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Cartesian coordinates (in A) of equilibrium stuctures and transition states occurring in the
acetylene cyclotrimerization catalyzed by CpRh fragment. The indicated energies E are
relativeto ADF’ s basic atoms.
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Cartesian coordinates (in A) of the optimized inter mediates and transition state geometries of

acetylene and acetonitrile cyclocotrimerization catalyzed by CpRh fragment

B3 E =-5.368167 a.u.
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. 77379
. 85361
. 46986
. 33871
. 56804
. 07696
. 28824
. 23166
. 11862
. 84264
. 42125
. 75424
. 75539
. 41199
. 95818
. 61188
. 28231
. 82123
. 60264
. 14701
. 06505
. 29277
. 27602
. 48590
. 26425

TS(B5,B6) E =-5.382011 a.u.

0. 19202
2.80890
2.40349
-2.61414
-1. 56308
- 0. 89187
-1.26664
-2.46132
1. 40039
0. 90575
2.11443
. 52629
-0. 27462
-0.97428
-3.02782
- 3. 33593
. 06962
. 81788
. 58537
. 39949
. 19488
. 72496
. 71568
. 27852
. 40034

IIIOOIIIIIIIIIOZO0000000%
POOOFRNWNLE II—‘

ONNRFPPFPNOPFRPOORFRPROPRPOOORLOO

. 04300
. 27942
. 57831
. 30795
. 52956
. 70620
. 54175
. 94578
. 78918
. 83263
. 77705
. 39101
. 98354
. 58246
. 39360
. 05589
. 80489
. 43273
. 06828
. 81259
. 47585
. 55296
. 53524
. 32197
. 60538

B6 E =-5.421993 a.u.

1
OOFRPOOONMNONPFPOORFLPOOOO

. 186059
. 059324
. 218243
. 622342
. 649190
. 867765
. 742888
. 105328
. 222696
. 032020
. 591156
. 307595
. 713575
. 627352
. 702934
. 311009
. 437123
. 309851
. 788962
. 413161
. 671583
. 623320
. 139467
. 992687
. 489561

Rh 0.38150 -0.13380 0.11010
C -1.56680 -0.85550 -0.43560
C -1.59510 -0.36320 0.90110

OITIIIIIIIIIIOOOOOOOZ00

-1
-1
-1
-1

NNNNNNNNNDN

-0
-1
-1
-1
-2
-3
-1
-2

. 25910
. 80860
. 79160
. 20480
. 40160
. 42440
. 26770
. 26100
. 31310 -
. 48920
. 53290
. 25580 -
. 18210 -
. 30840 -
. 97890 -
. 74950 -
. 82000 -
. 14890
. 77590
. 30860
. 73370
. 44480

PRPOFRPROO0OOORRE

. 04590
. 91510
. 47450
. 16410
. 67330
. 53970
. 86420
. 59040
. 64740
. 60140
. 33760
. 30350
. 66510
. 86770
. 13730
. 89680
. 99080
. 47510
. 74790
. 09390
. 88110
. 23840

B7 E =-6.251517 a.u.

IIIIIIOIIIIIIIIOOZOOOOO§OOOOO

1
-0
-1
-0

0
-0

1

1
-1
-1
-2
-3
-3
-2
-2
-0

1
-0
-2
-0

1
-0
-4
-2

1

1
-4
-5
-5

. 00068 -
. 33675 -
. 18887 -
. 37124
. 97756
. 00942
. 48667 -
. 48092
. 47578 -
. 49083
. 66190
. 70580
. 70050 -
. 63738 -
. 27246 -
. 65612 -
. 89590 -
. 87902
. 71796
. 72871
. 85181

. 83405 - 1.
. 95860 -1.
. 68719 -2.
. 86877 - 1.
1

. 90286 -2.
. 13715 -1.
. 83105 -0.

. 85348

. 72491
. 19485
. 03904
. 14622
. 72649
. 01644
. 59763
. 66611
. 70053
. 73453
. 35163
. 70281
. 68523
. 38739
. 05118
. 22916
. 33600
. 33025
. 44246
. 16657
. 36711

21820
35852
47247
54520
62270
44737
11366
99583

B8 E =-6.191650 a.u.

RPORFRDNDN

. 94625
. 54273
. 18534
. 74499
. 82702

o [ T
oNeoNeh i el

1
OCOO0OOFR,PFPOMNMNMNORRKFRELELO

OOPFr oo

. 00190
. 08150
. 29590
. 40030
. 79610
. 62020
. 91170
. 32810
. 38050
. 34840
. 34350
. 90280
. 43460
. 44160
. 42130
. 68780
. 75930
. 99900
. 64840
. 92540
. 79950
. 26050

. 93561
. 98579
. 95946
. 03539
. 97745
. 00041
. 39751
. 38547
. 61552
. 56501
. 99616
. 52408
. 59536
. 11715
. 97693
. 99670
. 91828
. 23752
. 97298
. 09233
. 98418
. 32219
. 09568
. 19593
. 74520
. 71894
. 19821
. 95976
. 65475

. 03279
. 85487
. 19977
. 57215
. 15536

S-6



0. 82876

1. 59604

1.92001
-2.66643

0.67272

0. 58915
- 0. 59486
-1.69788
-0. 54191
-2.19940
-0. 15146
. 84150
1.67720
1.51530
. 54759
. 46170
. 82812
. 08573
. 83467
. 63408
. 73844
. 28480
. 98364
. 77301

IIOOIIIIIIIIIIIIOOOOOOZg
COOWNNNNOR W

[

vy,
@

2.40284
1.58700
1. 02923
1.58822
2.40305
0. 08860
-1.48309
-2.69304
-2.69792
-1. 49167
2.94380
2.94428
1.38321
0. 42208
1.38525
-1.32108
-1. 33686
- 3. 60827
-3.61719
-0. 32162
- 0. 66033
-1.10791
-2.16936
- 0. 98440
- 0. 53532

IIIOOZIIIIIIIIIOOOOQOOOOO

ONEFPNORPPIORARNPWWOWPRARWNNNEREPR

o
= O

- 0.

- 2.

2.
-2.

1
-1.
- 0.
- 0.
- 0.
- 0.

0.
- 0.

. 44294
. 44335
. 46310
. 17590
. 66855
. 84620
. 49920
. 91462
. 57858
. 94300
. 16966
. 80890
. 37077
. 42251
. 58983
. 56845
. 24869
. 54409
. 10163
. 69794
. 12225
. 61371
. 21115

03137

E =-5.381639 a.u.

. 72042
. 16878
. 01039
. 15781
. 72496
. 00463
. 30692
. 74167
. 72172
. 29991
. 36122
. 34619
. 19933
. 01725

18444
38694
38232
32267
29294
03555
05952
09348
36798
88876
83256

- 2.
- 3.
-4,
-4,
-5.
-5.

. 16885
. 09574
. 79808
. 11614
. 83849
. 49539
. 04454
. 56607
. 83150
. 42272
. 18383
. 75333
. 51675
. 60375
. 09107
. 99190
. 64751
. 97342
. 22935
. 12746
. 39927
. 89988
. 45036
. 12621

. 13321
. 92765
. 58762
. 94611
. 12178
. 42749
. 18106
. 02275
. 04086
. 14781
. 81262
. 83300
. 18938
. 48474
. 22354
. 24994
. 19094
. 16181
. 19319

38018
49247
88250
92448
35558
45657

TS(B3',B4) E =-5.352652 a.u.

C 0.10690
C 2.21040
C 0.44160
C -0. 66550
C -1.47230
C -0.86080
C 0.32290

A WNWMOO

. 10560
. 06100
. 04510
. 36260
. 88240
. 34830
. 06190

1
PPRPOOOOO

. 10370
. 11650
. 18310
. 37030
. 72140
. 94900
. 61510

IIIOZIIIIIIIIIOOOg

ORrRrPrPLPOO0OO0OO0O

[ I T
oL N

WMNNNNOOO

. 42010
. 00780
. 18150
. 35680
. 00020
. 26570
. 85940
. 42510
. 25710
. 13950
. 43950
. 18950
. 18390
. 34240
. 89150
. 77850
. 45630
. 96030

QOO WNWPAPMNOORLER

1 1
R RN

-1.
-1.
-1.
- 0.

. 73580
. 16670
. 82440
. 52180
. 54830
. 46980
. 20130
. 37370
. 19710
. 20410
. 91700
. 19350
. 57620
. 15330

11670
98110
37280
89810

QO WOWONOFRONMNMNNOLPR

o
= O

- 0.

. 02700
. 99290
. 36760
. 59880
. 30650
. 37840
. 42370
. 63820
. 94480
. 95700
. 61790
. 67220
. 15900
. 37680
. 70860
. 04430
. 68140

83480

TS(B4,B5) E =-5.354244 a.u.

X

ITIIITIIIIIIIIIITIOOZO0O00O0OO0O0O0O0O0

o
dl

ZOOOOO§OOOOO

1
=N

E

- 0.
- 0.
- 2.
-2.
-1.
-1.
0.
0.
- 0.
-1.
-1.
-1.

. 00860 0.13550
. 84330 -0.34710
. 97920 1.20890
. 07180 -0.08640
. 52130 0.07980
. 99110 1.37040
. 26910 2.07280
. 61140 0.22340
. 52800 -0.16790
. 28530 -0.36190
. 87160 -1.67460
. 14040 -1.56770
. 06140 -2.70630
. 62760 -0.94840
. 45060 -0.70070
. 45170 1.78450
. 97980 3.09310
. 34780 1.43610
. 68100 0.02200
. 53400 -0.68800
.29290 1.01250
. 77010 -0. 24560
. 76650 -2. 36160
. 46990 -3.53550
. 65820 -3.06070
=-5.385601 a.u.

68620 2.02630
89600 0.62940
28120 0.41640
91840 1.66290
92320 2.68540
08440 1.67730
54050 2.67200
72780 3.65140
21320 4.25310
31990 3.72260
73270 2.32130
69950 1.73620

ORPPFPWRFEPNORFRPROMNNMNOOOORNFPORLRPFLPOOOO

. 10880
. 18320
. 13570
. 53250
. 87090
. 95890
. 71180
. 39540
. 31800
. 84010
. 47360
. 35530
. 78870
. 17890
. 61780
. 80270
. 48880
. 12780
. 41320
. 48740
. 72280
. 38230
. 55900
. 18740
. 06420

. 07390
. 97050
. 59590
. 47820
. 69650
. 08310
. 69480
. 63350
. 55850
. 15390
. 99940
. 86440
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H -0.16980 -0.14870 1.17090 C -2.28880 -1.13580 -3.90830
H -2.10140 3.75420 0.71010 C -1.74820 -0.58550 -2.74950
H 0.22850 2.52290 1.37310 C 0.21270 -3.36290 -1.24520
H -3.94690 1.83400 0.18550 H 1.05130 2.48710 -1.10200
H 1.40860 2.48700 -1.04820 H 0.48110 2.09650 1.52510
H 1.71180 4.13320 -2.64370 H 1.53850 -0.27900 2.27540
H 0.04840 5.26680 -3.87170 H 2.74180 -1.38060 0.12370
H -1.88120 4.33570 -4.86140 H 2.30740 0.26570 -1.98460
C -2.20430 1.57020 -5.24280 H -2.87890 0.98710 0.28290
H -2.73750 -0.55140 0.42220 H -1.99020 -1.65730 1.65430
H-1.41760 1.56670 -6.00930 H -1.95340 0.44020 -2.46600
H -2.47420 0.54020 -4. 99250 H -2.92750 -0.52750 -4.54320
H -3.08100 2.07440 -5.67390 H -2.40130 -2.93450 -5.11570
H -0.94770 -4.22740 -3.54310
, _ H 0.19720 -4.42830 -1.49760
TS(BS'B6) E =-5361953au. H 1.24810 -3.00600 -1.28990
C 0.03717 0 13350 O.16268 H -0.12240 -3.21730 -0.21340
N 2.01083 0.29723 0.42105
Rh 1.09949 1.91852 0.08529 CH3:CN E =-1.294027 a.u.
C 1.71498 -0.72047 2.54441
C -0.37809 3.61742 -0.11216 C 0.41032 0.00001 0.33094
C 0.73500 3.95926 -0.91184 N -0.38875 -0.00000 1.17238
C 1.89092 4.12418 -0.04215 C 1.41798 -0.00000 -0.73006
C 1.49150 3.87130 1.28289 H 0.93369 0.00004 -1.71323
C 0.09704 3.47532 1.24713 H 2.05207 0.89041 -0.65113
C -0.41019 -0.50987 1.29854 H 2.05199 -0.89048 -0.65118
C 0.32548 -0.70911 2.49939
C 2.50670 -0.43992 1.38970 .
H -0.51386 3.23164 2.10923
H -1.38942 3.43876 -0.45518 C 0.02507 -0.00000 0.023502
H 2.11966 3.90095 2.16415 H 0.03618 0.00000 1.111372
H -0.37222 -0.17335 -0.80621 C 1.21738 0.00001 -0.704183
H-1.35819 -1.05350 1.22618 C 1.13538 0.00000 -2.100821
H-0.21114 -1.09863 3.36384 N -0.02228 -0.00001 -2.782681
H 2.21214 -1.12196 3.42784 C -1.17554 -0.00001 -2.077865
C 3.87470 -1.09267 1.20602 C -1.18632 -0.00001 -0.672329
H 2.88782 4.39326 -0.37152 H 2.18528 0.00003 -0.208240
H 3.77862 -2.17450 1.03616 H 2.04343 0.00001 -2.703887
H 4.40180 -0.65118 0. 35568 C -2.45744 0.00001 -2.883460
H 4.48258 -0.95320 2.10932 H -2.13277 -0.00001 -0.134917
H -3.34217 0.00002 -2.238760
, _ H -2.49513 0.88176 -3.534698
B8 E=-6.268744au. H -2.49515 -0.88172 - 3. 534726
C 2.19020 -0.44920 0.14750
C 1.95970 0.43750 -0.97160
C 1.30040 1.61390 -0.51310
C 0.98710 1.39650 0.86940
C 1.57090 0.13600 1.27510
Rh -0.15320 -0.19620 -0.22650
C -1.76360 -0.87060 0.94650
C -2.13060 0.21110 0.37930
N -0.93330 -1.26990 -1.89910
C -0.65970 -2.57950 -2.19220
C -1.18200 -3.18370 -3.34640
C -1.99810 -2.46560 -4.22120



Cartesian coordinates (in A) of equilibrium stuctures and transition states occurring in the
acetylene cyclotrimerization catalyzed by IndRh fragment

Cl E =-5.529857 a.u. C2 E =-5.564590 a.u.
C 1.93270 -0.46270 0.05180 C 1.14310 0.70830 0.74210
C 1.86950 0.34980 -1.15560 C 0.84150 -0.67740 1.11420
C 1.31790 1.62910 -0.78050 C 1.94660 -1.50500 0.61050
C 1.05340 1.58220 0.65120 C 2.76200 -0.65980 -0.22190
C 1.57100 0.35500 1.16810 C 2.22360 0.69930 -0.14650
Rh -0.32210 -0.13900 0.03990 Rh 0.22770 -0.52470 -0.88940
C -1.20790 -1.88610 -0.88280 C -1.56140 0.44750 -0.85880
C -0.83550 -2.19620 0.27700 C -2.63700 -0.30820 -1.16470
C -2.06490 0.64000 1.00470 C -2.35440 -1.74070 -1.37710
C -2.32350 0.64650 -0.22550 C -1.05550 -2.08280 -1.23280
H 0.69300 2.41440 1.24580 H 2.64360 1.56410 -0.64770
H 1.64840 0.08250 2.21350 H 0.58700 1.57670 1.07140
H 2.36010 -1.45790 0.11210 H 0.14060 -0.97750 1.88610
H -2.93790 0.79870 -1.09600 H -1.60440 1.52550 -0.67260
H -2.28100 0.84360 2.04070 H -0.69040 -3.11150 -1.33500
H -3.64490 0.10180 -1.26180
H -0.68080 -2.88470 1.09230 H -3.14780 -2.44740 -1.63080
H-1.66710 -2.06250 -1.84090 C 2.24890 -2.87100 0.74900
C 1.12640 2.63040 -1.75600 C 3.84510 -1.20890 -0.93090
C 2.21890 0.09790 -2.49940 C 3.35000 -3.38910 0.06200
C 1.50260 2.36570 -3.07050 C 4.13330 -2.56810 -0.77390
C 2.04380 1.11110 -3.43870 H 1.63770 -3.50980 1.38270
H 2.62920 -0.86650 -2.79140 H 3.60430 -4.44070 0.16830
H 2.32790 0.93840 -4.47420 H 4.97810 -3.00050 -1.30460
H 1.38040 3.13520 -3.82930 H 4.45800 -0.58410 -1.57710
H 0.70470 3.59490 -1.48120

C3 E=-6.411786 a.u.
TS(CL,C2) E =-5505822 a.u.

4.14080 -2.60410 -0.63170

C
C 0.47730 -0.29120 -0.05980 C 3.86320 -1.26260 -0.86220
C 2.40490 -0.27680 -0.10940 C 2.74530 -0.67750 -0.22510
C 0.26010 3.65930 -0.00550 C 1.89470 -1.48180 0.62530
C 0.71710 3.52350 1.35580 C 2.19560 -2.84910 0.83160
C 2.16990 3.53210 1.32980 C 3.31440 -3.39060 0.21180
C 2.57610 3.67280 -0.04670 C 2.20750 0.66710 -0.23580
C 1.40250 3.83640 -0.85100 C 1.09840 0.71070 0.63700
Rh 1.42340 1.67240 -0.22180 C 0.81900 -0.62520 1.10590
C -0.08660 0.47520 -0.93710 Rh 0.23510 -0.61210 -1.03550
C 2.91090 0.49750 -1.01460 C -1.09740 -2.18220 -0.96120
H 3.59620 3.75850 -0.40120 C -2.40570 -1.83880 -0.92260
H 1.38240 4.07760 -1.90730 C -2.65640 -0.40600 -0.94410
H-0.77320 3.73360 -0.32230 C -1.54990 0.37090 -0.98760
H 2.69210 -0.99940 0.64510 H 2.63440 1.51280 -0.76260
H 3.70860 0.63650 -1.72920 H 0.53140 1.59530 0.89970
H -0.92350 0.60190 -1.60770 H 0.08820 -0.88700 1.86120
H 0.24090 -1.01760 0.70850 H -1.55530 1.46260 -1.03600
C 2.89770 3.41940 2.54250 H -0.72820 -3.21180 -0.97040
C 0.03440 3.40300 2.59380 H -3.66530 0.01120 -0.92690
C 2.19980 3.32280 3.73540 H -3.21670 -2.56810 -0. 87300
C 0.77570 3.31470 3.76100 H 1.56420 -3.45910 1.47400
H -1.05330 3.39560 2.62210 H 3.56500 -4.43640 0.37340
H 0.26530 3.24040 4.71850 H 5.00630 -3.06320 -1.10360
H 2.74520 3.25450 4.67390 H 4.49990 -0.66640 -1.51230
H 3.98580 3.42430 2.53160 C 0.28400 -1.23500 -3.10670
C

0.27210 0.01770 -3.11530
S9



H 0.22570 -2.22990 -3.51020
1. 00420 -3.53920

H

0.21750

TS(C3,C4) E

IIIIIIIIIIIIIOOg(‘)OOOOOOOOOOOO

Q
N

OOOIIIIIIIIIOOOOOO§OOOOO

0. 27560
2.43790
0. 23840
2.23710
-1.07000
-0. 80780
0.50770
1.54720
1. 24000
-0. 05130
1. 09990
2.49030
2.77460
1.56940
3. 02580
3. 13350
0. 59510
3.22080
3. 75640
2.42900
2.06880
3. 67460
3. 49060
2.01470
-0. 29510
-2.07180
-1. 59340
- 0. 30100
- 0. 19500

= -6.401086 a.u.

ONONIMPWNOWRRFPPFRPPRPOFRPROPRPOOWWERLRORLNNREFLOO

E =-6.507687 a.u.

1.92896
1.92974
0. 85651
0. 35238
0. 85547
-0. 56488
-1. 66409
-1. 66369
- 2. 35405
-3.47103
-3.47148
-2. 35468
0. 66082
- 0. 30382
0. 65879
-1. 14269
-1.14152
-2.27539
-2.27689
-4.25088
-4. 25007
2.84795
2. 84956
3.77197

1
NFPNFRPOOOORRFRPRORFRNEFLPOO

. 51418
. 54762
. 45670
. 11951
. 40344
. 11544
. 59068
. 62679
. 56212
. 10758
. 14216
. 49304
. 76000
. 98057
. 65883
. 33883
-2.
. 50373
. 37982
. 64175
. 57748
. 29317
. 22694
. 04134

40363

. 34750 -0.
. 18040 -0.
. 62200 -0.
. 39350
. 43010
. 11870
. 76320
. 77660
. 11480
. 42270
. 48550
. 26650
. 13210
. 87990
. 97700
. 56270
. 44370
. 02930
. 58780
. 27170
. 44720
. 10280
. 67240
. 87870
. 44020
. 71050
. 36640
. 54640
. 56830

CORLrPLA,DDIAMPRPPFRPOOWNWFOFRPRWWWRAMMNWWSARMO

22570
10940
10430

. 16860
. 50560
. 14110
. 75180
. 71400
. 07770
. 47510
. 34150
. 12920
. 28690
. 40670
. 87690
. 02840
. 29560
. 88820
. 25020
. 09340
. 40240
. 85700
. 57780
. 05810
. 77180
. 82300
. 16620
. 21440
. 53670

. 73173
. 70528
. 11539
. 04945
. 18260
. 00224
. 75402
. 67350
. 34214
. 68536
. 67660
. 36723
. 13847
. 06918
. 21849
. 34477
. 22528
. 42680
. 44759
. 24747
. 28137
. 42061
. 42979
. 68263

ITTTO

3.77277 -1.00860
2.85302 -0.21099
4.50824 -1.59393
4.50688 -1.65139
2.85012 -0.32759

C5 E =-7.330428 a.u.

-1.54373
-1.52748
-2.65992
- 3. 73006
-3.74732
-2.69326
-2.19929
-0. 55874
2.36268
-0. 92668
-2.67499
-4.58821
-0. 71855
2.25697
- 0. 95086
-4.61863
-2.73307
1.78548
1.79107
3. 45328
3. 50542
2.22627
4.38543
4. 47570
2.41258

ITITITOOIIIIIOIIIIOIITIOOOOOOOO

C1-CO E =-6.075260 a.u.

C 1.72710
C 1.42390
C 1.51010
C 1.92130
C 2.22090
C 2.11380
C 2.01310
C 1.68960
C 1.32590
Rh -0.67800
C -1.70650
C -1.83120
C -0.88630
C -0.32700
H 2.32110
H 1.70460

- 0.
-1.
- 0.
1

0.
- 0.
- 0.
0.
- 0.
. 77375
. 46272
. 76530
. 66890
. 36397
. 11403
. 25627
. 38553
. 31960
. 55111
. 29826
. 13883
. 48599
. 19435
. 20199
. 44922
. 59686
. 57128
. 81011
. 62619
. 57333
. 36563
. 11502
. 47251

P WNNORFRPROORFRNMNMNMNNOOLPR

72923
21844
07631
12790
74114
00549
64598
62065
67218

. 07490
. 27150
. 81990
. 17240
. 96850
. 41070
. 44570
. 32500
. 21270
. 55920
. 46060
. 96290
. 02010
. 56110
. 39540
. 21850

- 3.
-2.
-1.
-1.
- 2.
- 3.
. 29430
. 98650
. 05600
. 40360
. 34880
. 78400
. 13370
. 12350
. 72210
. 06510

NOORFRPROOOOOO

. 72625
. 51808
. 27342
. 20293
. 50848

. 97382
. 93179
. 89727
. 97242
. 00894
. 07794
. 52787
. 52516
. 57058
. 53547
. 96175
. 45526
. 49385
. 03560
. 89908
. 94693
. 03617
. 25845
. 98220
. 05031
. 01798
. 09850
. 31692
. 11813
. 11228
. 87820
. 87572
. 15612
. 12547
. 13114
. 23058
. 17836
. 02130

70360
58880
31060
14430
25270
53740
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OOITIIIIITITITIIT

TS(C1-CO,C2-CO) E =-6.054821 a.u.

(ON@)

OOIIIIIIIIIIIOO§OOOOOOOOO

C2-CO

IIOOOO§OOOOOOOOO

OOMNNRFRPRRFPRFRPORLNER

OO NO

NFPWFRORNMARFPLPOO

RPOOORRRERER

. 87550 -0.
. 12250 O.
. 78190 2.
. 10610 -3.
. 26810 -2.
. 11920 -0.
. 66220 O.
. 34440 3.
. 55270 3.
. 43070 -0.
. 44730 -0.

. 30210 -0.
. 32390 -0.
. 10770
. 44810
. 39300
. 79840
. 34530
. 48940
. 41990
. 45420
. 10600
. 20520
. 49530
. 99590
. 48770
. 61520
. 50950
. 31680
. 54960
. 02500
. 48100
. 52090
. 53810
. 90210
. 41880
. 93120
. 32280 -0.

OWUIUTWRFROOONORFRPROOOREPEPRAWNNW-APS

71880
88760
17990
43980
13260
76330
65360
01820
99750
52440
60580

19050
35480

. 66730
. 79420
. 92370
. 93990
. 81030
. 66970
. 98950
. 41530
. 91240
. 39580
. 26700
. 32540
. 80150
. 69180
. 27250
. 04180
. 24720
. 49470
. 07600
. 79680
. 35030
. 35430
. 83640
. 16000

06140

AP WOOORFRROFRPRFPPWWNOORLRMNWNOORRELEFLOOO

E =-6.153021 a.u.

. 97910
. 50080
. 12350
. 38390
. 95410
. 66020
. 59340
. 95960
. 39660
- 0.
. 90200
. 29590
. 07390
. 03780
. 27190
. 29680

27480

ONORFRPPFPOOOOFRLRNORLREFL,LROO

. 45490
. 17380
. 54110
. 73800
. 53070
. 41320
. 94400
. 60320
. 27790
. 06470
. 60960
. 03210
. 11850
. 46300
. 66780
. 37640

1
NPFPOOWMNOMNWWRKFREFPROORO

. 21840
. 81290
. 14090
. 33120
. 13630
. 72940
. 70410
. 40970
. 12550
. 31510
. 47310

. 21880
. 00450
. 09630
. 04530
. 74190
. 50650
. 55570
. 14940
. 43300
. 20190
. 80760
. 87140
. 77600
. 85460
. 50040
. 99410
. 63390
. 28740
. 01100
. 13210
. 79290
. 23000
. 45090
. 88730
. 37620
. 54590
. 62160

. 01110
. 19650
. 86460
. 54490
. 04620
. 89050
. 18690
. 51120
. 54260
. 53670
. 12170
. 12840
. 36120
. 31270
. 08860
. 06170

ITOOIIIITITITIT

NOOORFRNADN

PR ORFP W

NWWFRORFREDN

. 39230
. 00980
. 17950
. 67910
. 89140
. 25590
. 38410
. 71040
. 48470
. 42630
. 10330

E =-6.938616 a.u.

. 56870
. 23050
. 63290
. 23160
. 41870
. 03300
. 18810
. 18450
. 11350
. 05700
. 85160
. 24410

13640

. 41290

57110
34570

. 96440
. 78100
. 23500
. 29250
. 95540
. 09530
. 51180
. 76400
. 24710
. 64480
. 58520
. 86790
. 30380
. 88170
. 78150

OWMNORFRLNOPR

COPUUWOROONONOOOORROOORRENARMWNW

N R

. 45290
. 90890
. 12110
. 29620
. 27510
. 60440
. 43790
. 89920
. 34830
. 50240
. 34650

. 71370
. 94280

17400
13200

. 88310
. 68520
. 34030
. 64570
. 90960
. 00760
. 22310
. 40730
. 10400
. 91810

34730
14480
40730
69980
32390
99320
16530
35190
73410
14540
58340
56270
28520
63480

. 31470

93500

. 73170

0.
- 0.
0.
- 2.
-4,
- 3.
-1.
- 0.
- 0.
-1.
- 0.

08950
53470
77960
79990
54570
98200
65220
74610
41760
30860
63950

. 63150
. 47210
. 52190
. 70030
. 16560
. 18960
. 59280
. 18920
. 51020
. 88170
. 38510
. 39950
. 20070
. 81140

63510
67710
01420
02410
88180

. 04780

16230

. 44310

03060
15620
05500
59150
85320
81100
74630
72100

. 32390
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Selected structural parameters of the computed CpRh complexes

Al TSALA?) A2 A2 A3 TS(A3A4) A4
Rh-Q (A) 1.98 2.01 1.96 1.88 2.03 2.00 1.98
A A) 0.060 0.096 0.064 0.036 0.13 0.12 0.11
FA (9 4 1 -6 9 1 1 5
A5 TS(A3A3)  TS(A3 A4 A3
Rh-Q 1.98 2.01 2.04 1.97
(A)
A(R) -0044 0089 0.077 0.0005
FA (9) 6 0 7 6
B3 TS(B3,B4) B4 B3 TS(B3,B4) TS(B4,B5) B5
RFXQ 2.03 1.99 2.05 2.02 2.01 1.97 1.98
(A)
A (A) 0.14 0.12 0.10 0.11 0.1 0.14 0.16
FA (9 -2 1 2 -3 -2 2 6
TS(B5,B6) B6 B7 B8 TSB4B5) B5  TS(B5,B6)
RFXQ 2.18 1.97 1.98 2.02 1.97 1.97 1.93
(A)
A 0.56 0.10 -0.040 0.088 0.12 0.15 0.032
FA (9) 16 4 -6 -3 -6 4 -6
BY A1-CO TS(AL-CO,A2-CO) A2-CO A3-CO
Rh-Q  1.98 ; ; 2.03 ;
A)
AR)  -0.033 - - 0051 -
FA () 0 - - -1 -

The dlippage parameter A isdefined as A = 1/2[(M-Cla+ M—C3a) — (M—C1+ M—C3)] where M-Cla
and M-C3a are the longest distances between M and two adjacent C atoms of the Cp ring and M-C1
and M-C3 are the distances between M and the C atoms adjacent to Cla and C3a respectively; the
folding angle FA isthe dihedral angle between the planes C1,C2,C3 and C1,C3,C3a,C7a: Marder, T.

B.; Caabrese, J. C.; Roe, D. C.; Tulip, T. H. Organometallics 1987, 6, 2012.
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Selected structural parametersof the computed IndRh complexes

C1 TS(C1,C2) c2 C3 TS(C3C4) C4 C5
Rh-Q(R) 2.05 2.06 205 210 206 206 2.04
A(R) 026 0.22 028 022 020 0.19 0.077
FA() 10 6 10 7 5 14 2
C1-CO TS§(C1-CO,C2-CO) C2-CO C3-CO
Rh-Q(A) - - 207 -
A(R) - - 011 -
FA(® - -0- 4 -

The dlippage parameter A is defined as A = 1/2[(M—-Cla + M—-C3a) — (M—C1+ M—C3)] where
M-Cla and M-C3a are the longest distances between M and two adjacent C atoms of the Cp
ring and M-C1 and M-C3 are the distances between M and the C atoms adjacent to Cla and
C3arespectively; the folding angle FA is the dihedral angle between the planes C1,C2,C3 and
C1,C3,C3a,C7a Marder, T. B.; Cdabrese, J. C.; Roe, D. C.; Tulip, T. H. Organometallics
1987, 6, 2012.

Hirshfeld and Voronoi chargeson rhodium nucleus

Al TS(ALA2) A2 A3 TS(A3,A4)
H 02619 02830 03161 0.3366 0.3164
V 0219 0242 0277  0.300 0.274
Ad A5 A3 TS(A3A3) TS(A3 A4
H 02760 02650 02551 0.3137 0.2812
V 0199 0200 0240  0.270 0.222
B3 TS(B3B4) B4 TS(B4B5) B5 TS(B5B6)  B6 B7
H 03360 03082 03268 0.2874 02607 02092 02498 0.2673
V 0291 0258 0299 0237 0.182 0.122 0172  0.202
BS B8 B3 TS(B3,B4) TS(B4B5) B5  TS(B5,B6)
H 03364 02160 02984 0.3079 03145 02802  0.2461
V 0294 0161 0261 0273 0.269 0.257 0.203
A1-CO TS(A1-CO,A2-CO) A2-CO A3-CO
H 0.2683 0.2559 0.3112 0.3161
vV 0.267 0.246 0.294 0.301

Cl TS(CLC2) C2 C3 TS(C3C4 C4 C5
H 02619 02843 03187 03421 0.3198 0.2136 0.2866
V 0210 0237 0277 0300 0272 0121 0224

C1-CO TS§(C1-CO,C2-CO) C2-CO C3-COo
H 0.2583 0.2561 0.3273 0.3052
VvV  0.255 0.250 0311 0.291
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Selected structural parameters of the crystallographic structures of several CpRh complexes

taken from CSD

AFUBAE RCpRNh(CO),® BEKFON *
CpRhCOD Cp'Rh(CO,)® (CsPhs)Rh(CO),

COXGUR

FAZFAN

Rh-Q 1.927 1.906 1.909 1.934
Rh-C1 2.258 2.224 2.223 2.245
Rh-C2 2.292 2.266 2.281 2.327
Rh-C3 2.245 2.234 2234 2.292
Rh-Cla 2.298 2.273 2.276 2.308
Rh-C3a 2.285 2.278 2.278 2.303
Delta 0.04 0.047 0.049 0.037
HA 4.4 3.0 5.2 34
IXOHOS NOCPRH PANMOG
Cp Rh(Et), R'CpRh(CO)* R’'CpRh(Et),”
Rh-Q 1.882 1.883 1.925 1.908
Rh-C1 2.224 2.233 2.252 2.201
Rh-C2 2.247 2.248 2.289 2.300
Rh-C3 2.204 2.196 2.244 2.220
Rh-Cla 2.264 2.266 2.280 2.263
Rh-C3a 2271 2.269 2271 2.290
Delta 0.054 0.053 0.028 0.066
HA 3.9 4.1 4.4 5.8
4R=COOCH,CH,0H ° Cp*=Cs(CH3)s ° R'=NO, ¢ R"’=Ph
Singleimaginary frequencies of the transition states (in cm™)
TS(A1,A2) | TS(A3,A4) TS(A3,A3) TS(A3 ,A4)
-406 -351 -352 -357
TS(B3,B4) | TS(B4,B5) TS(B5,B6) TS(B3 ,B4)
-306 -124 -148 -328
TS(B4,B5) | TS(B5',B6) | TS(A1-CO,A2-CO) A2
-64 -439 -332 -238
TS(C1,C2) | TS(C3,C4) | TS(C1-CO,C2-CO)
-436 -368 -326
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