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Tabla I 
organic monomer platinum monomer trausjcis - 

BrCHzCHZOzCC(Me)= [PtBrMen(CHICHzOzCC(Me)= 6O/W 

BrCHzC(COzMe)=CHz [PtBrMeplCHzC(COzMe)=CHIJ 95/5 
(bw)l  

CHz CHZK~PY)~ 

3-(ClCH2)C&CH=CHt [PtC-~~*(3-CHzCBH4CH=CHz) 99/1 
(bpy)l 

ClCOCH4HZ [PtC1Me2(COCH=CHz)(bpy)] 75/25 

correspond to the geometry at platinum (see text) and can 
be separated by recryatdlization. The isomer ratio was determined by 
'H NMR spectroscopy. *Monomer contains 30% 4- 

ferential scanning calorimetry. However, the polymers 3 
and 5 exhibit a broad endothermic transition over the 
range W160 "C, with the peak at 115 "C, and the melting 
endotherm begins at 210 "C and peaks at 245 "C. When 
samples of polymers 3 and 5 were heated to 150 "C for 30 
min and then cooled and reheated, the broad endotherm 
in the region 60-160 "C was not obrved. Thus, it appears 
that polymers 3 and 5 precipitate in a strained confor- 
mation which relaxes on heating. Polymer 4 undergoes 
complete weight loss over the temperature range 335-395 
"C, but 3 decomposes to leave a residue of platinum over 
the much wider temperature range 270-450 "C. 

The synthetic method outlined above is generally ap- 
plicable, so long as the organic monomer contains both a 
functional group which can take part in polymerization and 
a carbon-bromine or carbon-chlorine bond which can 
undergo oxidative addition. Some vinyl monomers and 
their products of oxidative addition with [PtMe2(2,2'-bi- 
pyridine)] are given in Table I. In all cases, the oxidative 
addition occurred with mostly trans stereochemistry and, 
in addition, platinum-containing polymers could be syn- 

(ClCHz)C&CH=CH* 

thesized by oxidative addition to the polymerized organic 
monomers. It is not necessary for the organic polymer to 
be soluble in organic solvents in order for oxidative ad- 
dition to occur. Thus, Merrifield's resin, which is a 
croea-linked styrene(chloromethy1)styrene copolymer (1% 
cross-linked with divinylbenzene, with 1 mequiv of Cl/g 
of polymer) reacted, as a suspension in acetone, with ex- 
[PtMe2(bpy)] to give the platinum-containing polymer in 
which essentially all of the chloromethyl groups were re- 
acted? All of the platinum-containing polymers deecribed 
above are very sparingly soluble in organic solvents, even 
when the extent of platinum incorporation ia <lo% of the 
available functional groups. However, the corresponding 
polymers with 4,4'-di-tert-butyl-2,2'-bipyridine have suf- 
ficient solubility for solution characterization,S and efforts 
are being made to prepare derivatives with more highly 
alkylated bipyridine derivatives in order to prepare still 
more soluble polymers. 

A major advantage of the oxidative-addition route to 
metal-containing monomers is the ease of reaction and the 
wide range of functional groups which can be incorporated. 
This work has focused on vinyl monomers, but platinum- 
containing monomers with ester, nitrile, amide, and car- 
boxylic acid functionalities, suitable for studies of con- 
densation polymerization, have also been synthesized by 
this method. 

Acknowledgment. We thank the NSERC (Canada) 
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(6) Anal. Calcd for C&O.l5CzlHgClNzPt: C, 74.4; H, 5.9; N, 2.1. 
Found C, 72.9; H, 6.6; N, 2.1. 
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S u m r y :  Reaction of (Me3SIhSiU-3THF (1) with adam with multiple bonds to silicon? of which we focus here on 
an- hexam benzene leads via a peterson-type silenes, i.e. R&=S&. Compelling evidence that a silene 
elimination reaction to the silene bis(trimethylsily1)- might exist as a transient intermediate W a s  first Presented 
ahmntylidenesihne (31, which  spontaneous^ dimerizes only in 1967.4 The first "indefinitely" stable silene was 

isolated by Brook et al. in 1981,6' and this was followed 

opments.5 Yet, the arsenal of methods available for syn- 
thesizing silenes is limiteda3 We now report that the re- 
action of (Me3Si)3SiLi-3THF (1)6 with certain ketones 

in a hea$tmd Yield) to 1 ,2,2-tet- by two X-ray deteminationsSb,c and intensive 
rakis(trimethylsilylP~~O[3,3',4,4'-bn~1 I ~ ~ ~ -  research on silene8 which led to many important &vel- 
siiacyclobutane] (2). When it & warmed, reverts to a, 

Was trapped by l-mthoxybmdke or methanol. 
The X*Y strudure of 2 is reported. The fow"nbered 
ring is strongly puckered and has unusuaUy long C-C and 
C-Si bond lengths of 1.647 and 2.008 A, respectiveiy. 
Reaction of 1 with 4-tert-butylcyckhexanone also pro- 
ceeds via the corresponding silene, which dimerizes to 
l , l , 2 , 2 - t e a a k i s ( ~ ~ t h y l s i ~ l ~ l ~ 4 - ~ - b ~ y c l ~ e ~ ~ ) -  
2~4-tert-butylcyclohexenyi)dlsiiane. 

Silicon chemistry is one of the fastest growing fields of 
organic chemistry.2 Of special interest are compounds 

(1) Reported in part at the European Sympoeium of Organic Re- 
activity (ESOR III), Gotheburg, Sweden, July 7-12,1991, proceedings p 
124. 

0276-7333/92/2311-2326$03.0//0 

(2) For a comprehensive review, (100: The Chemistry of Orgonosilicon 
Compounds; Patai, S., Rappoport, Z. I!%.; W h y  Chicheater, U.K., 1989. 

(3) For reviewe (100: (a) habe, 0 . ;  Michl, J. In Ref 2, Chaptar 17. (b) 
Raabe, 0. ;  Michl, J. Chem. Rev. 1986, 25, 419. (c) Weet, R. Angew. 
Chem., Znt. Ed. Engl. 1987, 26, 1201. (d) Wiberg, N. J.  Orgonomet. 
Chem. 1984,273, 141. (e) Gusel'nikov, L. E.; Avakyan, V. G. Sou. Sci. 
Rev., Sect. B Chem. 1989,13, 39. 

(4) Gusel'nikov, L. E.; Flowere, M. C. Chem. Commun. 1967, 864. 
(5) (a) Brook, A. G.; Abdeaaken, F.; Gutekunat, B.; Gutakumt, G.; 

Kallury, R. K. U J. Chem. SOC., Chem. Commun. 1981,191. (b) Brook, 
A. G.; Nyburg, S. C.; A b d d e n ,  F.; Gutahuut, B.; Gutahuut, G.; 
Kallury, R K. U; Poon, Y. C.; Chang, Y.-M.; Wong-Ng, W. J. Am. Chem. 
SOC. 1982, 104, 5867. (c) Wiberg, N.; Wagner, G.; MWer, G. Angew. 
Chem., Znt. Ed. Engl. 1986,24,229. Wiberg, N.; Wagner, G. Chem. Ber. 
1986,119,1467. 
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product is best interpreted in terms of the intermediacy 
of the silene 3. Addition of 1 across the C 4  bond of 
adamantanone presumably producee the alcoholate 4 (not 
isolated), which spontaneously eliminatea MeSSiOLil0 to 
yield 3, which dimerizes in a head-to-hea&(HH) fashion 
to 2. 

Si (SiMe& 

Si(SiMe& ET 3 @ 4 

SiMe3 s 

Figure 1. ORTFZ drawing of 2.8 Selected bond lengtha (A) and 
bond anglea (deg): Cl-Cl’ = 1.647 (S), SilSil’ = 2.333 (l), Cl-Sil 
= 2.008 (3), C 1 4 2  = 1.568 (5), Sil-Si2 = 2.422 (l), Sil-Si3 = 
2.383 (1); C1’41Sil = 95.8 (2), Cl-Sil-sil’ = 77.3 (l), Si2- 
Sil-Sil’ = 121.20 (S), Si3-Sil-Sil’ = 115.55 (5), Si2Sil-Cl = 
114.3 (l), SiS-SilXl = 128.2 (l), Si2-Sil-Si3 = 101.13 (S), 
Sil-Cl-CB = 110.6 (21, C2-Cl-C6 = 104.8 (31, Cl-Cl’-Sil’Sil 
= -28.0 (2), Cl’-Sil’-Sil-Cl = 23.1 (2), Si3-Sil-Cl-Cl’ = -140.6 
(2), Si3-Sil-Sil’-Si3’ = -83.9 (7), Si2-SilSil’-Si2’ = 161.36 (6), 
Si2-Sil-Cl-C2 = -36.7 (3), C2-Cl-Cl’-C2‘ = -90.3 (5). The angle 
between the planes defined by Cl-SilSil’ (Pl) and Cl-Cl’Sil’ 
(P2) is 39.6’. 

proceeds via a Peterson-type process, providing a new route 
for generating silenes.’ 

Reaction of adamantanone with an equimolar amount 
of l6 in hexane (or benzene) gave an 85% yield of 1,2- 
disilacyclobutane 2 (eq l).8 The structure of 2 was as- 

signed by X-ray analysis (Figure l).9 The observed 

(6) Gutekunet, G.; Brook, A. G. J. Organomet. Chem. 1982,226, 1. 
(7) Previous similar attempta have failed, leading to rearranged 

products Wustrack, R.; Oehme, H. J. Orgamomet. Chem. 1988,352,95. 
(b) Reactions were performed in THF with enolizable ketones, and 1 waa 
generated in situ from (Me3Si),Si and MeLi. 

(8) A typical procedure is as follows: 2.2 g (4.7 mmol) of 
(Me&i)aiLidTHF (1)6 in 20 mL of dry benzene waa placed in a Schlenk 
flaek under vacuum, and 0.6 g (4.2 mmol) of adamantanone in 10 mL of 
dry benzene waa added. After the mixture was stirred at  room temper- 
ature for 2 h, 20 mL of a saturated aqueous solution of NH&l was added 
to the reaction mixture. The organic layer was separated and dried over 
MgSO,, the volatile materials were evaporated under vacuum, and the 
crude product was waahed with 2 X 10 mL of methanol, yielding 1.2 g 
(85.7%) of a clean white powder of 2. Colorlesa cryatale of 2 (mp 165-166 
“C) suitable for X-ray analysis were obtained by recrystallization from 
hexane at 0 OC. IH NMR (CDCI,): 6 0.23 (18 H, 8, Me&), 0.29 (18 H, 
8, Meai) 1.60-2.20 (14 H, m, Ad). ‘SC NMR 6 3.91,6.01 (Meai), 27.96, 
29.21,32.81,34.15,36.07,40.68,43.08,44.24 (Ad). lDSi NMR: 6 -10.64, 
-11.02 (SiMes), -46.14 (ring Si). MS (CI; m/e (relative intensiy)): 616 
(M+, loo), 543 (M+ - Me@, 71,348 ([(Meai)fiiIz+, 901,308 !M /2,82), 
268 (Ad?+, 30), 73 (Meal, 5). MS (EI; m/e): (M+ - Me&) 543.3111; 
C&IlSi6 requires 543.3150. 

5 

Further evidence for the intermediacy of 3 is provided 
by trapping e~periments.~ For example, reaction in the 
presence of excess butadiene or 1-methoxybutadiene pro- 
duces the expected3 Diels-Alder-type products”’ in 
7&80% yield. The reaction with 1-methoxybutadiene is 
highly regioselective, giving only Sellb 

The dimerization of 3 is highly regioselective, leading 
only to the thermodynamically less stable HH dimer 2.12 
The isomeric head-to-tail (HT) dimer is not observed 
(6%). This regioselectivity is different from that ex- 
hibited by most other simple silenes3 (e.g., MQi==CHa,‘J3 
(Me3Si)&=SiMe2l4), which yield HT dimers, but it par- 
allels the behavior of (Me&3i)2Si=C(OSiMeJR (6) (where 
R = Me,lh Et,lh i-Pr,lh CHzPh,lSb t-Bu:b CEhPb AdPb 
PhlSb) and of (Me3Si)2Si=CMePh (7).16 Experimental 

(9) Crystal data for 2: C3,H&, M = 617.3, monoclinic, a = 9.646 
(4) A, b - 20.240 (8) A, c = 19.064 (8)  A, 0 = 98.60 (4)O, V - 9880.1 AB, 
space group C2/c, 2 = 4, p(Mo Ku) = 2.4 cm-’, p c ~ e  = 1.116 g/cm3. The 
3142 unique reflections (6 5 28 S 6O0, pol > 30 pol) were measured on 
a Philip PW 1100/20 four-circle diffractometer using Mo Ka! radiation 
and the o/2B scan mode. The structure was solved by 8 ~ ~ ~ x 8  duect 
methods. 

(10) The presence of MeaSiOLi could be detected by ita NMR signal 
at 0.30 ppm. Upon aqueous workup MdiOLi  produces MGiOH, which 
spontaneously condenses to Me3SiOSiMea. 

(11) (a) With butadiene, ca. 10% of the [2 + 21 products was also 
observed. (b) ‘H NMFt (CDCls): 60.08,O.Ol (each 9H, 8, Me&), 1.41, 
1.82 (each 1 H, m, CHfii), 1.25-2.19 (14 H, m, Ad), 3.14 (3 H, 8, OCH ) 
4.41 (1 H, d, J = 6 Hz, HCO), 5.70,6.15 (each 1 H, m, -CH==€!H-). ’& 
NMR: 6 1.13,1.14 (Me&), 10.74 (CH&3i), 27.73-39.57 (Ad), 79.23 (OC- 
Hs), 128.32, 132.99 (-CH=CH-), 160.83 (HCO). %i NMR: b -13.31, 
-14.50 (Me3&), -44.60 (ring Si). IR: 1628 cm-’ (C=C). MS (CI; m e 
(relative intensity)): 393 (M+ + H, 13), 3.91 (M+ - H, 20,377 (M+ - d e  
30), 361 (M+ - MeO, loo), 319 (M+ - MesSi, 78). Anal. Calcd fo; 
CzlHaOSi3: C, 64.22; H, 10.27. Found C, 64.10; H, 10.60. A [2 + 21 
addition product waa excluded by the fact that 2D-COSY experimenta 
showed that the two vinylic protons are coupled to aliphatic protons. The 
regiochemistry of 5 was secured by comparison with the ‘H NMR spec- 
trum of the analogow [4 + 21 adduct of 3 and butadiene, where the 
indicative chemical shifte are 6 1.43 (2 H, m, S i C H Z 4 H I C H )  and 2.36 
(2 H, m, Ad -CH2-CH@2H). 

(12) MMZ (87) force-field calculations (AUinger, N. L. J. Am. Chem. 
SOC. 1977,99,8127) suggest that 2 is lese stable than the corrcwponding 
HT dimer by 36 kcal mol-’. A similar energy difference (Le., 3 w O  kcal 
mol-’) is obtained by using several semiempirical methods (PM, AMI, 
m). Details will be presented elsewhere. 

(13) Mal’taev, A. K.; Khabashesku, V. W.; Nefedov, 0. M. J. Orga- 
nomet. Chem. 1982,226, 11; 1984,271,65. 

(14) Wiberg, N.; Preiner, G.; Scbieda, 0.; Fiecher, G. Chem. Eer. 1981, 
114, 3505. 

(15) (a) Baincw, K. M.; Brook, A. G. Organometallics 1987,6,692. (b) 
Brook, A. G.; Harris, J. W.; Lennon, J.; El Sheikh, M. J. Am. Chem. SOC. 
1979, 101, 83. 
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and theoretical studies of the electronic and steric factors 
which control these regiochemistries are in pr0gre~s.l~ 

The X-ray structure of 2 (Figure 1) reveals the signifi- 
cant consequenma of ita extreme steric congestion. (a) The 
ring C-C and C-Si bond lengths (r) of 1.647 and 2.008 A, 
respectively, are among the longest known distances for 
such bonds.ls Similar r(C-C) and r(C-Si) values were 
reported for the HH dimer of 6 (R = t-Bu).lg (b) The two 
adamantyls are nearly perpendicular (i.e., ~C2-Cl-C1%2' 
= -90.3'). (c) The 1,2-disilacyclobutane ring is strongly 
puckered; the angle between the P1 and P2 planes (Figure 
1) is 39.6O. In contrast, in the HH dimer of 6 (R = t-Bu) 
the four-membered ring is nearly planar.19 According to 
temperature-dependent NMR measurementa,208 AH* and 
AS* for inversion of the 1,2-disilacyclobutane ring are 16.1 
k 0.8 kcal mol-' and -2.5 k 2.0 eu, respectively.20b 

The dimer 2 is a convenient precursor for generating the 
silene 3; at 70 "C (benzene) 2 reverts to 3, as is indicated 
by its trapping with 1-methoxybutadiene (yielding Pb) 
and with methanol (producing the expected 2-Ad-Si- 
(SiMe3)20CH3). 

Enolizable ketones can also lead to silenes.' Reaction 
of 1 with 4-tert-butylcyclohexone at -78 OC21 followed 
by 2 h at room temperature and aqueous workup produma 
the noncyclic dimer 8 (80% This is consistent 
with the intermediacy of silene 9, which can dimerize to 
8 via an ene-type reaction or via coupling followed by 
disproportionation. Dimers analogous to 8 were obtained 

Communications 

(16) Ohshita, J.; Masauka, Y.; Iehikawa, M. Organometallics 1991,10, 
3776. 
(17) For previous diecuseions see ref 6b and 16a and: Apeloig, Y.; 

Karni, M. J. Am. Chem. Soc. 1984,106,6676. 
(18) (a) CC:  Osawa, E. In Molecular Structure and Energetics; 

Liebman, J. F., Greenberg, A., Eds.; VCH Deerfield Beach, FL, 1986; 
Vol. 3, p 329. (b) C-Si: Sheldrick, W. S. In ref 2, Chapter 3. 
(19) Brook, A. G.; Nyburg, S. C.; Reynolds, W. P.; Poon, Y. C.; Chang, 

Y.-M.; Lee, J.-S.; Picard, J.-P. J. Am. Chem. SOC. 1979, 101,6760. 
(20) (a) The DYNAMAR program waa ueed: Meakin, P. 2. (modified by 

McKenna, S. T.), Department of Chemistry, University of California, 
Berkeley, CA 94720. (b) r = 0.996 (five temperatures). 
(21) Only a-lithiation occurs at room temperature. 
(22) lH NMR (C&: b 0.23 (1 H, 8, ring CH-Si), 0.36 (36 H, br 8,  

Me8Si), 0.79,0.87 (9 H each, 8, t-Bu), 1.2-2.4 (18 H, br m, cyclohexane + cyclohexene), 6.02 (1 H, s, CH==C). 13C NMR: 6 3.19, 3.66 (SiMes), 
20.05, 26.61, 26.73, 27.19, 28.03, 29.94, 30.00, 34.98, 43.73, 43.98 (tert- 
butylcyclohexane + tert-butylcyclohexene), 133.73,140.77 (-C=C-). 28si 
NMR: b -12.78, -13.07 (SiMea), 64.60,71.82 (SiSiMea). IR: 1607 (M) 
cm-'. MS (CI; m/e (relative intensity)): 624 (M', 83), 661 (Mt - MesSi, 
Sl), 485 (Mt - tert-butylcyclohexane, 301, 416 (M' - tert-butylcyclo- 
hexane - CsHlm 100). MS (EI): Mt, 624.4176; C32H,2S& requires 
624.4249. 
(23) The structure of 8 waa secured by X-ray analysis. 

from other silenes possessing allylic  hydrogen^.^^^^^ 

8 
SiMe3 
I 

9 

In conclusion, we have shown that a Peterson-type re- 
action presents a novel route for synthesizing sileneaZ We 
are currently studying the scope of this reaction and ita 
possible extension to other types of multiple bonds to Si 
as well as to the generation of C=Ge multiple bonds.2e 

Aclmowledgmsnt. This research was supported by the 
Wolf Fund for the Promotion of Science and the Arta, 
administered by the Israel Academy of Sciences and Hu- 
manities, by the Henri Gutwirth, E. J. Bishop, and A. and 
G. Greenberg (Ottawa) Funds for the Promotion of Re- 
search (Technion), and by a scholarship to D.B.-Z. from 
the Ministry of Immigrant Absorption, State of Israel. 

5,141397-7W 8,141397-72-0; 2-Ad-Si(SiMe&OCHB, 141397-71-9; 
adamantanone, 700-583; 1,l-bis(trimethylsilyl)spiro[silacyclo- 
hex-4-ena2,2'-tricyclo[ 3.3.l.l~']decane], 141397-73-1; butadiene, 
106-99-0; 1-methoxybutadiene, 3036-66-6; 4-tert-butylcyclo- 
hexanone, 9853-3; 1 , 1-bis( trimethylsilyl)-4-ethenylspiro [ eilacy- 
clobutane-2,2'-tricyclo[3.3.1.1SJ]decane] , 141397-74-2. 

Supplementary Material Available: Complete information 
on the X-ray crystal analysis of 2, which includes a description 
of the data collection and refinement, tables of positional and 
thermal parameters, full lieta of bond lengths and angles, and a 
f i e  showing the atom-numbering scheme (8 pages). Ordering 
information is given on any current masthead page. 

OM920154Q 

RsgiStm NO. 1, 81859-95-2; 2, 141397-684; 3, 141397-69-6; 

(24) Barton, T. J.; H o e h ,  S. K. J. Am. Chem. Soc. 1980,102,16&1. 
(25) While our work waa in progress,' Iehikawa et. al. reportdo that 

reaction of (Me3Si)&3iCOR (R = Me, Ph) with MeLi also producee tran- 
sient silenes. 
(26) For a recent review, see: Barrau, J.; Escudie, J.; Stage, J. Chem. 

Reo. 1990,90, 283. 
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