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NMR tube. The 'H NMR spectra, run within 15 min of preparing 
the solutions, were nearly identical, showing compound 3 present 
in ca. 90% purity contaminated by unidentified PMe,-containing 
material, but traces of decomposition products were present in 
the sample which had no CD,CN. Four hours later the NMR 
spectrum of the sample which had been treated with CD3CN was 
largely unchanged, with at least 75% of the initial amount of 
compound 3 remaining. But the sample which had not been 
treated with CD3CN had decomposed extensively. Only small 
amounts of compound 3 remained (ca. 9%). Approximately equal 
amounts of compound 4 and RhH2(PMeJ4+ [hydrido NMR signal, 
6 -10.6 d (137 Hz) of pseudoquartets (15 Hz), superimposable on 
the signal of an authentic  ample'^*^^] were present, each ap- 
proximately 29%, together with PMe3 signals of unidentified 
Rh(II1) compound(s). Also present was methyl vinyl ether (ca. 
29%) and methyl ethyl ether (ca. 33%). Amounts of species 
present were determined (15 percentage points) by 'H NMR 
integration and are reported as percentages of compound 3 ori- 
ginally present. 'H NMR of methyl vinyl ether (CD2C12):2s OCH,, 
6 3.54, s; =CH(OMe) 6.54, d of d (14.3, 6.8); =CH2 4.01, d of d 
(6.8, 2.2), 4.18, d of d (14.3, 2.2). 'H NMR of methyl ethyl ether 
(CD2C12): OCH,, 6 3.30, s; OCH2, 3.42, q; CH,, 1.71, t (7.0). 

For the isotope crossover studies, 13CH,-labeled compound 3 
(0.04 g) in CD2Clz was treated with methyl ethyl ether (more than 

(27) Herskovitz, T., unpublished work. 
(28) Herberhold, M.; Wiedersatz, G .  0.; Kreiter, C. G. 2. Naturforsch., 

B: Anorg. Chem., Org. Chem. 1976, 31B, 35-38. 

1.5 equiv, prepared from Me1 and NaOEt) and allowed to de- 
compose. NMR analysis of the solution revealed l3CH3CHZ0Me, 
unlabeled methyl ethyl ether, and 13CH2=CH(OMe). No 
12CH313CH20Me, 12CH2=13CH(OMe), nor 12CH2='2CH(OMe) 
could be detected (estimated detection limits 5%). 13C NMR of 

Hz. 13C NMR of 13CH312CH20Me (CD2C12): 6 16.5; J(13C-H) = 
129, 3 Hz. 

Decomposition of Compound 2 by Phosphine Redistri- 
bution Catalysis. A solution of compound 2 (0.025 g) in CD2C12 
was treated with a small amount (less than 0.002 g) of compound 
4. After 2 h the solution contained compound 2 (40% of the 
original amount), methyl vinyl ether and methyl ethyl ether (each 
28%), and compound 3 (4%). In a repeat of this experiment the 
reaction went to completion within 4 h. A solution of compound 
2 alone in CD2C12 did not measurably react during this time. 
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Cleavage of [Ptz(~-C1)zPhz(PPh,)2] with T1C5H5 produces [Pt(q5-C5H5)Ph(PPh3)], but in low yield. 
Reaction of [Pt(q1-C5H5)Ph(cod)] with PPh, in THF solution gives [Pt(q':q2-C8Hl2C5H5)Ph(PPh3)] (1) 
in which the cyclopentadienyl and cyclooctadiene moieties are coupled. In ether 1 and [Pt(q5-C5H5)Ph(PPha)] 
are both formed. Treatment of [Pt(q1-C5H5)Ph(cod)] with dppe or appe in ether solution results in 
displacement of cyclooctadiene, but the reaction with dppe in THF yields [Pt(q'-C5H5)Ph(dppe)] and a 
coupling product. The products are characterized by elemental analysis and by 'H, 13C('H], and 31P{1HJ 
NMR spectroscopy. 

Introduction 
We have recently shown that [ P Z  

(C6H4N=NPh) (q5-C5H5)] undergoes a hydrogen-deuteri- 
um exchange reaction a t  the cyclopentadienyl ring when 
treated with nucleophiles such as tertiary phosphines in 
suitable deuterated solvents.' A mechanism involving 
C5H5- dissociation was suggested by us, and support for 
this proposal arises from the recent isolation and structural 
characterization2 of [Re(CH3)(NO)(PMeJ4]+C5H5-. Our 
preliminary studies indicated that these H-D exchange 
phenomena are not limited to  palladium complexes con- 
taining chelating 1igands.l In order to determine whether 
C5H5- dissociation from palladium, or platinum, indeed 
occurs, we sought to prepare complexes of the type [M- 

(1) Anderson, G. K.; Saum, S. E.; Cross, R. J.; Morris, S. A. Organo- 

(2) Casey, C. P.; OConnor, J. M.; Haller, K. J. J. Am. Chem. Soc. 1985, 
metallics 1983, 2, 780. 

107, 1241. 

0276-7333 1 86 12305- 1903$01.50/0 

(v5-C5H5)RL] (M = Pd, Pt ;  L = tertiary phosphine) and 
to investigate their reactions with nucleophiles, the plat- 
inum complexes being more amenable to study by NMR 
spectroscopy. 

There are a number of compounds of this form which 
contain chelating but isolable compounds of the 
type [M(q5-C5H5)RL] are rare,7-'0 and only three such 
platinum compounds are known7 Since [Pt(q5-C,H5)XLI 
(X = halide) compounds are much more difficult to pre- 
pare than their palladium analogues, alternative precursors 

(3) Cope, A. C.; Siekman, R. W. J. Am. Chem. SOC. 1965 87, 3272. 
(4) Tune, D. J.; Werner, H. Helv.  Chim. Acta 1975, 58, 2240. 
(5) Goel, A. B.; Goel, S.; Van Der Veer, D.; Clark, H. C. Inorg. Chim. 

(6) Stille, J. K.; Morgan, R. A. J. Am. Chem. SOC. 1966, 88, 5135. 
(7) Cross, R. J.; Wardle, R. J. Chem. SOC. A 1971, 2000. 
(8) Turner, G. K.; Felkin, H. J. Organomet. Chem. 1976, 121, C29. 
(9) Suzuki, K.; Hanaki, K. Inorg. Chim. Acta 1976, 20, L15. 
(10) Majima, T.; Kurosawa, H. J. Chem. SOC., Chem. Cornrnun. 1977, 

610. Kurosawa, H.; Majima. T.: Asada. N. J.  Am. Chem. SOC. 1980.102. 
6996. 

Acta 1981,53, L117. 
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to the desired compounds were studied. These included 
the halide-bridged dimers [Pt2(p-X)2Ph2L2] 'I and the 
previously unreported q'-cyclopentadienyl complex [Pt- 
(q1-C5H5)Ph(cod)]. These investigations are the subject 
of this paper. 

Experimental Section 
The 'H, '3C{1H}, and 31P{1H) NMR spectra were recorded on 

a Varian XL-300, Bruker WP-200, or JEOL FX-100 instrument. 
Proton and carbon chemical shifts are relative to internal (CH,),Si, 
and phosphorus shifts are relative to external 85% H,PO,, more 
positive shifb representing deshielding. Elemental analyses were 
performed by Galbraith Microanalytical Laboratories, Knoxville, 
TN. 

All reactions were carried out under an argon atmosphere. 
Phosphorus ligands were obtained from Alfa Products or Aldrich 
and used without further purification. [PtClPh(c~d)]'~ and 
[Ptz(~-C1)2Phz(PPh3)z]11 were prepared according to established 
procedures. 

Preparation of [Pt(q1-C5H5)Ph(cod)]. Solid TlC5H5 (0.589 
g, 2.19 mmol) was added to a THF solution of [PtCPh(cod)] (0.905 
g, 2.18 mmol), and the mixture was stirred in the dark for 2 h. 
The yellow solution was filtered and evaporated to dryness. The 
residue was extracted with ether (20 mL), and the solution was 
filtered and evaporated to ca. 2 mL. Cooling to -78 "C gave the 
product as yellow crystals which were filtered and washed with 
ether (2 mL) at -78 "C: yield 0.757 g (78%); mp 100 "C. Anal. 
Calcd for Cl9HzzPt: C, 51.23; H, 4.98. Found: C, 51.22; H, 5.12. 
'H NMR (CDCI,): 6 6.05 (Jp tH = 44 Hz, C5H5), 4.4 (br) and 4.6 
(br, CH), 2.3 (br, CH,), 6.9-7.4 (C6H5). 

Preparation of [Pt(q5-C5H5)Ph(PPh3)]. Benzene (15 mL) 
was added to a mixture of [Ptz(p-C1)2Ph2(PPh3),1 (0.583 g, 0.512 
mmol) and TlC5H5 (0.301 g, 1.12 mmol). After being stirred for 
3 h, the yellow solution was filtered and evaporated to dryness. 
The residue was dissolved in toluene, and the solution was fiitered 
and treated with petroleum ether. Cooling to -20 "C for several 
days gave the product as yellow crystals (0.135 g, 22%). Anal. 
Calcd for CZ9Hz5PPt: C, 58.09; H, 4.20. Found: C, 58.36; H, 4.29. 

6.6 (m, C6H5), 7.0-7.5 (PPh3). 31P{1H) NMR (CDCl,): 6 12.3 (lJRp 
= 5680 Hz). 

Preparation of [Pt(q':q2-C8H12-C5H5)Ph(PPh3)] (1) .  Tri- 
phenylphosphine (0.124 g, 0.473 mmol) was added to a THF 
solution of [Pt(q1-C5H5)Ph(cod)] (0.210 g, 0.472 mmol). After 1 
h the solution was evaporated to dryness. The pale yellow residue 
was extracted with ether (10 mL), and the solution was filtered 
and reduced in volume until the product precipitated as a white 
solid (0.222 g, 67%). Anal. Calcd for C37H37PPt: C, 62.79; H, 
5.27. Found: C, 62.44; H, 5.49. 'H NMR (CDCI,): 6 4.6 (br, 
shoulders due to unresolved lg5Pt coupling, CH), 5.83,6.03,6.09, 
6.19, 6.34 (C5H5 ring, olefinic CH), 1.5-3.0 (complex, CH2 and 
aliphatic CH), 6.7-7.5 (CsH5). 13C{lH) NMR: 6 95.8 (JRC = 63.5 
Hz, CH), 99.2 (JPtC = 53.6 Hz, CHI, 18-46 (complex, aliphatic 
carbons), 121-137 (olefinic and aromatic carbons). 31P(1HJ NMR 

Preparation of [Pt(q1-C5H5)Ph(dppe)] (2). To an ether 
solution (50 mL) of [Pt(q'-C5H5)Ph(cod)] (0.704, 1.58 mmol) was 
added dppe (0.629 g, 1.58 mmol), and the mixture was stirred for 
6 h. The white product was filtered and washed with ether (10 
mL); yield 0.383 g (33%). Anal. Calcd for C37H34P2Pt: C, 60.40; 
H, 4.66. Found: C, 60.26; H, 4.67. (Removal of the solvent and 
spectroscopic examination of the residue indicated that it was 
largely [Pt(q1-C5H5)Ph(dppe)].) 'H NMR (CDCI,): 6 5.68 (dd, 
JPH = 3.7 HZ and 1.2 Hz, J m  = 37.4 Hz, C5H5) 1.8-2.1 (m, CHJ, 
6.7-7.6 (m, C6H5). 13C{lH) NMR: 6 114.0 (d, Jpc = 11.7 Hz, JptC 
= 63.0 Hz, C5H5), 127-137 (C&5) (resonances due to CH2 not 
detected). ,lPl1H) NMR 6 44.9 ('JW = 1814 Hz, P trans to Ph), 
40.9 (lJptp = 2578 Hz, P trans to C5H5). 

Preparation of [Pt(q'-C5Hs)Ph(appe)] (3). To an ether 
solution (10 mL) of [Pt(q1-C5H5)Ph(cod)] (0.106 g, 0.238 mmol) 

'H NMR (CDCl3): 6 5.75 (d, J p H  = 1.4 Hz, JRH = 10.7 Hz, C5H5), 

8 22.8 (lJptp = 1318 Hz). 

Anderson 

was added appe (0.105 g, 0.238 mmol). The latter dissolved, and 
within a few minutes a white precipitate appeared. After 3 h the 
product was filtered: yield 0.074 g (40%). Anal. Calcd for 
C37H34A~PPt: C, 57.00; H, 4.40. Found: C, 56.50; H, 4.58. 
(Removal of the solvent and spectroscopic examination of the 
residue revealed that it was largely [Pt(q'-C5H5)Ph(appe)].) 13C(lH) 

26.8 (m, CH2), 126-136 (C6H5). 31P(1H} NIVR 6 40.9 ('Jptp = 2647 
Hz, P trans to C5H5). 

Results and Discussion 
When the chloride-bridged dimer [Pt2(~-Cl),Ph,(PPh3),1 

is treated with TlC5H5 in benzene solution, the q5-cyclo- 
pentadienyl complex [Pt(q5-C6H5)Ph(PPh3)] is formed (eq 
1). The product is obtained as yellow, air-stable crystals 

NMR (CDCl,): 6 114.0 (d, J p c  = 10.3 Hz, JptC = 58.6 Hz, C5H5), 

(11) Eaborn, C.; Odell, K. J.; Pidcock, A. J .  Chem. Soc., Dalton Trans. 

(12) Eaborn, C.; Odell, K. J.; Pidcock, A. J.  Chem. Soc., Dalton Trans. 
1978, 1288. Anderson, G. K.; Cross, R. J. Ibid. 1979, 1246. 

1978, 357. 

Ph' '4 Ph' 'P~h3 

from toluene-petroleum ether a t  -20 "C. In the 'H NMR 
spectrum of the complex, the cyclopentadienyl resonance 
a t  6 5.75 appears as a doublet due to coupling to 31P, and 
the small Jpm is typical of a q5-cyclopentadienyl g r o ~ p . ~ J ~  
The 31P(1H) NMR spectrum exhibits a single resonance a t  
6(P) 12.3 with a very large lJptp value of 5680 Hz. The 
complex is obtained in low yield by this route, however, 
and monitoring the reaction by 31P(1HJ NMR spectroscopy 
reveals that a number of other species are formed. The 
analogous reaction of [P t , (p~-Cl)~Ph~(PEt~) ,1  results in 
decomposition. 

An alternative potential route to [Pt(q5-C5H5)RL] com- 
plexes appeared to  be by displacement of 1,5-cyclo- 
octadiene from [Pt(ql-C,HdR(cod)] by tertiary phosphine, 
followed by q' - q5 rearrangement of the cyclopentadienyl 
moiety. [Pt(q1-C5H5)Me(cod)] has been shown to react 
with carbon monoxide to yield [Pt(q5-C5Hs)Me(CO)],13 but 
reactions with phosphines appeared to be more compli- 
cated. We have prepared the previously unreported com- 
plex [Pt(q1-C5H5)Ph(cod)] in a manner analogous to that 
reported by Clark and Shaver for the corresponding methyl 
c o m p ~ u n d . ' ~  The product is obtained in good yield as 
yellow, air-stable crystals by cooling an ether solution to 
-78 O C .  In its 'H NMR spectrum the cyclopentadienyl 
protons exhibit a coupling to platinum of 44 Hz, typical 
of a q1-ring.7J3 

When a THF solution of [Pt($-C5H5)Ph(cod)] is treated 
with 1 molar equiv of PPh,, a single complex is produced, 
which is obtained as a white solid from ether solution. Its 
analysis indicates PPh, addition occurs without loss of any 
of the original ligands. The 31P(1H1 NMR spectrum of this 
complex exhibits a single resonance with platinum satel- 
lites. The small value of 'Jptp is indicative of PPh, lying 
trans to a substituent of high trans influence,14 such as an 
alkyl or aryl group. The 'H NMR spectrum contains a 
broad resonance a t  6 4.6, with shoulders due to unresolved 
coupling to platinum, and integration reveals that this 
signal represents two protons. Thus one of the platinum- 
olefin interactions remains intact, and the 13C(1H) NMR 
spectrum shows that the two carbon atoms of the coor- 
dinated olefin are nonequivalent with separate signals 
being observed a t  6(C) 95.8 and 99.2, each exhibiting 
coupling to platinum. No +cyclopentadienyl resonance 
is observed in the 'H or 13C{lH] NMR spectrum, but several 
olefinic CH resonances are present in the former in the 

(13) Clark, H. C.; Shaver, A. Can. J .  Chem. 1976, 54, 2068. 
(14) Appleton, T. G.; Clark, H. C.; Manzer, L. E. Coord. Chem. Reu. 

1973, 10, 335. 
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Preparation of Cyclopentadienylplatinum Complexes 

range 6 5.8-6.4. These NMR data appear to be consistent 
with structure 1. The stereochemistry at  the carbon atom 

dCP 

Organometallics, Vol. 5, No. 9, 1986 1905 

1 

to which the cyclopentadienyl group is attached is un- 
certain. Due to the complexity of the aliphatic region in 
the 'H and 13C(1H) spectra, resonances due to the plati- 
num-bound CH group are not assignable. The number of 
olefinic CH resonances indicates the presence of more than 
one isomer of the coupled cyclopentadienyl group. Com- 
parison with the 'H NMR spectra of isomeric methyl- 
cyclopentadiene~'~ suggests that the 1- and 2-substituted 
rings are present, though the 5-substituted isomer may also 
be involved. The complexity of the aromatic region does 
not permit assignment of carbon resonances to the cyclo- 
pentadiene moiety. 

Addition of PEt, to a THF-$ solution of [Pt(q'- 
C,H,)Ph(cod)] yields an analogous complex. Its 31P(1H) 
NMR spectrum exhibits a single resonance a t  b(P) 14.0 
('Jptp = 1398 Hz), a broad resonance at  6 4.3 with unre- 
solved coupling to platinum is observed in the 'H NMR 
spectrum, and two platinum-bound olefinic carbons are 
seen in the 13C('H) NMR spectrum at 6(C) 94.3 (JRC = 68 
Hz) and 96.9 (Jptc = 50 Hz). In this case the 120-140 ppm 
region is less complex, and six intense resonances are ob- 
served. Three of these will be due to the proton-bearing 
carbons of the phenyl ring (the platinum-bound carbon is 
not readily detected); indeed, two of the peaks show cou- 
pling to platinum (6(C) 128.6 (JPtC = 85 Hz); 6(C) 136.0 
(JPtC = 35 Hz)), providing further evidence that it is the 
cyclopentadienyl moiety and not the phenyl group, which 
is transferred from platinum to the coordinated cyclo- 
octadiene. Three of the remaining four resonances could 
be due to either a 1- or 2-substituted cyclopentadiene.16 
In this case only one isomer appears to be formed, a t  least 
at  short reaction times. 

When the reaction of [Pt(q1-C5H5)Ph(cod)] with PPh3 
is performed in ether solution, a mixture of [Pt(q1:q2- 
C8H12.C5H5)Ph(PPh3) J (1) and [Pt(.r15-C5H,)Ph(PPh3) J 
results. After solvent removal and dissolution in CDCl,, 
the 31P(1HJ NMR spectrum indicates that the products are 
present in a 1:l ratio. Thus, in ether solution, a reaction 
involving .rl' - 77, rearrangement of the cyclopentadienyl 
moiety competes effectively with the coupling reaction 
described above. Since THF is better able to support ionic 
intermediates, we suggest that this solvent dependence 
may be rationalized if the coupling reaction proceeds by 
displacement of C5Hf, followed by attack of this anion on 
the coordinated olefin. If so, the attack is likely to be from 
the face opposite the metal, and studies are continuing to 
determine the stereochemistry of the product. 

With the bidentate ligands 1,2-bis(diphenyl- 
phosphin0)ethane (dppe) and l-(diphenylarsino)-2-(di- 
pheny1phosphino)ethane (appe) novel ql-cyclopentadienyl 
complexes are obtained. When an ether solution of [Pt- 
(v'-C,H,)Ph(cod)] is treated with 1 molar equiv of dppe, 
a white precipitate is formed, which is identified as [Pt- 
(q1-C5H5)Ph(dppe)] (2). Its 'H NMR spectrum exhibits 
a cyclopentadienyl resonance at  6 5.68, which appears as 

Ph2 Phz 

p p t / P h  [;s'pt /p 

h 2  " '0 \ Php' 

2 3 

a doublet of doublets due to coupling to cis and trans P 
atoms, for which the magnitude of the coupling to lg5Pt 
is indicative of a ql-cyclopentadienyl ring.7J3 In the 13C(1H) 
NMR spectrum the cyclopentadienyl resonance appears 
as a doublet; coupling to the cis P atom is unresolved. The 
31P(1H) NMR spectrum of the complex shows two reso- 
nances with lJptp values similar to those reported for 
[Pt(q1-C5H5)Me(dppe)].l7 (The two-bond phosphorus- 
phosphorus coupling is too small to be resolved, which is 
often the case in Pt-dppe comple~es.~~- '~) The VPtp value 
for the P atom trans to Ph  is 1814 Hz, whereas that for 
the P atom trans to the cyclopentadienyl group is 2578 Hz. 
When the corresponding reaction with appe is carried out, 
a white precipitate is again formed. Spectroscopic exam- 
ination reveals that the product is [Pt(.rl'-C,H,)Ph(appe)] 
(3) in which the P atom is trans to the C5H5 ring, as would 
be expected on the basis of the trans influences of the 
ligands involved.14J7 The cyclopentadienyl resonance in 
the 13C('H) NMR spectrum appears as a doublet due to 
coupling to the trans P atom, and the lJptp value is in- 
dicative of a phosphino moiety trans to a 771-C5H5 ring. 

When CDC13 solutions of [Pt(.rl'-C,H,)Ph(dppe)]. or 
[Pt(ql-C,H,)Ph(appe)] are allowed to stand for several days 
a t  ambient temperature, quantitative conversion to 
[PtClPh(dppe)] or [PtClPh(appe)]18 occurs. The reaction 
of [Pt(q'-C,H,)Ph(dppe)] with CDC1, is catalyzed by 
PMePh,, and with 1 molar equiv of PMePhz the [PtPh- 
(dppe)(PMePh2)]+ cation is produced quantitatively. The 
latter is presumably present as its chloride salt, and its 
31P(1Hj NMR spectrum is identical with that of [PtPh- 
(dppe)(PMePh2)]BPh4, obtained by treatment of 
[PtClPh(dppe)] with PMePh, in the presence of NaBPh, 

Hz); 6(Pc) 3.2 ('JptPc = 2715 Hz); 2JpApE not observed, ,JpAPc 

If the reaction of [Pt(q'-C5H5)Ph(cod)] with dppe is 
performed in THF solution, examination of the solution 
by 31P(1H) NMR spectroscopy indicates formation of an 
approximately 1:l ratio of [Pt(.rl'-C,H,)Ph(dppe)] and a 
second Pt-dppe complex (6(PA) 41.3 ('JptpA = 1836 Hz); 
b(PB) 37.5 ('JptpE = 1397 Hz)). We have been unable to 
separate these complexes satisfactorily, but the magnitudes 
of the two coupling constants appear to be consistent with 
a compound of the type [Pt(q1-C8H12-C5H5)Ph(dppe)] in 
which the second olefinic group is uncoordinated. Such 
a formulation is consistent with the earlier observation that 
coupling of the cyclopentadienyl and cyclooctadiene 
moieties occurs more readily when THF is used as solvent 
(vide supra). 

In an attempt to prepare an analogous compound con- 
taining monodentate phosphines, [Pt(.rl':772-C8H12C5H5)- 
Ph(PPh,)] was treated with triphenylphosphine. No re- 
action occurs, however, indicating that PPh3 is unable to 
displace the olefinic moeity of the $:q2-C8HlzC5H5 ligand. 
A similar result is found when PEt3 is added to a [Pt- 
(.rl1:.rl2-C&C5H5)Ph(PEt3)] solution. 

We are currently studying the solvent dependence of the 
reactions of [Pt(v'-C,H,)R(cod)] complexes with phos- 

 PA) 44.4 ('Jptp, = 1719 Hz); 6(P,) 48.3 ('JptpE = 2660 

19 Hz, 'JpB!, = 371 Hz). 

(15) Korenevsky, V. A.; Sergeyev, N. M. J. Am. Chem. SOC. 1972,94, 
8586. Ohta, H.; Kobori, T.; Fujisawa, T. J. Org. Chem. 1977, 42, 1231. 

(16) Grishin, Yu. K.; Sergeyev, N. M.; Ustynyuk, Yu. A. Org. Magn. 
Reson. 1972, 4, 377. 

(17) Appleton, T. G.; Bennett, M. A. Inorg. Chem. 1978, 17, 738. 
(18) Anderson, G. K.; Clark, H. C.; Davies, J .  A. Inorg. Chem. 1981, 

(19) Anderson, G. K.; Lumetta, G. J. Organometallics 1985,4, 1542. 
20, 3607. 
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phorus ligands, as well as investigating the mechanism of 
these unusual coupling reactions. The results of these 
studies will be reported in due course. 
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Preparation of Vinylstannanes via the Peterson Reaction 
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The condensation of anions derived from (phenylthio) (tri-n-butylstannyl) (trimethylsily1)methane (2a), 
tert-butyl (tri-n-butybtannyl) (trimethylsilyllacetate (2b), and (tri-n-butylstannyl)(trimethylsilyl)methane 
(2c) with carbonyl compounds was used to compare the Peterson and tin eliminations. In all cases, the 
silicon moiety was eliminated to give the vinylstannane 4. 

A recent paper,l describing the elimination of silicon 
from a P-silyl-/?-stannylalkoxide (1) derived from conden- 
sation of an a-silyl-a-stannyl ester enolate with a carbonyl 
compound, prompts us to report our results in this area. 

The Peterson reaction2 has found acceptance as a useful 
alternative to the Wittig reaction. By contrast, the tin 
analogue of this elimination has found little use in syn- 
thesis although it is known3 and has been shown to exhibit 
stereochemical contr01.~ Previous studies suggested that 
the route outlined in Scheme I could provide a general 
method to vinyl~tannanes. ' ,~ 

Our initial studies were carried out with the sulfide 2a 
which is readily available from (phenylthio)(trimethyl- 
sily1)methane (3).6 Anion formation with potassium di- 
isopropylamide (KDA), or lithium diisopropylamide (LDA) 
in the presence of hexamethylphosphoric triamide 
(HMPA), followed by condensation with a nonenolizable 
carbonyl compound gave the vinylstannanes (4a, R2 = Ph, 
R3 = H, 63%; R2 = R3 = Ph, 27%). No stereoselectivity 
was seen, nor was any vinylsilane detected (NMR, GLC, 
TLC); the balance of material was 2a together with a small 
amount (ca. 10%) of 3. Enolizable carbonyl compounds 
were deprotonated by the anion which is also a base. Some 
aldehydes (e.g., hexanal), however, did give low yields of 
4a (<20%); the amount of destannylation increased in 
these cases. The trimethylstannyl compound 5 has been 
shown to react in an analogous manner, although the yields 
were higher with enolizable  aldehyde^.^ 

re3Ysph SiMe3  

(1) Zapata, A,; Fortoul, R. C.; Acuna, A. C. Synth. Commun. 1985,15, 

( 2 )  For a review see: Ager, D. J. Synthesis 1984, 384. 
(3) Murayama, E.; Kikuchi, T.; Sasaki, K.; Sootome, N.; Sato, T. 

Chem. Lett. 1984, 1897. Sato, T.; Kikuchi, T.; Sootome, N.; Murayama, 
E. Tetrahedron Lett. 1985, 26, 2205. 

(4) Kauffmann, T.; Kriegsmann, R.; Altepeter, B.; Steinseifer, F. 
Chem. Ber. 1982,115,1810. Davis, D. D.; Gray, C. E. J. Org. Chem. 1970, 
35, 1303. 

(5) Grobel, B. T.; Seebach, D. Chem. Ber. 1977, 110, 852. 
(6) Ager, D. J. Tetrahedron Lett. 1981,22, 2803. Ager, D. J. J .  Chem. 
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Scheme I 

2 1 

a Q' : SPh 
b :C02Bu- t  
c =li 

4 

4r -E  R f H , R 3 = P h  
4 r - 2  $=Ph,R3=H 

The a-silyl-a-stannyl ester 2b was prepared by a similar 
method to that already described' from tert-butyl (tri- 
methy1silyl)acetate.l The tin moiety had to be introduced 
last to circumvent the problem of 0-silylation. The a- 
stannyl esters were relatively difficult to purify; significant 
destannylation occurred under mild conditions, such as 
chromatography on silica. Again, the anion was prepared 
by treatment with KDA or LDA-HMPA and gave good 
yields with nonenolizable carbonyl compounds (4a, R2 = 
Ph, R3 = H, 72%; R2 = R3 = Ph, 46%) but tended to act 
as a base with enolizable aldehydes and ketones. 

Finally, the unsubstituted derivative (tri-n-butyl- 
stannyl)(trimethylsilyl)methane (2c) was prepared by 
condensation of ((trimethylsilyl)methyl)magnesium chlo- 
ride with tri-n-butyltin chloride in 95% yield; this proce- 
dure has the advantage of cheaper reagents than the 
previously reported route.8 Deprotonation of 2c proved 
troublesome; not a surprising observation as bis(tri- 
methylsily1)methane is also difficult to deprotonate: and 
use of alkyllithiums result in transmetalation of a stannyl 
group.g No reaction occurred between IC and LDA, but 
deprotonation was achieved with KDA-albeit in 45% 
yield as detected by deuteration; some destannylation (ca. 
20%) also occurred. Condensation of this anion derived 
from IC with benzaldehyde led to the vinylstannane (4c, 
R2, R3 = H, Ph; 35%; an E:Z ratio of 1:l by NMR). No 
vinylsilane was detected. Reactions with enolizable car- 
bonyl compounds resulted in deprotonation of the latter. 

Small amounts of destannylated alkenes were detected 
from the reactions of 2a and 2c. This observation suggests 

(7) Zapata, A.; Acuna, A. C. Synth. Commun. 1984, 14, 27. 
(8) Seitz, D. E.; Zapata, A. Tetrahedron Lett. 1980, 21, 3451. 
(9) Ager, D. J. J .  Chem. SOC., Perkin Trans. I 1983, 1131. 
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