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Summary: The reaction of siloxycyclopropanes la,b with 
Zeise's dimer ( [R(C2H,)C12] 2) in CHCI, yields ethylene- 
coordinated @-platinum ketones 2a,b in high yields, re- 
spectively. The structure of 2b has been determined by 
X-ray diffraction methods, showing a chloride-bridged di- 
meric structure. Treatment of 2a with carbon monoxide 
gives the monomeric CO complex 3a, which has intra- 
molecular coordination of the carbonyl group. 

Metal-induced ring opening of cyclopropanes is of con- 
siderable interest in terms of an easy access to metal- 
carbon u bonds.' Above all, siloxycyclopropanes 1 are 
noteworthy because of their marked reactivity toward a 
wide range of metal salts as well as synthetic utility.2 We 
have previously revealed that the ring opening of 1 with 
metal salts occurred between siloxy and adjacent carbons 
and usually brought about the desilylation to form stable 
or intermediary @-metallo  ketone^.^^^ In this context we 
were particularly intrigued by the possibility of the for- 
mation of stable @-platinum ketones by the ring opening 
of 1 with Zeise's dimer? although unfunctionalized cyclo- 
propanes are known to react with this platinum complex 
to give platinacyclobutanes.6 Very recently Jennings et  
al. have reported their work on the reaction of a tetra- 
substituted cyclopropane, a methoxy group being one of 
the substituents, with Zeise's dimer.' This has prompted 
us to present our results, and we report here the first 
isolation and characterization of the ethylene complexes 
of @-platinum ketones 2, which were quite smoothly al- 
lowed by this reaction. 

The reaction of the (1-pheny1)siloxycyclopropane com- 
pound la with [Pt(C2H4)Cl2l2 in CHC13 took place readily 
with liberation of a chlorosilane to give an orange solution 
of @-platinum ketone 2a. Dropping the solution into 
pentane, followed by recrystallizing from toluene, allowed 
the isolation of 2a as white microcrystals (mp 102-104.5 
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"C dec).8 The 'H NMR measurement suggested the 
formation of an ethylene complex of @-platinum ketone 
2a, giving a singlet at  6 3.85 (2Jpt-H = 79 Hz, 4 H) for 
ethylene protons, a triplet at  6 1.55 (2Jpt-H = 72 Hz, 2 H) 
for methylene protons on the carbon at  the a-position from 
platinum, and a triplet a t  6 2.98 (3&-H = 29 Hz, 2 H) for 
methylene protons on the &carbon. In the IR spectrum 
a normal C-0 stretching frequency was observed a t  1684 
cm-'. To define the geometry at  the Pt atom, an X-ray 
structure analysis of 2b,9 which was prepared from the 
(p-chloro-1-pheny1)siloxycyclopropane compound lb in the 
same way, was carried out (Figure 1).lo The strikingly 
simple structure of this complex features the chloride- 
bridged dimer and the expected square-planar geometry 
of the Pt(I1) atoms, in which the ethylenes are almost 
perpendicular." 

The @-platinum ketones are air-stable for several days 
but are quite labile to acids. For example, the reaction of 
2a with HC1 (from Me3SiC1 + H20) gave propiophenone 
(3) quantitatively with the regeneration of Zeise's dimer. 
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Reductive Pt-C cleavage of 2a with Me3SiD also took place 
readily to give @-deuteriopropiophenone (4) in high yield 
together with unidentified black precipitates. P-Elimina- 
tion of 2a occurred instantly on addition of 1 equiv of 
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40.4 (VPt4 = 27 Hz), 6.3 (IJpt4 = 760 Hz). Anal. Calcd for 
C22H260zC12Pt2: C, 33.73; H, 3.34. Found: C, 33.89; H, 3.27. 

(9) Spectroscopic and analytical data for complex 2b: mp 127-127.5 
OC dec; IR (KBr) 3074, 2936, 2879, 1683, 1589, 1487, 1395, 1352, 1211, 
1092, 1013,964, 520, 421 cm-I; 'H NMR (270 MHz, CDClJ 6 7.92 (d, 2 

7.3 Hz);% NMR (68 MHz, CDCI,) 6 201.7, 139.9, 134.4, 130,0, 129.0,40.4 
(%Ipt4 = 29 Hz), 6.0 (lJpt4 = 702 Hz). Anal. Calcd for CzzHp4OZCl4P~: 
C, 31.00; H, 2.84. Found: C, 30.85; H, 2.81. 

(10) Crystals of 2b were grown from chloroform/cyclohexane. Crystal 
data: C22H2,02Cl4Pt , M, = 852.40, triclinic, space group P I ,  u = 4.986 
(3) A, b = 6.587 (3) i, c = 18.790 (17) A, n = 91.32 ( 7 ) O ,  @ = 91.32 ( 7 ) O ,  

y = 81.21 (8)O, V = 603.3 (7) A?, Z = 1, D, = 2.346 g cm'S, X(Mo Ka) = 
0.7107 A, fi  = 126.4 cm-', F(000) = 396,628 scan method. The structure 

H, JH-H = 8.8 Hz), 7.43 (d, 2 H, JH-H 
H, 3Jpt- 

8.8 Hz), 3.80 ( 8 ,  4 H), 2.93 (t, 2 
- 25 Hz, JH-H = 7.3 Hz), 1.47 (t, 2 H, *Jpt+  = 74 Hz, JH-H = 

was solved by the heavy-atom method and refined anisotropically by a 
block-diagonal least-squares procedure. R = 0.069 for 1579 unique ob- 
served reflections (IFJ >- 20(F0), 28 5 50O). 

(11) To our knowledge, such types of platinum complexes having the 
alkyl-substituted structure of Zeise's dimer have rarely been seen except 
for the methyl Pt(I1) complex [Ptz(p-C12)Mez(CzH,)z]; see: Scott, J. D.; 
Puddephatt, R. J. Organometallics 1986, 5, 1253. 
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Figure 1.  ORTEP drawing of complex 2b. The molecule lies on the crystallographic center of symmetry. Selected bond distances (A) 
and angles (deg) are shown. 
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diisopropylamine to give the a,p-unsaturated ketone 5 in 
88% yield.12 

The ligand exchange of 2a with carbon monoxide was 
quite intriguing since the participation of an internal 
carbonyl group was also observed (Scheme I). Bubbling 
of carbon monoxide into a CHC1, solution of 2a at 25 "C 
gave the monomeric CO complex 6a (70%). The structural 
and stereochemical formulation was consistent with the 
spectroscopic data?, two C-O stretching frequencies (2071 
and 1535 cm-') showed the coordination of carbon mon- 
oxide and an internal carbonyl oxygen to piatinum, and 
the low coupling constant a t  b 8.8 (lJPtC = 550 Hz) could 
be attributed to the alkylplatinum group trans to carbon 
monoxide rather than trans to Cl.14 This result is in 
contrast with the reaction of the methyl(ethy1ene)platinum 

(12) For @-hydride elimination from @-Pd(I1) ketones and @-Cu(I1) 
ketones, see refs 3a,c. 

(13) Spectroscopic and analytical data for complex 6a: mp 138-140 
"C dec; IR (KBr) 3051,2965,2071,1598,1586,1535,1449,1372,1247,681, 
552 cm-'; *H NMR (270 MHz, CDC13) 6 8.17 (d, 2 H, JH-H = 7.8 Hz), 7.79 

H z ) ; ~  NMR (68 MHz, CDC1,) 6 214.0, 157.0, 138.0, 131.7, 129.6,44.7, 
8.8 ('Jpt4 = 550 Hz). Anal. Calcd for CloH,OzCIPt: C, 30.66; H, 2.32. 
Found: C, 30.80, H, 2.34. 

(14) (a) Chisholm, M. H.; Clark, H. C.; Manzer, L. E.; Stothers, J. B.; 
Ward, J. E. H. J.  Am. Chem. SOC. 1973,96,8574. (b) Browing, J.; Goggin, 
P. L.; Goodfellow, R. J.; Hurst, N. W.; Mallison, L. G.; Murray, M. J. 
Chem. SOC., Dalton Tram. 1978,872. (c) Chinakov, V. D.; Il'inich, G. N.; 
Zudin, V. N.; Likholobov, V. A,; Nekipelov, V. M. J. Organomet. Chem. 
1989,366, 421. A reviewer has suggested that observed the low VR-H 
value (44 Hz at  6 2.56) in the 'H NMR spectrum may be due to the 
metallacycle structure of 6a. 

(t, 2 H, JH-H 
Vpt-  

7.3 Hz), 7.54 (dd, 2 H, JH-H 7.8, 7.3 Hz), 3.78 (t, 2 H, 
24 Hz, JH-H = 5.9 Hz), 2.56 (t, 2 H, * J p t - ~  = 44 Hz, JH-H = 5.9 

analogue with carbon monoxide to form the dimeric CO 
complex [Pt2(p-C1)2Me2(CO)2].'2 However, when this re- 
action was monitored by low-temperature 'H NMR spec- 
troscopy (-40 "C, CDC13), distinct peaks were observed15 
at  6 3.55 (t, 2 H, 3Jqt-H = 26 Hz) and 6 2.26 (t, 2 H, 2JPt-H 
= 64 Hz), which might indicate the formation of the di- 
meric complex 7a. The complex 7a was thermally unsta- 
ble, and an increase of temperature readily allowed the 
conversion of 7a into 6a. 

It  should be noted that we have encountered the for- 
mation of (siloxy)alkenes, ring-opened isomers of 1, when 
2-alkyl-substituted siloxycyclopropanes were employed as 
the substrates. This might suggest that the ring opening 
of 1 with Zeise's dimer includes the intermediacy of pla- 
tinacyclobutanes at  the first step.16J7 Such an additional 
aspect of the reaction of 1 with Zeise's dimer will be re- 
ported in due course. 
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(15) 6 8.19 (d, 2 H, JH-H = 7.3 Hz), 7.83 (t, 1 H, JH-H = 7.4 Hz), 7.47 
7.4,7.3 Hz), 3.55 (t, 2 H, 3Jpt44 = 26 Hz, JH-H = 5.9 Hz), (dd, 2 H, JH-H ~~ .~ 

2.26 (t, 2 H, V p t - ~  64 Hz, JH-H 5.9 HZ); ~~ 

(16) The formation of olefins from platinacyclobutanes (pyridine 
complexes) has precedents; for example: Johnson, T. H.; Cheng, S.-S. J. 
Am. Chem. SOC. 1979,101, 5277. 

(17) To our best of our knowledge, the fate of an ethylene ligand 
associated with the formation of platinacyclobutanes from Zeise's dimer 
and cyclopropanes is still ambiguous.s In this context, we are attracted 
by the possibility of ethylene-coordinated platinacyclobutanes as the key 
intermediates leading to ethylene complexes 2. However, there still 
remains an alternative mechanism involving the ionic cleavage of 1 fol- 
lowed by desilylation, as in the ring opening of 1 by other metal ions.s 
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