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2 o 7lEW-gdR-Ro|F5AEE [(COWM=CHX(CH:=CH21(X : OCH,, NHCH;, SCH;, M :Cr,
Mo, W)} Heffoll oistef &35 Hickel W2 g A4lsled dApsigdc) & HolF% 8N FEiMe
5 M2 Azt & FEA =g GAFe ejRs-is A abgo] hAY YyE FAR Frhe
Apdo] gha A ARk 7t2Wel n-HAE 43 BEs) n-HALE e 771 dlsis Qe o 2 UE-ETts
AEAEo] SANEL AFo] YHE AR F& Fad IAdD o2W.

ABSTRACT. The conformations of several carbene-olefin-transition metal complexes[ (CO}M-(CHX)-
olefin] (X : OCH,, NHCH;, SCH; M: C, Mo, W) have been studied by means of Extend Hiickel calcula-
tions. In the case of 4° transition metal octahedral complexes, it is shown that the two main factors
which determine the optimal conformation are metal-to-ligand back-donation and direct ligand-ligand
interaction at the metal, but the ligand-ligand interaction dominates the situation for a metal that is
coordinated to m acceptor ligands and to n donor group on the carbene. The relative amounts of both
factors depend strongly on the electronic nature of the ligands at the metal. The greater electron donating
ability of nitrogen stabilizes amino-substituted carbene complexes compared with their alkoxyl substituted
analogues. This interaction is optimal when the n systems of the carbene and olefin are coplanar. The
introduction of the n donor group on the carbene carbon increases also the importance of the ligand-
ligand interation. '

A
i & A77F AYHKRAR @de F¥ AAHA de

Fischere} Massbole] tAsla ukg-Ade] & A
o849 7l=w L& Y43 'H-NMRE +x
o thate] Ak ol @ HAEo] Holgse
72yl g 2 vhgAd R AR dsiod
A&l Ushic So &Jsj4 sl=2wl 239 7
Z, 4 3 M=C2 ZAgSAd) g o]E3<l

el do} slef

Cis carbene-olefin-metal #E2] A &«499
ERsH el AZaxags)sst 9 Ziegler-
Natta polymerization®*®e} F3% F7HAE #ql=]
2tk 92 cis carbene-olefin-metal 2+go] ¢&i3
Y o] diF-Fe] W HEY NSRRIz

-802—



Aa sha-gaR Aol34

C
CleMo %OHZ CH— Mo(0)C1,
Scheme 1.
g godle o] oI ofF FolA R Y

vhgol) 3] 4zt X-ray® s 43le] e At

Casey $55& (COXW=C(Tolp¢} &#H 223
bS] g} w7 QFEied (COxW=C
(Toly= 8P g4 oaldodal A)Za=
2ao] gAsly AZ2x2 @ 29 si29 2zt
=7 EA3h= 3}E49 metallacyclobutane & 3
Y= A4S 88k, Eisenstein®2 &%
3o F7dAl) 3 7)set Heyo Axp
Fol Y5l o]EH o2 dFsirt

ab inintio SCF MO whyol] AH8-% 2 4kell A me-
tallacyclobutaneo] 442 o zojejel e A
o} Agkalert gastA] gsd® CH,=CHZ24-¢
Alg s A" oo ARl At
ol M=CH;¢% n-Zgaerh ZFoshke Wd M=
09 n-ZA3pxlE7t Z718h7] d-FoltHScheme 1).

Casey 57 Ruddter ¥V'& 27} cis(COLW
(CXY)-23ls 2ZE(X:0R, NR, Y:akyl’D& &
9 gh2y g2 RE GhEe] REldhed A3t
Az, o1& Hydl dsidx AFsle] 712 2
=9l M-C Zge] e 2zt=e] C-C A}
W2 2zpo] sojof 3ln, o5 A& e v
24 g3 T3 AR dAx F53% 19 E
e g Basigct ol FHES Hdee
amino”|v} alkoxy7)e} o] n.HzE F= 7|7}
9l Fischerd 712l ibEo| rk 1§ &9
A2 Yepel WA} [A7L oled, gH Ao
W-carbene Zgol By oo ubsshA] ode=od
T N RE e,

Eisenstein §92& 7l24l-8-431 g2 Hadt
e F 7kd 24, & 9AFH - i=
AEAgo o)Fox|y PP AFoMe P
-7k s abgo) A skE Adzbe|Faltul 2
Bl e dHFe) S+t Rasigch

Green S5& Ziegler-Natta 2o FguhgollA
Aokt F&-iel g He] AU AY F5-24

Vol. 36. No. 6. 1992

AE59 Yol G o8 4F 803

Green et al,
M —oH— Ma=tth, — '!'|=“C|'E-——-" T_I}:Hz
tydride elimindtion =4 ¢
hydride migration et Ha

olefin insertion mektlacyclobutone

14¢ 16¢ 18¢
W {0 W /
M—CH, M “cH

2
I | |

H,c——<|:——cu, CHy—C—CH,
H !
Scheme 2.
Casey 21 al.
H H
Xm"hld\"‘“CH Y ; M s
— M= 2 gy AT 1
lCHFC "% -A\/CH’ | CHy C\ H,
z “H z
[ C l
g E |,
x—qu SHe XM=ty e X—M—CH- (ot
Iy Teeeel !
b4 H
H .CHy, H CH,
M\)\)\%H:
Scheme 3.

AgAtel 2 o Aljlubge] dejdele kg
7SS kAo A3 k. 359 d-4
2§57t 2ol HoAY 5 Qo8 2 Scheme 23
go| FA7 EAshe whEols S-S Aldsk
X, metallacycled 0] ¥4 € g M™-CH<e] 733
ASHAZ o-8 0o EZ3o 72 JAFEAE
Agsled Fgh

Casey>= Scheme 28} o] u|g|R F4 FAlo]
zaarel QIAAddy FPR] AFA A3k
7V& Scheme 33} o] 2ok3ic) TR P g5
Yol ealed trans flAol], T2 g we] v)
A FE5U2bo] 34 el He] metallacycleol] 4
Xoll trans?) T4 €717} Xl trans Al A
o)A A 23},

222 & Caseyt Zambelli®2] &3 ARqIuke
o7l Fe]vt Gneen®e] 34 carbene-metallacyc-
lobutane ¥Hg7h & @ ghecky dwsielch

A B-Ae| 4 AETR st2w-He)FE
06 i3t o|&8HQ Qe AF3) Hel o]F
HAT Fl2-2B-H o) g4 g Y dTE



804 R & - SBR%E - AR 2FR

oldE Z7|ghAlo} X izl @edx ¥ F Urh
£qd 229 8% FUMA Wl A <)
stei 2159 e ¥uE FAMNA F= 89
Sl Asl A A ZAsio} je}. o] 2E felg
Y& B EAzhe 2= AAFAH 3
3 19g A7 vk gPew? A
oA el f-2l3t Hefrl FtEw-2qA-Ae) S
2] Al g a2 AEF ATl Fot

2 del A+ Fischerd Aold4 712l A&
£3)92] ¢is olefin-carbene-metal #E2] e E
spd AS#+S ¥ 3hshe 4733 EHT w2
2 AAstn 2Aske 28 BEY) Ziegler-Na-
tta o} $ES-9) §7E L Yt =&
Fuzt gk

HE W ALt

Cis olefin-carbene-transition metal %22} el
£ ol&4eg w3 sty o) AE] HuE
243 71eg 7 U= 5 A8 2 e} PE XP¥H:
4702) N Scheme 40 EA8HAct 71EY g4,
24, Jddle FRHPeR ofFz= P 5]
2 o] o= g g2t s JEY =
2%, 27=q odgdle] FHPoE o|FAe
s} g F ghio} FEo R olfoAE
Hol nl=x 7% a2pa AR}

Cis carbene-olefin-transition metal 2Hg-2) e
& #4317 dzled(a, p)7} O, 0), (O, 90), (90, 0),
(90, 90)2) 47}2] #Hellol iste] EHT-spd ¥ &
A Akl Aol AF2-g d¥sletalel: Table 13

’ s
s »

—M=C —M (i
7 2NN
(«,8) (0, 0) (90, 0)
e
—M==cC —M== Cs
7 AN 4 o~
(0, 90) (90,90)

Scheme 4.

Table 1. Extended hiickel calculation parameters

Atom Orbital Hii(eV) il 2 C C.

Cr 3d -1122 495 180 0506 0675
4s -811 170
4p -524 170

Mo 4d -1050 450 190 0609 0.609
5s -834 196
5p -524 192

w 5d 1037 4988 207 0694 0563
6s -826 234
6p -517 231

0 2s 322 227
2 _148 227

N 2s 260 195
2p 186 195

S 3d -80 150

35 200 212
3p 110 183

C 2s 214 163
2p -114 163
H 1s -136 130

EHT-spd QCPE program No. 344.
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Table 2. Analysis of the rotational barrier energies
(kcal/mol) of (CO), M=CHX (CH,=CH,)

M X (0,0) (90,00 (0,900 (90,90)

CrH 4105 16419 0000 1291

OCH; 2352 12888 0000 —0.821

SCH; 0691 14509 0000 -—-0171

Mo H 7610 19532 0000 —4.289

OCH, 3643 14092 0000 0.583

SCH; 10318 16753  0.000 1331

w H 9270 21561  0.000 5.742

OCH,3 5212 156725  0.000 1776
SCH; 11253 18.157  0.000 2.202
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Table 3. Analysis of the changes, overlap populations, and energies of (CO)MCH,, (CO)MCHNHCH,, and (CO),

MCHNHCHy(CH,=CH,) (0, 90)

Overlap
Complexes Charges Populatons Energies(eV)
M Cars N Pucean HOMO LUMO
(COsCrCH, —0.032 =073 0473 -12.114 —-10615
(CO):MoCH: 0.808 —0.261 0.456 —11.796 —=10.475
(CO)WCH, 0.953 —0.242 0.566 —-11912 —10.441
(CO)sCrCHNHCH, -0.204 0.363 —0.596 0461 —12.088 —9.967
(CO)sMoCHNHCH, 0.648 0.231 —-0.608 0.484 —-11.777 -9.892
(COXWCHNHCH; 0.829 0.221 -0610 0.549 ~11.875 —9.867
(C0O)CrCHNHCH,(CH,=CH,) 0.050 0.257 —-0.599 0.501 -11924 —10.001
(CO)MoCHNHCH;(CH,=CHy 1074 0.048 —0.614 0.532 —11.634 —9.898
(COYWCHNHCH(CH;=CH,) 1.297 0016 —0.616 0.606 —11.697 —9.859
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Table 4. Analysis of the changes, overlap populations, and energies (HOMO, LUMO), of the complexes O.C.M

(CHy) (C:Hp 0. 0) and (0, 90) forms

Charges Overlap population Energies(eV)
Complexes
M Ceons (o Prcoun Puyca HOMO LUMO
Cr{0, 0} 0.182 —0.021 -0.107 0431 —0.069 —11.9542 —10.3380
Mof0, 0) 1.198 —-0214 -0.171 0450 -0.130 —11.6116 —10.1787
W ©, 0) 1412 —0.226 —0.177 0.522 —=0.099 —11.6845 -10.1179
Cr(0, 0) 0.294 —0.263 —0.100 0.511 —0.038 —12.0108 —10.6092
Mo(0. O 1310 —0.561 —0.160 0.533 -0.091 —-11.6700 —10.4041
W, 0) 1479 —~0.557 —-0.166 0610 —0.058 —11.7526 -10.3454

Table 5. Analysis of the changes, overlap populations, and energies 0,C,M=CHX(CH,=CH,}

Overlap
M X Charges Population Energies{eV)
M o Ca Prcen Puc, HOMO LUMO

Cr OCH; (0, 0) 0.031 0.511 -0113 0429 —0.067 —11.9541 —9.6042
{0, 50) 0.028 0.400 -0.103 0.501 —0.039 -119737 —-9.9010
NHCH,; (0, 0) 0.040 (.381 —0.115 0.426 —-0.067 —11.9378 -9.7208
{0, 90) 0.049 0257 —=0.109 0.501 -0.039 —119239 —10.0010
SCH. (0, 0} 0.177 -0.022 —0.111 0.253 —0073 —-11.948% —10.4259
{0, 950) 0.208 —0.137 -0.186 0.300 —0.044 —11.8377 —10.5272
Mo OCH; (0, 0) 0.043 (.389 -0.178 0.447 -0.132 —-11.6113 —95163
{0, 50 0.042 0.223 —-0.163 0.533 —0.094 —11.6773 - 98159
NHCH;(0, 0) 1.062 0.240 —-0.180 0.443 -0.131 —11.6000 —9.6221
0, 90) 1074 0.048 —0.168 0531 -0.093 —11.6343 -9.8982
SCH; (0, 0) 1.242 —0.108 —0.169 0.245 —0.138 —116021 —10.3505
0, 90) 1.305 0.257 —0.244 0.304 —0.100 —-115253 —10.4365
W OCH; (0, 0) 1.285 0.372 —0.186 0.515 -0.102 —11.6846 —9.4800
{0, 50) 1.269 0.196 —0.169 0.606 —0.063 —11.7628 —9.7822
NHCH,;{0, 0) 1.303 0218 -0.189 0512 -0.102 —11.6667 - 95806
{0, 90) 1.297 0.016 -0.174 0.606 -0.062 —11.6973 —9.8586
SCH; (0, O 1478 -0.108 —0.174 0.306 —0.108 —11.6609 -103211
{0, 90) 1.524 —0.256 —0.249 0.368 —0.067 —115729 —104082
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Table 6. Analysis of the rotational barrier energies
(kcal/mol) of (CO)Cr=CXY(CH,=CH,)

Table 8. Analysis of the rotational barrier energies
(kcal/mol} of (CO),W=CXY(CH:}

X Y 0,0 (9.0 (0.9 (90,90 X Y 00 90,0 090 (909%)
HH Er 4105 16419 0000 —1.290 HH Er 9270 21561 0000 5.742
54 3369 2382 0000 —0.125 34 6222 5006 0.000 2207
So 1554 —0293 0000 -—1543 Yo 1446 —0450 0000 -—1506
HOCH, E; 2352 12888 0000 —0.821 HOCH; Er 5212 15725 0.000 1.776
>d 0998 0991 0000 -—0125 >d 2546 2686 0.000 1.028
So 1427 0971 0000 -0339 So 1326 —0773 0000 -0295
HSCH, Er 8691 14509 0000 —0.171 H SCH; E; 11253 18157 0.000 2.202
Yd 1646 3210 0.000 0493 5S4 2763 5064 0.000 1.769
Yo 0664 3542 0.000 3.014 Yo 1404 3062  0.000 2488

>d=Sum of the energies of three highest occupied
orbitals relative to the most stable situation, 20=
Sum of the energies of the two orhitals below the
d levels relative to the most stable situation, Er=To-
tal onergies {(kcal/mol) of the four representative con-
formations relative to the most one.

Table 7. Analysis of the rotational barrier energies
(kcal/mol) of (CO)Mo=CXY(CH,)

X Y 0.0 90,0 (0.9) (90,90
HH Er 7610 19532 0.000 4289
Sd 5417 4095 0.000 1.697
So 1209 —0546 0000 —1450
HOCH:; E; 3643 14092 0.000 0.583
34 1893 1939 0.000 0.025
So 1089 0704 0000 —0274
H SCH; £; 10318 16753 0.000 1.331
Yd 2278 4114 0000 1.303
S 1132 2.389  0.000 2.087
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Tabie 9. C-C overlap populations within the olefin (C,-C;) and between the olefin and the carbene (C,-C;)

Complexes (0,0) (90, 0) (©, 90) (90, 90
(CO)Cr=CHACH,=CH,) C,-C; 11799 1.1972 —1.1876 —1.1937
Ci-C; 0.1179 0.1660 —0.0021 —0.0041

{COMMo=CHy{CH,=CH,) C-C. 1.2074 1.2158 1.2058 —1.2123
Ci-Cs 0.1202 0.1350 —-0.0049 ~0.0045

(CO)W=CHx{CH,=CH,) C,-C, 1.1944 1.2037 1.1849 1.2019
GG, 0.1168 0.0096 —0.0058 —0.0046

Table 10. C-C overlap populations within the olefin (C,-C;) and between the olefin and the carbene (C,-C,)

Complexes 0.0 (90,0 (0, 90) (90, 90}
(CO)Cr=CHOCH(CH,=CH,}) C-C 1.1822 1.1965 1.1893 1.1635
C-Cs 0.1039 0.0182 0.0004 —0.0026

(CO),Cr=CHSCH;(CH.=CHy) C-Ce 1.1917 1.1984 —1.1725 —-1.1754
Ci-C; 0.0683 0.0161 —0.0002 -0.0033

{CHMo=CHOCHxCH,=CH,) C,-C, 1.2039 12142 1.2073 12117
Ci-Cy 0.1006 0.0169 —0.0015 -0.0027

(CO)Mo=CHSCH;CH,=CH,) C-C, 1.2148 12179 1.1905 11948
C-C; 0.0751 0.1380 —0.0009 —0.0034

(C0)W = CHOCHy(CH,=CH>) C-C2 1.1946 1.2016 1.1966 1.2010
GG 0.1061 0.0137 —0.0026 —0.0028

(CO)\W=CHSCH.(CH,=CH>) Ci-Cy 1.2049 1.2055 1.1806 1.1849
Ci-Cz 0.0725 0.0097 —0.0016 —0.0036
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Fig_ 1. Shape of the three low-lying d orbitals of LLM(CH,} (C.H,) in the four limit conformations.
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