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the ethoxyaminocarbene group has little carbene character 
and it should be regarded as an 0-ethylated carbamoyl 
group which is linked to the palladium center by a single 
bond. 
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Summary: Bis [(trimethylsilyl)methyi] platinum( I I )  com- 
plexes cis-Pt(CH,SiMe,),L, (L = PEt,, PPh,Me, PPh,) do 
not afford 1-metalla-3-silacyclobutanes via thermolytic 
y-C-H migration but instead undergo a novel linkage 
isomerization, involving P-Si-CH, scission and transfer, to 
afford the unusual methylplatinum( I I) products cis -Pt- 
(CH3)(CH,SiMe,CH,SiMe,)L,. v2-Silylene complexes are 
likely intermediates. 

(Trimethylsily1)methyl and neopentyl derivatives of 
transition metals were among the forefront of development 
in alkylmetal chemistry when it was realized that P-hy- 
drogen migration was a major labilizing pathway.l More 
recently, a number of neopentylmetal complexes have been 
reported to undergo intramolecular aliphatic 7-C-H ac- 
tivation and transfer, generating 3,3-dimethylmetalla- 
cyclobutanes.2 The mechanism has been explored in detail 
for platinum complexes. (Trimethylsily1)methyl analogues 
often react ~ i m i l a r l y ~ ~ ~ ~ ~ * ~ ~ ~  though, in general, less readily. 
I t  seems to be assumed widely that the mechanistic con- 
trols on the two systems are likely to be the same, irre- 
spective of metal. Relatedly, several neophyl 
[CH2CMe2Ph] complexes rearrange by distal aromatic H 

*To whom correspondence should be addressed; no reprints 
available. 

(1) (a) Davidson, P. J.; Lappert, M. F.; Pearce, R. Chem. Reu. 1976, 
76, 219. (b) Davidson, P. J.; Lappert, M. F.; Pearce, R. Acc. Chem. Res. 
1974,7,209. (c) Schrock, R. R.; Parshall, G. W. Chem. Reu. 1976,76,243. 
(d) Baird, M. C. J. Organomet. Chem. 1974, 64, 289. (e) Cross, R. J.; 
Braterman, P. S. Chem. SOC. Reu. 1973,2, 271. 

(2) (a) Derosiers, P. J.; Shinomoto, R. S.; Flood, T. C. J.  Am. Chem. 
SOC. 1986,108,7964. (b) Anderson, R. A.; Jones, R. A.; Wilkinson, G. J.  
Chem. SOC., Dalton Trans. 1978, 446. (c) Statler, J. A,; Wilkinson, G.; 
Thornton-Pett, M.; Hursthouse, M. B. J. Chem. SOC., Dalton Trans., 
1984, 1731. (d) Andreucci, L.; Diversi, P.; Ingrosso, G.; Lucherini, A.; 
Marchetti, F.; Adovasio, V.; Nardelli, M. J. Chem. SOC., Dalton Trans. 
1986, 477. (e) Tulip, T. H.; Thorn, D. L. J. Am. Chem. SOC. 1981, 103, 
2448. (0 Miyashita, A.; Ohyoshi, M.; Shitara, H.; Nohira, H. J. Orga- 
nomet. Chem. 1988, 338, 103. (9) Foley, P.; DiCosimo, R.; Whitesides, 
G. M. J. Am. Chem. SOC. 1980, 102, 6713. 
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migration to form 3,3-dimethylmetallaindan~.~~l~ Again, 
mechanisms are best understood for platinum deriva- 
t i v e ~ ~ ~ , ~  and the corresponding reactions of sila-neophyl 
[CH2SiMe2Ph] species are s10wer.~ Organo-f-block metal 
compounds-notably Th(CH2EMe2R)2!q.5-C6Me5)2 [E = C, 
Si; R = Me, Ph]-show similar reactivity trends.6 Our 
interest in understanding the relative inertness of P-sila- 
alkyl systems has prompted investigation of a range of 
bis[ (trimethylsily1)methyll platinum(I1) complexes.' The 
unexpected results of thermolytic rearrangement of several 
of these with monodentate tertiary phosphine ligands 
demonstrate that mechanistic analogies cannot be as- 
sumed, even for the same metal. In contrast to their 
neopentylplatinum analogues, they do not yield metalla- 
cycles. Thermolysis of toluene-& solutions of the com- 
plexes Pt(CH2SiMe3)2L2 [I, L = PEt,, PPh2Me, PPh,] 
results in quantitative rearrangement to novel methyl- 
(( [ (trimethylsilyl)methyl]dimethylsilyl~methyl)platin~(II) 
complexes, cis-Pt(CH,) (CH2SiMe2CH2SiMe3)Lp (8), iden- 
tified by their 'H, 13C, and 31P NMR spectroscopic char- 
acteristics and by mass spectrometric and elemental 
analyses of the two isolable examples (where L = PEb, the 
pure product could not be recovered). The structure of 
the triphenylphosphine derivative has been confirmed by 
X-ray diffractometry.8 Reaction of the trimethyl- 
phosphine complex requires more vigorous conditions, and 
though the predominant pathway is analogous, secondary 
and/or competitive reactions are apparent. 

The asymmetric geometry of the products is most clearly 
evident from the 31P(1HJ NMR data? The l3C(lH] spectra 
allow unequivocal assignment of the structure.1° Two 
distinct Pt-CH, resonances are observed. Of these (from 
ADEPT measurements) the lower field resonance arises 
from a Pt-CH2 grouping, while the higher field signal 
clearly corresponds to Pt-CHB. Two Si-CH, environments 
are also evident, one displaying , J p t 4  interaction (com- 
parable to that in the parent complex 1) and a second, 
more intense, with no observable coupling. A further al- 
iphatic carbon showing ,JPt4 coupling is attributed to a 
Si-CH2 group. 

An important aspect of product analysis in this instance 
is the origin of the methyl group bound ultimately to 
platinum. Though rearrangement of the selectively deu- 
terated complex C~~-P~[CH~S~(CD,),]~(PP~~M~)~ is slower 
(vide infra), it generates an exactly analogous product 
whose 13C(lH] NMR spectrum reveals the presence only 
of Pt-CD, and Pt-CH2-Si groups. Superficially, then, the 

(4) (a) Carmona, E.; Palma, P.; Paneque, M.; Poveda, M. L. J. Am. 
Chem. SOC. 1986, 108, 6424. (b) Black. S. I.: Youne. G. B. Polyhedron 
1989,8,585. (c) Griffiths, D. C.; Young, G. B. Org&ometallics-1989,8, 
875. (d) Griffiths, D. C.; Young, G. B. Polyhedron 1983,2, 1095. 

(5) Ankianiec, B. C.; Young, G. B. Polyhedron 1989,8, 57. 
(6) Bruno, J. W.; Smith, G. M.; Marks, T. J.; Fair, C. K.; Schultz, A. 

J.; Williams, J. M. J.  Am. Chem. SOC. 1986, 108, 40. 
(7) Thomson, S. K.; Young, G. B. Polyhedron 1988, 7, 1953. 
(8) Ankianiec, B. C.; Karaulov, A. E.; Hursthouse, M. B.; Thomson, 

S. K.; Young, G. B., manuscript in preparation. 
(9) ,'P data for cis-Pt(CH3)(CH2SiMe2CHzSiMe3)L2 (in toluene-d8; 6 

in ppm relative to external 60% H3P0,; J in Hz): L = PEg, 6(Pl) = 8.71, 

PPh2Me, t(PJ = 5.26, 'J(P1-Pt) = 1943,6(P,) = 5.26,lJ(PZ-Pt) = 1870, 

'J(P2-Pt) = 1921, 2J(Pl-P2) = 11; L = PMe,, t(P) = -26.9, 'J(P,-Pt) = 

data for cis-Pt(CH3)(CHzSiMezCHzSiMes)Lz (in 
chloroform-d; 6(C) in ppm relative to external TMS; J in Hz). (a) L = 
PPh2Me: Pt-CH,, 6(C) = 4.81, 'J(C-Pt) = 596, 2J(C-P,,) = 104, 2J- 

'J(C-P,h) = 6; Si(CH,),, cVC) = 1.74; Si(CH,),, 6(C) = 4.92, ,J(C-Pt) = 
26; Si-CH,, t(C) = 8.54, ,J(C-Pt) = 31. (b) L = PPh,: Pt-CH3, 6(C) = 

14.05, 'J(C-Pt) = 645, 2J(C-P,,) = 80, ,J(C-P,) = 5; Si(CH+ 6(C) = 
1.99; Si(CH3I2, S(C) = 6.28, %J(C-Pt) = 20, Si-CH2, 6(C) = 8.80, J(C-Pt) 
= 27. 

'J(P1-Pt) = 1976, t(P2) = 6.84, 'J(P2-Pt) = 1879, 2J(P1-Pz) = 12; L 

2J(P1-Pz) = 11; L = PPh,, b(PJ = 28.9, 'J(P1-Pt) = 1955, 6(P,) = 26.0, 

1952, t(P2) = -25.8, 'J(P2-Pt) = 1886, 'J(P1-PZ) = 11. 
(10) Selected 

(C-P,,) = 13; Pt-CHZ,t(C) = 11.55, 'J(C-Pt) = 558, 2J(C-P,,) 85, 

7.75, 'J(C-Pt) = 604, 2J(C-P,,) = 97, 2J(C-P,b) = 8; Pt-CH2, 6(C) = 
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rearrangement features an effective ,&methyl migration 
from silicon. Though rare for d-block metals, P-alkyl 
transfers have been observed, notably in organoplatinum- 
(11) systems which not only lack transferable hydrogen but 
also have the impetus of strained alicyclic systems incor- 
porating the @-carbon." Recently, an apparent b-methyl 
migration has been induced in the reaction of Ru(q5- 
C5H5)(q3-C3H5)(CH2SiMe3)Br with AgF (or AgBF4) to yield 
Ru(q5-C5H5) (q3-C3H5)(CH2SiMe2F)Me.12 Mechanistic 
information is lacking, but it seems likely that the halo- 
philicity of Si is a major stimulus. Generation of M(q5- 
C5H5)(C0)3Me [M = Mo, W] from reaction of Na[M(q5- 
C5H5)(C0),] with Me3SiCH21 was shown not to have re- 
sulted from methyl migration.13 

Three variation studies have been employed to illumi- 
nate the mechanism of these rearrangements, which were 
kinetically first order for a t  least 3 half-1i~es.l~ (1) The 
temperature dependence of hobs for each of cis-Pt- 
(CH,SiMe&L, conforms linearly to the Arrhenius rela- 
tionship. AHtob (at 105 "C) is 140-170 kJ.mol-' and AS*,b 
is in the range +30 to +120 J-mol-'.K-'. (2) The presence 
of free phosphine markedly reduces the rearrangement rate 
of all three complexes. Plots of l /kob ,  versus phosphine 
concentration are linear with nonzero intercepts. No Pt- 
(CH2SiMe3),L3 species were detectable. (3) Rearrangement 
of C ~ S - P ~ [ C H ~ S ~ ( C D ~ ) ~ ] ~ L ,  is uniformly slower than that 
of the undeuterated analogue. The small but significant 
deuterium isotope effect kHobs/kDobs (1.40 f 0.2) is essen- 
tially independent of the nature of L. 

The data are most consistent with a pathway in which 
preliminary phosphine dissociation is a prerequisite-as 
is often the case for rearrangements in ds ~ys t ems .~g ,*~J~  
Values estimated for kl from [L]/lzOb plots16 are uniformly 
greater than kobs and suggest that this first step is not 
rate-limiting. The data do not yet allow unambiguous 
delineation between alternative paths in which the new 
Pt-C bond results from C-H or C-Si activation [Scheme 
I] although participation by a-hydrogen transfer" can be 
excluded. The relatively small isotopic inhibition may be 
(i) a secondary effect on direct P-methyl migration [k3]  or 
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Scheme I" 

(11) (a) Flood, T. C.; Statler, J. A. Organometallics 1984,3,1795. (b) 

(12) Itoh, K.; Fukahori, T. J .  Organomet. Chem. 1988,349, 227. 
(13) Collier, M. R.; Kingston, B. M.; Lappert, M. F. J.  Chem. SOC., 

Chem. Commun. 1970, 1498. 
(14) Representative rate data ( k ,  ): L = PEt3, k,,, = 9.45 X lo* s-,; 

L = PPh2Me, k,,, = 1.22 X 10- s - ; L - - PPh3, k105 = 3.35 x s-,. 
Notably, the triethylphosphine complex is more thermolytically labile 
than its neopentyl analogue (cf. ref 2g). 

(15) See, for example: (a) Grubbs, R. H.; Miyashita, A.; Lui, M.; Burk, 
P. J .  Am. Chem. SOC. 1978, 100, 2418. (b) Gillie, A.; Stille, J. K. J .  Am. 
Chem. SOC. 1980,102,4933. (c) Moravskiiy, A.; Stille, J. K. J.  Am. Chem. 
SOC. 1981, 103, 4181. (d) Ozawa, K.; Ito, T.; Nakamura, Y.; Yamamoto, 
A. Bull. Chem. SOC. Jpn. 1981,54, 1868. (e )  Whitesides, G. M.; Gaasch, 
J. F.; Stedronsky, F. R. J .  Am. Chem. SOC. 1972,94,5258. (0 DiCosimo, 
R.; Whitesides, G. M. J .  Am. Chem. SOC. 1982,104, 3601. (9) McCarthy, 
T. J.; Nuzzo, R. G.; Whitesides, G. M. J .  Am. Chem. SOC. 1981,103,3396. 
(h) DiCosimo, R.; Moore, S. S.; Sowinski, A. F.; Whitesides, G. M. J. Am. 
Chem. SOC. 1982, 104, 124. (i) Brainard, R. L.; Miller, T. M.; Whitesides, 
G. M. Organometallics 1986, 5, 1481. G) Komiya, S.; Morimoto, Y.; 
Yamamoto, A.; Yamamoto, T. Organometallics 1982, 1, 1528. (k) Ko- 
miya, S.; Albright, T. A.; Hoffmann, R.; Kochi, J. K. J.  Am. Chem. SOC. 
1976, 98, 7255. (1) Tatsumi, K.; Hoffmann, R.; Yamamoto, A.; Stille, J. 
K. Bull. Chem. SOC. Jpn. 1981,54, 1857. 

(16) Assuming steady-state concentrations for the tricoordinate (and 
any subsequent) intermediate, the relation between k o b  and k l  (the 
phosphine-dissociation rate; Scheme I) is 

Flood, T. C.; Bitler, S. P. J .  Am. Chem. SOC. 1984, 106, 6076. 

l / k , b  l / k ,  + K[L] 

(where K is a composite of rate constants for subsequent steps and 
phosphine reassociation; cf. ref 2g and 4c). 

(17) See, for example: (a) Al-Essa, R. J.; Ling, S. S. M.; Puddephatt, 
R. J. Organometallics 1987, 6, 951. (b) Parsons, E. J.; Jennings, P. W. 
J.  Am. Chem. SOC. 1987, 109, 3973. 
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(ii) a primary effect on y-hydrogen transfer, partly diluted 
as a result of a phosphine reassociation [k-,] rate which 
is significant compared with that of the successive step(s) 
[k,,  et^.].^^ Alkyl migration [ k 3 ]  provides the simplest 
explanation for the specificity demonstrated by the la- 
beling experiment; regiospecific migration of the remaining 
(trimethylsily1)methyl group to Si in the q2-silylene in- 
termediate 3 would be in accord with the relative elec- 
trophilicity of the Si site. Related q2-silylene-Ru com- 
plexes (via b-Si-H transfer) have been identified recently,ls 
but the general reactivity of such species has yet to emerge. 
Alternatively, C-H transfer generates the metallacyclo- 
butane 4. Increased ring strain might account for reactivity 
distinct from that of its carbon analogue.@ Instead, 4 may 
favor cycloreversion of the type established for metalla- 
cyclobutane derivatives,lg affording 5 (with both an al- 
kylidene and an q2-silylene ligand) which, in turn, could 
rearrange to 3 or to 6 by alternative migratory insertions. 
Ring opening of 4 must be highly regiospecific to accom- 
modate the labeling result, but the inherent asymmetry 
of this complex might ensure such selectivity. We are 
engaged in experiments aimed at  exploring the scope of 
this novel rearrangement and further clarifying its mech- 
anism. 

(18) Campion, B. K.; Heyn, R. H.; Tilley, T. D. J .  Am. Chem. SOC. 
1989, 110, 7558 and references cited therein. 
(19) See, for example: (a) Grubbs, R. H. In Comprehensiue Organo- 

metallic Chemistry; Wilkinson, G., Abel, E. W., Stone, F. G. A., Eds.; 
Pergamon: Oxford, 1982; Vol. 8, p 499. (b) Volatron, F.; Eisenstein, 0. 
J .  Am. Chem. SOC. 1986, 108, 2173 and references cited in both. 
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Reactions of (CO),Cr=C( Me)N( CH2CH2), with 
Enynes: Mechanistic Insight and Synthetic Value of 
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Summary: Reactions of the title carbene complex (10) 
with 1,6- and 1,7-enynes are described and contrasted 
with the results of the 1-methoxyethylidene analogues. 
The more strongly electrondonating pyrrolidino substituent 
simultaneously provides considerable mechanistic insight 
and leads to a more generally useful synthetic tool for the 
preparation of bicyclic cyclopropanes. 

The reaction of (1-methoxyethy1idene)pentacarbonyl 
chromium (1) with 1,6- and 1,7-enynes (2) was recently 
described by  US.^ The principal products (see Scheme I) 
included bicyclic cyclopropanes (3), bicyclic cyclobutanones 
(4), furans (5), and metathesized dienes (6). We proposed 
several mechanistic branch points: (i) the vinylogous 
methoxycarbene complex 7 (X = OMe) could engage the 
now internal alkene either before (path a) or after (path 
b) carbon monoxide insertion leading, respectively, to 
metallacyclobutane 8 or the vinylketene complex 9, (ii) the 
metallacyclobutane 8 could reductively eliminate to cy- 
clopropane 3 (path c) or consummate metathesis by pro- 
ducing 6 (path d), and (iii) the vinylketene complex 9 could 
undergo net 2 + 2 cycloaddition to give the cyclobutanone 
4 (path e) or rearrange to the furan 5 (path f).3 With the 
hope of tailoring the reaction to only provide the useful 
vinylcyclopropanes 3 by avoiding path b, we have exam- 
ined related reactions using (1-pyrro1idinoethylidene)- 
pentacarbonyl chromium (10) and now describe those re- 
sults. This complex and the intermediates derived ther- 
efrom should exhibit greater back-bonding between 
chromium and carbon monoxide and, therefore, a reduced 
propensity for CO insertion into 7.4 The anticipated result 
was the quenching of path b; such is the case. 

(1) Fellow of the Alfred P. Sloan Foundation, 1985-1989. 
(2) Korkowski, P. F.; Hoye, T. R.; Rydberg, D. B. J .  Am. Chem. SOC. 

1988, 110, 2676. 
(3) McCallum, J. S.; Kunng, F. A.; Gilbertson, S. R.; Wulff, W. D. 

Organometallics 1988, 7, 2346. 
(4) (a) Cf. reactions of 1 (but with Me replaced by Ph  and X = NR2) 

with alkynes to generate indenes rather than naphthols? Yamashita, A. 
Tetrahedron Lett. 1986, 27, 5915. (b) For a photochemically induced 
ketene formation from an amino-bearing carbene see: Hegedus, L. S.; de 
Weck, G.; D'Andrea, S. J .  Am. Chem. SOC. 1988, 110, 2122. 

(5) (a) Dotz, K. H. Angew. Chem., Int. Ed. Engl. 1975, 14, 644. (b) 
Collman, J. P.; Hegedus, L. S.; Norton, J. R.; Finke, R. G. Principles and 
Applications of Organotransition Metal Chemistry; University Science 
Books: Mill Valley, CA, 1987; pp 783-793. (c) Chan, K. S.; Peterson, G. 
A.; Brandvold, T. A.; Faron, K. L.; Challener, C. A.; Hyldahl, D.; Wulff, 
W. D. J. Organomet. Chem. 1987, 334, 9 and references therein. (d) 
Wulff, W. D. in Aduances in Metal-Organic Chemistry; Liebeskind, L. 
S., Ed.; JAI Press Inc.: Greenwich, CT, 1988; Vol. 1. 
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Scheme I 

3, 6 -5.L 

Table I 

11-13 a-e 
E' E* E3 n 

b M e H H 1  

d H M e H 1  

Yield' of 1 2  
from 10 
88%b (76%)b 

(58%) 
(62%) 
(64%) 

79% (61%) 

Yield' of 1 3  
from 1 (ref 2) 

69% 
22%c 
2%d 

not done 
46%e 

a) yields are of MPLC-purified product except those in parentheses which are for 
material sequentially purified by MPLC and then HPLC b) -5 m o l  scale, all 
others -0 .5 m o l  scale c )  30% cyclobutanone also formed d) 6% cyclobutanone, 
30% metathesized diene, and 7% furan formed e) 20% furan formed 

When the series of enynes lla-e was exposed to the 
pyrrolidinocarbene 10 in refluxing toluene6 ([ 101 = 0.7 M, 
-1.3 equiv of 1 1 , l  h, 120 "C external bath, sealed vessel), 
the keto cyclopropane^^ 12a-e were the only products ob- 
served upon inspection of the crude product mixture by 
'H NMR analysis and isolated after MPLC/HPLC on 
silica gel. As the data in Table I indicate, the yields of 
cyclopropane 12 using the aminocarbene complex 10 were 
essentially independent of the degree of alkene substitution 

(6) THF, benzene, toluene, and DMFk are all acceptable solvents for 
the reaction of 10 + 118. 

(7) 'H NMR analysis of the crude product mixture before chroma- 
tography or of solutions of reactions carried out in C6D6 gave no indica- 
tion of the expected enamine intermediates i (cf. ref 4a). Circumstantial 
evidence that enamine formation is indeed occurring is found in the 
reaction of 10 with 11 (R2 = C02Me, R1/R3 = H) a t  120 OC which gave 
the bicyclo[3.3.0]octane ii in 53% yield and as a single diastereomer. Thia 
is best envisioned as arising via a thermodynamically controlled vinyl- 
cyclopropane rearrangement of the "push-pull" activated enaminoester 
intermediate iii. In fact, a C6D6 solution of ketone 12 (Rz = C02Me, 
R1/R3 = H)2 and excess pyrrolidine a t  80 "C resulted after 3 h in clean 
conversion ('H NMR) to the rearranged product ii [cf.2 1 + 11 - 13 (R2 
= C02Me, R1/R3 = H) in 64%]. 

(N(CHzCH2)z 

M o O ~ C & ~  M902C 

R' 

- R' E' E3 
i H or alkyl i i  

iii HC0,MeH 
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