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Reactivity of Unsaturated 16e Half-Sandwich Complex Cp’Ir(S,C,BH,)
with ortho- and meta-Substituted Phenyl Azides
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Abstract: To test the influence of the position and electronic effect of the substituted group on the reaction
system, detailed studies on the reactivity of unsaturated 16e half-sandwich complex Cp'Tr(S,C,BiH,o) (1) with
ortho- and meta-substituted phenyl azides were performed. Reaction of 1 with ortho- and meta-substituted phenyl
azides led to the formation of metal complexes in which C-H activation at ortho-position of aryl ring happened to
construct a new C-S bond. These complexes were fully characterized by NMR (‘H, "B, "C), FTIR, MS, elemental
analysis and single crystal X-ray diffraction. Basing on the results of the same reaction system with irradiation,
the radical mechanism for the formation of these complexes was proposed. CCDC: 1046784, 2b; 1046785, 2c;
1046786, 2d; 1046787, 3b; 1046788, 3c; 1046789, 3d; 1046790, 7a; 1046791, Tb.
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J5 A A O A2 Bz B OeTE, Hi R
RS BN AV B Iz H 0 T % 4 ) —
W B AL G W RN 43 B B BAL G s R R
B AW o A R A W0 BN S HOE B W )
— L ORI O AV 2 ARE NS (B Y K C-H TR AL
FEEH 1) C-C HEEE C-X 8 (X=N,0,S S 445 1) 45
RAEIRD | Stephan 2L R H B T AL F A
A LU Ni(1) 4 & /i 9k |, Jf38 5 43 1 9 AR BOE 1%
By C-X HE(X=C,N)B, 55— 7w 2 FeA T 2 il
B AR AR JE R 2 16e G Cp'T(S,.CoB16H )
(1) 5 2,6-= W FEIR IS FAY SO | 8 O s s
F C-H W6 A s i S A S RS | R Y BT
C-C #El C-S H )4 & &,

Ol FATEM G W) 1 5 1R A B R LS A
(L)Y SN o3 2515 B 24D 28 C-H 835 LB B C-
C #EA C-S #EM ¥ 2a,3a Fl 4~6")Scheme 1), %
JE R 2 8 IR B 1) 7 N FL T 800 1T R R R
LA R 7 A — S B AR SC P 3R AR 2R 5 L AE Y
16e L&Y 1 548 A B R B S /W RO, IR R
53 24 S g ) A

1 LEES

1.1 ik F

AR e A R B | B AR R R
(SOwt% 7K 7 1 ) LA B H At JT FH 380 193 700 389 A 0 b7 40
EA W 1 4 B SCIRU AL 5 1 6 A
1.2 KSR

Bruker AM-500 A% #3241 (500 MHz, TMS,
CDCly); Vector-22 Bruker B2 AMETEL (KBr JE F);
Elementar vario EL T 7€ 2 43 #T4X ; X-6 {2 G 55 00
FEAL;XPA-7 Y (G8) Ik WAL ; Finingan MAT
TSQ7000 J5T % A% ;i Ak 45 #4 W %& >R JH Bruker
SMART Apex CCD II AT 5%,
1.3 BEREEYHER
1.3.1 4B AR B S A A B (Scheme 2)1)

PR IR AL e 8] A7 R BE (10 mmol) 3 T 25
mL VY FEUBI 2 (1) 7K 75 W (40%) T, VKV T o] Ferpoim A
15 mL ) NaNO,(1.035 g, 15 mmol) K& ¥ ,0 °C T 1
FER B 0.5 h, SRS ) S W T A 10 mLL (9
NaN;(975 mg, 15 mmol) /K ¥ W (11 & . 45 1 12 1% 22 12

Reaction conditions: i: toluene, 80 °C, 3 hours or hv, RT, 30 minutes; ii: toluene, reflux, 24 hours or hv, RT, 3 hours

Scheme 1

Reactivity of 16e complex 1 with L
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Scheme 2 Synthesis of o- and m-substituted phenyl azides

BIA, 258 16 g 3 s T LA ) 2 0y o A i £ T
THHL),0 CEFERMBFLRNL 3 h, IRV, 7R
JO7 VA A 5 ) T R M A Y pH (B R 5~7 Z T
LW T B EEREARESALEY
(N 78%~97%,Scheme 3), IR(KBr,y/ em™):2 108
~2 115(Ny),

N3 N3 N3 N3

QO Q Q O Q-
NO, cl OCH, NO,

97% 89% 78% 85% 95% 81%

Scheme 3 Prepared o- and m-substituted phenyl azides

132 EEWHNE

— M S 45 20 R (Scheme 4 Fl Scheme 5)

FkE— ARG T LAY 1(106.8 mg,
0.2 mmol) FIAH I Y A 48 5L 2 (1.0 mmol) 78 H 4
H 80 CHNFAEL HI i 5~48 h, R BRI 5 )
FEYIE DR SR B AR A 2 AT o B4
I EZEOPES 7/

T A E Y 1(53.4 mg,0.1 mmol) FlAH B Y
B OR 2 (0.5 mmol) 9 H RIS W AE R R
JH 500 W i H AR kT DG RE 1~3 h B8Rl BR %0 S
W= Wy 1 ) W e SR R ‘fﬁlz'fﬁﬁﬁz%
ENLE =8, 7= R IS,

2b(44.8 mg,34.0%): ¥ #8 {4 [ A& . 'H NMR(CDCL):
8 6.78 (t,J=8.0 Hz,1H,ArH),6.47 (d,J=7.5 Hz,1H,

Toluene, 80~112 'C, 12~48 h

ArH),6.17(d, J=7.5 Hz,1H,ArH),3.92(s, 1H,NH), 1.76
(s,15H,CH,;,Cp"). "B{'H)} NMR(CDCl;):5 —1.8(2B),
-3.2 (3B),-4.4 (2B),-7.1 (2B),-7.9 (1B), “C NMR
(CDCly):6 8.55(CH;,Cp"),90.81 (carborane),92.58 (C,
Cp"),108.40 (carborane),111.52 (C,Ph),112.01(CH,
Ph),115.41 (CH,Ph),133.91 (CH,Ph),137.24 (C,Ph),
166.66(C , Ph), ESI-MS(m/z) : 660.25(100%) [M+H]", 7T
E T (% , 4% CHuB IINCIS, T3 #65 AT A
fH):C 32.91(32.79),H 4.68(4.43),N 1.98(2.12), IR
(KBr,v/cm™) .2 582.6(B-H),

2¢(41.7 mg,32.6%): ¥ 1 4 [ {4 'H NMR(CDCL):
8 6.78 (1,J=7.5 Hz,1H,ArH),6.43 (d,/=7.0 Hz,1H,
ArH),6.00(d, J=7.0 Hz,1H, ArH),3.68(s, 1H,NH),2.46
(s,3H,CH;),1.76 (s,15H,CH;,Cp), "B {'H} NMR
(CDCly):6 -1.9(2B),-3.2(3B),-4.4(2B),-7.3(2B) ,-9.5
(IB), "C NMR(CDCl,):6 8.48(CH;,Cp"),20.08(CH;),
91.31(carborane),92.13(C,Cp"),93.14(carborane),108.97
(C,Ph),113.08(CH,Ph),114.34(CH,Ph),133.11(CH, Ph),
140.98 (C,Ph),165.21 (C,Ph), ESI-MS (m/z):639.42
(22%)[M]*,640.42(26%) [M+H]",654.33(100%)[M +
CH,J", TCER 53 11(% , ¥ CoHyuB oIrNS, 715 #5- N h
THAE) . C 35.79(35.72) ,H 5.28(5.05),N 2.12(2.19),
IR(KBr,v/em™):2 565.4(B-H),

2d(44.3 mg,33.8%): ¥4 {4 [ & . 'H NMR(CDCL):
5 6.86 (t,/=8.0 Hz,1H,ArH),6.20(d,J=8.0 Hz,1H,
ArH),5.62(d,J=8.0 Hz,1H, ArH),3.82(s,3H,0CH,),

Q_

lr\s
\ ’é B or hv, RT, 1~3 h
L,:R=CL

L,;: R=Me
L,: R=OMe

S /Ir\NH g— Ir

/ + LR

o S C. S

& &y o
R

2b: R=CL 3b: R=CL

2¢: R=Me 3c: R=Me

2d: R=OMe 3d: R=OMe

Scheme 4 Reactions of complex 1 with m-substituted phenyl azides

é Ir—s§
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G ©:
S C
\C'/é/\g N,

1 L, R=NO,
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Toluene, 80~112 C, 5~48 h /S/if\NH R
or hv, RT, 1~3 h

G S

7a: R=NO,
7b: R=Me

Scheme 5 Reactions of complex 1 with o-substituted phenyl azides
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3.75(s, 1H,NH), 1.75(s,15H,CH;,Cp’), "B{'H} NMR
(CDCly):6 -1.9(2B),-3.2(3B),-5.0(2B),-7.1(2B), 9.1
(1B), *C NMR(CDCL,):8 8.52(CH;,Cp’),55.06(0CH3),
90.72(carborane),92.26(C,Cp"),92.69(CH,Ph), 101.11
(C,Ph),108.62(carborane), 109.61(CH , Ph), 134.49(CH,,
Ph),160.25(C,Ph),167.38(C,Ph), ESI-MS(m/z):656.32
(100%) [M+H]*, JCE 7317 (% , 4% CioHy,BplrNOS, it
B4 S N THRAE) . C 35.03(34.84),H 5.05(4.92),
N 2.19(2.14), IR(KBr,v/cm™):2 576.9(B-H),

3b (69.4 mg,52.6%), B EAEMAK, 'H NMR
(CDCly):6 7.10(d, J=8.0 Hz,1H,ArH),6.56(s, 1H,ArH),
6.18(d,J=8.0 Hz,1H,ArH),3.73 (s, 1H,NH),1.77 (s,
15H,CH;,Cp"). "B{'H} NMR(CDCI,):6 —1.6(2B),-2.9
(3B),-5.0(2B),-6.9(2B) ,-9.4(1B),, *C NMR(CDCl,):6
8.57(CHs,Cp"), 89.51(carborane),92.68(C,Cp"), 106.99
(carborane),110.32(C,Ph), 111.90(CH, Ph), 115.33(CH,,
Ph),134.26 (CH,Ph),139.55 (C,Ph),165.46(C,Ph),
ESI-MS(m/z):660.33(95%) [M+H]*, JCZ 517 (% , %
CisHxoBItNCIS, 158, 455 W it 1H).C 32.65
(32.79),H 4.52(4.43),N 2.07(2.12), IR(KBr,v/cm™);
2 583.6(B-H),

3¢ (64.1 mg,50.2%), Bt @A E A 'H NMR
(CDCly):6 7.06 (d,J=8.0 Hz,1H,ArH),6.41 (s,1H,
ArH),6.04(d, J=8.0 Hz,1H,ArH),3.56(s, 1H,NH),2.22
(s,3H,CH;),1.77 (s,15H,CH;,Cp). "B {'H} NMR
(CDCLy):8 -1.9(2B),-3.3(3B),-5.1(2B) ,~7.1(2B) ,-9.4
(1B), "C NMR(CDCly):5 8.47(CH;,Cp"),21.11(CH;),
89.69 (carborane), 92.31(C,Cp"), 107.84(carborane),
108.62(C,Ph), 113.56(CH, Ph), 116.39(CH , Ph), 133.23
(CH,Ph), 143.38(C,Ph), 165.46(C,Ph), ESI-MS(m/z):
639.42(25%) [M]*,654.33(100%) [M+CH,]*, JCE 4
BT (% , ¥ CoHuB NS, 758, 455 N b i 5 1H) . C
35.83(35.72),H 5.01(5.05),N 2.08(2.19), IR(KBr,v/
em™):2 569.3(B-H).,

3d (66.5 mg,50.8%). ¥ # @A, 'H NMR
(CDCly):6 7.07(d, J=7.0 Hz,1H,ArH),6.02(s, 1H,ArH),
5.89(d,J=7.0 Hz,1H,ArH),3.72(s,3H,0CH,),3.68(s,
1H,NH),1.76(s,15H,CH;,Cp")., "B{'H} NMR(CDCL):
8 -2.0(2B), -3.1(3B), -5.1(2B), -7.1(2B), -9.0(1B),,
3C NMR(CDCly):6 8.52(CH;, Cp'),54.94(0CH),89.66
(carborane),92.26(C,Cp"),97.86(CH,Ph),101.60(CH,
Ph), 104.11(C,Ph), 107.63 (carborane), 134.03(CH,
Ph), 164.23(C,Ph), 166.79(C, Ph) . ESI-MS(m/z) :656.50

(100%) [M+H]*, JCE M (% , % CioHy,B ItNOS, it
B S NN ITEAE) . C 34.97(34.84) ,H 4.99(4.92),
N 2.02(2.14), TR(KBr,v/cm™):2 578.5(B-H).

7a(76.1 mg,56.8%), % {4 . 'H NMR(CDCL):
8 8.09(d,/=8.0 Hz,1H,ArH),7.96(s,1H,NH),7.51(d,
J=8.0 Hz,1H,ArH),6.29 (t,J=8.0 Hz,1H,ArH),1.83
(s,15H,CHs,Cp"), "B{'H} NMR(CDCly):5 —1.5(2B),
-2.7 (3B),-4.7 (2B),-6.9 (2B),-9.5 (1B), “C NMR
(CDCly):6 8.68 (CH;,Cp"),89.48 (carborane),93.62 (C,
Cp"),103.64 (carborane),110.94 (CH,Ph),123.14 (C,
Ph), 132.44 (CH,Ph), 133.64 (C,Ph), 142.60 (CH,Ph),
158.45(C,Ph), ESI-MS(m/z):670.25(76%) [M]*, JTC %
I3 (%, 4% CigHyoB oIrN,0,S, T3 465 N NI EH) .
C 32.14(32.27),H 4.59(4.36),N 4.03(4.18), IR(KBr,v/
em™):2 573.6(B-H).,

7b (65.4 mg,51.2%), ¥ @ E A, 'H NMR
(CDCly):6 7.12 (d,J=8.0 Hz,1H,ArH),6.81 (d,J=8.0
Hz,1H,ArH),6.18(t,J=7.5 Hz,1H,ArH),3.76(s, 1H,
NH),2.16(s,3H,CH;),1.78(s, 15H,CH;,Cp"), "B{'H}
NMR (CDCly):8 —1.7 (2B), 3.0 (3B), -5.1 (2B), -7.0
(2B),-9.4 (1B), “C NMR (CDCl,):8 8.54(CH;,Cp),
89.65 (carborane),92.41 (C,Cp"),107.64 (carborane),
110.83 (C,Ph),111.59 (CH, Ph), 123.42 (C,Ph), 131.90
(CH,Ph),132.75(CH,Ph),164.11 (C,Ph), ESI-MS (m/
2):638.33(100%) [M]*, JCER 73 H1 (% ,#% CHy,B o IrNS,
WHE, 5N IR E).C 3591 (35.72),H 5.13
(5.05),N 2.06(2.19), IR(KBr,v/cm™):2 570.2(B-H),
14 BREEHNE

AR SCP B PR R AR B E O IR A
Vo AR R A TR 92 18 45 & 1) 7 24K A%  7E Bruker
SMART APEX CCD 7 14 b i 8 o i o dls . R
AP AR Al T Mo Ka T4 (1=0.071 073
nm), K M w-20 F394 75 2, HAT 5 8E 1 SAINT 2
JFiEAT I8 AL 3 ] SADABS 2 ¥ #E 47 F AL
IEMS SRR AR S5 R AY | ] SHELXS-97 2544 f# At
Ry | o8 B 32 05 ) 58 Patterson 5 M HI0O X 42
TR AR AR AR AR A ) S R S BT T
Mt/ e ABIE . BT A 1T A SHELXL-97 2 7
%‘3&[20]O

CCDC: 1046784 ,2b;1046785,2¢;1046786,2d;
1046787 ,3b ;1046788 ,3¢; 1046789 ,3d;1046790,7a;
1046791,7b,
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2 HRSIE

21 PBEMEREEERSUEY 1 WY
KOG 15 L, B9l R Bt
BER L~L, A7 2 DALz 0 nl LUK AR 4 s
b, S5AE Y 1 1E e B v i R A 3 P 2 gy
BAE 2 A G807 Bk & A 28 4 @ AL 19 7= 4 2b~2d Al
3b~3d(Scheme 4), 5 L, RFEIME L~L, 5% 1
M S L3 T B AN 3 545 3] 2b~2d Fil 3b~3d W
Ky, IOt By B 27 BT 80% A |, KA AR
= AR N AE T W o A A R
BEEEVE W= oy AR B PR R OR T maims =~
2:3, MABMIBUR RIS A Ly M L R 1 4
i, 5B 1 N REEr B B — K 4
JBALIE L S-C #E R 79 7a Fl 7Tb(Scheme 5),
EASE A, A BRI AR SR 7 18 2 7E 7]
7, B W T A B 2R B R EE B 4 F S AT I OR
S S A I T AT 0 s oy T e LA R I A T
AV 49 S5 N7 ik R 6 g s g S ) 8 e R 1Y
L Al Ls S56A9 1 76 80 C I 5 h BI A 58 & %%

b, T H R Ly R L W5 78 F 2RV Wb [l 24
h DL b ATRE R I R Dk 3 s i i - SR A R S A
TEMFGAT TG R e — 40119 Ny, I i 15 f5 &%
P 5 Ak T N AR5 T 45 5y A T
22 WEYKHRIE

FEATXS B AT P2 HEAT T RRE(TH, B, BC) (£LAh |
Ji 15 K o0 2R 43 AT AN vk ) 58 4 3RAE T B X-
SR BRL AT SN DA L A5

49 2b~2d . 3b~3d . 7a Fl 7b Y 51 5 4> T 45
AN K 1~3 Fros , H SR g5 # £cs S 2 ny s
FEEA G 535 T3 1.2 f13k 3 4, FFA Y
AR L B AR T ORI ER A A C-H T A —
A Ir-N-C-C-S 42 J& Tioc¥h | Jf i i =2 — A Ir-S 8
SR A1 -S-C-C-S 4 )& HITHAHZER: . X
LA S Y C13-N1 8K h 0.130~0.137 nm, 53X
BRIRE M Z - R = AR W C-N K
RN EA C=N AU RRE 5 2Z A0 — 3002 Irl-
N1-C13 BYHEFI A 119°~124° KB N1 510 sp? 2%
b, Tr-S MR R 0.230~0.237 nm, B T 1 111

K1 A& 2b~2d M55 T 451 15 (309% 1 i 3k )
Fig.1  Molecular structures of complexes 2b~2d (30% displacement ellipsoids)

K2 A& 3b~3d W5 T L H 1 (309% 1Y i Bk )
Fig.2 Molecular structures of complexes 3b~3d (30% displacement ellipsoids)
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3 e 7a Rl Tb 15T 454 ] (309% 1 il 3K 2)
Fig.3  Molecular structures of complexes 7a and 7b (30% displacement ellipsoids)

®1 UEY 2b~2d WREEHEE
Table 1 Crystallographic data for complexes 2b~2d

Compound 2b 2¢ 2d
Empirical formula CisHyB1oClIrNS, CisHuB oINS, CoH3BIrNOS,
Formula weight 659.33 638.88 654.88
Temperature / K 296(2) 296(2) 296(2)

Crystal system Triclinic Orthorhombic Monoclinic
Space group Pl Pbca P2i/n

a/nm 1.132 71(12) 1.811 86(11) 1.000 43(19)
b/ nm 1.150 66(12) 1.999 16(13) 2.150 9(4)

¢/ nm 1.178 07(12) 2.923 95(19) 1.257 6(2)
al(°) 69.939 0(10) 90.00 90.00

B/ 89.078 0(10) 90.00 96.482(3)

v /(%) 64.021 0(10) 90.00 90.00

V / nm® 1.280 1(2) 1.059 11(12) 2.688 8(9)

A 2 16 4

D./ (g-cm?) 1711 1.603 1.618

F(000) 640 4992 1280
Absorption coefficient / mm™ 5.492 5.21 5.136

0 range for data collection / (°) 1.86~25.00 1.67~26.00 1.88~25.35
Reflectoions collected 6 441 55613 13 770

Ind reflns, R, 4421, 0.131 2 10 406, 0.097 9 4904, 0.064 3
Data / restraints / parameters 4421/ 0/ 303 10 406 / 924 / 607 4904 /470 /313
Goodness of fit on F* 1.029 1.004 1.033

Ry (I>20(1)) 0.074 9 0.036 3 0.055 3

wR, (I>20(1)) 0.188 7 0.073 0 0.114 7

Ir-S B4 0.226 nm®, 1M Irl-N1 £ 0.204~0.208
nm W55 WA Te-N B RET X SE4b G W i A
T P A Sk T B H AR AIE Y 0TS S -NH 2 B SR 1Y)
IR W, BR T Ta O AETE Sy 1 N SR Hh R

£ 7.96, A AL & W88 B0 AE 3.5~4.3 JERIN , KIF
W3 A BITERE Y Ta,Th AT 2b~2d KK
2 WL 1 20 = H g I 7E 3b~3d RNy 1 415
T 2 2H WL
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Table 2 Crystallographic data for complexes 3b~3d, 7a and 7b
Compound 3b 3c 3d 7a 7b
Empirical formula CigHB (ClIrNS, 16(CiyH3BIrNS,) -4H,0  CioHyB lrNOS,-0.5CsH ;s CisHoBiolrN,05S,  CioHsB oINS,
Formula weight 659.29 10 294.08 698.00 669.85 638.88
Temperature / K 296(2) 291(2) 296(2) 296(2) 293(2)
Crystal system Monoclinic Orthorhombic Triclinic Monoclinic Monoclinic
Space group C2le Pbca Pl P2/c P2/c
a/ nm 3.812 2(2) 1.819 22(19) 1.006 98(15) 1.249 27(7) 1.297 75(13)
b/ nm 1.242 09(7) 2.008 7(2) 1.266 10(19) 1.573 59(9) 1.519 25(15)
¢/ nm 2.695 67(15) 2.910 5(3) 1.335 9(2) 1.391 65(8) 1.568 31(12)
al (%) 90.00 90.00 112.579(2) 90.00 90.00
B1(°) 121.734 0(10) 90.00 91.792(2) 110.792 0(10) 120.549(6)
v/ (°) 90.00 90.00 106.047(2) 90.00 90.00
V / nm? 10.856 1(10) 10.635 5(19) 1.493 1(4) 2.557 6(3) 2.662 9(4)
V4 16 1 2 4 4
D./ (g-cm™) 1.614 1.607 1.553 1.74 1.594
F(000) 5120 5032 690 1304 1248
Absorption coefficient / mm™ 5.181 5.19 4.629 5.405 5.181
0 range for data collection / (°) 1.76~25.00 1.66~26.00 1.91~25.00 1.74~26.00 1.82~26.00
Reflectoions collected 26 824 55 265 8192 13 773 14 353
Ind reflns, Ry, 9540, 0.143 1 10 456, 0.052 1 5180, 0.116 4 5019, 0.134 2 5224, 0.090 1
Data / restraints / parameters 9540/ 0/ 605 10456/ 5/ 624 5180/0/ 341 5019/0/321 5224/0/304
Goodness of fit on F? 1.009 1.027 1.010 0.972 1.039
R, (I>20(1) 0.052 7 0.037 4 0.055 1 0.044 1 0.032 4
wR, (I>20(1)) 0.129 2 0.082 5 0.120 5 0.104 0 0.074 4
x3 LAY 2-2d WEZEK@mFERA(C)
Table 3 Selected bond lengths (nm) and angles (°) for complexes 2b~2d
2b 2¢ 2d

Ir1-S1 0.235 7(4) 0.236 17(15) 0.235 9(3)

Ir1-82 0.233 5(2) 0.231 78(13) 0.232 3(3)

Ir1-N1 0.208 7(11) 0.205 9(4) 0.205 0(8)

N1-C13 0.134 4(15) 0.134 4(6) 0.131 9(14)

c1-c2 0.167 6(15) 0.167 7(7) 0.166 5(13)

S1-Cl 0.179 2(12) 0.178 4(5) 0.179 5(10)

S2-C2 0.183 2(11) 0.185 2(5) 0.182 9(10)

S2-C14 0.175 9(13) 0.176 8(6) 0.176 6(11)

S1-Ir1-S2 91.69(10) 92.76(5) 91.04(9)

S1-Irl-N1 91.4(3) 88.51(13) 83.2(2)

S2-Ir1-N1 81.4(3) 81.01(13) 80.8(3)

Ir1-S1-C1 106.3(4) 104.89(18) 105.1(3)

Ir1-82-C2 106.3(3) 105.37(17) 105.03)

Ir1-82-C14 98.2(4) 100.4(2) 99.4(4)

Ir1-N1-C13 118.9(8) 121.4(4) 124.6(8)

€2-S2-C14 104.2(6) 104.5(2) 105.4(5)
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S1-C1-C2 118.5(8) 119.2(3) 116.8(6)
$2-C2-C1 117.2(7) 116.8(3) 118.1(6)
N1-C13-C14 119.1(11) 119.5(5) 116.6(10)
$2-C14-C13 116.8(9) 114.6(4) 118.0(8)

z4 LEW3I~3d.7a T 7b WEEEKOm)FE ()
Table 4 Selected bond lengths (nm) and angles (°) for complexes 3b~3d, 7a and 7b

3b 3¢ 3d 7a 7b
Ir1-S1 0.234 4(2) 0.235 72(12) 0.237 3(2) 0.236 97(18) 0.236 22(13)
Ir1-82 0.233 2(2) 0.230 7(11) 0.230 69(14) 0.231 89(15) 0.231 92(12)
Ir1-N1 0.204 4(7) 0.207 0(4) 0.204 2(8) 0.206 1(5) 0.206 1(3)
NI-CI3 0.135 0(10) 0.137 9(8) 0.135 2(11) 0.130 9(8) 0.132 8(6)
c1-c2 0.166 3(11) 0.167 7(9) 0.169 7(11) 0.168 6(8) 0.166 3(6)
s1-Cl 0.176 0(8) 0.180 8(6) 0.177 9(9) 0.176 6(7) 0.177 5(5)
$2-C2 0.185 7(8) 0.185 4(6) 0.183 0(9) 0.182 7(7) 0.183 0(4)
$2-C14 0.176 7(9) 0.173 8(6) 0.175 4(10) 0.176 3(6) 0.176 8(5)
S1-1r1-82 91.47(7) 92.75(5) 91.04(8) 91.66(6) 91.83(4)
S1-Ir1-N1 87.2(2) 89.00(12) 88.1(2) 88.91(16) 38.78(12)
S2-Ir1-N1 82.0(2) 80.99(13) 81.5(2) 80.93(15) 31.47(12)
Ir1-81-C1 104.6(3) 106.52(19) 104.7(3) 105.8(2) 104.79(16)
Ir1-82-C2 104.9(2) 104.6(2) 105.7(3) 106.6(2) 105.67(15)
Ir1-82-C14 99.9(3) 100.72(19) 100.8(3) 99.7(2) 99.71(17)
Irl-N1-C13 121.7(6) 119.8(4) 121.6(6) 121.8(4) 120.5(3)
€2-82-C14 103.6(4) 107.0(3) 104.9(4) 102.3(3) 106.6(2)
81-C1-C2 120.2(5) 115.8(4) 118.4(6) 119.1(4) 119.3(3)
$2-C2-C1 115.3(5) 119.4(4) 116.6(5) 116.5(4) 116.8(3)
N1-C13-C14 119.6(8) 119.1(5) 119.9(9) 119.4(5) 119.8(4)
$2-C14-C13 115.9(6) 115.7(4) 115.5(7) 114.7(4) 115.5(3)
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Scheme 6  Proposed mechanisms for the formation of complexes 2b~2d, 3b~3d, 7a and 7b
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