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General Consideration.All manipulations werperformed using standard Schlenk techniques
and in glove box. All chemicals were used as reskiwithout any further purification unless
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otherwise mentioned. All solvent were degasseddaiadl by standard techniques. NMR spectra
were obtained on a Bruker DPX 300, AMX 400 or 5p8cirometers. The sample temperature in
VT NMR analysis was calibrated by 4 % methanol ietlmanol-d. The chemical shift is given as
dimensionlessy values and is frequency referenced relative ta9¥dor 'H and **C NMR
spectroscopy. Elemental analyses were performetierDivision of Chemistry and Biological
Chemistry, Nanyang Technological University. X-raystallographic analyses were performed
on a Bruker X8 APEX diffractometer. IR spectra weeeorded on a Shimadzu IRPESTIGE-21
FTIR spectrometer from 4000 to 600 cm-1 with 4'amsolution.

General Method for the Synthesis of Rhodium Hydridel. To a suspension of [Rh(NBD)
(PAr3),]", PFRs (Ar = Ph,p-CgH4sOCHs, p-CsH4F) (0.50 mmol) in acetone (8 mL) was bubbled H
for 15min at 0 °C, during which time the colourtbé solution changed from red to pale yellow.
tert-Butylethyleng(1.2 ml) and benzjquinoline, 2-phenylpridine or dibenZdilquinoline (0.60
mmol) were added to the solution and were refludenn65 °C for 5 h. The solvent was
concentrated to 0.5 ml under reduced pressureréedidue was put into the glove box and washed
with diethyl ether 3« 10 ml to give white powder Rhodium hydride comglex

Yield: 454 mg (0.45 mmol, 92%JH NMR (d, 300 MHz, CRCOCD;, 295 K): -12.29 (dt'Jgy =
16.6 Hz,%Jpy =11.0 Hz, 1H, RH), 2.06 (s, 6H, B,COCH,), 6.96 (t,°J =7.7 Hz, 1H), 7.05-7.38
[m, 32H, 2H (GaHgN) + 30H (FPhy)], 7.43 (d,2J =7.7 Hz, 1H), 7.57 (¢ =8.8 Hz, 1H), 7.78 (dd,
%3=8.0 Hz,J =5.0 Hz, 1H), 8.16 (£J =7.9 Hz, 1H), 9.79 () =4.9 Hz, 1H)'P {*H} NMR (4,
121 MHz, CRCOCD;, 295 K): -143.56 (mJep= 704.0 Hz,PFg), 39.91 (d,"Jrpp= 114.3 Hz,
PPhy); **C {*H} NMR (8, 100 MHz, CRCOCD;, 295 K): 29.8 (SCH3), 120.52 (s), 122.44 (s),
122.83 (s), 126.83 (s), 127.31 (s), 128.08)t = 4.7 Hz, Phy), 128.60 (t,"Jpc = 23.0 Hz,
ipso-PPh), 130.30 (sp-PPhs), 133.36 (tJec = 5.6 Hz, PPhs), 134.73 (s), 135.73 (s), 138.44 (s),
139.65 (s), 148.19 (s), 150.71 (s), 153.08(c = 31.0 Hz Jpc = 11.2 Hz,CRh), 205.26 CO).
Anal. Calcd. For §HasFsNOPRh (1009.74): C, 61.85; H, 4.49; N, 1.39. Found:6C,54; H,
4.95; N, 1.43.

X 1')<p-c6H4OCH3)3T
/N\
0= _
O Rh PF,

b O P(p-C¢H,OCH;);

Yield: 530 mg (0.45 mmol, 89%jH NMR (5, 300 MHz, CRCOCD;, 295 K): -12.49 (dt-Jgny =
17.6 Hz,%Jpy =10.9 Hz, 1H, RH), 3.75 (s, 18H, Pg&1,OCH3), 6.69 (d,%) = 8.5 Hz, 12H,
PCH4OCH,), 6.93-6.99 (m, 12H, PE,OCH,), 7.06 (m, 1H), 7.29 (d3J = 7.3 Hz, 1H),
7.39-7.45 (m, 2H), 7.60 (d) = 8.8 Hz, 1H), 7.78 (dd)) = 7.9 Hz,3J = 5.1 Hz, 1H), 8.20 (¢fJ =
7.8 Hz, 1H), 9.76 (J = 4.8 Hz, 1H)?'P {*H} NMR (4, 121 MHz, CRCOCD;, 295 K): -143.54
(M, YJep= 704.8 Hz PFy), 36.32 (d,"Jrpe= 112.8 Hz,PCsH,OCH); **C {*H} NMR (8, 75 MHz,
CDsCOCD;, 295 K): 26.17 €D;COCDs), 55.67 (P@H,OCH3), 114.34 (t,Jpc = 5.2 Hz,
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PCeH4OCH), 120.99 (t,%Jpc = 25.4 Hz,ipso-PCsH,OCHs), 121.52 (s), 122.44 (s), 124.81 (s),
127.99 (s), 128.44 (s), 129.51 (s), 135.45 (s),83%t, Joc = 6.4 Hz, gH,OCHs), 136.39 (s),
139.08 (s), 140.73 (s), 148.97 (s), 151.97 (s),aBedt, “Jrnc = 31.8 Hz,2Jpc = 11.1 Hz,CRh),
161.96 (sp-PCgH4OCH;), 206.20 CO). Anal. Calcd. For GHsFNO7PsRh (1189.89): C, 58.54;
H, 4.83; N, 1.18. Found: C, 58.12; H, 4.97; N, 1.61

+

= ]'D(P 'C6H4F)3_‘
_N_

SEA
P(p-CgHyF)3

Yield: 475 mg (0.43 mmol, 85%JH NMR (d, 300 MHz, CRCOCD;, 295 K): -12.36 (dt\Jgny =
16.5 Hz,%Jpy; =11.0 Hz, 1H, RH), 2.09 (s, 6H, B,COCH5), 6.97 (M, 12H, P4F), 7.04 (t3J =
8.0 Hz, 1H), 7.11-7.18 (m, 12H, BE€,F), 7.31 (d2J = 7.4 Hz, 1H), 7.46-7.51 (m, 2H), 7. 64 (d,
%)= 8.8, 1H), 7.85 (dfJ = 8.0 Hz,%J = 5.1 Hz, 1H), 8.28 (dJ = 7.9 Hz, 1H), 9.83 () = 4.8
Hz, 1H);*P {*H} NMR (8, 121 MHz, CRCOCD;, 295 K): -143.50 (m!Jep= 705.4 Hz,PFe),
38.47 (d,"Jrnp= 115.5 Hz,PCsH,F); F {*H} NMR (d, 282 MHz, CDQCl,, 295K): -109.11 (s,
PGH.F), -72.69 (d,Jp.r = 709.9 Hz, Fg); **C {"H} NMR (4, 75 MHz, CRCOCD;, 295 K):
116.28 (dtJec = 21.5 Hz,Jpc = 5.4 Hz, gH4F), 122.35 (s), 123.24 (s), 125.03 (dhc = 24.4
Hz, “Jec = 3.4 Hz,ipso-PCgH4F), 125.03 (s), 128.10 (s), 129.02 (s), 129.021(35,68 (s), 136.62
(dt, Jec = 8.4 Hz,Jpc = 6.7 Hz, gH,F), 136.99 (s), 139.23 (s), 140.29 (s), 149.401(5),24 (S),
153.51(dt,"Jrnc = 31.6 Hz2Jpc = 12.5 Hz,CRh), 163.86 (d'Jrc = 249.8 Hz p-PCsH.4F), 206.11
(CO). Anal. Calcd. For §HaoF1,NOP,Rh (1117.11): C, 55.88; H, 3.52; N, 1.25. Found56.04;
H, 3.23; N, 1.21.

1c

. PPh,
ANL o= :
'3“\K PFe

: H

1d PPhs

Yield: 428 mg (0.44 mmol, 87%jH NMR (d, 300 MHz, CRCN, 295 K): -12.26 (dt'Jzny = 15.6
Hz, 2Jpy =10.9 Hz, 1H, RH), 2.06 (s, 6H, B3COCH,), 6.50 (t,°J = 6.7 Hz, 1H), 6.87 (£ = 7.6
Hz, 1H), 7.03 (dJ = 7.7 Hz, 1H), 7.12-7.42 [m, 33H, 3H {EsN) + 30H (FPhy)], 7.62 (t,°] =

6.8 Hz, 1H), 9.46 (d’J = 5.5 Hz, 1H)?'P {"H} NMR (8, 121 MHz, CRCN, 295 K): -143.58 (m,
Jep= 705.1 HzPFg), 39.91 (d,Jgne= 115.8 HzPPhy); **C {*H} NMR (4, 75 MHz, CRCN, 295

K): 119.31 (s), 121.99 (s), 122.22 (s), 124.64188.54 (s), 128.16 (@pc = 4.9 Hz, PPhy), 129.93

(t, "Jpc = 23.4 Hz,ipso-PPhs), 130.30 (sp-PPhs), 133.39 (t,Jp.c = 5.8 Hz, Phy), 136.85 (s),
142.10 (s), 144.03 (s), 149.33 (s), 161.69 (s),369dt, "Jrxnc = 28.4 Hz, Jpc = 10.3 Hz,CRh),
206.45 CO). Anal. Calcd. For §H4sFsNOP;Rh (985.72): C, 60.92; H, 4.60; N, 1.42. Found: C,
60.52; H, 4.96; N, 1.51.
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Yield: 440 mg (0.42 mmol, 83%3H NMR (5, 400 MHz, CRCN, 295 K): -12.28 (dt:Jgny = 14.1
Hz, 2Jpu= 9.6 Hz, 1H, RHA), 2.05 (s, 6H, E;COCH3), 6.81 (t,° = 7.7 Hz, 1H), 7.04-7.18 [m,
31H, 30H (fPhy) + 1H (GH1oN)], 7.40 (dd,2J = 8.0 Hz,2J = 5.2 Hz, 1H), 7.64 (m, 2H), 7.94 (d,
%) = 8.0 Hz, 1H), 8.38 (fJ = 7.9 Hz, 1H), 8.48 (fJ = 7.9 Hz, 1H), 8.63 (fJ = 8.2 Hz, 1H),
8.82 (d,%J = 4.8 Hz, 1H)?'P {*H} NMR (d, 162 MHz, CRCN, 295 K): -144.62 (m-Jep = 706.3
Hz, PFe), 40.18 (d,"Jgpe = 111.9 HzPPhy); *C {*H} NMR (8, 100 MHz, CRCN, 295K): 29.90
(CH4COCH3), 116.20 (s), 121.68 (s), 123.12 (s), 123.43 185.68 (s), 127.21 (s), 127.76 (s),
127.92 (t,Jpc = 4.9 Hz, Phy), 128.31 (s), 129.60 (fJoc = 24.0 Hz,ipso-PPhs), 130.01 (s,
p-PPhs), 130.55 (s), 130.91 (s), 132.03 (s), 133.15Kt = 5.8 Hz, Phs), 138.61 (s), 140.45 (s),
148.51 (s), 151.78 (s), 157.46 (8gnc = 27.9 Hz,2Jpc = 11.4 Hz,CRh), 206.49 CO). Anal.
Calcd. For GHaFsNOP;Rh (1059.80): C, 63.46; H, 4.47; N, 1.32. Found68.06; H, 4.45; N,
1.56.

1f

Yield: 463 mg (0.43 mmol, 85%JH NMR (d, 300 MHz, CRCOCD;, 295 K): -12.13 (dt/Jgny =
16.1 Hz,%Jpy =10.7 Hz, 1H, RH), 2.11 (s, 6H, E3COCH;), 7.10-7.22 [m, 25H, 24H fhy) +
1H (CisH/N)], 7.31-7.36 (m, 6H, Phy), 7.42 (d,*J = 7.4 Hz, 1H), 7.69 (¢fJ = 8.0 Hz, 1H), 7.80
(s, 1H), 7.86 (dd®J = 7.9 Hz*J = 5.1 Hz, 1H), 8.19 () = 7.9 Hz, 1H), 9.89 (fJ = 4.1 Hz, 1H);
¥p {'H} NMR (6, 121 MHz, CRCOCD;, 295 K): -143.48 (miJep= 705.2 Hz,PFg), 40.05 (d,
Urne= 113.1 HzPPhy); °C {*H} NMR (6, 75 MHz, CRCOCD;, 295 K): 120.52 (s), 122.44 (s),
122.82 (s), 126.83 (s), 127.31 (s), 128.08)¢te = 4.7 Hz, Phy), 128.33 (t,"Jpc = 23.1 Hz,
ipso-PPhg), 128.40 (s), 128.75 (s), 130.42 gsPPhs), 132.90 (s), 133.34 (fp.c = 5.7 Hz, Phy),
135.12 (s), 139.55 (s), 148.90 (s), 150.02 (s),4854dt, “Jrnc = 31.9 Hz,2Jpc = 11.3 Hz,CRh),
205.32 CO). Anal. Calcd. For §H44BrFsNOP;Rh (1089.63): C, 57.37; H, 4.07; N, 1.29. Found:
C, 56.99; H, 3.65; N, 1.71.

General method for the synthesis of the five-coordate Rhodium complexes 2To a solution

of the Rhodium hydride complexes (0.1 mmol) in thebmethane (3 ml) was dropped terminal
alkynes (0.2 mmol) and then the solution was stifier 2 h at -20°C. Then the solvent was
removed under reduced pressure at °Q0and the residue was transferred into glove bak an
washed with diethyl ether 8 6 ml to give an orange powder. The five-coordinaaeplexes in
solution are unstable and easily turn to C-C cogpthodium complexes at room temperature, so
the NMR is performed at -2T.
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Yield: 95 mg (0.090 mmol, 90%jH NMR (5, 300 MHz, CRCl,, 255 K): 5.10 (d*Jcy-cy = 17.0
Hz, 1H, CH=GHC¢Hs), 6.52 (d,3J = 7.1 Hz, 2H, CH@Hs), 6.90-6.98 (m, 12H, Ph), 7.02-7.20
[m, 15H, 12H (Phs) + 1H (GaHgN) + 2H (CHGHs)], 7.30-7.41 [m, 8H, 6H (Phs) + 2H
(C1sHgN)], 7.55 (t,%) = 7.7 Hz, 1H), 7.66-7.70 (m, 2H), 7.92-7.96 (m,)2BL13 (dt,*Jcp-cn =
17.0 Hz,3Jpy = 5.9 Hz, 1H, RhE=CH), 8.71 (d2J = 4.9 Hz, 1H)*'P {"H} NMR (4, 121 MHz,
CD.Cl,, 255 K): -143.88 (m'Jep= 707.6 Hz,PFg), 23.23 (d,"Jrne= 112.5 Hz,PPhy); *C {*H}
NMR (5, 75 MHz, CDCl,, 255 K): 122.41 (s), 123.24 (s), 124.58 (s), 184(3), 124.96 (s),
126.12 (t,Jpc = 24.0 Hz,pso-PPhg), 127.10 (s), 127.97 (s), 128.11 (s), 128.2218R.71 (t,Jrc
= 4.9 Hz, Phg), 131.33 (sp-PPhy), 131.49 (s), 132.07 (s), 133.00Jéc = 5.5Hz, Phg), 134.13
(s), 136.32 (s), 136.44 (s), 138.00 (s), 144.95'0dkc = 42.0 Hz Jpc = 9.4 Hz,CRh), 147.76 (dt,
YJrne = 31.0 Hz,%Jpc = 11.3 Hz, REH=CH), 147.82 (s), 148.53 (s). Anal. Calcd. For
Cs7HasFeNP;Rh1.5CHCl, (1181.19): C, 59.48; H, 4.10; N, 1.19. Found: @,1%; H, 4.02; N,
1.23.

\ +
() PPh, _|
— -
AN
(Lot
: CF
2ab O PPhj °

Yield: 101 mg (0.090 mmol, 90%)H NMR (5, 300 MHz, CDCl,, 255 K): 5.13 (dJcp-cn = 17.0
Hz, 1H, CH=GHCH.CF), 6.59 (d,3J = 8.1, 2H, GH.,CF), 6.83-7.04 [m, 13H, 12H @hs)+1H
(CiaHgN)], 7.18 (m, 12H, Phg), 7.32-7.42 [m, 9H, 6H (Phs) + 3H (GHgN)], 7.57 (1,3 = 7.7
Hz, 1H), 7.67-7.70 (m, 2H), 7.95 (] = 7.9, 2H, GH.CF;), 8.36 (dt,*Jci=cy = 17.0 Hz,*Jpyy =
5.5 Hz, 1H, RhEI=CH), 8.56 (d,*J = 4.1, 1H);*'P {*H} NMR (4, 121 MHz, CRQCl,, 255 K):
-143.85 (M, "Jep= 710.6 Hz PF), 23.38 (d,'Jrpp= 112.1 Hz PPhy); °F {*H} NMR (d, 282 MHz,
CD,Cly, 255 K): -73.20 (d,'Jpe= 710.3 Hz, 6FPFy), -62.48 (s, €3); **C {"H} NMR (4, 75 MHz,
CD,Cl,, 255 K): 122.85 (s), 123.69 (s), 124.83 i = 271.1 HzCFs), 124.94 (s), 125.24 (s),
125.44 (92Jkc = 3.8 Hz,CeH4CF), 126.25 (t Jpc = 24.0 Hz,ipso-PPhg), 127.05 (q2Jkc = 31.7
Hz, CeH4CFs), 127.47 (s), 128.97 (), 129.11J,c = 4.8 Hz, Phg), 131.74 (sp-PPh), 133.25 (t,
Jp.c = 5.4 Hz, PPhy), 134.48 (s), 136.73 (s), 141.49 (s), 145.08" (e = 42.9 Hz Jpc = 9.2 Hz,
CRh), 148.08 (s), 148.95 (s), 153.65 (dknc = 32.2 Hz Jpc = 10.7 Hz, REH=CH). Anal. Calcd.
For GgHaFoNPsRh (1121.79): C, 62.10; H, 3.95, N, 1.25. Found6©94; H, 4.30; N, 1.15.

+

Xy PPh;
_ N | —‘ .
L ore
Q SO,CF,
280 BPh,

Yield: 113 mg (0.092 mmol, 92%JH NMR (3, 300 MHz, CBCl,, 255 K): 5.27 (d3Jcp-cn = 17.2
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Hz, 1H, CH=GHC¢H,SO.CF), 6.74 (d,3] = 8.2 Hz, 2H, CHEH,SO,CF), 6.90 (m,%J = 5.4 Hz,
12H, FPhg), 7.18 (t,°J = 7.1 Hz, 12H, Phy), 7.36-7.41 [m, 8H, 6H (Phy) + 2H (CGsHsN)], 7.59 (t,
3)=7.7 Hz, 1H), 7.69 (FJ = 7.1 Hz, 2H), 7.75 () = 8.2 Hz, 2H, CHEH,SO,CF), 7.96 (d,*J

= 7.8 Hz, 2H), 8.72-8.78 [m, 2H, 1H (RRECH)+1H (G3HsN)]; *'P {*H} NMR (4, 121 MHz,
CD.Cl,, 255 K): -143.81 (m'Jep= 708.3 Hz,PF), 23.45 (d,"Jrnp= 110.6 Hz,PPhy); °F {*H}
NMR (6, 282 MHz, CRCly, 255 K): -73.11 (d,"Jpe= 710.3 Hz, 6FPFe), -79.24 (s, SECF,); °C
{'H} NMR (8, 75 MHz, CQCl,, 255 K): 119.74 (qJe.c = 320.3 HzCFs), 122.69 (s), 123.53 (s),
124.67 (s), 125.75 (S), 125.75'@pc = 23.7 Hz,ipso-PPhg), 127.20 (s), 128.68 (s), 128.87 Jtc
= 4.9 Hz, PPhy), 131.04 (s), 131.15 (s), 131.36 (s), 131.520(BPhs), 132.91 (t,Jpc = 5.4 Hz,
PPhg), 133.53 (s), 134.23 (s), 136.43 (s), 136.5414%.80 (dt,"Jrnc = 43.5 Hz,%Jpc = 9.0 Hz,
CRh), 145.45 (s), 147.80 (s), 148.74 (s), 161.61"0dkc = 31.3 Hz,’Jpc = 11.0 Hz, REH=CH).
Anal. Calcd. For GH4FsNO,PsRhS0.5CH,Cl, (1228.32): C, 57.20; H, 3.69; N, 1.18; S, 2.61.
Found: C, 57.15; H, 3.53; N, 1.40; S, 2.38.

2ad
Yield: 108 mg (0.095 mmol, 95%)H NMR (5, 300 MHz, CDCl,, 255 K): 5.25 (dJcp-cn = 17.0
Hz, 1H, CH=GCeH,NO,), 6.62 (d,2J = 8.6 Hz, 2H, CHEH,NO,), 6.91 (m, 12H, Phy), 7.16 (t,
%) = 7.5 Hz, 12H, Phy), 7.36-7.42 [m, 8H, 6H (Ph) + 2H (GzHsN)], 7.60 (t,% = 7.7 Hz, 1H),
7.69 (d,*J = 8.5 Hz, 2H, @H,NO,), 7.97 (m, 4H), 8.65 (df)cp—ch = 17.1 Hz2Jpy = 5.5 Hz, 1H,
RhCH=CH), 8.73 (d2J = 4.9 Hz, 1H)?'P {*"H} NMR (4, 121 MHz, CDCl,, 255 K): -143.81 (m,
Lep= 708.8 HzPFy), 23.42 (d,"Jrne= 110.7 HzPPhy); °C {*H} NMR (J, 75 MHz, CDCl,, 255
K): 122.64 (s), 123.50 (s), 123.64 (s), 123.9118%.65 (s), 125.49 (1Joc = 24.1 Hzjpso-PPhy),
127.19 (s), 128.67 (s), 128.84Jtc = 4.9 Hz, Phy), 131.31(s), 131.49 (p;PPhs), 132.92 (tJec

= 5.5 Hz, Phy), 134.22 (s), 136.38 (s), 136.52 (s), 143.7214%.77 (dt Jrnc = 42.7 Hz Jpc =
9.2 Hz, CRh), 145.05 (s), 147.77 (s), 148.75 (s), 159.38 'tit,c = 31.3 Hz,%Jpc = 11.4 Hz,
RhCH=CH). Anal. Calcd. For G§HFsN,O, P;Rh«0.5CHCI, (1141.25): C, 60.51; H, 3.97; N,
2.45. Found: C, 60.70; H, 3.71; N, 2.88.

T

PFe

2ai

Yield: 100 mg (0.088 mmol, 88%JH NMR (5, 300 MHz, CRCl,, 255 K): 5.97 (d3Jcp-cH =
16.9 Hz, 1H, CH=EICsH,NO,), 6.83 (d,J = 7.8 Hz, 1H), 6.89-6.99 (m, 12HPR,), 7.13-7.21
[m, 13H, 12H (Phg) + 1H (GaHgN)], 7.16-7.38 [m, 9H, 6H (Phs) + 3H (GisHgN)], 7.57-7.69 (m,
4H), 7.93-7.99 (m, 2H), 8.41(dtch-cr = 16.8 Hz,2Jpyy = 6.0 Hz, 1H, RhEI=CH), 8.65 (d3J =
4.8 Hz, 1H);*P {'H} NMR (4, 121 MHz, CQCl,, 255 K): -143.88 (miJep= 707.7 Hz,PFy),
22.78 (d,"Jrnp= 111.2 HzPPhy); °C {*H} NMR (d, 75 MHz, CQCl,, 255 K): 122.47 (s), 123.39
(s), 123.99 (s), 124.61 (s), 124.77 (s), 125.984t = 24.0 Hzjpso-PPhy), 126.09 (s), 126.77 (s),
127.11 (s), 127.26 (s), 128.72 Jpc = 4.8 Hz, PPh3), 131.39 (sp-PPhg), 131.63 (s), 132.58 (s),
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132.96 (tJp.c = 5.5 Hz, Phy), 134.23 (s), 136.52 (S), 145.10 (tiznc = 42.2 Hz,Jpc = 8.6 Hz,
CRh), 145.92 (s), 147.89 (s), 148.44 (s), 157.80"0dkc = 31.7 Hz,Jpc = 10.7 Hz, REH=CH).
Anal. Calcd. For §HaaFeN,0,P;Rh0.5CHCl, (1141.25): C, 60.51; H, 3.97; N, 2.45. Found: C,
60.73; H, 3.82; N, 2.80.

2ae
Yield: 102 mg (0.090 mmol, 90%JH NMR (5, 300 MHz, CRCl,, 255 K): 5.12 (d3Jcp-cH =
16.9 Hz, 1H, CH=EICH.CI), 6.48 (d,°J = 8.4 Hz, 2H, CHEH,CI), 6.91-7.02 (m, 12H, IPhy),
7.08-7.25 [m, 14H, 12H (hy) + 2H (GisHgN)], 7.34-7.39 [m, 8H, 6H (Phs) + 2H (GaHsN)],
7.47 (t,%= 8.4 Hz, 1H), 7.56 (d°J = 7.7 Hz, 2H, CHEH.CI), 7.90-7.94 (m, 2H), 8.14 (dt,
3Jcr=cr = 17.1 Hz3Jpy = 5.7 Hz, 1H, RhE=CH), 8.74 (d}J = 4.8 Hz, 1H)*'P {"H} NMR (J,

121 MHz, CQCl,, 255 K): -143.84 (m'Jep= 708.9 Hz,PFg), 23.10 (d,"Jrnp= 112.3 Hz,PPhy);

3¢ {*H} NMR (8, 75 MHz, CD)Cl,, 255 K): 122.79 (s), 123.56 (s), 124.88 (s), 126t4"Jpc =
24.3 Hz,ipso-PPhg), 127.40 (s), 128.52 (s), 129.01 Jic = 4.8 Hz, PPhy), 131.15(s), 131.61 (s,
p-PPhs), 131.95 (s); 133.30 (fe.c = 5.4 Hz, PPhy), 133.69 (s), 133.77 (s), 133.83 (s), 134.43 (s),
136.64 (s), 136.95 (s), 145.53 (Ulznc = 40.2 Hz,2Jpc = 9.6 Hz,CRh), 148.26 (s), 148.92 (s),
149.69 (dt, *Jgne = 31.0 Hz, Jpc = 109 Hz, REBH=CH). Anal. Calcd. For
Cs7H44CIFsNPsRhe2CHCI, (1130.70): C, 61.08; H, 4.01; N, 1.24. Found: €.26; H, 4.61; N,
1.39.

2af
Yield: 100 mg (0.09 mmol, 93%JH NMR (5, 300 MHz, CRCly, 255 K): 5.15 (d2Jcp-ch = 16.9
Hz, 1H, CH=GHCgH,F), 6.45-6.50 (m, 2H, CHEI4F), 6.77-6.93 [m, 15H, 12H @) + 3H
(CiaHgN)], 7.11 (£33 = 8.0 Hz, 12H, Phy), 7.29-7.34 [m, 7H, 6H (hs) + 1H (GaHgN)], 7.49

(t, %)= 7.7 Hz, 1H), 7.61-7.64 (m, 2H), 7.84-7.89 (m)2H95 (dt*Jop=cr = 17.2 Hz*Jpy = 5.6
Hz, 1H, Rh@&=CH), 8.70 (d3J = 4.9 Hz, 1H):*'P {*H} NMR (4, 121 MHz, CDCl,, 255 K):
-143.87 (M, Jep= 709.0 Hz,PFs), 22.91 (d,"Jgne= 112.4 HzPPhy); **C {*H} NMR (4, 75 MHz,
CD,Cl,, 255 K): 115.22 (d2Jc= 21.7 Hz,CeH4F), 122.72 (s), 123.47 (s), 124.83 (s), 126.57 (t,
LJpc = 23.7 Hz,ipso-PPhg), 127.57 (d3Jec = 7.4 Hz,CH4F), 127.37 (s), 128.41 (s), 128.54 (s),
129.98 (t,Jpc = 4.9 Hz, PPhy), 131.57 (sp-PPhg), 132.16 (s), 132.35 (s), 133.38J4c = 5.4 Hz,
PPhg), 134.43 (s), 134.96 (s), 136.62 (s), 137.1714%5.82 (dt, Jgnc = 41.3 Hz,Jpc = 12.4 Hz,
CRh), 147.39 (dt'Jrnc = 41.3 Hz2Jpc = 12.4 Hz, REH=CH), 148.43 (s), 148.87 (s). Anal. Calcd.
For Gs7Ha~NPsRh (1071.78): C, 63.88; H, 4.14; N, 1.31. Found6&56; H, 3.95; N, 1.35.

PFg
CH,
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Yield: 102 mg (0.095 mmol, 95%3H NMR (d, 300 MHz, CDCl,, 255 K): 2.22 (s, 3H, PH3),
5.02 (d,3Jcp—ch = 16.6 Hz, 1H, CH=BIC4Hs), 6.40 (d,2J = 7.2 Hz, 2H, CH@H.CHs), 6.89-7.65
[m, 37H, 30H (Phg) + 5H (CisHgN) + 2H (GH4CHa)], 7.92 (m, 1H), 8.01 (dfJep-cn = 17.1 Hz,
%Jpn = 6.3 Hz, 1H, RhEB=CH), 8.68 (d>J = 3.8 Hz, 1H)*'P {"H} NMR (4, 121 MHz, CDBCl,,
255  K): -143.88 (MiJep= 708.2 Hz PFe), 23.17 (d,}Jrpe= 113.1 Hz PPhy); **C {"H} NMR (4,
75 MHz, CQCly, 255 K): 20.86 (SCH3), 122.38 (s), 123.20 (s), 124.57 (s), 124.841(25,.17 (t,
Upc = 23.9 Hz,ipso-PPhg), 127.08 (s), 128.69 (tlc = 4.6 Hz, Phy), 128.87 (s), 131.30 (s,
p-PPh), 131.53 (s), 132.47 (s), 133.00J¢c = 5.2 Hz, PPhy), 134.12 (s), 135.27 (s), 135.56 (S),
136.28 (s), 136.40 (s), 144.97 (Hiznc = 42.1 Hz,2Jpc = 8.8 Hz,CRh), 145.91 (dt'Jrnc = 30.2
Hz, 2Jpc = 10.3 Hz, REH=CH), 147.84 (s), 148.50 (s). Anal. Calcd. FogHGFsNPsRh
(1067.82): C, 65.24; H, 4.44; N, 1.31. Found: C784H, 4.27; N, 1.16.

PFg
OCH,

2ah
Yield: 102 mg (0.094 mmol, 94%)4 NMR (5, 300 MHz, CDCl,, 255 K): 3.74 (s, 3H, PhQ4),
5.02 (d,%Jcp-ch = 18.0 Hz, 1HCH=CHCsH,OCHs), 6.45 (d,%J = 8.4 Hz, 2H, CHEH,OCH),
6.66 (d,3J = 8.4 Hz, 2H, CHGH,OCH;), 6.93 (d, 12H, Phy), 7.17 (m, 12H, Phy), 7.30-7.40 [m,
8H, 6H (FPhy) + 2H (GaHgN)], 7.54 (s, 1H), 7.65-7.69 (m, 2H), 7.87 (Mgn-cn = 18.0 Hz, Jpy

= 6.0 Hz, 1H, RhE=CH), 7.92 (d3J = 7.7 Hz, 2H), 8.71 (FJ = 5.1 Hz, 1H)?'P {*H} NMR (4,
121 MHz, CQCl,, 255 K): -143.88 (m'Jep= 707.5 Hz,PFg), 23.09 (d,'"Jrnp= 114.0 Hz,PPhy);
3¢ {*H} NMR (8, 75 MHz, CDCl,, 255 K): 55.55 (s, OH3), 113.66 (s), 122.71 (s), 123.49 (s),
124.89 (s), 125.11 (s), 126.32 (s), 126.57Jc = 23.8 Hz,ipso-PPhy), 127.41 (s), 128.27 (s),
128.40 (s), 129.00 (fpc = 4.9 Hz, Phy), 131.49 (s), 131.61 (§;PPhs), 131.97 (s), 132.34)
133.36 (t,Jpc = 5.5 Hz, Phg), 134.45 (s), 136.60 (s), 136.84 (s), 144.48" = 30.6 HzJpc

= 10.7 Hz, REH=CH), 145.46 (dt'Jrnc = 42.1 Hz,2Jpc = 9.5 Hz,CRh), 148.23 (s), 148.85 (s).
Anal. Calcd. For ggH47FeNOP;Rh«CH,CI, (1168.75): C, 60.63; H, 4.23; N, 1.20. Found: G.26;
H, 4.17; N, 1.21.

Xy P(p-CgH,OCH,);

_N |
QF 3

2bb P(p-CeH4OCH,);

Yield: 110 mg (0.084 mmol, 84%)H NMR (5, 300 MHz, CDQCl,, 255 K): 3.56 (s, 18H, Ody),
5.36 (d,%Jcp=cn = 16.8 Hz, 1H, CH=BIC4H,CF), 6.64 (d, 12H, PgH,0CH,), 6.72-6.79 [m, 14H,
12 (PGH4OCHs) + 2H (GH4CF)], 7.39-7.45 [m, 4H, 2H (GHgN) + 2H (GH.CF)], 7.56 (t,%)
= 7.7 Hz, 1H), 7.69 (m, 2H), 7.93 (& = 7.6 Hz, 1H), 8.00 (fJ = 7.9 Hz, 1H), 8.44 (dt, 1H,
3Jcr=cr = 17.1 Hz,2Jpy = 5.6 Hz, RhE&=CH), 8.71 (dJ = 4.7 Hz, 1H)*'P {"H} NMR (4, 121
MHz, CD,Cl,, 255 K): -143.88 (m'Jgp= 708.9 Hz,PFs), 21.03 (d,"Jrnp= 110.4 Hz,PPhy); °F
{*H} NMR (8, 282 MHz, CRCl,, 255 K): -72.99 (d,"Jpe= 710.3 Hz, 6FPF¢), -62.18 (s, €3);
¢ {*H} NMR (4, 75 MHz, CDCl,, 255 K): 55.56 (s, OH3), 114.14 (t,Jpc = 5.3 Hz, Phy),
117.30 (t,"Jpc = 26.5 Hz,ipso-PCgH4OCH;), 122.56 (s), 122.99 (s), 124.30 (s), 124.61 4 =

S8



269.6 Hz,CF3), 124.96 (s), 125.11 (dJrc = 3.8 Hz,CsH4CFs), 126.55 (q,Jrc = 31.7 Hz,
CeH4CFs), 127.05 (s), 128.50 (s), 128.77 (s), 131.061(3)..33 (s), 134.12 (s), 134.36Jic = 6.1
Hz, FCeH/OCH), 136.01 (s), 136.71 (s), 141.51 (s), 145.91 @ = 43.1 Hz,Jpc = 9.5 Hz,
CRh), 147.98 (s), 148.77 (s), 155.87 (dknc = 32.4 Hz,Jpc = 11.1 Hz, REH=CH), 161.56 (s,
p-PCeH4OCHs). Anal. Calcd. For gHs6FoNOgPsRh (1301.95): C, 59.04; H, 4.34; N, 1.08. Found:
C, 58.80; H, 3.66; N, 1.44.

| N P(p-CgH4F)s _‘+
o -
;V/\Q‘CH PFe
2ch P(p-CeH4F)3

Yield: 113 mg (0.092 mmol, 92%)H NMR (5, 300 MHz, CRCl,, 255 K): 5.20 (d, 1H3Jcph-cH =
17.1 Hz, CH=GICeH,CF), 6.89-6.91 [m, 25H, 24H (REF) + 1H (GaHgN)], 6.47-7.64 [m, 5H,
2H (GH4CRs) + 3H (GgHgN)], 7.72-7.79 [m, 3H, 1 H (GHgN) + 2H (GH.CF)], 8.04 (d,J =
7.9 Hz, 1H), 8.33 (dt, 1HJcp=c = 17.0 HzJp = 5.1 Hz, RhE&=CH), 9.04 (d3J = 4.9 Hz, 1H);
¥p {'H} NMR (4, 121 MHz, CDCl,, 255 K): -143.65 (miJep= 709.1 Hz PFe), 22.58 (d;Jrne=
113.2 Hz,PPhy); *%F {*H} NMR (4, 282 MHz, CDCl,, 255 K): -106.93 (s, PR), -72.44 (d, 6F,
LJpe= 710.3 Hz,PFg), -62.54 (s, €3); °C {*"H} NMR (8, 75 MHz, CQCl,, 255 K): 116.57 (dt,
2Je.c = 21.4 Hz Jp.c = 5.2 Hz, BgH4F), 121.94 (td Jpc = 25.1 Hz,"Jrc = 3.1 Hz,ipso-PCeH.F),
123.65 (s), 124.00 (s), 124.82 (dsc = 269.8 Hz,CF3), 124.96 (s), 125.20 (s), 125.83 (G =
3.8 Hz,CgH4CFy), 127.27 (s), 127.51(GJrc = 36.5 Hz,CeH,CFs), 129.10 (s), 129.27 (s), 132.33
(s), 132.73 (s), 134.47 (s), 135.60 {dc = 8.2 Hz,2Jpc = 6.5 Hz, BgH,F), 136.70 (s), 137.32 (s),
140.91 (s), 145.25 (dtJrnc = 41.9 Hz,2Jpc = 11.0 Hz,CRh), 148.16 (s), 149.84 (s), 151.60 (dt,
LJrne = 31.7 Hz2Jpc = 12.8 Hz, RBH=CH), 164.58 (d'Jcr = 252. 7 Hz, BgH4F). Anal. Calcd.
For GgHagF1sNPsRh (1229.73): C, 56.65; H, 3.11; N, 1.14. Found5T:02; H, 3.29; N, 1.08.

) PPh _‘+
_N_| i
Rh\/\©\ PFg

2db IéPhS CFs

Yield: 98 mg (0.089 mmol, 89%JH NMR (d, 300 MHz, CRCl,, 255 K): 5.07 (d, 1H3Jcp-cH =
17.2 Hz, CH=G{CgH4CFs), 6.50 (d3J = 7.8 Hz, 2H, GH,CFs), 6.99-7.03 [m, 13H, 12H @) +
1H (CyHgN)], 7.13-7.17 (m, 3H), 7.26-7.37 [m, 15H, 12HP{R) + 3H (GiHsN)], 7.44-7.53 [m,
7H, 6H (APhs) +1H (CuHgN)], 7.60 (m, 1H), 8.03 [dtJcn-cn = 17.2 Hz,%Jpy = 5.4 Hz, 1H,
RhCH=CH), 8.34 (d2Jpy = 5.0 Hz, 1H):*'P {"H} NMR (8, 121 MHz, CRCl,, 255 K): -143.96
(m, "Jgp= 708.8 HzPFe), 23.68 (d;Jrnp= 112.9 HzPPhy); %F {*H} NMR (4, 282 MHz, CRCl,,
255 K): -72.95 (d,"Jpe= 710.4 Hz,6F, FFg), -62.12 (s, 3F, E3); *C {"H} NMR (d, 75 MHz,
CD,Cl,, 255 K): 120.33 (s), 123.35 (s), 124.53 (@ = 269.7 Hz,CFs), 124.91 (s), 125.00 (s),
125.08 (q.2Jec = 3.6 Hz,CgH4CRs), 125.33 (s), 126.13 (HJpc = 23.9 Hz,ipso-PPhs), 126.59 (q,
2Jec = 31.5 HzCeH4CF), 129.07 (tJpc = 4.8 Hz, PPhg), 130.19(s), 131.51 (p;PPhs), 132.35 (s),
133.28 (tJpc = 5.3 Hz, PPhy), 134.49 (s), 138.21 (s), 141.25 (s), 141.35148.92 (s), 149.20 (dt,
YJrnc = 40.7 Hz,%Jpc = 8.7 Hz,CRh), 149.85 (s), 154.22 (dt)rnc = 31.1 Hz,%Jpc = 10.5 Hz,
RhCH=CH). Anal. Calcd. For GHasFNPsRhCH,Cl, (1182.70): C, 57.89; H, 3.92; N, 1.18.
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Found: C, 58.28; H, 3.94; N, 1.37.

7 PPh —‘+
N | i
2eb O PPhs CFa

Yield: 103 mg (0.088 mmol, 88%JH NMR (5, 300 MHz, CRCl,, 295 K): 5.17 (d3Jcp-cH =
16.8 Hz, 1H, CH=BICgH,CF), 6.62 (d3J = 7.9 Hz, 2H, @H,CF), 6.95 (m, 12H, Phg), 7.13 [m,
13H, 12H (Phy) + 1H (GH1N)], 7.37-7.29 [7H, 6H (Phs) +1H (Ci7H1N)], 7.54 (t,%) = 8.9
Hz, 1H), 7.84-7.73 (m, 3H), 8.38-8.22 (m, 3H), 8&34 (m, 3H):*'P {*H} NMR (5, 121 MHz,
CD4CN, 295K): -143.69 (m'Jep = 707.6 Hz,PFs), 23.66 (d,"Jrnp = 112.4 Hz,PPhy); °F {*H}
NMR (5, 282 MHz, CRRCN, 255 K): -72.76 (d, 6BJpr = 710.6 Hz, Pg), -62.06 (s, 3F, E5); 1°C
{*H} NMR (6, 75 MHz, CDCl,, 255 K): 118.70 (s), 122.87 (s), 123.40 (s), 1239, 124.57 (q,
LJec = 269.3 Hz CFs), 124.95 (s), 125.19 (4Jrc = 3.0 Hz,CsH4CFs), 125.93 (t1Jpc = 24.0 Hz,
ipso-PPh), 126.61 (q2Jrc = 33.0 Hz,CeH.CRs), 127.29 (s), 128.28 (s), 128.79 Jic = 4.6 Hz,
PPhs), 129.12 (s), 129.58 (s), 131.38 sPPhs), 131.73 (s), 131.94 (s), 132.32 (s), 132.63 (s),
133.09 (t,Jpc = 5.4 Hz, Phy), 135.56 (S), 141.24 (s), 147.26 (Hznc = 39.3 Hz2Jpc = 9.3 Hz,
CRh), 148.38 (s), 148.60 (s), 153.76 (dknc = 30.5 HzJpc = 11.4 Hz, REH=CH). Anal. Calcd.
For GsHagFoNPsRh (1171.85): C, 63.55; H, 3.96; N, 1.20. Found68&15; H, 4.32; N, 1.35.

PFe
CFs

2fb

Yield: 100 mg (0.083 mmol, 83%JH NMR (5, 300 MHz, CRCl,, 255 K): 5.18 (d3Jcp-cH =

17.1 Hz, 1H, CH=BIC¢H,CF), 6.62 (d,%J = 7.1 Hz, 2H, @H,CF), 6.85 [m, 14 H 12H (Phs) +

1 H (CisHsN)], 7.11-7.16 [m, 13H, 12H (hs) + 1H (GigHN)], 7.32-7.37 [m, 8H, 6H (Phy) +

2H (CigH7N)], 7.60 (t,3) = 7.1 Hz, 1H), 7.71 (s, 1H), 7.76 (,= 10.3 Hz, 1H), 7.90 (£J = 10.3
Hz, 1H), 8.27 (dt*Jcp=cn = 16.1 Hz,*Jpy; = 6.1 Hz, 1H, RhE=CH), 8.54 (dJ = 4.5 Hz, 1H);
¥p {'H} NMR (8, 121 MHz, CCl,, 255 K): -143.84 (mkJep= 708.0 Hz PF), 23.11 (d;Jrpe=

110.7 Hz,PPhy); *F {*H} NMR (6, 282 MHz, CRCl,, 255 K): -72.79 (d,"Jpe= 710.4 Hz, 6F,
PFe), -62.22 (s, €3); °C {"H} NMR (8, 75 MHz, CQCl,, 255 K): 123.07 (s), 124.54 (Yl =

268.5 Hz,CF3), 124.97(s), 125.19 (q2Jec = 2.3 Hz,CeH,CFs), 125.83 (t Jpc = 24.8 Hz,
ipso-PPhg), 126.68 (q2Jec = 30.0 Hz,CsH4CFs), 126.73 (s), 127.59 (s), 128.26 (s), 128.79:4,
= 5.3 Hz, PPhy), 129.21 (s), 131.43 (s, PR3), 131.97 (s), 132.55 (s), 132.97 Jic = 6.8 Hz,
PPh), 135.49 (s), 136.98 (s), 141.08 (s), 145.65 it = 41.3 Hz2Jpc = 9.8 Hz,CRh), 147.41
(s), 149.18 (s), 152.61 (diJrnc = 32.3 Hz,%Jpc = 9.0 Hz, RIEH=CH). Anal. Calcd. For
CsgHasBrFsNP;Rh (1200.69): C, 58.02; H, 3.61; N, 1.17. Found5&45; H, 3.84; N, 1.30.

S10



PPh; —‘
CcO

\$h</\©\ oF,

PPh, CFs
To the solution of the five coordinate intermedigmtéCD,Cl, in NMR tube was bubbled CO at O
°C for 15 min, during which time the color of thdwmn turn from orange to yellow, and then
obtained the six coordinate complexes. Yié@B mg (0.09 mmol, 90%jH NMR (5, 400 MHz,
CD,Cl,, 295 K): 6.47 (d, 1H¥)cp-cr = 16.3 Hz, CH=EICH,CF;), 6.82-6.86 (m, 12H, Fhy),
7.02-7.11 [m, 14H, 12H @hs) + 2H (GH.CF)], 7.25-7.33 [m, 8H, 6H (Phs) + 2H (GaHgN)],
7.41-7.49 [m, 2H, 1H (GHgN) + 1H ((H=CHCH,CF;)], 7.55-7.58 [m, 3H, 1H (GHsN) + 2H
(CeH4CF3)], 7.73 (d,2J = 8.8 Hz, 1H), 7.78 (d) = 7.6 Hz, 1H), 7.95 (£J = 7.9 Hz, 1H), 9.01 (d,
3= 4.9 Hz, 1H)?'P {*H} NMR (6, 162 MHz, CCly, 295 K): -144.27 (miJep= 709.8 HzPFy),
19.00 (d,"Jgpp= 99.2 Hz,PPhy); *F {*H} NMR (6, 282 MHz, CDQCl,, 295 K): -73.18 (d,"Jpe=
709.7 Hz,6F, FFg), -62.50 (s, €3); °C {*H} NMR (8, 100 MHz, CRCl,, 295 K): 123.13 (s),
124.34 (s), 124.61 (s), 125.17 (s), 125.56°0gs = 3.9 Hz,CeH4CFy), 126.32 (s), 127.75 (5),
127.80 (t,"Jp.c = 25.2 Hz,ipso-PPhy), 127.86 (s), 128.05 (£Jp.c = 3.0 Hz, PPhy), 129.42 (s),
129.49 (s), 131.04 (@-PPhs), 133.45 (tJpc = 5.0Hz, PPhs), 134.63 (s), 135.60 (s), 137.08 (s),
140.90 (s), 141.76 (s), 142.00 (s), 142.24Y@c = 25.9 Hz,Jpc = 9.3 Hz, RIEH=CH), 150.77
(s), 151.71 (s), 159.01 (dtlrnc = 22.2 HzJpc = 11.1 Hz,CRh), 188.90 (dt'Jrnc = 44.4 Hz 2 Jpc
= 9.2 Hz, RICO). Anal. Calcd. For €H44FsNOP;Rh (1149.80): C, 61.63; H, 3.86; N, 1.22. Found:
C, 61.40; H, 3.49; N, 1.96.

+

3aa

To a solution of the Rhodium hydride complexes (thol) in dichloromethane (3 ml) was
dropped terminal alkynes (0.2 mmol) and then tHatiem was stirred for 5 h at @C. Then the
solvent was removed under reduced pressure at temperature and the residue was transferred
into the glove box and washed with diethyl ethex 8 ml to give a red powder. Yiel86 mg
(0.091 mmol, 91%)*H NMR (5, 500 MHz, CBCl,, 295 K): 5.50 (dd>Jch-ch = 13.8 Hz 2 Jgnn =
6.7 Hz, 1H, CH=E-Ph), 6.48 (dd*Jcy=ch = 14.0 Hz3Jrpn = 2.9 Hz, 1H, E&=CH-Ph), 6.61 (d,
3)=7.2 Hz, 2H, CH-@Hs), 6.77 (m, 2H), 6.83 (£J = 7.0 Hz, 1H), 6.94 (m, 6H,Ah;), 7.01 (£,

= 7.9 Hz, 6H, Phy), 7.15-7.17 [m, 10H, 9H (Fhs) + 1H (CizHgN)], 7.25 (t,%) = 8.5 Hz, 6H,
PPh), 7.35 [m, 4H, 3H (Phs) + 1H (CizHgN)], 7.60 (dd2J = 7.9 Hz,2J = 5.4 Hz, 1H), 7.79 (d)

= 8.6 Hz, 1H), 7.96 (£J = 7.3 Hz, 1H), 8.01 (m, 2H), 8.17 &J,= 7.0 Hz, 1H), 9.48 (m, 1H}'P
{'H} NMR (8, 202 MHz, CQCl,, 298 K): -144.35 (m'Jep = 708.4 Hz PFs), 30.95 (dd;Jrnpe =
169.4 Hz,2Jpp = 44.5 Hz,PPhy), 36.21 (ddJrpe = 155.6 Hz,2Jpp = 43.0 Hz,PPhy); °C {*H}
NMR (5, 125 MHz, CDCl,, 295 K): 78.62 (ddiJrnc = 19.9 Hz,2Jpc = 6.2 Hz, CHEH-Ph),
85.00 (d,"Jgnc = 12.1 Hz,CH=CH-Ph), 123.75 (s), 124.93 (s), 126.29 (s), 1263, 127.93 (s),
127.98 (dJpc = 10.1 Hz, Phs), 128.05 (dJpc = 9.8 Hz, FPhy), 128.30 (s), 129.10 (s), 129.7 (S),
130.08 (s), 130.29 (p:PPhs), 130.62 (d}Jpc = 45.8 Hz,ipso-PPhs), 130.81 (s), 130.86 (dJpc =
41.4 Hz,ipso-PPhg), 132.84 (dJpc = 12.2 Hz, Phy), 134.72 (dJpc = 10.4 Hz, Phy), 136.37 (s),
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136.67 (s), 137.64 (s), 137.74 (s), 143.22 (s), .837 (s). Anal. Calcd. For
Cs7/HasFeNPsRh1.5CH,CI; (1181.19): C, 59.48; H, 4.10; N, 1.19. Found: @,1%; H, 4.02; N,
1.23.

3aj
Complex was synthesized by following the procedifréhe above method. Yield8 mg (0.092
mmol, 92%)."H NMR (5, 400 MHz, CDCl,, 295 K): 2.10-2.17 (£J = 10.9 Hz, 1H, @&,), 3.24
(dt, 3 = 13.8 Hz2) =3.9 Hz, 1H, ), 4.15-4.23 (m, 1H, CH=8-CH,-Ph), 5.82 (dd>J = 13.2
Hz, Jpp = 4.4 Hz, 1H, Gi=CH-CH,Ph), 6.42 ( d*J = 7.7 Hz, 2H, @Hs), 6.90-7.02 [m, 15H, 12H
(PPhs) + 2H (GHs) + 1H (GaHgN)], 7.17 (m, 3H, Phg), 7.26-7.33 [m, 7H, 6H (Phs) + 1H
(C13HgN)], 7.43-7.46 [m, 4H, 3H (Phs) + 1H (GaHgN)], 7.50 (dd,*J = 8.2 Hz,*J = 5. 2Hz, 1H,
C1aHgN), 7.60 (m, 6H, Phg), 7.69 (d,2J = 8.8 Hz, 1H), 7.84-7.94 (m, 4H 4gN), 9.35 (m, 1H);
3P {'H} NMR (6, 162 MHz, CDCl,, 295 K): -143.75 (MJgp = 707.7 HzPFe), 29.32 (dd; Jgne

= 160.9 Hz,2Jpp = 41.4 Hz,PPhy), 36.98 (dd; Jrnp = 155.9 Hz2Jpp = 41.9 Hz,PPhy); **C {*H}
NMR (d, 100 MHz, CBCl,, 295 K): 40.27 (SCH,), 76.10 (dd;"Jrnc = 22.7 Hz,%Jpc = 7.5 Hz,
CH=CH-CH,Ph), 91.99 (d'Jgnc = 12.0 Hz, CHEH-CH,Ph), 123.75 (s), 125.08 (s), 126.32 (s),
126.41 (s), 128.09 (s), 128.41 (¢ = 10.2 Hz, Phs), 128.66 (s, ChCeHs), 128.93 (dJ = 9.8
Hz, FPhg), 129.38 (s), 129.92 (s), 131.02 (s), 130.451(3)..16 (d;Jpc = 2.0 Hz,p-PPhy), 131.29

(d, 3Jpc = 40.2 Hz,ipso-PPhg), 131.78 (ddJpc = 45.0 Hz,2Jrnc = 2.0 Hz, Ph), 133.25 (dJpc =
12.4 Hz, PPhs), 135.08 (dJpc = 10.4 Hz, Phs), 136.97 (s), 137.21 (s), 137.89 (s), 141.42 (s),
143.32 (s), 148.11 (s). Anal. Calcd. FosgdyFNPsRh (1067.82): C, 65.24; H, 4.44; N, 1.31.
Found: C, 65.07; H, 4.42; N, 1.52.

3ak

Complex was synthesized by following the procedifréhe above method. Yield5 mg (0.089
mmol, 89%)."H NMR (5, 300 MHz, CDCl,, 295 K): 1.01-1.17 (m, 1H, i,CH,Ph), 1.90-2.00
(m, 1H, GH,CH,Ph), 2.35-2.43 (m, 2H, GIEH,Ph), 3.89-3.99 (m, 1H, CH3#GCH,CH,Ph),
5.21 (dd,*Jch=cn = 13.2 Hz,2Jrpy = 4.8 Hz, 1H, EI=CH-CH,-Ph), 6.19 (d3J = 7.2 Hz, 2H,
CH,-CgHs), 6.81-7.03 [m, 15H, 12H @hs) + 3H (GaHgN)], 7.11-7.16 (m, 3H, Phy), 7.24-7.35
[m, 8H, 6H (FPhs) + 2H (GaHgN)], 7.41-7.54 [m, 10H, 6H (Phs) + 3H (FPhy)  + 1H (GaHgN)],
7.70-7.75 (m, 2H, GHgN), 7. 90 (d,2J = 7.7 Hz, 1H), 7.97 (£ = 7.9 Hz, 1H), 9.30-9.32 (m,
1H); *'P {*H} NMR (8, 121 MHz, CDCl,, 295 K): -143.36 (m'Jep = 710.3 HzPFe), 28.87 (dd,
LJrnp = 161.5 Hz2Jpp = 41.4 Hz,PPhy), 39.22 (dd Jgne = 156.3 Hz2Jpp = 41.4 Hz,PPhy); °C
{H} NMR (6, 75 MHz, CDQCl,, 295 K): 35.92 (s, CHCH,Ph), 37.42 (d2Jrnc= 6.0 Hz,
CH,CH,Ph), 75.65 (dd Jrnc = 22.8 Hz,2Jpc = 7.5 Hz, CHEH-CH,CH,Ph), 93.30 (d'Jrnc =
12.1 Hz, CHEH-CH,Ph),123.62 (s), 124.83 (s), 125.81 (s), 126.47 (s),A2§s), 127.98 (s),
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128.33 (dJpc = 10.0 Hz, Phy), 128.47 (s, ChCeHs), 128.85 (dJoc = 9.8 Hz, Ph), 129.08 (s),
129.37 (s), 130.00 (s), 130.33 (@c = 2.2 Hz, p-Phs), 130.87 (s), 131.00 (dlpc = 2.2 Hz,
p-PPhs), 131.50 (d!Jpc = 40.2 Hz,ipso-PPhs), 131.78 (dd Jpc = 45.1 Hzjipso-PPhs), 132.71 (d,
Jpc = 12.4 Hz, Phg), 135.09 (dJec = 10.4 Hz, Phy), 136.74 (s), 137.19 (s), 137.80 (s), 140.66
(s), 143.29 (s), 147.95 (s). Anal. Calcd. FgsHGoFsNP;Rh (1081.84): C, 65.50; H, 4.57; N, 1.29.
Found: C, 65.05; H, 4.37; N, 1.56.

The following C-C coupling products were obtaingddtowly converting from five coordinate
intermediate at room temperature for several hours.

3ab

Yield: 94 mg (0.084 mmol, 93%fH NMR (d, 400 MHz, CDCl,, 295 K): 5.32 (dd3Jcp-cH =
13.5 Hz,%Jgn.n = 6.9 Hz, 1H, CH=E—-C¢H,CF), 6.46 (dd3Jcp-cy = 13.5 Hz, gy = 4.8 Hz,
1H, CH=GH-CH.CF), 6.72 (d,%J = 6.0 Hz, 2H, @H,CF), 6.91-7.00 [m, 14H, 12H ) +
2H (CisHgN)], 7.14-7.26 [m, 15H, 12H @hs) + 3H (FPhy)], 7.32-7.38 [m, 4H, 3H (Phs) +1H
(C13HgN)], 7.67 (dd*J = 8.0 Hz,2J = 5.2 Hz, 1H), 7.77 () = 8.8 Hz, 1H), 7.95 (£) = 7.2 Hz,
1H), 8.01-8.04 (m, 2H), 8.20 (&) = 6.8 Hz, 1H), 9.53 (m, 1H}"P {"H} NMR (5, 162 MHz,
CD.Cl,, 295 K): -143.53 (M-J.p = 707.6 HzPFe), 31.07 (dd Jrnp= 166.8 Hz2Jp.p= 43.0 Hz,
PPhy), 35.81 (dd;Jrnp= 153.7 Hz2Jp.p = 42.8 HzPPhy); *F {*"H} NMR (4, 282 MHz, CCL,,
295 K): -72.73 (dNpe = 710.6 Hz, Fg), 62.27 (s, €5); **C {*H} NMR (5, 100 MHz, CRCl,,
295 K): 74.05 (dd*Jgrn.c = 21.8 Hz Jp.c = 6.3 Hz, CHEH-CgH4CF), 84.05 (dJgn.c = 12.6 Hz,
CH=CH-CsH,CFs), 124.42 (s), 124.60 (dJr.c = 270.1 Hz,CF3), 125.14 (s), 125.38 (GJc =
3.6 Hz, CeH,CFs), 126.87 (s), 126.92 (s), 127.53 (dr.c = 33.1 Hz,CsH.CRs), 128.31 (s),
128.48 (dJp.c = 10.4 Hz, Phy), 128.59 (dJp.c = 10.1 Hz, Phs), 128.68 (s), 129.63 (s), 130.05
(s), 130.66 (d-Jp.c = 46.1 Hz,ipso-PPhs), 130.57 (dJp.c = 2.1 Hz,p-PPhs), 130.89 (dJp.c =
1.9 Hz, p-PPhs), 131.00 (d,"Jp.c = 42.6 Hz,ipso-PPh), 133.22 (d,Jp.c = 12.10 Hz, Phy),
134.99 (dJp.c = 10.4 Hz, Phy), 136.60 (s), 137.11 (s), 138.22 (s), 142.841(43.23 (s), 148.28
(s). Anal. Calcd. For £gHs4FNPsRh (1121.79): C, 62.10; H, 3.95, N, 1.25. Found6C94; H,
4.30; N, 1.15.

3ac

Yield: 108 mg (0.088 mmol, 96%JH NMR (5, 300 MHz, CBCl,, 295 K): 5.26 (ddJcy-cy =
13.5 Hz,2Jgpn = 7.5 Hz, 1H, CH=EBICsH4SO,CF), 6.48 (dd 2Jcp=ch = 13.5 Hz,“Jgpn = 4.5 Hz,
1H, CH=CHCeH,SO.CF3), 6.78-6.80 (m, 2H, CH-E,SO.CF;), 6.94-6.97 (m, 12H, Fhy),
7.20-7.40 [m, 21 H, 12H @h;) + 6H (FPhs) + 2H (CeH4SO,CRs) + 1H (GisHgN)], 7.74-7.80 (m,
2H), 7.97 (% = 7.5 Hz, 1H), 8.07 (m, 2H), 8.26 (8] = 6.9 Hz, 1H), 9.59 (m, 1H}'P {'H}
NMR (5, 121 MHz, CDQCl,, 295 K): -143.56 (miJep = 708.7 HzPFy), 31.71 (ddJgpe = 167.1
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Hz, °Jpp = 43.1 Hz,PPhy), 34.43 (dd Jgpe = 153.1 Hz2Jpp = 43.0 Hz,PPhy); *°F {*H} NMR (4,
282 MHz, CQCL; 295 K): -79.23 (s, SETR), -72.92 (d,'Jpe = 710.1 Hz, Fg); **C {*H} NMR
(6, 75 MHz, CQCl,, 298 K): 69.90 (ddiJrnc = 23.2 Hz,2Jpc = 6.8 Hz, CHEH-PhSQCHR),
82.03 (d,"Jgnc = 13.3 Hz,CH=CH-PhSQCF;), 119.50 (q,"Jsc = 323.85 Hz,CF3), 124.30 (s),
124.62 (s), 126.16 (s), 126.56 (s), 126.73 (s), 108, Jpc = 10.3 Hz, Phs), 128.34 (dJpc = 9.9
Hz, PPhy), 128.53 (s), 128.63 (s), 129.42 (s), 129.58 (e = 46.1 Hz,%Jrnc = 2.6 Hz,
ipso-PPhg), 129.42 (s), 129.68 (s), 130.28 tdhc = 42.5Hz,ipso-PPhs), 130.34 (d;Jpc = 2.2 Hz,
p-PPhs), 130.43 (s), 130.87 (p;PPhg), 132.75 (dJpc = 12.0 Hz, Phs), 134.65 (dJpc = 10.4 Hz,
PPh3), 136.05 (s), 136.79 (s), 138.03 (s), 142.47 14),.69 (s), 148.59 (s). Anal. Calcd. For
CsgHa4FsNO,PsRhS0.5CH,Cl, (1228.32): C, 57.20; H, 3.69; N, 1.18; S, 2.61urkh C, 57.15; H,
3.53; N, 1.40; S, 2.38.

3ad

Yield: 102 mg (0.090 mmol, 95%JH NMR (5, 300 MHz, CRCl,, 295 K): 5.29 (dd>Jch-ch =
13.5 Hz,2Jgpy = 7.2 Hz, 1H, CH=@-C¢H,NO,), 6.51 (ddJcp-cr = 13.5 Hz 2Jgp = 4.8 Hz, 1H,
CH=CH-CH.NO,), 6.72 (d,% = 7.6 Hz, 2H, CH-GH,NO,), 6.94-6.98 (m, 12H, Fhy),
7.16-7,28 (m, 15H, Phs), 7.35-7.41 [m, 4H, 3H (hy) + 1H (GaHgN)], 7.53 (d,%) = 8.8 Hz,
2H, CH-GH4NO,), 7.75-7.80 (m, 2H), 8.01 ) = 6.8 Hz, 1H), 8.10 (m, 2H), 8.29 @ = 6.7
Hz, 1H), 9.61 (m, 1H)*'P {*H} NMR (4, 121 MHz, CRCl,, 295 K): -143.55 (m}Jep = 708.7
Hz, PFg), 31.40 (dd Jrnp = 167.4 Hz2Jpp = 42.6 Hz,PPhy), 34.96 (dd Jgne = 153.1 Hz Jpp =
42.5 Hz,PPhy); °C {*H} NMR (8, 75 MHz, CQCl,, 295 K): 68.49 (ddJgnc = 22.8 Hz,2Jpc =
6.9 Hz, CH€H-CsH,NO,), 82.56 (d;"Jrnc = 12.9 Hz, CHEH-CHJNO,), 123.27 (s), 124.16 (5),
124.61 (s), 124.96 (s), 126.56 (s), 126.65 (s),128d,Jpc = 10.2 Hz, Phs), 128.33 (dJpc =
9.92 Hz, PPhy), 128.50 (s), 129.35 (s), 129.67 (s), 129.91'J; = 45.8 Hz,ipso-PPhs), 130.42
(d, *Jpc = 41.5 Hzjpso-PPh), 130.84 (s), 132.77 (dpc = 11.6 Hz, Phs), 134.58 (dJpc = 10.4
Hz, FPhy), 136.18 (s), 136.75 (s), 137.95 (s), 142.89 14%.77 (s), 146.41 (s), 146.47 (s),
147.77 (s). Anal. Calcd. Fors@44FeN,0, P;Rh«0.5CHCI, (1141.25): C, 60.51; H, 3.97; N, 2.45.
Found: C, 60.90; H, 3.71; N, 2.88.

3ai
Yield: 90 mg (0.079 mmol, 90%JH NMR (d, 400 MHz, CDQCl,, 295 K): 5.69 (dd3Jcp-cH =
13.3 Hz,Jgnn = 6.9 Hz, 1H, CH=E@-C¢H4NO;), 5.95 (d2J = 7.9 Hz, 1H, GH,NO,), 6.54 (dd3J
ci=cn= 13.2 Hz,%Jrnn = 5.1 Hz, 1H, GI=CH-CH4,NO,), 6.72 (t,°] = 7.6 Hz, 1H, GH,NO,),
6.94-6.97 (m, 12H, Phy), 7.01 (t3) = 7.7 Hz, 1H, GHuNO,), 7.14-7.21 (m, 9H, Phy), 7.27 (t,J
= 7.7 Hz, 6H, Phy), 7.35-7.41 [m, 4H, 3H (Phs) + 1H (GH.NO,)], 7.59 (q,°J = 8.0 Hz ) =5.4
Hz, 1H), 7.81 (t2J = 8.6 Hz, 2H), 7.98 (£J = 7.4 Hz1H), 8.03-8.08 (m, 2H), 8.21 (&] = 7.1 Hz,
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1H), 9.56 (m2J = 3.9 Hz, 1H)*'P {*H} NMR (J, 162 MHz, CRQCl,, 298 K): -144.42 (M-Jep =
710.3 Hz,PFg), 29.78 (ddJrne = 165.6 Hz Jpp = 43.6 Hz,PPhy), 35.44 (dd Jgpe = 153.9 Hz,
%Jpp = 43.7 Hz,PPhy); °C {*H} NMR (d, 100 MHz, CRCl,, 295 K): 68.33 (dd'Jgnc = 23.0 Hz,
2Jpc = 7.0 Hz, CHEH-CgHANO,), 81.34 (d,'Jrnc = 13.0 Hz, CHEH-CgHANO,), 122.77 (s),
124.71 (s), 125.85 (s), 126.31 (s), 126.35 (s),826s), 126.97 (s), 126.99 (s), 128.09Jg =
10.1 Hz, PP¥), 128.31 (dJsc = 9.90 Hz, Ph), 128.51 (s), 129.08 (s), 129.58 (s), 130.30 (d,
“Jo= 2.0 Hz, p-PPhg), 130.31 (d,"Jpc = 42.0 Hz,ipso-PPhy), 130.42 (dd,'Jpc = 47.0 Hz,
ipso-PPhg), 130.65 (d,*Jpc= 3.0 Hz, p-PPhs), 130.80 (s), 132.91 (dlpc = 12.0 Hz, Phy),
133.83 (s), 134.42 (dpc = 10.0 Hz, Phs), 135.03 (dJoc = 5 Hz, Phy), 136.40 (s), 136.85 (5),
138.01 (s). Anal. Calcd. Fors@FsN,O,P;Rh0.5CHCl, (1141.25): C, 60.51; H, 3.97; N, 2.45.
Found: C, 60.73; H, 3.82; N, 2.80.

3ae

Yield: 98 mg (0.086 mmol, 96%)H NMR (J, 400 MHz, CDRCl,, 295 K): 5.36 (dd>Jcy-cr = 13.6
Hz, 2Jrnn = 6.8 Hz 1H, CH=CH-CgH,CI), 6.41 (dd,¥Jcp-cn = 13.6 Hz,2Jrny = 4.8 Hz, 1H,
CH=CH-GH.CI), 6.56(d,’J = 7.8 Hz, 2H, CH-GH,CI), 6.71 (d,% = 8.0 Hz, 2H, CH-GH.CI),
6.92-7.01 (m, 12H, Phy), 7.15-7.21 (m, 9H, Phy), 7.24-7.29 (m, 6H, Phy), 7.35-7.38 [m, 4H,
3H (FPhs) + 1H (GgHgN)], 7.63 (dd,*J = 8 Hz,%) = 5.6 Hz, 1H), 7.79 () = 8.8 Hz, 1H),
7.93-8.03 (m, 3H, GHgN), 8.17 (d2J = 7.2 Hz, 1H), 9.49 (niJ = 6.8 Hz, 1H)*'P {"H} NMR (4,
162 MHz, CQCly, 295 K): -144.29 (mJep = 711.5 HzPFg), 30.47 (dd Jrpp= 172.3 Hz2Jpp =
44.8 Hz,PPhy), 35.77 (dd;Jrne = 160.3 Hz2Jpp = 45.5 Hz,PPhy); *C {*H} NMR (8, 75 MHz,
CD,Cl,, 295 K): 76.03 (dd e = 21.4 Hz,%Jpc = 6.2 Hz, CHEH-C¢H:CI), 84.70 (d,"Jrnc =
12.9 Hz,CH=CH-Ph), 124.33 (s), 125.23 (s), 126.76 (s), 1249, 128.44 (dJsc = 10.0 Hz,
PPhs), 128.50 (dJec = 9.8 Hz, Phy), 128.77 (s), 128.93 (s), 129.53 (s), 130.0413].52 (s),
130.83 (d Jpc = 2.3 Hz,p-PPhy), 130.92 (d}Jpc = 46.4 Hz,jipso-PPh), 131.17 (d1Jpc = 41.7 Hz,
ipso-PPhg), 131.21 (s), 131.85 (s), 132.12 (s), 133.36J4d,= 12.2 Hz, Ph), 135.07 (dJpc =
10.4 Hz, BPhg), 136.63 (s), 137.07 (s), 137.23 (s), 138.131(43.40 (s), 148.38 (s). Anal. Calcd.
For G7H44CIFsNPsRhe2CHCI, (1130.70): C, 61.08; H, 4.01; N, 1.24. Found: €.26; H, 4.61;
N, 1.39.

3af

Yield: 84 mg (0.080 mmol, 90%3H NMR (5, 400 MHz, CDCl,, 295K): 5.44 (dd*Jcy-ch = 13.0
Hz, 2Jrnn = 6.9Hz, 1H, CH=@I- CgH,F), 6.40-6.49 [m, 3H, 1H (@=CH-CsH4F) + 2H (GH4F)],
6.60-6.62 (m, 2H, CH-@,F), 6.92-7.02 (m, 12H,fh;), 7.18-7.20 (m, 9H, Phy), 7.25-7.28
(m, 6H, FPhy), 7.35-7.38 [m, 4H, 3H (Phy) + 1H (CizHgN)], 7.60 (m, 1H), 7.80 (¢J = 8.6 Hz,
1H), 7.94-8.03 (m, 3H), 8.17 (&) = 7.0 Hz, 1H), 9.47 (m, 1H}"P {"H} NMR (5, 162 MHz,
CD,Cl,, 295 K): -144.38 (miJep = 711.2 HzPFe), 30.60 (dd Jrnc = 168.6 Hz2Jpc = 44.2 Hz,
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PPhy), 36.11 (dd,"Jrnc = 155.7 Hz,2Jpc = 43.0 Hz,PPhy). No *C NMR spectra could be
obtained with acceptable signal to noise ratio. |A@alcd. For G;Hs~NP;Rh2CH,CI,
(1241.65): C, 57.07; H, 3.90; N, 1.13. Found: C097H, 3.37; N, 1.35

Yield: 95 mg (0.088 mmol, 93%JH NMR (d, 400 MHz, CDCl,, 295 K): 5.55 (dd3Jcp-cH =
13.9 Hz,%Jgnn = 6.2 Hz, 1H, CH=@-CsH4CHs), 6.41 (ddJep-cr = 14.0 Hz gy = 4.8 Hz, 1H,
CH=CH-CsH,CHs), 6.53 (d, 2H, CH-gH,CHs), 6.59 (d3J = 7.9 Hz, 2H, CH-gH.CHs), 6.93(t,
6H, FPhy), 7.01 (m, 6H, Phg), 7.13-7.18 (m, 9H, Phy), 7.25 (M, 6H, Phy), 7.31-7.36 [m, 4H,
3H (PPhs) + 1H (CisHgN)], 7.55 (dd,®J = 7.6 Hz,%J = 5.2 Hz, 1H), 7.79 (d®J = 8.8 Hz, 1H),
7.93-8.01 (m, 3H, BN), 8.12 (d,3 = 7.2 Hz, 1H), 9.44 (m, 1H}'P {*H} NMR (4, 162 MHz,
CD,Cl,, 295 K): -144.35 (M‘Je.p = 709.5 HzPFe), 31.12 (dd}Jgnp = 169.5 HzJpp = 43.7 Hz,
PPhy), 36.44 (ddJrnp = 156.9 Hz2Jp.p = 44.7 HzPPhy); °C {*H} NMR (8, 100 MHz, CRQCl,,
295 K): 20.74 (SCH5), 80.64 (ddJgn.c = 18.8 Hz,2Jp.c = 6.0 Hz, CHE€H-C¢H4CHs), 85.38 (d,
Urnc = 12.0 Hz, CHEH-CgH4,CHs), 123.68 (s), 125.00 (s), 126.25 (s), 127.6818Y.80 (s),
127.94 (d Jp.c = 9.7 Hz, Phg), 127.97 (dJp.c = 10.1 Hz, Phs), 129.01 (s), 129.66 (s), 130.03 (d,
“Jp.c = 1.8 Hz,p-PPhg), 130.14 (dJp.c = 1.7 Hz,p-PPhs), 130.77 (s), 130.89 (ddJp.c = 45.9 Hz,
ipso-PPhs), 130.93 (d!Jp.c = 41.2 Hz,ipso-PPh), 132.88 (dJp.c = 12.2 Hz, Phs), 134.70 (d,
Jr.c = 10.4 Hz, Phg), 136.25 (s), 136.63 (s), 136.70 (s), 137.5714R.37 (s), 148.06 (s). Anal.
Calcd. For GgHs7FsNPsRh (1067.82): C, 65.24; H, 4.44; N, 1.31. Found$@.,73; H, 4.27; N,
1.16.

3ah

Yield: 93 mg (0.086 mmol, 91%JH NMR (d, 300 MHz, CRCl,, 295 K): 5.59 (dd3Jcp-cH =
14.1 Hz,%gny = 6.3 Hz, 1H, CH=@-C¢H4OCH;), 6.32 [m, 3H, 2H (CH-gH,OCH,) + 1H
(CH=CH-C¢H4OCHg)], 6.36 (dd*Jcp-cn = 15.3 Hz 2Jrnni = 4.8 Hz, 1H, GI=CH-CsH.CHs), 6.58
(d, ) = 8.0 Hz, 2H, CH-@H,CHs), 6.90-7.05(m, 12H, Phy), 7.14-7.19 (m, 9H, Phy), 7.25-7.36
[m, 10H, 9H (Phs) + 1H (GgHgN)], 7.56 (dd2J = 8 Hz,3J = 5.2 Hz, 1H), 7.78 () = 8.8 Hz,
1H), 7.92-7.99 (m, 3H, BN), 8.11 (d,’J = 6.8 Hz, 1H), 9.47 (m, 1HMP {"H} NMR (¢, 121
MHz, CD,Cl,, 295 K): -143.66 (m'J.p = 708.3 Hz,PFs), 31.79 (dd\Jgnp = 169.5 HzJpp =
44.3 Hz,PPhy), 37.40 (dd e = 157.7 Hz2Jp.p = 44.4 Hz,PPhy); 1*C {*H} NMR (4, 75 MHz,
CD,Cl,, 295 K): 55.17 (s, OHz), 81.15 (dd, “Jrnc = 18.5 Hz, “Jpc = 5.9 Hz
CH=CH-C¢H,OCHs), 85.60 (d,"Jrn.c = 9.8 Hz, CH=CH- GH,OCHs), 113.81 (s), 123.74 (s),
124.99 (s), 126.17 (s), 126.22 (s), 127.70 (s),927d,Jp.c = 10.1 Hz, Phg), 127.97 (dJpc =
9.8 Hz, FPhy), 128.94 (s), 129.15 (s), 129.60 (s), 129.92189.99 (d,*Jp.c = 2.2 Hz,p-PPhy),
130.16 (d;'Jp.c = 2.2 Hz,p-PPhs), 130.96 (ddJp.c = 44.3 Hz,pso-PPhs), 131.02 (d1Jp.c = 40.1
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Hz, ipso-PPhg), 132.88 (dJp.c = 12.2 Hz, Phy), 134.74 (dJp.c = 10.4 Hz, Phg), 136.20 (s),
136.58 (s), 137.52 (s), 143.36 (s), 148.26 (s), .368 (s). Anal. Calcd. For
CsgHs7FsNOP;RheCH,CI, (1168.75): C, 60.63; H, 4.23; N, 1.20. Found: G,26; H, 4.17; N,
1.21.

Xy P(P-C¢H,OCH;), —’+

N
Rh _P(p C6H4OCH3)3
\ PF,

T ) 6
3bb CF;

Yield: 105 mg (0.080 mmol, 95%3H NMR (5, 400 MHz, CRCl,, 295 K): 3.74 (s, 9H, OCH
3.83 (s, 9H, OCH), 5.20 (dd,*Jcp=cn = 12.0 Hz,%Jgn = 4.4 Hz, 1H, CH=E@-C¢H.CF),
6.45-6.47 (m, 6H, P&£I,OCH,), 6.63-6.73 [m, 9H, 6H (PE,OCH;) + 1H ((H=CHCH.CF)

+ 2H (GH4CF3)], 6.87 (m, 6H,  P@H,OCH;), 7.00 (d2J = 6.8 Hz, 2H, GH,CFs), 7.16 (m, 6H,
PCH.OCHs), 7.42(d,*J = 8.0 Hz, 1H), 7. 67 (m, 1H), 7.78 (&l = 8.0 Hz, 1H), 7.95-7.99 (m,
2H), 8.09 (d,%J = 7.2 Hz, 1H), 8.23 (2 = 5.6 Hz, 1H), 9.48 (m, 1H*P {'H} NMR (4, 162
MHz, CD,Cl,, 295 K): -144.19 (mJep = 711.2 HzPFe), 27.50 (dd Jgpe = 169.2 Hz2Jpp = 43.4
Hz, PPhy), 31.74 (dd,"Jgpe = 155.2 Hz,2Jpp = 43.1 Hz,PPhy); °F {*H} NMR (4, 282 MHz,
CD,CL; 295 K): -73.10 (d.Jpr = 710.6 Hz, Fg), 62.84 (s, €5);"*C {"H} NMR (6, 100 MHz,
CD,Cl,, 295 K): 55.75 (s, OHs), 55.78 (s, @Hz), 72.39 (dd,"Jrnc = 22.3 Hz,%Jpc = 6.5 Hz,
CH=CH-C¢H.CFs), 82.76 (d,"Jrnc = 12.7 Hz,CH=CH-CsH,CF3), 113.54 (d,Jpc = 11.1 Hz,
PCeH,OCHs), 113.59 (d, Jpc = 10.9 Hz, P@H,OCH;), 121.86 (d, ‘Jpc = 49.9 Hz,
ipso-PCgH4OCH;), 124.35 (pc = 46.9 Hz,ipso-P-CeH.OCH,), 123.56 (s), 124.35 (dJec =
270.0 Hz,CF3), 124.86 (q2Jec = 3.6 Hz,CeH4CF), 126.12 (s), 126.30 (s), 126.72 {dc = 31.0
Hz, CeH.CRs), 127.74 (s), 127.86 (s), 129.22 (s), 129.491(3).83 (s), 134.09 (dpc = 13.4 Hz,
PCgH,OCH;), 135.89 (dJpc = 11.7 Hz, PEH,OCH;), 136.65 (s), 136.69 (s), 137.53 (s), 143.09
(s), 143.16 (s), 147.76 (s), 160.88 {dhc = 1.8 Hz,p-PCsH,OCHs), 161.15 (d,"Jpc = 1.9 Hz,
p-PCeH4OCHs). Anal. Calcd. For gHs6FoNOgPsRh (1301.95): C, 59.04; H, 4.34; N, 1.08. Found:
C, 58.80; H, 3.66; N, 1.44.

P(p-CgHyF);
R,h_P(P -CeHyF); PF,

3cb

Yield: 106 mg (0.086 mmol, 94%JH NMR (5, 400 MHz, CBCl,, 295 K): 5.48 (dd®Jcy-cy =
14.0 Hz,2Jgny = 6.8 Hz, 1H, CH=@-CsH4CF), 6.42 (dd Jep-c= 13.2 Hz,Jgpn = 2.4 Hz, 1H,
CH=CH-CH,CFs), 6.74 (m, 6H, PEH.F), 6.86 (m, 2H, gH,CFs), 6.89-7.07 [m, 14H, 12H
(PCH.F) + 2H (GH.CF3)], 7.18-7.24 (m, 6H, PEI,F), 7.49 (d3J = 8.4 Hz, 1H), 7.82-7.86 (m,
2H), 8.00 (t2J = 7.2 Hz, 1H), 8.07 (£J = 8.0 Hz, 1H), 8.12 (£J = 6.8 Hz, 1H), 8.21 (fJ =
6.9 Hz, 1H ), 9.67 (m, 1HJP {"H} NMR (4, 162 MHz, CQCl,, 295 K): -143.99 (MJep = 711.2
Hz, PFe), 28.28 (ddJrnp = 170.0 Hz2Jpp = 43.6 HzPCeH4F), 34.55 (dd*Jgne = 156.4Hz Jpp =
43.6 Hz,PCgH.F); °F {*H} NMR (4, 282 MHz, CDCL, 295 K): -108.21(s, F), -108.40 (s,
PHF), -72.44 (d,'Jpe = 710.6 Hz, Fy), 63.04 (s, €5); °C {*H} NMR (8, 100 MHz, CDQCl,, 295
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K): 75.46 (dd,"Jrnc = 21.7 Hz,%Jpc = 6.6 Hz, CHEH-CsH,CFs), 85.20 (d,"Jgnc = 12.5 Hz,
CH=CH-CsH,CF), 115.69 (ddJec = 21.9 Hz Jpc = 11.4 Hz, BgH4F), 115.90 (ddJec = 21.9 Hz,
Jpc = 11.0 Hz, BgH4F), 124.06 (q Jec = 270.0 HzCFs), 124.66 (S), 124.76 (S), 125.15 {8kc =
3.5 Hz, CH4CFRs), 126.01 (d,'Jpc = 47.9Hz, ipso-PCeH4F), 126.18 (d,’Jpc = 40.5 Hz,
ipso-PCgH.4F), 126.38 (s), 126.74 (s), 128.02 (s), 125.15\g = 3.5 Hz, GH.CRs), 127.86 (q,
ZJec = 32.7 Hz,CeH,CRs), 128.01 (s), 128.67 (s), 129.32 (s), 129.63183).09 (s), 134.74 (dd,
Jec = 11.9 Hz,Jpc = 8.6 Hz, gH4F), 136.68 (s), 137.97 (s), 142.03 (s), 142.5714R.68 (s),
163.83 (d,}Jec = 252.4 Hzp-PCgH.F), 164.07 (d'Jec = 252.4 Hz p-PGH4F). Anal. Calcd. For
CsgHagF1sNPsRh (1229.73): C, 56.65; H, 3.11; N, 1.14. Found5Z.02; H, 3.29; N, 1.08.

Yield: 89 mg (0.081 mmol, 91%jH NMR (5, 300 MHz, CRCl,, 295 K): 4.78 (d>Jcy-cy = 14.0
Hz, 1H, CH=CH-C¢H4CFs), 6.02 (dJci=cn = 14.2 Hz, 1H, BI=CH-CsH,CF), 6.68 (d,Jcp-cr =
7.2 Hz, 2H, GH,CR), 6.94 (d,2J = 7.6 Hz, 1H), 7.02-7.12 [m, 25H, 24 HRI®) + 1H (C1HsN)],
7.32 [m, 7H, 6H (Phs) + 1H (GuHgN)], 7.43-7.55 [m, 4H, 2H (H.,CR) + 2H (GiHsN)],
7.75-7.82 (m, 2H), 9.00 (d) = 4.7 Hz, 1H):*'P {*H} NMR (8, 162 MHz, CDCl,, 295 K):
-144.31 (M Jep = 711.6 HzPFe), 30.91 (dd’Jrne = 171.3 Hz2Jpp = 41.2Hz PPhy), 35.48 (dd,
Lrnp = 156.2 Hz Jpp = 41.8 HzPPhy); *F {"H} NMR (J, 282 MHz, CQCL, 295 K): -73.24 (d,
Lpe = 707.8 Hz, Fg), 63.07 (s, €5); °C {"H} NMR (J, 75 MHz, CDCl,, 255 K): 81.90 (dd,
LJrne = 18.1 Hz2Jpc = 5.8 Hz, CHEH-CHLCF), 87.67 (dJrnc = 10.1 Hz,CH=CH-CsH.CF),
124.40 (q,Jrc = 270.2 Hz, C§), 125.53 (q,3Jc = 3.5 Hz,CeH.CRs), 125.72 (s), 125.80 (s),
127.89 (q,°Jec = 32.0 Hz, CeH,CFs), 128.03 (s), 128.12 (s), 128.35 (B¢ = 9.8 Hz, Phy),
128.70 (d,Jpc = 10.3 Hz, Phs), 128.93 (s), 129.10 (s), 130.69 gsPPhs), 130.81 (d,'Jpc =
44.3 Hz,ipso-PPhs), 131.13 (d,'Jpc = 43.7 Hz,ipso-PPhy), 132.14 (s), 132.29 (s), 133.30 (s),
133.64 (dJpc = 12.0 Hz, Phs), 134.65 (s), 134.86 (dpc = 10.4 Hz, Phg), 135.98 (s), 139.39
(s), 141.94 (s), 149.88 (s), 156.28 (s), 162.65 Asjal. Calcd. For €H4sFoNPsRhCH.CI,
(1182.70): C, 57.89; H, 3.92; N, 1.18. Found: C288H, 3.94; N, 1.37.

3eb

Yield: 92 mg (0.079 mmol, 90%JH NMR (d, 400 MHz, CDQCl,, 295 K): 5.25 (dd3Jcp-cH =
13.7 Hz,%Jrn = 6.9 Hz, 1H, CH=E-C¢H.CFs), 6.41 (d,%J = 13.6 Hz, 1H, BI=CH-CsH.CF),
6.72 (d,% = 6.5 Hz, 2H, @H,CF), 6.87-6.90 (m, 6H, Ph), 6.94-6.97 [m, 10H, 9H (Fhs) +
1H (CHgN)], 7.10-7.25 [m, 13H, 12H h) + 1H (GH1N)], 7.33-7.37 (m, 3H, Phg), 7.71 (t,
%) = 7.3 Hz, 1H), 7.76-7.81 [m, 3H, 2H {d,CF3) + 1H (GHyoN)], 8.04 (t,%] = 7.9 Hz, 1H),
8.15 (d,*J = 7.3 Hz, 1H), 8.33 (dJ = 7.2 Hz, 1H), 8.59 () = 8.2 Hz, 1H), 8.74 () = 8.2 Hz,
1H), 9.55 (m, 1H)?'P {'H} NMR (J, 162 MHz, CDCl,, 295 K): -144.23 (m'Jep = 709.9 Hz,
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PFg), 30.88 (dd Jrnp = 169.7 Hz2Jpp = 43.0Hz,PPhy), 35.71(dd Jrpe = 156.2Hz2Jpp = 44.0 Hz,
PPhy); **C {*H} NMR (8, 75 MHz, CDCl,, 295 K): 75.33 (dd'Jrnc = 21.9 Hz,2Jpc = 6.3 Hz,
CH=CH-C¢H4CF), 84.53 (d,2Jrnc = 12.0 Hz,CH=CH-CsH,CFs), 122.41 (s), 122.94 (s), 123.75
(s), 124.49 (s), 125.06 (&Jrc = 3.7 Hz,CeH,4CFs), 125.07 (d,'Jrc = 134.3 HzCF;), 126.80 (s),
127.31 (9,3Jc = 31.1 Hz,CsH.CFs), 127.85 (s), 127.91 (s), 128.06 (e = 9.7 Hz, Phy),
128.18 (dJpc = 9.0 Hz, Phs), 128.40 (s), 128.73 (s), 129.49 (s), 129.61%8).00 (d,'Jpc =
2.2 Hz,p-PPhy), 130.18 (ddJpc = 45.8 Hz,ipso-PPhs), 130.32 (s), 130.49 (dJsc = 2.0 Hz,
p-PPhs), 130.60 (dJpc = 42.1 Hz,ipso-PPh), 131.46 (s), 132.39 (s), 132.83 (dc = 12.1 Hz,
PPhs), 134.57 (dJpc = 10.5 Hz, Phg), 135.29 (s), 136.28 (s), 142.24 (s), 143.3814Y,.12 (s).
Anal. Calcd. For GHasFeNP;Rh (1171.85): C, 63.55; H, 3.96; N, 1.20. Found68.15; H, 4.32;
N, 1.35.

3fb

Yield: 93 mg (0.077 mmol, 93%JH NMR (, 500 MHz, CRQCl,, 295 K): 5.28 (dd3Jcp-cH =
14.0 Hz, “rpn = 7.4 Hz, 1H, CH=E@-CeH.CF;), 6.48 (d, *Jep-cy = 12.7 Hz, 1H,
CH=CH-CsH,CF), 6.87-6.90 (m, 2H, 1,CFs), 6.95-6.97 (m, 6H, Phy), 6.95-6.97 [m, 14H,
12H (FPhy) + 2H (GH4CFR3)], 7.19-7.24 (m, 15H, Phg), 7.34-7.37 (m, 3H, Phy), 7.73-7.77 (m,
2H), 7.98 (d2J = 7.9 Hz, 1H), 8.06 (£ = 7.6 Hz, 1H), 8.28 (£J = 7.2 Hz, 1H), 8.49 (§) = 8.2
Hz, 1H), 9.60 (m, 1H)*'P {"H} NMR (8, 202 MHz, CRQCl,, 295 K): -144.19 (m\Jep = 709.4 Hz,
PFg), 30.39 (dd Jgnp = 167.9 Hz2Jpp = 43.1 Hz,PPhy), 34.82 (dd Jrpe = 154.0 Hz2Jpp = 42.8
Hz, PPhy); F {"H} NMR (6, 282 MHz, CRCL, 295 K): -72.95 (dJpr = 710.6 Hz, Fg), 62.97
(s, GF3); °C {*H} NMR (6, 125 MHz, CRCl,, 295 K): 73.85 (ddJgnc = 20.8 Hz *Jpc = 6.5 Hz,
CH=CH-CgH.CFs), 82.90 (d,"Jgnc = 12.6 Hz,CH=CH-CiH,CFs), 124.18 (q,"Jec = 270.1 Hz,
CFs), 124.35 (s), 124.77 (s), 125.03 {dkc = 3.1 Hz,CsH4CFs), 125.83 (), 127.23 (GJrc = 33.0
Hz, CeH4CFs), 127.11 (s), 127.41 (s), 127.98 (s), 128.18)4d= 12.4 Hz, Phy), 128.27 (dJpc =
10.3 Hz, Phg), 129.05 (s), 129.89 (s), 130.19 tdhc = 48.5 Hz,pso-PPhs), 130.22 (s), 130.59 (s,
p-PPhs), 130.55 (d,"Jpc = 42.1 Hz,ipso-PPhy), 131.67 (s), 132.81 (dlpc = 12.0 Hz, Phy),
134.54 (d,Jpc = 10.3 Hz, Phs), 135.07 (s), 136.53 (s), 136.87 (s), 142.16148.34 (s). Anal.
Calcd. For GgHasBrFsNP;Rh (1200.69): C, 58.02; H, 3.61; N, 1.17. Found58.45; H, 3.84; N,
1.30.
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NMR Spectra of Rhodium Hydrides 1, Intermediates Zand Coupling products 3
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1b, WH, CDsCOCDs, 300 MHz
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1b, 31P, CD3COCD3, 121 MHz
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1¢,"°C, CDsCOCDs. 75 MHz
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1d, 'H, CD3CN, 300 MHz
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1d,”'P, CICN, 121 MHz
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1e,"°C, CD3CN, 100 MHz
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1f,1H, CD3COCDs3, 300 MHz
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11,*'P, c*cOCDs, 121 MHz Y/ NS
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2aa, 'H, CD2CE, 300 MHz
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2ad, "°c, CD2CR, 75 MHz
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2eb, 'H, CD2CE, 300 MHz
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T T T T T T T T
170 165 160 155 150 145 140 135 130 125 120 115 110 105
1 (ppm)

Hn)

15000

10000

5000

500000

I~ 450000

400000

I~ 350000

[~300000

I~ 250000

[~ 200000

I~ 150000

100000

50000

T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90
1 (ppm)

T
220 210

3af, *'P, CD2CEz, 168 MHz

M T L e A I

AR R

[~ bHuy

— -139.99

6000

5500

5000

4500

4000

3500

3000

I 2500

2000

1500

1000

500

=500

—1000

—1500

T T T T T T T
250 200 150 100 50 0 50
1 (ppm)

100

150 200 250

S60



3ag

3ag, 'H, CD2CE, 400 MHz

- S = -
l . L )
! s
8 g
. T T T T : . T T — . T T . T . . T . . T
L0 10.5 10.0 9.5 9.0 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 L5 L0 05 00 -0.5
1 (ppm)
13
3ag, C, CD2CI2, 100 MHz
- 70000
- 60000
50000
- 40000
30000
20000
| “A J - 10000
L. J I
T T T T T T T T T T T T T T T
150 145 140 135 130 125 120 115 110 105 100 95 90 85 80
f1 (ppm)
L IA.“!EM [.l L
" T T T T T T T T T T T T T T T
60 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

I~ 3600

I~ 3400

I~ 3200

3000

I~ 2800

I~ 2600

I~ 2400

2200

2000

1800

1600

I 1400

1200

1000

800

I~ 600

400

200

=200

[~ 750000

[~ 700000

I~ 650000

600000

550000

500000

I~ 450000

400000

[~ 350000

[~300000

I~ 250000

[~ 200000

I~ 150000

100000

50000

ro

I~ =50000

S61



201N

N

8500

8000

[ 7500

[~ 7000

6500

6000

5500

5000

4500

4000

3500

3000

I 2500

2000

1500

1000

500

=500

00 90 80 70 60 50 40 30 20 10 0 10 20 30 -40 50 -60
1 (ppm)

3ah

3ah, 'H, CD2CE, 300 MHz

— S s s S —

A

800

750

- 700

650

I~ 600

550

500

450

400

I~ 350

300

I~ 250

200

150

100

&
g
he

§

(.

T T T T
4.5 4.0
1 (ppm)

3.5

3.0

T
2.5

~-1000

S62



13
3ah, C, CD2Ck, 300 MHz - 150000

I~ 140000
I~ 130000
[~ 30000
120000
110000
[~ 20000
100000
10000 £ 90000

1 DML

[~ 70000

T T T T T T T T T T
165 160 155 150 145 140 135 130 125 120 115
1 (ppm) [~ 60000

50000

40000

[~ 30000

[~ 20000

Ll M JI] bk 1 [ 1710000

ro

- -10000

T T T T T T T T T T T T T T T T
80 170 160 150 140 130 120 110 100 90
1 (ppm)

[~ 14000

. NS
3ah, P, CDCI2, 121 MHz [ 13000

F 12000
F 11000
F 10000
9000
8000
7000
6000
5000
I 4000
F 3000
2000

1000

m | )

-1000

T T T
00 90 80 70 60 50 40 30 20 10 0 10 20 30 -40 50 -60 -70 80 90 110 130 150 170 190
1 (ppm)

3ai O,N

S63



- s //// -

3ai,'H, CD2CE. 400 MHz

s N S A e
2 838§ sz B e
= i g e oz
r T T T T T T T T T T T T T T T T T T T T T |
2.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 0.5 1
1 (ppm)
13
3ai, C, CD2Ck. 100 MHz
[~ 40000
[~ 30000
[ 20000
[~ 10000
o Ll N
Ly U L ) s Al ro
T T T T T T T T
155 150 145 140 135 130 125 120
1 (ppm)
PR H.M L‘AM. A A . " 1
r T T T T T T T T T T T T T T T T T T
80 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)

6500

6000

5500

5000

4500

4000

I~ 3500

3000

I~ 2500

2000

1500

1000

500

=500

[~ 600000

550000

500000

I~ 450000

400000

I~ 350000

[~300000

I~ 250000

200000

I~ 150000

100000

50000

[~ =50000

S64



I~ 8000

3ai,”'P, CDXCR. 168 MHZE=23222

I~ 7500

[~ 7000

6500

6000

5500

5000

4500

4000

I~ 3500

3000

2500

2000

1500

1000

500

=500

—1000

=-1500

T T
00 90 80 70 60 50 40 30 20 10 0 10 20 30 -40 50 -60 -70 80 90 110 130 150 170 190
1 (ppm)

1
3aj, H, CD2CIk, 300 MHz L 1000
F 900
k800
_— e — — —— —— _—
F 700
F 600
F 500
F 400
F 300
F 200
J\ M -
il A A —
an »—'—Q—L—<>—'—< an — e —
E] 2 s 8 g 8 5 8
z = E = S = = = - -100
L T T T T T T T T T T T T T T T T T T T T T
.0 95 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 L5 10 05 00 0.5

1 (ppm)

S65



3aj, °c, CD2CR, 75 MHz
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3ak, 'H, CD2Ck, 300 MHz

s o/ / s

600

550

500

450

400

I~ 350

300

I~ 250

I~ 200

150

100

1014

L0 9.5 9.0 8.5

3ak, "°C, CD2CE, 75 MHz

L | M

I

T
155

T T T T
150 145 140 135
f1 (ppm)

T
130

T
125

40000

[~ 30000

20000

10000

[~ 220000

I~ 210000

[~ 200000

[ 190000

I~ 180000

[ 170000

I~ 160000

I~ 150000

I~ 140000

I~ 130000

120000

110000

100000

90000

[~ 80000

[~ 70000

60000

50000

40000

[~ 30000

20000

10000

L ‘ m "n)

ro

T T T T
150 140 130 120 110 100

7
1 (ppm)

S67



NP

31 '
3ak, P,CDRCR, 121 MHz

8500

8000

I~ 7500

[~ 7000

6500

6000

5500

5000

4500

4000

3500

3000

[ 2500

2000

1500

1000

500

00 90 80 70 60 50 40 30 20 10 0 10 -20 -30 -40 -50

1 (ppm)

—‘+

P(p-CcH,OCH

N ,(P ¢H40CH3); i
Rh—P(p-CsH,0CH3); pFg

N

3bb

3bb, 1H, CD2CI2, 400 MHz

s J///// /

[ 3200

3000

I~ 2800

I~ 2600

I~ 2400

2200

2000

1800

1600

I 1400

1200

1000

800

600

400

200

11. 0

T
5.0

4099{

T
4.5
1 (ppm)

=3
©
o

T
4.0

S68



3bb, "°C, CD2CE, 100 MHz
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3cb, 'H, CD2CE, 400 MHz
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4,"H, CD2CR, 400 MHz
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Kinetics Data of

C-C Reductive Elimination

From Rare

five-Coordinate Rh(Ill) Complexes by NMR Spectroscpy.

1. Kinetic studies of the decay of 2ab.

li’Ph3 _|+ PPh, _l
—
= N< . InNMR tube = 7 \PPh
C_J N Rh\%\Q\PFs —_— N lh, 3

: o

PPhg CFs J
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& 40
(@]
<
Equation y=a+b'x
3.8 - Weight 'No Weighting
Residual Sum of 0.00188
9 Squares
Pearson's r -0.99964
3.6 { Adi Rsquare 099926 ‘
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& Slope . -0.00228 1.15369E-5
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Chart 1. Ln [2ab] — times plot. based oiF NMR analysis at 287.67 K in CBCl,.
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Chart 2. Ln [2ab] — times plot. based oiF NMR analysis at 293.58 K in CRCl,.
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Chart 3. Ln [2ab] — times plot. based oiF NMR analysis at 296.96 K in CBCl,.
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InC (2ab)

Chart 4.
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Ln [2ab] — times plot. based olfF NMR analysis at 305.3 K in CQCl,.

Table 1. Temperature-Dependent Kinetics for the Deay of 2ab

T (K) 1T In(k/T) k (min-1)
287.67 0.003476 -11.766 0.00228(1
293.58 0.003406 -11.0392 0.00471(7
296.96 0.003367 -10.65 0.00704(4)
305.3 0.003275 -9.6486 0.0197(1)

y=a+b'x
No Weighting
6.91391E-4

Equation
Weight
Residual Sum of
Squares
Pearson's r -0.99985

0.99956

Adj. R-Square

‘Standard Error
2481073 0.43305
-10525.49094 128.05337

Value
Intercept
Slope

0.0034 0.008

1T(K™)

0.0033

Chart 5. The Erying Plot for the kinetic studies ofthe decay of 2ab.
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ky, T igo °
o BT ol el -8

AH? = 20.9 kcal/mol:AS” = -6.1 eu

2. Electronic Effects of Reacting and Ancillary Ligands.
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Chart 6. Ln [2ag] — times plot. based odH NMR analysis at 293 K in CO,Cl..
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Chart 7. Ln [2aa] — times plot. based odH NMR analysis at 293 K in CO,Cl..
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Chart 8. Ln [2af] — times plot. based oriH NMR analysis at 293 K in CD,Cl,.
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InC (2ac)
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Chart9. Ln [2ac] — times plot. based ofiH NMR analysis at 293 K in CD,Cl,.
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Chart 10. Ln [2bb] — times plot. based ort®*F NMR analysis at 293 K in CQCl,.

1

| ) P(P-CeHaF)s
2¢cb O P(p-CeH4F)s

Rih @ CF3 PFS

S83



4.6

2cb
4.4 -
4.2
—~
S
S 4.0
~
O
£
3.8 4 Equation y=a+b'x
) Weight No Weighting
Residual Sum of 3.67612E-4
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Chart 11. Ln [2cb] — times plot. based of°F NMR analysis at 293 K in CQCl,

Table 2. Electronic Effects of Reacting and Ancilley Ligands.

)
P
N\R:’h _ 2BE N‘/Rh‘P(’@/ R2>3
J E,V\@Rl cocl, O N
PFe ®R2>3 PFs
entry R R, o, (Ry) k (min-1)
1 OMe H 027  0.0101(1)
2 H H 0 0.0086(1)
3 F H 0.06 0.0079(1)
4 Ch H 0.65  0.00471(7)
5 SOCR H 0.93 0.00255(5)
6 CK OMe 0.00410(7)
7 CK F 0.00684(3)

3. Effects of the Cyclometalated Aryl Ligands on th Rate of G-C Reductive

Elimination (297K, CD.Cl,)

S84



2db PPh3
4.6
45
4.4
4.3
—~~
3
~ 4.2
N
(é Equation y=a+bx
4.1 o weight No Weighting
Residual Sum 2.16936E-4
7l of Squares
4.0 - Pearson's r -0.99971
Adj. R-Square 0.99935
1 Value Standard Error
3.9 4 Intercept 4.49974 0.00277
L Slope -0.00582 4.6811E-5
T T T T T T
0 20 40 60 80 100

time(min)
Chart 12. Ln [2db] — times plot. based ort®*F NMR analysis at 297 K in CQCl,.
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4. Solvent Effects for the Coupling of 2ab at 281 K

InC (2ab)

Chart 15. Ln [2ab] — times plot. based or°F NMR analysis at 281 K in acetonel.

Chart 13. Ln [2eb] — times plot. based ort®*F NMR analysis at 297 K in CQCl..
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Ln [2ab] — times plot. based ort®*F NMR analysis at 281 K in THFds.
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Table 3. Solvent Effects for the Coupling of 2ab a281 K

entry solvent dielectric constant k (min?)
(F/m)
1 CDCl, 9.1 0.000958
(extrapolated)
2 THF-dg 75 0.0214(2)
3 acetoned 21 0.0231(2)

5. The Effects of Added Phosphine
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3.8 | Adi. R-Square 09967 [
Value Standard Error
" Intercept | 453133 0.00914
37 ‘Slope | 000628  1.27684E-4
L T e T g T 5
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time(min)

Chart 16. Ln [2ab] — times plot. based orf°F NMR analysis at 297 K in CQCl, with one
equiv of PPhy .
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Chart 17. Ln [2ab] — times plot. based ofl°F NMR analysis at 297 K in CQCl, with 6

>
w

B
N

InC (2ab)

»
—

Equation

y=a+b*x

equiv of

PPh .

Residual Sum of
Squares

Pearson's r

No Weighting

2.05745E-4

-0.99971

Adj. R-Square

Intercept

0.99935
Value

456504

 Standard Error
0.00298

Slope

-0.00438 3.71463E-5

20 40 60
time(min)

80

100 120 140

Chart 18. Ln [2ab] — times plot. based ofl°F NMR analysis at 297 K in CQCl, with 8

equiv. PPh .

Table 4. Phosphine Concentration-Dependent Kineticr the Decay of Complex

2ab (297 K, CQCl,)

entry

[PPR] (M)

Kobs (Mhlminhl)

1

0

0.00704(4)
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2 0.00936 (1 equiv) 0.00628(13)
3 0.0562 (6 equiv) 0.0047(1)
4 0.0749 (8 equiv) 0.00438(4)

Crystallographic Data

Table 1. Crystal data and structure refinemenédr
Identification code Ixw502ab)

Empirical formula C59 H46 C12 F9 N P3 Rh
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Formula weight
Temperature

Wavelength
Crystal system

Space group
Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection

Index ranges
Reflections collected

Independent reflections
Completeness to theta = 28.00°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on

Final R indices [I>2sigma(l)]

R indices (all data)

Largest diff. peak and hole

1206. 69
223(2) K

0.71073 A
Monoclinic
P2 (1) /n

a%6534(3) A o= 90°.
b = 25.7008(6) A B=93°.
c = 15.5862(7) A y=90°.

5461. 29 (19) A3

4
1.468 MgAn
0.569
2448
0.30 x 0.28x 0.26 mfn
1.53 to 28.00°.

-17<=h<=18, -33<=k<=33, -20<=I<=20

57442
13106 [R(int) = 0.0523]
99.4 %
Semi-empirical from equivagen
0.8662and 0.8479
Full-matrix least-squares &n F
13106 /259 /741
1.017
R1=0.0764, wR2 4829
R1 =0.0533, wR2 = 0.1514
0.931 and -0.658%.A
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Table 2.

Atomic coordinates ( x9Gnd equivalent isotropic displacement parame®ars(?)

for 2ab (Iwx50). U(eq) is defined as one third of the traf¢he orthogonalized Wensor.

X y z U(eq)
Rh(1) 1686(1) 8476(1) 2300(1) 25(1)
C@1) 459(2) 8065(1) 2122(2) 29(1)
C(2) 336(3) 7535(1) 2028(3) 35(1)
C(3) -611(3) 7328(2) 1881(3) 43(1)
C(4) -1429(3) 7634(2) 1844(3) 45(1)
C(5) -1336(3) 8178(2) 1955(3) 38(1)
C(6) -2161(3) 8525(2) 1941(3) 48(1)
C(7) -2051(3) 9044(2) 2058(3) 49(1)
C(8) -1098(3) 9269(2) 2190(3) 39(1)
C(9) -281(3) 8936(1) 2202(2) 31(1)
C(10) -390(3) 8386(1) 2083(2) 30(1)
C(11) -916(3) 9801(2) 2310(3) 49(1)
C(12) 40(3) 9970(2) 2447(3) 50(1)
C(13) 807(3) 9617(1) 2452(3) 39(1)
C(15) 2690(3) 7902(1) 2228(2) 30(1)
C(16) 3640(3) 7964(1) 2460(2) 32(1)
Cc@7) 4420(3) 7573(1) 2400(2) 31(1)
C(18) 5325(3) 7660(2) 2831(3) 36(1)
C(19) 6069(3) 7297(2) 2830(3) 36(1)
C(20) 5915(3) 6833(2) 2382(3) 34(1)
C(21) 6699(3) 6431(2) 2400(3) 47(1)
C(22) 5029(3) 6743(2) 1940(3) 36(1)
C(23) 4284(3) 7108(2) 1940(3) 37(2)
C(24) 936(3) 8795(1) 4380(2) 31(1)
C(25) -68(3) 8717(2) 4241(3) 41(1)
C(26) -723(3) 8996(2) 4699(3) 46(1)
C(27) -382(4) 9361(2) 5293(3) 47(1)
C(28) 596(4) 9448(2) 5419(3) 47(1)
C(29) 1265(3) 9164(2) 4966(3) 39(1)
C(30) 2982(3) 8578(2) 4180(2) 34(1)
C(31) 3300(3) 9064(2) 3906(3) 42(1)
C(32) 4241(4) 9229(2) 4131(4) 58(1)
C(33) 4870(3) 8918(2) 4618(3) 58(1)
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C(34)
C(35)
C(36)
C(37)
C(38)
C(39)
C(40)
C(41)
C(42)
C(43)
C(44)
C(45)
C(46)
C(47)
C(48)
C(49)
C(50)
C(51)
C(52)
C(53)
C(54)
C(55)
C(56)
C(57)
C(58)
C(59)
C(60)
Cl(1)
Cl(2)
F(1)
F(2)
F(3)
F(1A)
F(2A)
F(3A)
F(4)
F(5)
F(6)

4560(3)
3617(3)
1540(3)
1137(3)

949(4)
1150(4)
1550(4)
1746(3)
2354(3)
1956(3)
2321(4)
3102(4)
3535(3)
3161(3)

660(3)

183(3)
-695(4)

-1112(4)

-660(4)
210(3)
2569(3)
2544(4)
3149(5)
3763(5)
3789(5)
3191(4)
8855(5)
8254(2)
8794(2)
7386(5)
7226(4)
6405(4)
7574(7)
6615(11)
6607(11)
2735(6)
3316(6)
3908(10)

8434(2)
8262(2)
7739(1)
7700(2)
7218(2)
6774(2)
6803(2)
7279(2)
8065(2)
7565(2)
7167(2)
7254(2)
7733(2)
8148(2)
8740(2)
8379(2)
8502(2)
8987(2)
9336(2)
9221(2)
9158(2)
9472(2)
9905(2)
10029(2)
9725(2)
9291(2)
5459(3)
4963(1)
5383(1)
6501(3)
6477(2)
5965(2)
6582(5)
6077(6)
6119(6)
998(3)
811(2)
1285(4)

4885(3)
4664(3)
4276(2)
5073(3)
5436(3)
4983(3)
4202(3)
3856(3)
222(2)
270(3)
-199(3)
-703(3)
-732(3)
-263(3)
194(2)
-347(3)
-789(4)
-683(4)
-142(4)
308(3)
700(3)
-10(4)
-31(5)
636(5)
1358(4)
1397(3)
1641(5)
1068(2)
2759(2)
2993(4)
1656(4)
2371(7)
2526(13)
1826(9)
3148(9)
4142(5)
2259(3)
3462(8)

56(1)
43(1)
32(1)
42(1)
52(1)
53(1)
53(1)
42(1)
36(1)
45(1)
56(1)
64(2)
61(1)
47(1)
34(1)
49(1)
68(2)
65(1)
59(1)
44(1)
39(1)
61(1)
81(2)
86(2)
75(2)
55(1)
103(3)
131(1)
129(1)
87(3)
72(2)
90(3)
87(6)
105(7)
91(5)
193(3)
159(3)
145(5)
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F(7)
F(8)
F(9)
F(6A)
F(7A)
F(8A)
F(9A)
N(1)
P(1)
P(2)
P(3)

2536(9)
2179(10)
3646(8)
2995(12)
1870(6)
2936(14)
4097(6)
660(2)
1754(1)
1791(1)
3024(1)

1399(5)
573(6)
454(4)

1478(3)
905(6)
291(3)
882(8)

9106(1)

8375(1)

8588(1)
906(1)

2780(8)
2959(10)
3570(7)
2984(8)
3106(11)
3324(10)
3366(11)
2336(2)
3801(1)
815(1)
3207(1)

156(6)
171(6)
117(4)
149(7)
130(5)
151(6)
163(7)
31(1)
28(1)
29(1)
53(1)
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Table 3. Bond lengths and angles Zab (Iwx50).

Rh(1)-C(1)
Rh(1)-C(15)
Rh(1)-N(1)
Rh(1)-P(2)
Rh(1)-P(1)
C(1)-C(2)
C(1)-C(10)
C(2)-C(3)
C(3)-C(4)
C(4)-C(5)
C(5)-C(10)
C(5)-C(6)
C(6)-C(7)
C(7)-C(8)
C(8)-C(11)
C(8)-C(9)
C(9)-N(1)
C(9)-C(10)
C(11)-C(12)
C(12)-C(13)
C(13)-N(1)
C(15)-C(16)
C(16)-C(17)
C(17)-C(18)
C(17)-C(23)
C(18)-C(19)
C(19)-C(20)
C(20)-C(22)
C(20)-C(21)
C(21)-F(1A)
C(21)-F(3)
C(21)-F(2A)
C(21)-F(1)
C(21)-F(2)
C(21)-F(3A)
C(22)-C(23)

1.987(3)
2.019(3)
2.145(3)
2.3448(10)
2.3503(9)
1.381(5)
1.421(5)
1.406(5)
1.364(6)
1.414(6)
1.403(5)
1.436(6)
1.353(6)
1.428(6)
1.402(6)
1.405(5)
1.363(5)
1.432(5)
1.381(6)
1.385(6)
1.338(5)
1.337(5)
1.471(5)
1.393(5)
1.401(5)
1.380(5)
1.391(5)
1.379(5)
1.489(5)
1.262(10)
1.262(6)
1.276(9)
1.293(6)
1.402(6)
1.426(9)
1.384(5)
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C(24)-C(29)
C(24)-C(25)
C(24)-P(1)

C(25)-C(26)
C(26)-C(27)
C(27)-C(28)
C(28)-C(29)
C(30)-C(35)
C(30)-C(31)
C(30)-P(1)

C(31)-C(32)
C(32)-C(33)
C(33)-C(34)
C(34)-C(35)
C(36)-C(41)
C(36)-C(37)
C(36)-P(1)

C(37)-C(38)
C(38)-C(39)
C(39)-C(40)
C(40)-C(41)
C(42)-C(47)
C(42)-C(43)
C(42)-P(2)

C(43)-C(44)
C(44)-C(45)
C(45)-C(46)
C(46)-C(47)
C(48)-C(49)
C(48)-C(53)
C(48)-P(2)

C(49)-C(50)
C(50)-C(51)
C(51)-C(52)
C(52)-C(53)
C(54)-C(55)
C(54)-C(59)
C(54)-P(2)

1.376(5)
1.390(5)
1.827(4)
1.376(6)
1.380(7)
1.358(7)
1.391(6)
1.382(6)
1.398(6)
1.823(4)
1.379(6)
1.372(7)
1.383(7)
1.387(6)
1.387(5)
1.389(5)
1.824(4)
1.393(6)
1.379(6)
1.362(7)
1.370(6)
1.387(6)
1.398(6)
1.824(4)
1.368(6)
1.377(8)
1.368(8)
1.404(7)
1.393(6)
1.395(6)
1.821(4)
1.387(7)
1.384(8)
1.358(8)
1.379(6)
1.367(6)
1.385(6)
1.824(4)
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C(55)-C(56)
C(56)-C(57)
C(57)-C(58)
C(58)-C(59)
C(60)-CI(1)
C(60)-CI(2)
F(4)-P(3)
F(5)-P(3)
F(6)-P(3)
F(7)-P(3)
F(8)-P(3)
F(9)-P(3)
F(6A)-P(3)
F(7A)-P(3)
F(8A)-P(3)
F(9A)-P(3)

C(1)-Rh(1)-C(15)
C(1)-Rh(1)-N(1)
C(15)-Rh(1)-N(1)
C(1)-Rh(1)-P(2)
C(15)-Rh(1)-P(2)
N(1)-Rh(1)-P(2)
C(1)-Rh(1)-P(1)
C(15)-Rh(1)-P(1)
N(1)-Rh(1)-P(1)
P(2)-Rh(1)-P(1)
C(2)-C(1)-C(10)
C(2)-C(1)-Rh(1)
C(10)-C(1)-Rh(1)
C(1)-C(2)-C(3)
C(4)-C(3)-C(2)
C(3)-C(4)-C(5)
C(10)-C(5)-C(4)
C(10)-C(5)-C(6)
C(4)-C(5)-C(6)
C(7)-C(6)-C(5)
C(6)-C(7)-C(8)

1.387(7)
1.338(9)
1.369(9)
1.385(7)
1.737(9)
1.761(8)
1.549(6)
1.569(5)
1.585(7)
1.563(9)
1.471(7)
1.529(7)
1.510(8)
1.576(8)
1.597(8)
1.473(8)

100.04(14)
81.82(13)
177.27(13)
91.35(11)
87.56(10)
90.41(9)
93.90(11)
89.10(10)
92.77(9)
174.20(3)
118.3(3)
129.5(3)
112.2(2)
119.8(3)
122.1(4)
119.8(4)
118.1(3)
118.7(4)
123.2(4)
122.0(4)
120.8(4)
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C(11)-C(8)-C(9)
C(11)-C(8)-C(7)
C(9)-C(8)-C(7)
N(1)-C(9)-C(8)
N(1)-C(9)-C(10)
C(8)-C(9)-C(10)
C(5)-C(10)-C(1)
C(5)-C(10)-C(9)
C(1)-C(10)-C(9)
C(12)-C(11)-C(8)
C(11)-C(12)-C(13)
N(1)-C(13)-C(12)
C(16)-C(15)-Rh(1)
C(15)-C(16)-C(17)
C(18)-C(17)-C(23)
C(18)-C(17)-C(16)
C(23)-C(17)-C(16)
C(19)-C(18)-C(17)
C(18)-C(19)-C(20)
C(22)-C(20)-C(19)
C(22)-C(20)-C(21)
C(19)-C(20)-C(21)
F(1A)-C(21)-F(3)
F(1A)-C(21)-F(2A)
F(3)-C(21)-F(2A)
F(1A)-C(21)-F(1)
F(3)-C(21)-F(1)
F(2A)-C(21)-F(1)
F(1A)-C(21)-F(2)
F(3)-C(21)-F(2)
F(2A)-C(21)-F(2)
F(1)-C(21)-F(2)
F(1A)-C(21)-F(3A)
F(3)-C(21)-F(3A)
F(2A)-C(21)-F(3A)
F(1)-C(21)-F(3A)
F(2)-C(21)-F(3A)
F(1A)-C(21)-C(20)

117.2(4)
124.6(4)
118.2(4)
123.2(3)
115.3(3)
121.4(3)
121.8(3)
119.0(3)
119.2(3)
119.1(4)
120.3(4)
122.2(4)
123.4(3)
126.7(3)
118.3(3)
119.0(3)
122.6(3)
121.6(4)
119.3(4)
120.0(3)
120.2(3)
119.8(3)
126.5(8)
112.1(9)

44.3(8)

37.0(8)
112.1(6)
129.5(7)

65.1(9)
103.2(5)

60.7(9)
101.2(5)

99.9(8)

57.0(7)

99.5(9)

65.6(7)
142.8(5)
117.6(7)
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F(3)-C(21)-C(20)

F(2A)-C(21)-C(20)
F(1)-C(21)-C(20)

F(2)-C(21)-C(20)

F(3A)-C(21)-C(20)
C(20)-C(22)-C(23)
C(22)-C(23)-C(17)
C(29)-C(24)-C(25)
C(29)-C(24)-P(1)

C(25)-C(24)-P(1)

C(26)-C(25)-C(24)
C(25)-C(26)-C(27)
C(28)-C(27)-C(26)
C(27)-C(28)-C(29)
C(24)-C(29)-C(28)
C(35)-C(30)-C(31)
C(35)-C(30)-P(1)

C(31)-C(30)-P(1)

C(32)-C(31)-C(30)
C(33)-C(32)-C(31)
C(32)-C(33)-C(34)
C(33)-C(34)-C(35)
C(30)-C(35)-C(34)
C(41)-C(36)-C(37)
C(41)-C(36)-P(1)

C(37)-C(36)-P(1)

C(36)-C(37)-C(38)
C(39)-C(38)-C(37)
C(40)-C(39)-C(38)
C(39)-C(40)-C(41)
C(40)-C(41)-C(36)
C(47)-C(42)-C(43)
C(47)-C(42)-P(2)

C(43)-C(42)-P(2)

C(44)-C(43)-C(42)
C(43)-C(44)-C(45)
C(46)-C(45)-C(44)
C(45)-C(46)-C(47)

115.5(4)
116.4(6)
114.1(4)
109.0(4)
108.1(5)
120.7(4)
120.1(4)
119.1(3)
123.3(3)
117.5(3)
120.5(4)
119.8(4)
120.2(4)
120.5(4)
119.9(4)
119.7(4)
123.2(3)
116.9(3)
119.8(4)
120.6(4)
119.7(4)
120.5(5)
119.7(4)
117.5(4)
122.0(3)
120.4(3)
121.2(4)
118.9(4)
120.8(4)
119.9(4)
121.7(4)
119.5(4)
122.1(3)
118.4(3)
120.4(4)
119.9(5)
121.0(4)
119.8(4)
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C(42)-C(47)-C(46)
C(49)-C(48)-C(53)
C(49)-C(48)-P(2)
C(53)-C(48)-P(2)
C(50)-C(49)-C(48)
C(51)-C(50)-C(49)
C(52)-C(51)-C(50)
C(51)-C(52)-C(53)
C(52)-C(53)-C(48)
C(55)-C(54)-C(59)
C(55)-C(54)-P(2)
C(59)-C(54)-P(2)
C(54)-C(55)-C(56)
C(57)-C(56)-C(55)
C(56)-C(57)-C(58)
C(57)-C(58)-C(59)
C(54)-C(59)-C(58)
CI(1)-C(60)-CI(2)
C(13)-N(1)-C(9)
C(13)-N(1)-Rh(1)
C(9)-N(1)-Rh(1)
C(30)-P(1)-C(36)
C(30)-P(1)-C(24)
C(36)-P(1)-C(24)
C(30)-P(1)-Rh(1)
C(36)-P(1)-Rh(1)
C(24)-P(1)-Rh(1)
C(48)-P(2)-C(42)
C(48)-P(2)-C(54)
C(42)-P(2)-C(54)
C(48)-P(2)-Rh(1)
C(42)-P(2)-Rh(1)
C(54)-P(2)-Rh(1)
F(8)-P(3)-F(9A)
F(8)-P(3)-F(6A)
F(9A)-P(3)-F(6A)
F(8)-P(3)-F(9)
F(9A)-P(3)-F(9)

119.3(5)
118.3(4)
122.3(3)
119.3(3)
120.8(4)
119.8(5)
119.6(5)
121.6(5)
119.9(4)
118.5(4)
124.3(4)
117.1(3)
120.2(6)
121.5(6)
119.3(5)
120.5(6)
120.1(5)
112.3(4)
118.0(3)
130.6(3)
111.4(2)
106.84(18)
104.27(17)
102.32(16)
106.09(12)
120.28(12)
115.74(12)
104.90(18)
104.88(19)
106.17(18)
117.15(13)
117.32(13)
105.28(14)
141.1(7)
119.7(7)
95.3(6)
93.8(6)
51.7(6)
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F(6A)-P(3)-F(9)
F(8)-P(3)-F(4)
F(9A)-P(3)-F(4)
F(6A)-P(3)-F(4)
F(9)-P(3)-F(4)
F(8)-P(3)-F(7)
F(9A)-P(3)-F(7)
F(6A)-P(3)-F(7)
F(9)-P(3)-F(7)
F(4)-P(3)-F(7)
F(8)-P(3)-F(5)
F(9A)-P(3)-F(5)
F(6A)-P(3)-F(5)
F(9)-P(3)-F(5)
F(4)-P(3)-F(5)
F(7)-P(3)-F(5)
F(8)-P(3)-F(7A)
F(9A)-P(3)-F(7A)
F(6A)-P(3)-F(7A)
F(9)-P(3)-F(7A)
F(4)-P(3)-F(7A)
F(7)-P(3)-F(7A)
F(5)-P(3)-F(7A)
F(8)-P(3)-F(6)
F(9A)-P(3)-F(6)
F(6A)-P(3)-F(6)
F(9)-P(3)-F(6)
F(4)-P(3)-F(6)
F(7)-P(3)-F(6)
F(5)-P(3)-F(6)
F(7A)-P(3)-F(6)
F(8)-P(3)-F(8A)
F(9A)-P(3)-F(8A)
F(6A)-P(3)-F(8A)
F(9)-P(3)-F(8A)
F(4)-P(3)-F(8A)
F(7)-P(3)-F(8A)
F(5)-P(3)-F(8A)

146.3(6)
95.7(7)
98.6(7)
93.6(5)
86.1(6)
92.8(6)

120.2(8)
26.9(7)

171.3(6)
98.8(5)
84.1(7)
81.5(7)
86.5(5)
93.8(5)

179.8(4)
81.3(5)
37.5(6)

175.3(9)
87.9(6)

124.6(6)
77.8(7)
63.7(6)

102.1(7)

177.6(6)
41.1(6)
58.0(6)
88.5(5)
84.2(6)
84.9(5)
95.9(6)

140.3(7)
52.5(6)
91.2(6)

171.3(7)
41.3(5)
91.1(6)

144.8(7)
88.7(6)
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F(7A)-P(3)-F(8A) 85.9(6)
F(6)-P(3)-F(8A) 129.9(6)

Symmetry transformations used to generate equivatems:
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Table 4. Anisotropic displacement parametéxsl(®)for 2ab (Iwx50).The anisotropic

displacement factor exponent takes the formeg[-B2a*2U11 + ... + 2 h k a* b* 32]

U11 U22 U33 U23 U13 U12
Rh(1) 23(1) 28(1) 25(1) -3(1) 2(1) -1(1)
c() 26(2) 30(2) 30(2) -3(1) 3(1) -4(1)
c(2) 35(2) 26(2) 43(2) -5(2) 5(2) -2(1)
C(@3) 46(2) 31(2) 52(3) -8(2) 8(2) -12(2)
C(4) 34(2) 45(2) 56(3) -6(2) 5(2) -13(2)
C(5) 30(2) 41(2) 43(2) -8(2) 2(2) -4(2)
C(6) 27(2) 56(3) 60(3) -5(2) 0(2) 0(2)
c(7) 29(2) 53(3) 64(3) -8(2) 0(2) 10(2)
C(8) 36(2) 38(2) 43(2) -3(2) 1(2) 9(2)
C(9) 28(2) 32(2) 34(2) -5(2) 1(1) 0(1)
C(10) 28(2) 32(2) 30(2) -2(1) 1(1) -1(1)
C(11) 47(2) 37(2) 62(3) -8(2) 3(2) 13(2)
C(12) 55(3) 29(2) 66(3) -15(2) 4(2) 5(2)
C(13) 39(2) 29(2) 49(2) -9(2) 0(2) -3(2)
C(15) 30(2) 35(2) 25(2) -2(1) 4(1) 1(1)
C(16) 29(2) 32(2) 34(2) -2(2) 4(2) 4(1)
C(17) 28(2) 36(2) 28(2) -3(2) 7(1) 0(1)
C(18) 33(2) 35(2) 39(2) -6(2) 1(2) -1(2)
C(19) 27(2) 43(2) 36(2) -6(2) -2(2) 0(2)
C(20) 31(2) 36(2) 35(2) -2(2) 2(2) 5(1)
c(21) 38(2) 41(2) 62(3) -14(2) -8(2) 11(2)
C(22) 37(2) 32(2) 39(2) -7(2) -3(2) 0(2)
C(23) 27(2) 39(2) 44(2) -9(2) 0(2) -3(2)
C(24) 35(2) 33(2) 24(2) 1(1) 4(1) 3(1)
C(25) 37(2) 47(2) 38(2) -7(2) 6(2) -3(2)
C(26) 41(2) 52(2) 46(2) -1(2) 15(2) 2(2)
C(27) 63(3) 38(2) 41(2) 42) 22(2) 14(2)
C(28) 71(3) 30(2) 40(2) -9(2) 10(2) 6(2)
C(29) 46(2) 34(2) 37(2) -3(2) 1(2) -1(2)
C(30) 35(2) 42(2) 26(2) -4(2) 5(2) -2(2)
C(31) 40(2) 43(2) 44(2) 0(2) 0(2) -6(2)
C(32) 48(3) 55(3) 72(4) -1(3) 2(2) -17(2)
C(33) 37(2) 82(4) 55(3) 2(3) -2(2) -17(2)
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C(34)
C(35)
C(36)
C(37)
C(38)
C(39)
C(40)
C(41)
C(42)
C(43)
C(44)
C(45)
C(46)
C(47)
C(48)
C(49)
C(50)
C(51)
C(52)
C(53)
C(54)
C(55)
C(56)
C(57)
C(58)
C(59)
C(60)
cl(1)
cl(2)
F(1)
F(2)
F(3)
F(1A)
F(2A)
F(3A)
F(4)
F(5)
F(6)

38(2)
38(2)
32(2)
56(3)
69(3)
71(3)
77(3)
58(3)
40(2)
58(3)
82(4)
73(3)
40(2)
40(2)
34(2)
45(2)
44(3)
46(3)
54(3)
53(2)
38(2)
63(3)
86(4)
75(4)
77(4)
57(3)
84(5)
111(2)
79(1)
80(5)
62(3)
65(3)
27(5)
103(12)
98(9)
204(6)
270(8)
165(11)

77(3)
53(2)
36(2)
41(2)
51(3)
40(2)
35(2)
36(2)
40(2)
48(2)
39(2)
69(3)
97(4)
67(3)
39(2)
57(3)
86(4)
89(4)
49(3)
37(2)
37(2)
60(3)
60(3)
56(3)
75(4)
64(3)
98(5)
105(2)
145(2)
99(6)
60(3)
24(2)
35(5)
106(13)
89(9)
215(7)
129(4)
106(8)

51(3)
38(2)
28(2)
31(2)
37(2)
49(3)
48(3)
32(2)
29(2)
29(2)
47(3)
48(3)
48(3)
35(2)
29(2)
44(3)
73(4)
60(3)
72(3)
42(2)
43(2)
60(3)
99(5)
126(6)
73(4)
44(3)
130(7)
177(3)
163(2)
76(4)
95(4)
180(10)
201(19)
100(11)
90(9)
172(6)
82(3)
156(9)

13(2)
4(2)
1(2)
1(2)
10(2)
16(2)
3(2)
0(2)
1(2)
-2(2)
-4(2)

-13(3)

-1(3)
-4(2)
3(2)

-16(2)
-27(3)

2(3)
5(2)
0(2)
-1(2)
15(2)
29(3)
3(4)

-12(3)

-2(2)
45(5)
20(2)
41(2)

-35(4)

-5(3)
15(4)
0(10)
-65(9)
40(7)

-105(5)

0(3)
21(7)

-6(2)
5(2)
0(1)
9(2)
14(2)
10(2)
10(2)
10(2)
1(2)
6(2)
-3(3)
-9(3)
10(2)
2(2)
-1(2)
-4(2)

-19(3)

-8(2)

-10(2)

-4(2)
8(2)
5(3)
17(4)
13(4)
-4(3)
0(2)
40(5)
5(2)
9(1)

-46(4)

27(3)
3(5)
16(9)
-52(9)
27(7)
109(5)
36(4)
-71(8)

2(2)

0(2)

0(1)

4(2)

5(2)

5(2)

9(2)

6(2)

9(2)

8(2)
21(2)
43(3)
22(3)
10(2)
3(2)

5(2)

4(2)

13(3)
14(2)
7(2)

-6(2)

-19(2)
-20(3)
-32(3)
-33(3)
-20(2)

25(4)
25(1)
21(1)
50(4)
26(2)
0(2)
3(4)
1y 1
63(8)
-64(5)
36(4)
-77(7)
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F(7)
F(8)
F(9)
F(6A)
F(7A)
F(8A)
F(9A)
N(1)
P(1)
P(2)
P(3)

113(9)
130(10)
119(8)
152(13)
56(5)
238(17)
35(5)
30(2)
30(1)
32(1)
47(1)

156(11)
174(13)
91(7)
41(5)
156(12)
38(5)
242(18)
28(1)
32(1)
32(1)
47(1)

201(12)
203(12)
139(8)
262(17)
179(12)
170(12)
210(13)
35(2)
22(1)
24(1)
64(1)

47(9)
-42(11)
56(6)
14(7)
39(10)
16(6)

-42(14)

-7(1)
-3(1)
-1(1)
-12(1)

14(8)
-50(9)
-21(6)
105(13)
23(6)
-43(12)
-7(6)
3(1)
2(1)
3(1)
-5(1)

85(8)
BD5(
21(5)
-11(6)

-17(6)

18(7)
24(8)

-1(2)
-1(1)

0(1)
6(1)
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Table 5. Hydrogen coordinates ( x*1&nd isotropic displacement parametéxs1(®)

For 2ab (Ixw50).
X y z U(eq)

H(2) 884 7313 2061 42
H(3) -683 6966 1806 51
H(4) -2052 7483 1745 54
H(6) -2796 8388 1848 57
H(7) -2608 9259 2053 58
H(11) -1437 10040 2297 58
H(12) 171 10325 2537 60
H(13) 1453 9740 2540 47
H(15) 2478 7575 2021 36
H(16) 3829 8290 2684 38
H(18) 5432 7975 3130 43
H(19) 6673 7362 3128 43
H(22) 4931 6430 1635 43
H(23) 3686 7044 1630 44
H(25) -301 8473 3831 49
H(26) -1400 8939 4609 55
H(27) -828 9549 5611 56
H(28) 823 9702 5816 56
H(29) 1942 9224 5060 47
H(31) 2874 9279 3570 51
H(32) 4452 9557 3949 70
H(33) 5510 9033 4770 70
H(34) 4991 8221 5218 67
H(35) 3412 7932 4842 52
H(37) 990 8005 5373 51
H(38) 690 7196 5982 62
H(39) 1008 6446 5215 64
H(40) 1691 6497 3902 64
H(41) 2027 7295 3319 50
H(43) 1435 7503 626 54
H(44) 2038 6834 -177 68
H(45) 3342 6980 -1032 77
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H(46)
H(47)
H(49)
H(50)
H(51)
H(52)
H(53)
H(55)
H(56)
H(57)
H(58)
H(59)
H(60A)
H(60B)

4081
3455
460
1006
1705
-947
500
2115
3127
4172
4215
3208
8560
9544

7785
8479
8047
8256
9074
9665
9466
9394
10116
10322
9811
9086
5794
5466

-1064 74
-278 56
-413 59

-1159 82
-985 78

-72 70
691 53
-484 73
-524 98
609 103

1830 90
1897 66
1469 123
1496 123

S106



Table 1. Crystal data and structure refinement for 3aa (1xw10).

Identification code Ixw10

Empirical formula C57 H45 F6 N P3 Rh - 2CH2CI2

Formula weight 1223.61

Temperature 173(2) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P2(1)/c

Unit cell dimensions a = 12.3535(5) A a=90°.
b = 28.8354(12) A B=99.472(2)°.
c = 15.2713(6) A y = 90°.

Volume 5365.7(4) A3

Z 4

Density (calculated) 1.515 Mg/m3

Absorption coefficient 0.669 mm'!

F(000) 2488

Crystal size 0.20 x 0.15 x 0.10 mm3

Theta range for data collection 1.41 to 26.00°.

Index ranges -15<=h< =10, -35< =k< =35,

-18<=1< =18
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Reflections collected
Independent reflections
Completeness to theta = 26.00°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I>2sigma(I)]
R indices (all data)

Largest diff. peak and hole

43515

10441 [R(int) = 0.0619]

99.0 %

Semi-empirical from equivalents
0.9361 and 0.8779

Full-matrix least-squares on F?
10441/ 0/ 667

1.063

R1 = 0.0648, wR2 = 0.1762
R1 = 0.0830, wR2 = 0.2067
2.216 and -0.833 e.A?

S108



Table 2. Atomic coordinates ( x 10%) and equivalent isotropic displacement parameters (A2x 103)

for 3aa (Ixw10). U(eq) is defined as one third of the trace of the orthogonalized U¥ tensor.

X y z U(eq)
Rh(1) 7511(1) 6418(1) 2982(1) 14(1)
N(1) 7739(3) 6054(1) 1841(3) 16(1)
P(1) 6928(1) 6756(1) 4191(1) 16(1)
P(2) 8487(1) 5833(1) 3805(1) 17(1)
Cc(1) 6993(4) 5731(2) 1581(3) 21(1)
CQ) 7037(4) 5430(2) 870(4) 28(1)
C(3) 7940(4) 5448(2) 446(3) 25(1)
C4) 8741(4) 5792(2) 715(3) 20(1)
C(5) 9726(4) 5813(2) 328(3) 26(1)
C(6) 10491(4) 6142(2) 604(4) 27(1)
C(7) 10319(4) 6487(2) 1229(4) 21(1)
C() 9315(4) 6507(2) 1578(3) 18(1)
C(9) 8578(4) 6118(2) 1373(3) 17(1)
C(10) 11148(5) 6820(2) 1517(4) 37(1)
Cc(11) 10990(5) 7164(2) 2101(4) 33(1)
C(12) 9970(4) 7202(2) 2379(4) 25(1)
Cc(13) 9111(4) 6897(2) 2106(3) 19(1)
C(14) 8048(4) 7032(2) 2369(3) 19(1)
C(15) 6976(4) 6954(2) 1881(3) 18(1)
C(16) 6037(4) 7267(2) 1903(3) 20(1)
C(17) 6124(4) 7713(2) 2265(3) 23(1)
C(18) 5203(5) 7995(2) 2252(4) 32(1)
C(19) 4184(5) 7831(2) 1885(4) 35(1)
C(20) 4076(5) 7395(2) 1499(4) 35(1)
C(21) 4997(4) 7121(2) 1510(4) 27(1)
C(22) 7084(4) 7388(2) 4325(3) 22(1)
C(23) 8126(5) 7583(2) 4330(3) 27(1)
C(24) 8272(6) 8059(2) 4372(4) 40(2)
C(25) 7389(6) 8342(2) 4425(4) 41(2)
C(26) 6359(6) 8153(2) 4433(4) 39(2)
C(27) 6214(5) 7683(2) 4390(4) 29(1)
C(28) 7418(4) 6555(2) 5335(3) 19(1)
C(29) 8159(4) 6806(2) 5943(3) 23(1)
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C(30)
C@31)
C(32)
C(33)
C(34)
C(@35)
C(36)
C(@37)
C(38)
C(39)
C(40)
C@41)
C(42)
C43)
C(44)
C45)
C(46)
C47)
C(48)
C49)
C(50)
C(51)
C(52)
C(53)
C(54)
C(55)
C(56)
C(57)
C(58)
C(59)
CI(1)
ClL(2)
CI(3)
Cl(4)
F(1)

F(2)

F(3)

F(4)

8503(5)
8119(5)
7375(5)
7019(4)
5454(4)
4895(4)
3782(4)
3204(5)
3742(5)
4858(4)
9494(4)
9992(4)
10799(4)
11125(5)
10621(5)
9817(4)
7672(4)
6539(4)
5875(5)
6318(6)
7453(6)
8121(5)
9376(4)
8991(5)
9645(6)
10679(5)
11065(5)
10420(4)
4521(6)
2547(8)
3422(2)
5789(2)
2854(2)
1215(2)
2820(3)
4486(3)
4619(3)
4294(3)

6642(2)
6213(2)
5961(2)
6126(2)
6646(2)
6730(2)
6643(2)
6480(2)
6403(2)
6481(2)
6067(2)
6483(2)
6688(2)
6477(2)
6067(2)
5866(2)
5371(2)
5380(2)
5027(2)
4655(2)
4633(2)
4988(2)
5501(2)
5094(2)
4863(2)
5025(2)
5429(2)
5658(2)
5512(2)
6718(3)
5816(1)
5725(1)
7303(1)
6603(1)
5425(1)
5719(2)
5999(1)
5239(1)

6791(4)
7049(4)
6456(4)
5611(3)
4106(3)
4822(3)
4730(4)
3929(4)
3226(4)
3312(3)
4711(3)
4514(4)
5135(4)
5945(4)
6151(4)
5543(3)
4195(3)
3896(4)
4115(4)
4604(4)
4899(4)
4686(4)
3175(3)
2730(4)
2219(4)
2141(4)
2567(4)
3086(4)
8220(5)
8973(6)
7577(2)
8064(2)
9088(2)
8421(2)
1176(3)
1736(2)

380(3)

551(2)

33(1)
36(1)
33(1)
24(1)
20(1)
24(1)
26(1)
31(1)
28(1)
23(1)
20(1)
25(1)
33(1)
31(1)
32(1)
24(1)
21(1)
24(1)
36(1)
41(2)
38(1)
27(1)
21(1)
29(1)
37(1)
39(2)
42(2)
27(1)
44(2)
68(3)
66(1)
81(1)
82(1)
69(1)
47(1)
46(1)
53(1)
38(1)
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F(5) 2953(3) 5698(1) -167(2) 40(1)
F(6) 3159(3) 6185(1) 1001(3) 47(1)
P(3) 3722(1) 5709(1) 783(1) 24(1)
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Table 3.  Bond lengths [A] and angles [°] for 3aa (Ixw10).

Rh(1)-N(1)
Rh(1)-C(14)
Rh(1)-C(15)
Rh(1)-P(1)
Rh(1)-P(2)
N(1)-C(1)
N(1)-C(9)
P(1)-C(34)
P(1)-C(22)
P(1)-C(28)
P(2)-C(46)
P(2)-C(40)
P(2)-C(52)
C(1)-C(2)
C(2)-C(3)
C3)-C4)
C4)-C9)
CA4)-C(5)
C(5)-C(6)
C(6)-C(7)
C(7)-C(10)
C(7)-C(8)
C(8)-C(13)
C(8)-C(9)
C(10)-C(11)
C(11)-C(12)
C(12)-C(13)
C(13)-C(14)
C(14)-C(15)
C(15)-C(16)
C(16)-C(21)
C(16)-C(17)
C(17)-C(18)
C(18)-C(19)
C(19)-C(20)
C(20)-C(21)

2.093(4)
2.158(5)
2.300(5)
2.3042(12)
2.3192(13)
1.323(6)
1.366(6)
1.831(5)
1.842(5)
1.846(5)
1.827(5)
1.830(5)
1.844(5)
1.397(7)
1.381(8)
1.413(7)
1.414(7)
1.439(7)
1.357(8)
1.420(7)
1.420(8)
1.429(7)
1.431(7)
1.445(7)
1.369(8)
1.398(8)
1.389(7)
1.488(7)
1.427(7)
1.474(7)
1.391(7)
1.396(7)
1.395(7)
1.375(9)
1.388(9)
1.382(8)
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C(22)-C(27)
C(22)-C(23)
C(23)-C(24)
C(24)-C(25)
C(25)-C(26)
C(26)-C(27)
C(28)-C(29)
C(28)-C(33)
C(29)-C(30)
C(30)-C(31)
C(31)-C(32)
C(32)-C(33)
C(34)-C(39)
C(34)-C(35)
C(35)-C(36)
C(36)-C(37)
C(37)-C(38)
C(38)-C(39)
C(40)-C(45)
C(40)-C(41)
C(41)-C(42)
C(42)-C(43)
C(43)-C(44)
C(44)-C(45)
C(46)-C(51)
C(46)-C(47)
C(47)-C(48)
C(48)-C(49)
C(49)-C(50)
C(50)-C(51)
C(52)-C(57)
C(52)-C(53)
C(53)-C(54)
C(54)-C(55)
C(55)-C(56)
C(56)-C(57)
C(58)-Cl1(2)
C(58)-CI(1)

1.387(8)
1.403(8)
1.384(8)
1.375(10)
1.386(10)
1.368(8)
1.395(7)
1.421(7)
1.378(8)
1.404(9)
1.384(9)
1.378(8)
1.395(7)
1.407(7)
1.382(7)
1.393(8)
1.371(8)
1.382(8)
1.393(7)
1.403(7)
1.390(8)
1.376(8)
1.398(8)
1.370(8)
1.397(7)
1.400(7)
1.383(8)
1.368(9)
1.401(10)
1.387(8)
1.394(7)
1.400(8)
1.384(8)
1.383(9)
1.380(10)
1.382(8)
1.736(7)
1.772(8)
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C(59)-C1(3)
C(59)-Cl(4)
F(1)-P(3)
F(2)-P(3)
F(3)-P(3)
F(4)-P(3)
F(5)-P3)
F(6)-P(3)

N(1)-Rh(1)-C(14)
N(1)-Rh(1)-C(15)
C(14)-Rh(1)-C(15)

N(1)-Rh(1)-P(1)
C(14)-Rh(1)-P(1)
C(15)-Rh(1)-P(1)
N(1)-Rh(1)-P(2)
C(14)-Rh(1)-P(2)
C(15)-Rh(1)-P(2)
P(1)-Rh(1)-P(2)
C(1)-N(1)-C(9)
C(1)-N(1)-Rh(1)
C(9)-N(1)-Rh(1)
C(34)-P(1)-C(22)
C(34)-P(1)-C(28)
C(22)-P(1)-C(28)
C(34)-P(1)-Rh(1)
C(22)-P(1)-Rh(1)
C(28)-P(1)-Rh(1)
C(46)-P(2)-C(40)
C(46)-P(2)-C(52)
C(40)-P(2)-C(52)
C(46)-P(2)-Rh(1)
C(40)-P(2)-Rh(1)
C(52)-P(2)-Rh(1)
N(1)-C(1)-C(2)
C(3)-C(2)-C(1)
C2)-CB)-CH
CB3)-C4)-C(%)

1.732(9)
1.753(9)
1.581(4)
1.600(3)
1.590(4)
1.595(3)
1.597(4)
1.598(4)

87.63(17)
77.94(16)
37.16(18)
168.90(11)
99.18(13)
102.22(12)
87.51(11)
131.52(13)
161.16(13)
94.37(5)
119.3(4)
114.93)
125.8(3)
105.3(2)
100.3(2)
101.2(2)
107.99(16)
117.79(16)
121.94(16)
111.3(2)
101.4(2)
101.3(2)
116.25(17)
111.70(16)
113.37(16)
123.7(5)
118.7(5)
118.1(5)
119.9(4)
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C(3)-C4)-C(5)
C(9)-C4)-C(5)
C(6)-C(5)-C(4)
C(5)-C(6)-C(7)
C(10)-C(7)-C(6)
C(10)-C(7)-C(8)
C(6)-C(7)-C(8)
C(7)-C(8)-C(13)
C(7)-C(8)-C(9)
C(13)-C(8)-C(9)
N(1)-C(9)-C(4)
N(1)-C(9)-C(8)
C(4)-C(9)-C(8)
C(11)-C(10)-C(7)
C(10)-C(11)-C(12)
C(13)-C(12)-C(11)
C(12)-C(13)-C(8)
C(12)-C(13)-C(14)
C(8)-C(13)-C(14)
C(15)-C(14)-C(13)
C(15)-C(14)-Rh(1)
C(13)-C(14)-Rh(1)
C(14)-C(15)-C(16)
C(14)-C(15)-Rh(1)
C(16)-C(15)-Rh(1)
C(21)-C(16)-C(17)
C(21)-C(16)-C(15)
C(17)-C(16)-C(15)
C(16)-C(17)-C(18)
C(19)-C(18)-C(17)
C(18)-C(19)-C(20)
C(21)-C(20)-C(19)
C(20)-C(21)-C(16)
C(27)-C(22)-C(23)
C(27)-C(22)-P(1)
C(23)-C(22)-P(1)
C(24)-C(23)-C(22)
C(25)-C(24)-C(23)

120.5(5)
119.6(4)
119.6(5)
121.7(5)
120.1(5)
119.0(5)
120.8(5)
119.0(4)
116.4(4)
124.6(4)
119.4(4)
119.9(4)
120.7(4)
121.2(5)
119.2(5)
122.8(5)
118.1(4)
114.7(4)
127.2(4)
127.0(5)

76.9(3)
104.4(3)
123.9(4)

66.0(3)
121.8(3)
117.1(5)
118.6(5)
124.2(5)
121.4(5)
119.8(5)
120.1(5)
119.5(5)
122.1(5)
118.4(5)
123.1(4)
118.5(4)
120.6(6)
119.5(6)
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C(24)-C(25)-C(26)
C(27)-C(26)-C(25)
C(26)-C(27)-C(22)
C(29)-C(28)-C(33)
C(29)-C(28)-P(1)

C(33)-C(28)-P(1)

C(30)-C(29)-C(28)
C(29)-C(30)-C(31)
C(32)-C(31)-C(30)
C(33)-C(32)-C(31)
C(32)-C(33)-C(28)
C(39)-C(34)-C(35)
C(39)-C(34)-P(1)

C(35)-C(34)-P(1)

C(36)-C(35)-C(34)
C(35)-C(36)-C(37)
C(38)-C(37)-C(36)
C(37)-C(38)-C(39)
C(38)-C(39)-C(34)
C(45)-C(40)-C(41)
C(45)-C(40)-P(2)

C(41)-C(40)-P(2)

C(42)-C(41)-C(40)
C(43)-C(42)-C(41)
C(42)-C(43)-C(44)
C(45)-C(44)-C(43)
C(44)-C(45)-C(40)
C(51)-C(46)-C(47)
C(51)-C(46)-P(2)

C(47)-C(46)-P(2)

C(48)-C(47)-C(46)
C(49)-C(48)-C(47)
C(48)-C(49)-C(50)
C(51)-C(50)-C(49)
C(50)-C(51)-C(46)
C(57)-C(52)-C(53)
C(57)-C(52)-P(2)

C(53)-C(52)-P(2)

120.3(6)
120.2(6)
120.9(6)
118.5(5)
123.0(4)
118.6(4)
120.9(5)
120.0(6)
119.7(5)
120.6(5)
120.3(5)
118.6(5)
119.8(4)
121.7(4)
119.8(5)
120.6(5)
119.8(5)
120.3(5)
120.9(5)
118.7(5)
126.5(4)
114.8(4)
120.5(5)
119.8(6)
120.0(5)
120.3(5)
120.7(5)
118.5(5)
124.0(4)
117.1(4)
120.6(5)
120.6(6)
120.0(6)
119.6(6)
120.6(5)
118.1(5)
121.5(4)
120.3(4)
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C(54)-C(53)-C(52)
C(55)-C(54)-C(53)
C(56)-C(55)-C(54)
C(55)-C(56)-C(57)
C(56)-C(57)-C(52)
CI(2)-C(58)-CI(1)
CI(3)-C(59)-Cl(4)
F(1)-P(3)-F(3)
F(1)-P(3)-F(4)
F(3)-P(3)-F(4)
F(1)-P(3)-F(5)
F(3)-P(3)-F(5)
F(4)-P(3)-F(5)
F(1)-P(3)-F(6)
F(3)-P(3)-F(6)
F(4)-P(3)-F(6)
F(5)-P(3)-F(6)
F(1)-P(3)-F(2)
F(3)-P(3)-F(2)
F(4)-P(3)-F(2)
F(5)-P(3)-F(2)
F(6)-P(3)-F(2)

119.6(5)
121.3(6)
119.8(5)
119.2(6)
122.0(5)
112.0(3)
114.0(4)
179.4(3)
90.5(2)
89.9(2)
89.1(2)
90.5(2)
90.02(19)
90.5(2)
89.1(2)
178.9(2)
89.6(2)
90.6(2)
89.9(2)
90.0(2)
179.6(3)
90.4(2)

Symmetry transformations used to generate equivalent atoms:
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Table 4.

Anisotropic displacement parameters (A2x 103) for 3aa (1xw10). The anisotropic

displacement factor exponent takes the form: -2T2[ h2a*2U!! + ... + 2 hk a* b* U12 ]

yit U22 U3 U2 U3 U2
Rh(1) 14(1) 14(1) 14(1) -1(1) 3(1) 0(1)
N(1) 18(2) 15(2) 16(2) -2(2) 2(2) 1(2)
P(1) 17(1) 17(1) 15(1) -3(1) 3(1) -1(1)
PQ2) 16(1) 16(1) 19(1) 1(1) 3(1) 2(1)
C(1) 17(2) 15(2) 31(3) 0(2) 5(2) 0(2)
C2) 26(3) 27(3) 29(3) -8(2) 2(2) -9(2)
C@3) 35(3) 19(3) 20(3) -1(2) 3(2) 1(2)
C4) 23(3) 24(3) 13(2) -2(2) 1(2) -2(2)
C(5) 27(3) 32(3) 22(3) -1(2) 12(2) 2(2)
C(6) 22(3) 32(3) 31(3) 3(2) 14(2) 5(2)
C(7) 19(2) 18(2) 26(3) 4(2) 5(2) 1(2)
C(8) 17(2) 19(2) 15(2) 4(2) 1(2) 1(2)
C©O) 16(2) 20(2) 15(2) 4(2) 3(2) 5(2)
C(10) 19(3) 38(3) 56(4) -11(3) 16(3) -6(2)
C(11) 22(3) 27(3) 51(4) -3(3) 7(2) -5(2)
C(12) 27(3) 18(2) 30(3) -3(2) 7(2) -4(2)
C(13) 17(2) 19(2) 20(2) 1(2) 0(2) 2(2)
C(14) 17(2) 18(2) 21(2) 4(2) 5(2) 1(2)
C(15) 24(3) 16(2) 13(2) 0(2) 2(2) -4(2)
C(16) 23(2) 26(3) 9(2) 4(2) 2(2) -1(2)
C(17) 28(3) 21(3) 20(2) 3(2) 0(2) 3(2)
C(18) 43(3) 33(3) 19(3) -3(2) 4(2) 17(3)
C(19) 28(3) 43(4) 35(3) 7(3) 11(2) 18(3)
C(20) 22(3) 40(3) 42(3) 13(3) 2(2) -1(2)
C(21) 25(3) 24(3) 29(3) 6(2) -1(2) -3(2)
C(22) 27(3) 24(3) 14(2) -1(2) 2(2) -2(2)
C(23) 36(3) 21(3) 22(3) -5(2) -1(2) -71(2)
C(24) 53(4) 35(3) 28(3) 3(3) -8(3) -23(3)
C(25) 77(5) 17(3) 26(3) -4(2) -4(3) -6(3)
C(26) 65(4) 26(3) 25(3) -5(2) 5(3) 14(3)
C(27) 44(3) 22(3) 21(3) 0(2) 7(2) 4(2)
C(28) 21(2) 18(2) 17(2) 0(2) 5(2) 5(2)
C(29) 23(3) 20(3) 27(3) -1(2) 2(2) 4(2)
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C(30)
C@31)
C(32)
C(33)
C(34)
C(@35)
C(36)
C(@37)
C(38)
C(39)
C(40)
C@41)
C(42)
C43)
C(44)
C45)
C(46)
C47)
C(48)
C49)
C(50)
C(51)
C(52)
C(53)
C(54)
C(55)
C(56)
C(57)
C(58)
C(59)
CI(1)
ClL(2)
CI(3)
Cl(4)
F(1)

F(2)

F(3)

F(4)

34(3)
53(4)
44(3)
30(3)
18(2)
23(3)
24(3)
22(3)
26(3)
27(3)
18(2)
21(3)
21(3)
27(3)
26(3)
29(3)
21(2)
26(3)
23(3)
49(4)
50(4)
31(3)
22(3)
35(3)
53(4)
45(4)
23(3)
21(3)
57(4)
80(6)
67(1)
58(1)
96(2)
66(1)
36(2)
29(2)
41(2)
36(2)

38(3)
37(3)
29(3)
23(3)
23(3)
27(3)
29(3)
32(3)
34(3)
25(3)
19Q2)
25(3)
40(3)
34(3)
40(3)
20(3)
17(2)
18(2)
37(3)
32(3)
33(3)
20(3)
22(3)
193)
29(3)
39(4)
57(4)
28(3)
23(3)
44(4)
63(1)
64(1)
56(1)
73(1)
59(2)
73(3)
42(2)
35(2)

24(3)
18(3)
29(3)
20(3)
19(2)
22(3)
29(3)
40(3)
23(3)
17(2)
22(2)
30(3)
38(3)
28(3)
26(3)
23(3)
26(3)
28(3)
52(4)
46(4)
34(3)
31(3)
20(2)
34(3)
32(3)
38(3)
48(4)
34(3)
58(4)
68(6)
66(1)

128(2)

84(2)
63(1)
48(2)
33(2)
81(3)
41(2)

-5(2)
2(2)
10(2)
1)
30)
-10(2)
30)
20)
6(2)
20)
4)
0(2)
-5(3)
-6(2)
4)
20)
4)
-1(2)
-8(3)
3(3)
6(3)
1)
9(2)
6(2)
-4(3)
3(3)
6(3)
4)
8(3)
-8(4)
-4(1)
20(1)
2(1)
5(1)
-5(2)
-26(2)
1)
-13(2)

-1(2)
6(2)
12(3)
9(2)
2(2)
3(2)
11(2)
8(2)
-1(2)
5(2)
3(2)
7(2)
4(2)
-5(2)
-2(2)
4(2)
9(2)
8(2)
17(3)
23(3)
12(3)
8(2)
6(2)
12(2)
18(3)
21(3)
16(3)
6(2)
23(3)

22(4)

3(1)
36(1)

-11(1)

-7(1)
18(2)

-10(1)

24(2)
5(2)

9(3)
16(3)
6(3)
0Q2)
2(2)
0Q2)
4(2)
-102)
-6(2)
3(2)
42)
0Q2)
-1(2)
2(2)
4(2)
7(2)
-102)
202)
-1(2)
-1103)
2(3)
1(2)
92)
42)
2(3)
12(3)
8(3)
-12)
-6(3)
19(4)
7(1)
-12(1)
-10(1)
-4(1)
-10Q2)
8(2)
-112)
1002)
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F(5) 40(2) 46(2) 31(2) -8(2) -5(2) 6(2)
F(6) 35(2) 43(2) 59(3) -28(2) -1(2) 11(2)
P(3) 19(1) 27(1) 26(1) -11(1) 2(1) 1(1)
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Table 5. Hydrogen coordinates ( x 10%) and isotropic displacement parameters (A2 103)

For 3aa (Ixw10).

X y z U(eq)
H(1) 6394 5702 1896 25
H(2) 6457 5218 683 33
HQ3) 8021 5235 -14 30
H(5) 9840 5597 -119 31
H(6) 11160 6141 373 33
H(10) 11825 6804 1300 44
H(11) 11565 7374 2314 40
H(12) 9861 7447 2771 30
H(14) 8099 7313 2758 22
H(15) 6993 6827 1274 21
H(17) 6825 7827 2526 28
H(18) 5281 8298 2496 38
H(19) 3552 8018 1895 41
H(20) 3376 7285 1229 42
H(21) 4917 6823 1241 32
H(23) 8737 7387 4304 32
H(24) 8977 8189 4366 48
H(25) 7485 8669 4455 50
H(26) 5752 8351 4469 47
H(27) 5507 7556 4406 35
H(29) 8430 7094 5771 28
H(30) 9000 6819 7200 39
H(31) 8369 6096 7629 43
H(32) 7108 5673 6634 40
H(33) 6505 5951 5210 29
H(35) 5282 6846 5367 29
H(36) 3408 6696 5217 32
H@37) 2438 6422 3871 37
H(38) 3346 6296 2677 34
H(39) 5225 6421 2823 27
H41) 9776 6625 3952 30
H(42) 11124 6972 5001 40
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H(43)
H(44)
H(45)
H47)
H(48)
H(49)
H(50)
H(51)
H(53)
H(54)
H(55)
H(56)
H(57)
H(58A)
H(58B)
H(59A)
H(59B)

11693
10838
9477
6223
5104
5857
7762
8892
8284
9379
11122
11765
10696
4456
4470
2640
3079

6612
5926
5588
5631
5043
4412
4377
4971
4977
4587
4858
5547
5932
5537
5179
6575
6569

6363
6715
5691
3540
3925
4742
5242
4877
2779
1915
1796
2504
3390
8856
8057
9570
8643

37
38
29
28
43
49
46
32
34
44
47
50
33
53
53
81
81
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Table 1. Crystal data and structure refinemen8éd (Ixw43).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected

Independent reflections

Ixw43

C65 H61 F6 N O2 P3 Rh
1197.97

173(2) K

0.71073 A

Triclinic

P-1

a=10.8319(4) A a= 75.156(2)?
b = 13.2288(4) A B= 79.856(2)?
c =22.0889(8) A y=69.201(2)?

2847.44(17) R
2
1.397 Mghn
0.449
1236
0.30 x 0.15 x 0.12 mfn
0.96 to 25.50°.
-13<=h<=13, -16<=k<=15, -26<=I<=26
66048
10559 [R(int) = 0.0443]
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Completeness to theta = 25.50
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on

Final R indices [I>2sigma(l)]

R indices (all data)

Largest diff. peak and hole

99.8 %
Semi-empirical from equivagen
0.9480 and 0.8770
Full-matrix least-squares &n F
10559/ 117/ 742
1.130
R1 =0.0586, wR2 1606
R1=0.0711, wR2 = 0.1810
1.233 and -1.349 e.
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Table 2.

Atomic coordinates ( x9Gnd equivalent isotropic displacement parame®ars(?)

for 3ak (Ixw43). U(eq) is defined as one third of the traé¢he orthogonalized itensor.

X y z U(eq)
Rh(1) 9660(1) 6639(1) 7321(1) 23(1)
C@1) 10771(5) 4282(4) 7828(2) 35(1)
C(2) 11156(5) 3233(4) 8222(3) 43(1)
C(3) 10700(6) 3136(5) 8840(3) 49(1)
C(4) 9917(5) 4077(5) 9075(2) 41(1)
C(5) 9317(6) 4001(5) 9711(3) 49(1)
C(6) 8497(6) 4906(6) 9910(2) 51(2)
C(7) 8295(5) 5989(5) 9524(2) 41(1)
C(8) 7502(6) 6936(6) 9766(3) 52(2)
C(9) 7378(6) 7977(6) 9425(3) 54(2)
C(10) 8085(5) 8108(5) 8829(2) 45(1)
C(11) 8900(5) 7221(4) 8567(2) 33(1)
C(12) 8960(5) 6130(4) 8902(2) 34(1)
C(13) 9665(4) 5130(4) 8663(2) 31(1)
C(14) 9752(5) 7502(4) 7993(2) 32(1)
C(15) 11079(5) 6912(4) 7827(2) 29(1)
C(16) 12085(5) 7478(4) 7516(2) 35(1)
Cc@7) 12725(5) 7704(5) 8021(2) 38(1)
C(18) 11756(5) 8588(5) 8355(2) 42(1)
C(19) 11294(7) 8343(6) 8980(3) 58(2)
C(20) 10389(9) 9152(8) 9282(3) 77(2)
C(21) 9934(8) 10230(7) 8959(4) 72(2)
C(22) 10381(8) 10483(7) 8339(3) 68(2)
C(23) 11271(6) 9693(6) 8038(3) 56(2)
C(24) 9552(4) 9376(3) 6560(2) 26(1)
C(25) 8435(5) 9913(4) 6923(2) 35(1)
C(26) 8223(6) 10978(4) 7004(3) 43(1)
C(27) 9169(6) 11497(4) 6739(3) 46(1)
C(28) 10289(5) 10964(4) 6387(2) 39(1)
C(29) 10480(5) 9917(4) 6292(2) 32(1)
C(30) 11268(4) 7514(4) 5972(2) 27(2)
C(31) 12197(5) 6513(4) 6217(2) 30(1)
C(32) 13380(5) 6077(4) 5869(2) 34(1)
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C(33)
C(34)
C(35)
C(36)
C(37)
C(38)
C(39)
C(40)
C(41)
C(42)
C(43)
C(44)
C(45)
C(46)
C(47)
C(48)
C(49)
C(50)
C(51)
C(52)
C(53)
C(54)
C(55)
C(56)
C(57)
C(58)
C(59)
C(60)
C(61)
C(62)
C(63)
C(64)
C(65)
0(2)
C(63A)
C(64A)
C(65A)
0(2A)

13658(5)

12740(5)

11550(5)
8521(4)
7534(4)
6711(5)
6834(5)
7794(5)
8641(5)
6411(4)
6130(5)
5038(5)
4213(5)
4483(5)
5586(4)
8182(4)
9459(5)
9734(5)
8748(6)
7484(6)
7211(5)
7242(4)
7734(5)
7362(6)
6496(6)
5996(6)
6377(5)
5634(7)
6006(6)
5445(8)
3730(40)
4061(19)
4210(40)
4240(20)
3580(30)
3423(13)
4150(20)
2679(17)

6654(4)
7649(4)
8072(4)
8400(4)
9435(4)
9678(4)
8897(5)
7863(4)
7621(4)
7420(4)
8285(4)
9224(4)
9325(4)
8491(4)
7539(4)
5328(4)
4982(4)
4321(4)
4009(5)
4318(5)
4956(4)
5391(4)
4229(4)
3618(5)
4126(5)
5271(5)
5897(5)
5551(7)
6160(6)
7398(6)
8660(20)
9580(20)
9760(40)
10271(18)
8797(18)
9753(13)
9630(20)
10641(10)

5271(2)
5017(2)
5364(2)
5844(2)
5719(2)
5247(2)
4909(2)
5035(2)
5490(2)
6901(2)
7217(2)
7095(2)
6657(2)
6335(2)
6450(2)
6541(2)
6237(2)
5796(3)
5659(3)
5971(2)
6417(2)
7825(2)
7938(2)
8501(3)
8950(3)
8840(3)
8284(2)
2307(3)
1675(3)
1533(4)
9840(20)
9394(12)
8701(15)
9612(13)
9951(17)
9416(8)
8802(9)
9497(7)

39(1)
37(1)
33(1)
25(1)
31(1)
36(1)
38(1)
36(1)
30(1)
27(1)
32(1)
39(1)
41(1)
39(1)
30(1)
28(1)
31(1)
42(1)
46(1)
42(1)
33(1)
32(1)
41(1)
52(2)
51(2)
48(1)
39(1)
63(2)
51(1)
71(2)
128(16)
122(10)
172(18)
182(13)
109(11)
73(5)
88(7)
133(7)
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F(1)
F(2)
F(3)
F(4)
F(5)
F(6)
N(1)
o(1)
P(1)
P(2)
P(3)

3493(5)
2723(4)
4252(6)
4867(4)
5024(3)
2877(4)
10044(4)
6766(5)
9683(1)
7882(1)
3877(1)

3355(4)
2146(4)
1940(4)
1661(3)
3171(3)
3644(4)
5205(3)
5654(5)
8013(1)
6215(1)
2652(1)

5769(2)
6500(2)
7129(2)
6144(2)
6381(2)
6755(2)
8036(2)
1290(2)
6446(1)
7104(1)
6453(1)

78(1)
79(1)
87(1)
71(1)
64(1)
81(1)
26(1)
76(1)
24(1)
24(1)
41(1)
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Table 3. Bond lengths and angles 3ak (Ixw43).

Rh(1)-N(1)
Rh(1)-C(14)
Rh(1)-C(15)
Rh(1)-P(1)
Rh(1)-P(2)
C(1)-N(1)
C(1)-C(2)
C(2)-C(3)
C(3)-C(4)
C(4)-C(13)
C(4)-C(5)
C(5)-C(6)
C(6)-C(7)
C(7)-C(8)
C(7)-C(12)
C(8)-C(9)
C(9)-C(10)
C(10)-C(11)
C(11)-C(12)
C(11)-C(14)
C(12)-C(13)
C(13)-N(1)
C(14)-C(15)
C(15)-C(16)
C(16)-C(17)
C(17)-C(18)
C(18)-C(19)
C(18)-C(23)
C(19)-C(20)
C(20)-C(21)
C(21)-C(22)
C(22)-C(23)
C(24)-C(25)
C(24)-C(29)
C(24)-P(1)
C(25)-C(26)

2.098(3)
2.127(5)
2.224(4)
2.2925(11)
2.3420(11)
1.342(6)
1.398(7)
1.357(8)
1.401(9)
1.418(7)
1.435(8)
1.338(9)
1.431(8)
1.419(9)
1.433(7)
1.362(9)
1.403(8)
1.387(7)
1.428(7)
1.478(7)
1.453(7)
1.361(6)
1.405(7)
1.508(6)
1.548(7)
1.521(8)
1.381(8)
1.401(9)
1.394(11)
1.375(11)
1.366(10)
1.371(10)
1.397(6)
1.399(6)
1.837(4)
1.398(7)
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C(26)-C(27)
C(27)-C(28)
C(28)-C(29)
C(30)-C(31)
C(30)-C(35)
C(30)-P(1)

C(31)-C(32)
C(32)-C(33)
C(33)-C(34)
C(34)-C(35)
C(36)-C(37)
C(36)-C(41)
C(36)-P(1)

C(37)-C(38)
C(38)-C(39)
C(39)-C(40)
C(40)-C(41)
C(42)-C(47)
C(42)-C(43)
C(42)-P(2)

C(43)-C(44)
C(44)-C(45)
C(45)-C(46)
C(46)-C(47)
C(48)-C(49)
C(48)-C(53)
C(48)-P(2)

C(49)-C(50)
C(50)-C(51)
C(51)-C(52)
C(52)-C(53)
C(54)-C(59)
C(54)-C(55)
C(54)-P(2)

C(55)-C(56)
C(56)-C(57)
C(57)-C(58)
C(58)-C(59)

1.396(8)
1.384(8)
1.392(7)
1.391(6)
1.397(6)
1.843(4)
1.387(7)
1.387(7)
1.387(8)
1.386(7)
1.402(6)
1.404(7)
1.843(4)
1.391(7)
1.381(8)
1.388(7)
1.379(7)
1.395(6)
1.406(7)
1.834(4)
1.383(7)
1.381(8)
1.380(8)
1.398(7)
1.398(6)
1.400(7)
1.834(4)
1.395(7)
1.377(8)
1.390(8)
1.384(7)
1.386(7)
1.406(7)
1.861(5)
1.380(8)
1.372(9)
1.387(9)
1.382(7)
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C(60)-C(61)
C(61)-0(1)
C(61)-C(62)
C(63)-C(64)
C(64)-0(2)
C(64)-C(65)
C(63A)-C(64A)
C(64A)-O(2A)
C(64A)-C(65A)
F(1)-P(3)
F(2)-P(3)
F(3)-P(3)
F(4)-P(3)
F(5)-P(3)
F(6)-P(3)

N(1)-Rh(1)-C(14)
N(1)-Rh(1)-C(15)
C(14)-Rh(1)-C(15)
N(1)-Rh(1)-P(1)
C(14)-Rh(1)-P(1)
C(15)-Rh(1)-P(1)
N(1)-Rh(1)-P(2)
C(14)-Rh(1)-P(2)
C(15)-Rh(1)-P(2)
P(1)-Rh(1)-P(2)
N(1)-C(1)-C(2)
C(3)-C(2)-C(1)
C(2)-C(3)-C(4)
C(3)-C(4)-C(13)
C(3)-C(4)-C(5)
C(13)-C(4)-C(5)
C(6)-C(5)-C(4)
C(5)-C(6)-C(7)
C(8)-C(7)-C(6)
C(8)-C(7)-C(12)
C(6)-C(7)-C(12)
C(9)-C(8)-C(7)

1.487(9)
1.227(8)
1.499(10)
1.471(17)
1.22(2)
1.478(17)
1.475(17)
1.202(16)
1.462(15)
1.596(4)
1.592(4)
1.581(4)
1.592(4)
1.587(4)
1.590(4)

87.42(17)
79.50(15)
37.59(17)
167.70(11)
97.29(14)
97.30(12)
88.21(10)
130.15(13)
162.41(13)
97.26(4)
123.4(5)
118.2(5)
120.2(5)
118.9(5)
121.9(5)
119.1(5)
120.7(5)
121.6(5)
120.3(5)
119.4(5)
120.3(5)
121.3(5)
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C(8)-C(9)-C(10)
C(11)-C(10)-C(9)
C(10)-C(11)-C(12)
C(10)-C(11)-C(14)
C(12)-C(11)-C(14)
C(11)-C(12)-C(7)
C(11)-C(12)-C(13)
C(7)-C(12)-C(13)
N(1)-C(13)-C(4)
N(1)-C(13)-C(12)
C(4)-C(13)-C(12)
C(15)-C(14)-C(11)
C(15)-C(14)-Rh(1)
C(11)-C(14)-Rh(1)
C(14)-C(15)-C(16)
C(14)-C(15)-Rh(1)
C(16)-C(15)-Rh(1)
C(15)-C(16)-C(17)
C(18)-C(17)-C(16)
C(19)-C(18)-C(23)
C(19)-C(18)-C(17)
C(23)-C(18)-C(17)
C(18)-C(19)-C(20)
C(21)-C(20)-C(19)
C(22)-C(21)-C(20)
C(21)-C(22)-C(23)
C(22)-C(23)-C(18)
C(25)-C(24)-C(29)
C(25)-C(24)-P(1)
C(29)-C(24)-P(1)
C(24)-C(25)-C(26)
C(27)-C(26)-C(25)
C(28)-C(27)-C(26)
C(27)-C(28)-C(29)
C(28)-C(29)-C(24)
C(31)-C(30)-C(35)
C(31)-C(30)-P(1)
C(35)-C(30)-P(1)

119.0(6)
122.9(6)
118.4(5)
115.4(5)
125.8(4)
118.7(5)
124.8(4)
116.5(5)
119.9(5)
119.6(4)
120.4(4)
127.8(5)

75.0(3)
108.3(3)
122.4(4)

67.4(3)
124.6(3)
110.2(4)
112.3(4)
116.7(6)
121.9(6)
121.4(5)
121.8(7)
120.2(7)
118.6(7)
121.7(7)
121.1(6)
118.5(4)
117.5(3)
124.0(3)
121.1(5)
119.5(5)
119.7(5)
120.7(5)
120.4(5)
118.5(4)
118.8(3)
122.6(3)
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C(32)-C(31)-C(30)
C(31)-C(32)-C(33)
C(34)-C(33)-C(32)
C(35)-C(34)-C(33)
C(34)-C(35)-C(30)
C(37)-C(36)-C(41)
C(37)-C(36)-P(1)

C(41)-C(36)-P(1)

C(38)-C(37)-C(36)
C(39)-C(38)-C(37)
C(38)-C(39)-C(40)
C(41)-C(40)-C(39)
C(40)-C(41)-C(36)
C(47)-C(42)-C(43)
C(47)-C(42)-P(2)

C(43)-C(42)-P(2)

C(44)-C(43)-C(42)
C(45)-C(44)-C(43)
C(46)-C(45)-C(44)
C(45)-C(46)-C(47)
C(42)-C(47)-C(46)
C(49)-C(48)-C(53)
C(49)-C(48)-P(2)

C(53)-C(48)-P(2)

C(50)-C(49)-C(48)
C(51)-C(50)-C(49)
C(50)-C(51)-C(52)
C(53)-C(52)-C(51)
C(52)-C(53)-C(48)
C(59)-C(54)-C(55)
C(59)-C(54)-P(2)

C(55)-C(54)-P(2)

C(56)-C(55)-C(54)
C(57)-C(56)-C(55)
C(56)-C(57)-C(58)
C(59)-C(58)-C(57)
C(58)-C(59)-C(54)
0(1)-C(61)-C(60)

121.1(4)
119.7(5)
120.1(5)
119.9(5)
120.7(4)
118.5(4)
123.2(4)
118.3(3)
120.0(4)
120.6(4)
119.9(4)
120.2(5)
120.8(4)
118.7(4)
124.6(4)
116.7(3)
120.7(5)
120.1(5)
120.1(5)
120.6(5)
119.8(5)
118.7(4)
117.9(4)
123.3(4)
120.2(5)
120.1(5)
120.4(5)
119.7(5)
120.7(5)
118.8(5)
121.2(4)
119.7(4)
119.8(5)
121.0(6)
119.7(5)
120.1(6)
120.7(5)
120.3(7)
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0(1)-C(61)-C(62)
C(60)-C(61)-C(62)
0(2)-C(64)-C(63)
0(2)-C(64)-C(65)
C(63)-C(64)-C(65)

O(2A)-C(64A)-C(65A)
O(2A)-C(64A)-C(63A)
C(65A)-C(64A)-C(63A)

C(1)-N(1)-C(13)
C(1)-N(1)-Rh(1)
C(13)-N(1)-Rh(1)
C(24)-P(1)-C(30)
C(24)-P(1)-C(36)
C(30)-P(1)-C(36)
C(24)-P(1)-Rh(1)
C(30)-P(1)-Rh(1)
C(36)-P(1)-Rh(1)
C(48)-P(2)-C(42)
C(48)-P(2)-C(54)
C(42)-P(2)-C(54)
C(48)-P(2)-Rh(1)
C(42)-P(2)-Rh(1)
C(54)-P(2)-Rh(1)
F(3)-P(3)-F(5)
F(3)-P(3)-F(6)
F(5)-P(3)-F(6)
F(3)-P(3)-F(4)
F(5)-P(3)-F(4)
F(6)-P(3)-F(4)
F(3)-P(3)-F(2)
F(5)-P(3)-F(2)
F(6)-P(3)-F(2)
F(4)-P(3)-F(2)
F(3)-P(3)-F(1)
F(5)-P(3)-F(1)
F(6)-P(3)-F(1)
F(4)-P(3)-F(1)
F(2)-P(3)-F(1)

121.6(6)
118.1(6)
117.8(17)
116.3(18)
126(3)
120.5(14)
118.4(15)
121(2)
118.9(4)
113.5(3)
127.6(3)
107.0(2)
101.4(2)
99.9(2)
118.14(15)
106.74(15)
121.57(14)
107.9(2)
101.0(2)
102.5(2)
119.03(15)
114.39(15)
109.96(14)
91.9(3)
90.5(3)
89.9(2)
90.0(3)
90.5(2)
179.3(3)
90.1(3)
178.0(3)
90.6(2)
89.0(2)
179.1(3)
88.9(2)
90.0(3)
89.5(2)
89.2(3)
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Symmetry transformations used to generate equivatems:
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Table 4.

displacement factor exponent takes the formeg[-B2a*2U11 + ... + 2 h k a* b* B2]

Anisotropic displacement parametéxsl (?) for 3ak (Ixw43). The anisotropic

U11 U22 U33 U23 U13 U12

Rh(1) 19(1) 30(1) 20(1) -2(1) -4(1) -8(1)

c() 25(2) 35(3) 40(3) 0(2) -7(2) -8(2)

c(2) 33(3) 34(3) 54(3) -1(2) -10(2) -4(2)

C(@3) 43(3) 41(3) 54(4) 14(3) -18(3) -15(3)
C(4) 35(3) 55(3) 33(3) 10(2) -14(2) -21(2)
C(5) 54(3) 58(4) 35(3) 17(3) -14(3) -30(3)
C(6) 50(3) 82(4) 22(3) 7(3) -5(2) -34(3)
c(7) 36(3) 66(4) 25(2) -4(2) -7(2) -22(3)
C(8) 42(3) 87(5) 28(3) -11(3) 4(2) -26(3)
C(9) 39(3) 79(4) 41(3) -25(3) 5(2) -10(3)
C(10) 35(3) 63(4) 32(3) -13(2) -3(2) -11(3)
C(11) 25(2) 50(3) 26(2) -8(2) -8(2) -12(2)
C(12) 24(2) 54(3) 23(2) -2(2) -8(2) -14(2)
C(13) 23(2) 40(3) 29(2) 42) -8(2) -17(2)
C(14) 28(2) 44(3) 28(2) -13(2) -3(2) -13(2)
C(15) 30(2) 30(2) 33(2) -7(2) -5(2) -15(2)
C(16) 29(2) 48(3) 29(2) -2(2) -5(2) -15(2)
C(17) 31(3) 51(3) 35(3) 0(2) -8(2) -21(2)
C(18) 45(3) 64(4) 35(3) -9(2) -8(2) -36(3)
C(19) 77(5) 74(4) 42(3) -10(3) 1(3) -50(4)
C(20) 97(6) 108(7) 45(4) -33(4) 16(4) -53(5)
c(21) 82(5) 81(5) 68(5) -40(4) 1(4) -32(4)
C(22) 70(5) 77(5) 61(4) -20(4) -15(4) -20(4)
C(23) 57(4) 82(5) 32(3) -8(3) -10(3) -27(3)
C(24) 26(2) 24(2) 27(2) -4(2) -5(2) -7(2)

C(25) 30(2) 35(3) 37(3) -9(2) -1(2) -8(2)

C(26) 43(3) 35(3) 43(3) -13(2) -2(2) -2(2)

C(27) 62(4) 31(3) 42(3) -8(2) -6(3) -13(3)
C(28) 45(3) 34(3) 41(3) 1(2) -8(2) -21(2)
C(29) 28(2) 37(2) 28(2) 2(2) -4(2) -10(2)
C(30) 21(2) 33(2) 26(2) -6(2) 0(2) -10(2)
C(31) 29(2) 33(2) 28(2) -2(2) -3(2) -13(2)
C(32) 28(2) 30(2) 42(3) -11(2) -2(2) -5(2)
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C(33)
C(34)
C(35)
C(36)
C(37)
C(38)
C(39)
C(40)
C(41)
C(42)
C(43)
C(44)
C(45)
C(46)
C(47)
C(48)
C(49)
C(50)
C(51)
C(52)
C(53)
C(54)
C(55)
C(56)
C(57)
C(58)
C(59)
C(60)
C(61)
C(62)
C(63)
C(64)
C(65)
0(2)
C(63A)
C(64A)
C(65A)
0(2A)

30(3)
42(3)
34(3)
21(2)
25(2)
25(2)
27(2)
35(3)
28(2)
19(2)
27(2)
33(3)
26(2)
28(2)
27(2)
27(2)
25(2)
38(3)
58(4)
48(3)
32(2)
22(2)
38(3)
52(4)
55(4)
44(3)
32(3)
52(4)
48(3)
82(5)
74(19)
88(18)
140(30)

130(20)

83(18)
69(11)
91(13)

164(17)

51(3)
45(3)
32(2)
30(2)
30(2)
37(3)
56(3)
48(3)
34(2)
32(2)
35(2)
35(3)
40(3)
47(3)
34(2)
26(2)
32(2)
37(3)
45(3)
49(3)
37(3)
51(3)
46(3)
52(3)
62(4)
73(4)
54(3)
95(5)
72(4)
75(5)
170(30)
160(20)
230(30)
151(19)
113(17)
76(9)
126(15)
87(9)

39(3)
28(2)
29(2)
20(2)
33(2)
35(3)
25(2)
25(2)
22(2)
26(2)
31(2)
41(3)
37(3)
31(3)
27(2)
26(2)
34(2)
42(3)
40(3)
39(3)
32(2)
23(2)
37(3)
47(3)
38(3)
32(3)
29(2)
43(3)
43(3)
63(4)
100(20)
87(15)
80(20)
300(30)
130(20)
82(10)
73(13)
128(12)

-18(2)
-10(2)

-2(2)
2(2)
-6(2)
0(2)
-3(2)
-7(2)
-2(2)
-2(2)
-6(2)
-7(2)
6(2)
5(2)
0(2)
-6(2)
-2(2)

-11(2)
-18(2)
-13(2)

-6(2)
5(2)

1(2)

10(3)
13(3)
-8(3)
-1(2)
-6(3)

-10(3)

-4(4)
30(20)

-52(14)
-50(20)
-140(20)

22(15)

-33(8)

4(11)
-48(8)

8(2)
9(2)
-1(2)
1(2)
-4(2)
-5(2)
-7(2)
-1(2)
-3(2)
0(2)
1(2)
8(2)
3(2)
-6(2)
-4(2)
-5(2)
-4(2)
7(2)
1(3)
-5(2)
-4(2)
-6(2)

-12(2)
-16(3)
-11(3)

2(2)
-3(2)
-3(3)
-7(3)

-19(4)
-17(17)

13(15)

-10(19)

-15(18)

-34(16)

-4(9)

-32(10)
-30(10)

-16(2)
-23(2)
-10(2)
-10(2)
-4(2)
0(2)
-8(2)
-13(2)
-6(2)
-7(2)
-11(2)
-9(2)
-1(2)
-8(2)
-13(2)
-2(2)
-9(2)
-4(2)
-19(3)
-24(3)
-15(2)
-19(2)
-16(2)
-18(3)
-35(3)
-29(3)
-18(2)
-33(4)
-30(3)
-36(4)
TB(
4(16)
20(
1(35)
()
-22(8)
-mX]_
8(9)
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F(1)
F(2)
F(3)
F(4)
F(5)
F(6)
N(1)
o(1)
P(1)
P(2)
P(3)

92(3)
65(3)
144(4)
76(3)
42(2)
64(3)
23(2)
72(3)
20(1)
20(1)
35(1)

80(3)
85(3)
75(3)
55(2)
60(2)
75(3)
27(2)
104(4)
27(1)
28(1)
43(1)

64(3)
105(3)
49(2)
82(3)
100(3)
103(3)
26(2)
54(3)
22(1)
22(1)
46(1)

-2(2)
-34(3)

-1(2)

-37(2)
-27(2)
-51(3)

3(2)

-23(3)
-2(1)
-3(1)
-16(1)

-22(2)

12(2)

-24(3)

19(2)
1(2)
33(2)

-7(2)

11(3)
-2(1)
-4(1)
5(1)

-33(2)
-47(2)
-44(3)
-18(2)
-24(2)
-20(2)
-9(2)

-34(3)
-7(1)

-7(1)

-15(1)
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Table 5. Hydrogen coordinates ( x*Land isotropic displacement parametéxsi(®)
For3ak (Ixw43).
X y z U(eq)

H(1) 11039 4344 7391 42
H(2) 11720 2606 8062 51
H(3) 10912 2428 9114 58
H(5) 9504 3302 9993 59
H(6) 8038 4826 10318 61
H(8) 7048 6843 10175 63
H(9) 6822 8604 9587 65
H(10) 8001 8836 8595 53
H(14) 9525 8317 7825 39
H(15) 11451 6257 8166 35
H(16A) 11647 8186 7234 42
H(16B) 12782 7005 7259 42
H(17A) 13053 7009 8335 46
H(17B) 13496 7941 7817 46
H(19) 11601 7602 9211 70
H(20) 10087 8958 9713 93
H(21) 9321 10788 9162 86
H(22) 10066 11225 8111 82
H(23) 11564 9899 7607 67
H(25) 7808 9548 7118 42
H(26) 7441 11345 7238 51
H(27) 9044 12214 6799 55
H(28) 10936 11316 6210 47
H(29) 11246 9567 6043 39
H(31) 12017 6121 6629 36
H(32) 13998 5386 6039 41
H(33) 14478 6368 5035 46
H(34) 12926 8041 4606 44
H(35) 10919 8749 5186 40
H(37) 7426 9971 5957 37
H(38) 6060 10387 5157 44
H(39) 6261 9066 4591 46
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» 0%

Figure 3. Energy profiles for C-C coupling reaction of R=BP{a) Values AE) without any
parentheses are total energy changes with comesfithe zero-point energy. (b) Values®d’) in
parentheses are Gibbs free energy where translatitation, and vibration movements are taken
into consideration to estimate the thermal entrapyl free energy. (c) Valued®,”) in square
brackets are Gibbs free energy where only vibratimvements are taken into consideration to

estimate the thermal entropy and free energy.
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. 68059300

24.
25.
24.
24.
24.
23.
23.
19.
19.
19.
18.
18.
18.
18.
19.
19.
19.
20.
19.
17.
17.
16.
15.
17.
16.
18.
18.
19.
20.
21.
21.
20.
22.
22.
23.
24.
23.
24.
22.
22.
23.
20.
25.

87787100
32364800
86411200
29256800
28619800
73835200
31521800
80913100
31908000
34675100
77714300
40215200
71917200
30021500
20013400
15286800
74458900
11862500
14334200
89737800
72374200
87238000
91147800
08098900
28122200
31849700
48439200
34599300
30241700
66143900
52861000
68665500
48125100
36535200
57271000
30986800
71155100
55314800
76280700
86613500
18343900
51342600
29993900

2.
3.
3.
2.
3.
1
. 11480400
. 52196500
. 32408800
. 96499200
. 58143700
. 19263500
. 05075800
. 03063900
. 25850000
. 61879200
. 00169100
. 39706200
. 65988600
. 01863300
. 02887100
. 07438200
. 36070800
. 22977900
. 96182000
. 59233600
. 60559600
. 34621500
. 06008800
. 51333500
. 39070300
. 71749400
. 13470000
. 26686900
. 98915000
. 78603900
. 11184400
. 78542000
. 37342300
. 26479100
. 57947700
. 86931700
. 35966500
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62880600
04789600
36534200
81136600
37501100
53481200
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2.63854200

0.
0.
0.
-1
-2.
-2.
-3.
-1
-2.
-3.
-1
-2.
-0.
-1
-0.
-0.
-0.
-0.
. 94623400
. 52215400
. 57766900
. 55483200
. 06604100
. 99479700
. 00300500
. 56806900
. 09146000
. 55899600
. 57604500
. 10574900
. 52973800
. 10593600
. 52586700
. 00665800
. 06480600
. 14167800
. 56103100
. 42930500
. 49519700
. 52561800
. 56410700
. 61155500

[En
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97412600
98064700
06235900
22935700
11742200
55176400
44802200
32194300
61393900
55482400
39745300
31565000
14947600
43317600
21008600
19205800
13506300
01000900

21. 71392600

22.
24.
17.
18.
18.
20.
20.
20.
21.
22.
23.
24.
21.
22.
22.
24.
25.
18.
24.
22.
21.
23.
21.
23.
24.
25.
20.
24.
26.
23.
22.
22.
21.
25.
18.
19.
24.
22.
22.
20.
23.
20.

87929300
02968200
55704300
96240100
34524600
72014000
11531100
21701100
92333800
28738000
94214200
35387100
00663100
71769600
22979800
60254500
54525000
52771200
50555100
96261800
14151500
41916800
81628200
62671100
68059200
27333300
59660100
42050500
15278100
16301300
56585100
66802800
68408500
17714900
97693400
33328000
80289500
78975000
32316000
92582600
11209600
31134300

3. 14143400
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. 81622400
. 48925300
. 14432200
. 11915700
. 01834100
. 31531900
. 20733200
. 76453300
. 95708600
. 35966500
. 84018500
. 25044600
. 88361500
. 13999400
. 61489500
. 00776900
. 54101400
. 62694300
. 62654100
. 69640500
. 50850700
. 69392600
. 18714800
. 37640600
. 99603100
. 19455400
. 30404200
. 33236500
. 50386700
. 05313600
. 85568700
. 75352200
. 56422800
. 29716600
. 26530400
. 71131800
. 34886900
. 23134500
. 25294700
. 14708200
. 10741900
. 90071100
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8.

9
8
8
7
8
8

10.
10.
10.
12.
12.
12.

. 48483300
. 56747000
. 66583900
. 69722800
. 62759000
. 82076000
. 56291000
. 02248900
. 64630300
. 85426900
. 31115900
. 71358800
. 60022900
. 86224400
. 96123900
. 41186600
. 45335100
. 52073900
. 74097100
. 64074800
. 75284800
. 82302000
. 23784900
. 40403600
. 57004500
. 71064900
. 83280300
. 09733400
. 73698400

67772800
. 36668900
. 08070600
. 61524300
. 76473200
. 88465800
. 23282900
01182300
29034900
82858600
03642500
29141200
85965500

20.
24.
22.
21.
19.
23.
20.
21.
18.
21.
20.
17.
17.
21.
22.
21.
20.
18.
16.
16.
18.
22.
22.
21.
16.
15.
15.
22.
14.

31507000
19547800
50701200
09485700
22860700
12775400
45428200
07664000
63104700
67277900
98417900
93134700
91198200
77434700
15826000
47362400
53636900
46917300
53636700
51922400
43966200
62038200
05848000
40238100
00379100
82980900
97255600
44091900
74444100

18. 85750600

17.
19.
16.
16.
15.
14.
15.
14.
16.
16.
15.
17.

46337000
97489800
35710400
33935700
26179100
39539400
31822300
48052600
46635100
50258900
64122300
57804700
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. 04430500
. 18664600
. 84683500
. 73477100
. 82914700
. 96456100
. 01985600
. 11487200
. 04789900
. 85538100
. 67141400
. 46203700
. 65593400
. 42707900
. 15658300
. 96967400
. 65114300
. 97661200
. 50076600
. 70034200
. 08334200
. 81636400
. 71172800
. 40564000
. 04427500
. 12299500
. 17784000
. 16891100
. 15303200

3. 08903100
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. 65226500
. 01880700
. 62159500
. 29798200
. 79784600
. 81351100
. 00398200
. 62936600
. 01640100
. 74847800
. 35871300
. 66951500
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13.
12.
11.
10.
13.
14.
13.
13.
11.
11.
. 91857800
. 59686900
. 65725200
. 33096400
. 32547900
. 15940000
. 16117900
. 05443600
. 02855800
. 05434200
. 86885200
. 99038400
. 85370800
. 96293400
. 98812400
. 97396000
. 78086400
. 23696100
. 88849400
. 79472600
. 32754300
. 42909100
. 31981300

A
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T
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80099300
51057800
26427900
45615000
41923800
36043200
11711600
81988300
86961900
61072900

9. 89106900
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. 35930800
11.
10.
. 34063400
. 01086100
. 32185000
. 68113000
. 78982100
. 99168500
. 56252200

27425700
32121400

. 59384900
. 73129800
. 79374300
. 58185600
. 81275200
. 72568000
. 95133700
. 77736800
. 05251700
. 97891100
. 03004600
. 39549900
. 29948600
. 13352700
. 46497200
. 03287300
. 29261400
. 65383500
. 10394800
. 07658100
. 67925300
. 31743500
. 43624700
. 10229500
. 62680000
. 66443900
. 52493900
. 27623200
. 55451600
. 08567900
. 23919200
. 36324000
. 50429600
. 12993500
. 13188100
. 39543100
. 20829200
. 09114400
. 94866100
. 30742000
. 03077000
. 76980700
. 38886800
. 41048500
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. 21124800
. 10855200
. 81283900
. 83243000
. 15375000
. 38124900
. 86817500
. 91906600
. 49857800
. 00381500
. 45458500
. 02014600
. 62036700
. 40322600
. 54409600
. 43457000
. 06321000
. 56318900
. 03627100
. 51936700
. 38151300
. 35739600
. 74338800
. 21890100
. 76615600
. 25950000
. 90684800
. 52830900
. 76934400
. 00608800
. 92707600
. 25155700
. 06866200
. 86669000
. 72231200
. 93317100
. 24722300
. 57378400
. 93406000
. 63344700
. 34361300
. 67011100
. 05153800
. 58093300
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. 67076000
. 43274900
. 20905600
. 63508500
. 94447500
10.
. 26576200
11.
10.

32067100

00439000
85748700

8. 95403000

. 20372400
10.
12.
. 41879700
10.

32147000
06896900

85407600

2.06243200

0.
0.
1.

-0.

-0.

- 1.

- 2.

- 1.

-3.

-3.

-3.

- 4.

- 2.

-0.

-0.

- 2.

-3.

- 1.

- 1.

. 16665800

. 08381800

. 97292300

. 84725300

. 07246300

. 19570900

. 08279100
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71140600
91046800
90374200
19996300
01555700
50000300
33866400
74020400
05703500
91236500
24916500
25250200
13322800
83395000
62096000
23197900
20920900
08123000
12481200

20.
19.
20.
20.
21.
21.
22.
22.
20.
23.
22.
23.
22.
24.
24.

25165800
91857800
55789200
31254300
48048600
61858400
51956100
76342500
82793100
66818900
43454500
79098400
85422900
46533000
68414400

21.80784100

20.
19.
18.
18.
17.
18.
17.
19.
20.
19.
21.
22.
22.
22.
20.
24.
24.
24.
26.
24.
24.
22.
21.
23.
24.
23.

35752100
02204700
61405400
15796100
11107900
61963100
94397900
98836200
56680600
90935400
90672700
32308900
79565600
23458900
84213700
19555500
67097000
95187500
02949900
30824400
87135600
07742700
18876800
29229700
17125800
60679100
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. 40256400
. 39501600
. 31781800
. 72446200
. 59610300
. 33273900
. 25132600
. 74096800
. 81512800
. 64748600
. 45515200
. 39765700
. 54473300
. 15515400
. 71104500

3. 43986300
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. 12455600
. 81675200
. 67346900
. 65298300
. 42663200
. 75267700
. 61009400
. 00577400
. 05354300
. 92228800
. 23382600
. 24493500
. 39991100
. 40151000
. 19213600
. 54351100
. 53446900
. 68846200
. 80038300
. 70723500
. 84827100
. 43548500
. 82125100
. 87054200
. 50761800
. 57285100
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. 41290500
. 64742300
. 44742800
. 70629700
. 14771700
. 81069100
. 56444500
. 77738900
. 49669200
. 40407500
. 00260500
. 59475900
. 63717000
. 72005400
. 10858500
. 38914800
. 49882200
. 09137500
. 14301900
. 22634600
. 87283700
. 83096600
. 58827700
. 10535400
. 82429800
. 45369200
. 44467700
. 52270100
. 78749800
. 24310900
. 53862000
. 25024100
. 00777900
. 36362500
. 30422100
. 12783200
. 17873700
. 73161000
. 04209800
. 34311600
. 75216900
. 89772400
. 79745500
. 94960900

24.
25.
25.
26.
24.
23.
22.
22.
21.
23.
23.
22.
24.
24.
25.
26.
25.
26.
24.
24.
21.
22.
23.
22.
23.
22.
22.
21.
20.
21.
20.
20.
20.
21.
19.
20.
18.
18.
18.
17.
19.
19.
19.
18.

91160500
65954500
26067100
27586200
30931400
00877100
26461600
66038900
64942600
52058000
57424500
69963900
73469800
74847500
86934600
77155700
83059200
70183500
66606600
65168100
98669100
86705300
48366700
96734300
66313400
16973400
24525000
26888100
63438100
17549100
46658000
69752500
89661100
79758700
94778500
11444500
79080300
05530800
59118900
70282000
53903100
38277800
61680600
67840900

- 0.
- 0.
- 2.
- 2.
- 3.
- 2.
- 3.
-1.
. 28861700
. 80573400
. 90991900
. 67002000
. 34472700
. 43241600
. 67219300
. 01611800
. 56528300
. 83062100
. 13811600
. 09904100
. 95480900
. 42298800
. 56384900
. 98099200
. 55748700
. 07241800
. 51090300
. 58957900
. 43081500
. 03755200
. 45618400
. 17297400
. 54571500
. 03599000
. 28551700
. 34441800
. 66662300
. 24415100
. 30460200
. 81193300
. 56196400
. 50026700
. 42681500
. 03936700
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98054300
22582800
32996100
61823300
30606700
91769900
67055100
57000200
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. 91243900
. 42750300
. 75762900
. 75734000
. 13139200
. 60113200
. 63370100
. 12816500
. 79925700
. 25933700
. 36419400
. 40347800
. 44374000
. 53081300
. 42545100
. 49124800
. 33528200
. 33312100
. 25346700
. 19777100
. 39876100
. 64276600
. 86866500
. 58956200
. 54688100
. 30457400
. 04056300
. 06626400
. 83197300
. 12245300
. 15470600
. 28582900
. 18737200
. 12918100
. 16975800
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2.29665600
0. 52319500
2.35303200
4.41454700
0. 40742400
-1. 26852600
-2.81869300

18.
17.
17.
17.
17.
18.
18.
19.
20.
19.
18.
17.
17.
16.
17.
17.
19.
19.
20.
21.
21.
21.
20.
22.
22.
23.
24.
24.
25.
23.
23.
22.
21.
20.
24.

59765000
83389200
11178200
92407200
26773000
86734800
95331400
70840800
43768300
51883400
12531400
66975500
30936900
23344400
87212900
23614500
25880000
70876500
07859400
15357300
91790200
57744700
54164400
56493300
28635700
90613100
67359500
25929700
30203300
26954200
56459000
98999900
94803300
63592900
57774500

22.01799100

23.
22.
20.
24.
18.
20.

22391000
32317200
88314700
53126600
95208600
88696800
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. 73322000
. 04167500
. 49969300
. 45658800
. 23711700
. 86943900
. 19523400
. 86041500
. 42210200
. 57300000
. 70701300
. 69057100
. 57576700
. 69772600
. 70034300
. 57842100
. 84326700
. 83190900
. 28182400
. 15032200
. 67286700
. 11428500
. 88025700
. 84043400
. 40966400
. 10731300
. 88608100
. 64577400
. 84026300
. 92381900
. 32419800
. 57047800
. 18767500
. 04146700
. 35835200

3. 82987100
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. 81296000
. 37671600
. 65445000
. 04686500
. 59487800
. 99112800
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1
3.
1
0.
1
0.
. 82916600
. 03331000
. 62012700
. 82267900
. 08810400
. 47439500
. 95605800
. 16988900
. 50923700
. 33909700
. 64918700
. 14035700
. 98089100
. 26573200
. 97167600
. 49325600
. 19465300
. 45684400
. 34879200
. 05496000
. 82449400
. 28156600
. 04274400
. 22429300
. 52719100
. 24615800
. 13407400
. 59234700
. 51570300
. 21020600
. 69966200
. 04378500
. 31914700
. 98513000
. 25965700
. 59640900
. 94291100
. 03643200

50310800
00669300
98123600
38416600
88932900
59320500

20.
22.
24.
21.
23.
22.
25.
18.
22.
22.
21.
24.
20.
23.
22.
21.
24.
19.
22.
21.
23.
21.
23.
22.
21.
21.
19.
20.
18.
. 07668200
23.
25.
23.
26.
. 03872500
26.
22.
21.
23.
22.
24.
24.
19.
18.

30988400
21580200
46674400
15260100
08248300
50945700
19441800
49094600
82750300
98496800
81305700
21343600
69852200
41519300
18457300
96943700
42922100
35168200
36386400
58855500
23972800
71264500
36833600
60791500
02895700
12874100
95017100
15595500
97967000

87350600
05158500
88725000
20583300

20350700
17719800
84530800
52619700
84371900
52558400
18572100
84901300
88307000
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. 90594100
. 24494300
. 74541000
. 12544100
. 49426400
. 48820500
. 99501900
. 47850500
. 98943300
. 45445000
. 76427000
. 05106100
. 94467100
. 22237300
. 65016200
. 28600300
. 41589500
. 62824700
. 26078800
. 39456800
. 78404500
. 04879500
. 44305300
. 58381000
. 23150900
. 60510900
. 50772300
. 23666300
. 14092600
. 50601000
. 00425500
. 26191600
. 19078200
. 69944900
. 63717200
. 89200800
. 37424100
. 12651700
. 31881000
. 87714600
. 05875000
. 84733100
. 08915100
. 55928400
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. 20504500
. 39386100
. 55763400
. 65924700
. 75093800
. 01893300
. 74584100
. 27159100
. 99631900
. 25832900
. 21353900
. 10907000
. 67581200
. 00797600
. 95315600
. 86647900
. 31647200
. 66430300
. 04389000
. 06511200
. 37543200
. 89974800
. 59134300
. 13516700
. 30269300
. 54055700
. 79923300
. 69261600
. 94102000
. 40717400
. 41924100
. 01122300
. 06660700
. 36113500
. 83216000
. 32462900
. 45003000
. 17115400
. 59144600
. 29487000
. 35464900
. 27382300
. 02029100
. 94555300

19.
18.
19.
18.
19.
20.
18.
19.
17.
18.
17.
18.
20.
22.
24.
26.
25.
21.
23.
25.
25.
21.
21.
18.
23.
20.
23.
21.
24.
22.
21.
19.
20.
18.
18.
25.
22.
27.
25.
27.
20.
23.
22.
25.

94064400
01203000
07111000
10073200
75805900
31914500
35954600
50261300
54548600
11267100
44766400
28381900
24076200
63652500
95311800
26097400
06269400
03345000
62965400
00620700
38627200
38609600
00077000
96041000
57737200
87700900
82544500
10449500
05815400
70678500
97422200
87826700
24563500
15468400
32336800
07241400
99242300
10199000
02101100
09812200
80539500
79530500
57189300
56447200

.
O Fr P M DWW N DNMNDNOPRP ODNMONDNDSNOOO O

f [ T T
g9 © © N © 00 0 N O w N

[EY
o

W N W W o~ N NN oo

. 69270700
. 58907600
. 72640400
. 17179800
. 21213700
. 94979600
. 33694700
. 15296400
. 22945800
. 01761900
. 23291400
. 43139400
. 82136500
. 27036300
. 73992400
. 18656700
. 30601500
. 28084100
. 44272100
. 42868500
. 85115500
. 27541600
. 86583000
. 44440200
. 28813800
. 77025300
. 88731900
. 92668800
. 05914800
. 10071300
. 18034700
. 44250200
. 29773200
. 56078800
. 99917700
. 15524500
. 00186300
. 90524300
. 78885700
. 24497000
. 10743900
. 45592500
. 69166000
. 01157900
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. 33003800
. 04740300
. 91192300
. 68100000
. 53842800
. 93996600
. 04559100
. 56969200
. 48386500
. 99709700
. 45896900

9. 18516900

9.
. 44042500
10.
. 61623300
. 91493900
. 63474800
. 91056600
. 63308700
. 73474300
10.
11.
11.
12.
13.
12.
11.
10.
13.
14.
13.
13.
11.
11.
10.
. 66721400
. 74587200
. 38239400
. 29387100
. 18242700
. 19409500

(0]

© ©O© ~N 00 N 0

N N 00 00 O ©

46141400

45129800

54786900
65436200
77076100
56414200
43782100
37857700
22302700
38189400
32950500
21036200
13149400
86430700
94123100
74693000
95544700

24.
18.
20.
17.
19.
17.
21.
17.
19.
16.
17.

96032200
80436000
69810600
26952100
15775800
42279300
39688900
89524800
95736200
46582300
47786100

18. 46398300

17.
19.
16.
16.
16.
15.
14.
15.
15.
16.
17.
16.
18.
18.
18.
18.
17.
19.
20.
20.
21.
20.
21.
19.
20.
21.
20.
19.
20.
22.

41634600
53459700
70818500
39838600
20767600
58480600
78414100
79309000
14442100
84938700
03410600
34891500
01488000
12221600
96702800
89849400
72310500
99692800
01607600
96563200
75315300
97059900
79729700
99132000
27925200
12244100
00856400
32546400
85079700
13290900
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. 64328300
. 11932800
. 37689600
. 93621200
. 18503700
. 97279300
. 82419100
. 30083700
. 11638800
. 34967500
. 87579700

3. 04421300
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. 18973700
. 05478500
. 12714800
. 99973500
. 80571300
0.
0.
1

1

0.
1

2.
1

2.
0.
. 35371800
. 22807800
. 30274500
. 93807900
. 65928000
. 80823600
. 40137500
. 07936900
. 24249200
. 91578100
. 59442700
. 42315400
. 58509800
. 57905600
. 15753700

13792100
24215300
06843400
93427400
89024300
77892800
61361300
54238500
17916900
48416600
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. 11741800
. 03376600
. 06974000
. 83751300
. 93829400
. 81316500
. 89408800
. 97179000
. 94906200
. 81271500
. 14571900
. 91310600
. 49902200
. 53582600
. 52188700
. 79414400
. 19509900
. 42832800
. 84055600
. 80185300
. 92591000
. 82418300
. 28592100
. 12260600
. 81419100
. 53131400
. 75804200
. 63721200
. 16093200
. 33574300
. 61650100
. 60281100
. 91221400
. 45626300
. 52945100
. 01024100
. 81541700
. 73856800
. 49050900
. 94215000
. 87525600
. 39736200
. 63080400
. 34035500

22.
22.
23.
22.
23.
21.
20.
20.
19.
21.
21.
21.
23.
23.
24.
25.
23.
24.
22.
22.
18.
19.
20.
19.
19.
18.
17.
17.
16.
17.
17.
19.
19.
20.
19.
19.
19.
18.
18.
18.
18.
18.
17.
18.

54646800
90379200
89421900
42119500
02956200
15954000
78121400
38941300
41318400
34450000
75746200
01946000
10271300
40245400
05999800
10762400
66184800
39978700
31488900
02950000
94878600
65370800
56816700
20206900
76947000
04070300
69707300
32916300
42786800
78029300
22669900
37539400
74707400
14430900
59255500
88758000
05062200
92591300
66753200
24671900
83096300
54181200
32891000
50526700
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. 54748800
. 20626900
. 65149400
. 67083500
. 70338400
. 07120600
. 63227000
. 02395500
. 54336000
. 17359700
. 99909400
. 78260000
. 11658700
. 98972400
. 40087000
. 49127300
. 56761400
. 78637000
. 45395600
. 57311800
. 75680500
. 57110800
. 21885300
. 85863000
. 47499500
. 35493300
. 36032700
. 55285400
. 92876000
. 26828300
. 67651000
. 17858300
. 34751600
. 19882300
. 43240200
. 33987700
. 35969500
. 43069600
. 20145000
. 36341300
. 11140300
. 20485200
. 40538200
. 10364100
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12.
13.
13.
13.
14.
12.
13.
11.
11.
. 48430300
. 08304600
. 59957100
. 30475000
. 22103100
. 92105400
. 31923300
. 31589100
. 80014700
10.
11.
11.
11.
10.
11.
11.
13.
13.
13.
14.
12.
13.

© © N N o N N o ©

12989900
31812200
86756300
58692800
34657800
86797500
05944200
89831000
34492100

09267900
17344600
58904300
16370800
18414000
99999800
65524000
27464500
92903700
70582400
69968300
87149500
23962800

19.
18.
19.
18.
18.
17.
16.
16.
15.
15.
15.
16.
14.
14.
13.
12.
13.
12.
14.
14.
15.
14.
14.
13.
13.
14.
13.
15.
16.
16.
17.

03819000
99042000
89261300
31943600
69599700
16775600
64813100
67168600
78237000
31609600
38606800
27425600
33453400
40683100
19676000
37791500
10744500
21798600
15274100
05163100
80113800
62149800
20822100
94866700
03039100
44286000
91370500
61690500
00712600
29151800
19024700
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. 17943200
. 97264200
. 71745300
. 16737200
. 84644900
. 48762900
. 42215800
. 61329300
. 89048600
. 85355100
. 82993700
. 42994200
. 32062300
. 29477700
. 84259400
. 22638800
. 85909700
. 25203400
. 35968700
. 34535500
. 96492000
. 33099500
. 54533900
. 43857100
. 97084500
. 15931100
. 47239400
. 77839300
. 57771500
. 67084000
. 15209800
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