 Me Ph Me H H H H Ph H H
29-44 Me Ph Me H H H H H P H
29-45 Ph  Ph Me H H H H H H Ph
29-46 Ph  Ph Me H H H H H H H
29-47 Ph  Ph Me Me H H H H H H
29-48 Ph  Ph Me H Me H H H H H
29-49 Ph  Ph Me H H Me H H H H
29-50 Ph  Ph Me H H H Me H H H
29-51 Ph  Ph Me H H H H Me H H
29-52 Ph  Ph Me H H H H H Me H
29-53 Ph  Ph Me H H H H H H M
29-54 Ph  Ph Me Ph H H H H H H
29-55 Ph  Ph Me H Ph H H H H H
29-56 Ph  Ph Me H H Ph H H H H
29-57 Ph  Ph Me H H H Phh H H H
29-58 Ph  Ph Me H H H H P H H
29-59 Ph  Ph Me H H H H H Ph H
29-60 Ph  Ph Me H H H H H H Ph
29-61 Me Me Ph H H H H H H H
29-62 Me Me Phh Me H H H H H H
29-63 Me Me Phh H Me H H H H H
29-64 Me Me Ph H H Me H H H H
29-65 Me Me Pp» H H H Me H H H
29-66 Me Me Pp» H H H H Me H H
29-67 Me Me Pp» H H H H H Me H
29-68 Me Me Pp» H H H H H H M
29-69 Me Me Ph Ph H H H H H H
29-70 Me Me Pphh H Ph H H H H H
29-71 Me Me Pp» H H Ph H H H H
29-72 Me Me Pph H H H Pphh H H H
29-73 Me Me Pph H H H H P H H
29-74 Me Me Pphh H H H H H P H
29-75 Ph  Me Pph H H H H H H Ph
29-76 Ph  Me Pphh H H H H H H H
29-77 Ph Me Phh Me H H H H H H
29-78 Ph  Me Phh H Me H H H H H
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TABLE 29-continued

CpdNo. Ral Ra2 Ra3 Rbl Rb2 Rb3 Rb4 Rb5 Rb6 Rb7
29-79 Ph  Me Phh H H Me H H H H
29-80 Ph  Me Pph H H H Me H H H
29-81 Ph  Me Pp» H H H H Me H H
29-82 Ph  Me Pp» H H H H H Me H
29-83 Ph Me Pp» H H H H H H M
29-84 Ph  Me Phh Ph H H H H H H
29-85 Ph Me Ph H Ph H H H H H
29-86 Ph Me Ph» H H Ph H H H H
29-87 Ph  Me Pp» H H H Ph H H H
29-88 Ph  Me Pph H H H H ©Pi H H
29-89 Ph  Me Ppph H H H H H P H
29-90 Ph  Me Pph H H H H H H Ph
29-91 Me Ph Pph H H H H H H H
29-92 Me Ph Phh Me H H H H H H
29-93 Me Ph Phh H Me H H H H H
29-94 Me Ph Phh H H Me H H H H
29-95 Me Ph Pphh H H H Me H H H
29-96 Me Ph Pph H H H H Me H H
29-97 Me Ph Pphh H H H H H Me H
29-98 Me Ph Pphh H H H H H H M
29-99 Me Ph Phh Ph H H H H H H
29-100  Me Ph Phh H Ph H H H H H
29-101 Me Ph Phh H H Ph H H H H
29-102 Me Ph Pp» H H H Phh H H H
29-103 Me Ph Pp» H H H H Ph H H
29-104 Me Ph Ph» H H H H H P H
29-105  Ph  Ph Pp» H H H H H H Ph
29-106 Ph  Ph Pp» H H H H H H H
29-107 Ph  Ph Phh Me H H H H H H
29-108  Ph Ph Phh H Me H H H H H
29-109  Ph Ph Phh H H  Me H H H H
29-110 Ph  Ph Pphh H H H Me H H H
29-111  Ph Ph Pphh H H H H Me H H
29-112  Ph Ph Phh H H H H H Me H
29-113 Ph Ph Pph H H H H H H M
29-114 Ph  Ph Phh Ph H H H H H H
29-115 Ph  Ph Ph H Ph H H H H H
29-116  Ph Ph Ppr H H Ph H H H H
29-117  Ph Ph Pph H H H Phh H H H
29-118  Ph Ph Pphh H H H H P H H
29-119  Ph  Ph Pphh H H H H H P H
29120  Ph Ph Pphh H H H H H H Ph
TABLE 30

CpdNo. Ral Ra2 Ra3

g
=
o
L8]
=
o
)
=
g
g
wn
=
o
(o}
=
o
~
2
o0

30-1 Me Me Me H H H H H H H H
30-2 Me Me Me Me H H H H H H H
30-3 Me Me Me H Me H H H H H H
30-4 Me Me Me H H Me H H H H H
30-5 Me Me Me H H H Me H H H H
30-6 Me Me Me H H H H Me H H H
30-7 Me Me Me H H H H H Me H H
30-8 Me Me Me H H H H H H Me H
30-9 Me Me Me H H H H H H H Me
30-10 Me Me Me Ph H H H H H H H
30-11 Me Me Me H Ph H H H H H H
30-12 Me Me Me H H Ph H H H H H
30-13 Me Me Me H H H Ph H H H H
30-14 Me Me Me H H H H Ph H H H
30-15 Me Me Me H H H H H Ph H H
30-16 Me Me Me H H H H H H Ph H
30-17 Me Me Me H H H H H H H Ph
30-18 Ph Me Me H H H H H H H H
30-19 Ph Me Me Me H H H H H H H
30-20 Ph Me Me H Me H H H H H H
30-21 Ph Me Me H H Me H H H H H
30-22 Ph Me Me H H H Me H H H H
30-23 Ph Me Me H H H H Me H H H
30-24 Ph Me Me H H H H H Me H H
30-25 Ph Me Me H H H H H H Me H
30-26 Ph Me Me H H H H H H H Me
30-27 Ph Me Me Ph H H H H H H H
30-28 Ph Me Me H Ph H H H H H H
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TABLE 30-continued

Cpd No Ral Ra2 Ra3 Rbl Rb2 RbL3 Rb4 RbS Rb6 RbL7 RbLY
30-29 Ph Me Me H H Ph H H H H H
30-30 Ph Me Me H H H Ph H H H H
30-31 Ph Me Me H H H H Ph H H H
30-32 Ph Me Me H H H H H Ph H H
30-33 Ph Me Me H H H H H H Ph H
30-34 Ph Me Me H H H H H H H Ph
30-35 Me Ph Me H H H H H H H H
30-36 Me Ph Me Me H H H H H H H
30-37 Me Ph Me H Me H H H H H H
30-38 Me Ph Me H H Me H H H H H
30-39 Me Ph Me H H H Me H H H H
30-40 Me Ph Me H H H H Me H H H
30-41 Me Ph Me H H H H H Me H H
30-42 Me Ph Me H H H H H H Me H
30-43 Me Ph Me H H H H H H H Me
30-44 Me Ph Me Ph H H H H H H H
30-45 Me Ph Me H Ph H H H H H H
30-46 Me Ph Me H H Ph H H H H H
30-47 Me Ph Me H H H Ph H H H H
30-48 Me Ph Me H H H H Ph H H H
30-49 Me Ph Me H H H H H Ph H H
30-50 Me Ph Me H H H H H H Ph H
30-51 Me Ph Me H H H H H H H Ph
30-52 Ph Ph Me H H H H H H H H
30-53 Ph Ph Me Me H H H H H H H
30-54 Ph Ph Me H Me H H H H H H
30-55 Ph Ph Me H H Me H H H H H
30-56 Ph Ph Me H H H Me H H H H
30-57 Ph Ph Me H H H H Me H H H
30-58 Ph Ph Me H H H H H Me H H
30-59 Ph Ph Me H H H H H H Me H
30-60 Ph Ph Me H H H H H H H Me
30-61 Ph Ph Me Ph H H H H H H H
30-62 Ph Ph Me H Ph H H H H H H
30-63 Ph Ph Me H H Ph H H H H H
30-64 Ph Ph Me H H H Ph H H H H
30-65 Ph Ph Me H H H H Ph H H H
30-66 Ph Ph Me H H H H H Ph H H
30-67 Ph Ph Me H H H H H H Ph H
30-68 Ph Ph Me H H H H H H H Ph
30-69 Me Me Ph H H H H H H H H
30-70 Me Me Ph Me H H H H H H H
30-71 Me Me Ph H Me H H H H H H
30-72 Me Me Ph H H Me H H H H H
30-73 Me Me Ph H H H Me H H H H
30-74 Me Me Ph H H H H Me H H H
30-75 Me Me Ph H H H H H Me H H
30-76 Me Me Ph H H H H H H Me H
30-77 Me Me Ph H H H H H H H Me
30-78 Me Me Ph Ph H H H H H H H
30-79 Me Me Ph H Ph H H H H H H
30-80 Me Me Ph H H Ph H H H H H
30-81 Me Me Ph H H H Ph H H H H
30-82 Me Me Ph H H H H Ph H H H
30-83 Me Me Ph H H H H H Ph H H
30-84 Me Me Ph H H H H H H Ph H
30-85 Me Me Ph H H H H H H H Ph
30-86 Ph Me Ph H H H H H H H H
30-87 Ph Me Ph Me H H H H H H H
30-88 Ph Me Ph H Me H H H H H H
30-89 Ph Me Ph H H Me H H H H H
30-90 Ph Me Ph H H H Me H H H H
30-91 Ph Me Ph H H H H Me H H H
30-92 Ph Me Ph H H H H H Me H H
30-93 Ph Me Ph H H H H H H Me H
30-94 Ph Me Ph H H H H H H H Me
30-95 Ph Me Ph Ph H H H H H H H
30-96 Ph Me Ph H Ph H H H H H H
30-97 Ph Me Ph H H Ph H H H H H
30-98 Ph Me Ph H H H Ph H H H H
30-99 Ph Me Ph H H H H Ph H H H
30-100 Ph Me Ph H H H H H Ph H H
30-101 Ph Me Ph H H H H H H Ph H
30-102 Ph Me Ph H H H H H H H Ph
30-103 Me Ph Ph H H H H H H H H
30-104 Me Ph Ph Me H H H H H H H
30-105 Me Ph Ph H Me H H H H H H
30-106 Me Ph Ph H H Me H H H H H
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TABLE 30-continued
CpdNo. Ral Ra2 Ra3 Rbl Rb2 Rb3 Rb4 Rb5S Rb6 Rb7 Rb8
3107 Me Ph Ph H H H Me H H H H
3108 Me Ph Ph H H H H Me H H H
31090 Me Ph Ph H H H H H Me H H
30110 ™Me Ph Ph H H H H H H Me H
3111 ™Me Ph Ph H H H H H H H Me
30112 Me Ph Ph Ph H H H H H H H
30113 Me Ph Ph H Ph H H H H H H
30-114 Me Ph Ph H H Ph H H H H H
30-115 Me Ph Ph H H H Ph H H H H
30116 Me Ph Ph H H H H Ph H H H
30117 Me Ph Ph H H H H H Ph H H
30118 Me Ph Ph H H H H H H Ph H
30119 Me Ph Ph H H H H H H H Ph
3120 Ph Ph Ph H H H H H H H H
3121 Ph Ph Ph Me H H H H H H H
3122 Ph Ph Ph H Me H H H H H H
3123 Ph Ph Ph H H Me H H H H H
3124 Ph Ph Ph H H H Me H H H H
3125 Ph Ph Ph H H H H Me H H H
3126 Ph Ph Ph H H H H H Me H H
3127 Ph Ph Ph H H H H H H Me H
3126 Ph Ph Ph H H H H H H H Me
3129 Ph Ph Ph Ph H H H H H H H
3130 Ph Ph Ph H Ph H H H H H H
3131 Ph Ph Ph H H Ph H H H H H
31322 Ph Ph Ph H H H Ph H H H H
313 Ph Ph Ph H H H H Ph H H H
30134 Ph Ph Ph H H H H H Ph H H
30-133 Ph Ph Ph H H H H H H P H
313 Ph Ph Ph H H H H H H H Ph
30
TABLE 31 TABLE 31-continued

CpdNo.  Ral Ra2 Rbl Rb2  Rb3 Rb4 RbS CpdNo.  Ral Ra2 Rbl Rb2 Rb3 Rb4  Rb5
31-1 Me H H H H H H 31-41 Ph Me H Ph H H H
31-2 Me H Me H H H H 35 31-42 Ph Me H H Ph H H
31-3 Me H H Me H H H 31-43 Ph Me H H H Ph H
31-4 Me H H H Me H H 31-44 Ph Me H H H H Ph
31-5 Me H H H H Me H 31-45 Me Ph H H H H H
31-6 Me H H H H H Me 31-46 Me Ph Me H H H H
31-7 Me H Ph H H H H 31-47 Me Ph H Me H H H
31-8 Me H H Ph H H H 40 31-48 Me Ph H H Me H H
319 Me H H H Ph H H 31-49 Me Ph H H H Me H
31-10 Me H H H H Ph H 31-50 Me Ph H H H H Me
31-11 Me H H H H H Ph 31-51 Me Ph Ph H H H H
31-12 Ph H H H H H H 31-52 Me Ph H Ph H H H
31-13 Ph H Me H H H H 31-53 Me Ph H H Ph H H
31-14 Ph H H Me H H H 31-54 Me Ph H H H Ph  H
31-15 Ph H H H  Me H H 45 31-55 Me Ph H H H H  Ph
31-16 Ph H H H H Me H 31-56 Ph Ph H H H H H
31-17 Ph H H H H H Me 31-57 Ph Ph Me H H H H
31-18 Ph H Ph H H H H 31-58 Ph Ph H Me H H H
31-19 Ph H H Ph H H H 31-59 Ph Ph H H Me H H
31-20 Ph H H H Ph H H 31-60 Ph Ph H H H Me H
31-21 Ph H H H H Ph H 30 31.61 Ph Ph H H H H  Me
3122 Ph H H H H H  Ph 3162 Ph Ph Ph H H H H
ﬁ;j ﬁz %: &e g g g g 31-63 Ph Ph H Ph H H H
3108 e o e Me I i ono 31-64 Ph Ph H H Ph H H

31-65 Ph Ph H H H Ph H
31-26 Me Me H H Me H H 3166 Ph Ph H H m H
31-27 Me Me H H H Me H 55
31-28 Me Me H H H H Me
31-29 Me Me Ph H H H H
31-30 Me Me H Ph H H H
3131 Me Me H H  Ph H H TABLE 32
31-32 Me Me H H H Ph H
3133 Mo Me - H = i rh 6o CpdNo. Ral Ra2 Ra3 Rbl Rb2 Rb3 Rb4  Rb5
31-34 Ph Me H H H H H 121 H H H H H H H H
31-35 Ph Me Me H H H H 322 H H H Me H H H ®
31-36 Ph Me H Me H H H 32-3 H H H H Me H H H
31-37 Ph Me H H Me H H 32-4 H H H H H Me H H
31-38 Ph Me H H H Me H 32-5 H H H H H H Me H
31-39 Ph Me H H H H Me 65 32-6 H H H H H H H Me
31-40 Ph Me Ph H H H H 32-7 H H H Ph H H H H
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TABLE 32-continued TABLE 32-continued
CpdNo. Ral Ra2 Ra3 Rbl Rb2 Rb3 Rb4 RbS CpdNo. Ral Ra2 Ra3 Rbl Rb2 Rb3 Rb4  Rb5
32-8 H H H H Ph H H H 32-44 H H Me H H H H Ph
329 H H H H H Ph H H 5 32-45 Ph H H H H H H H
32-10 H H H H H H Ph H 32-46 Ph H H Me H H H H
32-11 H H H H H H H Ph 32-47 Ph H H H Me H H H
32-12 Me H H H H H H H 32-48 Ph H H H H Me H H
32-13 Me H H Me H H H H 32-49 Ph H H H H H Me H
32-14 Me H H H Me H H H 32-50 Ph H H H H H H Me
32-15 Me H H H H Me H H 10 32-51 Ph H H Ph H H H H
32-16 Me H H H H H Me H 32-52 Ph H H H P H H H
32-17 Me H H H H H H Me 32-53 Ph H H H H Ph H H
32-18 Me H H Phh H H H H 32-54 Phh H H H H H Ph  H
32-19 Me H H H P H H H 32-55 Phh H H H H H H Ph
32-20 Me H H H H Ph H H 32-56 H Phh H H H H H H
3221 Me H H H H H Ph H 15 3257 H Phh H Me H H H H
32-22 Me H H H H H H Ph 32-58 H Phh H H Me H H H
3223 H Me H H H H H H 32-59 H Phh H H H Me H H
32-24 H Me H Me H H H H 32-60 H Phh H H H H Me H
32-25 H Me H H Me H H H 32-61 H Phh H H H H H Me
32-26 H Me H H H Me H H 32-62 H Phh H Ph H H H H
32-27 H Me H H H H Me H 32-63 H Phh H H Ph H H H
32-28 H Me H H H H H  Me 203564 H® Pn H H H Ph H H
32-29 H Me H Ph H H H H 32-65 H Pn H H H H Ph H
gég? g ﬁe g g gh If)lh g g 32-66 H Pr H H H H H  Ph
- e 32-67 H H Ph H H H H H
gi;g g ﬁe g g E g I;Ih Eh 32-68 H H Ph Me H H H H
- 5]
a4 H N Me H  H u o om 55 32:69 H H Ph H Me H H H
3335 H H M Me H H H H 32-70 H H Ph H H Me H H
3236 H H Me H Mo H Hm 32-71 H H P H H H Me H
3537 H H Me H H Me H & 32-72 H H Ph H H H H Me
3338 H H Me H H H Me H 32-73 H H Ph Ph H H H H
32-39 H H Me H H H H Me 32-74 H H Ph H Ph H H H
32-40 H H Me Ph H H H H 30 32-75 H H Ph H H Ph H H
32-41 H H Me H Ph H H H 32-76 H H Ph H H H Ph H
32-42 H H Me H H Ph H H 32-77 H H Ph H H H H Ph
32-43 H H Me H H H Ph H
TABLE 33
CpdNo. Ral Ra2 Ra3 Rbl Rb2 Rb3 Rb4 Rb5 Rb6 Rb7 RbS
33-1 Me H H H H H H H H Me Me
33-2 Me H H Me H H H H H Me Me
33-3 Me H H H Me H H H H Me Me
33-4 Me H H H H Me H H H Me Me
33-5 Me H H H H H Me H H Me Me
33-6 Me H H H H H H Me H Me Me
33-7 Me H H H H H H H Me Me Me
33-8 Me H H Phh H H H H H Me Me
33-9 Me H H H Ph H H H H Me Me
33-10 Me H H H H P H H H Me Me
33-11 Me H H H H H Ph H H Me Me
33-12 Me H H H H H H Phh H Me Me
33-13 Me H H H H H H H Ph Me Me
33-14 Phh H H H H H H H H Me Me
33-15 Phh H H Me H H H H H Me Me
33-16 Phh H H H Me H H H H Me Me
33-17 Phh H H H H Me H H H Me Me
33-18 Phh H H H H H Me H H Me Me
33-19 Phh H H H H H H Me H Me Me
33-20 Phh H H H H H H H Me Me Me
33-21 Phh H H Phh H H H H H Me Me
33-22 Phh H H H Ph H H H H Me Me
33-23 Phh H H H H P H H H Me Me
33-24 Phh H H H H H Ph H H Me Me
33-25 Phh H H H H H H Phh H Me Me
33-26 Phh H H H H H H H Ph  Me Me
33-27 Me Me H H H H H H H Me Me
33-28 Me Me H Me H H H H H Me Me
33-29 Me Me H H Me H H H H Me Me
33-30 Me Me H H H Me H H H Me Me
33-31 Me Me H H H H Me H H Me Me
33-32 Me Me H H H H H Me H Me Me
33-33 Me Me H H H H H H Me Me Me
33-34 Me Me H Phh H H H H H Me Me
33-35 Me Me H H Pn H H H H Me Me
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TABLE 33-continued

Cpd No Ral Ra2 Ra3 Rbl Rb2 Rb3 Rb4 Rb5 Rb6 Rb7 RbY
33-36 Me Me H H H Ph H H H Me Me
33-37 Me Me H 1-I H H Ph H H Me Me
33-38 Me Me H H H H H Ph H Me Me
33-39 Me Me H H H H H H Ph Me Me
33-40 Ph Me H H H H H H H Me Me
33-41 Ph Me H Me H H H H H Me Me
33-42 Ph Me H H Me H H H H Me Me
33-43 Ph Me H H H Me H H H Me Me
33-44 Ph Me H H H H Me H H Me Me
33-45 Ph Me H H H H H Me H Me Me
33-46 Ph Me H H H H H H Me Me Me
33-47 Ph Me H Ph H H H H H Me Me
33-48 Ph Me H H Ph H H H H Me Me
33-49 Ph Me H H H Ph H H H Me Me
33-50 Ph Me H H H H Ph H H Me Me
33-51 Ph Me H H H H H Ph H Me Me
33-52 Ph Me H H H H H H Ph Me Me
33-53 Me H Me H H H H H H Me Me
33-54 Me H Me Me H H H H H Me Me
33-55 Me H Me H Me H H H H Me Me
33-56 Me H Me H H Me H H H Me Me
33-57 Me H Me H H H Me H H Me Me
33-58 Me H Me H H H H Me H Me Me
33-59 Me H Me H H H H H Me Me Me
33-60 Me H Me Ph H H H H H Me Me
33-61 Me H Me H Ph H H H H Me Me
33-62 Me H Me H H Ph H H H Me Me
33-63 Me H Me H H H Ph H H Me Me
33-64 Me H Me H H H H Ph H Me Me
33-65 Me H Me H H H H H Ph Me Me
33-66 Ph H Me H H H H H H Me Me
33-67 Ph H Me Me H H H H H Me Me
33-68 Ph H Me H Me H H H H Me Me
33-69 Ph H Me H H Me H H H Me Me
33-70 Ph H Me H H H Me H H Me Me
33-71 Ph H Me H H H H Me H Me Me
33-72 Ph H Me H H H H H Me Me Me
33-73 Ph H Me Ph H H H H H Me Me
33-74 Ph H Me H Ph H H H H Me Me
33-75 Ph H Me H H Ph H H H Me Me
33-76 Ph H Me H H H Ph H H Me Me
33-77 Ph H Me H H H H Ph H Me Me
33-78 Ph H Me H H H H H Ph Me Me
33-79 Me Ph H H H H H H H Me Me
33-80 Me Ph H Me H H H H H Me Me
33-81 Me Ph H H Me H H H H Me Me
33-82 Me Ph H H H Me H H H Me Me
33-83 Me Ph H H H H Me H H Me Me
33-84 Me Ph H H H H H Me H Me Me
33-85 Me Ph H H H H H H Me Me Me
33-86 Me Ph H Ph H H H H H Me Me
33-87 Me Ph H H Ph H H H H Me Me
33-88 Me Ph H H H Ph H H H Me Me
33-89 Me Ph H H H H Ph H H Me Me
33-90 Me Ph H H H H H Ph H Me Me
33-91 Me Ph H H H H H H Ph Me Me
33-92 Ph Ph H H H H H H H Me Me
33-93 Ph Ph H Me H H H H H Me Me
33-94 Ph Ph H H Me H H H H Me Me
33-95 Ph Ph H H H Me H H H Me Me
33-96 Ph Ph H H H H Me H H Me Me
33-97 Ph Ph H H H H H Me H Me Me
33-98 Ph Ph H H H H H H Me Me Me
33-99 Ph Ph H Ph H H H H H Me Me
33-100 Ph Ph H H Ph H H H H Me Me
33-101 Ph Ph H H H Ph H H H Me Me
33-102 Ph Ph H H H H Ph H H Me Me
33-103 Ph Ph H H H H H Ph H Me Me
33-104 Ph Ph H H H H H H Ph Me Me
33-105 Me H Ph H H H H H H Me Me
33-106 Me H Ph Me H H H H H Me Me
33-107 Me H Ph H Me H H H H Me Me
33-108 Me H Ph H H Me H H H Me Me
33-109 Me H Ph H H H Me H H Me Me
33-110 Me H Ph H H H H Me H Me Me
33-111 Me H Ph H H H H H Me Me Me
33-112 Me H Ph Ph H H H H H Me Me
33-113 Me H Ph H Ph H H H H Me Me
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TABLE 33-continued

CpdNo. Ral Ra2 Ra3 Rbl Rb2 Rb3 Rb4 RbS Rb6 Rb7 Rb8
33-114 Me H Ph H H Ph H H H Me Me
33-115 Me H Ph H H H Ph H H Me Me
33-116 Me H Ph H H H H Ph H Me Me
33-117 Me H Ph H H H H H Ph Me Me
33-118 Ph H Ph H H H H H H Me Me
33-119 Ph H Ph Me H H H H H Me Me
33-120 Ph H Ph H Me H H H H Me Me
33-121 Ph H Ph H H Me H H H Me Me
33-122 Ph H Ph H H H Me H H Me Me
33-123 Ph H Ph H H H H Me H Me Me
33-124 Ph H Ph H H H H H Me Me Me
33-125 Ph H Ph Ph H H H H H Me Me
33-126 Ph H Ph H Ph H H H H Me Me
33-127 Ph H Ph H H Ph H H H Me Me
33-128 Ph H Ph H H H Ph H H Me Me
33-129 Ph H Ph H H H H Ph H Me Me
33-130 Ph H Ph H H H H H Ph Me Me
TABLE 34
Cpd No Ral Ra2 Ra3 Ra4 Rbl Rb2 Rb3 Rb4 Rb5 Rb6 Rb7 Rb8
34-1 Me H H H H H H H H H Me Me
34-2 Me H H H Me H H H H H Me Me
34-3 Me H H H H Me H H H H Me Me
34-4 Me H H H H H Me H H H Me Me
34-5 Me H H H H H H Me H H Me Me
34-6 Me H H H H H H H Me H Me Me
34-7 Me H H H H H H H H Me Me Me
34-8 Me H H H Ph H H H H H Me Me
34-9 Me H H H H Ph H H H H Me Me
34-10 Me H H H H H Ph H H H Me Me
34-11 Me H H H H H H Ph H H Me Me
34-12 Me H H H H H H H Ph H Me Me
34-13 Me H H H H H H H H Ph Me Me
34-14 Ph H H H H H H H H H Me Me
34-15 Ph H H H Me H H H H H Me Me
34-16 Ph H H H H Me H H H H Me Me
34-17 Ph H H H H H Me H H H Me Me
34-18 Ph H H H H H H Me H H Me Me
34-19 Ph H H H H H H H Me H Me Me
34-20 Ph H H H H H H H H Me Me Me
34-21 Ph H H H Ph H H H H H Me Me
34-22 Ph H H H H Ph H H H H Me Me
34-23 Ph H H H H H Ph H H H Me Me
34-24 Ph H H H H H H Ph H H Me Me
34-25 Ph H H H H H H H Ph H Me Me
34-26 Ph H H H H H H H H Ph Me Me
34-27 Me Me H H H H H H H H Me Me
34-28 Me Me H H Me H H H H H Me Me
34-29 Me Me H H H Me H H H H Me Me
34-30 Me Me H H H H Me H H H Me Me
34-31 Me Me H H H H H Me H H Me Me
34-32 Me Me H H H H H H Me H Me Me
34-33 Me Me H H H H H H H Me Me Me
34-34 Me Me H H Ph H H H H H Me Me
34-35 Me Me H H H Ph H H H H Me Me
34-36 Me Me H H H H Ph H H H Me Me
34-37 Me Me H H H H H Ph H H Me Me
34-38 Me Me H H H H H H Ph H Me Me
34-39 Me Me H H H H H H H Ph Me Me
34-40 Ph Me H H H H H H H H Me Me
34-41 Ph Me H H Me H H H H H Me Me
34-42 Ph Me H H H Me H H H H Me Me
34-43 Ph Me H H H H Me H H H Me Me
34-44 Ph Me H H H H H Me H H Me Me
34-45 Ph Me H H H H H H Me H Me Me
34-46 Ph Me H H H H H H H Me Me Me
34-47 Ph Me H H Ph H H H H H Me Me
34-48 Ph Me H H H Ph H H H H Me Me
34-49 Ph Me H H H H Ph H H H Me Me
34-50 Ph Me H H H H H Ph H H Me Me
34-51 Ph Me H H H H H H Ph H Me Me
34-52 Ph Me H H H H H H H Ph Me Me
34-53 Me H Me H H H H H H H Me Me
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TABLE 34-continued

Cpd No Ral Ra2 Ra3 Ra4 Rbl Rb2 Rb3 Rb4 Rb5 Rb6 Rb7 Rb8
34-54 Me H Me H Me H H H H H Me Me
34-55 Me H Me H H Me H H H H Me Me
34-56 Me H Me H H H Me H H H Me Me
34-57 Me H Me H H H H Me H H Me Me
34-58 Me H Me H H H H H Me H Me Me
34-59 Me H Me H H H H H H Me Me Me
34-60 Me H Me H Ph H H H H H Me Me
34-61 Me H Me H H Ph H H H H Me Me
34-62 Me H Me H H H Ph H H H Me Me
34-63 Me H Me H H H H Ph H H Me Me
34-64 Me H Me H H H H H Ph H Me Me
34-65 Me H Me H H H H H H Ph Me Me
34-66 Ph H Me H H H H H H H Me Me
34-67 Ph H Me H Me H H H H H Me Me
34-68 Ph H Me H H Me H H H H Me Me
34-69 Ph H Me H H H Me H H H Me Me
34-70 Ph H Me H H H H Me H H Me Me
34-71 Ph H Me H H H H H Me H Me Me
34-72 Ph H Me H H H H H H Me Me Me
34-73 Ph H Me H Ph H H H H H Me Me
34-74 Ph H Me H H Ph H H H H Me Me
34-75 Ph H Me H H H Ph H H H Me Me
34-76 Ph H Me H H H H Ph H H Me Me
34-77 Ph H Me H H H H H Ph H Me Me
34-78 Ph H Me H H H H H H Ph Me Me
34-79 Me H H Me H H H H H H Me Me
34-80 Me H H Me Me H H H H H Me Me
34-81 Me H H Me H Me H H H H Me Me
34-82 Me H H Me H H Me H H H Me Me
34-83 Me H H Me H H H Me H H Me Me
34-84 Me H H Me H H H H Me H Me Me
34-85 Me H H Me H H H H H Me Me Me
34-86 Me H H Me Ph H H H H H Me Me
34-87 Me H H Me H Ph H H H H Me Me
34-88 Me H H Me H H Ph H H H Me Me
34-89 Me H H Me H H H Ph H H Me Me
34-90 Me H H Me H H H H Ph H Me Me
34-91 Me H H Me H H H H H Ph Me Me
34-92 Ph H H Me H H H H H H Me Me
34-93 Ph H H Me Me H H H H H Me Me
34-94 Ph H H Me H Me H H H H Me Me
34-95 Ph H H Me H H Me H H H Me Me
34-96 Ph H H Me H H H Me H H Me Me
34-97 Ph H H Me H H H H Me H Me Me
34-98 Ph H H Me H H H H H Me Me Me
34-99 Ph H H Me Ph H H H H H Me Me
34-100 Ph H H Me H Ph H H H H Me Me
34-101 Ph H H Me H H Ph H H H Me Me
34-102 Ph H H Me H H H Ph H H Me Me
34-103 Ph H H Me H H H H Ph H Me Me
34-104 Ph H H Me H H H H H Ph Me Me
34-105 Me Ph H H H H H H H H Me Me
34-106 Me Ph H H Me H H H H H Me Me
34-107 Me Ph H H H Me H H H H Me Me
34-108 Me Ph H H H H Me H H H Me Me
34-109 Me Ph H H H H H Me H H Me Me
34-110 Me Ph H H H H H H Me H Me Me
34-111 Me Ph H H H H H H H Me Me Me
34-112 Me Ph H H Ph H H H H H Me Me
34-113 Me Ph H H H Ph H H H H Me Me
34-114 Me Ph H H H H Ph H H H Me Me
34-115 Me Ph H H H H H Ph H H Me Me
34-116 Me Ph H H H H H H Ph H Me Me
34-117 Me Ph H H H H H H H Ph Me Me
34-118 Ph Ph H H H H H H H H Me Me
34-119 Ph Ph H H Me H H H H H Me Me
34-120 Ph Ph H H H Me H H H H Me Me
34-121 Ph Ph H H H H Me H H H Me Me
34-122 Ph Ph H H H H H Me H H Me Me
34-123 Ph Ph H H H H H H Me H Me Me
34-124 Ph Ph H H H H H H H Me Me Me
34-125 Ph Ph H H Ph H H H H H Me Me
34-126 Ph Ph H H H Ph H H H H Me Me
34-127 Ph Ph H H H H Ph H H H Me Me
34-128 Ph Ph H H H H H Ph H H Me Me
34-129 Ph Ph H H H H H H Ph H Me Me
34-130 Ph Ph H H H H H H H Ph Me Me
34-131 Me H Ph H H H H H H Me Me
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TABLE 34-continued
CpdNo. Ral Ra2 Ra3 Ra4 Rbl Rb2 Rb3 Rb4 Rb5S Rb6 Rb7 Rb8
34-132 Me H Ph H Me H H H H H Me Me
34-133 Me H Ph H H Me H H H H Me Me
34134 Me H Ph H H H Me H H H Me Me
34-135 Me H Ph H H H H Me H H Me Me
34-136 Me H Ph H H H H H Me H Me Me
34-137 Me H Ph H H H H H H Me Me Me
34-138 Me H Ph H Ph H H H H H Me Me
34-139 Me H Ph H H Ph H H H H Me Me
34-140 Me H Ph H H H Ph H H H Me Me
34-141 Me H Ph H H H H Ph H H Me Me
34-142 Me H Ph H H H H H Ph H Me Me
34-143 Me H Ph H H H H H H Ph  Me Me
34144 Ph  H Ph H H H H H H H Me Me
34-145 Ph H Ph H Me H H H H H Me Me
34-146 Ph H Ph H H Me H H H H Me Me
34-147 Ph H Ph H H H Me H H H Me Me
34-148 Ph H Ph H H H H Me H H Me Me
34-149 Ph H Ph H H H H H Me H Me Me
34-150 Ph H Ph H H H H H H Me Me Me
34-151 Ph H Ph H Ph H H H H H Me Me
34-152 Ph H Ph H H Ph H H H H Me Me
34-153 Ph H Ph H H H Ph H H H Me Me
34154 Ph H Ph H H H H Ph H H Me Me
34-155 Ph H Ph H H H H H Ph H Me Me
34-156 Ph H Ph H H H H H H Ph  Me Me
34-157 Me H H Ph H H H H H H Me Me
34-158 Me H H Phh Me H H H H H Me Me
34-159 Me H H Ph H Me H H H H Me Me
34-160 Me H H Ph H H Me H H H Me Me
34-161 Me H H Ph H H H Me H H Me Me
34-162 Me H H Ph H H H H Me H Me Me
34-163 Me H H Ph H H H H H Me Me Me
34164 Me H H Ph Ph H H H H H Me Me
34-165 Me H H Ph H Ph  H H H H Me Me
34-166 Me H H Ph  H H Ph H H H Me Me
34-167 Me H H Ph  H H H Ph  H H Me Me
34-168 Me H H Ph H H H H Ph H Me Me
34-169 Me H H Ph H H H H H Ph  Me Me
34-170 Ph H H Ph H H H H H H Me Me
34-171 Ph H H Phh Me H H H H H Me Me
34-172 Ph H H Ph H Me H H H H Me Me
34-173 Ph H H Ph H H Me H H H Me Me
34174 Ph H H Ph H H H Me H H Me Me
34-175 Ph H H Ph  H H H H Me H Me Me
34-176 Ph H H Ph  H H H H H Me Me Me
34-177 Ph H H Ph Ph H H H H H Me Me
34-178 Ph H H Ph  H Ph H H H H Me Me
34-179 Ph H H Ph H H Ph H H H Me Me
34-180 Ph H H Ph H H H Ph H H Me Me
34-181 Ph H H Ph H H H H Ph H Me Me
34-182 Ph H H Ph H H H H H Ph Me Me
TABLE 35
CpdNo. Ral Ra2 Ra3 Ra4 Ra5 Rbl Rb2 Rb3 Rb4 Rb5 Rb6 Rb7 RbS
35-1 Me H H H H H H H H H H Me Me
35-2 Me H H H H Me H H H H H Me Me
35-3 Me H H H H H Me H H H H Me Me
35-4 Me H H H H H H Me H H H Me Me
35-5 Me H H H H H H H Me H H Me Me
35-6 Me H H H H H H H H Me H Me Me
35-7 Me H H H H H H H H H Me Me Me
35-8 Me H H H H Ph H H H H H Me Me
35-9 Me H H H H H Ph H H H H Me Me
35-10 Me H H H H H H Ph H H H Me Me
35-11 Me H H H H H H H Ph H H Me Me
35-12 Me H H H H H H H H Ph H Me Me
35-13 Me H H H H H H H H H Ph Me Me
35-14 Ph H H H H H H H H H H Me Me
35-15 Ph H H H H Me H H H H H Me Me
35-16 Ph H H H H H Me H H H H Me Me
35-17 Ph H H H H H H Me H H H Me Me
35-18 Ph H H H H H H H Me H H Me Me
35-19 Ph H H H H H H H H Me H Me Me
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TABLE 35-continued

Ra3 Ra4 Ra5 Rbl Rb2 Rb3 Rb4 RbS Rb6 Rb7 RbS
H H H H H H H H H Me Me Me
H H H H Pr H H H H H Me Me
H H H H H Ph H H H H Me Me
H H H H H H Pn H H H Me Me
H H H H H H H Ph H H Me Me
H H H H H H H H Ph H Me Me
H H H H H H H H H Ph Me Me
H H H H H H H H H Me Me
H H H Me H H H H H Me Me
H H H H Me H H H H Me Me
H H H H H Me H H H Me Me
H H H H H H Me H H Me Me
H H H H H H H Me H Me Me
H H H H H H H H Me Me Me
H H H Ph H H H H H Me Me
H H H H Ph H H H H Me Me
H H H H H Ph H H H Me Me
H H H H H H Pi H H Me Me
H H H H H H H Ph H Me Me
H H H H H H H H Ph Me Me
H H H H H H H H H Me Me
H H H Me H H H H H Me Me
H H H H Me H H H H Me Me
H H H H H Me H H H Me Me
H H H H H H Me H H Me Me
H H H H H H H Me H Me Me
H H H H H H H H Me Me Me
H H H Pn H H H H H Me Me
H H H H Ph H H H H Me Me
H H H H H Ph H H H Me Me
H H H H H H Pi H H Me Me
Me H H H H H H H Ph H Me Me
Me H H H H H H H H Ph Me Me
H H H H H H H H H Me Me
H H H Me H H H H H Me Me
H H H H Me H H H H Me Me
H H H H H Me H H H Me Me
H H H H H H Me H H Me Me
H H H H H H H Me H Me Me
H H H H H H H H Me Me Me
H H H P H H H H H Me Me
H H H H Ph H H H H Me Me
H H H H H Ph H H H Me Me
H H H H H H Ph H H Me Me
H H H H H H H Ph H Me Me
o H H H H H H H Ph Me Me
o H H H H H H H H Me Me
o H H Me H H H H H Me Me
o H H H Me H H H H Me Me
H H H H H Me H H H Me Me
H H H H H H Me H H Me Me
H H H H H H H Me H Me Me
H H H H H H H H Me Me Me
H H H P H H H H H Me Me
H H H H Ph H H H H Me Me
H H H H H Ph H H H Me Me
H H H H H H Ph H H Me Me
H H H H H H H Ph H Me Me
H H H H H H H H Ph Me Me
H H Me H H H H H H H Me Me
H H Me H Me H H H H H Me Me
H H Me H H Me H H H H Me Me
H H Me H H H Me H H H Me Me
H H Me H H H H Me H H Me Me
H H Me H H H H H Me H Me Me
H H Me H H H H H H Me Me Me
H H Me H Ph H H H H H Me Me
H H Me H H Ph H H H H Me Me
H H Me H H H Pr H H H Me Me
H H Me H H H H Ph H H Me Me
H H Me H H H H H Ph H Me Me
H H Me H H H H H H Ph Me Me
H H Me H H H H H H H Me Me
H H Me H Me H H H H H Me Me
H H Me H H Me H H H H Me Me
H H Me H H H Me H H H Me Me
H H Me H H H H Me H H Me Me
H H Me H H H H H Me H Me Me
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TABLE 35-continued

CpdNo. Ral Ra2 Ra3 Ra4 Ra5 Rbl Rb2 Rb3 Rb4 RbS Rb6 Rb7 RbS
35-98 Phh H H Me H H H H H H Me Me Me
35-99 Phh H H Me H Ph H H H H H Me Me
35100 Ph H H Me H H Ph H H H H Me Me
35100 Ph H H Me H H H Ph H H H Me Me
35100 Ph H H Me H H H H Ph H H Me Me
35103 Ph H H Me H H H H H Ph H Me Me
35104 Ph H H Me H H H H H H Ph Me Me
351050 Me H H H Me H H H H H H Me Me
35106 Me H H H Me Me H H H H H Me Me
35107 Me H H H Me H Me H H H H Me Me
35108 Me H H H Me H H Me H H H Me Me
35109 Me H H H Me H H H Me H H Me Me
3510 Me H H H Me H H H H Me H Me Me
35111 Me H H H Me H H H H H Me Me Me
3512 Me H H H Me Ph H H H H H Me Me
35113 Me H H H Me H Ph H H H H Me Me
35114 Me H H H Me H H Ph H H H Me Me
35115 Me H H H Me H H H Ph H H Me Me
35116 ™Me H H H Me H H H H Ph H Me Me
35117 Me H H H Me H H H H H Ph Me Me
35118 Ph H H H Me H H H H H H Me Me
35119 Ph H H H Me Me H H H H H Me Me
351200 Ph H H H Me H Me H H H H Me Me
35121, Ph H H H Me H H Me H H H Me Me
35122 Ph H H H Me H H H Me H H Me Me
351237 Ph H H H Me H H H H Me H Me Me
3514 Ph H H H Me H H H H H Me Me Me
35120, Ph H H H Me Ph H H H H H Me Me
35126 Ph H H H Me H Ph H H H H Me Me
35127 Ph H H H Me H H Ph H H H Me Me
35126 Ph H H H Me H H H Ph H H Me Me
35129 Ph H H H Me H H H H Ph H Me Me
35130 Ph H H H Me H H H H H Ph Me Me
35131 Me Ph H H H H H H H H H Me Me
3513 Me Ph H H H Me H H H H H Me Me
35133 Me Ph H H H H Me H H H H Me Me
35134 Me Ph H H H H H Me H H H Me Me
35133 Me Ph H H H H H H Me H H Me Me
3513 Me Ph H H H H H H H Me H Me Me
3137 Me Ph H H H H H H H H Me Me Me
35133 Me Ph H H H Ph H H H H H Me Me
313 Me Ph H H H H Ph H H H H Me Me
35140 Me Ph H H H H H Ph H H H Me Me
3141 Me Ph H H H H H H Ph H H Me Me
35142 Me Ph H H H H H H H Ph H Me Me
35143 Me Ph H H H H H H H H Ph Me Me
35144 Ph Ph H H H H H H H H H Me Me
35145 Ph Ph H H H Me H H H H H Me Me
35146 Ph Ph H H H H Me H H H H Me Me
35147 Ph Ph H H H H H Me H H H Me Me
35-14¢ Ph Ph H H H H H H Me H H Me Me
35149 Ph Ph H H H H H H H Me H Me Me
3515 Ph Ph H H H H H H H H Me Me Me
35151 Ph Ph H H H Ph H H H H H Me Me
3512 Ph Ph H H H H Ph H H H H Me Me
35153 Ph Ph H H H H H Ph H H H Me Me
3514 Ph Ph H H H H H H Ph H H Me Me
35155 Ph Ph H H H H H H H Ph H Me Me
3515 Ph Ph H H H H H H H H Ph Me Me
3517 Me H Ph H H H H H H H H Me Me
3515 Me H Ph H H Me H H H H H Me Me
351 Me H Ph H H H Me H H H H Me Me
35160 Me H Ph H H H H Me H H H Me Me
35160 Me H Ph H H H H H Me H H Me Me
3512 Me H Ph H H H H H H Me H Me Me
35163 Me H Ph H H H H H H H Me Me Me
35164 Me H Ph H H Ph H H H H H Me Me
35165 Me H Ph H H H Ph H H H H Me Me
35166 Me H Ph H H H H Ph H H H Me Me
35167 Me H Ph H H H H H Ph H H Me Me
35166 Me H Ph H H H H H H Ph H Me Me
35160 Me H Ph H H H H H H H Ph Me Me
3510 Ph H Ph H H H H H H H H Me Me
35191 Ph H Ph H H Me H H H H H Me Me
35172 Ph H Ph H H H Me H H H H Me Me
3513 Ph H Ph H H H H Me H H H Me Me
3514 Ph H Ph H H H H H Me H H Me Me
351 Ph H Ph H H H H H H Me H Me Me
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TABLE 35-continued
CpdNo. Ral Ra2 Ra3 Ra4 Ra5 Rbl Rb2 Rb3 Rb4 RbS Rb6 Rb7 Rb8
35-176 Ph H Ph H H H H H H H Me Me Me
35-177 Ph H Ph H H Ph H H H H H Me Me
35-178 Ph H Ph H H H Ph H H H H Me Me
35-179 Ph H Ph H H H H Ph H H H Me Me
35-180 Ph H Ph H H H H H Ph H H Me Me
35-181 Ph H Ph H H H H H H Ph H Me Me
35-182 Ph H Ph H H H H H H H Ph Me Me
35-183 Me H H Ph H H H H H H H Me Me
35-184 Me H H Ph H Me H H H H H Me Me
35-185 Me H H Ph H H Me H H H H Me Me
35-186 Me H H Ph H H H Me H H H Me Me
35-187 Me H H Ph H H H H Me H H Me Me
35-188 Me H H Ph H H H H H Me H Me Me
35-189 Me H H Ph H H H H H H Me Me Me
35-190 Me H H Ph H Ph H H H H H Me Me
35-191 Me H H Ph H H Ph H H H H Me Me
35-192 Me H H Ph H H H Ph H H H Me Me
35-193 Me H H Ph H H H H Ph H H Me Me
35-194 Me H H Ph H H H H H Ph H Me Me
35-195 Me H H Ph H H H H H H Ph Me Me
35-196 Ph H H Ph H H H H H H H Me Me
35-197 Ph H H Ph H Me H H H H H Me Me
35-198 Ph H H Ph H H Me H H H H Me Me
35-199 Ph H H Ph H H H Me H H H Me Me
35-200 Ph H H Ph H H H H Me H H Me Me
35-201 Ph H H Ph H H H H H Me H Me Me
35-202 Ph H H Ph H H H H H H Me Me Me
35-203 Ph H H Ph H Ph H H H H H Me Me
35-204 Ph H H Ph H H Ph H H H H Me Me
35-205 Ph H H Ph H H H Ph H H H Me Me
35-206 Ph H H Ph H H H H Ph H H Me Me
35-207 Ph H H Ph H H H H H Ph H Me Me
35-208 Ph H H Ph H H H H H H Ph  Me Me
35-209 Me H H H Ph H H H H H H Me Me
35-210 Me H H H Ph  Me H H H H H Me Me
35-211 Me H H H Ph H Me H H H H Me Me
35-212 Me H H H Ph H H Me H H H Me Me
35-213 Me H H H Ph H H H Me H H Me Me
35-214 Me H H H Ph H H H H Me H Me Me
35-215 Me H H H Ph H H H H H Me Me Me
35-216 Me H H H Ph Ph H H H H H Me Me
35-217 Me H H H Ph H Ph H H H H Me Me
35-218 Me H H H Ph H H Ph H H H Me Me
35-219 Me H H H Ph H H H Ph H H Me Me
35-220 Me H H H Ph H H H H Ph H Me Me
35-221 Me H H H Ph H H H H H Ph Me Me
35-222 Ph H H H Ph H H H H H H Me Me
35-223 Ph H H H Ph Me H H H H H Me Me
35-224 Ph H H H Ph H Me H H H H Me Me
35-225 Ph H H H Ph H H Me H H H Me Me
35-226 Ph H H H Ph H H H Me H H Me Me
35-227 Ph H H H Ph H H H H Me H Me Me
35-228 Ph H H H Ph H H H H H Me Me Me
35-229 Ph H H H Ph Ph H H H H H Me Me
35-230 Ph H H H Ph H Ph H H H H Me Me
35-231 Ph H H H Ph H H Ph H H H Me Me
35-232 Ph H H H Ph H H H Ph H H Me Me
35-233 Ph H H H Ph H H H H Ph  H Me Me
35-234 Ph H H H Ph H H H H H Ph Me Me
TABLE 36
CpdNo. Ral Ra2 Ra3 Ra4 Ra5 Ra6 Ra7 Rbl Rb2 Rb3 Rb4 Rb5 Rb6 Rb7 RbS
36-1 Me H H H H H H H H H H H H Me Me
36-2 Me H H H H H H Me H H H H H Me Me
36-3 Me H H H H H H H Me H H H H Me Me
36-4 Me H H H H H H H H Me H H H Me Me
36-5 Me H H H H H H H H H Me H H Me Me
36-6 Me H H H H H H H H H H Me H Me Me
36-7 Me H H H H H H H H H H H Me Me Me
36-8 Me H H H H H H Ph H H H H H Me Me
36-9 Me H H H H H H H Ph H H H H Me Me
36-10 Me H H H H H H H H Ph H H H Me Me
36-11 Me H H H H H H H H H Ph H H Me Me
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TABLE 36-continued

Rb7 Rb®

Rb6

Ral Ra2 Ra3 Ra4 Ra5 Ra6 Ra7 Rbl Rb2 Rb3 Rb4 RbS

Cpd No.
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TABLE 36-continued
CpdNo. Ral Ra2 Ra3 Ra4 Ra5 Ra6 Ra7 Rbl Rb2 Rb3 Rb4 Rb5S Rb6 Rb7 Rb8
36-90 Me H H Me H H H H H H H Ph H Me Me
36-91 Me H H Me H H H H H H H H Ph Me Me
36-92 Ph H H Me H H H H H H H H H Me Me
36-93 Ph H H Me H H H Me H H H H H Me Me
36-94 Ph H H Me H H H H Me H H H H Me Me
36-95 Ph H H Me H H H H H Me H H H Me Me
36-96 Ph H H Me H H H H H H Me H H Me Me
36-97 Ph H H Me H H H H H H H Me H Me Me
36-98 Ph H H Me H H H H H H H H Me Me Me
36-99 Ph H H Me H H H Ph H H H H H Me Me
36-100 Ph H H Me H H H H Ph H H H H Me Me
36-101 Ph H H Me H H H H H Ph H H H Me Me
36-102 Ph H H Me H H H H H H Ph  H H Me Me
36-103 Ph H H Me H H H H H H H Ph H Me Me
36104 Ph H H Me H H H H H H H H Ph Me Me
36-105 Me H H H Me H H H H H H H H Me Me
36-106 Me H H H Me H H Me H H H H H Me Me
36-107 Me H H H Me H H H Me H H H H Me Me
36-108 Me H H H Me H H H H Me H H H Me Me
36-109 Me H H H Me H H H H H Me H H Me Me
36-110 Me H H H Me H H H H H H Me H Me Me
36-111 Me H H H Me H H H H H H H Me Me Me
36-112 Me H H H Me H H Ph H H H H H Me Me
36-113 Me H H H Me H H H Ph H H H H Me Me
36-114 Me H H H Me H H H H Ph H H H Me Me
36-115 Me H H H Me H H H H H Ph H H Me Me
36-116 Me H H H Me H H H H H H Ph H Me Me
36-117 Me H H H Me H H H H H H H Ph Me Me
36-118 Ph H H H Me H H H H H H H H Me Me
36-119 Ph H H H Me H H Me H H H H H Me Me
36-120 Ph H H H Me H H H Me H H H H Me Me
36-121 Ph H H H Me H H H H Me H H H Me Me
36-122 Ph H H H Me H H H H H Me H H Me Me
36-123 Ph H H H Me H H H H H H Me H Me Me
36124 Ph H H H Me H H H H H H H Me Me Me
36-125 Ph H H H Me H H Ph  H H H H H Me Me
36-126 Ph H H H Me H H H Ph H H H H Me Me
36-127 Ph H H H Me H H H H Ph H H H Me Me
36-128 Ph H H H Me H H H H H Ph H H Me Me
36-129 Ph H H H Me H H H H H H Ph H Me Me
36-130 Ph H H H Me H H H H H H H Ph Me Me
36-131 Me H H H H Me H H H H H H H Me Me
36-132 Me H H H H Me H Me H H H H H Me Me
36-133 Me H H H H Me H H Me H H H H Me Me
36-134 Me H H H H Me H H H Me H H H Me Me
36-135 Me H H H H Me H H H H Me H H Me Me
36-136 Me H H H H Me H H H H H Me H Me Me
36-137 Me H H H H Me H H H H H H Me Me Me
36-138 Me H H H H Me H Ph  H H H H H Me Me
36-139 Me H H H H Me H H Ph H H H H Me Me
36-140 Me H H H H Me H H H Ph H H H Me Me
36-141 Me H H H H Me H H H H Ph  H H Me Me
36-142 Me H H H H Me H H H H H Ph  H Me Me
36-143 Me H H H H Me H H H H H H Ph Me Me
36-144 Ph  H H H H Me H H H H H H H Me Me
36-145 Ph H H H H Me H Me H H H H H Me Me
36-146 Ph H H H H Me H H Me H H H H Me Me
36-147 Ph H H H H Me H H H Me H H H Me Me
36-148 Ph H H H H Me H H H H Me H H Me Me
36-149 Ph H H H H Me H H H H H Me H Me Me
36-150 Ph H H H H Me H H H H H H Me Me Me
36-151 Ph H H H H Me H Ph H H H H H Me Me
36-152 Ph H H H H Me H H Ph H H H H Me Me
36-153 Ph H H H H Me H H H Ph H H H Me Me
36-154 Ph H H H H Me H H H H Ph H H Me Me
36-155 Ph H H H H Me H H H H H Ph H Me Me
36-156 Ph H H H H Me H H H H H H Ph Me Me
36-157 Me H H H H H Me H H H H H H Me Me
36-158 Me H H H H H Me Me H H H H H Me Me
36-159 Me H H H H H Me H Me H H H H Me Me
36-160 Me H H H H H Me H H Me H H H Me Me
36-161 Me H H H H H Me H H H Me H H Me Me
36-162 Me H H H H H Me H H H H Me H Me Me
36-163 Me H H H H H Me H H H H H Me Me Me
36-164 Me H H H H H Me Ph H H H H H Me Me
36-165 Me H H H H H Me H Ph H H H H Me Me
36-166 Me H H H H H Me H H Ph H H H Me Me
36-167 Me H H H H H Me H H Ph H H Me Me



US 8,007,926 B2

195 196
TABLE 36-continued
CpdNo. Ral Ra2 Ra3 Ra4 Ra5 Ra6 Ra7 Rbl Rb2 Rb3 Rb4 Rb5S Rb6 Rb7 Rb8
36-168 Me H H H H H Me H H H H Ph H Me Me
36-169 Me H H H H H Me H H H H H Ph Me Me
36-170 Ph H H H H H Me H H H H H H Me Me
36-171 Ph H H H H H Me Me H H H H H Me Me
36-172 Ph H H H H H Me H Me H H H H Me Me
36-173 Ph H H H H H Me H H Me H H H Me Me
36-174 Ph H H H H H Me H H H Me H H Me Me
36-175 Ph H H H H H Me H H H H Me H Me Me
36-176 Ph H H H H H Me H H H H H Me Me Me
36-177 Ph H H H H H Me Ph H H H H H Me Me
36-178 Ph H H H H H Me H Ph H H H H Me Me
36-179 Ph H H H H H Me H H Ph H H H Me Me
36-180 Ph H H H H H Me H H H Ph  H H Me Me
36-181 Ph H H H H H Me H H H H Ph H Me Me
36-182 Ph H H H H H Me H H H H H Ph Me Me
36-183 Me Ph H H H H H H H H H H H Me Me
36184 Me Ph H H H H H Me H H H H H Me Me
36-185 Me Ph H H H H H H Me H H H H Me Me
36-186 Me Ph H H H H H H H Me H H H Me Me
36-187 Me Ph H H H H H H H H Me H H Me Me
36-188 Me Ph H H H H H H H H H Me H Me Me
36-189 Me Ph H H H H H H H H H H Me Me Me
36-190 Me Ph H H H H H Ph H H H H H Me Me
36-191 Me Ph H H H H H H Ph H H H H Me Me
36-192 Me Ph H H H H H H H Ph H H H Me Me
36-193 Me Ph H H H H H H H H Ph H H Me Me
36194 Me Ph H H H H H H H H H Ph H Me Me
36-195 Me Ph H H H H H H H H H H Ph Me Me
36-196 Ph Ph H H H H H H H H H H H Me Me
36-197 Ph Ph H H H H H Me H H H H H Me Me
36-198 Ph Ph H H H H H H Me H H H H Me Me
36-199 Ph Ph H H H H H H H Me H H H Me Me
36-200 Ph Ph H H H H H H H H Me H H Me Me
36-201 Ph Ph H H H H H H H H H Me H Me Me
36-202 Ph Ph H H H H H H H H H H Me Me Me
36-203 Ph Ph H H H H H Ph  H H H H H Me Me
36204 Ph Ph  H H H H H H Ph H H H H Me Me
36-205 Ph Ph H H H H H H H Ph H H H Me Me
36-206 Ph Ph H H H H H H H H Ph H H Me Me
36-207 Ph Ph H H H H H H H H H Ph H Me Me
36-208 Ph Ph H H H H H H H H H H Ph Me Me
36-209 Me H Ph H H H H H H H H H H Me Me
36-210 Me H Ph H H H H Me H H H H H Me Me
36-211 Me H Ph H H H H H Me H H H H Me Me
36-212 Me H Ph H H H H H H Me H H H Me Me
36-213 Me H Ph H H H H H H H Me H H Me Me
36214 Me H Ph H H H H H H H H Me H Me Me
36-215 Me H Ph H H H H H H H H H Me Me Me
36-216 Me H Ph H H H H Ph  H H H H H Me Me
36-217 Me H Ph H H H H H Ph H H H H Me Me
36-218 Me H Ph H H H H H H Ph H H H Me Me
36-219 Me H Ph H H H H H H H Ph  H H Me Me
36-220 Me H Ph H H H H H H H H Ph  H Me Me
36-221 Me H Ph H H H H H H H H H Ph Me Me
36-222 Ph H Ph H H H H H H H H H H Me Me
36-223 Ph H Ph H H H H Me H H H H H Me Me
36224 Ph H Ph H H H H H Me H H H H Me Me
36-225 Ph H Ph H H H H H H Me H H H Me Me
36-226 Ph H Ph H H H H H H H Me H H Me Me
36-227 Ph H Ph H H H H H H H H Me H Me Me
36-228 Ph H Ph H H H H H H H H H Me Me Me
36-229 Ph H Ph H H H H Ph H H H H H Me Me
36-230 Ph H Ph H H H H H Ph H H H H Me Me
36-231 Ph H Ph H H H H H H Ph H H H Me Me
36-232 Ph H Ph H H H H H H H Ph H H Me Me
36-233 Ph H Ph H H H H H H H H Ph H Me Me
36234 Ph H Ph H H H H H H H H H Ph Me Me
36-235 Me H H Ph  H H H H H H H H H Me Me
36-236 Me H H Ph H H H Me H H H H H Me Me
36-237 Me H H Ph H H H H Me H H H H Me Me
36-238 Me H H Ph H H H H H Me H H H Me Me
36-239 Me H H Ph  H H H H H H Me H H Me Me
36-240 Me H H Ph H H H H H H H Me H Me Me
36-241 Me H H Ph  H H H H H H H H Me Me Me
36-242 Me H H Ph  H H H Ph  H H H H H Me Me
36-243 Me H H Ph  H H H H Ph H H H H Me Me
36244 Me H H Ph H H H H H Ph H H H Me Me
36-245 Me H H Ph H H H H H Ph H H Me Me
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TABLE 36-continued
CpdNo. Ral Ra2 Ra3 Ra4 Ra5 Ra6 Ra7 Rbl Rb2 Rb3 Rb4 Rb5S Rb6 Rb7 Rb8
36-246 Me H H Ph H H H H H H H Ph H Me Me
36-247 Me H H Ph H H H H H H H H Ph Me Me
36-248 Ph H H Ph H H H H H H H H H Me Me
36-249 Ph H H Ph H H H Me H H H H H Me Me
36-250 Ph H H Ph H H H H Me H H H H Me Me
36-251 Ph H H Ph H H H H H Me H H H Me Me
36-252 Ph H H Ph H H H H H H Me H H Me Me
36-253 Ph H H Ph H H H H H H H Me H Me Me
36254 Ph H H Ph H H H H H H H H Me Me Me
36-255 Ph H H Ph H H H Ph H H H H H Me Me
36-256 Ph H H Ph  H H H H Ph H H H H Me Me
36-257 Ph H H Ph H H H H H Ph H H H Me Me
36-258 Ph H H Ph H H H H H H Ph  H H Me Me
36-259 Ph H H Ph  H H H H H H H Ph H Me Me
36-260 Ph H H Ph  H H H H H H H H Ph Me Me
36-261 Me H H H Ph H H H H H H H H Me Me
36-262 Me H H H Ph H H Me H H H H H Me Me
36-263 Me H H H Ph H H H Me H H H H Me Me
36264 Me H H H Ph H H H H Me H H H Me Me
36-265 Me H H H Ph H H H H H Me H H Me Me
36-266 Me H H H Ph H H H H H H Me H Me Me
36-267 Me H H H Ph H H H H H H H Me Me Me
36-268 Me H H H Ph H H Ph H H H H H Me Me
36-269 Me H H H Ph H H H Ph H H H H Me Me
36-270 Me H H H Ph H H H H Ph H H H Me Me
36-271 Me H H H Ph H H H H H Ph H H Me Me
36-272 Me H H H Ph H H H H H H Ph H Me Me
36-273 Me H H H Ph H H H H H H H Ph Me Me
36274 Ph H H H Ph H H H H H H H H Me Me
36-275 Ph H H H Ph H H Me H H H H H Me Me
36-276 Ph H H H Ph H H H Me H H H H Me Me
36-277 Ph H H H Ph H H H H Me H H H Me Me
36-278 Ph H H H Ph H H H H H Me H H Me Me
36-279 Ph H H H Ph H H H H H H Me H Me Me
36-280 Ph H H H Ph H H H H H H H Me Me Me
36-281 Ph H H H Ph H H Ph  H H H H H Me Me
36-282 Ph H H H Ph H H H Ph H H H H Me Me
36-283 Ph H H H Ph H H H H Ph H H H Me Me
36284 Ph H H H Ph H H H H H Ph H H Me Me
36-285 Ph H H H Ph H H H H H H Ph H Me Me
36-286 Ph H H H Ph H H H H H H H Ph Me Me
36-287 Me H H H H Ph H H H H H H H Me Me
36-288 Me H H H H Ph H Me H H H H H Me Me
36-289 Me H H H H Ph H H Me H H H H Me Me
36-290 Me H H H H Ph H H H Me H H H Me Me
36-291 Me H H H H Ph H H H H Me H H Me Me
36-292 Me H H H H Ph H H H H H Me H Me Me
36-293 Me H H H H Ph H H H H H H Me Me Me
36294 Me H H H H Ph  H Ph  H H H H H Me Me
36-295 Me H H H H Ph H H Ph H H H H Me Me
36-296 Me H H H H Ph H H H Ph H H H Me Me
36-297 Me H H H H Ph H H H H Ph  H H Me Me
36-298 Me H H H H Ph H H H H H Ph  H Me Me
36-299 Me H H H H Ph H H H H H H Ph Me Me
36-300 Ph H H H H Ph H H H H H H H Me Me
36-301 Ph H H H H Ph H Me H H H H H Me Me
36-302 Ph H H H H Ph H H Me H H H H Me Me
36-303 Ph H H H H Ph H H H Me H H H Me Me
36304 Ph H H H H Ph H H H H Me H H Me Me
36-305 Ph H H H H Ph H H H H H Me H Me Me
36-306 Ph H H H H Ph H H H H H H Me Me Me
36-307 Ph H H H H Ph H Ph H H H H H Me Me
36-308 Ph H H H H Ph H H Ph H H H H Me Me
36-309 Ph H H H H Ph H H H Ph H H H Me Me
36-310 Ph H H H H Ph H H H H Ph H H Me Me
36-311 Ph H H H H Ph H H H H H Ph H Me Me
36-312 Ph H H H H Ph H H H H H H Ph Me Me
36-313 Me H H H H H Ph H H H H H H Me Me
36314 Me H H H H H Ph Me H H H H H Me Me
36-315 Me H H H H H Ph H Me H H H H Me Me
36-316 Me H H H H H Ph H H Me H H H Me Me
36-317 Me H H H H H Ph H H H Me H H Me Me
36-318 Me H H H H H Ph  H H H H Me H Me Me
36-319 Me H H H H H Ph H H H H H Me Me Me
36-320 Me H H H H H Ph Ph H H H H H Me Me
36-321 Me H H H H H Ph H Ph H H H H Me Me
36-322 Me H H H H H Ph H H Ph H H H Me Me
36-323 Me H H H H H Ph H H Ph H H Me Me
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TABLE 36-continued

CpdNo. Ral Ra2 Ra3 Ra4 Ra5 Ra6 Ra7 Rbl Rb2 Rb3 Rb4 RbL5 Rb6 Rb7 RbY

36-324 Me H H H H H Ph H H H H Ph H Me Me

36-325 Me H H H H H Ph H H H H H Ph Me Me

36-326 Ph H H H H H Ph H H H H H H Me Me

36-327 Ph H H H H H Ph Me H H H H H Me Me

36-328 Ph H H H H H Ph H Me H H H H Me Me

36-329 Ph H H H H H Ph H H Me H H H Me Me

36-330 Ph H H H H H Ph H H H Me H H Me Me

36-331 Ph H H H H H Ph H H H H Me H Me Me

36-332 Ph H H H H H Ph H H H H H Me Me Me

36-333 Ph H H H H H Ph Ph H H H H H Me Me

36-334 Ph H H H H H Ph H Ph H H H H Me Me

36-335 Ph H H H H H Ph H H Ph H H H Me Me

36-336 Ph H H H H H Ph H H H Ph H H Me Me

36-337 Ph H H H H H Ph H H H H Ph H Me Me

36-338 Ph H H H H H Ph H H H H Ph Me Me
TABLE 37

Cpd No Ral Ra2 Ra3 Rbl Rb2 Rb3 Rb4 Rb5 Rb6 Rb7 Rb8

37-1 Me Me Me H H H H H H Me Me

37-2 Me Me Me Me H H H H H Me Me

37-3 Me Me Me H Me H H H H Me Me

37-4 Me Me Me H H Me H H H Me Me

37-5 Me Me Me H H H Me H H Me Me

37-6 Me Me Me H H H H Me H Me Me

37-7 Me Me Me H H H H H Me Me Me

37-8 Me Me Me Ph H H H H H Me Me

37-9 Me Me Me H Ph H H H H Me Me

37-10 Me Me Me H H Ph H H H Me Me

37-11 Me Me Me H H H Ph H H Me Me

37-12 Me Me Me H H H H Ph H Me Me

37-13 Me Me Me H H H H H Ph Me Me

37-14 Ph Me Me H H H H H H Me Me

37-15 Ph Me Me Me H H H H H Me Me

37-16 Ph Me Me H Me H H H H Me Me

37-17 Ph Me Me H H Me H H H Me Me

37-18 Ph Me Me H H H Me H H Me Me

37-19 Ph Me Me H H H H Me H Me Me

37-20 Ph Me Me H H H H H Me Me Me

37-21 Ph Me Me Ph H H H H H Me Me

37-22 Ph Me Me H Ph H H H H Me Me

37-23 Ph Me Me H H Ph H H H Me Me

37-24 Ph Me Me H H H Ph H H Me Me

37-25 Ph Me Me H H H H Ph H Me Me

37-26 Ph Me Me H H H H H Ph Me Me

37-27 Me Ph Me H H H H H H Me Me

37-28 Me Ph Me Me H H H H H Me Me

37-29 Me Ph Me H Me H H H H Me Me

37-30 Me Ph Me H H Me H H H Me Me

37-31 Me Ph Me H H H Me H H Me Me

37-32 Me Ph Me H H H H Me H Me Me

37-33 Me Ph Me H H H H H Me Me Me

37-34 Me Ph Me Ph H H H H H Me Me

37-35 Me Ph Me H Ph H H H H Me Me

37-36 Me Ph Me H H Ph H H H Me Me

37-37 Me Ph Me H H H Ph H H Me Me

37-38 Me Ph Me H H H H Ph H Me Me

37-39 Me Ph Me H H H H H Ph Me Me

37-40 Ph Ph Me H H H H H H Me Me

37-41 Ph Ph Me Me H H H H H Me Me

37-42 Ph Ph Me H Me H H H H Me Me

37-43 Ph Ph Me H H Me H H H Me Me

37-44 Ph Ph Me H H H Me H H Me Me

37-45 Ph Ph Me H H H H Me H Me Me

37-46 Ph Ph Me H H H H H Me Me Me

37-47 Ph Ph Me Ph H H H H H Me Me

37-48 Ph Ph Me H Ph H H H H Me Me

37-49 Ph Ph Me H H Ph H H H Me Me

37-50 Ph Ph Me H H H Ph H H Me Me

37-51 Ph Ph Me H H H H Ph H Me Me

37-52 Ph Ph Me H H H H H Ph Me Me

37-53 Me Me Ph H H H H H H Me Me

37-54 Me Me Ph Me H H H H H Me Me

37-55 Me Me Ph H Me H H H H Me Me
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TABLE 37-continued

CpdNo. Ral Ra2 Ra3 Rbl Rb2 Rb3 Rb4 RbS Rb6 Rb7 Rb8
37-56 Me Me Ph H H Me H H H Me Me
37-57 Me Me Ph H H H Me H H Me Me
37-58 Me Me Ph H H H H Me H Me Me
37-59 Me Me Ph H H H H H Me Me Me
37-60 Me Me Ph Ph H H H H H Me Me
37-61 Me Me Ph H Ph H H H H Me Me
37-62 Me Me Ph H H Ph H H H Me Me
37-63 Me Me Ph H H H Ph H H Me Me
37-64 Me Me Ph H H H H Ph H Me Me
37-65 Me Me Ph H H H H H Ph Me Me
37-66 Ph Me Ph H H H H H H Me Me
37-67 Ph Me Ph Me H H H H H Me Me
37-68 Ph Me Ph H Me H H H H Me Me
37-69 Ph Me Ph H H Me H H H Me Me
37-70 Ph Me Ph H H H Me H H Me Me
37-71 Ph Me Ph H H H H Me H Me Me
37-72 Ph Me Ph H H H H H Me Me Me
37-73 Ph Me Ph Ph H H H H H Me Me
37-74 Ph Me Ph H Ph H H H H Me Me
37-75 Ph Me Ph H H Ph H H H Me Me
37-76 Ph Me Ph H H H Ph H H Me Me
37-77 Ph Me Ph H H H H Ph H Me Me
37-78 Ph Me Ph H H H H H Ph Me Me
37-79 Me Ph Ph H H H H H H Me Me
37-80 Me Ph Ph Me H H H H H Me Me
37-81 Me Ph Ph H Me H H H H Me Me
37-82 Me Ph Ph H H Me H H H Me Me
37-83 Me Ph Ph H H H Me H H Me Me
37-84 Me Ph Ph H H H H Me H Me Me
37-85 Me Ph Ph H H H H H Me Me Me
37-86 Me Ph Ph Ph H H H H H Me Me
37-87 Me Ph Ph H Ph H H H H Me Me
37-88 Me Ph Ph H H Ph H H H Me Me
37-89 Me Ph Ph H H H Ph H H Me Me
37-90 Me Ph Ph H H H H Ph H Me Me
37-91 Me Ph Ph H H H H H Ph Me Me
37-92 Ph Ph Ph H H H H H H Me Me
37-93 Ph Ph Ph Me H H H H H Me Me
37-94 Ph Ph Ph H Me H H H H Me Me
37-95 Ph Ph Ph H H Me H H H Me Me
37-96 Ph Ph Ph H H H Me H H Me Me
37-97 Ph Ph Ph H H H H Me H Me Me
37-98 Ph Ph Ph H H H H H Me Me Me
37-99 Ph Ph Ph Ph H H H H H Me Me
37-100 Ph Ph Ph H Ph H H H H Me Me
37-101 Ph Ph Ph H H Ph H H H Me Me
37-102 Ph Ph Ph H H H Ph H H Me Me
37-103 Ph Ph Ph H H H H Ph H Me Me
37-104 Ph Ph Ph H H H H H Ph Me Me
45
TABLE 38 TABLE 38-continued
“A” part of ligand A" part of ligand
Al Ra %0 » /e
/ 11 N— N\
o A
k /C\ Razy N M
N M
55
A2 A4 Ray, Ray;
N/
” I\
NN
N M

65



203
TABLE 38-continued

US 8,007,926 B2

“A” part of ligand

AS

A6

A7

A8

A9

Al0

All

Ras;
N/
Rasy \/ \
C

N/\

15

20

25

30

35

40

45

50

55

60

65

204
TABLE 38-continued

“A” part of ligand

Al2 Rajs

Al3 Raj3;

Al4 Ral41
/

—B
Rajp~L_ \

KB/C\M

%

Al5 Rays,

Al6 Rag
R3163\| _Rajg
Ti
C
Rajgan /Ny
P
Al7 Rayy;

\ 7/

Y

Ra”z\N/C\M

Al8 Rayg)

ﬁ\

N M



205
TABLE 38-continued

US 8,007,926 B2

206
TABLE 38-continued

“A” part of ligand

Al9

A20

A21

A22

A23

A24

Rajg;
Rawz\NA/\

x

Rayg)
A~ Ran

Rapgg

z

R&z42\N N

Rayj

15

25

30

35

40

45

50

55

60

65

“A” part of ligand

A25 Rassy
|\\
Raysy
F N
Rays3 N M
A26 Rasgr
Razgs Ra
261
PN N
\ \
M
A27 o Raz7y
SA
AN
M
A28 Rogp
(0]
N
\ “
A29 Razgr
Razgy
N A
Razog /\
x
M
A30

CN
Razoy
N 2
AN
M



US 8,007,926 B2

207 208
TABLE 38-continued TABLE 38-continued

‘A” part of ligand “A” part of ligand

A3l 5
A37 Z
Q\T
_C
'S
N M
10
A3 Vg
15 o
A32 Ras) |
CN = | N/C\M
N T -
Raz)y M
A39 Razo,
25 B/
Ra392\/” \
A33 Rasso KB/ C\
A~ Razi M
N

X
|
LN/C\ 30

4*‘ M
A40 V4 _ Rago;
35 ?
A34 Riqn
C
=

+ M
40
A4l Raypn
45
A35
50
55
A36 A42 Ragn
Y
Ragns |
Ragyy
X -
60 |
C
x NN

M
Ragyy
65



US 8,007,926 B2

Sheet 14 of 44

Aug. 30,2011

U.S. Patent

1 8inbi

(wu) yybuajanepp

008 0S.Z 00L 0S99 009 0ss 005 OSvy oOOF
L . 1 \ | . ) . 1 A 1 ) ] . J ) L 0°0

I
N
o

T
!
=

T
bt
=3

T
®
o

-0

14 © 40%HD ul pue M./ ® JH18N-Z ul
(Adg-ng-)J(piwi-sN-g-Ud-1) 4o uoissiwz

n-e) AJisuajuj

(.



US 8,007,926 B2

209 210
TABLE 38-continued TABLE 39
“A” part of ligand “B” part of ligand
5
A43 Bl
M
S
10 Rb“_l
G
B2
15
20
Ad4
B3
25
M
O
S Rbsi—
30 F
|
4~7 Rb32—|
P
35 B4
A4S Ragsi\
TN\
Ray 7 X M
52 N—C
Rbgp—— —Rb.
Rayss M 40 ® N | = "
BS
Ad6 T3462 45
\ / \/R3451
\
Raygs N_C\ 50
Ra464g< M
B6
55
A47 Ra471 /4
N
Rb
Raymn 61
4
< \ 60
Rag7s \y—(
Rayzy M

65




211
TABLE 39-continued

US 8,007,926 B2

“B” part of ligand

B7

B8

B9

B10

B11

= x

Rby;3——

\

T Rbyy

Rbyp2

10

15

20

25

30

35

40

45

50

55

60

65

212
TABLE 39-continued

“B” part of ligand

B12
M
7 x
Rbjp—— —Rbyz
\ /
|
Rbios—
/
B13
M
7 N X
Rby3z3—— | T Rbyz
AN \/\ F
Rbisz
B14
O
Rbigs— -
M
=4 X
Rb = ——Rbyy;
B15
B16
B17




US 8,007,926 B2
213 214
TABLE 39-continued TABLE 39-continued

“B” part of ligand “B” part of ligand

BI8 5 B22

10

15

B19 20

B23

25

30

B20
35

B24
40

45

50

B21

B25
55

60

65



US 8,007,926 B2
215 216
TABLE 39-continued TABLE 39-continued

“B” part of ligand “B” part of ligand

B26 5 B30

10

15

B27 20

B31

25

30

35

B28

B32
40

45

50

B29 B33

55

60

65



US 8,007,926 B2
217 218
TABLE 39-continued TABLE 39-continued

“B” part of ligand “B” part of ligand

B39

10

15

B35 B40

20

25

B36

30 B41

35

40
B37

B42

45

50

B38 B43

55

60

65



219
TABLE 39-continued

US 8,007,926 B2

220
TABLE 39-continued

“B” part of ligand

B44

B45

B46

B47

B4g

B49

Rbyos

Rbyg;

Rbygy

Rbyg;

10

15

20

25

30

35

40

45

50

55

60

65

“B” part of ligand

B50

Bs1

B52

Bs3

B354

BsS




US 8,007,926 B2

221
TABLE 39-continued

“B” part of ligand

Bs6

10

15

B57

20

25

30

Bs8

35

40

B39 45

50

55

B60

60

Rbgo;
Rbgoz Rbgoz 65

222
TABLE 39-continued

“B” part of ligand

B61

B62

B63

B64

B65




US 8,007,926 B2

TABLE 39-continued TABLE 39-continued
“B” part of ligand “B” part of ligand
M
< I
N\ Ross,
10
B76
M
NS
B67 N\
Rbm/\\/N\
15 Rb7e
B77
B68 M
20 =
\
Rb77 ™y —~O
B69
M 25 B78 "
NS SN
S \; Rbgoy A
= Rbrg™ o—5
B70 30
M
= B79
Rb7g—N
/
NS / 35
Rb7oz/\
B71
M
NS
d 40 B8O
/
o« |
Rb7i1™
45 —\=
B72
Rb
M 801
= B8&1
50 M
S
N\
Rbyyj
B73 "‘\—
/ M 33 Rbgy;
|
j Rb73;
/N Bg2
RE ——=
732
60 Rbgz; N M
/ N/
B74
M —
~— \
1] Rb7y;
A 65 Rbgzz/\ /



US 8,007,926 B2

225
TABLE 39-continued

“B” part of ligand

B83

B84

B85

B&6

|
=

TABLE 40

“C” Ligands

C1

[
MY,

10

15

20

25

30

35

40

45

50

55

60

65

226
TABLE 40-continued
“C” Ligands
C2
o
> M-Y),
Rb,
—_ —m
C3
> MX-Y),
Rb,
— _m
TABLE 41
Preferred compounds
Al B Raz Ral 1
Bl /
[
/C \
Ra3 N \M ~ v
L~ ( 3 )n
Rby
Rb; Rb,
Rb,
— _m
Al ]
Ra; R
B4 2 u

Rb

5
Rby

N/

Raz / \C

Rbe N
bz Rb>

| —~MX-Y)u

Rb,

R



US 8,007,926 B2

227
TABLE 41-continued

228
TABLE 41-continued

Preferred compounds

Al
B10

Al
B12

Al
B55

Al
B56

Rbg

Rbs

Raz Ra 1

/M(X'Y)n

M),

Rb,

M),

™
| —~MX-Y)n

[

10

15

25

30

35

45

50

55

60

65

Preferred compounds

Al
B59

Al
B61

Al
B62

Al
B65

Ray Ra, |

N/
I \C
Rag N/ \

S
T MEY),

S
| SMX-Y),

A MY,

S
M),




U.S. Patent Aug. 30, 2011 Sheet 15 of 44 US 8,007,926 B2

I o
-
5 I ¥
5 s
8 I
(&) § B
= !
~ ~ = i
—~
5 A Lot
E AN /< \ 1 I
I Z7N ; o
[} =z H o
= - LS 10
Nl-) \ | i -
= M .
o - O
T I
T % i
| —-—
) o
E s
o
'h <
(@] : -
oz |
= § B
= i
——_—— -
T
- — I
P
= o
) <
a— - M~
— i
{ B
?




229

TABLE 41-continued

US 8,007,926 B2

Preferred compounds

230
TABLE 41-continued

Al
B66

Al
B69

Al
B70

Al
B71

Rb,

Rb,

Rb,

Rb,

Rb,
Rb;

Preferred compounds

Al
B72
S
| >MEX-Y), 10
15
—Im
20
A2
BI
[>ME-Y), 25
30
m
35 .
B4
S~
L —MX-Y)n 40
45
_m
50 A2
B10
55
> MX-Y)p

Rb,

Rb,

60

Ra, /Ral
N
[ X
N T

=MV

£

= M),

£

Ra, ]
Raz
Ra,
/
N
R )\
N

M(X-Y)n

MY,



US 8,007,926 B2

231
TABLE 41-continued

232
TABLE 41-continued

Preferred compounds

Preferred compounds

A2 — Ra, —/ A2 —_—
B12 Ras B59
Ra;
/
N
Ray \C 10
v
8 MX-Y),
15
20
25
A2 — Ray ] A2 —
B5S Ra B61
30
> MX-Y),
35
m 40
45
A2 A2 —
B56 B62
50
e .
MY,
55
60
m

65

Ray

™.
L M(X'Y)n

Rb, —'m

S
(> MX-Y),

> MX-Y),

Rby



233

TABLE 41-continued

US 8,007,926 B2

234
TABLE 41-continued

Preferred compounds

Preferred compounds

_ 5 A2
A2 Ra
Ra 2
B65 Ras 2 B71 Ras
Ra; /Ral
/ N
N
Ray \C Rag /\C
N/ \\ 10 N \\
M(X-Y), Ras [ > MX-Y),
S
o
15 Rb,
Rby
Rb,
Rbs
- m
20
A2 A2 Ra, ]
B66 B72 Ray
Ra,
25 N/
Ray \C
A ]
M), N = MX-Y),
Ras
30 ==
S
Rb;
Rby
m 35 Rb,
_ Rbs
A2 Ra, —m
B69 Ray
S
N 40 AS B Ra, Ray ]
R \ Bl /
o C N
N \\ \C
Ras = Mx-Y), A
~ Raj N >M(X-Y),,
g 45
Rb,
/
Rb,
Rb,
— m Rb3 Rb1
50
— Rb
B70 Raz
Ra,;
N/
AS — =
R Ra
Ray \c 55 B4 2 s
Y \ N
N R
Ras MY " \C\
7
NS Rbg N ™ MX-Y),
Rbs—N Rb L~
5
Rb, 60
Rby
Rby Rb;
Rb,
Rbs Rbs Rb,

65




US 8,007,926 B2

235 236
TABLE 41-continued TABLE 41-continued
Preferred compounds Preferred compounds
AS — —
A5 — ] Ra, Ra;
B10 Ray /Ral 5 BS9 /
N
N
\ )3
C Vd \
e Ra N
Raj N \\ ? > MX-Y),

MX-Y)a
| —MX-Y) 10

Rbg
Rb;
Rbg
Rb,
15

AS B Raz Ra 1 20

B12 / A
N B61
Raz \
/C\

S
TEMEYL s

Rb,
30
Rb,

Rbs

S
| ME-Y),

Rbs Rby
Rby
L —Im m
AS 35 12\652 — Raz Ray ]
BSS IN/
C
M
| ~MXY), 40
45
m
A5
B36 50
A5
B65
.
L ~M(X-Y)n 55

™~
MY,

60

65




237
TABLE 41-continued

US 8,007,926 B2

238
TABLE 41-continued

Preferred compounds

Preferred compounds

AS
B66

AS
B69

AS
B70

AS
B71

Rby

B72

S
| ~-M&X-Yn 10

/
Rb, 15
Rb;
- R N — 20
2 ay
/
\
/C
| —M(X-Y)y
—
S A6
/ Bl
Rb,
Rb, 30
— —'m
Ra, Ra, ] 35
/
N
)3
Raj N/ \
TEME-Y), 0
—
Rbs—N
Rb;
Rby 45
Rb,
Rb;
_m
50
A6
_ B4
Ray Ra;
/
N
\C 55
R3.3 N/ \
EMX-Y),
~=
0]
Rb, 60
Rby
Rb,
Rb;

Raj

Ray Ray
Ras ‘ N - Ra,

Rag

Ras

Rag

Rbs

Rbj

N
TEMX-Y),
S
S
Rb,
Rby
Rb,
Rb

Ray Ra
/
N

\
SA—

3

M
EMEEY,

Rbs Rb,

> M-V,

Rb,




US 8,007,926 B2

239

TABLE 41-continued

Preferred compounds

A6
B10

Ab
B12

Ab
BSs

MX-Y),

> MX-Y),

[

10

15

20

25

30

35

40

45

55

60

65

240
TABLE 41-continued

Preferred compounds

A6
Bs56

A6
B59

A6
B61

Ra3

= ME-Y),

Rb,

T MEY),

Rb,

[
[>MX-Y),




US 8,007,926 B2

241 242
TABLE 41-continued TABLE 41-continued
Preferred compounds Preferred compounds
— —_— 5 A6 — ]
A6 Ra
R 3
B62 - B69
Ray Ray Ray Ray
Ras Ra, Ras - Ra;
IiI/ 10 lel
C C
Rag N/ \\
EMEXY), | >=MX-Y),
Ray ==
15 S
e
Rb,
Rb,
— b 11
20
Rb
Rb, 3
— _m
25 A6 — —
B70
Ra,
];\665 [ Ra; ]
30 Ras N/ Ra
Rag \
/M(X—Y)n

35
—N

M-,

40

45

A6 _

Rag ]
B71
50
A6 — Rag ] Ray Ray
B66
Ras Ray
I|\I/
55
2 N /C \
6
C=ME-Y),
Rbs ™M (XY Ray S
Rby O,
60 Rb,
Rby
Rb;
Rbs




US 8,007,926 B2

243
TABLE 41-continued

244
TABLE 41-continued

Preferred compounds

Ab
B72

A7
B1

A7

A7
B10

\
Ra3\N/C\

S
M(X-Y)
Rb, L — n
Rb; Rb,
Rb,

1

R /Ra
a2
~ N

\
Ra3 C
N
X N \

be
Rbs Rbs

\
RaS\N/C\

M
MX-Y
Rbg L ~M(X-Y),

Rb,

Rbyg
Rb,

Rby Rb,

Rb,  Rbs

- o " —
/
N
)2
A ]
Ra
: N S MX-Y),
=
S
Rb,
Rby
Rbs
Rb;
_— _m
_ o _
2
N

S
Rbs | = MX-Y),
Rby Rb,

10

15

20

25

30

35

40

45

50

55

60

65

Preferred compounds

A7
B12

A7
BS5s

A7
BS6

A7
B59

Rbs

Ra;
/
RaZ—N

\
Raz C
N,
Rbg N \

™~
M),

Rb,

M
L ~MX-Y),

>M(X-Y),,




US 8,007,926 B2
245 246
TABLE 41-continued TABLE 41-continued

Preferred d;
Preferred compounds referred compounds

A7 — 2 -
— — 5 B69 1
A7 Rax  /
B61 \N\
Ray C
\N/ \
[
CEME-Y),
10 ~
S
/
Rb;
sz
15 "
A7 — - —
B70 1
A7 20 /
B62 Raz—N\
Ra3\ /C\
CEMX-Y),
25 =
Rbs—N
Rbl
Rby
30 Rb,
Rb3
— _m
3, _ _
B71 Ra;
Ray_ /
A7 — — NN
B65 \
R3-3\ /C\
N
40 = MX-Y),
S =
| >MX-Y), o)
Rb,
45
Rby
Rb,
Rb;
o _m
50
m
A7 — —
B72 Ra;
AT 7 faoy
B66 N
55 \
Rag  _C
T2 MEX-Y),
NS
Rby S
60
Rb,
Rby
Rb,
— 65 Rbs




US 8,007,926 B2

247
TABLE 41-continued

248
TABLE 41-continued

Preferred compounds

Preferred compounds

Al8
B1

Al

Al
B10

Alg
B12

s A8 [
— Ra, — B35
Rag Ral
X
| C 10
Ray N
S Mx-v),
Rb,
Rby Rb, 15
Rb,
— - m
[ Ra, ] 20
Raz Ray
AN
Ray /C\
Rbg N MY, 25
AlS
Rbs B36
Rby Rb, 30
Rb;  Rb,
— _m
Raz ]
35
Rag \ Rﬁl
A~
Rag N > MX-Y),
40
Rbg
Rb;
Rbg
Rb;
O ;
Rbs Rb,
Rby  Rbs
m— - m
. 50 Al8 —
Ray B59
Rag Ra,
AN
Ray |
C
Ve 55
Rbg N \\ MX-Y)
= n
Rb, "
Rbg w, 6
Rb;
Rbs Rbs
Rby

Ray
> MX-Y),
m
Ray ]
S
| >M(X-Y),
m
Ray ]
S
| =MX-Y)y




U.S. Patent Aug. 30,2011 Sheet 16 of 44 US 8,007,926 B2

V\

!

M) ——

FIG.16

5C NMR of mer—Ir(1-Ph-3-Me=imid); in CDCIs
17000 160.00 150.00 140.00 130.00 120.00 110.00 100.00 90.00 80.00 70.00 6€0.00 50.00 40.00 30.00

ppm



249

TABLE 41-continued

US 8,007,926 B2

Preferred compounds

Al
Bé61

Al8
B62

Al
B65

Al
B66

Ral

Rag

x

Ra;

[
SMXY),

>MX-Y),

> M),

™ M(X'Y)n

10

15

20

25

30

35

40

45

50

55

60

65

250

TABLE 41-continued

Preferred compounds

Al8
B69

Al8
B70

Al8
B71

Al
B72

Ra,
Rag Ral
X
_C
Ray N \\
| =M(X-Y),
==
S
/
Rbl
Rb,
— ——m
Ray ]
Rag Ra1
x
!
-
Ray N \
CEME-Y),
=
Rbs—N
Rb,
Rby
Rb,
Rbs
_m
Ray ]
Raj N Ra,
@
e
Ray N \
PEMX-Y),
=
o
Rb,
Rby
Rb,
Rbs
Ra, ]
Rag Ral
x
L
e
Ra N T~
= MEX-Y),
—
S
Rb,
Rby
Rb;
Rbs

I
5



251
TABLE 41-continued

US 8,007,926 B2

252
TABLE 41-continued

Preferred compounds

Al9
B1

Al9

Al19
B10

Al9
B12

_ - _
Ra, Raz
\N)Y
C
Ray N \\
M(X-Y),
Rb, o
Rby Rb,
Rb,
— - m
Ra, ]
Raz Ra;
X
Ray
C
T
Rbg SN S MEY),
Rbs
Rby Rb,
Rb;  Rb,

Rbs  Rbs

Rby

> MX- V)i

S
| EMEY),

10

15

20

25

30

35

40

45

55

60

65

Preferred compounds

Al9
BSs

Al9
BS6

Al9
B59

Rb,

-
[ ME-Y),

[
| ~M(X-Y),

—
| ~M(X-Y)y




253

TABLE 41-continued

US 8,007,926 B2

Preferred compounds

Al9
Bé61

Al9
B62

Al9
B65

Al9
B66

[
P MX-Y),

PEME-Y),

> MEY),

> MX-Y)

15

20

25

30

40

45

50

55

60

65

254

TABLE 41-continued

Preferred compounds

Al9
B69

Al19
B70

Al9
B71

Al9
B72

Ray
Ral\N)\(Ras

Ray \ ¢ \

Rb,

MY,

EME-Y),

P=MX-Y),




US 8,007,926 B2

255

TABLE 41-continued

256
TABLE 41-continued

Preferred compounds

Preferred compounds

A20
B1

A20
B4

A20
B10

A20
B12

Rby

Rby

S
MY,

Rb,

> M),

> MX-Y),

Rbs

S MY,

10

15

20

30

35

40

45

55

60

65

A20
BS5S

A20
B56

A20
Bs59

P2 MX-Y),

MY,

S
L~ MX-Y),




US 8,007,926 B2

257
TABLE 41-continued

258
TABLE 41-continued

Preferred compounds

Preferred compounds

A20
B61

A20
B62

A20
B65

[
[EMXY

> M(X-Y)n

S ME-Y),

10

15

20

25

30

35

40

45

50

55

60

65

A20
B66

A20
B69

A20
B70

A20
B71

> MEXY),

=My,

=MX-Y),




259
TABLE 41-continued

US 8,007,926 B2

260
TABLE 41-continued

Preferred compounds

Preferred compounds

A20
B72

A33

A33
B4

A33
B10

Rbs

Rby

Rbg

Rbs

Ray
Ra3 Ra 1
N
Ray |
C
Rby N7 T~

M),

Rbs
Rbg O

Rb,

Rbs

A33 —
B12
10
15
Rbs
" 20 L
Ra, ]
Raz Ra,
N~
| 25
_C
Raj N \\
L M(X'Y)n A33 —
Rby B35
30
Rb; Rb,
Rb,
_m
35
Ra, ]
Ra3 Ra1
-~
|
40
Ray /C\
Rbg N >M(X-Y)n L
45
Rb,
Rbs Rb,
—m A33
B56
_ 50
Raz
R3.3 Rﬂ.l
e
f\ IT
C
- 55
Raj N \\
L MX-Y)n
Rbg
Rb O
O Rb, 60
Rb,
Rb4 Rb3

65

‘ Rb,
Rby

Rbs

Rby

=S
(> M(X-Y),

S
| —~MX-Y),




261
TABLE 41-continued

US 8,007,926 B2

Preferred compounds

A33 — Ras
B39

Rbs
Rb>
A3 Ra
B61
Rbs
A33 — Ra —
B62 2
R3.3 Ral
N

> ME-Y),

(S MX-Y),

L —MX-Y),

10

15

20

25

30

35

40

45

50

60

65

262
TABLE 41-continued

Preferred compounds

A33
B65

A33
B66

A33
B69

A33
B70

Ra,

} Rb;

/
Rb; Rb,
— ey —
Raz Ra,
7~
1
_C
Ray NN
—
==
S
/
Rb;
Rb,
— _m
— R, —
Raz Ra;
IiI/
C
Ray N/ \
NS
Rbs—N
Rb,
Rby
Rb,
Rbs

S
— MX-Y),

(S MY,

MX-Y),

P=MX-Y),




263
TABLE 41-continued

US 8,007,926 B2

264
TABLE 41-continued

Preferred compounds

Preferred compounds

A33
B71

A33
B72

A35

A35
B4

Ray
RA3 Ral
Ir/
c
- 10
. \
Rag [EMEX-Y),
NS
0,
Rb, 15
Rb4
Rb,
Rb;3
_— - m
20
_ Ry _
Raz Ra;
N/
é 25
-
X N \
“ = MX-Y),
=
S
30
Rb,
Rby
Rb,
L Rb . 35
Raz ]
Ray Ra,
/Ra’ 40
N
Rag \
c
/
R N \
ag S
Ra7 /M(X'Y)n
Rbs 45
Rby Rb;
Rb,
-m 50
Rag ]
Ray Ray
/Ral
55
N
Ras \
c
N/ \*
Rag Rbg [SMEX-Y),
Ra7
Rbs 6
Rby Rb,
Rb;3 Rb,

A3S
B10

A35
B12

A35
BSs

Raz

S
| —~MX-Y),

Raj
Ra,

CEME-Y),

> MEX-Y),




265
TABLE 41-continued

US 8,007,926 B2

266
TABLE 41-continued

Preferred compounds

Preferred compounds
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TABLE 41-continued

Preferred compounds
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It is understood that the various embodiments described
herein are by way of example only, and are not intended to
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limit the scope of the invention. For example, many of the
materials and structures described herein may be substituted
with other materials and structures without deviating from the
spirit of the invention. It is understood that various theories as
to why the invention works are not intended to be limiting. For
example, theories relating to charge transfer are not intended
to be limiting.

MATERIAL DEFINITIONS

As used herein, abbreviations refer to materials as follows:

CBP: 4,4'-N,N-dicarbazole-bipheny!

m-MTDATA 4.4' A -tris(3-
methylphenylphenlyamino)triphenylamine

Alqgs: 8-tris-hydroxyquinoline aluminum

Bphen: 4,7-diphenyl-1,10-phenanthroline

n-BPhen: n-doped BPhen (doped with lithium)

F,-TCNQ: tetrafluoro-tetracyano-quinodimethane

p-MTDATA: p-doped m-MTDATA (doped with F,-TCNQ)

Ir(ppy)s: tris(2-phenylpyridine)-iridium

Ir(ppz)s: tris(1-phenylpyrazoloto,N,C(2")iridium(III)

BCP: 2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline

TAZ: 3-phenyl-4-(1"-naphthyl)-5-phenyl-1,2,4-triazole

CuPc: copper phthalocyanine.

ITO: indium tin oxide

NPD: N,N'-diphenyl-N-N'"-di(1-naphthyl)-benzidine

TPD: N,N'-diphenyl-N-N'"-di(3-toly)-benzidine

BAlqg: aluminum(IIT)bis(2-methyl-8-
hydroxyquinolinato)4-phenylphenolate

mCP: 1,3-N,N-dicarbazole-benzene

DCM: 4-(dicyanoethylene)-6-(4-dimethylaminostyryl-
2-methyl)-4H-pyran

DMOQA: N,N'-dimethylquinacridone

PEDOT:PSS: an aqueous dispersion of poly(3,4-
ethylenedioxythiophene) with
polystyrenesulfonate (PSS)

UGH 1,3-bis(triphenylsilyl)benzene

1-Ph-3-Me-imid
1-Ph-3-Me-benzimid

1-phenyl-3-methyl-imidazolin-2-ylidene-C,C?'
fac-iridium(I1I) tris(1-phenyl-3-methyl-
benzimidazolin-2-ylidene-C,C%)
mer-iridium(IIT) bis[(2-(4',6'-difluorophenyl)-2-
pyrazolinato-N,C?)] (1-phenyl-3-methyl-
imidazolin-2-ylidene-C,C?)

mer-iridium(IIT) bis[(2-(4'-methylphenyl)-
2-pyridinato-N,C?)] (1-phenyl-3-
methyl-imidazolin-2-ylidene-C,C*
fac-iridium(III) bis[(2-(4'-methylphenyl)-
2-pyridinato-N,C?)] (1-phenyl-3-methyl-
imidazolin-2-ylidene-C,C?)

Iridium(III) bis(1-phenyl-3-methyl-imidazolin-
2-ylidene-C,C?) chloride

Tridium(III) bis[(1-phenyl-3-methyl-imidazolin-
2-ylidene-C,C?)] (4,4-di-tert-butyl-
(2,2")bipyridinyl)

mer-iridium(III) tris(1-phenyl-3-methyl-
imidazolin-2-ylidene-C,C?)
tris(1-(2"-(9",9"-dimethyl)fluorenyl)-3-
methyl-imidazolin-2-

ylidene-C,C3") iridium(III)

mer-(F,ppz),Ir(1-
Ph-3-Me-imid)

mer-(2-(tpy),Ir(1-
Ph-3-Me-imid)

fac-(2-(tpy)-Ir(1-
Ph-3-Me-imid)

[(1-Ph-3-Me-imid),IrCl],

(1-Ph-3-Me-
imid),Ir(t-Bu-bpy)*

mer-Ir(1-Ph-3-Me-imid);

(Ir-FI-Me-imid),

EXPERIMENTAL

Specific representative embodiments of the invention will
now be described, including how such embodiments may be
made. It is understood that the specific methods, materials,
conditions, process parameters, apparatus and the like do not
necessarily limit the scope of the invention.

Synthesis of Imidazolate Carbene Precursors
1-Phenylimidazole was purchased from Aldrich. All other
aryl imidazoles were prepared by a modified Ullmann cou-
pling reaction between imidazole or benzimidazole and the
appropriate aryl iodide in anhydrous N,N-dimethylforma-
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mide using a Cul/1,10-phenanthroline catalyst and Cs,CO;,
base, as described in Klapars, et al, J. Am. Chem. Soc., 2001,
123; 7727-7729. The carbene precursor imidazolates were
prepared by methylating the corresponding imidazoles with
excess methyl iodide in toluene.

Example 1
Synthesis of 1-phenyl-3-methylimidazolate iodide

1-phenyl-3-methylimidazolate iodide was synthesized
using the modified Ullmann coupling reaction described
above. 'H NMR (250 MHz, CDCl,), ppm: 10.28 (s, 1H),
7.77-7.70 (m, 4H), 7.56-7.46 (m, 3H), 4.21 (s, 3H).

Example 2

Synthesis of 1-Phenyl-3-methyl-benzimidazolate
iodide

In the dark, an oven-dried 50 ml round-bottomed flask
containing a stir bar was charged with Cul (0.171 g, 0.1 eq.),
benzimidazole (1.273 g, 1.2 eq.), and cesium carbonate
(6.138 g, 2.1 eq.) respectively. The round-bottomed flask with
the contents was sealed with septa and degassed with argon
for 15 minutes. lodobenzene (1 ml, 1 eq.), 1,10-Phenanthro-
line (0.323 g, 0.2 eq.), and dimethylformamide (25 ml) were
then successively added into the round-bottomed flask under
a continuous flow of argon. The reaction mixture was
degassed with argon for 30 minutes. The reaction was stirred
with heating via an oil bath at 110° C. for 24 hours in the dark
under nitrogen. The reaction mixture was cooled to ambient
temperature and concentrated in vacuo. 10 ml of ethyl acetate
was added into the concentrated reaction mixture. It was then
filtered and washed with 30 ml of ethyl acetate. The filtrate
was concentrated under vacuo to give the crude product. The
crude product was purified by column chromatography on
silica gel (40% ethy] acetate:60% hexane as the eluent) pro-
viding 0.780 g of 1-Phenyl benzoimidazole (45% yield) as
yellow liquid.

Methyl iodide (0.550 ml, 2.2 eq.) was syringed into a 25 ml
round-bottomed flask charged with 1-phenyl benzoimidazole
(0.780 g, 1 eq.) and toluene (15 ml). The reaction was stirred
and heated at 30° C. for 24 hours. The white precipitate was
filtered and washed with 20 ml of toluene. The white precipi-
tate was air-dried and weighed to give 0.725 g of 1-phenyl-
3-methyl-benzimidizolate iodide (54% yield).

Synthesis of Iridium Imidazole Carbene Complexes

Example 3

Synthesis of mer-iridium(I1I) bis[(2-(4",6'-difluo-
rophenyl)-2-pyrazolinato-N,C>)](1-phenyl-3-me-
thyl-imidazolin-2-ylidene-C,C?)

A 25 ml round-bottomed flask was charged with 0.014 g of
silver(I) oxide, 0.030 g of 1-phenyl-3-methyl-imidazolate
iodide, 0.062 g of [(F2ppz),IrCl],, and 15 ml of 1,2-dichlo-
roethane. The reaction was stirred and heated with an oil bath
at 77° C. for 15 hours in the dark under nitrogen while pro-
tected from light with aluminum foil. The reaction mixture
was cooled to ambient temperature and concentrated under
reduced pressure. Filtration through Celite using dichlo-
romethane as the eluent was performed to remove the silver(l)
salts. A light yellow solution was obtained and addition of
methanol gave 0.025 g (30% yield) of iridium complex as a
colorless solid.
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'H NMR (500 MHz, CDCL,), ppm: 8.24 (d, 1H, =2.8 Hz),
8.16 (d, 1H, J=2.8 Hz), 7.43 (d, 1H, J=1.9 Hz), 7.15 (d, 1H,
J=7.5 Hz), 6.96 (ddd, 1H, J=7.5, 7.0, 1.9 Hz), 6.93 (dd, 1H,
J=7.0, 1.9 Hz), 6.82 (m, 2H), 6.78 (d, 1H, J=1.9 Hz), 6.47
(ddd, 1H, J=11.7,8.4, 2.3 Hz), 6.43 (ddd, 1H,J=11.7,8.4,2.3
Hz), 6.29 (t, 1H, J=2.3 Hz), 6.28 (t, 1H, J=2.3 Hz), 6.14 (dd,
1H, J=7.5,2.3 Hz), 5.85 (dd, 1H, ]=8.0, 2.3 Hz), 3.29 (s, 3H).

FIG. 3 shows the "HNMR spectra of mer-(F,ppz),Ir(1-Ph-
3-Me-imid) in CDCl,;.

Example 4

Synthesis of mer-iridium(I1I) bis[(2-(4'-methylphe-
nyl)-2-pyridinato-N,C?)](1-phenyl-3-methyl-imida-
zolin-2-ylidene-C,C?)

A 50 ml round-bottomed flask was charged with 0.103 g of
silver(l) oxide, 0.118 g of 1-phenyl-3-methyl-imidazolate
iodide, 0.168 g of [(tpy),IrCl],, and 25 ml of 1,2-dichloroet-
hane. The reaction was stirred and heated with an oil bath at
77° C. for 15 hours in the dark under nitrogen while protected
from light with aluminum foil. The reaction mixture was
cooled to ambient temperature and concentrated under
reduced pressure. Filtration through Celite using dichlo-
romethane as the eluent was performed to remove the silver(I)
salts. A yellow solution was obtained and further purified by
flash column chromatography on silica gel using dichlo-
romethane as the eluent that was reduced in volume to ca. 2
ml. Addition of methanol gave 0.121 g (59% yield) of iridium
complex as a bright yellow solid.

FIG. 4 shows the 'H NMR spectra of mer-(tpy),Ir(1-Ph-3-
Me-imid) in CDCl,. FIG. 6 shows the plot of current (LA) vs.
voltage (V) of a mer-(tpy),Ir(1-Ph-3-Me-imid) compound
with ferrocene as an internal reference. A solvent of DMF
with 0.1M Bu,N*PF,~ is used. FIG. 9 shows the emission
spectra of mer-(tpy),Ir(1-Ph-3-Me-imid) in 2-MeTHF at
room temperature and at 77K. The compound exhibits life-
times of 1.7 Us at room temperature and 3.3 ps at 77K.

Example 5

Synthesis of fac-iridium(III) bis[(2-(4'-methylphe-
nyl)-2-pyridinato-N,C*)] (1-phenyl-3-methyl-imida-
zolin-2-ylidene-C,C?"

A 200 ml quartz flask was charged with 0.0.059 g of mer-
(tpy),Ir(1-Ph-3-Me-imid) and 50 ml of acetonitrile and
sparged with nitrogen for five minutes. The mixture was
photolyzed for 63 hours using 254 nm light. After photolysis
the solvent was removed under reduced pressure and the
yellow solid was taken up in 2 ml dichloromethane. Addition
of methanol gave 0.045 g (75% yield) of iridium complex as
a bright yellow solid that was collected by centrifuge.

FIG. 5 shows the "H NMR spectra of fac-(tpy),Ir(1-Ph-3-
Me-imid) in CDCl;. FIG. 7 shows the plot of current (LA) vs.
voltage (V) of a fac-(tpy),Ir(1-Ph-3-Me-imid) compound
with ferrocene as an internal reference. A solvent of DMF
with 0.1M Bu,N*PF6~ is used. FIG. 8 shows the absorption
spectra of fac-(tpy),Ir(1-Ph-3-Me-imid) and mer-(tpy),Ir(1-
Ph-3-Me-imid) in CH,Cl,. FIG. 10 shows the emission spec-
tra of fac-(tpy),Ir(1-Ph-3-Me-imid) in 2-MeTHF at room
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temperature and at 77K. The compound exhibits lifetimes of
1.7 ps at room temperature and 3.3 ps at 77K.

Example 6

Synthesis of Iridium(III) bis(1-phenyl-3-methyl-
imidazolin-2-ylidene-C,C?) chloride dimer

A 100 ml round-bottomed flask was charged with 0.428 g
of silver(I) oxide, 0.946 g of 1-phenyl-3-methyl-imidazolate
iodide, 0.301 g of iridium trichloride hydrate, and 60 ml of
2-ethoxyethanol. The reaction was stirred and heated with an
oil bath at 120° C. for 15 hours under nitrogen while protected
from light with aluminum foil. The reaction mixture was
cooled to ambient temperature and the solvent was removed
under reduced pressure. The black mixture was extracted
with ca. 20 ml dichloromethane and the extract was reduced
to ca. 2 ml volume. Addition of methanol gave 0.0160 g (30%
yield) of the iridium dimer complex as an off-white solid.

FIG. 11 shows the "H NMR spectra of [(1-Ph-3-Me-imid),
IrCl], in CDCl,.

Example 7

Synthesis of mer-iridium(III) tris(1-phenyl-3-methyl-
imidazolin-2-ylidene-C,C?)

A 50 ml round-bottomed flask was charged with 0.076 g of
silver(I) oxide, 0.109 g of 1-phenyl-3-methyl-imidazolate
iodide, 0.029 g of iridium trichloride hydrate, and 20 ml of
2-ethoxyethanol. The reaction was stirred and heated with an
oil bath at 120° C. for 15 hours under nitrogen while protected
from light with aluminum foil. The reaction mixture was
cooled to ambient temperature and concentrated under
reduced pressure. Filtration through Celite using dichlo-
romethane as the eluent was performed to remove the silver(I)
salts. A white solid was obtained after removing the solventin
vacuo and was washed with methanol to give 0.016 g (24%
yield) of meridional tris-iridium complex as a white solid.

FIG. 15 shows the '"H NMR spectra of mer-Ir(1-Ph-3-Me-
imid), in CDCl,. FIG. 16 shows the *C NMR spectra of
mer-Ir(1-Ph-3-Me-imid), in CDCl;. FIG. 17 shows the plot
of current (LA) vs. voltage (V) of a mer-Ir(1-Ph-3-Me-imid),
compound with ferrocene as an internal reference. A solvent
of DMF with 0.1M Bu,N*PF " is used. FIG. 18 shows the
emission spectra of mer-Ir(1-Ph-3-Me-imid), in 2-MeTHF at
room temperature and at 77K.

Example 8

Synthesis of fac-iridium(III) tris(1-phenyl-3-methyl-
imidazolin-2-ylidene-C,C2")

A 50 ml round-bottomed flask was charged with 0.278 g of
silver(I) oxide, 0.080 g of 1-phenyl-3-methyl-imidazolate
iodide, 0.108 g of [(1-Ph-3-Me-imid)2IrCl]2, and 25 ml of
1,2-dichloroethane. The reaction was stirred and heated with
an oil bath at 77° C. for 15 hours under nitrogen while pro-
tected from light with aluminum foil. The reaction mixture
was cooled to ambient temperature and concentrated under
reduced pressure. Filtration through Celite using dichlo-
romethane as the eluent was performed to remove the silver(I)
salts. A light brown solution was obtained and further purified
by flash column chromatography on silica gel using dichlo-
romethane as the eluent and was then reduced in volume to ca.
2 ml. Addition of methanol gave 0.010 g (8% yield) of iridium
complex as a colorless solid.
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FIG. 19 shows the "H NMR spectra of fac-Ir(1-Ph-3-Me-
imid); in CDCl;. FIG. 20 shows the absorption spectra of
fac-Ir(1-Ph-3-Me-imid), in CH,Cl,. FIG. 21 shows the emis-
sion spectra of fac-Ir(1-Ph-3-Me-imid), in 2-MeTHF at room
temperature and at 77K. The compound exhibits lifetimes of
0.50 ps at room temperature and 6.8 ps at 77K.

Example 9

Synthesis of fac-iridium(I1I) tris(1-phenyl-3-methyl-
benzimidazolin-2-ylidene-C,C*)

A 25 ml round-bottomed flask was charged with 0.165 g of
silver(I) oxide, 0.200 g of 1-phenyl-3-methyl-benzimida-
zolate iodide, 0.0592 g of iridium trichloride hydrate, and 15
ml of 2-ethoxyethanol. The reaction was stirred and heated
with an oil bath at 120° C. for 24 hours under nitrogen while
protected from light with aluminum foil. The reaction mix-
ture was cooled to ambient temperature and concentrated
under reduced pressure. Flash column chromatography on
Celite using dichloromethane as the eluent was performed to
remove the silver(I) salts. A brown oil was obtained and
further purified by flash column chromatography on silica gel
using dichloromethane as the eluent to give 0.050 g of facial
tris-iridium complex (33% yield) as an off-white solid.

FIG. 22 shows the 'H NMR spectra of 1-Ph-3-Me-benz-
imid in CDCl,. FIG. 23 shows the 'H NMR spectra of fac-Ir
(1-Ph-3-Me-benzimid), in CDCl,. FIG. 24 shows the plot of
current (mA) vs. voltage (V) of a fac-Ir(1-Ph-3-Me-benz-
imid); compound with ferrocene as an internal reference. A
solvent of anhydrous DMF is used. FIG. 25 shows the emis-
sion spectra of fac-Ir(1-Ph-3-Me-benzimid), in 2-MeTHF at
room temperature and at 77K. The compound emits a spec-
trum at CIE 0.17, 0.04. The lifetime measurements of an
Ir(1-Ph-3-Me-benzimid),; compound is shown on Table A.

TABLE A
Temperature Peak wavelength Lifetime, ©
Room temperature 402 nm 0.32 s
Room temperature 420 nm 0.29 ps
77K 400 nm 2.6 s
77K 420 nm 2.7 ps
Example 10

Synthesis of iridium(I1I) bis(1-phenyl-3-methyl-imi-
dazolin-2-ylidene-C,C2') (4,4'-di-tert-butylbipyidyl)
hexafluorophosphate

A 25 ml round-bottomed flask was charged with 0.010 g of
[(1-Ph-3-Me-imid)2IrCl]2, 0.005 g of 4'4'-di-tert-butyl-bipy-
ridine and 15 ml of dichloromethane. The reaction was stirred
at room temperature for 16 hours. The solvent was removed
under reduced pressure and the resultant yellow solid was
dissolved in ca. 2 ml methanol. Addition of an aqueous
ammonium hexafluorophosphate solution produced a yellow
precipitate. The precipitate was collected by filtration,
washed with water and dried. Chromatography on silica addi-
tion of hexanes gave 0.015 g (82% yield) of iridium complex
as an orange solid.

FIG. 12 shows the 'HH NMR spectra of (1-Ph-3-Me-imid),
Ir(t-Bu-bpy)* in CDCI,. FIG. 13 shows the absorption spectra
of (1-Ph-3-Me-imid),Ir(t-Bu-bpy)* in CH,Cl,. FIG. 14
shows the emission spectra of (1-Ph-3-Me-imid),Ir(t-Bu-
bpy)* in 2-MeTHF at 77K and (1-Ph-3-Me-imid),Ir(t-Bu-
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bpy)* in CH,Cl, at room temperature. The compound exhib-
its lifetimes of 0.70 ps at room temperature and 6.0 ps at 77K.

Example 11

Synthesis of mer-iridium(III) bis[(2-(5'-biphenyl)-2-
pyridinato-N,C?)] (1-phenyl-3-methyl-imidazolin-2-
ylidene-C,C?)

Step 1: Synthesis of 1-phenyl-3-methylimidozolate iodide

About 13 g of 1-phenylimidazole and 13 g of methyl iodide
were added to 100 m1 of toluene and heated to a gentle reflux.
After 4 hours, the solvent was removed and the product was
precipitated from dichloromethane with diethyl ether. The
white solid product was collected by vacuum filtration yield-
ing about 20 g of 1-phenyl-3-methylimidozolate iodide.

Step 2:

To a 500 ml round bottom flasks 4.2 grams of 1-phenyl-3-
methylimidozolate iodide, 5 g of [IrC1{2-(5-biphenyl)-pyri-
dine},],, made by methods described in Thompson, M. E., J.
Am. Chem. Soc., 2001, 123, 4304-4312, 3.4 grams of silver
oxide, and 200 ml of 1,2-dicholorethane were added. This
mixture was heated to reflux for 5 hours under a nitrogen
atmosphere. The reaction was allowed to cool and was then
filtered through silica gel using dichloromethane as the elu-
ent. The good fractions were combined, the solvent was
removed, and the product was crystallized from a dichlo-
romethane/hexane mixture to yield mer-iridium(III) bis[(2-
(5-biphenyl)-2-pyridinato-N,C*)] (1-phenyl-3-methyl-imi-
dazolin-2-ylidene-C,C?) as a yellow solid.
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Example 12

Synthesis of fac-iridium(III) bis[(2-(5'-biphenyl)-2-
pyridinato-N,C*)] (1-phenyl-3-methyl-imidazolin-2-
ylidene-C,C*)

Step 1:

Mer-iridium(I1I) bis[ (2-(5'-biphenyl)-2-pyridinato-N,C?)]
(1-phenyl-3-methyl-imidazolin-2-ylidene-C,C?) was syn-
thesized as described in Example 10 above.

Step 2:

2 g of mer-iridium(IIT) bis[(2-(5'-biphenyl)-2-pyridinato-
N,CH] (1-phenyl-3-methyl-imidazolin-2-ylidene-C,C*)
solid was dissolved in acetonitrile, placed in a quartz reaction
flask, and exposed to ultraviolet radiation in a Rayonet Pho-
tochemical Reactor for 18 hours. Most of the solvent was
removed by rotoevaporation and the solids were filtered. The
product was recrystallized form dichloromethane/methanol.
Approximately 1.2 g of solids were collected by vacuum
filtration. The obtained fac-iridium(III) bis[(2-(5'-biphenyl)-
2-pyridinato-N,C?)] (1-phenyl-3-methyl-imidazolin-2-
ylidene-C,C*) was further purified by sublimation.

Example 13

Synthesis of mer-iridium(I1II) tris[1,(2-i0do-9,9-dim-
ethylfluorenyl)-3-methyl-benzimidazolin-2-ylidene-
C,C? and fac-iridium(I1I) tris[1,(2-iodo-9,9-dimeth-
ylfluorenyl)-3-methyl-benzimidazolin-2-
ylidene-C,C*

Step 1: Synthesis of 2-lodofluorene

A 250 mL round-bottomed flask was charged with 20.0 g
(120 mmol) fluorene, 16.0 g (60 mmol) iodine and 4.0 g (17
mmol) periodic acid. 150 mL (80%) acetic acid was added to
the reaction mixture. The mixture was stirred under nitrogen
at 80° C. for 4 hours. The mixture was then allowed to cool to
ambient temperature. The solid residue was vacuum filtered,
dissolved in toluene and then washed with 5% sodium hydro-
gen sulphite (to remove excess iodine). The toluene solution
was concentrated under vacuo and then passed through a flash
column using toluene as the eluent to give 32.0 g (91% yield)
of the product (off white solid).

HOAc/

I
H HsIOg Q
>
H
J 70
Step 2: Synthesis of 2-iodo-9,9-dimethyl-fluorene
A 500 mL round bottomed flask was charged with 21.8 g
(70 mmol) 2-Iodofluorene and 1.18 g (5 mmol) benzyltriethy-
lammonium chloride. 200 mL of dimethylsulfoxide (DMSO)
was then added followed by 28 mL (50%) NaOH. The mix-
ture was allowed to stir under nitrogen for 1 hour, before 29 g
(210 mmol) methyl iodide was added through the septum.
The mixture was allowed to stir at room temperature for 18
hours. After cooling to ambient temperature the mixture was
transtferred to a 1 L separatory funnel. 100 mL of water and
100 mL of diethylether were added to the mixture. The
organic layer was collected and the aqueous layer was
extracted with diethyl ether (4x100 mL). The organic frac-

tions were combined, dried over anhydrous magnesium sul-
fate, and the solvent evaporated under vacuo. A flash column

L/
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was then performed using hexanes as the eluent to give 21.0
CH,U/

g (88% yield) of the product (yellow oil).
I
Q BzET;NCV/ Q
NaOH

o=

J U

Step 3: Synthesis of 1,(2-iodo-9,9-dimethylfluorenyl)ben-
zimidazole

A three neck 250 mL round bottomed flask was charged
with 8.42 g (1.2 molar equivalent) benzimidazole, 2.13 g (20
mol %) 1,10-phenanthroline and 40.6 g (2.1 molar equiva-
lent) cesium carbonate. Argon was then allowed to flow over
the material for about 10 mins. While Argon was still flowing,
1.12 g (10 mol %) copper iodide was added to the mixture in
the dark. The three-neck flask was covered with aluminum
foil to protect the reaction mixture from light. 19 g (30 mmol)
2-i0do-9,9-dimethyl-fluorene, was dissolved in 20 mlL of
anhydrous dimethylformamide (DMF) and added to the mix-
ture via a syringe through the septum. 20 mL of DMF was
then further added to allow the mixture to stir. The reaction
mixture was heated to 110° C. for 48 hours. After cooling, the
mixture was filtered using vacuum filtration. The residue was
washed with ethyl acetate and the filtrate concentrated under
vacuo. A flash column was performed using hexanes (to get
rid of any unreacted 2-i0do-9,9-dimethyl-fluorene, the prod-
uct stayed in the column). Following the hexanes, a new
receiving flask was placed under the column and the eluent
was changed to ethylacetate to give the product 12.0 g (66%
yield) of product.
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Step 4: Synthesis of [1,(2-i0do-9,9-dimethylfluorenyl)-3-
methyl-benzimidazolate]iodide

2.3 mL (34 mmol) methyl iodide was syringed into a 250
mL round-bottomed flask charged with 5 g (16 mmol) 1,(2-
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i0do-9,9-dimethylfluorenyl)benzimidazole and 50 mL tolu-
ene. The reaction was stirred and heated to 30° C. for 24
hours. The white precipitate was filtered and washed with
toluene to give 7.0 g (99% yield) of product.
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Step 5: Synthesis of mer-iridium(III) tris[1,(2-iodo-9,9-
dimethylfluorenyl)-3-methyl-benzimidazolin-2-ylidene-C,
C* and fac-iridium(II) tris[1,(2-iodo-9,9-dimethylfluore-
nyl)-3-methyl-benzimidazolin-2-ylidene-C,C*

A 250 mL round-bottomed flask was charged with 1.53 g
(11 mmol) silver(I) oxide, 5.0 g (11 mmol) [1,(2-i0do-9,9-
dimethylfluorenyl)-3-methyl-benzimidazolate]iodide — and
0.66 g (3.6 mmol) iridium(II)trichloride hydrate and 100 mL.
of dichloroethane. The reaction was stirred and heated at 80°
C. for 24 hours under nitrogen while protected from light with
aluminum foil. The reaction mixture was cooled to ambient
temperature and concentrated under reduced pressure. Flash
column chromatography on silica gel using dichloromethane
as the eluent was done to give a 1.9 g (45% yield) of a 70/30
ratio of the mer/fac isomers of the tris Ir(II) product.
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Separation of the fac and mer isomers was accomplished by
column chromatography using 50/50 ethylacetate and hex-
anes as the eluent.

Example 14

Synthesis of 3:1 mixture of mer:fac-iridium(III) tris
[1,(9,9-dimethylfluorenyl)-3-methyl-benzimidazolin-
2-ylidene-C,C*

Step 1 and Step 2: Same as Example 13
Step 3: Synthesis of 1,(9,9-dimethylfluorenyl)imidazole

A three neck 250 mL round bottomed flask was charged
with 5.10 g (1.2 molar equivalent) imidazole, 2.13 g (20 mol
%) 1,10-phenanthroline and 40.6 g (2.1 molar equivalent)
cesium carbonate. Argon was then allowed to flow over the
material for about 10 mins. While Argon was still flowing,
1.12 g (10 mol %) copper iodide was added to the mixture in
the dark. The three-neck flask was covered with aluminum
foil to protect the reaction mixture from light. 20.0 g (62
mmol) 2-i0do-9,9-dimethyl-fluorene, was dissolved in 20 mLL
of anhydrous dimethylformamide (DMF) and added to the
mixture via a syringe through the septum. 20 mL, of DMF was
then further added to allow the mixture to stir. The reaction
mixture was heated to 110° C. for 48 hours. After cooling, the
mixture was filtered using vacuum filtration. The residue was
washed with ethyl acetate and the filtrate concentrated under
vacuo. A flash column was performed using hexanes (to get
rid of any unreacted 2-iodo-9,9-dimethyl-fiuorene, the prod-
uct stayed in the column). Following the hexanes, a new
receiving flask was placed under the column and the eluent
was changed to ethylacetate to give the product 10.0 g (62%
yield) of product.
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Step 4: Synthesis of [1,(9,9-dimethylfluorenyl)-3-methyl-
imidazolate]iodide

2.3 mL (34 mmol) methyl iodide was syringed into a 250
mL round-bottomed flask charged with 5 g (16 mmol) 1,(9,
9-dimethylfluorenyl)imidazole and 50 mL toluene. The reac-
tion was stirred and heated to 30° C. for 24 hours. The white
precipitate was filtered and washed with toluene to give 7.0 g
(99% yield) of product.
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Step 5: Synthesis of 3:1 mixture of mer:fac-iridium(III)
tris[1,(9,9-dimethylfluorenyl)-3-methyl-imidazolin-2-
ylidene-C,C*. A 250 mL round-bottomed flask was charged
with 1.53 g (11 mmol) silver(I) oxide, 5.0 g (11 mmol) [1,(9,
9-dimethylfluorenyl)-3-methyl-imidazolate]iodide and 0.66
g (3.6 mmol) iridium(IIT)trichloride hydrate and 100 mL of
2-ethoxyethanol. The reaction was stirred and heated at 80°
C. for 24 hours under nitrogen while protected from light with
aluminum foil. The reaction mixture was cooled to ambient
temperature and concentrated under reduced pressure. Flash
column chromatography on silica gel using dichloromethane
as the eluent was done to givea 1.7 g (42% yield) of a 3:1 ratio
of the mer/fac isomers of the tris Ir(III) product.
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Device Fabrication and Measurement

All devices were fabricated by high vacuum (<10~7 Torr)
thermal evaporation. The anode electrode was ~1200 A of
indium tin oxide (ITO). The cathode consisted of 10 A of LiF
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followed by 1,000 A of Al. All devices were encapsulated
with a glass lid sealed with an epoxy resin in a nitrogen glove
box (<1 ppm of H,O and O,) immediately after fabrication,
and a moisture getter was incorporated inside the package.
The electron transporting layer(s) (EML) after the emissive
layer consisted of either one layer (ETL2) or 2 layers (ETL2
and ETL1).

Device spectral measurements were done using a PR-705
spectroradiometer manufactured by Photoresearch Inc.
Incoming light was focused into the camera and was dis-
persed by a holographic diffraction grating. The dispersed
spectrum was measured by a thermo-electrically cooled sili-
con diode array detector. The cooled detector was housed in a
hermetically sealed, pressurized chamber allowing the instru-
ment to make stable and repeatable measurements. Two on-
board microprocessors controlled the hardware and math-
ematically calculated photometric and calorimetric values for
the acquired spectral data during a measurement. The PR-705
measured accurate luminance in the visible spectral range
from 380-780 nm.

Example 15

The organic stack consisted of sequentially, from the ITO
surface, 100 A of copper phthalocyanine (CuPc) as the hole
injection layer (HIL), 300 A of 4,4-bis[N-(1-naphthyl)-N-
phenylamino]biphenyl (a-NPD) as the hole transporting
layer (HTL), 300 A of 4,4'-bis(N-carbazolyl)biphenyl (CBP)
doped with 6 wt % of Iridium(III) bis[(2-(5"-biphenyl)-2-
pyridinato-N,C?"] (1-phenyl-3-methyl-imidazolin-2-
ylidene-C,C?) as the emissive layer (EML), 100 A of alumi-
num(I1)bis(2-methyl-8-hydroxyquinolinato)4-
phenylphenolate (BAlq) as the ETL2, and 400 A of tris(8-
hydroxyquinolinato)aluminum (Alq,) as the ETL1.

Comparative Example 1

The organic stack consisted of sequentially, from the ITO
surface, 100 A of copper phthalocyanine (CuPc) as the hole
injection layer (HIL), 300 A of 4,4'-bis[N-(1-naphthyl)-N-
phenylamino|biphenyl (a-NPD) as the hole transporting
layer (HTL1), 300 A of 4,4-bis(N-carbazolyl)biphenyl
(CBP) doped with 4.5 wt % of Ir(5'-Phppy), as the emissive
layer (EML), 100 A of aluminum(IIT)bis(2-methyl-8-hydrox-
yquinolinato)4-phenylphenolate (BAlq) as the ETL2, and
400 A of tris(8-hydroxyquinolinato)aluminum (Alq) as the
ETL1.

Example 16

The organic stack consisted of sequentially, from the ITO
surface, 100 A thick of copper phthalocyanine (CuPc) as the
hole injection layer (HIL), 300 A of 4,4'-bis[N-(1-naphthyl)-
N-phenylamino]biphenyl (a.-NPD) as the hole transporting
layer (HTL), 300 A of 4,4'-bis(N-carbazolyl)biphenyl (CBP)
doped with 12 wt % of Iridium(III) bis[(2-(5'-biphenyl)-2-
pyridinato-N,C?"] (1-phenyl-3-methyl-imidazolin-2-
ylidene-C,C?) as the emissive layer (EML), 100 A of alumi-
num(I1)bis(2-methyl-8-hydroxyquinolinato)4-
phenylphenolate (BAlq) as the ETL2, and 400 A of tris(8-
hydroxyquinolinato)aluminum (Alq;) as the ETL1.

Example 17
The organic stack consisted of sequentially, from the ITO

surface, 100 A thick of copper phthalocyanine (CuPc) as the
hole injection layer (HIL), 300 A of 4,4'-bis[N-(1-naphthyl)-
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N-phenylamino]biphenyl (a-NPD) as the hole transporting
layer (HTL), 300 A of 4,4'-bis(N-carbazolyl)biphenyl (CBP)
doped with 6 wt % of mer-iridium(III)tris[ 1,(2-i0d0-9,9-dim-
ethylfluorenyl)-3-methyl-benzimidazolin-2-ylidene-C,C*]
as the emissive layer (EML), 400 A of aluminum(IIT)bis(2-
methyl-8-hydroxyquinolinato)4-phenylphenolate (BAlq) as
the ETL2. There is no ETL1.

Comparative Example 2

The organic stack consisted of sequentially, from the ITO
surface, 100 A thick of copper phthalocyanine (CuPc) as the
hole injection layer (HIL), 300 A of 4,4'-bis[N-(1-naphthy1)-
N-phenylamino]biphenyl (a-NPD) as the hole transporting
layer (HTL), 300 A of 4,4'-bis(N-carbazolyl)biphenyl (CBP)
doped with 6 wt % of Ir(F,ppy )5 as the emissive layer (EML),
400 A of aluminum(I1)bis(2-methyl-8-hydroxyquinolinato)
4-phenylphenolate (BAlq) as the ETL2. There is no ETL1.

Example 18

The organic stack consisted of sequentially, from the ITO
surface, 100 A thick of copper phthalocyanine (CuPc) as the
hole injection layer (HIL), 300 A of 4,4'-bis[N-(1-naphthyl)-
N-phenylamino]biphenyl (a-NPD) as the hole transporting
layer (HTL), 300 A of 4,4'-bis(N-carbazolyl)biphenyl (CBP)
doped with 12 wt % of mer-iridium(III) tris[1,(2-i0d0-9,9-
dimethylfluorenyl)-3-methyl-benzimidazolin-2-ylidene-C,
C?] as the emissive layer (EML), 400 A of aluminum(IIT)bis
(2-methyl-8-hydroxyquinolinato)-4-phenylphenolate
(BAlq) as the ETL. There is no ETL1.

Example 19

The organic stack consists of sequentially, from the ITO
surface, 100 A thick of copper phthalocyanine (CuPc) as the
hole injection layer (HIL), 300 A of 4,4'-bis[N-(1-naphthyl)-
N-phenylamino]biphenyl (a-NPD) as the hole transporting
layer (HTL), 300 A of 4,4'-bis(N-carbazolyl)biphenyl (CBP)
doped with 6 wt % of mer-iridium(IID)tris[ 1,(2-i0d0-9,9-dim-
ethylfluorenyl)-3-methyl-benzimidazolin-2-ylidene-C,C?]
as the emissive layer (EML), 100 A of HPT as the ETL2 and
300 A of aluminum(III)bis(2-methyl-8-hydroxyquinolinato)
4-phenylphenolate (BAlq) as the ETL1.

Example 20

The organic stack consisted of sequentially, from the ITO
surface, 100 A thick of copper phthalocyanine (CuPc) as the
hole injection layer (HIL), 300 A of 4,4'-bis[N-(1 -naphthy1)-
N-phenylamino]biphenyl (a-NPD) as the hole transporting
layer (HTL), 300 A of 4,4'-bis(N-carbazolyl)biphenyl (CBP)
doped with 12 wt % of mer-iridium(I1I) tris[1,(2-i0od0-9,9-
dimethylfluorenyl)-3-methyl-benzimidazolin-2-ylidene-C,
C*1 as the emissive layer (EML), 100 A of HPT as the ETL2
and 300 A of aluminum(IIT)bis(2-methyl-8-hydroxyquinoli-
nato)4-phenylphenolate (BAlq) as the ETL1.

Example 21

The organic stack consisted of sequentially, from the ITO
surface, 100 A thick of copper phthalocyanine (CuPc) as the
hole injection layer (HIL), 300 A of 4,4'-bis[N-(1-naphthy1)-
N-phenylamino]biphenyl (a-NPD) as the hole transporting
layer (HTL), 300 A of 1,3-bis(N-carbazolyl)benzene (mCP)
doped with 6 wt % of mer-iridium(III)tris[ 1,(2-i0d0-9,9-dim-
ethylfiuorenyl)-3-methyl-benzimidazolin-2-ylidene-C,C?]
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as the emissive layer (EML), 400 A of aluminum(IIT)bis(2-
methyl-8-hydroxyquinolinato)4-phenylphenolate (BAlq) as
the ETL2. There is no ETL1.

Comparative Example 3

The organic stack consisted of sequentially, from the ITO
surface, 100 A thick of copper phthalocyanine (CuPc) as the
hole injection layer (HIL), 300 A of 4,4'-bis[N-(1-naphthyl)-
N-phenylamino]biphenyl (a-NPD) as the hole transporting
layer (HTL), 300 A of 1,3-bis(N-carbazolyl)benzene (mCP)
doped with 6 wt % of Ir(F,ppy); as the emissive layer (EML),
400 A of aluminum(III)bis(2-methyl-8-hydroxyquinolinato)
4-phenylphenolate (BAlq) as the ETL2. There is no ETL1.

Example 22

The organic stack consisted of sequentially, from the ITO
surface, 100 A thick of copper phthalocyanine (CuPc) as the
hole injection layer (HIL), 300 A of 4,4'-bis[N-(1-naphthyl)-
N-phenylamino]biphenyl (a.-NPD) as the hole transporting
layer (HTL), 300 A of 1,3-bis(N-carbazolyl)benzene (mCP)
doped with 12 wt % of mer-iridium(IID)tris[1,(2-i0d0-9,9-
dimethylfluorenyl)-3-methyl-benzimidazolin-2-ylidene-C,
C? as the emissive layer (EML), 400 A of aluminum(IIT)bis
(2-methyl-8-hydroxyquinolinato)4-phenylphenolate (BAlq)
as the ETL2. There is no ETL1.

Example 23

The organic stack consisted of sequentially, from the ITO
surface, 100 A thick of copper phthalocyanine (CuPc) as the
hole injection layer (HIL), 300 A of 4,4'-bis[N-(1-naphthyl)-
N-phenylamino]biphenyl (a-NPD), as the hole transporting
layer (HTL), 300 A of 1,3-bis(N-carbazolyl)benzene (mCP)
doped with 6 wt % of mer-iridium(IIT)tris[ 1,(2-i0d0-9,9-dim-
ethylfluorenyl)-3-methyl-benzimidazolin-2-ylidene-C,C?]
as the emissive layer (EML), 100 A of HPT as the ETL2 and
300 A of aluminum(II)bis(2-methyl-8-hydroxyquinolinato)
4-phenylphenolate (BAlq) as the ETL1.

Example 24

The organic stack consisted of sequentially, from the ITO
surface, 100 A thick of copper phthalocyanine (CuPc) as the
hole injection layer (HIL), 300 A of 4,4'-bis[N-(1-naphthyl)-
N-phenylamino]biphenyl (a-NPD) as the hole transporting
layer (HTL), 300 A of 1,3-bis(N-carbazolyl)benzene (mCP)
doped with 12 wt % of mer-iridium(III)tris[1,(2-i0d0-9,9-
dimethylfluorenyl)-3-methyl-benzimidazolin-2-ylidene-C,
C? as the emissive layer (EML), 100 A of HPT as the ETL2
and 300 A of aluminum(IIT)bis(2-methyl-8-hydroxyquinoli-
nato)-4-phenylphenolate (BAlq) as the ETL1.

Example 25

The organic stack consisted of sequentially, from the ITO
surface, 100 A thick of copper phthalocyanine (CuPc) as the
hole injection layer (HIL), 300 A of 4,4'-bis[N-(1-naphthyl)-
N-phenylamino]biphenyl (a-NPD) as the hole transporting
layer (HTL), 300 A of 1,3-bis(N-carbazolyl)benzene (mCP)
doped with 6 wt % of fac-iridium(IID)tris[ 1,(2-i0do-9,9-dim-
ethylfiuorenyl)-3-methyl-benzimidazolin-2-ylidene-C,C?]
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as the emissive layer (EML), 400 A of aluminum(IIT)bis(2-
methyl-8-hydroxyquinolinato)4-phenylphenolate (BAlq) as
the ETL2. There is no ETL1.

Example 26

The organic stack consists of sequentially, from the ITO
surface, 100 A thick of copper phthalocyanine (CuPc) as the
hole injection layer (HIL), 300 A of 4,4'-bis[N-(1-naphthyl)-
N-phenylamino]biphenyl (a-NPD) as the hole transporting
layer (HTL), 300 A of 1,3-bis(N-carbazolyl)benzene (mCP)
doped with 6 wt % of fac-iridium(IID)tris[ 1,(2-i0d0-9,9-dim-
ethylfluorenyl)-3-methyl-benzimidazolin-2-ylidene-C,C>]
as the emissive layer (EML), 100 A of HPT as the ETL2 and
300 A of aluminum(IIT)bis(2-methyl-8-hydroxyquinolinato)
4-phenylphenolate (BAlq) as the ETL1.

Example 27

The organic stack consists of sequentially, from the ITO
surface, 100 A thick of copper phthalocyanine (CuPc) as the
hole injection layer (HIL), 300 A of 4,4'-bis[N-(1-naphthy1)-
N-phenylamino]biphenyl (a.-NPD) as the hole transporting
layer (HTL), 50 A of Ir(1-Ph-3-Me-imid), as the electron
blocking layer (EBL), 300 A of 4,4'-bis(N-carbazolyl)biphe-
nyl (CBP) doped with 4.5 wt % of Ir(5'-Phppy); as the emis-
sive layer (EML), 400 A of aluminum(IIT)bis(2-methyl-8-
hydroxyquinolinato)4-phenylphenolate (BAlq) as the ETL.2.
There is no ETL1.

Example 28

The organic stack consists of sequentially, from the ITO
surface, 100 A thick of copper phthalocyanine (CuPc) as the
hole injection layer (HIL), 300 A of 4,4'-bis[N-(1-naphthy1)-
N-phenylamino]biphenyl (a-NPD) as the hole transporting
layer (HTL), 300 A of Ir(1-Ph-3-Me-imid), as the emissive
layer (EML), and 400 A of aluminum(III)bis(2-methyl-8-
hydroxyquinolinato)4-phenylphenolate (BAlq) as the ETL2.
There is no ETL1.

Example 29

The organic stack consisted of sequentially, from the ITO
surface, 100 A thick of copper phthalocyanine (CuPc) as the
hole injection layer (HIL), 300 A of 4,4'-bis[N-(1-naphthy1)-
N-phenylamino]biphenyl (a-NPD) as the hole transporting
layer (HTL), 300 A of 1,3-bis(triphenylsilyl)benzene (UGH)
doped with 6 wt % of Ir(1-Ph-3-Me-imid), as the emissive
layer (EML), 400 A of aluminum(I11)bis(2-methyl-8-hydrox-
yquinolinato)4-phenylphenolate (BAlq) as the ETL2. There
isno ETL1.

Example 30

The organic stack consists of sequentially, from the ITO
surface, 100 A thick of copper phthalocyanine (CuPc) as the
hole injection layer (HIL), 300 A of 4,4'-bis[N-(1-naphthyl)-
N-phenylamino]biphenyl (a-NPD) as the hole transporting
layer (HTL), 300 A of 1,3-bis(triphenylsilyl)benzene (UGH)
doped with 12 wt % of Ir(1-Ph-3-Me-imid), as the emissive
layer (EML), 100 A of HPT as the ETL2 and 300 A of
aluminum(I11)bis(2-methyl-8-hydroxyquinolinato)4-phe-
nylphenolate (BAlq) as the ETL1.

The external quantum efficiencies and the CIE coordinates
of Examples 15-30 and Comparative Examples 1-3 are sum-
marized in Table B.
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TABLE B
External quantum
efficiency at 10 mA/cm?
Example EML Doping % ETL2 ETLI1 (%) CIE

15 CBP: Iridium(III)bis[(2-(5-biphenyl)- 6 BAlq Alq; 7.2 0.30,
2-pyridinato-N,C?)](1-phenyl-3- 0.63
methyl-imidazolin-2-ylidene-C,C?)

16 CBP: Iridium(IIT)bis[(2-(5'-biphenyl)- 12 BAlq Alqgs 5.35 0.30,
2-pyridinato-N,C?)](1-phenyl-3- 0.63
methyl-imidazolin-2-ylidene-C,C%)

17 CBP: mer-iridium(II)tris[1,(2-iodo- 6 BAlq nomne 0.4 0.17,
9,9-dimethylfluorenyl)-3-methyl- 0.33
benzimidazolin-2-ylidene-C,C%]

18 CBP: mer-iridium(II)tris[1,(2-iodo- 12 BAlq nomne 0.5 0.18,
9,9-dimethylfluorenyl)-3-methyl- 037
benzimidazolin-2-ylidene-C,C?]

19 CBP: mer-iridium(II)tris[1,(2-iodo- 6 HPT BAlq 0.3 0.18,
9,9-dimethylfluorenyl)-3-methyl- 032
benzimidazolin-2-ylidene-C,C?]

20 CBP: mer-iridium(IM)tris[1,(2-iodo- 12 HPT BAlgq 0.4 0.18,
9,9-dimethylfluoreny!)-3-methyl- 0.37
benzimidazolin-2-ylidene-C,C*]

21 mCP: mer-iridium(I)tris[1,(2-iodo- 6 BAlq none 2.2 0.17,
9,9-dimethylfluoreny!)-3-methyl- 0.37
benzimidazolin-2-ylidene-C,C?]

22 mCP: mer-iridium(I)tris[1,(2-iodo- 12 BAlq none 1.3 0.17,
9,9-dimethylfluorenyl)-3-methyl- 0.36
benzimidazolin-2-ylidene-C,C?]

23 mCP: mer-iridium(II)tris[1,(2-iodo- 6 HPT BAlg 2.1 0.18,
9,9-dimethylfluorenyl)-3-methyl- 0.40
benzimidazolin-2-ylidene-C,C?]

24 mCP: mer-iridium(II)tris[1,(2-iodo- 12 HPT BAlgq 2.5 0.18,
9,9-dimethylfluorenyl)-3-methyl- 0.40
benzimidazolin-2-ylidene-C,C?]

25 mCP: fac-iridium(IID)tris[1,(2-iodo- 6 BAlgq nomne 1.4 0.17,
9,9-dimethylfluorenyl)-3-methyl- 0.33
benzimidazolin-2-ylidene-C,C*]

26 mCP: fac-iridium(IID)tris[1,(2-iodo- 6 HPT BAlq 1.4 0.17,
9,9-dimethylfluorenyl)-3-methyl- 036
benzimidazolin-2-ylidene-C,C%]

27 CBP: Ir(5'-Phppy), 4.5 BAlg Algs 11.8 0.30,

0.65

28 Ir(1-Ph-3-Me-imid); neat  BAlq none 0.6 0.19,

layer 0.36
29 UGH: Ir(1-Ph-3-Me-imid); 12 BAlq none 1.3 0.17,
0.20
30 UGH: Ir(1-Ph-3-Me-imid) 12 HPT BAlq 1 0.17,
0.18
Comparative CBP: Ir(5-Phppy); 4.5 BAlg Algs 7.1 031,
example 1 0.64
Comparative CBP: Ir(F,ppy); 6 BAlq none 0.5 0.17,
example 2 0.30
Comparative mCP: Ir(F,ppy)s 6 BAlq nomne 4 0.16,
example 3 0.36
Comparative UGH Neat BAIQ None 0.4 0.15,
example 4 layer 0.12

FIG. 27 shows the external quantum efficiency vs. current
density of examples 15-16 and comparative example 1. FIG.
28 shows the electroluminescence spectra of examples 15-16
and comparative example 1 at 10 mA/cm?. It can be seen that
the device efficiency and emission color are similar for Irid-
ium(T1I) bis[ (2-(5"-biphenyl)-2-pyridinato-N,C*)] (1-pheny]-
3-methyl-imidazolin-2-ylidene-C,C*) and Ir(5'-Phppy),.
FIG. 29 shows the operational stability of example 15 vs
comparative example 1. The halflife, T ,, defined as the time
required for the electroluminescence to drop to 50% of its
initial value, is ~200 hrs for comparative example 1. This is
slightly longer than that of example 10 (~120 hrs).

FIG. 30 shows the external quantum efficiency vs. current
density of examples 17-20. FIG. 31 shows the electrolumi-
nescence spectra of examples 17-20. It can be seen these
devices with CBP as the host emit light blue color with 0.3 to
0.7% external quantum efficiency.
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FIG. 32 shows the external quantum efficiency vs. current
density of examples 21-24. FIG. 33 shows the electrolumi-
nescence spectra of examples 21-24. It can be seen these
devices with mCP as the host emit light blue color with 1.4 to
3.4% external quantum efficiency which are higher than
examples 17-20 which have the exact device structure except
that example 17-20 use CBP as the host.

FIG. 34 shows the external quantum efficiency vs. current
density of examples 25 and 26. FIG. 35 shows the electrolu-
minescence spectra of examples 25 and 26. Examples 25 and
26 devices are analogous to examples 21 and 23 respectively.
The difference is that examples 16 and 17 utilize the facial
isomer of the invention compound, whereas examples 21 and
23 utilize the meridional isomer of the invention compound.
They all utilize mCP as the host. It can been seen that devices
with the meridional isomer are more efficient than devices
with the facial isomer (see Table B) in this device structure.
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FIG. 36 shows the external quantum efficiency vs. current
density of example 27. FIG. 37 shows the electrolumines-
cence spectra of example 27. It can be seen the device with
Ir(1-Ph-3-Me-imid); as the electron blocking layer has a
device efficiency of 11.8% at 10 mA/cm?, significantly
enhanced from 7.1% at 10 mA/cm? obtained from compara-
tive example 1 which does not utilize an electron blocking
layer.

FIG. 38 shows the external quantum efficiency vs. current
density of example 28. FIG. 39 shows the electrolumines-
cence spectra of example 28. It can be seen the device does not
emit through Ir(1-Ph-3-Me-imid); but rather through BAlq,
which is the layer next to the Ir(1-Ph-3-Me-imid), layer. It
suggests hole transport is the dominant role of the Ir(1-Ph-3-
Me-imid); layer in this device structure.

FIG. 40 shows the external quantum efficiency vs. current
density of example 29 and 30. FIG. 41 shows the electrolu-
minescence spectra of example 29 and 30. The device struc-
tures of examples 29 and 30 include the compound Ir(1-Ph-
3-Me-imid); doped into the high energy host, UGH. The
devices have different ETL layers. Example 29 has only a
BAIQ ETL, and example 30 has a 100 A layer of hole block-
ing HPT followed by BAIQ. HPT is believed to be an effective
hole blocking material. In these devices, high energy emis-
sion is observed with peak intensities at 384 nm and 404 nm.
Additional peaks are observed at 429 nm, 451 nm, and 503
nm. A comparison of the PL spectra of the dopant (FIG. 18)
and the EL spectra (FIG. 41), suggests that the high energy
peaks are believed to be attributable to emission from the
dopant.

FIG. 43 shows the quantum efficiency vs. current density
for comparative example 4. FIG. 44 shows the normalized
electroluminescence spectra for Comparative example 4,
which has a similar device structure to example 29 using the
UGH host except the host is not doped. It can be seen that the
device of comparative example 4 emits almost entirely from
the NPD HTL layer and has an EL peak intensity at 440 nm.
It is believed that the emission from the NPD is due to the fact
that UGH acts as a poor hole conductor. Therefore, all recom-
bination may take place at the NPD/UGH interface. It can be
seen from FIG. 41 that the device having an undoped UGH
host in comparative example 4 has no high energy peaks
below 440 nm, as was observed in the devices with the doped
UGH hosts of examples 29 and 30.

FIG. 42 shows the subtracted EL spectra of example 29
from example 30. This is also shown as the shaded region
between the EL spectra of examples 29 and 30. It can be seen
that the difference between the devices appears to be an
additional contribution from the emission of BAIQ emission
in example 29. BAIQ emits with a Gaussian shape and has a
peak intensity at 480 nm, which looks very similar to the
spectral difference. BAIQ may emit in the device of example
29 because Ir(1-Ph-3-Me-imid); may act as a good hole con-
ductor allowing for recombination to take place in the BAIQ
layer near the interface with the emissive layer. The addition
of'the HPT hole blocking material may prevent hole electron
recombination from taking place in BAIQ resulting in the
spectral difference between examples 29 and 30.

The addition of another layer between NPD and the emis-
sive layer may be desirable to increase the emission from the
dopant. It has been shown in R. J. Holmes etal. APL 2003, 83,
3818), which is incorporated by reference in its entirety, that
a layer of mCP inserted between NPD and the emissive layer
may be necessary to reduce NPD emission and improve effi-
ciency. Holmes describes a device using a blue emitting
dopant in a high energy aryl-silane host which is a structural
isomer of the UGH host used in examples 29 and 30. It is

10

15

20

25

30

35

40

45

50

55

60

65

286

believed that similar device modifications for UGH: Ir(1-Ph-
3-Me-imid); would have a comparable effect. Thus the inser-
tion of different materials between NPD and the UGH: Ir(1-
Ph-3-Me-imid); emissive layer may improve the intensity
and spectral contribution from the UV emitting dopant.

While the present invention is described with respect to
particular examples and preferred embodiments, it is under-
stood that the present invention is not limited to these
examples and embodiments. The present invention as
claimed therefore includes variations from the particular
examples and preferred embodiments described herein, as
will be apparent to one of skill in the art.

What is claimed is:

1. An organic light emitting device, comprising an anode, a
cathode and a phosphorescent emissive layer disposed
between the anode and the cathode, wherein the phosphores-
cent emissive layer comprises a phosphorescent emissive
material; and wherein the phosphorescent emissive material
comprises a cyclometallated, five-membered ring, which
includes a metal atom bound to two carbon atoms within the
ring, wherein one of the metal-carbon bonds is a metal-car-
bene bond and the other is a metal-mono-anionic carbon
bond.

2. The organic light emitting device of claim 1, wherein the
highest peak wavelength in the in-solution emission spectrum
of the phosphorescent emissive material is less than 450 nm.

3. The organic light emitting device of claim 2, wherein the
highest peak wavelength in the in-solution emission spectrum
of the phosphorescent emissive material less than 440 nm.

4. The organic light emitting device of claim 2, wherein the
highest peak wavelength in the in-solution emission spectrum
of the phosphorescent emissive material is less than 390 nm.

5. The organic light emitting device of claim 1, wherein the
device emits at room temperature.

6. The organic light emitting device of claim 1, wherein the
metal is selected from the group consisting of Ir, Pt, Pd, Rh,
Re, Ru, Os, Au, and Ag.

7. The organic light emitting device of claim 6, wherein the
metal is Ir.

8. The organic light emitting device of claim 1, wherein the
phosphorescent emissive material has the structure:

Z]
N

>
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or,

Ry
®R19), D jj\
N, / Y
R N !
B
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wherein
M is a metal;

(X-Y) is selected from a photoactive ligand or an ancillary
ligand,;

73 is selected from the group consisting of O, S, N—RS, or
P—R?, wherein R is selected from the group consisting
of alkyl, alkenyl, alkynyl, aralkyl, R', O—R', N(R"),,
SR!, C(O)R', C(O)OR', C(O)NR', CN, CF, NO,, SO,,
SOR!, SO4R’, halo, aryl and heteroaryl; each R' is inde-
pendently selected from H, alkyl, alkenyl, alkynyl, het-
eroalkyl, aralkyl, aryl and heteroaryl; and

ring B is independently an aromatic cyclic, heterocyclic,
fused cyclic, or fused heterocyclic ring with at least one
carbon atom coordinated to metal M, wherein ring B can
be optionally substituted with one or more substituents
R and

ring D is independently a heterocyclic or fused heterocy-
clic ring with at least one carbon atom coordinated to
metal M, wherein ring B can be optionally substituted
with one or more substituents R'>; and

R'*andR"® are independently selected from alkyl, alkenyl,
alkynyl, aralkyl, R', O—R', N(R"),, SR', C(O)R', C(O)
OR',C(O)NR',, CN, CF;, NO,, SO,, SOR', SO;R', halo,
aryl and heteroaryl; each R' is independently selected
from H, alkyl, alkenyl, alkynyl, heteroalkyl, aralkyl, aryl
and heteroaryl; or

alternatively, two R'* groups on adjacent ring atoms and
R'® groups on adjacent ring atoms form a fused 5- or
6-membered cyclic group, wherein said cyclic group is
cycloalkyl, cycloheteroalkyl, aryl or heteroaryl; and
wherein said cyclic group is optionally substituted by
one or more substituents J;

mis a value from 1 to the maximum number of ligands that
may be attached to the metal;

m+n is the maximum number of ligands that may be
attached to metal M;

bis 0,1, 2,3, or4; and
eis 0,1, 2, or3.

9. The organic light emitting device of claim 8, wherein M
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is selected from the group consisting of Ir, Pt, Pd, Rh, Re, Ru,

Os, Au, and Ag.

10. The organic light emitting device of claim 9, wherein M

is Ir.

11. The organic light emitting device of claim 10, wherein

mis 3 and nis 0.

12. The organic light emitting device of claim 8, wherein
the phosphorescent emissive material has the structure:
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-continued

N \ X
L [>)

wherein Ry and R, are independently selected from the
group consisting of H, alkyl, alkenyl, alkynyl, aralkyl,
R', O—R', N(R"),, SR', C(O)R', C(O)OR', C(O)NR',,
CN, CF;, NO,, SO,, SOR', SO;R!, halo, aryl and het-
eroaryl; each R' is independently selected from H, alkyl,
alkenyl, alkynyl, heteroalkyl, aralkyl, aryl and het-
eroaryl.

13. The organic light emitting device of claim 12, wherein

M is selected from the group consisting of Ir, Pt, Pd, Rh, Re,
Ru, Os, Au, and Ag.

14. The organic light emitting device of claim 13, wherein

Mis Ir.

15. The organic light emitting device of claim 12, wherein

mis 3 and nis 0.

16. The organic light emitting device of claim 12, wherein

the phosphorescent emissive material has the structure:

Rg
)
o Y
| \ n»
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17. The organic light emitting device of claim 16, wherein
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M is selected from the group consisting of Ir, Pt, Pd, Rh, Re,
Ru, Os, Au, and Ag.

18. The organic light emitting device of claim 17, wherein

M is Ir.

30

19. The organic light emitting device of claim 16, wherein
mis3andnisO.

20. The organic light emitting device of claim 12, wherein
the phosphorescent emissive material has the structure:

(Ria)p

N \{X
/MY

)ﬂ.

21. The organic light emitting device of claim 20, wherein

M is Ir or Pt.

22. The organic light emitting device of claim 12, wherein
the phosphorescent emissive material has the structure:

R Re
10 y
I )
Rg N)>\ X
>Mi ) .
Y
x n
Ruas B
23. The organic light emitting device of claim 22, wherein
M is Ir or Pt.
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1
LUMINESCENT COMPOUNDS WITH
CARBENE LIGANDS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is a continuation of U.S. applica-
tion Ser. No. 10/880,384, filed Jun. 28, 2004, now U.S. Pat.
No. 7,393,599, which is a continuation-in-part of U.S. appli-
cation Ser. No. 10/849,301, filed May 18,2004, now U.S. Pat.
No. 7,491,823, entitled Luminescent Compounds with Car-
bene Ligands, and which is incorporated by reference in its
entirety.

FIELD OF THE INVENTION

The present invention relates to organic light emitting
devices (OLEDs), and more specifically to phosphorescent
organic materials used in such devices. More specifically, the
present invention relates to carbene-metal complexes incor-
porated into OLED:s.

BACKGROUND

Opto-electronic devices that make use of organic materials
are becoming increasingly desirable for a number of reasons.
Many of the materials used to make such devices are rela-
tively inexpensive, so organic opto-electronic devices have
the potential for cost advantages over inorganic devices. In
addition, the inherent properties of organic materials, such as
their flexibility, may make them well suited for particular
applications such as fabrication on a flexible substrate.
Examples of organic opto-electronic devices include organic
light emitting devices (OLEDs), organic phototransistors,
organic photovoltaic cells, and organic photodetectors. For
OLEDs, the organic materials may have performance advan-
tages over conventional materials. For example, the wave-
length at which an organic emissive layer emits light may
generally be readily tuned with appropriate dopants.

As used herein, the term “organic” includes polymeric
materials as well as small molecule organic materials that
may be used to fabricate organic opto-electronic devices.
“Small molecule” refers to any organic material that is not a
polymer, and “small molecules” may actually be quite large.
Small molecules may include repeat units in some circum-
stances. For example, using a long chain alkyl group as a
substituent does not remove a molecule from the “small mol-
ecule” class. Small molecules may also be incorporated into
polymers, for example as a pendent group on a polymer
backbone or as a part of the backbone. Small molecules may
also serve as the core moiety of a dendrimer, which consists of
a series of chemical shells built on the core moiety. The core
moiety of a dendrimer may be an fluorescent or phosphores-
cent small molecule emitter. A dendrimer may be a “small
molecule,” and it is believed that all dendrimers currently
used in the field of OLEDs are small molecules.

OLEDs make use of thin organic films that emit light when
voltage is applied across the device. OLEDs are becoming an
increasingly interesting technology for use in applications
such as flat panel displays, illumination, and backlighting.
Several OLED materials and configurations are described in
U.S. Pat. Nos. 5,844,363, 6,303,238, and 5,707,745, which
are incorporated herein by reference in their entirety.

OLED devices are generally (but not always) intended to
emit light through at least one of the electrodes, and one or
more transparent electrodes may be useful in an organic opto-
electronic devices. For example, a transparent electrode
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material, such as indium tin oxide (ITO), may be used as the
bottom electrode. A transparent top electrode, such as dis-
closed in U.S. Pat. Nos. 5,703,436 and 5,707,745, which are
incorporated by reference in their entireties, may also be
used. For a device intended to emit light only through the
bottom electrode, the top electrode does not need to be trans-
parent, and may be comprised of a thick and reflective metal
layer having a high electrical conductivity. Similarly, for a
device intended to emit light only through the top electrode,
the bottom electrode may be opaque and/or reflective. Where
an electrode does not need to be transparent, using a thicker
layer may provide better conductivity, and using a reflective
electrode may increase the amount of light emitted through
the other electrode, by reflecting light back towards the trans-
parent electrode. Fully transparent devices may also be fab-
ricated, where both electrodes are transparent. Side emitting
OLEDs may also be fabricated, and one or both electrodes
may be opaque or reflective in such devices.

As used herein, “top” means furthest away from the sub-
strate, while “bottom” means closest to the substrate. For
example, for a device having two electrodes, the bottom elec-
trode is the electrode closest to the substrate, and is generally
the first electrode fabricated. The bottom electrode has two
surfaces, a bottom surface closest to the substrate, and a top
surface further away from the substrate. Where a first layer is
described as “disposed over” a second layer, the first layer is
disposed further away from substrate. There may be other
layers between the first and second layer, unless it is specified
that the first layer is “in physical contact with” the second
layer. For example, a cathode may be described as “disposed
over” an anode, even though there are various organic layers
in between.

As used herein, “solution processible” means capable of
being dissolved, dispersed, or transported in and/or deposited
from a liquid medium, either in solution or suspension form.

The carbene ligand has been well known in organometallic
chemistry, and is used to generate a wide range of thermally
stable catalytic materials. The carbene ligands have been
employed both as active groups, directly engaged in the cata-
lytic reactions, and serving a role of stabilizing the metal in a
particular oxidation state or coordination geometry. However,
applications of carbene ligands are not well known in photo-
chemistry and have yet to be used as electroluminescent com-
pounds.

One issue with many existing organic electroluminescent
compounds is that they are not sufficiently stable for use in
commercial devices. An object of the invention is to provide
a class of organic emissive compounds having improved sta-
bility.

In addition, existing compounds do not include com-
pounds that are stable emitters for high energy spectra, such
as a blue spectra. An object of the invention is to provide a
class of organic emissive compounds that can emit light with
various spectra, including high energy spectra such as blue, in
a stable manner.

SUMMARY OF THE INVENTION

An organic light emitting device is provided. The device
has an anode, a cathode and an organic layer disposed
between the anode and the cathode. The organic layer com-
prises a compound further comprising one or more carbene
ligands coordinated to a metal center.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an organic light emitting device having sepa-
rate electron transport, hole transport, and emissive layers, as
well as other layers.
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FIG. 2 shows an inverted organic light emitting device that
does not have a separate electron transport layer.

FIG. 3 shows the '"H NMR spectra of mer-(F,ppz),Ir(1-Ph-
3-Me-imid) in CDCl,.

FIG. 4 shows the 'H NMR spectra of mer-(tpy),Ir(1-Ph-3-
Me-imid) in CDCl,;.

FIG. 5 shows the '"H NMR spectra of fac-(tpy),Ir(1-Ph-3-
Me-imid) in CDCl,.

FIG. 6 shows the plot of current (LA) vs. voltage (V) of a
mer-(tpy),Ir(1-Ph-3-Me-imid) device with ferrocene as an
internal reference. A solvent of DMF with 0.1M Bu ,N*PF~
is used.

FIG. 7 shows the plot of current (LA) vs. voltage (V) of a
fac-(tpy),Ir(1-Ph-3-Me-imid) device with ferrocene as an
internal reference. A solvent of DMF with 0.1M Bu,N*PF6~
is used.

FIG. 8 shows the absorption spectra of fac-(tpy),Ir(1-Ph-
3-Me-imid) and mer-(tpy),Ir(1-Ph-3-Me-imid) in CH,Cl,.

FIG. 9 shows the emission spectra of mer-(tpy),Ir(1-Ph-3-
Me-imid) in 2-MeTHF at room temperature and at 77K. The
compound exhibits lifetimes of 1.7 ps at room temperature
and 3.3 ps at 77K.

FIG. 10 shows the emission spectra of fac-(tpy),Ir(1-Ph-
3-Me-imid) in 2-MeTHF at room temperature and at 77K.
The compound exhibits lifetimes of 1.7 ps at room tempera-
ture and 3.3 ps at 77K.

FIG. 11 shows the "H NMR spectra of [(1-Ph-3-Me-imid)
LIrCl], in CDCl,.

FIG. 12 shows the '"H NMR spectra of (1-Ph-3-Me-imid)
LIr(t-Bu-bpy)* in CDClj.

FIG. 13 shows the absorption spectra of (1-Ph-3-Me-imid)
LIr(t-Bu-bpy)* in CH,Cl,.

FIG. 14 shows the emission spectra of (1-Ph-3-Me-imid)
SIr(t-Bu-bpy)* in 2-MeTHF at 77K and (1-Ph-3-Me-imid),Ir
(t-Bu-bpy)* in CH,Cl, at room temperature. The compound
exhibits lifetimes 0f 0.70 ps at room temperature and 6.0 ps at
77K.

FIG. 15 shows the 'H NMR spectra of mer-Ir(1-Ph-3-Me-
imid); in CDClj;.

FIG. 16 shows the '*C NMR spectra of mer-Ir(1-Ph-3-Me-
imid); in CDCl,.

FIG. 17 shows the plot of current (LA) vs. voltage (V) of a
mer-Ir(1-Ph-3-Me-imid), device with ferrocene as an internal
reference. A solvent of DMF with 0.1M Bu,N*PF,~ is used.

FIG. 18 shows the emission spectra of mer-Ir(1-Ph-3-Me-
imid); in 2-MeTHF at room temperature and at 77K.

FIG. 19 shows the "H NMR spectra of fac-Ir(1-Ph-3-Me-
imid); in CDCl,.

FIG. 20 shows the absorption spectra of fac-Ir(1-Ph-3-Me-
imid); in CH,Cl,.

FIG. 21 shows the emission spectra of fac-Ir(1-Ph-3-Me-
imid), in 2-MeTHF at room temperature and at 77K. The
device exhibits lifetimes of 0.50 ps at room temperature and
6.8 us at 77K.

FIG. 22 shows the "H NMR spectra of 1-Ph-3-Me-benz-
imid in CDCl,.

FIG. 23 shows the '"H NMR spectra of fac-Ir(1-Ph-3-Me-
benzimid), in CDCl,.

FIG. 24 shows the plot of current (mA) vs. voltage (V) ofa
fac-Ir(1-Ph-3-Me-benzimid), device with ferrocene as an
internal reference. A solvent of anhydrous DMF is used.

FIG. 25 shows the emission spectra of fac-Ir(1-Ph-3-Me-
benzimid), in 2-MeTHF at room temperature and at 77K. The
device emits a spectrum at CIE 0.17, 0.04.

10

15

20

25

30

35

40

45

50

55

60

65

4

FIG. 26 shows the emission spectra of (Ir—F1-Me-imid),
in 2-MeTHF at room temperature and at 77K. The device
exhibits lifetimes of 5 pus at room temperature and 35 ps at
77K.

FIG. 27 shows the external quantum efficiency vs. current
density of examples 15-16 and comparative example 1.

FIG. 28 shows the electroluminescence spectra of
examples 15-16 and comparative example 1 at 10 mA/cm®.

FIG. 29 shows the operational stability of example 15 vs
comparative example 1.

FIG. 30 shows the external quantum efficiency vs. current
density of examples 17-20.

FIG. 31 shows the electroluminescence spectra of
examples 17-20.

FIG. 32 shows the external quantum efficiency vs. current
density of examples 21-24.

FIG. 33 shows the electroluminescence spectra of
examples 21-24.

FIG. 34 shows the external quantum efficiency vs. current
density of examples 25 and 26.

FIG. 35 shows the electroluminescence spectra of
examples 25 and 26.

FIG. 36 shows the external quantum efficiency vs. current
density of example 27.

FIG. 37 shows the electroluminescence spectra of example
27.

FIG. 38 shows the external quantum efficiency vs. current
density of example 28.

FIG. 39 shows the electroluminescence spectra of example
28.

FIG. 40 shows the external quantum efficiency vs. current
density of example 29 and 30.

FIG. 41 shows the electroluminescence spectra of example
29 and 30.

FIG. 42 shows the subtracted EL spectra of example 29
from example 30.

FIG. 43 shows the quantum efficiency vs. current density
for comparative example 4.

FIG. 44 shows the normalized electroluminescent spectra
for comparative example 4.

DETAILED DESCRIPTION

Generally, an OLED comprises at least one organic layer
disposed between and electrically connected to an anode and
a cathode. When a current is applied, the anode injects holes
and the cathode injects electrons into the organic layer(s). The
injected holes and electrons each migrate toward the oppo-
sitely charged electrode. When an electron and hole localize
on the same molecule, an “exciton,” which is a localized
electron-hole pair having an excited energy state, is formed.
Light is emitted when the exciton relaxes via a photoemissive
mechanism. In some cases, the exciton may be localized on an
excimer or an exciplex. Non-radiative mechanisms, such as
thermal relaxation, may also occur, but are generally consid-
ered undesirable.

The initial OLEDs used emissive molecules that emitted
light from their singlet states (“fluorescence”) as disclosed,
for example, in U.S. Pat. No. 4,769,292, which is incorpo-
rated by reference in its entirety. Fluorescent emission gen-
erally occurs in a time frame of less than 10 nanoseconds.

More recently, OLEDs having emissive materials that emit
light from triplet states (“phosphorescence”) have been dem-
onstrated. Baldo et al., “Highly Efficient Phosphorescent
Emission from Organic Electroluminescent Devices,”
Nature, vol. 395, 151-154, 1998; (“Baldo-I"") and Baldo et al.,
“Very high-efficiency green organic light-emitting devices
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based on electrophosphorescence,” Appl. Phys. Lett., vol. 75,
No. 3, 4-6 (1999) (“Baldo-II""), which are incorporated by
reference in their entireties. Phosphorescence may be
referred to as a “forbidden” transition because the transition
requires a change in spin states, and quantum mechanics
indicates that such a transition is not favored. As a result,
phosphorescence generally occurs in a time frame exceeding
at least 10 nanoseconds, and typically greater than 100 nano-
seconds. If the natural radiative lifetime of phosphorescence
is too long, triplets may decay by a non-radiative mechanism,
such that no light is emitted. Organic phosphorescence is also
often observed in molecules containing heteroatoms with
unshared pairs of electrons at very low temperatures. 2,2'-
bipyridine is such a molecule. Non-radiative decay mecha-
nisms are typically temperature dependent, such that a mate-
rial that exhibits phosphorescence at liquid nitrogen
temperatures may not exhibit phosphorescence at room tem-
perature. But, as demonstrated by Baldo, this problem may be
addressed by selecting phosphorescent compounds that do
phosphoresce at room temperature. Representative emissive
layers include doped or un-doped phosphorescent organo-
metallic materials such as disclosed in U.S. Pat. Nos. 6,303,
238 and 6,310,360; U.S. Patent Application Publication Nos.
2002-0034656; 2002-0182441; and 2003-0072964; and
WO-02/074015.

Generally, the excitons in an OLED are believed to be
created in a ratio of about 3:1, i.e., approximately 75% triplets
and 25% singlets. See, Adachi et al., “Nearly 100% Internal
Phosphorescent Efficiency In An Organic Light Emitting
Device,” J. Appl. Phys., 90, 5048 (2001), which is incorpo-
rated by reference in its entirety. In many cases, singlet exci-
tons may readily transfer their energy to triplet excited states
via “intersystem crossing,” whereas triplet excitons may not
readily transfer their energy to singlet excited states. As a
result, 100% internal quantum efficiency is theoretically pos-
sible with phosphorescent OLED:s. In a fluorescent device,
the energy of triplet excitons is generally lost to radiationless
decay processes that heat-up the device, resulting in much
lower internal quantum efficiencies. OLEDs utilizing phos-
phorescent materials that emit from triplet excited states are
disclosed, for example, in U.S. Pat. No. 6,303,238, which is
incorporated by reference in its entirety.

Phosphorescence may be preceded by a transition from a
triplet excited state to an intermediate non-triplet state from
which the emissive decay occurs. For example, organic mol-
ecules coordinated to lanthanide elements often phospho-
resce from excited states localized on the lanthanide metal.
However, such materials do not phosphoresce directly from a
triplet excited state but instead emit from an atomic excited
state centered on the lanthanide metal ion. The europium
diketonate complexes illustrate one group of these types of
species.

Phosphorescence from triplets can be enhanced over fluo-
rescence by confining, preferably through bonding, the
organic molecule in close proximity to an atom of high atomic
number. This phenomenon, called the heavy atom effect, is
created by a mechanism known as spin-orbit coupling. Such
a phosphorescent transition may be observed from an excited
metal-to-ligand charge transfer (MLCT) state of an organo-
metallic molecule such as tris(2-phenylpyridine)iridium(III).

As used herein, the term “triplet energy” refers to an energy
corresponding to the highest energy feature discernable in the
phosphorescence spectrum of a given material. The highest
energy feature is not necessarily the peak having the greatest
intensity in the phosphorescence spectrum, and could, for
example, be a local maximum of a clear shoulder on the high
energy side of such a peak.
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FIG. 1 shows an organic light emitting device 100. The
figures are not necessarily drawn to scale. Device 100 may
include a substrate 110, an anode 115, a hole injection layer
120, a hole transport layer 125, an electron blocking layer
130, an emissive layer 135, a hole blocking layer 140, an
electron transport layer 145, an electron injection layer 150, a
protective layer 155, and a cathode 160. Cathode 160 is a
compound cathode having a first conductive layer 162 and a
second conductive layer 164. Device 100 may be fabricated
by depositing the layers described, in order.

Substrate 110 may be any suitable substrate that provides
desired structural properties. Substrate 110 may be flexible or
rigid. Substrate 110 may be transparent, translucent or
opaque. Plastic and glass are examples of preferred rigid
substrate materials. Plastic and metal foils are examples of
preferred flexible substrate materials. Substrate 110 may be a
semiconductor material in order to facilitate the fabrication of
circuitry. For example, substrate 110 may be a silicon wafer
upon which circuits are fabricated, capable of controlling
OLEDs subsequently deposited on the substrate. Other sub-
strates may be used. The material and thickness of substrate
110 may be chosen to obtain desired structural and optical
properties.

Anode 115 may be any suitable anode that is sufficiently
conductive to transport holes to the organic layers. The mate-
rial of anode 115 preferably has a work function higher than
about 4 eV (a “high work function material”). Preferred
anode materials include conductive metal oxides, such as
indium tin oxide (ITO) and indium zinc oxide (IZO), alumi-
num zinc oxide (AlZn0O), and metals. Anode 115 (and sub-
strate 110) may be sufficiently transparent to create a bottom-
emitting device. A preferred transparent substrate and anode
combination is commercially available ITO (anode) depos-
ited on glass or plastic (substrate). A flexible and transparent
substrate-anode combination is disclosed in U.S. Pat. Nos.
5,844,363 and 6,602,540 B2, which are incorporated by ref-
erence in their entirety. Anode 115 may be opaque and/or
reflective. A reflective anode 115 may be preferred for some
top-emitting devices, to increase the amount of light emitted
from the top of the device. The material and thickness of
anode 115 may be chosen to obtain desired conductive and
optical properties. Where anode 115 is transparent, there may
be a range of thickness for a particular material that is thick
enough to provide the desired conductivity, yet thin enough to
provide the desired degree of transparency. Other anode
materials and structures may be used.

Hole transport layer 125 may include a material capable of
transporting holes. Hole transport layer 130 may be intrinsic
(undoped), or doped. Doping may be used to enhance con-
ductivity. a-NPD and TPD are examples of intrinsic hole
transport layers. An example of a p-doped hole transport layer
is m-MTDATA doped with F,-TCNQ at a molar ratio of 50:1,
as disclosed in United States Patent Application Publication
No. 2002-0071963 A1 to Forrest et al., which is incorporated
by reference in its entirety. Other hole transport layers may be
used.

Emissive layer 135 may include an organic material
capable of emitting light when a current is passed between
anode 115 and cathode 160. Preferably, emissive layer 135
contains a phosphorescent emissive material, although fluo-
rescent emissive materials may also be used. Phosphorescent
materials are preferred because of the higher luminescent
efficiencies associated with such materials. Emissive layer
135 may also comprise a host material capable of transporting
electrons and/or holes, doped with an emissive material that
may trap electrons, holes, and/or excitons, such that excitons
relax from the emissive material via a photoemissive mecha-
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nism. Emissive layer 135 may comprise a single material that
combines transport and emissive properties. Whether the
emissive material is a dopant or a major constituent, emissive
layer 135 may comprise other materials, such as dopants that
tune the emission of the emissive material. Emissive layer
135 may include a plurality of emissive materials capable of,
in combination, emitting a desired spectrum of light.
Examples of phosphorescent emissive materials include
Ir(ppy),. Examples of fluorescent emissive materials include
DCM and DMQA. Examples of host materials include Alqs,
CBP and mCP. Examples of emissive and host materials are
disclosed in U.S. Pat. No. 6,303,238 to Thompson et al.,
which is incorporated by reference in its entirety. Emissive
material may be included in emissive layer 135 in a number of
ways. For example, an emissive small molecule may be incor-
porated into a polymer. This may be accomplished by several
ways: by doping the small molecule into the polymer either as
a separate and distinct molecular species; or by incorporating
the small molecule into the backbone of the polymer, so as to
form a co-polymer; or by bonding the small molecule as a
pendant group on the polymer. Other emissive layer materials
and structures may be used. For example, a small molecule
emissive material may be present as the core of a dendrimer.

Electron transport layer 140 may include a material
capable of transporting electrons. Electron transport layer
140 may be intrinsic (undoped), or doped. Doping may be
used to enhance conductivity. Algs, is an example of an intrin-
sic electron transport layer. An example of an n-doped elec-
tron transport layer is BPhen doped with Li at a molar ratio of
1:1, as disclosed in United States Patent Application Publi-
cation No. 2002-0071963 A1 to Forrest et al., which is incor-
porated by reference in its entirety. Other electron transport
layers may be used.

The charge carrying component of the electron transport
layer may be selected such that electrons can be efficiently
injected from the cathode into the LUMO (Lowest Unoccu-
pied Molecular Orbital) level of the electron transport layer.
The “charge carrying component™ is the material responsible
for the LUMO that actually transports electrons. This com-
ponent may be the base material, or it may be a dopant. The
LUMO level of an organic material may be generally char-
acterized by the electron affinity of that material and the
relative electron injection efficiency of a cathode may be
generally characterized in terms of the work function of the
cathode material. This means that the preferred properties of
an electron transport layer and the adjacent cathode may be
specified in terms of the electron affinity of the charge carry-
ing component of the ETL and the work function of the
cathode material. In particular, so as to achieve high electron
injection efficiency, the work function of the cathode material
is preferably not greater than the electron affinity of the
charge carrying component of the electron transport layer by
more than about 0.75 eV, more preferably, by not more than
about 0.5 eV. Similar considerations apply to any layer into
which electrons are being injected.

Cathode 160 may be any suitable material or combination
of' materials known to the art, such that cathode 160 is capable
of conducting electrons and injecting them into the organic
layers of device 100. Cathode 160 may be transparent or
opaque, and may be reflective. Metals and metal oxides are
examples of suitable cathode materials. Cathode 160 may be
a single layer, or may have a compound structure. FIG. 1
shows a compound cathode 160 having a thin metal layer 162
and a thicker conductive metal oxide layer 164. In a com-
pound cathode, preferred materials for the thicker layer 164
include ITO, 1Z0O, and other materials known to the art. U.S.
Pat. Nos. 5,703,436, 5,707,745, 6,548,956 B2, and 6,576,134
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B2, which are incorporated by reference in their entireties,
disclose examples of cathodes including compound cathodes
having a thin layer of metal such as Mg:Ag with an overlying
transparent, electrically-conductive, sputter-deposited ITO
layer. The part of cathode 160 that is in contact with the
underlying organic layer, whether it is a single layer cathode
160, the thin metal layer 162 of a compound cathode, or some
other part, is preferably made of a material having a work
function lower than about 4 eV (a “low work function mate-
rial”). Other cathode materials and structures may be used.

Blocking layers may be used to reduce the number of
charge carriers (electrons or holes) and/or excitons that leave
the emissive layer. An electron blocking layer 130 may be
disposed between emissive layer 135 and the hole transport
layer 125, to block electrons from leaving emissive layer 135
in the direction of hole transport layer 125. Similarly, a hole
blocking layer 140 may be disposed between emissive layer
135 and electron transport layer 145, to block holes from
leaving emissive layer 135 in the direction of electron trans-
port layer 140. Blocking layers may also be used to block
excitons from diffusing out of the emissive layer. The theory
and use of blocking layers is described in more detail in U.S.
Pat. No. 6,097,147 and United States Patent Application Pub-
lication No. 2002-0071963 Al to Forrest et al., which are
incorporated by reference in their entireties.

As used herein, the term “blocking layer” means that the
layer provides a barrier that significantly inhibits transport of
charge carriers and/or excitons through the device, without
suggesting that the layer necessarily completely blocks the
charge carriers and/or excitons. The presence of such a block-
ing layer in a device may result in substantially higher effi-
ciencies as compared to a similar device lacking a blocking
layer. Also, a blocking layer may be used to confine emission
to a desired region of an OLED.

Generally, injection layers are comprised of a material that
may improve the injection of charge carriers from one layer,
such as an electrode or an organic layer, into an adjacent
organic layer. Injection layers may also perform a charge
transport function. In device 100, hole injection layer 120
may be any layer that improves the injection of holes from
anode 115 into hole transport layer 125. CuPc is an example
of'a material that may be used as a hole injection layer from an
ITO anode 115, and other anodes. In device 100, electron
injection layer 150 may be any layer that improves the injec-
tion of electrons into electron transport layer 145. LiF/Al is an
example of a material that may be used as an electron injec-
tion layer into an electron transport layer from an adjacent
layer. Other materials or combinations of materials may be
used for injection layers. Depending upon the configuration
of a particular device, injection layers may be disposed at
locations different than those shown in device 100. More
examples of injection layers are provided in U.S. patent appli-
cation Ser. No. 09/931,948 to Lu et al., now U.S. Pat. No.
7,071,615, which is incorporated by reference in its entirety.
A hole injection layer may comprise a solution deposited
material, such as a spin-coated polymer, e.g., PEDOT:PSS, or
it may be a vapor deposited small molecule material, e.g.,
CuPc or MTDATA.

A hole injection layer (HIL) may planarize or wet the
anode surface so as to provide efficient hole injection from the
anode into the hole injecting material. A hole injection layer
may also have a charge carrying component having HOMO
(Highest Occupied Molecular Orbital) energy levels that
favorably match up, as defined by their herein-described rela-
tive ionization potential (IP) energies, with the adjacent anode
layer on one side of the HIL and the hole transporting layer on
the opposite side of the HIL. The “charge carrying compo-
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nent” is the material responsible for the HOMO that actually
transports holes. This component may be the base material of
the HIL, or it may be a dopant. Using a doped HIL allows the
dopant to be selected for its electrical properties, and the host
to be selected for morphological properties such as wetting,
flexibility, toughness, etc. Preferred properties for the HIL
material are such that holes can be efficiently injected from
the anode into the HIL material. In particular, the charge
carrying component of the HIL preferably has an IP not more
than about 0.7 eV greater that the IP of the anode material.
More preferably, the charge carrying component has an IP not
more than about 0.5 eV greater than the anode material.
Similar considerations apply to any layer into which holes are
being injected. HIL materials are further distinguished from
conventional hole transporting materials that are typically
used in the hole transporting layer of an OLED in that such
HIL materials may have a hole conductivity that is substan-
tially less than the hole conductivity of conventional hole
transporting materials. The thickness of the HIL of the
present invention may be thick enough to help planarize or
wet the surface of the anode layer. For example, an HIL
thickness of as little as 10 nm may be acceptable for a very
smooth anode surface. However, since anode surfaces tend to
be very rough, a thickness for the HIL of up to 50 nm may be
desired in some cases.

A protective layer may be used to protect underlying layers
during subsequent fabrication processes. For example, the
processes used to fabricate metal or metal oxide top elec-
trodes may damage organic layers, and a protective layer may
be used to reduce or eliminate such damage. In device 100,
protective layer 155 may reduce damage to underlying
organic layers during the fabrication of cathode 160. Prefer-
ably, a protective layer has a high carrier mobility for the type
of carrier that it transports (electrons in device 100), such that
it does not significantly increase the operating voltage of
device 100. CuPc, BCP, and various metal phthalocyanines
are examples of materials that may be used in protective
layers. Other materials or combinations of materials may be
used. The thickness of protective layer 155 is preferably thick
enough that there is little or no damage to underlying layers
due to fabrication processes that occur after organic protec-
tive layer 160 is deposited, yet not so thick as to significantly
increase the operating voltage of device 100. Protective layer
155 may be doped to increase its conductivity. For example,
a CuPc or BCP protective layer 160 may be doped with Li. A
more detailed description of protective layers may be found in
U.S. patent application Ser. No. 09/931,948 to Lu et al., now
U.S. Pat. No. 7,071,615, which is incorporated by reference
in its entirety.

FIG. 2 shows an inverted OLED 200. The device includes
a substrate 210, an cathode 215, an emissive layer 220, a hole
transport layer 225, and an anode 230. Device 200 may be
fabricated by depositing the layers described, in order.
Because the most common OLED configuration has a cath-
ode disposed over the anode, and device 200 has cathode 215
disposed under anode 230, device 200 may be referred to as
an “inverted” OLED. Materials similar to those described
with respect to device 100 may be used in the corresponding
layers of device 200. FIG. 2 provides one example of how
some layers may be omitted from the structure of device 100.

The simple layered structure illustrated in FIGS. 1 and 2 is
provided by way of non-limiting example, and it is under-
stood that embodiments of the invention may be used in
connection with a wide variety of other structures. The spe-
cific materials and structures described are exemplary in
nature, and other materials and structures may be used. Func-
tional OLEDs may be achieved by combining the various
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layers described in different ways, or layers may be omitted
entirely, based on design, performance, and cost factors.
Other layers not specifically described may also be included.
Materials other than those specifically described may be used.
Although many of the examples provided herein describe
various layers as comprising a single material, it is under-
stood that combinations of materials, such as a mixture of
host and dopant, or more generally a mixture, may be used.
Also, the layers may have various sublayers. The names given
to the various layers herein are not intended to be strictly
limiting. For example, in device 200, hole transport layer 225
transports holes and injects holes into emissive layer 220, and
may be described as a hole transport layer or a hole injection
layer. In one embodiment, an OLED may be described as
having an “organic layer” disposed between a cathode and an
anode. This organic layer may comprise a single layer, or may
further comprise multiple layers of different organic materi-
als as described, for example, with respect to FIGS. 1 and 2.

Structures and materials not specifically described may
also be used, such as OLEDs comprised of polymeric mate-
rials (PLEDs) such as disclosed in U.S. Pat. No. 5,247,190,
Friend et al., which is incorporated by reference in its entirety.
By way of further example, OLEDs having a single organic
layer may be used. OLEDs may be stacked, for example as
described in U.S. Pat. No. 5,707,745 to Forrest et al, which is
incorporated by reference in its entirety. The OLED structure
may deviate from the simple layered structure illustrated in
FIGS. 1 and 2. For example, the substrate may include an
angled reflective surface to improve out-coupling, such as a
mesa structure as described in U.S. Pat. No. 6,091,195 to
Forrest et al., and/or a pit structure as described in U.S. Pat.
No. 5,834,893 to Bulovic et al., which are incorporated by
reference in their entireties.

Unless otherwise specified, any of the layers of the various
embodiments may be deposited by any suitable method. For
the organic layers, preferred methods include thermal evapo-
ration, ink-jet, such as described in U.S. Pat. Nos. 6,013,982
and 6,087,196, which are incorporated by reference in their
entireties, organic vapor phase deposition (OVPD), such as
described in U.S. Pat. No. 6,337,102 to Forrest et al., which is
incorporated by reference in its entirety, and deposition by
organic vapor jet printing (OVIP), such as described in U.S.
patent application Ser. No. 10/233,470, now U.S. Pat. No.
7,431,968, which is incorporated by reference in its entirety.
Other suitable deposition methods include spin coating and
other solution based processes. Solution based processes are
preferably carried out in nitrogen or an inert atmosphere. For
the other layers, preferred methods include thermal evapora-
tion. Preferred patterning methods include deposition
through a mask, cold welding such as described in U.S. Pat.
Nos. 6,294,398 and 6,468,819, which are incorporated by
reference in their entireties, and patterning associated with
some of the deposition methods such as ink-jet and OVID.
Other methods may also be used. The materials to be depos-
ited may be modified to make them compatible with a par-
ticular deposition method. For example, substituents such as
alkyl and aryl groups, branched or unbranched, and prefer-
ably containing at least 3 carbons, may be used in small
molecules to enhance their ability to undergo solution pro-
cessing. Substituents having 20 carbons or more may be used,
and 3-20 carbons is a preferred range. Materials with asym-
metric structures may have better solution processibility than
those having symmetric structures, because asymmetric
materials may have a lower tendency to recrystallize. Den-
drimer substituents may be used to enhance the ability of
small molecules to undergo solution processing.
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Devices fabricated in accordance with embodiments of the
invention may be incorporated into a wide variety of con-
sumer products, including flat panel displays, computer
monitors, televisions, billboards, lights for interior or exterior
illumination and/or signaling, heads up displays, fully trans-
parent displays, flexible displays, laser printers, telephones,
cell phones, personal digital assistants (PDAs), laptop com-
puters, digital cameras, camcorders, viewfinders, micro-dis-
plays, vehicles, a large area wall, theater or stadium screen, or
a sign. Various control mechanisms may be used to control
devices fabricated in accordance with the present invention,
including passive matrix and active matrix. Many of the
devices are intended for use in a temperature range comfort-
able to humans, such as 18 degrees C. to 30 degrees C., and
more preferably at room temperature (20-25 degrees C.).

The materials and structures described herein may have
applications in devices other than OLEDs. For example, other
optoelectronic devices such as organic solar cells and organic
photodetectors may employ the materials and structures.
More generally, organic devices, such as organic transistors,
may employ the materials and structures.

A compound comprising a carbene ligand bound to a metal
center is provided. Carbene compounds include small mol-
ecules, dendrimers, and polymers that include a carbene-
metal bond. In one embodiment, the compound is a phospho-
rescent emissive material, preferably a dopant. The
compound may also be doped into a wide band gap host
material such as disclosed in U.S. patent application Ser. No.
10/680,066 (now abandoned; Pub. No. US 2004/0209116
Al), which is incorporated by reference in its entirety, or it
may be doped into an inert wide band gap host such as
disclosed in WO-074015, which is incorporated by reference
in its entirety.

In another embodiment, the metal-carbene compound is a
host material in an emissive layer. For example, the metal-
carbene compound may be used as a high energy host mate-
rials for doped blue devices. The dopant in this case could be
atriplet emitter or a singlet emitter (using phosphor sensitized
fluorescence). In some embodiments, the dopant is a blue or
UV emissive material. In this case, the host material prefer-
ably has a wide energy gap. As used herein, the energy gap
refers to the difference in the energy between the highest
occupied molecular orbital (HOMO) and the lowest unoccu-
pied molecular orbital (LUMO) for a particular compound.
The triplet energy for a given material is related to, but less
than, the energy gap. Materials for use as a wide gap host are
selected to have a wide energy gap so that the host material
does not quench the dopant emission by endothermic or exo-
thermic energy transfer. The wide gap host is preferably
selected so as to have a triplet energy at least about 300 mV
higher than that of the dopant.

Additionally, the high band gap of metal-carbene com-
pounds may make these materials effective in carrier block-
ing and transporting layers. Specifically, these materials may
be used in the electron blocking layer, hole blocking layer,
exciton blocking layer, hole transport layer, or electron trans-
port layer of an OLED. In other embodiments a metal-car-
bene compound may be used as a hole injection layer, elec-
tron injection layer, or protective layer. It is believed that
metal-carbene compounds described herein have improved
thermal stability when incorporated into an organic light
emitting device due to the carbene-metal bond, as compared
to existing compounds without a carbene-metal bond.

As used herein, the term “carbene” refers to compounds
having a divalent carbon atom with only six electrons in its
valence shell when not coordinated to a metal. A useful exer-
cise to determine whether a ligand includes a carbene-metal
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bond is to mentally deconstruct the complex as a metal frag-
ment and a ligand, and to then determine whether a carbon
atom in the ligand that was previously bound to the metal is a
neutral divalent carbon atom in the deconstructed state. The
resonance forms of a preferred embodiment may be shown as:

(\ / (\

570

This definition of carbene is not limited to metal-carbene
complexes synthesized from carbenes, but is rather intended
to address the orbital structure and electron distribution asso-
ciated with the carbon atom that is bound to the metal. The
definition recognizes that the “carbene” may not technically
be divalent when bound to the metal, but it would be divalent
if it were detached from the metal. Although many such
compounds are synthesized by first synthesizing a carbene
and then binding it to a metal, the definition is intended to
encompass compounds synthesized by other methods that
have a similar orbital structure and electron configuration.
Lowry & Richardson, Mechanism and Theory in Organic
Chemistry 256 (Harper & Row, 1976) defines “carbene” in a
way that is consistent with the way the term is used herein.
Some references may define “carbene” as a carbon ligand that
forms a double bond to a metal. While this definition is not
being used in the present application, there may be some
overlap between the two definitions. A variety of representa-
tions are used to depict the bonding in such carbenes, includ-
ing those in which a curved line is used to indicate partial
multiple bonding between the carbene carbon and the adja-
cent heteroatom(s).

In the figures and structures herein, a carbene-metal bond
may be depicted as C—M, as for example:

/
N*

\

P

R /Ral
a
=
Ra; c
\N/ \

Y
S MEY),
Rb,

Rb; Rb,

Rb,

Such structures that use an arrow to represent the presence of
a metal-carbene bond are used interchangeably herein with
structures that don’t include the arrow, without any intention
of suggesting there is a difference in the structure shown.
The term “organometallic” as used herein is as generally
understood by one of ordinary skill in the art and as given, for
example, in “Inorganic Chemistry” (2nd Edition) by Gary L.
Miessler and Donald A. Tarr, Prentice-Hall (1998). Thus, the
term organometallic refers to compounds which have an
organic group bonded to a metal through a carbon-metal
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bond. This class does not include per se coordination com-
pounds, which are substances having only donor bonds from
heteroatoms, such as metal complexes of amines, halides,
pseudohalides (CN, etc.), and the like. In practice organome-
tallic compounds generally comprise, in addition to one or
more carbon-metal bonds to an organic species, one or more
donor bonds from a heteroatom. The carbon-metal bond to an
organic species refers to a direct bond between a metal and a
carbon atom of an organic group, such as phenyl, alkyl, alk-
enyl, etc., but does not refer to a metal bond to an “inorganic
carbon,” such as the carbon of CN.

Carbene ligands are especially desirable in OLED appli-
cations due to the high thermal stability exhibited by metal-
carbene complexes. It is believed that the carbene, which
behaves much as an electron donative group, generally bonds
strongly to the metals, thus forming a more thermally stable
complex than, for example, previous cyclometallated com-
plexes used as phosphorescent emitters. It is also believed that
carbene analogs of ligands employed in existing phosphores-
cent emissive materials (for example the phenylpyridine or
Irppy, etc.) may exhibit greater stability and emit at substan-
tially higher energy than their existing analogs.

As used herein, a “non-carbene analog” of a metal carbene
compound refers to existing ligands having a substantially
similar chemical structure to the metal-carbene compound,
but unlike the carbene compounds of the present invention,
which features a carbene-metal bond, the analog has some
other bond, such as a carbon-metal or a nitrogen-metal bond,
in place of the carbene-metal bond. For example, Ir(ppz), has
a nitrogen in each ligand bound to the Ir. Ir(1-phenylimida-
zolin-2-ylidene) is analogous to Ir(ppz); where the nitrogen
bound to the Ir has been replaced with a carbene bound to the
Ir, and where the atoms surrounding the carbene have been
changed to make the carbon a carbene. Thus, embodiments of
the present invention include metal-carbene complexes (e.g.
Ir(1-phenylimidazolin-2-ylidene) with similar structures to
existing emissive compounds (e.g. Ir(ppz)s).

Examples of existing emissive compounds include
Ir(ppy); and Ir(ppz),, discussed above. Other examples are
disclosed in the references below, which are incorporated
herein by reference in their entirety. In preferred embodi-
ments, the carbene ligands are imidazoles, pyrazoles, benz-
imidazoles, and pyrroles.

It is believed that the carbene-metal bond in Ir(1-Ph-3-Me-
imid), is stronger than the N-metal bond in Ir(ppz);. More-
over, due to the nature of a carbene-metal bond, it is believed
that replacing a carbon-metal bond or nitrogen-metal bond in
existing emissive organometallic molecules with a carbene-
metal bond (making other changes as needed to make the
carbon atom a carbene) may result in an emissive molecule
that is more stable than the non-carbene analog, and that has
stronger spin-orbit coupling. It is further believed that the
emissive spectra of the molecule including a carbene may be
different from the emissive spectra of the analog without a
carbene.

Metal-carbene complexes may be tuned to emit a wide
variety of spectra from the near-ultraviolet across the entire
visible spectra by the selection of substituents and/or chemi-
cal groups on the ligand(s). More significantly, it may now be
possible to obtain saturated blue color emissions with peak
wavelengths at about 450 nm. Because it is believed to be
materially easier to reduce than to increase the triplet energy
by tuning an emissive compound, the ability to make stable
blue emitters at such high energies would also allow for the
possibility of obtaining any color by reducing the energy so as
to red-shift the emission. For example, FIG. 18 shows that
Ir(1-Ph-3-Me-imid);, which is a preferred embodiment of
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this invention, in a 2-MeTHF solution emits in the near-UV
spectra at a wavelength of about 380 nm at 77 K and at room
temperature. The substitution of a fluorenyl group for the
phenyl group attached to the methylimidazole results in a
red-shift in the emission as shown in FIG. 26. Thus, FIG. 26
shows Ir—(F1Melmid),, which is another embodiment of this
invention, to emit at the visible part of the spectra at a wave-
length of 462 nm at 77 K and at 466 nm at room temperature.

The appropriate selection of substituents and/or chemical
groups attached to carbene ligands may also minimize quan-
tum efficiency losses associated with increasing tempera-
tures. The observable difference in lifetime measurements
between emission at room temperature and at low tempera-
tures (e.g. 77 K) is believed to be attributed to non-radiative
quenching mechanisms that compete with phosphorescent
emission. Such quenching mechanisms are further believed
to be thermally activated, and consequently, at cooler tem-
peratures of about 77 K, where energy loss due to quenching
is not an issue, quantum efficiency is about 100%. For
example, FIG. 21 shows the emission spectra of fac-Ir(1-Ph-
3-Me-imid); in 2-MeTHF. The compound exhibits a lifetime
of 6.8 us at 77 K and 0.50 is at room temperature, and the
difference may be attributed to quenching mechanisms. It is
believed that appropriate substituents on the carbene ligand,
or doping in a more rigid matrix, such as disclosed in Turro,
“Modern Molecular Photochemistry”, University Science
Books (1991), 109-10, may increase quantum efficiency at
room temperature and correspondingly show longer life-
times.

Due to the nature of the carbene-metal bond, the emission
of'acarbene analog may be substantially different from that of
its non-carbene analog, and the emission of the carbene ana-
log may be stable and at a higher energy than previously
obtainable with stable non-carbene compounds. Embodi-
ments of the present invention shown in FIGS. 18, 21, 25, and
26, show higher energy emissions than have previously been
obtained with other phosphorescent organometallic emissive
materials. Itis believed that devices incorporating these mate-
rials, and having optimized architecture, will have electrolu-
minescent spectras showing high triplet energies similar to
the photoluminescent spectras shown in these figures.

In some embodiments, the triplet energy of the carbene
complex has a corresponding wavelength in the deep blue or
ultraviolet (UV) part of the spectra. In some embodiments,
the phosphorescent emissive compound has triplet energy
corresponding to a wavelength of less than 450 nm. In pre-
ferred embodiments, the triplet energy corresponds to a wave-
length of less than 440 nm, and in even more preferred
embodiments, it corresponds to a wavelength less than 400
nm, which is believed to be in the UV region of the spectrum,
since 400 nm is believed to represent the cut-off between the
UV and the visible regions of the spectrum. Such high triplet
energy may make these compounds useful in optically pump-
ing down converting layers. For such applications, an overlap
is preferred between the emission spectra of the ultraviolet
carbene compound and the absorption spectra of the down
converting layer. It is believed that when about 50% of the
integral of the curve for the normalized electroluminescent
spectra of the device is at a wavelength less than about 450
nm, there is sufficient energy to optically pump a down con-
verting layer. More preferably, greater than 90% of the emis-
sion may be produced below 440 nm, as disclosed herein.
Preferably, 50% ofthe integral of the curve for the normalized
electroluminescent spectra is less than about 440 nm, and
more preferably, it is less than about 400 nm. The wavelength
cutoffs mentioned above are not intended to be absolute limi-
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tations as they depend on the energy of the material to be
pumped. It is also believed that these emissions may occur at
room temperature.

The strong metal-carbon bond is also believed to lead to
greater spin-orbit coupling in metal carbene complexes.
Moreover, the triplet energy of coordinated carbenes are
shown to be significantly higher than pyridine analogs. FIG.
18 shows the emission spectra of mer-Ir(1-Ph-3-Me-imid),
which is one of the embodiments of the invention. The emis-
sion is shown to be in the near-ultraviolet range of the spec-
trum even at room temperature. It is believed herein that other
metal carbene complexes may be capable of emitting at simi-
larly high energies due to the strong metal-ligand bond asso-
ciated with carbene ligands. The stability of metal-carbene
complexes may also allow increased versatility in the types of
ligands and metals that may be used as phosphorescent emit-
ters in OLEDs. The strong metal-carbene bond may allow a
variety of metals to form useful phosphorescent complexes
with carbene ligands to give novel emissive compounds. For
example, one embodiment includes gold or copper bonded to
a carbene ligand. Such metals have been calculated to form
metal-carbon bonds having quite high bond dissociation
energies, such as illustrated in Nemcsok et al., “The Signifi-
cance of n-Interactions in Group 11 Complexes with N-Het-
erocyclic Carbenes,” 2004 American Chemical Society,
Publ, on Web, Jun. 19, 2004. Such high bond dissociation
energies may be expected to improve the chemical stability of
metal-carbene complexes as compared with the analogous
metal-phenyl-pyridine (“metal-ppy”) based complexes that
are typically used in an OLED. Thus, in addition to their use
as the emissive materials in an OLED, metal-carbene com-
plexes may be also used advantageously, because of their
improved chemical stability, for other functions in an OLED,
for example, as a host material in the emissive layer, as an
electron or hole transporting material in an electron or hole
transporting layer, and/or as an electron or hole blocking
material in an electron or hole blocking layer.

Additionally, although cyclometallated complexes are pre-
ferred embodiments, the present invention is not limited to
suchembodiments. The increased strength of a metal-carbene
bond, as compared to other types of bonds with metal, may
make monodentate ligands feasible for use as emissive mate-
rials. Until recently, bidentate ligands were strongly preferred
due to stability concerns. Thus, embodiments include mono-
dentate carbene ligands as well as bidentate. Embodiments
also include tridentate carbene ligands, which may be quite
stable, and many examples are found in the art, such as those
disclosed in Koizumi et al., Organometallics 2003, 22, 970-
975. Other embodiments may also feature a tetradentate
ligand, such as porphyrin analogs in which one or more
nitrogens are replaced by a carbene, which is disclosed in
Bourissou et al. Chem. Rev. 2000, 100, 39-91. Still other
embodiments may include metallaquinone carbenes, which
are compounds in which one of the oxygen atoms of a
quinone has been replaced by a metal, such as those disclosed
in Ashekenazi et al., J Am. Chem. Soc. 2000, 122, 8797-8798.
In addition, The metal-carbene compound may be present as
part of a multi-dentate group such as disclosed in U.S. patent
application Ser. No. 10/771,423 to Ma et al. (now abandoned;
Pub. No. US 2005/0170206 A1), which is incorporated by
reference in its entirety.

It is believed that many of the (C,C) or (C,N) ligands of
many existing electroluminescent compounds may be modi-
fied to create an analogous (C,C) ligand including a carbene.
Specific non limiting examples of such modification include:

(1) the substituents on the carbene-bonded branch of the

(C,C)-ligand and the substituents on the mono-anionic-
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carbon-bonded branch of the (C,C)-ligand may be inde-
pendently selected from the group consisting of
(a) the substituents on the N-bonded branch of the exist-
ing (C,N)-ligands, such as disclosed in the references
listed below, which is typically but not necessarily a
pyridine group; and
(b) the substituents on the mono-anionic-carbon-bonded
branch of the existing (C,N)-ligands, such as dis-
closed in the references listed below, which is typi-
cally but not necessarily a phenyl group;
(c) and/or a combination thereof; and
(2) the compounds including the metal-carbene bonds may
further include ancillary ligands selected from the group
consisting of the ancillary ligands such as disclosed in
the following references:
U.S. Pat. Application Publ. No. 2002-0034656 (K&K 10020/
15303), FIGS. 11-50, U.S. Pat. Application Publ. No. 2003-
0072964 (Thompson et al.), paragraphs 7-132; and FIGS.
1-8; U.S. Pat. Application Publ. No. 2002-0182441 (Laman-
sky et al.), paragraphs 13-165, including FIGS. 1-9(g); U.S.
Pat. No. 6,420,057 B1 (Ueda et al.), col. 1, line 57, through
col. 88, line 17, including each compound I-1 through XXIV-
12; U.S. Pat. No. 6,383,666 B1 (Kim et al.), col. 2, line 9,
through col. 21, line 67; U.S. Pat. Application Publ. No.
2001-0015432 A1l (Igarashi et al.), paragraphs 2-57, includ-
ing compounds (1-1) through (1-30); U.S. Pat. Application
Publ. No. 2001-0019782 Al (Igarashi et al.), paragraphs
13-126, including compounds (1-1) through (1-70), and (2-1)
through (2-20); U.S. Pat. Application Publ. No. 2002-
0024293 (Igarashi et al.), paragraphs 7-95, including general
formulas K-I through K-VI, and example compounds (K-1)
through (K-25); U.S. Pat. Application Publ. No. 2002-
0048689 Al (Igarashi et al.), paragraphs 5-134, including
compounds [-81, and example compounds (1-1) through
(1-81); U.S. Pat. Application Publ. No. 2002-0063516 (Tsub-
oyama et al.), paragraphs 31-161, including each compound
1-16; U.S. Pat. Application Publ. No. 2003-0068536 (Tsub-
oyama et al.), paragraphs 31-168, including each compound
in Tables 1-17, corresponds to EP-1-239-526-A2; U.S. Pat.
Application Publ. No. 2003-0091862 (Tokito et al.), para-
graphs 10-190, including each compound in Tables 1-17,
corresponds to EP-1-239-526-A2; U.S. Pat. Application
Publ. No. 2003-0096138 (Lecloux et al.), paragraphs 8-124,
including FIGS. 1-5; U.S. Pat. Application Publ. No. 2002-
0190250 (Grushin et al.), paragraphs 9-191; U.S. Pat. Appli-
cation Publ. No. 2002-0121638 (Grushin et al.), paragraphs
8-125; U.S. Pat. Application Publ. No. 2003-0068526 (Ka-
matani et al.), paragraphs 33-572, including each compound
in Tables 1-23; U.S. Pat. Application Publ. No. 2003-0141809
(Furugori et al.), paragraphs 29-207; U.S. Pat. Application
Publ. No. 2003-0162299 A1 (Hsieh et al.), paragraphs 8-42;
WO 03/084972, (Stossel et al.), Examples 1-33; WO
02/02714 A2 ((Petrov et al.), pages 2-30, including each
compound in Tables 1-5; EP 1-191-613 A1 (Takiguchi et al.),
paragraphs 26-87, including each compound in Tables 1-8,
(corresponding to U.S. Pat. Application Publ. No. 2002-
0064681); and EP 1-191-614 A2 (Tsuboyama et al.), para-
graphs 25-86, including each compound in Tables 1-7; which
are incorporated herein by reference in their entirety.
Carbene ligands may be synthesized using methods known
in the art, such as those disclosed in Cattoén, et al., J. Am.
Chem. Soc., 2004, 126; 1342-1343; Chiu-Yuen Wong, et al,
Organometallics 2004, 23, 2263-2272; Klapars, et al, J. Am.
Chem. Soc., 2001, 123; 7727-7729; Bourissou et al. Chem.
Rev. 2000, 100, 39-91; Siu-Wai Lai, et al, Organometallics
1999, 18, 3327-3336; Wen-Mei Xue et al., Organometallics
1998, 17, 1622-1630; Wang & Lin, Organometallics 1998,
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17,972-975; Cardin, et al., Chem. Rev. 1972, 5, 545-574; and
other references discussed herein.
In one embodiment, a phosphorescent emissive compound
having the following formula is provided:

72

-

wherein Z' and Z* may be a carbon containing moiety, an
amine containing moiety, oxygen containing moiety, a phos-
phine containing moiety, and a sulfur containing moiety.

In another embodiment, the compound has the structure:

71

in which

M is a metal;

the dotted lines represent optional double bonds;

each Z,, A, and A' is independently selected from C, N, O, P,
or S;

R', R? and R? are independently selected from H, alkyl, aryl
or heteroaryl; and additionally or alternatively, one or more of
R! and R? and R? and R? together from independently a 5 or
6-member cyclic group, wherein said cyclic group is
cycloalkyl, cycloheteroalkyl, aryl or heteroaryl; and wherein
said cyclic group is optionally substituted by one or more
substituents J; each substituent J is independently selected
from the group consisting of R', O—R', N(R'),, SR', C(O)R',
C(O)OR!, C(O)NR',, CN, NO,, SO,, SOR', or SO,R', and
additionally, or alternatively, two J groups on adjacent ring
atoms form a fused 5- or 6-membered aromatic group; each R’
is independently selected from H, alkyl, alkenyl, alkynyl,
heteroalkyl, aralkyl, aryl and heteroaryl; (X-Y) is selected
from a photoactive ligand or an ancilliary ligand,

ais 0,1, or2.

m is a value from 1 to the maximum number of ligands that
may be attached to the metal;

m-+n is the maximum number of ligands that may be attached
to metal M.

The term “halo” or “halogen” as used herein includes fluo-
rine, chlorine, bromine and iodine.

The term “alkyl” as used herein contemplates both straight
and branched chain alkyl radicals. Preferred alkyl groups are
those containing from one to fifteen carbon atoms and
includes methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-
butyl, and the like. Additionally, the alkyl group may be
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optionally substituted with one or more substituents selected
from halo, CN, CO,R, C(O)R, NR,, cyclic-amino, NO,, and
OR.

The term “cycloalkyl” as used herein contemplates cyclic
alkyl radicals. Preferred cycloalkyl groups are those contain-
ing 3 to 7 carbon atoms and includes cyclopropyl, cyclopen-
tyl, cyclohexyl, and the like. Additionally, the cycloalkyl
group may be optionally substituted with one or more sub-
stituents selected from halo, CN, CO,R, C(O)R, NR,, cyclic-
amino, NO,, and OR.

The term “alkenyl” as used herein contemplates both
straight and branched chain alkene radicals. Preferred alkenyl
groups are those containing two to fifteen carbon atoms.
Additionally, the alkenyl group may be optionally substituted
with one or more substituents selected from halo, CN, CO,R,
C(O)R, NR,, cyclic-amino, NO,, and OR.

The term “alkynyl” as used herein contemplates both
straight and branched chain alkyne radicals. Preferred alkyl
groups are those containing two to fifteen carbon atoms.
Additionally, the alkynyl group may be optionally substituted
with one or more substituents selected from halo, CN, CO,R,
C(O)R, NR,, cyclic-amino, NO,, and OR.

The terms “alkylaryl” as used herein contemplates an alkyl
group that has as a substituent an aromatic group. Addition-
ally, the alkylaryl group may be optionally substituted on the
aryl with one or more substituents selected from halo, CN,
CO,R, C(O)R, NR,, cyclic-amino, NO,, and OR.

The term “heterocyclic group” as used herein contemplates
non-aromatic cyclic radicals. Preferred heterocyclic groups
are those containing 3 or 7 ring atoms which includes at least
one hetero atom, and includes cyclic amines such as mor-
pholino, piperidino, pyrrolidino, and the like, and cyclic
ethers, such as tetrahydrofuran, tetrahydropyran, and the like.

The term “aryl” or “aromatic group” as used herein con-
templates single-ring groups and polycyclic ring systems.
The polycyclic rings may have two or more rings in which
two carbons are common by two adjoining rings (the rings are
“fused”) wherein at least one of the rings is aromatic, e.g., the
other rings can be cycloalkyls, cycloalkenyls, aryl, hetero-
cycles and/or heteroaryls.

The term “heteroaryl” as used herein contemplates single-
ring hetero-aromatic groups that may include from one to
three heteroatoms, for example, pyrrole, furan, thiophene,
imidazole, oxazole, thiazole, triazole, pyrazole, pyridine,
pyrazine and pyrimidine, and the like. The term heteroaryl
also includes polycyclic hetero-aromatic systems having two
or more rings in which two atoms are common to two adjoin-
ing rings (the rings are “fused”) wherein at least one of the
rings is a heteroaryl, e.g., the other rings can be cycloalkyls,
cycloalkenyls, aryl, heterocycles and/or heteroaryls.

All value ranges, for example those given for n and m, are
inclusive over the entire range. Thus, for example, a range
between 0-4 would include the values 0, 1, 2, 3 and 4.

Embodiments include photoactive carbene ligands. A
ligand is referred to as “photoactive” because it is believed
that it contributes to the photoactive properties of the emissive
material. m represents the number of photoactive ligands. For
example, for Ir, m may be 1, 2 or 3. n, the number of “ancil-
lary” ligands of a particular type, may be any integer from
zero to one less than the maximum number of ligands that
may be attached to the metal. (X-Y) represents an ancillary
ligand. These ligands are referred to as “ancillary” because it
is believed that they may modify the photoactive properties of
the molecule, as opposed to directly contributing to the pho-
toactive properties. The definitions of photoactive and ancil-
lary are intended as non-limiting theories. For example, for Ir,
nmay be 0, 1 or 2 for bidentate ligands. Ancillary ligands for
use in the emissive material may be selected from those
known in the art. Non-limiting examples of ancillary ligands
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may be found in PCT Application Publication WO 02/15645
Al to Lamansky et al. at pages 89-90, which is incorporated
herein by reference.

The metal forming the metal-carbene bond may be selected
from a wide range of metals. Preferred metals include main
group metals, 1% row transition metals, 2"¢ row transition
metals, 37 row transition metals, and lanthanides. Although
one skilled in the art typically expects room temperature
phosphorescence only from metal atoms that exert a strong
heavy atom effect, phosphorescent emission has been
observed in Kunkley, et al. J. Organometallic Chem. 2003,
684, 113-116 for a compound with a Nickel (Ni) metal, which
is typically not expected to exert a strong heavy atom effect.
Thus, embodiments also include first row transition metal,
such as Ni, and other metals that do not normally exert a
strong heavy atom effect but exhibits phosphorescent emis-
sion when coordinated to one or more carbene ligands. More
preferred metals include 3™ row transition metals. The fol-
lowing are also preferred metals: Ir, Pt, Pd, Rh, Re, Ru, Os, T1,
Pb, Bi, In, Sn, Sb, Te, Au, and Ag. Most preferably, the metal
is Iridium.

The most preferred embodiments are N-heterocyclic car-
benes, which Bourissou has also reported as having “remark-
able stability” as free compounds in Bourissou et al. Chem
Rev. 2000, 100, 39-91.

In one embodiment, the metal-carbene compound has the
structure

Ry

R;
\Z| X
)\ M
Y
= n
R; T
(Rl)a m

and a ligand with the structure

R,
Ry .
N7
Ry \T
Rp)a

in which R* is either an aromatic or an amine group; and R?
and R* together from independently a 5 or 6-member cyclic
group, which may be cycloalkyl, cycloheteroalkyl, aryl or
heteroaryl, and which may optionally be substituted by one or
more substituents J.

In other embodiments, the metal-carbene compound may
have one of the following structures

RS\ R¢

R, -
R R
) | )

M oM

/I%A Y/ /‘%A/ Y/
R2 | RZ |

Ro)a | Ri)a
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-continued

Rz

Rs Rg|
~y7

®Rpa | Rpa |

in which the ligand has the corresponding structure selected
from:

Rs R¢ Rs R¢
R \N/ \N/
Rs J R J R; J.
\N . \Z el \N e
and
Ry T Ry T Ry T
(Rl)a (Rl)a (Rl)a
Rs R
\N/

R; .
\A’ LT
Ry |

Rp)a

in which R® and R® may be alkyl, alkenyl, alkynyl, aralkyl, R',
O—R',N(R'),, SR', C(O)R", C(O)OR', C(O)NR',, CN, CF,,
NO,, SO,, SOR', or SO;R" halo, aryl and heteroaryl; and each
R'is independently selected from H, alkyl, alkenyl, alkynyl,
heteroalkyl, aralkyl, aryl and heteroaryl; and additionally or
alternatively, one or more of R' and R?, R* and R?, R* and R>,
and R® and RS together form independently a 5 or 6-member
cyclic group, wherein said cyclic group is cycloalkyl, cyclo-
heteroalkyl, aryl or heteroaryl; and wherein said cyclic group
is optionally substituted by one or more substituents J.

In another embodiment the metal carbene compound has
the structure:

(Rl)a

and the carbene ligand has the structure

Ry
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in which R®, R®, R'°, and R'! may be alkyl, alkenyl, alkynyl,
aralkyl, R', O—R', N(R"),, SR', C(O)R', C(O)OR', C(O)NR',,
CN, CF;, NO,, SO,, SOR!, or SO;R' halo, aryl and het-
eroaryl; each R' is independently selected from H, alkyl,
alkenyl, alkynyl, heteroalkyl, aralkyl, aryl and heteroaryl; and
additionally or alternatively, one or more of R' and R, R? and
R® R®and R'°, and R and R'° together form independently
a 5 or 6-member cyclic group, wherein said cyclic group is
cycloalkyl, cycloheteroalkyl, aryl or heteroaryl; and wherein
said cyclic group is optionally substituted by one or more
substituents J.

In another embodiment, the carbene-metal compound may
have one of the structures below:

_®mj£—w>
AN,

®pa_|

in which the ligand has the structure selected from

Ro R /7 \
RS/TN) / i
RZ/KT"/ . N /K

R)a

in which each R, , may be an alkyl, alkenyl, alkynyl, aralkyl,
R', O—R', N(R"),, SR', C(O)R', C(O)OR', C(O)NR',, CN,
CF;, NO,, SO,, SOR', or SO;R' halo, aryl and heteroaryl;
each R' is independently selected from H, alkyl, alkenyl,
alkynyl, heteroalkyl, aralkyl, aryl and heteroaryl; or alterna-
tively, two R, groups on adjacent ring atoms may form a
fused 5- or 6-membered cyclic group, wherein said cyclic
group is cycloalkyl, cycloheteroalkyl, aryl or heteroaryl; and
wherein said cyclic group is optionally substituted by one or
more substituents J; and d is 0, 1, 2, 3, or 4.
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Another embodiment has a metal-carbene structure:

(Ri2)d \//_B
4

®p_]

with a ligand having the structure

(Rlz)d\

\

S

[)-..

i)
5

Rz el

\\
i

Rpa

in which each R, ; may be an alkyl, alkenyl, alkynyl, aralkyl,
R', O—R', N(R"),, SR', C(O)R', C(O)OR', C(O)NR',, CN,
CF;, NO,, SO,, SOR', or SO;R' halo, aryl and heteroaryl;
each R' is independently selected from H, alkyl, alkenyl,
alkynyl, heteroalkyl, aralkyl, aryl and heteroaryl; or alterna-
tively, two R, ; groups on adjacent ring atoms may form a
fused 5- or 6-membered cyclic group, in which the cyclic
group is cycloalkyl, cycloheteroalkyl, aryl or heteroaryl; and
which is optionally substituted by one or more substituents J;
and ¢ may be 0, 1, 2, or 3.

Preferred embodiments include metal-carbene compounds
having the structure selected from:

_ 5
&%;4;ib\
N

®)

73
(RIS)eAG
N)\\ X
| M
L Y A and

A
R B




US 8,007,926 B2
23 24

-continued in which the ligand has the structure

Z3
<R”>r@>\
N N ﬁx) 5 73
M D,
% <R15>e—€@>~
\ N/ Y n N) N

>

R, B

= —m 10 R, —r

with corresponding ligands having the structures selected

from
Preferably, the compound has the structure:

15

72 72
(Rls)EAG \ (Rls)EAGD \ B Ryo /Rs_
N
.-» and 20 /D\
R¢ N N X
R*), (RM)bO /Mjé )
R,
RS, 4( 25

N

14 —
R B 30 Rjo Rg

/
I )
in which Z* may be O, S, N—R®, or P—R; and ring B is R¢ N)\ X

independently an aromatic cyclic, heterocyclic, fused cyclic, 35 >M1< >
or fused heterocyclic ring with at least one carbon atom x N/ Yoo
coordinated to metal M, in which ring B may be optionally
substituted with one or more substituents R, ,; and ring D is
independently a cyclic, heterocyclic, fused cyclic, or fused
heterocyclic ring with at least one carbon atom coordinated to 49
metal M, in which ring B may be optionally substituted with
one or more substituents R, 5; and R, , and R, 5 are indepen-
dently selected from alkyl, alkenyl, alkynyl, aralkyl, R', ~ Ryo Re |
O—R', N(R"),, SR', C(O)R', C(O)OR', C(O)NR',, CN, CF;,
NO,, SO,, SOR!, or SO;R" halo, aryl and heteroaryl; each R' 45 / N
is independently selected from H, alkyl, alkenyl, alkynyl, _))\
heteroalkyl, aralkyl, aryl and heteroaryl; or alternatively, two N X
R, groups on adjacent ring atoms and R, 5 groups on adjacent | | M
ring atoms form a fused 5- or 6-membered cyclic group, in AN n
which the cyclic group is cycloalkyl, cycloheteroalkyl, arylor so R, B
heteroaryl; and which is optionally substituted by one or more
substituents J; b may be 0, 1, 2, 3, or 4; and e may be 0, 1, 2,
or 3.

In one embodiment the metal-carbene compound has the
structure:

R, B

W
o

and the ligand has the structure:

®9,— Do N N
N NG LX 60 I I
/M<Y> N) )

x

R4, —
L /_ 65 (Rig)o Q (Righo ﬁ
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Ryg /R6

Rg¢

/ N
) o
|
N .o
SN
(RM)b@
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More preferably the metal-carbene has a structure selected

from:

K

Riake

\

R4k

and
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-continued

e
Ryako
Rio R¢

|

e

(Ri4)o

Re

X
\M and the ligand from
L~ v
n

and

Another preferred embodiment has the structure:
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in which Ry is an alkyl or aryl group. In a most preferred
embodiment, the metal is Ir. Preferably, m is 3 and n is 0. In
one embodiment, R is methyl. In another embodiment m is 2
and n is one. The ancillary ligand X-Y may have one of the
following structures:

X
AN
2N~
. N.
AN oL,
g o’

Other preferred ancillary ligands are acetylacetonate,
picolinate, and their derivatives.

Other preferred embodiments have the following general
structures:

L Rig)a

™ Rio
e |

\/j\
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- -continued
12)d R |
\/ Il\I
N
OON
/
X
Ria—1
Rio /Ré_
I )
R¢ N)\

|
5

in which the ligands have the structure

Rg¢

(Ri2)d

N

/\~> (R
/

\
A

Xy’

I/¢

(Ri4)a

Rg

S N,—

I/J

Ry4)a

= |
N
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and more preferred ligands have the following corresponding

structures
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_continued Preferably, the metal-carbene compound has the structure:

/ / /

-~

| R N N :ﬁx\)
) g g N Y Y/,
_ \ / 10 (Rig)e

Ryo y /Rs
/ / : y
{ N A N/\ ))\
/ ) / )‘ ) 1 \M *
N N ™ | v
. and . 20 Rig)y
‘ ‘ 23 and the carbene ligand has the structure
Q /Ré Rio /Ré
N—N >/— N
30 / ))‘*-.__ N\ )\_\
Other embodiments may have the general structure: Rg N Ttoor N -
r Re ] Rigky . Ria)s "—
35

- N/
AN

X
:M Other preferred embodiments include:
\ / Y n or
Ry T

40 — —_

®pa_|

[ Ry Rs | R
/ N—

Dl | AR
R)\/:M%LY), A >M<¢Y>n
)

|
50 Riddoe

Rpa_] s

— —'m

N

and the ligands may have the corresponding structure s

R Ro R k_ﬂ(
N—N >—N N
/4 . N/ . 60 \N)\
Ry ) e

X
Sa ~N b N
N “s.. and N " /M<tY>
Lo ’_/ \ n
Ry T Ry

1|¥ ’ (Ria)o _:

Ry Ry), 63
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_continued In other embodiments, the carbene ligand may be substi-
Rp2)g tuted to affect charge transport. For example, a triarylamine
/ | \\l Rplg (TAA), which has been used as a hole transport material, may
R, be a substituent, as shown in the partial structure below:
= f\ / 6 5 P
/ N N—N
Iy, Sd)
N N N *
| \N“,' | \N"—’ 10
N
|\) /\) y N/
Rig)a ®ig) \C
15 N/ \M.
Ry R Ri2)q y 0
‘|/ N/ ’ * \> This type of substitution may also be designed to trap charges
\ / N to control recombination in the emissive layer, which may
NG ))~\ / )} lead to more stable and efficient devices.
N .
Ny e 5 Other embodiments include tripodal ligands, such as those
x N‘/ shown below. Substituents may include groups that are
| o believed to be emissive or have charge transport properties.
= |
Ri4)a / &

Ri4)a 30 m
NN N

R4 R Rzl %, 35 R M R
—’\N_N/ C/ J
O N O
N T N N
40
\‘4’ \"‘v

N~ N~
(Ria)a (Ria)a 45 Q

Other embodiments also include compounds having ancil-
lary carbene ligands. For example, the dopant in the device of
Examples 13 and 14 is an Iridium compound having two sq
photoactive phenylpyridine (ppy) ligands and one carbene
ancillary ligand:

55

65
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-continued

Other embodiments that may be preferred for include car-
benes that exhibit improved stability or are easier to synthe-
size. These include hexadentate carbene complexes, which
may be linked by a phenyl ring, for example:

Z,

™~

and complexes wherein the rings of the ligand are strapped,

for example:
N N.
B [ -
AU
B

/

strapped /

<
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Other embodiments include tridentate osmium complexes.
Preferably, the complex has two carbenes and one anionic
phenyl ring, such as:

N N
/
Os
>
Sy N

/N N
Os .

2

\N N

Other embodiments include:

Table 38 lists partial structures of carbene compounds (“A”
part of the ligand), which in combination with the partial
structures listed in Table 39 (“B” part of the ligand) make up
additional embodiments. Specifically, representative
embodiments include compounds having the core chemical
structure of AxBy, wherein x is an integer from 1 to 47,
preferably 1, 2,5,6,7,18,19,20,33, or 35, and y is an integer
from 1 to 86, preferably 1, 4, 10, 12, 55, 56, 59,61, 62, 65, 66,
69,70, 71, or 72. Preferably, the Ral substituent is an alkyl, an
un-substituted aryl group, or an aryl group substituted with
one or more electron donor groups, such as alkylamine,
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alkoxy, alkyl, or thiol groups, or electron acceptor groups,
such as carboxylate, carbonyl, cyano, sulfoxide, sulfone,
nitro, or phenyl groups, and the remaining Ra-substituents
and Rb-substituents may be H, an alkyl group, an un-substi-
tuted aryl group, or an aryl group substituted with one or more
electron donor or electron acceptor groups. Specific repre-
sentative embodiments are shown in Tables 1-37, wherein the
carbon and nitrogen positions are numbered for the conve-
nient use of these tables. Some preferred embodiments are
shown in Table 41. Other embodiments are shown in Table 40.

Preferred “B” parts of the carbene ligand include triph-
enylenes, e.g., B29 and B46, fluorenes, e.g., B55-B60, and
carbazoles, e.g., B61-B66, which are believed to have high
triplet energies and may be potential blue phosphors. In addi-
tion, it is well known in the art that carbazole is a stable host
and is used in hole transport layers in OLEDs. Other “B” parts
ofthe carbene ligand may be useful as red or green emitters or
charge transporters. When a heteroatom not bound to the
metal is present in the A or B ring, it is preferred that the
heteroatom-carbon bonds are single bonds (e.g., B67, B70,
B73, B76, and B79) rather than double bonds because it is
believed that the heteroatom-carbon double bonds may be
more susceptible to nucleophilic attacks which may lead to
reduced device stability.

It is also believed that nitrogen containing heterocyclic
rings with no formal double bonds to the nitrogen, e.g., B67,
B70, B73, B76, and B79 lead to better device stability.

Each specific individual compound may be represented as
“AxBy-z1-z2,” wherein z1-7z2 is the compound number
(“Cpd No.”) as shown in the tables. For the z1-z2 component,
the prefix z1 corresponds to the table number and the suffix z2
corresponds to the line number of that table, thus specifically
identifying the individual compound. For example, for the
core chemical structure of A1B1, which has two carbon atoms
available for substitution on the “A” part of the ligand and
four available carbon atoms on the “B” part of the ligand,
Table 2 is used, since it lists specific embodiments for a
structure having two available carbon atoms on the “A” part of
the ligand and four available carbon atoms on the “B” part of
the ligand. Thus, for the compound having the identifying
number “A1B1-2-1,” Ral is methyl and Ra2, Ra3, Rb1, Rb2,
Rb3 and Rb4 are each H; for “A1B1-2-2,” Ral and Rbl1 are
each methyl and Ra2, Ra3,Rb2, Rb3 and Rb4 are each H; and
for “A1B1-2-3,” Ral and Rb2 are each methyl and Ra2, Ra3,
Rb1, Rb3 and Rb4 are each H.

For AxBy complexes wherein m=3, there are known to be
two stereo-isomers, one that is typically referred to as the
“mer” isomer and the other as the “fac” isomer. Thus, using
the compound identifying terminology, as defined herein, the
mixture of both isomers is identified as “AxBy-z1-7z2.”
whereas the “mer” isomer is identified as “mer-AxBy-z1-z2,”
and the “fac” isomer, as “fac-AxBy-z1-z2.”” As would be
understood by one skilled in the art, steric considerations may
either limit or favor the synthesis of particular embodiments.
For example, having large bulky groups on adjacent positions
could hinder the synthesis of certain compounds. Alterna-
tively, there may be particular groups that improve ease of
synthesis, solubility, sublimation temperature, and/or thermal
stability of certain compounds. For example, for each of the
embodiments having a ligand with a fluorene group, such as
the B55, B56 or BS9 groups, or a carbazole group, such as the
B61, B62, B65 or B66 groups, the methyl groups that are on
the methylene carbon of fluorene groups, for example, the R7
and R8 positions on B55, or on the N-atom of the carbazole
group, for example, the R7 position of B61, the methyl groups
that are shown in the tables at these positions may instead
readily be phenyl groups that form highly stable compounds.
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Thus, as specific representative embodiments, the phos-
phorescent material may be a compound having the core
chemical structure of A1B1, wherein M is Ir, m=3, n=0, and
each R-substituent is H, methyl (“Me”) or phenyl (“Ph”), with
specific individual compounds having the core chemical
structure of A1B1 being listed in Table 2.

As further specific representative embodiments, the phos-
phorescent material may be a compound having the core
chemical structure of A1B4, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A1B4 being listed in Table 3.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A1B10, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A1B10 being listed in Table 5.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A1B12, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A1B12 being listed in Table 5.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A1B55, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A1B55 being listed in Table 33

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A1B56, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A1B56 being listed in Table 33.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A1B59, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A1B59 being listed in Table 33.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A1B61, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A1B61 being listed in Table 4.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A1B62, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A1B62 being listed in Table 4.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A1B65, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A1B65 being listed in Table 4.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A1B66, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A1B66 being listed in Table 4.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A1B69, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A1B69 being listed in Table 1.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A1B70, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A1B70 being listed in Table 21.
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As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A1B71, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A1B71 being listed in Table 2.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A1B72, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A1B72 being listed in Table 2.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A2B1, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A2B1 being listed in Table 12.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A2B4, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A2B4 being listed in Table 13.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A2B10, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A2B10 being listed in Table 15.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A2B12, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A2B12 being listed in Table 15.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A2B55, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A2B55 being listed in Table 35

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A2B56, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A2B56 being listed in Table 35.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A2B59, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A2B59 being listed in Table 35.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A2B61, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A2B61 being listed in Table 14.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A2B62, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A2B62 being listed in Table 14.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A2B65, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A2B65 being listed in Table 14.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A2B66, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A2B66 being listed in Table 14.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
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chemical structure of A2B69, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A2B69 being listed in Table 11.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A2B70, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A2B70 being listed in Table 23.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A2B71, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A2B71 being listed in Table 12.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A2B72, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A2B72 being listed in Table 12.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of ASB1, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A5B1 being listed in Table 2.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of ASB4, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A5B4 being listed in Table 3.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of ASB10, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of ASB10 being listed in Table 5.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of ASB12, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A5B12 being listed in Table 5.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of ASB55, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A5B55 being listed in Table 33

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of ASB56, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of ASB56 being listed in Table 33.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of ASB59, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A5B59 being listed in Table 33.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of ASB61, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A5B61 being listed in Table 4.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of ASB62, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A5B62 being listed in Table 4.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of ASB65, wherein M is Ir, m=3, n=0, with
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specific individual compounds having the core chemical
structure of A5B65 being listed in Table 4.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of ASB66, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of ASB66 being listed in Table 4.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of ASB69, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A5B69 being listed in Table 1.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of ASB70, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of ASB70 being listed in Table 21.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of ASB71, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A5SB71 being listed in Table 2.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A5SB72, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A5SB72 being listed in Table 2.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A6B1, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A6B1 being listed in Table 17.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A6B4, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A6B4 being listed in Table 18.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A6B10, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A6B10 being listed in Table 20.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A6B12, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A6B12 being listed in Table 20.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A6B55, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A6B55 being listed in Table 36

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A6B56, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A6B56 being listed in Table 36.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A6B59, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A6B59 being listed in Table 36.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A6B61, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A6B61 being listed in Table 19.
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As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A6B62, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A6B62 being listed in Table 19.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A6B65, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A6B65 being listed in Table 19.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A6B66, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A6B66 being listed in Table 19.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A6B69, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A6B69 being listed in Table 16.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A6B70, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A6B70 being listed in Table 24.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A6B71, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A6B71 being listed in Table 17.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A6B72, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A6B72 being listed in Table 17.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A7B1, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A7B1 being listed in Table 26.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A7B4, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A7B4 being listed in Table 28.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A7B10, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A7B10 being listed in Table 30.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A7B12, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A7B12 being listed in Table 30.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A7B55, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A7B55 being listed in Table 37

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A7B56, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A7B56 being listed in Table 37.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
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chemical structure of A7B59, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A7B59 being listed in Table 37.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A7B61, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A7B61 being listed in Table 29.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A7B62, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A7B62 being listed in Table 29.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A7B65, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A7B65 being listed in Table 29.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A7B66, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A7B66 being listed in Table 29.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A7B69, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A7B69 being listed in Table 25.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A7B70, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A7B70 being listed in Table 27.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A7B71, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A7B71 being listed in Table 26.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A7B72, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A7B72 being listed in Table 26.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A18B1, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A18B1 being listed in Table 12.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A18B4, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A18B4 being listed in Table 13.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A18B10, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A18B10 being listed in Table 15.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A18B12, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A18B12 being listed in Table 15.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A18B55, wherein M is Ir, m=3, n=0,
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with specific individual compounds having the core chemical
structure of A18B55 being listed in Table 35

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A18B56, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A18B56 being listed in Table 35.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A18B59, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A18B59 being listed in Table 35.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A18B61, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A18B61 being listed in Table 14.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A18B62, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A18B62 being listed in Table 14.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A18B65, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A18B65 being listed in Table 14.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A18B66, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A18B66 being listed in Table 14.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A18B69, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A18B69 being listed in Table 11.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A18B70, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A18B70 being listed in Table 23.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A18B71, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A18B71 being listed in Table 12.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A18B72, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A18B72 being listed in Table 12.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A19B1, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A19B1 being listed in Table 7.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A19B4, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A19B4 being listed in Table 8.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A19B10, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A19B10 being listed in Table 10.



US 8,007,926 B2

51

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A19B12, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A19B12 being listed in Table 10.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A19B55, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A19B55 being listed in Table 34.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A19B56, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A19B56 being listed in Table 34.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A19B59, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A19B59 being listed in Table 34.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A19B61, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A19B61 being listed in Table 9.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A19B62, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A19B62 being listed in Table 9.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A19B65, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A19B65 being listed in Table 9.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A19B66, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A19B66 being listed in Table 9.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A19B69, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A19B69 being listed in Table 6.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A19B70, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A19B70 being listed in Table 22.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A19B71, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A19B71 being listed in Table 7.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A19B72, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A19B72 being listed in Table 7.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A20B1, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A20B1 being listed in Table 7.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
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chemical structure of A20B4, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A20B4 being listed in Table 8.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A20B10, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A20B10 being listed in Table 10.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A20B12, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A20B12 being listed in Table 10.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A20B55, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A20B55 being listed in Table 34.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A20B56, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A20B56 being listed in Table 34.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A20B59, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A20B59 being listed in Table 34.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A20B61, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A20B61 being listed in Table 9.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A20B62, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A20B62 being listed in Table 9.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A20B65, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A20B65 being listed in Table 9.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A20B66, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A20B66 being listed in Table 9.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A20B69, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A20B69 being listed in Table 6.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A20B70, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A20B70 being listed in Table 22.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A20B71, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A20B71 being listed in Table 7.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A20B72, wherein M is Ir, m=3, n=0,
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with specific individual compounds having the core chemical
structure of A20B72 being listed in Table 7.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A33B1, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A33B1 being listed in Table 7.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A33B4, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A33B4 being listed in Table 8.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A33B10, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A33B10 being listed in Table 10.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A33B12, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A33B12 being listed in Table 10.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A33B55, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A33B55 being listed in Table 34.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A33B56, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A33B56 being listed in Table 34.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A33B59, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A33B59 being listed in Table 34.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A33B61, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A33B61 being listed in Table 9.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A33B62, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A33B62 being listed in Table 9.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A33B65, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A33B65 being listed in Table 9.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A33B66, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A33B66 being listed in Table 9.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A33B69, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A33B69 being listed in Table 6.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A33B70, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A33B70 being listed in Table 22.
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As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A33B71, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A33B71 being listed in Table 7.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A33B72, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A33B72 being listed in Table 7.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A35B1, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A35B1 being listed in Table 17.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A35B4, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of A35B4 being listed in Table 18.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A35B10, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A35B10 being listed in Table 20.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A35B12, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A35B12 being listed in Table 20.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A35B55, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A35B55 being listed in Table 36

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A35B56, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A35B56 being listed in Table 36.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A35B59, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A35B59 being listed in Table 36.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A35B61, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A35B61 being listed in Table 19.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A35B62, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A35B62 being listed in Table 19.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A35B65, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A35B65 being listed in Table 19.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A35B66, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A35B66 being listed in Table 19.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
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chemical structure of A35B69, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A35B69 being listed in Table 16.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A35B70, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A35B70 being listed in Table 24.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A35B71, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A35B71 being listed in Table 17.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of A35B72, wherein M is Ir, m=3, n=0,
with specific individual compounds having the core chemical
structure of A35B72 being listed in Table 17.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of C1, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of C1 being listed in Table 31.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of C2, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of C2 being listed in Table 31.

As still further specific representative embodiments, the
phosphorescent material may be a compound having the core
chemical structure of C3, wherein M is Ir, m=3, n=0, with
specific individual compounds having the core chemical
structure of C3 being listed in Table 32.

Any one of the preceding specific representative embodi-
ments may be selected so as to achieve particular desired
device characteristics, for example, emission color, stability,
HOMO and/or LUMO energy levels, and/or electron or hole
trapping properties of the material. In addition, any one of the
preceding specific representative embodiments may be fur-
ther substituted, for example, with additional electron donor
or electron acceptor groups, so as to further adjust certain
device properties, such as emission color or stability. For
example, any one of the compounds referred to in Tables 1-37
may include one or more additional methyl or phenyl groups,
and/or the methyl and/or phenyl groups may be replaced with
other aryl or alkyl groups such as ethyl or t-butyl. In addition,
one or more of the AxBy ligands of the tris-iridium compound
may be replaced with an ancillary “X-Y” ligand, also so as to
further adjust the specific device properties, such as emission
color or stability. The ancillary “X-Y” ligand may be one or
more ligands selected from the group consisting of mono-
dentate, bi-dentate, tri-dentate or tetra-dentate ligands. The
ancillary ligand may be another organometallic ligand, such
as another carbene ligand, or a non-organometallic ligand,
such as acetoacetonate and others previously mentioned.
Moreover, the iridium atom of any one of the preceding
specific representative embodiments may be replaced with
another metal atom so as to further adjust particular device
properties, such as emission color or stability. The metal
atom, other than Ir, may be any 3’“ row transition metals,
preferably Pt, Pd, Rh, Re, Ru, Os, T1, Pb, Bi, In, Sn, Sb, Te,
Au, or Ag, more preferably, Pt, Rh, Re, Au, Os, or Ru, and
most preferably, Pt.

In addition, any one of the specific representative embodi-
ments may be selected, as listed, or as further modified, so that
the materials may be used as an ETL, an HTL, a hole blocking
layer, an electron blocking layer, or an exciton blocking layer.
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In such cases, the compounds may be selected, and/or modi-
fied, so as to improve the electron and/or hole conductivity of
the material.

The carbene-carbon atom that is bound to the metal atom
may in some cases be conjugated with a quaternized N-alkyl
unit, which in combination with the carbene-carbon atom
may be drawn as a valid zwitter-ion resonance structure, with
the carbene-carbon atom and the quaternized nitrogen atom
being part of a heterocyclic aromatic ring, such as described
in Take-aki Koizumi et al., “Terpyridine-Analogous (N,N,C)-
Tridentate Ligands; Synthesis, Structures, and Electrochemi-
cal Properties of Ruthenium (IT) Complexes Bearing Triden-
tate  Pyridinium  and  Pyridinylidene  Ligands,”
Organometallics, Vol 22, pp. 970-975 (2003), wherein the
nitrogen atom is, for example, in the para position relative to
the carbene-carbon atom. Thus, insofar as a carbene may be
properly characterized as having a valid zwitter-ion reso-
nance structure, such a ligand is represented, for example, by
the ligands that include the B19 unit as part of the ligand.

One of the unifying features of the preferred representative
embodiments that are specifically disclosed herein is that they
all have as a core part of their chemical structure a cyclomet-
allated, five-member, ring, which includes a metal atom
bound to two carbon atoms within the ring, wherein one of the
metal-carbon bonds is a metal-carbene bond and the other is
a metal-mono-anionic carbon bond. Such structures are
analogous to the metal-ppy-based complexes that are typi-
cally used in phosphorescent OLEDs. Such metal-ppy-based
chemical structures also have a cyclometallated, five-mem-
ber, ring as a core part of their chemical structure, except that
the metal is bound to a single carbon atom, via a metal-mono-
anionic carbon bond, and to a nitrogen atom instead of a
carbene carbon. Because of the close structural analogy
between the carbene-based complexes disclosed herein and
metal-ppy-based complexes, it is believed herein that selec-
tion of the specifically preferred AxBy complexes may be
based on considerations similar to those used to selected the
preferred metal-ppy-based complexes. For example, since
iridium and platinum are the most commonly preferred met-
als of the phosphorescent metal-ppy-based complexes, due to
the very high spin-orbit coupling between the metal atom and
the carbon atom, these same two metals are the most preferred
metals for use in combination with the carbene-based ligands,
but with iridium being more highly preferred. Similarly, it is
believed that the methods and materials that have proven
useful for achieving the desired characteristics for metal-ppy-
based complexes, such as emission color, thermal stability,
ease of chemical synthesis, solubility, sublimation tempera-
ture, HOMO and LUMO energy levels, and/or reduction of
the room temperature losses in quantum efficiency due to
quenching of the phosphorescence that may be observed at
77K, may also be applied to selecting the preferred metal-
carbene complexes.

It is also believed that the presence of the metal-carbene
bond, with its unique chemical characteristics, will lead to
further particular benefits and advantages that are unique to
metal-carbene complexes, and that may not be readily pre-
dicted based on their metal-ppy-based analogues.

TABLE 1
Cpd No. Ral Ra2 Ra3 Rbl Rb2
1-1 Me H H H H
1-2 Me H H Me H
13 Me H H H Me
1-4 Me H H Ph H



US 8,007,926 B2

57 58
TABLE 1-continued TABLE 2-continued
Cpd No Ral Ra2 Ra3 Rbl Rb2 CpdNo.  Ral Ra2 Ra3 Rbl Rb2 Rb3 Rb4
1-5 Me H H H Ph 2-25 Me Me H H Ph H H
1-6 Ph H H H H 5 226 Me Me H H H Ph H
1-7 Ph H H Me H 2-27 Me Me H H H H Ph
1-8 Ph H H H Me 2-28 Ph Me H H H H H
1-9 Ph H H Ph H 2-29 Ph Me H Me H H H
1-10 Ph H H H Ph 2-30 Ph Me H H Me H H
1-11 Me Me H H H 2-31 Ph Me H H H Me H
1-12 Me Me H Me H 10 2-32 Ph Me H H H H Me
1-13 Me Me H H Me 2-33 Ph Me H Ph H H H
1-14 Me Me H Ph H 2-34 Ph Me H H Ph H H
1-15 Me Me H H Ph 2-35 Ph Me H H H Ph H
1-16 Ph Me H H H 2-36 Ph Me H H H H Ph
1-17 Ph Me H Me H 2-37 Me H Me H H H H
1-18 Ph Me H H Me 15 238 Me H Me Me H H H
1-19 Ph Me H Ph H 2-39 Me H Me H Me H H
1-20 Ph Me H H Ph 2-40 Me H Me H H Me H
1-21 Me H Me H H 2-41 Me H Me H H H Me
1-22 Me H Me Me H 2-42 Me H Me Ph H H H
1-23 Me H Me H Me 2-43 Me H Me H Ph H H
1-24 Me H Me Ph H 2-44 Me H Me H H Ph H
1-25 Me H Me H Ph 20 2.5 Me H Me H H H Ph
1-26 Ph H Me H H 2-46 Ph H Me H H H H
1-27 Ph H Me Me H 2-47 Ph H Me Me H H H
1-28 Ph H Me H Me 2-48 Ph H Me H Me H H
1-29 Ph H Me Ph H 2-49 Ph H Me H H Me H
1-30 Ph H Me H Ph 2-50 Ph H Me H H H Me
1-31 Me Ph H H H 25 2-51 Ph H Me Ph H H H
1-32 Me Ph H Me H 2-52 Ph H Me H Ph H H
1-33 Me Ph H H Me 2-53 Ph H Me H H Ph H
1-34 Me Ph H Ph H 2-54 Ph H Me H H H Ph
1-35 Me Ph H H Ph 2-55 Me Ph H H H H H
1-36 Ph Ph H H H 2-56 Me Ph H Me H H H
1-37 Ph Ph H Me H 30 2-57 Me Ph H H Me H H
1-38 Ph Ph H H Me 2-58 Me Ph H H H Me H
1-39 Ph Ph H Ph H 2-59 Me Ph H H H H Me
1-40 Ph Ph H H Ph 2-60 Me Ph H Ph H H H
1-41 Me H Ph H H 2-61 Me Ph H H Ph H H
L4 Me - Ph Me - 2-62 Me Ph H H H Ph H
1-43 Me H Ph H Me 35 263 Me Ph H H H H Ph
Lz Mo q P h H 2-64 Ph Ph H H H H H
2-65 Ph Ph H Me H H H
1-45 Me H Ph H Ph
L Bh H Ph H H 2-66 Ph Ph H H Me H H
2-67 Ph Ph H H H Me H
1-47 Ph H Ph Me H 2-68 Ph P H H H H Me
1-48 Ph H Ph H Me 2-69 Ph Ph  H Ph H H H
1-49 Ph H Ph Ph H 40 579 Ph P H H Ph H H
1-50 Ph H Ph H Ph 2-71 Ph Ph H H H Ph H
2-72 Ph Ph H H H H Ph
2-73 Me H Ph H H H H
2-74 Me H Ph Me H H H
TABLE 2 2-75 Me H Ph H Me H H
45 276 Me H Ph H H Me H
CpdNo. Ral  Ra2 Ra3  Rbl Rb2  Rb3  Rb4 277 Me H  Ph H o H H Me
2-78 Me H Ph Ph H H H
2-1 Me H H H H H H 2-79 Me H Ph H Ph H H
22 Me H H Me H H H 2-80 Me H Ph H H Ph H
2-3 Me H H H Me H H 2-81 Me H Ph H H H Ph
2-4 Me H H H H Me H 50 2-82 Ph H Ph H H H H
25 Me H H H H H Me 2-83 Ph H  Ph Me H H H
26 Me — H H PhoH H H 2-84 Ph H Ph H Me H H
27 Me H H H Ph H H 285 Ph H  Ph H H Me H
28 Me 1L L Ph H 2-86 Ph H Ph H H H Me
29 Me H H H H H Ph
2-87 Ph H Ph Ph  H H H
210 Fh oo oo H i 55 288 Ph H Ph H Ph H H
2-11 Ph H H Me H H H
212 Ph H  H o Me H H 2-89 Ph H Ph H H Ph H
513 Ph H = H . Me u 2-90 Ph H Ph H H H Ph
2-14 Ph H H H H H Me
2-15 Ph H H Ph H H H
2-16 Ph H H H Ph H H
2-17 Ph H H H H Ph H 60 TABLE 3
2-18 Ph H H H H H Ph
2-19 Me Me H H H H H Cpd
2-20 Me Me H Me H H H No. Ral Ra2 Ra3 Rbl Rb2 Rb3 Rb4 Rb5S Rb6
2-21 Me Me H H Me H H
2-22 Me Me H H H Me H 31 Me H H H H H H H H
2-23 Me Me H H H H Me 65 32 Me H H Me H H H H H
2-24 Me Me H Ph H H H 33 Me H H H Me H H H H
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TABLE 3-continued TABLE 3-continued
Cpd Cpd
No. Ral Ra2 Ra3 Rbl Rb2 Rb3 Rb4 RbS Rb6 No. Ral Ra2 Ra3 Rbl Rb2 Rb3 Rb4 RbS Rb6
34 Me H H H H Me H H H 5 368 Phh H Me H Me H H H H
35 Me H H H H H Me H H 369 Pphh H Me H H Me H H H
36 Me H H H H H H Me H 370 Pphh H Me H H H Me H H
37 Me H H H H H H H Me 3710 Pphh H Me H H H H Me H
3 Me H H Ph H H H H H 372 Phh H Me H H H H H Me
30 Me H H H P H H H H 373 Pphh H Me Ph H H H H H
310 Me H H H H Ph H H H 10374 Phh H Me H Ph H H H H
3110 Me H H H H H Ph H H 375 Pphh H Me H H Ph H H H
312 Me H H H H H H Ph H 376 Phh H Me H H H Ph H H
313 Me H H H H H H H Ph 377 Pphh H Me H H H H Ph H
34 Phh H H H H H H H H 378 Phh H Me H H H H H Ph
315 Ph H H Me H H H H H 379 Me Phh H H H H H H H
316 Ph H H H Me H H H H s 3% Me Ph H Me H H H H H
317 Pphh H H H H Me H H H 381 Me Ph H H Me H H H H
3¢ Pphh H H H H H Me H H 382 Me Ph H H H Me H H H
319 phh H H H H H H Me H 383 Me Ph H H H H Me H H
320 Phh H H H H H H H Me 38 Me Ph H H H H H Me H
320 Phh H H Ph H H H H H 385 Me Ph H H H H H H Me
322 Phh H H H P H H H H 38 Me Ph H Ph H H H H H
323 Pph H H H H Ph H H H 20 387 Me Ph H H Ph H H H H
324 Phh H H H H H Ph H H 38 Me Ph H H H Ph H H H
32 Pphh H H H H H H Ph H 389 Me Ph H H H H Ph H H
326 Phh H H H H H H H Ph 390 Me Ph H H H H H Ph H
327 Me Me H H H H H H H 300 Me Ph H H H H H H Ph
326 Me Me H Me H H H H H 392 Pphh Ph H H H H H H H
320 Me Me H H Me H H H H 25393 Phh Ph H Me H H H H H
330 Me Me H H H Me H H H 304 Phh Ph H H Me H H H H
331 Me Me H H H H Me H H 305 Pphh Ph H H H Me H H H
332 Me Me H H H H H Me H 396 Phh Phh H H H H Me H H
333 Me Me H H H H H H Me 397 Phh Ph H H H H H Me H
334 Me Me H Ph H H H H H 308 Phh Ph H H H H H H Me
335 Me Me H H Ph H H H H 3039 P Ph H Ph H H H H H
336 Me Me H H H Ph H H H 3100Ph Ph H H Ph H H H H
337 Me Me H H H H Ph H H 300Pph Ph H H H P H H H
338 Me Me H H H H H Ph H 3100pPh Ph H H H H Ph H H
330 Me Me H H H H H H Ph 3103Ph Ph H H H H H Ph H
340 Phh Me H H H H H H H 3104Ph Ph H H H H H H Ph
340 Phh Me H Me H H H H H 4305Me H P H H H H H H
342 Phh Me H H Me H H H H 3106 Me H Ph Me H H H H H
343 Phh Me H H H Me H H H 3100Me H Ph H Me H H H H
344 Phh Me H H H H Me H H 3108 Me H Ph H H Me H H H
345 Phh Me H H H H H Me H 3100 Me H Ph H H H Me H H
346 Phh Me H H H H H H Me 310 Me H Ph H H H H Me H
347 Phh Me H Ph H H H H H 3111 Me H Ph H H H H H Me
348 Phh Me H H P H H H H 40312Me H Ph Ph H H H H H
340 Phh Me H H H Ph H H H 3113 Me H Ph H Ph H H H H
350 Phh Me H H H H Ph H H 314 Me H Ph H H Ph H H H
351 Phh Me H H H H H Ph H 3115 Me H Ph H H H Ph H H
35 Phh Me H H H H H H Ph 3116 Me H Ph H H H H Ph H
353 Me H Me H H H H H H 3117 Me H Ph H H H H H Ph
354 Me H Me Me H H H H H 453118 Ph H Ph H H H H H H
355 Me H Me H Me H H H H 319 Ph H Ph Me H H H H H
3 Me H Me H H Me H H H 3120 Ph H Ph H Me H H H H
357 Me H Me H H H Me H H 31210 ph H Ph H H Me H H H
358 Me H Me H H H H Me H 3122ph H Ph H H H Me H H
35 Me H Me H H H H H Me 3123 ph H Ph H H H H Me H
360 Me H Me Ph H H H H H S0 3124Ph H Ph H H H H H Me
361 Me H Me H Ph H H H H 3125 ph H Ph Ph H H H H H
362 Me H Me H H Ph H H H 3126 Ph H Ph H Ph H H H H
363 Me H Me H H H Ph H H 3127 Ph H Ph H H Ph H H H
364 Me H Me H H H H Ph H 3128 Ph H Ph H H H Ph H H
365 Me H Me H H H H H Ph 3129 Ph H Ph H H H H Ph H
366 Phh H Me H H H H H H 55 3130Ph H P H H H H H Ph
367 Phh H Me Me H H H H H

TABLE 4
CpdNo.  Ral Ra2 Ra3 Rbl Rb2 Rb3 Rb4 Rb5S Rb6 Rb7
42 Me H H Me H H H H H Me
4-3 Me H H H Me H H H H Me
4-4 Me H H H H Me H H H Me
4-5 Me H H H H H Me H H Me
4-6 Me H H H H H H Me H Me
4-7 Me H H H H H H H Me Me
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TABLE 4-continued
CpdNo. Ral Ra2 Ra3 Rbl Rb2 Rb3 Rb4 Rb5S Rb6 Rb7
4-8 Me H H Ph H H H H H Me
4-9 Me H H H Ph H H H H Me
4-10 Me H H H H Ph H H H Me
4-11 Me H H H H H Ph H H Me
4-12 Me H H H H H H Ph H Me
4-13 Me H H H H H H H Ph  Me
4-14 Ph H H H H H H H H Me
4-15 Ph H H Me H H H H H Me
4-16 Ph H H H Me H H H H Me
4-17 Ph H H H H Me H H H Me
4-18 Ph H H H H H Me H H Me
4-19 Ph H H H H H H Me H Me
4-20 Ph H H H H H H H Me Me
421 Ph H H Ph H H H H H Me
4-22 Ph H H H Ph H H H H Me
4-23 Ph H H H H Ph  H H H Me
4-24 Ph H H H H H Ph H H Me
425 Ph H H H H H H Ph H Me
4-26 Ph H H H H H H H Ph  Me
4-27 Me Me H H H H H H H Me
428 Me Me H Me H H H H H Me
4-29 Me Me H H Me H H H H Me
4-30 Me Me H H H Me H H H Me
431 Me Me H H H H Me H H Me
4-32 Me Me H H H H H Me H Me
4-33 Me Me H H H H H H Me Me
4-34 Me Me H Ph H H H H H Me
4-35 Me Me H H Ph H H H H Me
4-36 Me Me H H H Ph  H H H Me
4-37 Me Me H H H H Ph H H Me
4-38 Me Me H H H H H Ph H Me
4-39 Me Me H H H H H H Ph  Me
4-40 Ph Me H H H H H H H Me
4-41 Ph Me H Me H H H H H Me
4-42 Ph Me H H Me H H H H Me
4-43 Ph Me H H H Me H H H Me
4-44 Ph Me H H H H Me H H Me
4-45 Ph Me H H H H H Me H Me
4-46 Ph Me H H H H H H Me Me
4-47 Ph Me H Ph H H H H H Me
4-48 Ph Me H H Ph H H H H Me
4-49 Ph Me H H H Ph H H H Me
4-50 Ph Me H H H H Ph H H Me
4-51 Ph Me H H H H H Ph H Me
4-52 Ph Me H H H H H H Ph  Me
4-53 Me H Me H H H H H H Me
4-54 Me H Me Me H H H H H Me
4-55 Me H Me H Me H H H H Me
4-56 Me H Me H H Me H H H Me
4-57 Me H Me H H H Me H H Me
4-58 Me H Me H H H H Me H Me
4-59 Me H Me H H H H H Me Me
4-60 Me H Me Ph H H H H H Me
4-61 Me H Me H Ph H H H H Me
4-62 Me H Me H H Ph  H H H Me
4-63 Me H Me H H H Ph H H Me
4-64 Me H Me H H H H Ph H Me
4-65 Me H Me H H H H H Ph  Me
4-66 Ph H Me H H H H H H Me
4-67 Ph H Me Me H H H H H Me
4-68 Ph H Me H Me H H H H Me
4-69 Ph H Me H H Me H H H Me
4-70 Ph H Me H H H Me H H Me
471 Ph H Me H H H H Me H Me
4-72 Ph H Me H H H H H Me Me
4-73 Ph H Me Ph H H H H H Me
4-74 Ph H Me H Ph H H H H Me
4-75 Ph H Me H H Ph H H H Me
4-76 Ph H Me H H H Ph H H Me
4-77 Ph H Me H H H H Ph H Me
4-78 Ph H Me H H H H H Ph  Me
4-79 Me Ph H H H H H H H Me
4-80 Me Ph  H Me H H H H H Me
4-81 Me Ph H H Me H H H H Me
4-82 Me Ph  H H H Me H H H Me
4-83 Me Ph H H H H Me H H Me
4-84 Me Ph H H H H H Me H Me
4-85 Me Ph H H H H H H Me Me
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TABLE 4-continued

Rb7

Rb4 RbS Rb6

Rb3

Ral Ra2 Ra3 Rbl Rb2

Cpd No.
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TABLE 5

Rb7 Rb8

Rb6

Ral Ra2 Ra3 Rbl Rb2 Rb3 Rb4 RbS

Cpd No.
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TABLE 5-continued

Rb7 Rb8

Rb6

Ral Ra2 Ra3 Rbl Rb2 Rb3 Rb4 RbS

Cpd No.
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TABLE 5-continued
CpdNo. Ral Ra2 Ra3 Rbl Rb2 Rb3 Rb4 Rb5 Rb6 Rb7 Rb8
5-104 Me Ph H Me H H H H H H H
5-105 Me Ph H H Me H H H H H H
5-106 Me Ph H H H Me H H H H H
5-107 Me Ph H H H H Me H H H H
5-108 Me Ph H H H H H Me H H H
5-109 Me Ph H H H H H H Me H H
5-110 Me Ph H H H H H H H Me H
5-111 Me Ph H H H H H H H H Me
5-112 Me Ph H Ph H H H H H H H
5-113 Me Ph H H Ph H H H H H H
5-114 Me Ph H H H Ph H H H H H
5-115 Me Ph H H H H Ph H H H H
5-116 Me Ph H H H H H Ph H H H
5-117 Me Ph H H H H H H Ph H H
5-118 Me Ph H H H H H H H Ph  H
5-119 Me Ph H H H H H H H H Ph
5-120 Ph  Ph H H H H H H H H H
5-121 Ph  Ph H Me H H H H H H H
5-122 Ph Ph H H Me H H H H H H
5-123 Ph  Ph H H H Me H H H H H
5-124 Ph  Ph H H H H Me H H H H
5-125 Ph  Ph H H H H H Me H H H
5-126 Ph  Ph H H H H H H Me H H
5-127 Ph  Ph H H H H H H H Me H
5-128 Ph  Ph  H H H H H H H H Me
5-129 Ph  Ph  H Ph H H H H H H H
5-130 Ph  Ph H H Ph H H H H H H
5-131 Ph  Ph H H H Ph H H H H H
5-132 Ph Ph H H H H Ph H H H H
5-133 Ph  Ph H H H H H Ph H H H
5-134 Ph  Ph H H H H H H Ph H H
5-135 Ph  Ph H H H H H H H Ph H
5-136 Ph  Ph H H H H H H H H Ph
5-137 Me H Ph H H H H H H H H
5-138 Me H Phh Me H H H H H H H
5-139 Me H Ph H Me H H H H H H
5-140 Me H Ph H H Me H H H H H
5-141 Me H Ph H H H Me H H H H
5-142 Me H Ph H H H H Me H H H
5-143 Me H Ph H H H H H Me H H
5-144 Me H Ph H H H H H H Me H
5-145 Me H Ph H H H H H H H Me
5-146 Me H Ph  Ph H H H H H H H
5-147 Me H Ph  H Ph H H H H H H
5-148 Me H Ph  H H Ph H H H H H
5-149 Me H Ph H H H Ph H H H H
5-150 Me H Ph H H H H Ph H H H
5-151 Me H Ph H H H H H Ph H H
5-152 Me H Ph H H H H H H Ph H
5-153 Me H Ph H H H H H H H Ph
5-154 Ph H Ph H H H H H H H H
5-155 Ph H Phh Me H H H H H H H
5-156 Ph H Ph H Me H H H H H H
5-157 Ph H Ph H H Me H H H H H
5-158 Ph H Ph H H H Me H H H H
5-159 Ph H Ph H H H H Me H H H
5-160 Ph H Ph H H H H H Me H H
5-161 Ph H Ph H H H H H H Me H
5-162 Ph H Ph H H H H H H H Me
5-163 Ph H Ph Ph H H H H H H H
5-164 Ph H Ph H Ph H H H H H H
5-165 Ph H Ph H H Ph H H H H H
5-166 Ph H Ph H H H Ph H H H H
5-167 Ph H Ph  H H H H Ph H H H
5-168 Ph H Ph  H H H H H Ph H H
5-169 Ph H Ph H H H H H H Ph  H
5-170 Ph H Ph H H H H H H H Ph
60 .
TABLE 6 TABLE 6-continued
Cpd Cpd
No. Ral Ra2 Ra3 Ra4 Rbl Rb2 No. Ral Ra2 Ra3 Ra4
6-1 Me H H H H H 65 6-3 Me H H H
6-2 Me H H H Me H 6-4 Me H H H
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TABLE 6-continued TABLE 7-continued
Cpd CpdNo. Ral Ra2 Ra3 Ra4 Rbl Rb2  Rb3 Rb4
No. Ral Ra2 Ra3 Ra4  Rbl Rb2
7-4 Me H H H H H Me H
6-5 Me H H H H Ph 5 75 Me H H H H H H Me
6-6 Ph H H H H 7-6 Me H H H Ph H H H
6-7 Ph H H H Me H 7-7 Me H H H H Ph H H
6-8 Ph H H H H Me 7-8 Me H H H H H Ph H
6-9 Ph H H H Ph H 7-9 Me H H H H H H Ph
6-10  Ph H H H H Ph 7-10 Ph H H H H H H H
6-11  Me Me H o H 10 7-11 Phh H H H Me H H H
612  Me Me H o Me H 7-12 Phh H H H H Me H H
6-13  Me Me H H H Me 7-13 Ph H H H H H Me H
6-14  Me Me H H Ph H 7-14 Ph H H H H H H Me
6-15  Me Me H H H Ph 7-15 Ph H H H P H H H
6-16  Ph Me H H H H 7-16 Ph H H H H Ph H H
6-17  Ph Me H H Me H 15 717 Pph H H H H H Ph H
6-18  Ph Me H H H Me 7-18 Ph H H H H H H Ph
6-19  Ph Me H H Ph H 7-19 Me Me H H H H H H
620 Ph Me H H H Ph 7-20 Me Me H H Me H H H
621  Me H Me H H 7-21 Me Me H H H Me H H
622 Me H Me H Me H 7-22 Me Me H H H H Me H
623  Me H Me H H Me 7-23 Me Me H H H H H Me
6-24  Me H Me H Ph H 20 7.04 Me Me H H Ph H H H
625  Me H Me H H Ph 7-25 Me Me H H H Ph H H
6-26  Ph H Me H H H 7-26 Me Me H H H H Ph H
6-27  Ph H Me H Me H 7-27 Me Me H H H H H Ph
6-28  Ph H Me H H Me 7-28 Phh Me H H H H H H
6-29  Ph H Me H Ph H 7-29 Phh Me H H Me H H H
6-30  Ph H Me H Ph 25 7-30 Phh Me H H H Me H H
631  Me H H Me H H 7-31 Phh Me H H H H Me H
6-32  Me H H Me Me H 7-32 Phh Me H H H H H Me
6-33  Me H H Me H Me 7-33 Phh Me H H Ph H H H
6-34  Me H H Me Ph H 7-34 Ph Me H H H Ph H H
6-35  Me H H Me H Ph 7-35 Phh Me H H H H Ph H
6-36  Ph H H Me H H 30 7-36 Phh Me H H H H H Ph
6-37  Ph H H Me Me H 7-37 Me H Me H
6-38  Ph H H Me H Me 7-38 Me H Me H Me H H H
6-39  Ph H H Me Ph H 7-39 Me H Me H H Me H H
6-40  Ph H H Me H Ph 7-40 Me H Me H H H Me H
6-41  Me Ph H H H H 7-41 Me H Me H H H H Me
6-42  Me Ph H H Me H 35 742 Me H Me H Ph H H H
6-43  Me Ph H H H Me 7-43 Me H Me H H Ph H H
6-44  Me Ph H H Ph H 7-44 Me H Me H H H Ph H
6-45  Me Ph H H Ph 7-45 Me H Me H H H H Ph
6-46  Ph Ph H H H H 7-46 Phh H Me H H H H H
6-47  Ph Ph H H Me H 7-47 Phh H Me H Me H H H
6-48  Ph Ph H H H Me 7-48 Phh H Me H H Me H H
6-49  Ph Ph H H Ph H 40 7.49 Pp»h H Me H H H Me H
6-50  Ph Ph H H H Ph 7-50 Phh H Me H H H H Me
6-51  Me H Ph o H H 7-51 Phh H Me H Ph H H H
6-52 Me H Ph o Me H 7-52 Phh H Me H H Ph H H
6-53  Me H Ph H H Me 7-53 Ph H Me H H H Ph H
6-54  Me H Ph H Ph H 7-54 Ph H Me H H H H Ph
6-55  Me H Ph H H Ph 45 7.55 Me H H Me
6-56  Ph H Ph H H H 7-56 Me H H Me Me H H H
6-57  Ph H Ph H Me H 7-57 Me H H Me H Me H H
6-58  Ph H Ph H H Me 7-58 Me H H Me H H Me H
6-59  Ph H Ph H Ph H 7-59 Me H H Me H H H Me
6-60 Ph H Ph H H Ph 7-60 Me H H Me Ph H H H
6-61 Me H H Ph H H 50 7-61 Me H H Me H Ph H H
662 Mo = o Ph Me - 7-62 Me H H Me H H Ph H
663 Mo H u h H Me 7-63 Nie H H Me H H H Ph
7-64 P H H Me H H H H
6-64  Me B H Ph Ph H 7-65 Phh H H Me Me H H H
6-65 Me H H Ph H Ph 7-66 Phh H H Me H Me H H
2'25 gﬁ g g gﬁ ﬁ g 55 767 Ph H H Me H H Me H
-67 e 7-68 Pp» H H Me H H H Me
6-68  Ph H H Ph H Me 7-69 Pp»h H H Me Ph H H H
6-69  Ph H H Ph Ph H 7-70 Phh H H Me H Ph H H
6-70 Ph H H Ph H Ph 7-71 Ph H H Me H H Ph H
7-72 Ph H H Me H H H Ph
7-73 Me Ph H H H H H H
60 7.74 Me Ph H H Me H H H
TABLE 7 7-75 Me Ph H H H Me H H
7-76 Me Ph H H H H Me H
CpdNo. Ral Ra2 Ra3 Ra4 Rbl Rb2  Rb3 Rb4 777 Me P H H H H H  Me
7-78 Me Ph H H Ph H H H
Me H H H H H H H 7-79 Me Ph H H H Ph H H
Me H H H Me H H H 65 7-80 Me Ph H H H H Ph  H
Me H H H H Me H H 7-81 Me Ph H H H H H Ph
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TABLE 7-continued TABLE 7-continued
CpdNo. Ral Ra2 Ra3 Ra4 Rbl Rb2  Rb3 Rb4 CpdNo. Ral Ra2 Ra3 Ra4 Rbl Rb2  Rb3 Rb4
7-82 Phh Ph H H H H H H 7-105 Ph H P H Ph H H H
7-83 Phh Ph H H Me H H H 5 7-106 Ph H P H H Ph H H
7-84 Phh Ph H H H Me H H 7-107 Ph H Ph H H H Ph H
7-85 Phh Ph H H H H Me H 7-108 Ph H Ph H H H H Ph
7-86 Phh Ph H H H H H Me 7-109 Me H H Ph H H H H
7-87 Phh Ph H H Ph H H H 7-110 Me H H Ph Me H H H
7-88 Phh Ph H H H Ph H H 7-111 Me H H Ph H Me H H
7-89 Phh Ph H H H H Ph H 10 7112 Me H H Ph H H Me H
7-90 Phh Ph H H H H H Ph 7-113 Me H H Ph H H H Me
7-91 Me H Ph H H H H H 7-114 Me H H Ph Ph H H H
7-92 Me H Ph H Me H H H 7-115 Me H H Ph H Ph H H
7-93 Me H Ph H H Me H H 7-116 Me H H Ph H H Ph H
7-94 Me H Ph H H H Me H 7-117 Me H H Ph H H H Ph
7-95 Me H Ph H H H H Me 15 7118 Ph H H Ph H H H H
7-96 Me H Ph H Ph H H H 7-119 Ph H H Ph Me H H H
7-97 Me H Ph H H Ph H H 7-120 Ph H H Ph H Me H H
7-98 Me H Ph H H H Ph H 7-121 Ph H H Ph H H Me H
7-99 Me H Ph H H H H Ph 7-122 Ph H H Ph H H H Me
7-100 Phh H Ph H H H H H 7-123 Ph H H Ph Ph H H H
7-101 Phh H Ph H Me H H H 7-124 Ph H H Ph H Ph H H
7-102 Phh H Ph H H Me H H 20 7125 Ph H H Ph H H Ph H
7-103 Phh H Ph H H H Me H 7-126 Ph H H Ph H H H Ph
7-104 Phh H Ph H H H H Me
TABLE 8
CpdNo.  Ral Ra2 Ra3 Ra4 Rbl Rb2 Rb3 Rb4 RbS Rb6
8-1 Me H H H H H H H H H
8-2 Me H H H Me H H H H H
8-3 Me H H H H Me H H H H
8-4 Me H H H H H Me H H H
8-5 Me H H H H H H Me H H
8-6 Me H H H H H H H Me H
8-7 Me H H H H H H H H Me
8-8 Me H H H Pr H H H H H
8-9 Me H H H H Pr H H H H
8-10 Me H H H H H Pn H H H
8-11 Me H H H H H H P H H
8-12 Me H H H H H©H H H Ph H
8-13 Me H H H H H©H H H H Ph
8-14 Ph H H H H H H H H H
8-15 Ph H H H Me H H H H H
8-16 Ph H H H H Me H H H H
8-17 Ph H H H H H Me H H H
8-18 Ph H H H H H H Me H H
8-19 Ph H H H H H H H Me H
8-20 Ph H H H H H H H H Me
8-21 Ph H H H Ph H H H H H
8-22 Ph H H H H Ph H H H H
8-23 Ph H H H H H Pn H H H
8-24 Ph H H H H H H P H H
8-25 Ph H H H H H H H Ph H
8-26 Ph H H H H H H H H Ph
8-27 Me Me H H H H H H H H
8-28 Me Me H H Me H H H H H
8-29 Me Me H H H Me H H H H
8-30 Me Me H H H H Me H H H
8-31 Me Me H H H H H Me H H
8-32 Me Me H H H H H H Me H
8-33 Me Me H H H H H H H Me
8-34 Me Me H H Pr H H H H H
8-35 Me Me H H H P H H H H
8-36 Me Me H H H H Pn H H H
8-37 Me Me H H H H H P H H
8-38 Me Me H H H H H H Ph H
8-39 Me Me H H H H H H H Ph
8-40 Ph Me H H H H H H H H
8-41 Ph Me H H Me H H H H H
8-42 Ph Me H H H Me H H H H
8-43 Ph Me H H H H Me H H H
8-44 Ph Me H H H H H Me H H
8-45 Ph Me H H H H H H Me H
8-46 Ph Me H H H H H H H Me
8-47 Ph Me H H Pr H H H H H
8-48 Ph Me H H H Ph H H H H
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TABLE 8-continued

Rb6

Ral Ra2 Ra3 Ra4 Rbl Rb2 Rb3 Rb4 RbLS

Cpd No.
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TABLE 8-continued
CpdNo. Ral Ra2 Ra3 Ra4 Rbl Rb2 Rb3 Rb4 Rb5 Rb6
8-127 Ph Ph H H H H Ph H H H
8-128 Ph Ph H H H H H Ph H H
8-129 Ph Ph H H H H H H Ph H
8-130 Ph Ph H H H H H H H Ph
8-131 Me H Ph H H H H H H H
8-132 Me H Ph H Me H H H H H
8-133 Me H Ph H H Me H H H H
8-134 Me H Ph H H H Me H H H
8-135 Me H Ph H H H H Me H H
8-136 Me H Ph H H H H H Me H
8-137 Me H Ph H H H H H H Me
8-138 Me H Ph H Ph H H H H H
8-139 Me H Ph H H Ph  H H H H
8-140 Me H Ph H H H Ph H H H
8-141 Me H Ph H H H H Ph H H
8-142 Me H Ph H H H H H Ph H
8-143 Me H Ph H H H H H H Ph
8-144 Ph H Ph H H H H H H H
8-145 Ph H Ph H Me H H H H H
8-146 Ph H Ph H H Me H H H H
8-147 Ph H Ph H H H Me H H H
8-148 Ph H Ph H H H H Me H H
8-149 Ph H Ph H H H H H Me H
8-150 Ph H Ph H H H H H H Me
8-151 Ph H Ph H Ph H H H H H
8-152 Ph H Ph H H Ph H H H H
8-153 Ph H Ph H H H Ph H H H
8-154 Ph H Ph H H H H Ph H H
8-155 Ph H Ph H H H H H Ph H
8-156 Ph H Ph H H H H H H Ph
8-157 Me H H Ph H H H H H H
8-158 Me H H Phh Me H H H H H
8-159 Me H H Ph H Me H H H H
8-160 Me H H Ph H H Me H H H
8-161 Me H H Ph H H H Me H H
8-162 Me H H Ph H H H H Me H
8-163 Me H H Ph H H H H H Me
8-164 Me H H Ph Ph H H H H H
8-165 Me H H Ph H Ph H H H H
8-166 Me H H Ph H H Ph H H H
8-167 Me H H Ph H H H Ph H H
8-168 Me H H Ph H H H H Ph H
8-169 Me H H Ph H H H H H Ph
8-170 Ph H H Ph H H H H H H
8-171 Ph H H Phh Me H H H H H
8-172 Ph H H Ph H Me H H H H
8-173 Ph H H Ph H H Me H H H
8-174 Ph H H Ph H H H Me H H
8-175 Ph H H Ph H H H H Me H
8-176 Ph H H Ph H H H H H Me
8-177 Ph H H Ph Ph H H H H H
8-178 Ph H H Ph H Ph H H H H
8-179 Ph H H Ph H H Ph H H H
8-180 Ph H H Ph H H H Ph H H
8-181 Ph H H Ph H H H H Ph H
8-182 Ph H H Ph H H H H H Ph
TABLE 9
CpdNo. Ral Ra2 Ra3 Ra4 Rbl Rb2 Rb3 Rb4 Rb5 Rb6 Rb7
9-1 Me H H H H H H H H H Me
9-2 Me H H H Me H H H H H Me
9-3 Me H H H H Me H H H H Me
9-4 Me H H H H H Me H H H Me
9-5 Me H H H H H H Me H H Me
9-6 Me H H H H H H H Me H Me
9-7 Me H H H H H H H H Me Me
9-8 Me H H H Ph H H H H H Me
9-9 Me H H H H Ph H H H H Me
9-10 Me H H H H H Ph H H H Me
9-11 Me H H H H H H Ph  H H Me
9-12 Me H H H H H H H Ph H Me
9-13 Me H H H H H H H H Ph  Me
9-14 Ph H H H H H H H H H Me
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TABLE 9-continued

CpdNo. Ral Ra2 Ra3 Ra4 Rbl Rb2 Rb3 Rb4 RbS Rb6 Rb7
9-15 Ph H H H Me H H H H H Me
9-16 Ph H H H H Me H H H H Me
9-17 Ph H H H H H Me H H H Me
9-18 Ph H H H H H H Me H H Me
9-19 Ph H H H H H H H Me H Me
9-20 Ph H H H H H H H H Me Me
9-21 Ph H H H Ph H H H H H Me
9-22 Ph H H H H Ph H H H H Me
9-23 Ph H H H H H Ph H H H Me
9-24 Ph H H H H H H Ph H H Me
9-25 Ph H H H H H H H Ph H Me
9-26 Ph H H H H H H H H Ph Me
9-27 Me Me H H H H H H H H Me
9-28 Me Me H H Me H H H H H Me
9-29 Me Me H H H Me H H H H Me
9-30 Me Me H H H H Me H H H Me
9-31 Me Me H H H H H Me H H Me
9-32 Me Me H H H H H H Me H Me
9-33 Me Me H H H H H H H Me Me
9-34 Me Me H H Ph H H H H H Me
9-35 Me Me H H H Ph H H H H Me
9-36 Me Me H H H H Ph H H H Me
9-37 Me Me H H H H H Ph H H Me
9-38 Me Me H H H H H H Ph H Me
9-39 Me Me H H H H H H H Ph Me
9-40 Ph Me H H H H H H H H Me
9-41 Ph Me H H Me H H H H H Me
9-42 Ph Me H H H Me H H H H Me
9-43 Ph Me H H H H Me H H H Me
9-44 Ph Me H H H H H Me H H Me
9-45 Ph Me H H H H H H Me H Me
9-46 Ph Me H H H H H H H Me Me
9-47 Ph Me H H Ph H H H H H Me
9-48 Ph Me H H H Ph H H H H Me
9-49 Ph Me H H H H Ph H H H Me
9-50 Ph Me H H H H H Ph H H Me
9-51 Ph Me H H H H H H Ph H Me
9-52 Ph Me H H H H H H H Ph Me
9-53 Me H Me H H H H H H H Me
9-54 Me H Me H Me H H H H H Me
9-55 Me H Me H H Me H H H H Me
9-56 Me H Me H H H Me H H H Me
9-57 Me H Me H H H H Me H H Me
9-58 Me H Me H H H H H Me H Me
9-59 Me H Me H H H H H H Me Me
9-60 Me H Me H Ph H H H H H Me
9-61 Me H Me H H Ph H H H H Me
9-62 Me H Me H H H Ph H H H Me
9-63 Me H Me H H H H Ph H H Me
9-64 Me H Me H H H H H Ph H Me
9-65 Me H Me H H H H H H Ph Me
9-66 Ph H Me H H H H H H H Me
9-67 Ph H Me H Me H H H H H Me
9-68 Ph H Me H H Me H H H H Me
9-69 Ph H Me H H H Me H H H Me
9-70 Ph H Me H H H H Me H H Me
9-71 Ph H Me H H H H H Me H Me
9-72 Ph H Me H H H H H H Me Me
9-73 Ph H Me H Ph H H H H H Me
9-74 Ph H Me H H Ph H H H H Me
9-75 Ph H Me H H H Ph H H H Me
9-76 Ph H Me H H H H Ph H H Me
9-77 Ph H Me H H H H H Ph H Me
9-78 Ph H Me H H H H H H Ph Me
9-79 Me H H Me H H H H H H Me
9-80 Me H H Me Me H H H H H Me
9-81 Me H H Me H Me H H H H Me
9-82 Me H H Me H H Me H H H Me
9-83 Me H H Me H H H Me H H Me
9-84 Me H H Me H H H H Me H Me
9-85 Me H H Me H H H H H Me Me
9-86 Me H H Me Ph H H H H H Me
9-87 Me H H Me H Ph H H H H Me
9-88 Me H H Me H H Ph H H H Me
9-89 Me H H Me H H H Ph H H Me
9-90 Me H H Me H H H H Ph H Me
9-91 Me H H Me H H H H H Ph Me
9-92 Ph H H Me H H H H H Me
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TABLE 9-continued

CpdNo. Ral Ra2 Ra3 Ra4 Rbl Rb2 Rb3 Rb4 Rb5S Rb6 Rb7
9-93 Phh H H Me Me H H H H H Me
9-94 Phh H H Me H Me H H H H Me
9-95 Phh H H Me H H Me H H H Me
9-96 Phh H H Me H H H Me H H Me
9-97 Phh H H Me H H H H Me H Me
9-08 Phh H H Me H H H H H Me Me
9-99 Phh H H Me Ph H H H H H Me
9-100 Phh H H Me H Ph H H H H Me
9-101 Phh H H Me H H Ph H H H Me
9-102 Phh H H Me H H H Ph H H Me
9-103 Phh H H Me H H H H Pi H Me
9-104 Phh H H Me H H H H H Ph Me
9-105 Me Ph H H H H H H H H Me
9-106 Me Ph H H Me H H H H H Me
9-107 Me Ph H H H Me H H H H Me
9-108 Me Ph H H H H Me H H H Me
9-109 Me Ph H H H H H Me H H Me
9-110 Me Ph H H H H H H Me H Me
9-111 Me Ph H H H H H H H Me Me
9-112 Me Ph H H Ph H H H H H Me
9-113 Me Ph H H H Ph H H H H Me
9-114 Me Ph H H H H Ph H H H Me
9-115 Me Ph H H H H H Ph H H Me
9-116 Me Ph H H H H H H Phi H Me
9-117 Me Ph H H H H H H H Ph Me
9-118 Phh Ph H H H H H H H H Me
9-119 Phh Ph H H Me H H H H H Me
9-120 Phh Ph H H H Me H H H H Me
9-121 Phh Ph H H H H Me H H H Me
9-122 Phh Ph H H H H H Me H H Me
9-123 Phh Ph H H H H H H Me H Me
9-124 Phh Ph H H H H H H H Me Me
9-125 Phh Ph H H Ph H H H H H Me
9-126 Phh Ph H H H Ph H H H H Me
9-127 Phh Ph H H H H Ph H H H Me
9-128 Phh Ph H H H H H Ph H H Me
9-129 Phh Ph H H H H H H P H Me
9-130 Phh Ph H H H H H H H Ph Me
9-131 Me H Ph H H H H H H H Me
9-132 Me H Ph H Me H H H H H Me
9-133 Me H Ph H H Me H H H H Me
9-134 Me H Ph H H H Me H H H Me
9-135 Me H Ph H H H H Me H H Me
9-136 Me H Ph H H H H H Me H Me
9-137 Me H Ph H H H H H H Me Me
9-138 Me H Ph H P H H H H H Me
9-139 Me H Ph H H Ph H H H H Me
9-140 Me H Ph H H H Ph H H H Me
9-141 Me H Ph H H H H Ph H H Me
9-142 Me H Ph H H H H H P H Me
9-143 Me H Ph H H H H H H Ph Me
9-144 Phh H Ph H H H H H H H Me
9-145 Phh H Ph H Me H H H H H Me
9-146 Phh H Ph H H Me H H H H Me
9-147 Phh H Ph H H H Me H H H Me
9-148 Phh H Ph H H H H Me H H Me
9-149 Phh H Ph H H H H H Me H Me
9-150 Phh H Ph H H H H H H Me Me
9-151 Phh H Ph H Ph H H H H H Me
9-152 Phh H Ph H H Ph H H H H Me
9-153 Phh H Ph H H H Ph H H H Me
9-154 Phh H Ph H H H H Ph H H Me
9-155 Phh H Ph H H H H H P H Me
9-156 Phh H Ph H H H H H H Ph Me
9-157 Me H H Ph H H H H H H Me
9-158 Me H H Ph Me H H H H H Me
9-159 Me H H Ph H Me H H H H Me
9-160 Me H H Ph H H Me H H H Me
9-161 Me H H Ph H H H Me H H Me
9-162 Me H H Ph H H H H Me H Me
9-163 Me H H Ph H H H H H Me Me
9-164 Me H H Ph Ph H H H H H Me
9-165 Me H H Ph H Ph H H H H Me
9-166 Me H H Ph H H Ph H H H Me
9-167 Me H H Ph H H H Ph H H Me
9-168 Me H H Ph H H H H Pi H Me
9-169 Me H H Ph H H H H H Ph Me
9-170 Phh H H Ph H H H H H Me
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TABLE 9-continued

Rb7

Rb6

Ral Ra2 Ra3 Ra4 Rbl Rb2 RbDL3 Rb4 RbS

Cpd No.

Me

Me

Ph
Ph
Ph
Ph
Ph
Ph
Ph
Ph
Ph
Ph
Ph
Ph

Ph

9-171
9-172
9-173
9-174
9-175
9-176
9-177
9-178
9-179
9-180
9-181

Me

Me

Ph

Me

Me

Ph

Me

Me

Ph

Me

Me

Ph

Me

Me

Ph

Me

Ph

Ph

Me

Ph

Ph

Me

Ph

Ph

Me

Ph

Ph

Me

Ph

Ph

Me

Ph

Ph
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TABLE 10

Rb7 Rb®

Rb6

Ral Ra2 Ra3 Ra4 Rbl Rb2 RbDL3 Rb4 RbS

Cpd No.
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TABLE 10-continued

Rb7 RbS

Rb6

Ral Ra2 Ra3 Ra4 Rbl Rb2 RbDL3 Rb4 RbS

Cpd No.
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TABLE 10-continued

Rb7 RbS

Rb6

Ral Ra2 Ra3 Ra4 Rbl Rb2 RbDL3 Rb4 RbS

Cpd No.
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TABLE 10-continued
CpdNo. Ral Ra2 Ra3 Ra4 Rbl Rb2 Rb3 Rb4 Rb5 Rb6 Rb7 RbS
10215 Me H H Ph H Ph H H H H H H
10216 Me H H Ph H H Ph H H H H H
10217 Me H H Ph H H H Ph H H H H
10218 Me H H Ph H H H H Ph H H H
10219  Me H H Ph H H H H H Ph  H H
10220 Me H H Ph H H H H H H Ph H
10-221 Me H H Ph H H H H H H H Ph
10222 Ph H H Ph H H H H H H H H
10-223 Ph  H H Phh Me H H H H H H H
10224 Ph  H H Ph H Me H H H H H H
10225 Ph H H Ph H H Me H H H H H
10226 Ph H H Ph H H H Me H H H H
10227 Ph H H Ph H H H H Me H H H
10228 Ph H H Ph H H H H H Me H H
10229 Ph H H Ph H H H H H H Me H
10230  Ph H H Ph H H H H H H H Me
10-231 Ph H H Phh Ph H H H H H H H
10232  Ph H H Ph H Ph H H H H H H
10-233  Ph  H H Ph H H Ph H H H H H
10-234 Ph  H H Ph H H H Ph H H H H
10-235 Ph  H H Ph H H H H Ph H H H
10236  Ph H H Ph H H H H H Ph H H
10-237 Ph  H H Ph H H H H H H Ph H
10238 Ph H H Ph H H H H H H H Ph
25
TABLE 11 TABLE 11-continued
CpdNo.  Ral Ra2 Ra3 Ra4 Ra5 Rbl  Rb2 CpdNo.  Ral Ra2 Ra3 Ra4 Ras Rbl  Rb2
11-1 Me H H H H H H 11-47 Ph H H H Me Me H
11-2 Me H H H H Me H 30 11-48 Ph H H H Me H Me
11-3 Me H H H H H Me 11-49 Ph H H H Me Ph  H
11-4 Me H H H H Ph H 11-50 Ph H H H Me H Ph
11-5 Me H H H H H Ph 11-51 Me Ph H H H H H
11-6 Ph H H H H H H 11-52 Me Ph H H H Me H
11-7 Ph H H H H Me H 11-53 Me Ph H H H H Me
11-8 Ph H H H H H Me 35 11-54 Me Ph H H H Ph  H
11-9 Ph H H H H Ph H 11-55 Me Ph H H H H Ph
11-10 Ph H H H H H Ph 11-56 Ph Ph H H H H H
11-11 Me Me H H H H H 11-57 Ph Ph H H H Me H
11-12 Me Me H H H Me H 11-58 Ph Ph H H H H Me
11-13 Me Me H H H H Me 11-59 Ph Ph H H H Ph H
11-14 Me Me H H H Ph H 40 11-60 Ph Ph H H H H Ph
11-15 Me Me H H H H Ph 11-61 Me H Ph H H H H
11-16 Ph Me H H H H H 11-62 Me H Ph H H Me H
11-17 Ph Me H H H Me H 11-63 Me H Ph H H H Me
11-18 Ph Me H H H H Me 11-64 Me H Ph H H Ph H
11-19 Ph Me H H H Ph H 11-65 Me H Ph H H H Ph
11-20 Ph Me H H H H Ph 45 1166 Ph - Ph I - - I
11-21 Me H Me H H H H 11-67 Ph H Ph H H Me H
122 Me  H  Me H H Me H 1168  Ph H Ph H H H  Me
11-23 Me H Me H H H Me
loa Mo " Me H " PhH 11-69 Ph H Ph H H Ph  H
1125 Mo H Mo H H q h 11-70 Ph H Ph H H H Ph
1126 Ph H Mo . H - H 11-71 Me H H Ph H H H
11-27 Ph u Me = u Me o 50 11-72 Me H H Ph H Me H
11-28 Ph H Me H H H Me 11-73 Me H H Ph H H Me
11-29 Ph H Me H H Ph H 11-74 Me H H Ph H Ph H
11-30 Ph H Me H H H Ph 11-75 Me H H Ph H H Ph
11-31 Me H H Me H H H 11-76 Ph H H Ph H H H
11-32 Me H H Me H Me H 11-77 Ph H H Ph H Me H
11-33 Me H H Me H H Me 55 11-78 Ph H H Ph H H Me
11-34 Me H H Me H Ph H 11-79 Ph H H Ph H Ph H
11-35 Me H H Me H H Ph 11-80 Ph H H Ph H H Ph
11-36 Ph H H Me H H H 11-81 Me H H H Ph H H
11-37 Ph H H Me H Me H 11-82 Me H H H Ph Me H
11-38 Ph H H Me H H Me 11-83 Me H H H Ph H Me
11-39 Ph H H Me H Ph H 60 11-84 Me H H H Ph Ph  H
11-40 Ph H H Me H H Ph 11-85 Me H H H Ph H Ph
11-41 Me H H H Me H H 11-86 Ph H H H Ph H H
11-42 Me H H H Me Me H 11-87 Ph H H H Ph Me H
11-43 Me H H H Me H Me 11-88 Ph H H H Ph H Me
11-44 Me H H H Me Ph H 11-89 Ph H H H Ph Ph H
11-45 Me H H H Me H Ph 65 11-90 Ph H H H Ph H Ph
11-46 Ph H H H Me H H
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TABLE 12 TABLE 12-continued

Cpd Cpd

No Ral Ra2 Ra3 Ra4 Ra5 Rbl Rb2 Rb3 Rb4 No. Ral Ra2 Ra3 Ra4 Ra5 Rbl Rb2 Rb3 Rb4
121 Me H H H H H H H H S 1278 Me H H H Me Ph H H H

122 Me H H H H Me H H H 1279 Me H H H Me H Ph H H

123 Me H H H H H Me H H 12860 Me H H H Me H H Ph H

124 Me H H H H H H Me H 1286 Me H H H Me H H H Ph
125 Me H H H H H H H Me 1262 Ph H H H Me H H H H

126 Me H H H H Ph H H H 1283 Ph H H H Me Me H H H

127 Me H H H H H Ph H H 101284 Ph H H H Me H Me H H

28 Me H H H H H H Ph H 1266 Ph H H H Me H H Me H

29 Me H H H H H H H Ph 1266 Ph H H H Me H H H Me
1210 Ph H H H H H H H H 127 Ph H H H Me Ph H H H

1211 Ph H H H H Me H H H 1288 Ph H H H Me H Ph H H

1212 Ph H H H H H Me H H 1260 Ph H H H Me H H Ph H

1213 Ph H H H H H H Me H ;5129 Ph H H H Me H H H Ph
1214 Ph H H H H H H H Me 1290 Me Ph H H H H H H H

1215 Ph H H H H Ph H H H 1292 Me Ph H H H Me H H H

1216 Ph H H H H H Ph H H 1293 Me Ph H H H H Me H H

1217 Ph H H H H H H Ph H 1294 Me Ph H H H H H Me H

1218 Ph H H H H H H H Ph 1205 Me Ph H H H H H H Me
1219 Me Me H H H H H H H 1296 Me Ph H H H Ph H H H

12200 Me Me H H H Me H H H 20 1297 Me Ph H H H H Ph H H

1221, Me Me H H H H Me H H 1208 Me Ph H H H H H Ph H

1222 Me Me H H H H H Me H 12099 Me Ph H H H H H H Ph
1222 Me Me H H H H H H Me 12100 Phh Ph H H H H H H H

1224 Me Me H H H Ph H H H 12100 Phh Ph H H H Me H H H

1225 Me Me H H H H Ph H H 12102 Phh Ph H H H H Me H H

1226 Me Me H H H H H Ph H 2512103 Ph  Ph H H H H H Me H

1227 Me Me H H H H H H Ph 12104 Phh Ph H H H H H H Me
1226 Ph Me H H H H H H H 12105 Phh Ph H H H Ph H H H

1229 Ph Me H H H Me H H H 12106 Phh Ph H H H H Ph H H

1230 Ph Me H H H H Me H H 121007 Ph Ph H H H H H Ph H

1231 Ph Me H H H H H Me H 12108 Phh Ph H H H H H H Ph
1232 Ph Me H H H H H H Me 301221090 Me H Ph H H H H H H

1233 Ph Me H H H Ph H H H 12110 Me H Ph H H Me H H H

1234 Ph Me H H H H Ph H H 12111 Me H Ph H H H Me H H

1235 Phh Me H H H H H Ph H 12112 Me H Ph H H H H Me H

1236 Ph Me H H H H H H Ph 12113 Me H Ph H H H H H Me
1237 Me H Me H H H H H H 12114 Me H Ph H H Ph H H H

1238 Me H Me H H Me H H H 45 12115 Me H P H H H Ph H H

1239 Me H Me H H H Me H H 12116 Me H Ph H H H H Ph H

1240 Me H Me H H H H Me H 12117 Me H Ph H H H H H Ph

1240 Me H Me H H H H H Me 12118 Phh H Ph H H H H H H

1242 Me H Me H H Ph H H H 12119 Phh H Ph H H Me H H H

1243 Me H Me H H H Ph H H 12120 Phh H Ph H H H Me H H

1244 Me H Me H H H H Ph H 12121 Phh H Ph H H H H Me H

1245 Me H Me H H H H H Ph 40 12122 P H Pr H H H H H Me
1246 Ph H Me H H H H H H 12123 Phh H Ph H H Ph H H H

1247 Ph H Me H H Me H H H 12124 Phh H Ph H H H Ph H H

1248 Ph H Me H H H Me H H 12125 Ph H Ph H H H H Ph H

12499 Ph H Me H H H H Me H 12126 Phh H Ph H H H H H Ph

1250 Ph H Me H H H H H Me 12127 Me H H Ph H H H H H

1261 Ph H Me H H Ph H H H 45 12-128 Me H H Ph H Me H H H

1252 Ph H Me H H H Ph H H 12129 Me H H Ph H H Me H H

1253 Ph H Me H H H H Ph H 12130 Me H H Ph H H H Me H

1254 Ph H Me H H H H H Ph 12131 Me H H Ph H H H H Me
125§ Me H H Me H H H H H 12132 Me H H Ph H Ph H H H

1256 Me H H Me H Me H H H 12133 Me H H Ph H H Ph H H

1257 Me H H Me H H Me H H 50 121134 Me H H Ph H H H Ph H

1258 Me H H Me H H H Me H 12133 Me H H Ph H H H H Ph

125 Me H H Me H H H H Me 12136 Phh H H Ph H H H H H

1260 Me H H Me H Ph H H H 12137 Phh H H Ph H Me H H H

1260 Me H H Me H H Ph H H 12133 Phh H H Ph H H Me H H

1262 Me H H Me H H H Ph H 12139 Phh H H Ph H H H Me H

1263 Me H H Me H H H H Ph ss 12140 Ph H H Ph H H H H Me
1264 Ph H H Me H H H H H 12141 Phh H H Ph H Ph H H H

1266 Ph H H Me H Me H H H 12142 Phh H H Ph H H Ph H H

1266 Ph H H Me H H Me H H 12143 Phh H H Ph H H H Ph H

1267 Ph H H Me H H H Me H 12144 Phh H H Ph H H H H Ph

1268 Phh H H Me H H H H Me 12145 Me H H H Ph H H H H

1269 Ph H H Me H Ph H H H 12146 Me H H H Ph Me H H H

1270 Ph H H Me H H Ph H H 60 12147 Me H H H Ph H Me H H

1271 Ph H H Me H H H Ph H 12148 Me H H H Ph H H Me H

1272 Ph H H Me H H H H Ph 121499 Me H H H Ph H H H Me
1273 Me H H H Me H H H H 12150 Me H H H Ph Ph H H H

1274 Me H H H Me Me H H H 12151 Me H H H Ph H Ph H H

127 Me H H H Me H Me H H 12152 Me H H H Ph H H Ph H

1276 Me H H H Me H H Me H 65 12153 Me H H H Ph H H H Ph

1277 Me H H H Me H H H Me 12154 Phh H H H Ph H H H H
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TABLE 12-continued
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TABLE 12-continued

Rb4

Rb3

Rb2

Rbl

Ra4 Ras

Ra3

Ra2

Ral

Cpd

Cpd
No.

Rbl Rb2 Rb3 Rb4

Ras

Ral Ra2 Ra3 Rad

Ph

Ph

H

H
H
H
H

12-159 Ph

12-160  Ph

5

Ph

Ph

Me

Ph
Ph
Ph

H
H
H
H

Ph

12-156 Ph
12-157 Ph

12-155

Ph

Ph

12-161 Ph
12-162 Ph

Me

H
H

Ph

Ph

H

Me

Me

Ph

Ph

12-158
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TABLE 13-continued

Rb6

Ral Ra2 Ra3 Ra4 Ra5 RbI Rb2 Rb3 Rb4 RbS

Cpd No.
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TABLE 13-continued
CpdNo. Ral Ra2 Ra3 Ra4 Ra5 Rbl Rb2 Rb3 Rb4 Rb5 Rb6
13-144 Ph Ph H H H H H H H H H
13-145 Ph Ph H H H Me H H H H H
13-146 Ph Ph H H H H Me H H H H
13-147 Ph Ph H H H H H Me H H H
13-148 Ph Ph H H H H H H Me H H
13-149 Ph Ph H H H H H H H Me H
13-150 Ph Ph H H H H H H H H Me
13-151 Ph Ph H H H Ph H H H H H
13-152 Ph Ph H H H H Ph  H H H H
13-153 Ph Ph H H H H H Ph H H H
13-154 Ph Ph H H H H H H Ph H H
13-155 Ph Ph H H H H H H H Ph H
13-156 Ph Ph H H H H H H H H Ph
13-157 Me H Ph H H H H H H H H
13-158 Me H Ph H H Me H H H H H
13-159 Me H Ph H H H Me H H H H
13-160 Me H Ph H H H H Me H H H
13-161 Me H Ph H H H H H Me H H
13-162 Me H Ph H H H H H H Me H
13-163 Me H Ph H H H H H H H Me
13-164 Me H Ph H H Ph H H H H H
13-165 Me H Ph H H H Ph H H H H
13-166 Me H Ph H H H H Ph H H H
13-167 Me H Ph H H H H H Ph H H
13-168 Me H Ph H H H H H H Ph H
13-169 Me H Ph H H H H H H H Ph
13-170 Ph H Ph H H H H H H H H
13-171 Ph H Ph H H Me H H H H H
13-172 Ph H Ph H H H Me H H H H
13-173 Ph H Ph H H H H Me H H H
13-174 Ph H Ph H H H H H Me H H
13-175 Ph H Ph H H H H H H Me H
13-176 Ph H Ph H H H H H H H Me
13-177 Ph H Ph H H Ph  H H H H H
13-178 Ph H Ph H H H Ph H H H H
13-179 Ph H Ph H H H H Ph  H H H
13-180 Ph H Ph H H H H H Ph H H
13-181 Ph H Ph H H H H H H Ph H
13-182 Ph H Ph H H H H H H H Ph
13-183 Me H H Ph H H H H H H H
13-18¢ Me H H Ph H Me H H H H H
13-185 Me H H Ph H H Me H H H H
13-186 Me H H Ph H H H Me H H H
13-187 Me H H Ph H H H H Me H H
13-188 Me H H Ph  H H H H H Me H
13-189 Me H H Ph H H H H H H Me
13-190 Me H H Ph H Ph H H H H H
13-191 Me H H Ph H H Ph  H H H H
13-192 Me H H Ph H H H Ph H H H
13-193 Me H H Ph H H H H Ph H H
13-194 Me H H Ph H H H H H Ph H
13-195 Me H H Ph H H H H H H Ph
13-196 Ph H H Ph H H H H H H H
13-197 Ph H H Ph  H Me H H H H H
13-198 Ph H H Ph  H H Me H H H H
13-199 Ph H H Ph  H H H Me H H H
13-200 Ph H H Ph H H H H Me H H
13-201 Ph H H Ph H H H H H Me H
13-202 Ph H H Ph H H H H H H Me
13-203 Ph H H Ph H Ph H H H H H
13204 Ph H H Ph H H Ph H H H H
13-205 Ph H H Ph H H H Ph H H H
13-206 Ph H H Ph H H H H Ph H H
13-207 Ph H H Ph H H H H H Ph H
13-208 Ph H H Ph H H H H H H Ph
13-209 Me H H H Ph H H H H H H
13-210 Me H H H Phh Me H H H H H
13-211 Me H H H Ph H Me H H H H
13-212 Me H H H Ph H H Me H H H
13-213 Me H H H Ph H H H Me H H
13214 Me H H H Ph H H H H Me H
13-215 Me H H H Ph H H H H H Me
13-216 Me H H H Ph Ph H H H H H
13-217 Me H H H Ph H Ph H H H H
13-218 Me H H H Ph H H Ph  H H H
13-219 Me H H H Ph H H H Ph H H
13-220 Me H H H Ph H H H H Ph H
13-221 Me H H H Ph H H H H Ph
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TABLE 13-continued
Cpd No. Ral Ra2 Ra3 Ra4 Ra5 Rbl Rb2 Rb3 Rb4 Rb5 RbL6
13-222 Ph H H H Ph H H H H H H
13-223 Ph H H H Ph Me H H H H H
13-224 Ph H H H Ph H Me H H H H
13-225 Ph H H H Ph H H Me H H H
13-226 Ph H H H Ph H H H Me H H
13-227 Ph H H H Ph H H H H Me H
13-228 Ph H H H Ph H H H H H Me
13-229 Ph H H H Ph Ph H H H H H
13-230 Ph H H H Ph H Ph H H H H
13-231 Ph H H H Ph H H Ph H H H
13-232 Ph H H H Ph H H H Ph H H
13-233 Ph H H H Ph H H H H Ph H
13-234 Ph H H H Ph H H H H H Ph
TABLE 14
Cpd No Ral Ra2 Ra3 Rb4 Ra5 Rbl Rb2 Rb3 Rb4 RDL5 Rb6 Rb7
14-1 Me H H H H H H H H H H Me
14-2 Me H H H H Me H H H H H Me
14-3 Me H H H H H Me H H H H Me
14-4 Me H H H H H H Me H H H Me
14-5 Me H H H H H H H Me H H Me
14-6 Me H H H H H H H H Me H Me
14-7 Me H H H H H H H H H Me Me
14-8 Me H H H H Ph H H H H H Me
14-9 Me H H H H H Ph H H H H Me
14-10 Me H H H H H H Ph H H H Me
14-11 Me H H H H H H H Ph H H Me
14-12 Me H H H H H H H H Ph  H Me
14-13 Me H H H H H H H H H Ph Me
14-14 Ph H H H H H H H H H H Me
14-15 Ph H H H H Me H H H H H Me
14-16 Ph H H H H H Me H H H H Me
14-17 Ph H H H H H H Me H H H Me
14-18 Ph H H H H H H H Me H H Me
14-19 Ph H H H H H H H H Me H Me
14-20 Ph H H H H H H H H H Me Me
14-21 Ph H H H H Ph H H H H H Me
14-22 Ph H H H H H Ph H H H H Me
14-23 Ph H H H H H H Ph H H H Me
14-24 Ph H H H H H H H Ph H H Me
14-25 Ph H H H H H H H H Ph H Me
14-26 Ph H H H H H H H H H Ph  Me
14-27 Me Me H H H H H H H H H Me
14-28 Me Me H H H Me H H H H H Me
14-29 Me Me H H H H Me H H H H Me
14-30 Me Me H H H H H Me H H H Me
14-31 Me Me H H H H H H Me H H Me
14-32 Me Me H H H H H H H Me H Me
14-33 Me Me H H H H H H H H Me Me
14-34 Me Me H H H Ph H H H H H Me
14-35 Me Me H H H H Ph H H H H Me
14-36 Me Me H H H H H Ph H H H Me
14-37 Me Me H H H H H H Ph H H Me
14-38 Me Me H H H H H H H Ph H Me
14-39 Me Me H H H H H H H H Ph Me
14-40 Ph Me H H H H H H H H H Me
14-41 Ph Me H H H Me H H H H H Me
14-42 Ph Me H H H H Me H H H H Me
14-43 Ph Me H H H H H Me H H H Me
14-44 Ph Me H H H H H H Me H H Me
14-45 Ph Me H H H H H H H Me H Me
14-46 Ph Me H H H H H H H H Me Me
14-47 Ph  Me H H H Ph H H H H H Me
14-48 Ph Me H H H H Ph H H H H Me
14-49 Ph  Me H H H H H Ph H H H Me
14-50 Ph  Me H H H H H H Ph H H Me
14-51 Ph Me H H H H H H H Ph  H Me
14-52 Ph Me H H H H H H H H Ph Me
14-53 Me H Me H H H H H H H H Me
14-54 Me H Me H H Me H H H H H Me
14-55 Me H Me H H H Me H H H H Me
14-56 Me H Me H H H H Me H H H Me
14-57 Me H Me H H H H H Me H H Me
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TABLE 14-continued

CpdNo. Ral Ra2 Ra3 Rb4 Ra5 Rbl Rb2 Rb3 Rb4 RbS Rb6 Rb7
14-58 Me H Me H H H H H H Me H Me
14-59 Me H Me H H H H H H H Me Me
14-60 Me H Me H H Ph H H H H H Me
14-61 Me H Me H H H Ph H H H H Me
14-62 Me H Me H H H H Ph H H H Me
14-63 Me H Me H H H H H Ph H H Me
14-64 Me H Me H H H H H H Ph H Me
14-65 Me H Me H H H H H H H Ph Me
14-66 Phh H Me H H H H H H H H Me
14-67 Phh H Me H H Me H H H H H Me
14-68 Phh H Me H H H Me H H H H Me
14-69 Phh H Me H H H H Me H H H Me
14-70 Phh H Me H H H H H Me H H Me
14-71 Phh H Me H H H H H H Me H Me
14-72 Phh H Me H H H H H H H Me Me
14-73 Phh H Me H H Ph H H H H H Me
14-74 Phh H Me H H H Ph H H H H Me
14-75 Phh H Me H H H H Ph H H H Me
14-76 Phh H Me H H H H H Pi H H Me
14-77 Phh H Me H H H H H H Ph H Me
14-78 Phh H Me H H H H H H H Ph Me
14-79 Me H H Me H H H H H H H Me
14-80 Me H H Me H Me H H H H H Me
14-81 Me H H Me H H Me H H H H Me
14-82 Me H H Me H H H Me H H H Me
14-83 Me H H Me H H H H Me H H Me
14-84 Me H H Me H H H H H Me H Me
14-85 Me H H Me H H H H H H Me Me
14-86 Me H H Me H Ph H H H H H Me
14-87 Me H H Me H H Ph H H H H Me
14-88 Me H H Me H H H Ph H H H Me
14-89 Me H H Me H H H H P H H Me
14-90 Me H H Me H H H H H Ph H Me
14-91 Me H H Me H H H H H H Ph Me
14-92 Phh H H Me H H H H H H H Me
14-93 Phh H H Me H Me H H H H H Me
14-94 Phh H H Me H H Me H H H H Me
14-95 Phh H H Me H H H Me H H H Me
14-96 Phh H H Me H H H H Me H H Me
14-97 Phh H H Me H H H H H Me H Me
14-98 Phh H H Me H H H H H H Me Me
14-99 Phh H H Me H Ph H H H H H Me
14100 Ph H H Me H H Ph H H H H Me
14100 Ph H H Me H H H Ph H H H Me
14102 Ph H H Me H H H H Ph H H Me
14103 Ph H H Me H H H H H Ph H Me
14104 Ph H H Me H H H H H H Ph Me
14105 Me H H H Me H H H H H H Me
14106 Me H H H Me Me H H H H H Me
14107 Me H H H Me H Me H H H H Me
14108 Me H H H Me H H Me H H H Me
14109 Me H H H Me H H H Me H H Me
14110 Me H H H Me H H H H Me H Me
14111 Me H H H Me H H H H H Me Me
14112 Me H H H Me Ph H H H H H Me
14113 Me H H H Me H Ph H H H H Me
14114 Me H H H Me H H Ph H H H Me
14115 Me H H H Me H H H P H H Me
14116 Me H H H Me H H H H Ph H Me
14117 Me H H H Me H H H H H Ph Me
14118 Ph H H H Me H H H H H H Me
14119 Ph H H H Me Me H H H H H Me
14120 Ph H H H Me H Me H H H H Me
14121 Ph H H H Me H H Me H H H Me
14122 Ph H H H Me H H H Me H H Me
14123 Ph H H H Me H H H H Me H Me
14124 Ph H H H Me H H H H H Me Me
1412 Ph H H H Me Ph H H H H H Me
14126 Ph H H H Me H Ph H H H H Me
14127 Ph H H H Me H H Ph H H H Me
14126 Ph H H H Me H H H P H H Me
14129 Ph H H H Me H H H H Ph H Me
14130 Ph H H H Me H H H H H Ph Me
14131 Me Ph H H H H H H H H H Me
14132 Me Ph H H H Me H H H H H Me
14133 Me Ph H H H H Me H H H H Me
14134 Me Ph H H H H H Me H H H Me
14135 Me Ph H H H H H H Me H H Me
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TABLE 14-continued

CpdNo. Ral Ra2 Ra3 Rb4 Ra5 Rbl Rb2 Rb3 Rb4 RbS Rb6 Rb7
14136 Me Ph H H H H H H H Me H Me
14137 Me Ph H H H H H H H H Me Me
14133 Me Ph H H H Ph H H H H H Me
14139 Me Ph H H H H Ph H H H H Me
14140 Me Ph H H H H H Ph H H H Me
14141 Me Ph H H H H H H Ph H H Me
14142 Me Ph H H H H H H H Ph H Me
14143 Me Ph H H H H H H H H Ph Me
14144 Ph Ph H H H H H H H H H Me
14145 Ph Ph H H H Me H H H H H Me
14146 Ph Ph H H H H Me H H H H Me
14147 Ph Ph H H H H H Me H H H Me
14148 Ph Ph H H H H H H Me H H Me
14149 Ph Ph H H H H H H H Me H Me
14150 Ph Ph H H H H H H H H Me Me
14151 Ph Ph H H H Ph H H H H H Me
14152 Ph Ph H H H H Ph H H H H Me
14153 Ph Ph H H H H H Ph H H H Me
14154 Ph Ph H H H H H H P H H Me
14155 Ph Ph H H H H H H H Ph H Me
14156 Ph Ph H H H H H H H H Ph Me
14157 Me H Ph H H H H H H H H Me
14158 Me H Ph H H Me H H H H H Me
14159 Me H Ph H H H Me H H H H Me
14160 Me H Ph H H H H Me H H H Me
14160 Me H Ph H H H H H Me H H Me
14162 Me H Ph H H H H H H Me H Me
14163 Me H Ph H H H H H H H Me Me
14164 Me H Ph H H Ph H H H H H Me
14165 Me H Ph H H H Ph H H H H Me
14166 Me H Ph H H H H Ph H H H Me
14167 Me H Ph H H H H H Pi H H Me
14168 Me H Ph H H H H H H Ph H Me
14169 Me H Ph H H H H H H H Ph Me
14170 Ph H Ph H H H H H H H H Me
14171 Ph H Ph H H Me H H H H H Me
14172 Ph H Ph H H H Me H H H H Me
14173 Ph H Ph H H H H Me H H H Me
14174 Ph H Ph H H H H H Me H H Me
1417 Ph H Ph H H H H H H Me H Me
14176 Ph H Ph H H H H H H H Me Me
14177 Ph H Ph H H Ph H H H H H Me
14178 Ph H Ph H H H Ph H H H H Me
14179 Ph H Ph H H H H Ph H H H Me
14180 Ph H Ph H H H H H Ph H H Me
14188 Ph H Ph H H H H H H Ph H Me
14182 Ph H Ph H H H H H H H Ph Me
14183 Me H H Ph H H H H H H H Me
14184 Me H H Ph H Me H H H H H Me
1418 Me H H Ph H H Me H H H H Me
1418 Me H H Ph H H H Me H H H Me
14187 Me H H Ph H H H H Me H H Me
14188 Me H H Ph H H H H H Me H Me
14189 Me H H Ph H H H H H H Me Me
14199 Me H H Ph H Ph H H H H H Me
14191 Me H H Ph H H Ph H H H H Me
14192 Me H H Ph H H H Ph H H H Me
14193 Me H H Ph H H H H P H H Me
14194 Me H H Ph H H H H H Ph H Me
14195 Me H H Ph H H H H H H Ph Me
14196 Ph H H Ph H H H H H H H Me
14197 Ph H H Ph H Me H H H H H Me
14198 Ph H H Ph H H Me H H H H Me
14199 Ph H H Ph H H H Me H H H Me
14200 Ph H H Ph H H H H Me H H Me
14201 Ph H H Ph H H H H H Me H Me
14202 Ph H H Ph H H H H H H Me Me
14203 Ph H H Ph H Ph H H H H H Me
14204 Ph H H Ph H H P H H H H Me
14205 Ph H H Ph H H H Ph H H H Me
14206 Ph H H Ph H H H H P H H Me
14207 Ph H H Ph H H H H H Ph H Me
14208 Ph H H Ph H H H H H H Ph Me
142090 Me H H H Ph H H H H H H Me
14210 Me H H H Ph Me H H H H H Me
14211 Me H H H Ph H Me H H H H Me
14212 Me H H H Ph H H Me H H H Me
14213 Me H H H Ph H H H Me H H Me
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TABLE 14-continued

Rb7

Rb6

Ral Ra2 Ra3 Rb4 Ra5 RbBI Rb2 Rb3 Rb4 RbS

Cpd No.
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TABLE 15

Rb7 Rb

Rb6

Ral Ra2 Ra3 Ra4 Ra5 Rbl Rb2 Rb3 Rb4 RbS

Cpd No.
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TABLE 15-continued

Rb7  RbY

Rb6

Ral Ra2 Ra3 Ra4 Ra5 RbI Rb2 Rb3 Rb4 RbS

Cpd No.
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TABLE 15-continued

Rb7  RbY

Rb6

Ral Ra2 Ra3 Ra4 Ra5 RbI Rb2 Rb3 Rb4 RbS

Cpd No.
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