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A Quantum Chemistry Calculation of the Rh(I) — Methyl — & — Acetamidocinnamate

Complexes with Diphosphine Ligands
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(1.Faculty of Science, Kunming University of Science and Technology, Kunming 650093, China;
2. Yunnan Normal University, Kunming 650092, China)

Abstract: A theoretical study on Rh(I) — methyl — a — acetamidocinnamate complexes with diphosphine ligands
is presented. The geometrical optimizations are performed at the ab initio level, and the geometry optimized re-
sults indicate: (1) quantum chemical method can be used in the optimization of the intermediates of this kind of
reactions; (2) There are no significant differences in the long distances and bond angel among the Rh(I) -
methyl — « — acetamidocinnamate complexes with different diphosphine ligands, but the bond angel may be affect-
ed by the chiral of the disphosphine ligands; (3) There are no significant changes in the charge on the main
atoms of diphosphine ligands after becoming the complexes with MAc, but the charge on the Rh increases, which
may transfer from the MAC.
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RN, BRIE R L R AR T RS H Rk L R R AL B AT R SR L TR & F A2 80T LA
S 7 E X S L o ) A5 384T Ak X B B Ao FAR R T AT+ T2 R B ) SN ML EE AT
HF . X HBFFEIRIE LN : Clark R. Landis % A ONIOM J7 3% [ Rh(DuPHOS) ]+ L S R AL
IRIBFE), Achim Kless %A ab initio 773Xt L7 BB H5% (1) % & M4k N TR B AR S L YLEE RO BF
K% BHTFRERMERETFREZ, B HI 25 OIS THE 1 3R Fi ¥ U BT 1 o 19 30 405 25 35 i B 2L B
RETSR RSB (ONIOM 7)) , BNt REk 2 o 5 I i ok i g o 2 MR FRAKERSNITE
J7¥ (40:B3LYP, HF,MP2 %) , T S BL 1A 56 o A 5 TR A AR % £ 47 2 10 JE 7SR DS 1 HIH R ik
(I0:UFF,AM1 %)(2],

AEX BB SV RILPE - o - ZBERE RS S W0 T2 E Lt b RAMNLIHE
Jr¥(HF ) X R R F #E (9 BE 48 4% 4 9 [Rh (R, R) - DIPAMP]*, [Rh (S, S) - CHIRAPHOS ]*, [ Rh
(DIPHOS) ]* R EA1 5 Z % - o - Z BERE 3 PR BR (MAC) 2 & T8 SR A9 P [ 44 [Rh (R, R - DIPAMP)
(MAC)]*,[Rh (S,S - CHIRAPHOS)(MAC) ]+ ,[ Rh(DIPHOS) (MAC) ] * I35 4T T 4k, 183 T x¢
RIVHBRCAR R BN (MAC)SSETE B B I LT B F e 454 . B HiJ 18 R IR TR BB 5T 4R
.

1 itEA=*

TEXS ZFDUBRC IR R BN S R RAT A T BRI & 9 M0 R Ak B 2 7E HF 39387k | 345, h
FHERY RMERFETEZ, B H,0,P,N,C Z£EFHRA STO - 3G, B EBEE LR Rh MFFELE,
FOAR R8N B o ARSI 8 B2, %4 Rh SR T lanl2 B2 5% lanl2dz 22401 2B BME R GAUS-
SIANO8 B2/ 7E PIV B4 b 34T . Z540 A9 44 I F MOLEKELA .3 B2 FE 4 22 I s H P, B T3 %
AETEEMHE B EWER, E=AE(E S, 8 6,8 7)h S BT R m .

2 itEER

2.1 [Rh(R,R) -DIPAMP]*,[Rh(S,S) - CHIRAPHOS ]+, [Rh(DIPHOS) ] * B JL{T#a B4R fk 25 B2
Bl 1228 T 3 FARRREAR SR, 24 (R,R) - DIPAMP HIFHE B S8R T AHE MR iy Aot
Bri&3L; (S,S) - CHIRAPHOS #1585 5 T 4 1 B 5L 74K 3 ; DIPHOS WAREAEFH.
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(Rh(R,R) - DIPAMP]*,[Rh(S,S) - CHIRAPHOS ] * 2 ¥ Fi 5 2 (1 -k FRe 6242 11,3 SENELE LR
B-o- CBEREAERIKERYH %e. e AT 95%, it 31X BT P e 44 DA e 36 F-4 XU i 44 [ Rh
(DIPHOS) ] * B LT 23847 T @ARAk, AL /8 20 i LI H B 22 F 18 2, /8 3 ] 4, FEBRME AT
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2 [Rh(R,R) -DIPAMP] * B 3 [Rh(S,S) - CHIRAPHOS] * B4 [Rh(DIPHOS)]*

£mE ZHE Z£HE
%1 [Rh(R,R)-DIPAMP]*,[Rh(S,S) - CHIRAPHOS]*,[Rh(DIPHOS)]*f/LTHE AL EREERK (nm) BT
i’ [Rh(R,R) - DIPAMP]* [Rh(S,S) - CHIRAPHOS]* [Rh(DIPHOS) ]+
R(1-2) 2.339 2.392 2.384
R(1-3) 2.310 2.310 2.384
R(2-4) 1.840 1.870 1.840
R(3-5) 1.850 1.850 1.840
R(4-5) 1.550 1.560 1.540
R(3-10) 1.810 1.810 1.820
R(3-19) 1.810 1.820 1.820
R(2-30) 1.810 1.820 1.820
R(2 - 40) 1.810 1.820 1.820
R(4-6) 1.080 1.540 1.080
R(4-17) 1.080 1.080 1.080
R(4-8) 1.080 1.540 1.080
R(4-9) 1.080 1.080 1.080

%2 [Rh(R,R)-DIPAMP]*,[Rh(S,S) - CHIRAPHOS]*,[Rh(DIPHOS)]*{J/LAHER UL LERPHIETERA () BB

#AMA [Rh(R,R) - DIPAMP] * [Rh(S,S) - CHIRAPHOS]* [Rh(DIPHOS)]*
A(B-1-2) 86.827 85.080 85.200
A(1-3-5) 102.950 105.580 106.950
A(3-5-4) 111.450 108.510 111.900
A(5-4-2) 113.070 111.510 110.730
A(4-2-1) 106.640 106.450 105.090
A(30-2-40) 109.960 106.250 107.100
A(10-3-19) 110.330 110.140 107.140

HEERETR, BR[Rh(R,R) - DIPAMP]*,[Rh(S,S) - CHIRAPHOS]* , [Rh(DIPHOS) ] * H i XU g%
R4y FLEM M F AR, BB E ®[Rh(R,R) - DIPAMP]*, [Rh(S,S) - CHIRAPHOS]*, [Rh
(DIPHOS) ]* 4> OB (K Bk BB K M BRI oA . b D3 A BIE A ZER KA
HRZEEERFEARFEEERFE, [Rh(R,R) - DIPAMP]* ) A(5-4-2), A(30-2-40)5[Rh
(S,S) - CHIRAPHOS]*,[Rh(DIPHOS) ] * Fr By A5 25 51| AT BB 2 BH R ELARIF b ) F R LU /R P E 1E XL
BB A E A AHEREFNTEAE AR, [Rh(S,S) - CHIRAPHOS]* #11J A(3-5-4) 554
& A P A [ A B2 R TP mk b i R RS
2.2 [Rh(R,R - DIPAMP) (MAC)1*,[Rh (S,S — CHIRAPHOS) (MAC)]*,[Rh(DIPHOS) (MAC)]*

ML EAHRBERLER

FEF R LT S P2 - o - ZEEIEE AR S L+, [Rh(R,R - DIPAMP) (MAC) ] *,
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[Rh (S,S - CHIRAPHOS) (MAC) 1 * R EE K F [0 75 . A E K 25T 19 [ PU307F . Ak B S 5% 5 i
ML . & 4,18 5,8 6 4+ 514 H [Rh(R, R - DIPAMP) (MAC)]*,[Rh (S,S - CHIRAPHOS) (MAC)]* #1
[Rh(DIPHOS) (MAC) ] * thALB B WA , 3 4,3 5 525 B LA RN LS WE K BfaE.
BPiRH MRFFS1ER 3, % 4 PRATRRMMNOEK 2,1 h8,2,3 Nk, 4,65,66 HE,8 %
R, HAR M. E 6,E 7 HMFS5E 5 [, IEFRE.

B 5 [Rh(R,R-DIPAMP)(MAC)]+ B 6 [Rh (S,S- CHIRAPHOS)(MAC)]* B 7 [Rh(DIPHOS)(MAC)]*

#£HE #HmE “#£HME

#3 [Rh(R,R-DIPAMP)(MAC)]*, # 4 [Rh(R,R-DIPAMP)(MAC)]*,

[Rh (S,S - CHIRAPHOS) (MAC)1*, [Rh (S,S - CHIRAPHOS) (MAC) ]+,

[Rh(DIPHOS) (MAC) ]+ & JL{a43 [Rh(DIPHOS) (MAC)]* &9 JL{a44

BRUEREETEK (nm) KiE BRUERIHETERAYE

[Rh(R,R- [Rh (S,S- [Rh(DIPHOS) [Rh(R,R- [Rh (S,S- [ Rh(DIPHOS)
L3 DIPAMP) CHIRAPHOS) K B DIPAMP) CHIRAPHOS) (MAC)]*
(MAC)]*  (MAC)]+ (MAC (MAC)]*  (MAQ)]*

R(1-3) 2.419 2.414 2.425 A(2-1-3) 83.17 83.647 83.41
R(1-2) 2.470 2.450 2.470 A(1-3-9) 110.93 108.17 105.60
R(2-10) 1.850 1.870 1.843 A(3-9-10) 113.15 111.05 110.24
R(9-10) 1.540 1.550 1.540 A(9-10-12) 115.9 112.80 113.04
R(3-9) 1.840 1.860 1.850 A(10-2-1) 107.07 107.50 106.3
R(1-4) 2.100 2.100 2.090 A(1-4-17) 117.74 117.43 118.71
R(1-5) 2.410 2.400 2.420 A(3-1-4) 89.56 90.5 89.75
R(1-6) 2.420 2.410 2.410 A(2-1-5) 110.65 109.66 110.79
R(2-12) 1.820 1.830 1.820 A(2-1-6) 102.81 93.78 97.05
R(2-11) 1.830 1.830 1.820 A(4-1-5) 75.82 76.00 76.09
R(3-18) 1.820 1.830 1.820 A(4-1-6) 89.18 91.02 92.558
R(3-17) 1.820 1.820 1.820 A(4-7-8) 121.23 121.26 121.14
R(5-6) 1.370 1.370 1.370 A(7-8-5) 120.60 120.55 120.82
R(4-7) 1.250 1.250 1.250 A(5-6-1T1) 128.18 129.64 129.40
R(7-8) 1.380 1.380 1.380 A(5-6-72) 114.86 114.75 115.13
R(8-5) 1.450 1.450 1.450 A(1-3-17) 105.36 110.95 117.33
R(5-64) 1.530 1.530 1.530 A(1-3-18) 120.65 116.34 118.12
R(64 - 66) 1.210 1.210 1.210 A(1-2-12) 128.64 117.24 119.17
R(64 - 65) 1.380 1.380 1.380 A(1-2-11) 104.91 113.78 113.26
R(65 - 67) 1.430 1.430 1.440 A(12-2-11)  106.02 107.29 106.77
R(6-71) 1.500 1.490 1.490 A(17-3-18)  106.22 105.91 105.54
R(6-72) 1.080 1.080 1.080

M EERAE W, RS EIRRh(R, R - DIPAMP)(MAC) ]+, [Rh (S,S - CHIRAPHOS) (MAC) ]+,
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[Rh(DIPHOS)(MAC) ] * A FHIZI A K& 4 E B4 K B A R TR, D3 oA EdE [ Rh(R,
R - DIPAMP)(MAC) ] * ' A(2-1-6), A(4-1-6),A(1-3-17),A(1-3-18),A(1 -2-12),A(1 -
2-11)5[Rh(S,S) - CHIRAPHOS] *,[Rh(DIPHOS) ] * # {IB& A 2= 51| I HE FI 682 B H AR E iy R A58
FHEREEIURVE EAE KM EHEFRERNME AR TAR.

FS5HHBESMBELEESYSH MAC EE P EERFHRTEMLLE . H+ 0(4),C(5),C(6),C
(7),N(8),0(65), 0(66),C(64),C(71),C(671)FETH MAC LHIFEIETF.

%5 [Rh(R,R)-DIPAMP]*,[Rh(S,S) — CHIRAPHOS]* ,[Rh(DIPHOS)]*,[Rh(R,R - DIPAMP)(MAC)]1*,
[Rh (S,S - CHIRAPHOS) (MAC)]*,[Rh(DIPHOS) (MAC) 1* h X EEREF L ETHH

[Rh(R,R - [Rh (S,5-

[Rh(R,R) [Rh(S,S) - [Rh [Rh(DIPHOS)
- DIPAMP] * CHIRAPHOS]*  (DIPHOS)]* DIPAMP ) (CHIRAPHOS) (MAC)]*
(MAC) ]+ (MAC) ]+
Rh(1) -0.740 -0.631 -0.522 -0.981 -0.986 -0.976
P(2) 0.807 0.796 0.803 0.800 0.784 0.794
P(3) 0.794 0.776 0.802 0.803 0.787 0.798
0(4) -0.171 -0.168 -0.167
c(s) 0.117 0.112 0.114
C (6) 0.014 0.021 0.019
c(7) 0.390 0.390 0.389
N(8) -0.340 -0.339 -0.339
Cc(9) -0.227 -0.144 -0.229 -0.237 -0.149 -0.233
c(10) -0.225 -0.141 -0.230 -0.233 -0.149 -0.234
c(11) -0.118 -0.136 -0.130 -0.119 -0.137 -0.139
c(12) -0.143 -0.139 -0.142 -0.162 -0.136 -0.139
c(17) -0.100 -0.105 -0.133 -0.113 -0.129 -0.131
C(18) -0.164 -0.141 -0.142 -0.160 -0.140 -0.145
0(65) -0.249 -0.249 -0.247
0(66) -0.236 -0.238 -0.238
C(67) -0.062 -0.062 -0.062
Cc(64) 0.339 0.337 0.332
c(71) 0.019 0.021 0.023

FEER, 5 (MAC)TEREEYRTE, DUBEC/A_EBR Rh IS FEFEFR RS HEAIFARE,
B&BEFET E B RN B8, 5 MAC 7S B SRR S IR EBm R T L#1TTHE,
AT 86K A5 Rh B R M SR T BB IGE  NZEF R EL , EER=MB &YW+ MAC K E
EFEF LA RS B X M A RBR B S S TES S EX MAC WEEFT LB
SRR .

4, ZE[Rh(R,R) - DIPAMP]* 5[Rh(R,R - DIPAMP) (MAC) ]*#,C(11),C(12),C(17),C(18) (Bp
SRR FHLEM AR T) L AR B B AR F 5 WA E A R A5 (MAC)TE U 4 & 4 P A DL
KIBRETF B EAA, TTUELRS P(2)AEERN C(12) EMBAIEZLZTF C(11), FFES P(3)HZER C(18)
FRBEHEZT c(17),XEER C(12),C18) W AER F AEMNFIF LMERIEF X5 P AR
FHEAEFX.

[Rh(S,S) - CHIRAPHOS]* 5[Rh (S,S - CHIRAPHOS) (MAC)]* # ) C(9),C(10) (B} [Rh(S,S) -
CHIRAPHOS]* bR FHRENFANRET) LB F A BK TS FHEMHEEKXRENS (MAC)TE R
HIEA Y PR BRIEF B A, XN S FHERFESXMNEFHERX.
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#9; (2) 7 FHEUR R B SUBEC R R EL TR U B E R S 0 KRB0y T B R FRIM K BAKEAER
K, FHRAFX B & WDKK BABIEAEM; (3)7E 5 (MAC)TER& & VTG , DUBA
EEERETHEHMIAEMHAEE, BEBEETF LRGN BEEM, TTHERE MAC 78 SRR
SadBET B ERET LT TES.
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