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The reaction of (CO)5MnSi(CH3)3 (1; 1.0-2.4 equiv, 2-4 h, 50 "C, acetonitrile) with ten different methyl 
ketals(Tab1e I) gives methyl enol ethers in 56% to >%YO yields. Easily removed byproducta CH30Si(CH3), 
and (C0)5MnH (or Mn2(CO)9(CH3CN)/Mn2(CO)lo) also form. When regio- and/or geometric isomers are 
possible, thermodynamic mixtures are obtained. The reaction of 1 with acetals is more complex, but when 
conducted under 200 psi of CO, manganese acyls (CO)5MnCOCH(OR)R' (derived from alkyl intermediates) 
can be isolated. A general mechanism is proposed in which a ketal or acetal oxygen is initially silylated 
by 1. Also, 1 rapidly converts cyclohexanone ethylene glycol ketal to (CH3)3SiOCH2CH20C=CHCH2- 
CH2CH2CH2 (7) and slowly transforms cyclohexanone diallyl ketal to 1-cyclohexenyl allyl ether. Ortho 
ester CH3C(OCH3), and 1 react to give principally CH3C02CH3 and CH30Si(CH3),. 

, - 
Introduction 

Reactions of transition-metal trialkylsilanes such as 
(C0)5MnSi(CH3)3 ( 1)2 and ~is-(C0),Fe[Si(CH,)~1,~ with 
oxygen-containing organic molecules have been the subject 
of intensive study in our laboratory.e7 Two broad classes 
of useful transformations have been found: (1) new 
metal-carbon bond forming reactions which give isolable 
organometallic products46 and (2) organic functional group 
 transformation^.^^^^^ 

Previously, we noted that (C0)5MnSi(CH3)3 (1) cleanly 
converts ketones with a-hydrogens to their trimethylsilyl 
enol  ether^.^ In contrast to conventional silyl enol ether 
syntheses, no acid or base was required. The byproduct 
was the mildly acidic (CO)&InH (pK, N 7): Mechanistic 
considerations led us to predict that 1 might similarly 
transform ketals to enol ethers according to eq 1. Enol 
ethers are conventionally synthesized by the reaction of 
ketals and acetals with protic acids at temperatures in the 
100-200 OC range.+ll Since such conditions are not 
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(2) (a) Berry, A. D.; MacDiarmid, A. G. Znorg. Nucl. Chem. Lett. 1969, 
5,601. (b) M h h ,  W.; Kuhn, M. Chem. Ber. 1974,107,979. (c) Gladysz, 
J. A.; Williams, G. M.; Tam, W.; Johnson, D. L.; Parker, D. W.; Selover, 
J. C. Znorg. Chem. 1979, 18, 553. 

(3) (a) Jetz, W.; Graham, W. A. G. J. Organomet. Chem. 1974,69,383. 
(b) Vancea, L.; Bennett, M. J.; Jones, C. E.; Smith, R. A.; Graham, W. 
A. G. Znorg. Chem. 1977, 16, 897. (c) Blakeney, A. J.; Johnson, D. L.; 
Donovan, P. W.; Gladysz, J. A. Zbid. 1981,20, 4415. 

(4) (a) Johnson, D. L.; Gladysz, J. A. J. Am. Chem. SOC. 1979, 101, 
6433. (b) Johnson, D. L.; Gladysz, J. A. Znorg. Chem. 1981, 20, 2508. 

(5) (a) Brinkman, K. C.; Gladysz, J. A. J. Chem. Soc., Chem. Commun. 
1980,1260. (b) Brinkman, K. C.; Gladysz, J. A., manuscript in prepara- 
tion. 

(6) Blakeney, A. J.; Gladysz, J. A. J. Organomet. Chem. 1981,210,303. 
(7) Marsi, M.; Gladysz, J. A. Tetrahedron Lett. 1982, 23, 631. 
(8) Shriver, D. F. Acc. Chem. Res. 1970,3, 231. 
(9) For some representative syntheses, see: (a) Meerwein, H. In 

Houben-Weyl 'Methoden der Organischen Chemie"; Muller, E., Ed.; 
Georg Thieme Verlag: Stuttgart, Vol. 6/3, p 97, p 199 ff. (b) Taskinen, 
E. Acta Chem. Scad., Ser. B 1974, B28,357. (c) Newman, M. S.; Vander 
Zwan, M. C. J. Org. Chem. 1973,38, 2910. (d) Wohl, R. A. Synthesis 
1974,38. (e) House, H. 0.; Kramer, V. J. Or$. Chem. 1963,28,3362. (f) 
Norris, R. 0.; Verbanc, J. J.; Hennion, G. F. J. Am. Chem. SOC. 1938,60, 
1159. 

(10) There are many specialized procedures for vinyl ether synthesis 
such as: (a) Kluge, A. F.; Cloudsdale, I. S. J. Org. Chem. 1979,44,4847. 
(b) Pine, S. H.; Zahler, R.; Evans, D. A.; Grubbs, R. H. J. Am. Chem. SOC. 
1980,102, 3270. (c) Gilbert, J. C.; Weerasooriya, U.; Wiechman, B.; Ho, 
L. Tetrahedron Lett. 1980,21, 5003. (d) Barbot, F.: Mieiniac, P. HeEu. - 
Chim. Acta 1979, 62, 1451. 

(11) Miler, R. D.; McKean, D. R. Tetrahedron Lett. 1982, 23, 323. 

0276-7333/82/2301-1467$01.25/0 

compatible with thermally labile and acid sensitive groups, 
eq 1 appeared to offer distinct advantages over existing 
methodology. In this paper, we report (a) reactions of 1 
with a variety of dimethyl ketals which give methyl vinyl 
ethers in good to excellent yields, (b) the high yield con- 
version of cyclohexanone ethylene glycol ketal to a ring- 
opened, silylated vinyl ether, (c) related, more complex 
reactions of 1 with acetals, cyclohexanone diallyl ketal, and 
ortho esters, and (d) mechanistic data on these transfor- 
mations, including the use of CO to trap manganese alkyl 
intermediates. A portion of this study has been commu- 
n i ~ a t e d . ~  
RO OR 

CH$N 

2-4 h 
+ I C O ) ~ M ~ S I ( C H ~ ) ~  

1 

Results 
The methyl ketals listed in Table I were treated with 

1.0-2.4 equiv of 1 in CH3CN (or CD3CN) for 2-4 h at  50 
f 2 OC (eq 1). Methyl enol ethers formed in 56 to >95% 
yields, as determined by GLC and IH NMR spectroscopy. 
In three representative cases (entries 6-8), yields of iso- 
lated, distilled products were obtained. Identities of the 
enol ethers in Table I were confirmed by comparison with 
independently prepared authentic samples. Volatile by- 
product CH30Si(CH3), formed in all reactions. 

Hydride (CO)5MnH was the initial inorganic product of 
eq 1, as evidenced by a 6 -7.9 'H NMR resonance.12 
However, (CO)5MnH decomposed during the reaction to 
Mn2(CO)9(CH,CN) (IR (cm-l, hexane) 2094 (w), 2026 (s), 
2005 (s), 1996 (vs), 1974 (m), 1954 (m))13 and small 
amounts of Mn2(CO)10. Side reactions of some products 
with (CO)5MnH were observed, so an excess of 1 was 
utilized with the less reactive dimethyl ketals to increase 
the rate of initial reaction (Experimental Section). The 
GLC yield of a-methoxystyrene (entry 8) reached a max- 
imum (93%) at  11.6:l.O 1:acetophenone dimethyl ketal 
ratios. 

The trapping of byproduct (C0)5MnH was attempted. 
Reactions conducted in the presence of 1.0 equiv of PPh, 
or Ph2PCH2CH2PPh2 gave phosphine-substituted man- 

(12) Whitesides, G. M.; Maglio, G. J. Am. Chem. SOC. 1969,91,4980. 
(13) Ziegler, M. L.; Haas, H.; Sheline, R. K. Chem. Ber. 1965,98,2454. 
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Table I. Vinyl Ethers Synthesized from Dimethyl Ketals and 1 
yield datab % 

entry starting ketal product GLC NMR is01 
CH30 OCH) 97 95 

98 98 
6 6 
e Ed? 

1 

CH30 3 C H j  

38 62 
93 98 

2 

CH3O OCH) K 3 

4 

cH3% 

8 

56 60 

78 77  

85 95 79 

25(E): 75(2)" 

OCH) 

88 95 74 

93 97 81 

78 84 

97 93 

2 (71) 3 (4(2):25(E)" 

a See Experimental Section for reaction conditions and geometric isomer assignments. Yields are based upon ketal and 
are estimated to be accurate within c 5%. 

ganese hydrides, as evidenced by 31P-coupled 'H NMR 
resonances (6 -7.4 (d, &&31p = 33 Hz) and -7.9 (t, &+31p 
= 46 Hz)). These hydrides were more stable than (C- 
O)5MnH to the reaction conditions, but higher yields of 
enol ether products were not obtained. Base additives 
( ~ Z - C ~ H ~ ) ~ N ,  2,6-di-tert-butylpyridine, DBU, 4-(di- 
methylamino)pyridine, and 2,2,6,6-tetramethylpiperidine 
either reacted with starting 1% or failed to deprotonate 
( C0)5MnH. 

The disappearance of (C0)6MnH during the course of 
eq 1 was probed. No reaction occurred when equivalent 
amounts of 1 and (CO)5MnH were heated at  50 "C in 
CD3CN for 24 h. Similarly, (C0)5MnH was unreactive 
toward 5-nonanone dimethyl ketal and acetophenone di- 
methyl ketal (2 h, 50 "C, CD3CN). However, (C0)6MnH 
slowly converted a-methoxystyrene and 5-methoxy-4- 
nonene to  the corresponding saturated ethers (GLC 
identified); Mn,(CO)JCH,CN) formed concurrently. 

The regio- and stereoselectivity of eq 1 was investigated. 
Reaction of 1 with 2-methylcyclohexanone gave regioi- 
someric enol ethers 1-methoxy-2-methylcyclohexene and 
2-methoxy-3-methylcyclohexene (Table I, entry 2). At  
50% conversion (30 min), the product ratio was (40 f 
2):(60 f 2). At  completion of the reaction, the product 
ratio was a (38 f 2):(62 f 2) thermodynamic mixture.14 
Treatment of 4-methyl-2-pentanone dimethyl ketal with 

(14) (a) Taskinen, E. J. Chem. Thermodyn. 1974,6,345. (b) Rhoads, 
S. J.; Chattopadhyay, J. K.; Wadi, E. E. J. Org. Chem. 1970, 35, 3352. 

1 gave regioisomeric enol ethers (Table I, entry 10) 2 and 
3 (mixture of Z / E  isomers). After 1 hr, the ratio of 2:3 was 
(81 f 2):(19 f 2). After 24 h, the ratio of 2:3 was (71 f 
2):(29 f 2) thermodynamic mixture.14 A thermodynamic 
mixture of geometric isomers was obtained from 1 and 
5-nonanone dimethyl ketal (Table I, entry 7). 

The possible influence of (C0)5MnH upon reaction re- 
giochemistry was examined. A (17 f 2):(86 f 2) mixture 
of 1-methoxy-Zmethylcyclohexene and 2-methoxy-3- 
methylcyclohexene was treated with (C0)6MnH (0.32 
equiv) a t  50 "C in CH3CN. After 0.4 h, the regioisomer 
ratio was (24 f 2):(76 f 2). At 1.5 and 3.5 h, ratios were 
(29 f 2):(71 f 2) and (35 f 2):(65 f 2), respectively. 

Reactions of 1 with certain functionalized dimethyl 
ketals were not as clean as those in Table I. Ketal ether 
1,3,3-trimethoxybutane and 1 (1.86 equiv) gave only ca. 
25% of 2,4-dimethoxybutene, as determined by 'H NMR 
and GLC coinjection. Traces of 3,3-dimethoxy-l-butene 
were present, but 2-methoxy-1,3-butadiene was absent. 
Similarly, ketal olefin 3,3-dimethoxy-l-butene and 1 (1.90 
equiv) gave only a ca. 30% yield of 2-methoxy-1,3-buta- 
diene. After 0.75 h, all of 1 had been consumed, but half 
of the starting material remained. 

Reactions of 1 with acetals were complex and gave poor 
yields of enol ethers. Cyclic acetal 2-methoxytetrahydro- 
pyran and 1 reacted (eq 2) to give, among other products, 
olefii 4 (l(Z):l(E) mixture) and 5 and dihydropyran. The 
major product, 4, formed in 10% yield. However, when 
this reaction was conducted under 200 psi of CO, manga- 
nese acyl 6 (eq 2) was isolated in 65% yield. Reaction of 



il 
(CO)~M~CCHCH~CH~CH~CH~OSI(CH~ 13 

no CO 

b C H 3  

7 (87% isolated) 

The diallyl ketal of cyclohexanone was treated with 3.55 
equiv of 1 at  25 "C (eq 4). Slow conversion to l-cyclo- 
hexenyl allyl ether (and H2C=CHCH20Si(CH3)3) occur- 
red. After 3 days, product and starting material were 
present in 42% and 58% yields, respectively; starting 1 
had been consumed. No Claisen rearrangement product, 
2-allylcyclohexanone, formed, but in reactions at 50 "C it 
became a significant byproduct. 

42% 
(100% conversion yield) 

Reaction of the ortho ester CH3C(OCH3)3 with 1 (1.35 
equiv, 50 "C) gave, after 1.5 h, CH3C02CH3 (30%) and 
CH30Si(CH3), (60%) as the major organic products (eq 
5). At this point, starting 1 had been consumed and 35% 
of the ortho ester remained. Traces of (CO)5MnCH3 were 
detected by IR, 'H NMR, and TLC, but the major man- 
ganese-containing product was Mn2(CO)&H3CN). A 
similar reaction of 1 with CH3C(OCH2CH3)3 gave CH3C- 
02CH2CH3 (32%) and CH3CH20Si(CH3)3 (40%) as the 
major organic products; 8% of the starting ortho ester 
remained. 

y 3  R 
I L C O ) S M ~ S I ( C H ~ I ~  II 

I 
CH3-C-OCH3 CD3CN - CH3-C-OCH3 (5) 

50 ' C .  1 5  h 
30% 

(46% conversion yield) 
O C H 3  
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Scheme I. Roposed Mechanism of 
Methyl Enol Ether Formation 

1 
8 

4 
' O +  

H3C 

( C 0 ) 5 M n  H 

10 

Discussion 
The yields of methyl enol ethers from the simple mo- 

nofunctional dimethyl ketals in Table I are uniformly good. 
However, entries 2,7, and 10 show that when regioisomers 
and/or geometric isomers are possible, equilibrium mix- 
tures can be expected. Only in the case of the cyclopropyl 
ketal (entry 9) was a mechanistically accessible,l' ther- 
modynamically more favored product (ring opened 
H2C=CHCH=C(OCH3)CH3) not observed. 

Since we had previously shown that (C0)5MnH slowly 
catalyzes the interconversion of trimethylsilyl enol ether 
regioisomers,4b we were not surprised to observe a similar 
(CO)5MnH-promoted equillibrium of 2-methoxy-3- 
methylcyclohexene and 1-methoxy-2-methylcyclohexene. 
However, since the product ratios in entries 2 and 10 of 
Table I do not vary substantially with % conversion, we 
conclude that the kinetic isomer distribution is close to the 
thermodynamic one. 

Conditions in Table I have been optimized for certain 
substrates to avoid C=C hydrogenation by (C0)5MnH. 
Halpern has observed that (CO)5MnH converts a-me- 
thylstyrene to isopropylbenzene at conveniently measured 
rates at 4G75 "C (AH* = 21.4 f 0.3 kcal/mol; AS* = -12 
f 1 eu).15J6 This reaction has been shown to proceed via 
the geminate radical pair (CO)5Mn. C6H5(CH3)2C.. Vinyl 
ether a-methoxystyrene should be more reactive than 
a-methylstyrene toward (CO)&nH, since the more highly 
stabilized C6H5(CH3)(CH30)C- radical would result. 
Current estimates for D((CO)5Mn - H) are only ca. 60 
kcal/mol,l'so (C0)5MnH is expected to be a good hy- 
drogen atom donor.15-18 

When 1 and (CH3)3N are reacted, trimethylsilyl group 
transfer to give the isolable ion pair (CH3)3N+Si(CH,)3 
(CO)5Mn- o ~ c u r s . ~  Hence we propose that the initial step 
of eq 1 is the silylation of a ketal oxygen to give the ion 
pair 8, as shown in Scheme I. As would be expected of 
a transformation involving neutral reactants and charged 
intermediates, the substitution of less polar solvents such 
as CH2C12 and benzene for acetonitrile slows eq 1 dra- 
matically. 

(15) Sweany, R. L.; Halpem, J. J.  Am. Chem. SOC. 1977, 99, 8335. 
(16) Halpem, J. Pure Appl. Chem. 1979,51, 2171. 
(17) Rathke, J. W.; Feder, H. M. J. Am. Chem. SOC. 1978,100, 3623. 
(18) Nappa, M. J.; Santi, R.; Diefenbach, S. P.; Halpern, J. J. A n .  

Chem. Soc. 1982,104,619. 
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We suggest that 8 subsequently extrudes the observed 
byproduct CH,OSi(CH,), to give the new ion pair 9. The 
most direct pathway to enol ether would then involve H+ 
transfer from carbon to (C0)5Mn-. However, 9 might also 
collapse to the organometallic intermediate 10 (Scheme 
I), which could go on to products via a classical P-hydride 
elimination mechanism. These possibilities, and variants 
involving electron transfer steps, are not easily distin- 
guished by experiment. Our ability to isolate manganese 
acyls from the reaction of 1 with acetals under CO indicates 
that manganese alkyls do form under the conditions of 
Scheme I.19 Unfortunately, this trapping does not provide 
any information on the identity of the immediate precursor 
to the enol ether product. Our inability to isolate man- 
ganese acyls from the reaction of 1 with ketals under CO 
m a y  be due in part to the fact that the Mn-C u bond in 
10 would be weaker and hence less likely to form. This 
parallels our previous observations with carbonyl com- 
pounds: aldehydes and 1 react under CO to give acyls 
(CO),MnCOCHROSi(CH3),, but ketones (with a hydro- 
gens) yield only silyl enol  ether^.^^^^^ 

Reactions of ketals with several (CH3),Si-X reagents 
have been studied, resulting in interesting variations on 
the chemistry in Scheme I. Jung has found that (CH,),SiI 
and dimethyl ketals react to give ketones, CH30Si(CH3),, 
and CH31 in high yields.20 Oxonium ions analogous to 8 
and 9 likely form but with I- as the anion. In t end  attack 
of I- upon the methyl group of 9 would then afford the 
observed products. If (CO)5Mn- (a strong nucleophile)21 
behaved similarly, two mutually inert products, (CO),- 
MnCH, and ketone, would result. These species were not 
detected in any of the reactions in Table I. 

An important article by Miller and McKean appeared 
while this study was in progress.” These authors found 
that methyl enol ethers could be isolated in high yield by 
treating dimethyl ketals with (CH3),SiI in the presence of 
[(CH3),SiI2NH base. This reaction also likely involves the 
oxonium ion 9 (I- anion), but now added base plays the 
role of (C0)5Mn- and enol ether forms. The Miller/ 
McKean procedure is distinctly better than ours at con- 
verting acetals to enol ethers. Otherwise, comparable 
yields are obtained for the substrates in entries 2, 6 ,7 ,  and 
8 of Table I. However, the (CH3)3SiI/[(CH3)3Si],” 
recipe converts cyclopropyl ketals to ring-opened products, 
whereas with 1 the cyclopropane remains intact (entry 9, 
Table I). 

In the presence of a catalytic amount of SnCl,, dimethyl 
ketals and (CH,),SiCN react to give a-methoxy cyanides 
and CH30Si(CH3)3.22 Since -CN is a poor base but makes 
a very strong ( N 120 kcal/m01)~, bond to carbon, the re- 
placement of (C0)5Mn- by -CN in oxonium ion 9 would 
be expected to give C-CN bonded products. Noyori has 
found numerous reactions in which a catalytic amount of 
(CH,),SiOSO2CF3 promotes nucleophilic attack upon di- 
methyl ketal carbon.24 Oxonium ions analogous to 9 are 
presumed to be intermediates. 

Reactions of (CH3),Si-X reagents with ethylene glycol 
ketals have not to our knowledge been previously reported. 
Equation 3 provides a facile means of differentiating the 
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two ends of the glycol moiety. The rate acceleration rel- 
ative to entry 1 of Table I may be due to diminished steric 
hinderance in the initial oxonium ion forming step 
(Scheme I). 

Allyl vinyl ethers are an important and often difficultly 
accessible class of c o m p o ~ n d s . ’ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  Hence we hoped 
that they might be generally available from 1 and diallyl 
ketal precursors. However, diallyl ketals are distinctly less 
reactive than dimethyl ketals toward 1, and (as shown in 
eq 4) long reaction times are required when temperatures 
are kept low enough to avoid Claisen rearrangement by- 
products. This problem might be circumvented by using 
transition-metal silanes L,MSi(CH,), in which the L,M- 
moiety is a better leaving group and poorer nucleophile 
than (CO)5Mn- (e.g., (CO),(L)CoSi(CH,),, L = phosphine, 
CO). These should be ”hotter” silylating agents than 1 and 
will be utilized in future reactivity studies in our labora- 
tory. 

Another potential application for a more relative sily- 
lating agent than 1 would be in eq 5 .  Ortho esters are 
easily synthesized from  nitrile^,^' and we had hoped for 
their ready conversion to difficultly accessible (but syn- 
thetically very useful)28 ketene acetals. This would entail 
a mechanism similar to Scheme I. However, presumed 
intermediate CH3C+(OCH3)2(C0)5Mn- apparently un- 
dergoes methyl transfer to give CH,CO2CH3 in preference 
to H+ transfer to give H,C=C(QCH,),. Since (C0)5Mn- 
CH3 is deteded only in trace quantities in eq 5,  we suspect 
that it undergoes decomposition, perhaps via an acyl.18 In 
both eq 4 and 5,  1 was consumed at a significantly greater 
rate than the organic substrate. We are at present unable 
to account for this observation. 

Reactions of 1 with acetals are seemingly complicated 
by several side reactions (homolysis, hydrogenation, hy- 
drogenolysis). With 2-methoxytetrahydropyran (Eq 21, 
organic products derived from the silylation of both oxy- 
gens are obtained. Under CO, the manganese acyl derived 
from ring-oxygen silylation predominates. While the low 
yields of enol ethers from these substrates, as well as from 
functionalized ketals 1,3,3-trimethoxybutane and 3,3-di- 
methoxy-1-butene, apparently represent intrinsic limita- 
tions in the reagent 1, some improvement may yet be 
possible by careful optimization of reaction conditions. 

In summary, this study has resulted in a practical, low- 
temperature synthesis of methyl enol ethers from dimethyl 
ketals. Reagent 1 does not noticeably deteriorate over 
several hours in dry air, and functional groups which can 
be tolerated include arenes, nitriles, unactivated halides 
and olefins, and to some extent ethers5 and esters. This 
investigation has also provided new fundamental data on 
transition-metal trialkylsilane/organic molecule reactivity. 
Additional applications of metal silane reagents in organic 
and organometallic chemistry will be the subject of future 
reports from our laboratory. 

(19) Calderazzo. F. Angew. Chem., Int. Ed. Engl. 1977, 16, 299. 
(20) Jung, M. E.; Andrus, W. A.; Ornstein, P. L. Tetrahedron Lett. 

(21) Pearson, R. G.; Figdore, P. E. J .  Am. Chem. SOC. 1980,102,1541. 
(22) Utimoto, K.; Wakabayashi, Y.; Shishiyama, Y.; Inoue, M.; Nozaki, 

H. Tetrahedron Lett. 1981, 22, 4279. 
(23) Streitweiser, A.; Heathcock, C. H. “Introduction to Organic 

Chemistry”; Macmillan: New York, 1976, pp 133-136 and 1186. 
(24) (a) Murata, S.; Suzuki, M.; Noyori, R. J .  Am. Chem. SOC. 1980, 

102,3248. (b) Noyori, R.; Murata, S.; Suzuki, M. Tetrahedron 1981,37, 
3899. 

1977, 4175. 

Experimental Section 

Starting Chemicals. 5-Nonanone, 4-methyl-2-pentanone, 
cyclopentanone, cyclohexanone, 2-methylcyclohexanone, cyclo- 
octanone, 2-norboranone, acetophenone, methyl vinyl ketone, 
hydrocinnamaldehyde, 2,2-dimethoxypropane, cyclopropyl methyl 

(25) Burrows, C. J.; Carpenter, B. K. J .  Am. Chem. SOC. 1981, 103, 

(26) Daub, G. W.; Sanchez, M. G.; Cromer, R. A.; Gibson, L. G. J.  Org. 

(27) Dewolfe, R. H. Synthesis 1974, 153. 
(28) (a) Brassard, P. In “The Chemistry of Ketenes, Allenes, and Re- 

lated Compounds”; Patai, s., Ed.; Wiley: New York, 1980; p 487. (b) 
Beyerstedt, F.; McElvain, S. M. J .  Am. Chem. SOC. 1936, 58, 529. 

6983. 

Chem. 1982,47, 743. 



Reactions of Ketals and  Acetals with (CO)&inSi(CH3)3 

ketone, trimethyl orthoacetate, and triethyl orthoacetate were 
obtained from Aldrich or Eastman and were distilled prior to use. 
2-Methoxypropene, HC(OCHS)~, PPh3, and PhzPCHzCHzPPhz 
were obtained from Aldrich and used without purification. Other 
starting reagents were obtained from common commercial sources 
and used without purification. 

Solvents CH3CN and CD&N were distilled over PzOs and 
freezepumpthaw degassed before use. Hexane was distilled from 
potassium under Nz. CO was obtained from Air Products and 
used without purification. (CO)5MnSi(CH& was synthesized by 
Malisch's route2b,c using K+(C0)6Mn- and stored under NPz9 

Instruments. 'H and 13C NMR spectra were recorded on 
Varian T-60, JEOL FXSOQ, and Bruker WP-200 spectrometers. 
IR and mass spectra were obtained on Perkin-Elmer 521 and 
AEI-MS9 spectrometers, respectively. GLC analyses were per- 
formed on Varian Aerograph 9OP (preparative) and Hewlett- 
Packard 5720A flame ionization (analytical) chromatographs. 

Syntheses of Organic Substrates and Product Authentic 
Samples. Methyl ketals and acetals were syntheakd by a method 
similar to that of House.& To CH30H solvent was added 1.0 equiv 
of ketone or aldehyde, 1.3 equiv of HC(OCH3)3, and a catalytic 
amount of p-CH3C6HSS03H-H20. This solution was allowed to 
sit for 48 h and was then neutralized with an excess of Na2CO3 
and filtered. Solvent was removed from the filtrate by rotary 
evaporation, and the residue was vacuum distilled to give 60-70% 
of pure ketal or acetal. 

Cyclohexanone diallyl ketal,30 1,3,3-trimetho~ybutane,~~ 2- 
methoxyb~tadiene,~'  3,3-dimethoxy-l-b~tene,~~ a-methoxy- 
styrene:2 2 and 3,14 (CH3)3SiOCHzCHzCH2CH=CH2,s3 2-meth- 
oxytetrahydropyran,& and cyclohexanone ethylene glycol ketalub 
were prepared by literature methods. 

Authentic samples of methyl enol ethers other than those noted 
above were prepared by heating the neat dimethyl ketal precursor 
to 100-200 OC in the presence of p-CH3C6H4SO3H-HZ0 and 
subsequent distillation through a Vigreaux column.ab The dis- 
tillate was washed with HzO, dried over NaZCO3, and redistilled 
or preparatively gas chromatographed to give pure methyl enol 
ether. Product identities were verified by the comparison of 
spectral and physical properties with published data.9b 

Organic Product Analysis. GLC yields of NMR tube re- 
actions were obtained as follows: 1.0 pL aliquots of the reaction 
mixture (containing a standard) were chromatographed on l /e  
in. diameter columns packed with UCW98 on Chrom W-HP (20 
in. or 6 ft) or 15% Carbowax on Chromosorb W (6 ft). Peak areas 
were measured with a Hewlett-Packard 3380A integrator. Yields 
were corrected for detector response factors and were the average 
of at  least three injections. Accuracy was estimated to be *5%. 
All yields were based upon the limiting reactant. Methyl vinyl 
ether NMR yields were (unless noted) calculated by comparing 
the integral of the product -OCH3 (6 3.4-3.6) with that for the 
entire -Si(CH3)3 (6 0.0-0.5) region. 

Reaction of Cyclohexanone Dimethyl Ketal with 1. To 
a 5-mm NMR tube was added 71 mg (0.265 mmol, 0.98 equiv) 
of 1. The tube was taken into a drybox, and 0.40 mL of CD&N 
was syringed in. The tube was capped with a latex septum, 
removed from the box, and weighed. Ketal (32 pL, 39.0 mg, 0.271 
mmol) was then added, and the tube was reweighed and placed 
in a 50 * 2 "C oil bath for 2 h. NMR analysis as described above 
gave the datum in entry 1, Table I. 

A similar experiment was conducted with 60 mg (0.224 mmol, 
1.24 equiv) of 1, 26.1 mg (27 pL, 0.181 mmol) of ketal, and 20.5 

analysis as described above gave the datum in entry 1, Table I. 
Reaction of 2-Methylcyclohexanone Dimethyl Ketal with 

1. A reaction was conducted at  50 "C in a 5-mm NMR tube with 
92 mg (0.343 mmol,1.93 equiv) of 1, 28.1 mg of ketal (31 pL, 0.178 

mg of C&CHzCN (20 pL, 0.175 -01) standard in CHSCN. GLC 

(29) Ellis, J. E.; Flom, E. A. J. Orgonomet. Chem. 1975, 99, 263. 
(30) Lorette, N. B.; Howard, W. L. J. Org. Chem. 1961, 26, 3112. 
(31) Wan, D. B.; Hennion, G. F.; Nieuland, J. A. J. Am. Chem. SOC. 

(32) Loudon, G. M.; Smith, K. S.; Zimmerman, S. E. J. Am. Chem. 
1936, 58, 892. 

SOC. 1974. 96. 465. 
(33) KO&ov, V. L.; Fedotov, N. S.; Mironov, V. F. Zh. Obshch. Khim. 

(34) Woods, G. F.; Kramer, D. N. J. Am. Chem. SOC. 1947,69,2246. 
1969,39, 2284. 

(b) Salmi, E. J. Chem. Ber. 1938, 71B, 1803. 
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mmol), and 0.40 mL of CD3CN as described above for cyclo- 
hexanone dimethyl ketal. After NMR analysis (2 h), 16.6 mg 
(0.157 mmol) of ethylbenzene was added as a standard for GLC 
analysis. Data: entry 2, Table I. A second experiment was run 
on an identical scale in CH3CN but with the ethylbenzene added 
at  to; the regioisomer ratios were GLC monitored from 0.5 to 24 
h. 

Reaction of Cyclopentanone Dimethyl Ketal with 1. A 
reaction was conducted a t  50 "C in a 5-mm NMR tube with 65 
mg (0.245 mmol, 1.19 equiv) of 1, 26.8 mg (23 pL, 0.206 mmol) 
of ketal, and 0.40 mL of CD3CN for 2 h as described above for 
cyclohexanone dimethyl ketal. A GLC yield experiment (3 h) was 
similarly conducted on a 0.270-mmol scale with 19.4 mg (0.166 
mmol) of CBHsCHzCN standard. Data: entry 3, Table I. 

Reaction of 2-Norbornanone Dimethyl Ketal with 1. A 
reaction was conducted at  50 "C in a 5-mm NMR tube with 62 
mg (0.231 mmol, 1.00 equiv) of 1, 36.0 mg of ketal (37 pL, 0.231 
mmol), and 0.30 mL of CD3CN as described above for cyclo- 
hexanone dimethyl ketal. Subsequent NMR analysis (2.5 h) 
showed 1 to be consumed and a 60% yield of enol ether. 

A similar experiment was conducted with 74 mg (0.276 mmol, 
1.93 equiv) of 1, 22.3 mg (22 pL, 0.143 mmol) of ketal, and 12.0 
mg of C&$HzSi(CH3)3 (0.073 "01) standard in CH3CN. GLC 
analysis after 3.5 h at  50 OC gave the datum in entry 4, Table I. 

Reaction of Acetone Dimethyl Ketal with 1. A reaction 
waa conducted at  50 "C in a 5-mm NMR tube with 115 mg (0.429 
mmol, 2.11 equiv) of 1 and 21.1 mg (25 pL, 0.203 mmol) of ketal, 
and 0.40 mL of CD3CN as described above for cyclohexanone 
dimethyl ketal. After NMR analysis (1.1 h), 19.1 mg (0.116 mmol) 
of CBHSCH2Si(CH3)3 was added as a standard for GLC analysis. 
Data: entry 5, Table I. 

Reaction of Cyclooctanone Dimethyl Ketal with 1. A 
reaction was conducted at  50 OC in a 5-mm NMR tube with 97 
mg (0.362 mmol, 1.29 equiv) of 1, 48.2 mg (50 pL, 0.280 mmol) 
of ketal, and 0.30 mL of CD3CN as described above for cyclo- 
hexanone dimethyl ketal. After 3 h, NMR analysis as described 
above gave the datum in entry 6, Table I. 

A similar experiment was conducted with 89 mg (0.332 mmol, 
1.27 equiv) of 1,45 mg (44 pL, 0.262 mmol) of ketal, and 15.1 mg 
(0.142 "01) of ethylbenzene in CH3CN. After 2 h at 50 "C GLC 
analysis as described above gave the datum in entry 6, Table I. 

A preparative reaction was conducted with 750 mg (2.79 "01, 
1.31 equiv) of 1 and 368 mg (2.13 mmol) of ketal in 2 mL of 
CH3CN at 50 "C. After 2 h the volatiles were removed by rotary 
evaporation, and the residue was distilled on a molecular still to 
give 235 mg (1.68 mmol, 79%) of 1-methoxy-1-cyclooctene which 
was >97% pure by GLC analysis. 

Reaction of 5-Nonanone Dimethyl Ketal with 1. A reaction 
was conducted at  50 OC in a 5-mm NMR tube with 98 mg (0.366 
mmol, 2.04 equiv) of 1,33.6 mg (37 rL, 0.179 mmol) of ketal, and 
(t, mL of CD3CN, as described above for cyclohexanone dimethyl 
ketal. After 2.5 h, NMR analysis indicated a 95% yield of a 
25(E):75(2) mixture (E, 6 4.47 (t, J = 7 Hz, 1 H), 3.49 (8, 3 H); 
Z,6 4.31 (t, J = 7 Hz, 1 H), 3.44 (s,3 H)) of 5-metho~y-4-nonene.~ 

An experiment identical with the previous one was conducted 
in CH3CN with CJ-€SCH2Si(CH9)3 (16.3 mg, 0.099 mmol) standard. 
GLC analysis indicated an 88% combined yield of enol ether Z / E  
isomers. 

A preparative reaction was conducted with 680 mg (2.54 mmol, 
2.01 equiv) of 1 and 237 mg (1.26 mmol) of ketal in 2 mL of 
CH3CN at 50 "C. After 3 h the volatiles were removed by rotary 
evaporation, and the residue was distilled on a molecular still to 

(35) There is some disagreement amongst the references cited in this 
paper on enol ether Z / E  assignments. Isomers of 5-methoxy-4-nonene 
are assigned on the basis of vinyl proton 'H NMR shielding constantP 
which have proven to be a plicable to sterically unexceptional trisub- 

stituted trimethylsilyl enol ethers.% The isomer ratio in entry 7 of Table 
I was accidentially reversed in our communication.' 

(36) Pascual, C.; Meier, J.; Simon, W. Helu. Chim. Acta 1966,49,164. 
(37) Johnson, R. A.; Lincoln, F. H.; Nidy, E. G.; Schneider, W. P.; 

Thompson, J. L.; Axen, U. J. Am. Chem. SOC. 1978,100,7690 and ref- 
erences cited in their Table 11. 

(38) Heathcock, C. H.; Buse, C. T.; Kleschick, W. A.; Pirrung, M. C.; 
Sohn, J. E.; Lampe, J. J. Org. Chem. 1980, 45, 1066 and references 
therein. 

stituted alkyl enol ethers.g .p Similar trends have been noted in trisub- 
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give 145 mg (0.93 mmol,74%) of 5-methoxy-4-nonene which was 
>97% pure by GLC analysis. 

Reaction of Acetophenone Dimethyl Ketal with 1. A re- 
action was conducted at  50 "C in a 5-mm NMR tube with 111 
mg (0.414 mmol, 1.75 equiv) of 1, 39.2 mg (40 pL, 0.236 mmol) 
of ketal, and 0.30 mL of CD3CN, as described above for cyclo- 
hexanone dimethyl ketal. After NMR analysis (2.5 h), 16.8 mg 
(0.102 mmol) of C6H5CH2Si(CH3), was added as a standard for 
GLC analysis. Data: entry 8, Table I. 

A preparative reaction was conducted with 811 mg (3.03 "01, 
2.07 equiv) of 1 and 242 mg (1.46 mmol) of ketal in 3 mL of 
CH3CN at 50 "C. After 4.5 h, the volatiles were removed by rotary 
evaporation, and the residue was distilled on a molecular still to 
give 158 mg (1.19 mmol, 81%) of a-methoxystyrene which was 
>97% pure by GLC analysis. 

Reaction of Cyclopropyl Methyl Ketone Dimethyl Ketal 
with 1. A reaction was conducted at  50 "C in a 5-mm NMR tube 
with 99 mg (0.369 mmol, 1.69 equiv) of 1, 28.4 mg (29 pL, 0.218 
mmol) of ketal, and 0.35 mL of CD3CN as described above for 
cyclohexanone dimethyl ketal. After 1 h, NMR analysis was 
conducted by comparing the =CH2 integral (6 3.74 (d) and 3.80 
(d, J = 2.2 Hz)) with that of the -OSi(CH,), region (6 0 . 0 . 3 ) .  
No RCH=CROR resonances (6 -4.4) were present. Then 15.3 
mg (15 pL, 0.093 mmol) of C6H5CH2Si(CH3)3 was added for GLC 
analysis. Data: entry 9, Table I. 

Reaction of 4-Methyl-2-pentanone Dimethyl Ketal with 
1. A reaction was conducted at  50 "C in a 5-mm NMR tube with 
60 mg (0.225 mmol,1.24 equiv) of 1, 26.0 mg (24 pL, 0.178 mmol) 
of ketal, and 0.40 mL of CD3CN as described above for cyclo- 
hexanone dimethyl ketal. The 2:3 ratio was obtained by NMR 
analysis (2 h). Then 16.9 mg (0.103 mmol) of C6H5CH2Si(CH3)3 
standard was added, and the 2:(2)-3:(E)-3 ratio was determined 
by GLC analysis. Data: entry 10, Table I.39 Isomer ratios were 
also determined by GLC after 1 and 24 h. 

a-Methoxystyrene Yield Optimization Experiments. The 
reaction of 1 (69 mg, 0.258 mmol, 1.02 equiv) and acetophenone 
dimethyl ketal (42.1 mg, 43 pL, 0.254 mmol) was conducted as 
described above in 0.40 mL of CD3CN. Under these conditions, 
only a 63% NMR yield of a-methoxystyrene was obtained (3.5 
h). Identical experiments in the presence of PPh3 (1.06 equiv, 
0.238-mmol scale) and Ph2PCH2CH2PPh2 (1.03 equiv, 0.239-mmol 
scale) gave 69% and 44% yields of a-methoxystyrene, respectively. 

Reaction of 1,3,3-Trimethoxybutane with 1. A reaction was 
conducted at 50 "C in a 5-mm NMR tube with 98 mg (0.366 "01, 
1.84 equiv) of 1,29.4 mg (30 kL, 0.199 mmol) of ketal, and 0.40 
mL of CD3CN, as described above for cyclohexanone dimethyl 
ketal. After 3 h, NMR and qualitative GLC analyses were con- 
ducted. Data: see text. 

Reaction of 3,3-Dimethoxy-l-butene with 1. A reaction was 
conducted at 50 OC in a 5-mm NMR tube with 83 mg (0.310 "01, 
1.90 equiv) of 1, 18.9 mg (20 pL, 0.163 mmol) of ketal, and 0.40 
mL of CD3CN, as described above for cyclohexanone dimethyl 
ketal. After 3 h, NMR and qualitative GLC analyses were con- 
ducted. Data: see text. 

Reaction of 2-Methoxytetrahydropyran with 1. In a dry- 
box, 1 (600 mg, 2.24 mmo1,l.lO equiv) and CH&N (3.0 mL) were 
added to a 5-mL round-bottom flask. The flask was sealed with 
a rubber septum, removed from the box, and 236 mg (2.03 mmol) 
of 2-methoxytetrahydropyran was syringed in. The reaction was 
heated at  50 "C for 1 h, after which the solvent and organic 
products were vacuum distilled away from the manganese-con- 
taining products. Starting material, dihydropyran, and (CH&- 
SiOCH2CH2CH2CH=CH2 (5, eq 2) were identified by GLC co- 
injection with authentic samples. The major product (10% GLC 
yield), (CH3)3SiOCH2CH2CH2CH=CHOCH3 (4, 50(E):50(Z) 
mixture), was separated by preparative GLC into pure .E- and 
2-enriched fractions and characterized as follows. E isomer: 'H 
NMR (6, CDCl,, 200 MHz) 6.26 (d o f t ,  JIH-IH, 12.7, 1.0 Hz, 
=CHOCH,), 4.70 (d of t ,  J = 12.7, 6.8 Hz, RCH=C), 3.56 (t, J 
= 6.5 Hz, 2 H), 3.48 (s, 3 H), 1.96 (pseudoquartet, J = 7 Hz, 2 
H), 1.55 (m, 2 H), 0.09 (s,9 H); 13C NMR (ppm, CDCl,, 22.5 MHz) 

Marsi and Gladysz 

147.3, 102.5 (C=C), 61.9, 55.9 (0-C), 33.6 (CC=C), 24.0 (CH2- 
CH2CH2), -0.5 (Sic). Z isomer: 'H NMR ( 6 ,  CDCl,, 200 MHz) 
5.85 (br d, J = 6.2 Hz, =CHOCH,) 4.31 (pseudoquartet, J = 6.5 
Hz, RCH=C) 3.56 (t, J = 6.7 Hz, 2 H), 3.45 (s, 3 H), 1.95 
(pseudoquartet J = 7 Hz), 1.58 (m, 2 H), 0.08 (s, 9 H); 13C NMR 
(ppm, CDCl,, 22.5 MHz) 146.3, 106.2 (C=C), 62.3, 59.4 (0-C), 
32.8 (CC==C), 20.2 (CH2CH2CHJ, -0.5 (Sic); mass spectrum (m/e  
(relative intensity), 16 eV, Z/E mixture): 188 (M', 6), 173 (M' 
- CH,, 14), 98 (100), 89 (60); high-resolution data on M+ ion, calcd 
for C9HzoO2Si 188.1233, found 188.1232. The E/Z assignments 
are based upon the RCH=CHOCH3 'H NMR chemical shifts,35 
coupling constants, and allylic carbon '% NMR chemical ~ h i f t s . ~ , ~  

Reaction of 2-Methoxytetrahydropyran with 1 under CO. 
A Fischer-Porter bottle was charged with 200 mg (0.75 mmol, 1.56 
equiv) of 1,56 mg (57 pL, 0.48 "01) of acetal, 0.40 mL of CH,CN, 
and a micro magnetic stir bar. The bottle was purged with CO 
and then pressurized to 200 psi. The reaction was stirred for 3.5 
h and then vented. The solvent was removed under vacuum, and 
the resulting yellow oil was dissolved in hexane. An IR spectrum 
showed the presence of a manganese acyl ( V C ~  2117 (m), 2049 
(m), 2017 (s), 2006 (s, sh), uC4, 1641 (w) cm-') and some Mn- 
(CO)9(CH3CN).13 Flash chromatography4' in a 5:95 ethyl ace- 
tate/hexane mixture gave pure (CO)5MnCOCH(OCH,)CH2C- 
H2CH2CH20Si(CH3), (6) as a colorless liquid (128 mg, 0.312 "01, 
65%) which solidified upon cooling to -78 OC: 'H NMR (6, CDCl,, 

= 5.4 Hz, 1 H), 1.26-1.51 (m, 6 H), 0.01 (s,9 H); 13C NMR (ppm, 
Cp6/Cr(acac),, 22.5 MHz) 264.3 (acyl), 210.2 (MnCO), 96.6,62.3, 
57.4 (C-O), 33.1,30.1,21.3 (other CHJ, -0.4 (CSi); mass spectrum 
( m / e  (relative intensity), 16 eV) 223 (Mn(CO)6+, 31), 89 (35), 85 
(72), 75 (loo), 73 (Si(CH&+, 73), 71 (36), 55 (42), 43 (321, 41 (40). 
Since neat samples of 6 showed significant decomposition after 
24 h at  25 OC, freshly purified compound was hand carried at -78 
"C to Elek Microanalytical Laboratories, Torrance, CA. Anal. 
Calcd for C15H2,08MnSi: C, 43.69; H, 5.13. Found: C, 43.96; H, 
4.94. 

Reaction of Hydrocinnamaldehyde Dimethyl Acetal with 
1 and CO. A Fischer-Porter bottle was charged with 334 mg (1.25 
mmol, 1.32 equiv) of 1, 170 mg (0.94 mmol) of acetal, 0.40 mL 
of CH3CN, and a micro magnetic stir bar. The bottle was purged 
with CO and then pressurized to 200 psi. The reaction was stirred 
for 3 h and then vented. The solvent was removed under vacuum, 
and the resulting yellow oil w a  flash ~hromatographed~' in a 5:95 
ethyl acetate/hexane mixture. Solvent was stripped from the 
eluent, and the labile ~C~~(CO)~M~COCH(OCH~)CH~CH~C~H~ 
was vacuum sublimed IR (cm-l, hexane) V- 2119 (w), 2052 (w), 
2019 (s), 2008 (8 ,  sh), vm 1625 (m); 'H NMR (6, CDCl,, 200 MHz) 
7.25 (m, 5 H), 3.51 (s, 3 H), 3.17 (t, JLH-IH, = 6 Hz, 1 H), 2.73 (t, 
J= 6 Hz, 2 H), 2.00 (m, 2 H). 

Reaction of Cyclohexanone Ethylene Glycol Ketal with 
1. A reaction was conducted at  50 "C in a 5-mm NMR tube with 
70 mg (0.261 mmol,1.16 equiv) of 1,32.0 mg (33 pL, 0.225 mmol) 
of ketal, and 0.30 mL of CD3CN as described above for cyclo- 
hexanone dimethyl ketal. After 1 h, 'H NMR analysis (relative 
integrals of the 6 4.56 vinyl resonance and the -OCH2 region, 6 
3.4-4.1) showed that 7 (eq 3) had formed in 94% yield. Then 
17 mg of C6H&H&(CH3), standard was added for GLC analysis. 
A 92% yield of 7 was thus calculated. 

A preparative reaction was conducted at 50 "C with 260 mg 
(0.970 mmol, 1.06 equiv) of 1 and 130 mg (0.915 mmol) of ketal 
in 0.1 mL of CD3CN. After 1 h, 'H NMR indicated the reaction 
to be complete. The solvent and (C0)5MnH were removed by 
rotary evaporation, and the residue was distilled on a molecular 
still to give 172 mg (0.804 mmol, 87%) of 7 which was >97% pure 
by GLC analysis. Data on 7: 'H NMR (6, CDCl,, 200 MHz) 4.56 
(br s, =CHR), 3.79 (t, JiH-lH, = 4.9 Hz, OCH2), 3.69 (t, J = 4.9 
Hz, OCH2), 2.10-1.90 (m, 4 H), 1.75-1.40 (m, 4 H), 0.10 (s, 9 H); 
13C NMR (ppm, CDCl,, 50 MHz) 154.5, 93.9 (C=C), 67.4, 61.5 
(OC), 27.8, 23.5, 22.9, 22.7 (CH,), -0.4 (Sic); mass spectrum ( m / e  
(relative intensity), 16 eV) 214 (M+, 24), 199 (M+ - CH,, 141, 171 
(69), 117 (29), 116 (loo), 101 (311, 73 (35). 

Reaction of Cyclohexanone Diallyl Ketal with 1. A reaction 
was conducted at 25 "C in a 5-mm NMR tube with 160 mg (0.597 

200 MHz) 3.47 (t, JIH-IH, = 6.0 Hz, 2 H), 3.38 (s, 3 H), 3.00 (t, J 

(39) The Z/E assignement for 3 is supported by allylic carbon 13C 
NMR chemical shifts.@ Thii appears to be the most general method for 
distinguishing enol ether geometric isomers.38 

(40) Taskinen, E. Tetrahedron, 1975,34, 424. (41) Still, W. C.; Kahn, M.; Mitra, A. J. Org. Chem. 1978, 43, 2923. 
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mmol, 3.55 equiv) of 1, 32.9 mg (0.168 mmol) of ketal, 10.7 mg 
(0.065 mmol) of. (CsH5)2CHz standard, and 0.30 mL of CD3CN, 
as described above for cyclohexanone dimethyl ketal. After 3 days, 
'H NMR analysis showed 1 to be consumed. GLC analysis showed 
starting ketal (58%), 1-cyclohexenyl allyl ether (42%), and 
H&==CHCHZOS~(CH~)~ (48%). 

Reaction of Trimethyl Orthoacetate with 1. A reaction was 
conducted at 50 "C in a 5-mm NMR tube with 70 mg (0.261 "01, 
1.35 equiv) of 1, 23.2 mg (0.193 mmol) of orthoacetate, 14.0 mg 
(0.085 mmol) of CsH5CHzSi(CH3)3, and 0.30 mL of CD3CN as 
described above for cyclohexanone dimethyl ketal. After 1.5 h, 
'H NMR analysis showed 1 to be consumed and a trace of (C- 
O)&lnCH3 (6 -0.15). GLC analysis indicated 30%, 60%, and 35% 
yields of CH3C02CH3, CH30Si(CH3)3, and starting material, re- 
spectively. An IR spectrum of an aliquot showed weak absor- 
bances (2090, 2000, 1972 cm-') attributable to (C0)5MnCH3.42 

Reaction of Triethyl Orthoacetate with 1. A reaction was 
conducted at 50 "C in a 5-mm NMR tube with 70 mg (0.261 "01, 
1.48 equiv) of 1, 28.4 mg (0.176 mmol) of orthoacetate, 9.6 mg 
(0.060 mmol) of CsH5CH2Si(CH3)3, and 0.30 mL of CD3CN as 
described above for trimethyl orthoacetate. After 1.5 h, 'H NMR 
analysis showed 1 to be consumed. GLC analysis indicated 32%, 
4070, and 8% yields of CH3COZCH2CH3, CH3CH20Si(CH3)3, and 
starting material, respectively. 

(42) Cloason, R. D.; Kozikowski, J.; Coffield, T. H. J. Org. Chem. 1957, 
22, 598. 

Acknowledgment. We thank the National Science 
Foundation for support. FT NMR spectrometers utilized 
in this study wre provided by NSF Departmental instru- 
mentation grants. 

Registry No. 1,26500-16-3; 2,53119-71-4; (2)-3,  53119-73-6; (E)-3,  

83024-95-7; 7, 82996-1 1-0; cyclohexanone dimethyl ketal, 933-40-4; 
2-methylcyclohexanone dimethyl ketal, 38574-09-3; cyclopentanone 
dimethyl ketal, 931-94-2; 2-norbornanone dimethyl ketal, 10395-51-4; 
acetone dimethyl ketal, 77-76-9; cyclooctanone dimethyl ketal, 
25632-03-5; 5-nonanone dimethyl ketal, 69470-13-9; acetophenone 
dimethyl ketal, 4316-35-2; cyclopropyl methyl ketone dimethyl ketal, 
52829-97-7; 4-methyl-2-pentanone dimethyl ketal, 1112-78-3; 1- 
methoxycyclohexene, 931-57-7; l-methoxy-2-methylcyclohexene, 
1728-38-7; l-methoxy-6-methylcyclohexene, 1728-37-6; l-methoxy- 
cyclopentene, 1072-59-9; 2-methoxy-2-norbornene, 17190-90-8; 2- 
methoxypropene, 116-11-0; 1-methoxycyclooctene, 50438-51-2; (E)- 
5-methoxy-4-nonene, 82215-72-3; (Z)-5-methoxy-4-nonene, 82215- 
71-2; 1-(methoxyethenyl)benzene, 4747-13-1; 1-(methoxyetheny1)- 
cyclopropane, 66031-87-6; 1,3,3-trimethoxybutane, 6607-66-5; 2,4- 
dimethoxybutene, 52128-62-8; 3,3-dimethoxy-l-butene, 72757-52-9; 
2-methoxy-1,3-butadiene, 3588-30-5; 2-methoxytetrahydropyran, 
6581-66-4; hydrocinnamaldehyde dimethyl acetal, 30076-98-3; cy- 
clohexanone ethylene glycol ketal, 177-10-6; cyclohexanone diallyl 
ketal, 53608-84-7; 1-cyclohexenyl allyl ether, 79643-88-2; trimethyl 
orthoacetate, 1445-45-0; triethyl orthoacetate, 78-39-7; (C0)6MnCO- 

53119-72-5; (E)-4 ,  82996-09-6; (2)-4, 82996-10-9; 5, 14031-96-0; 6, 

CH(OCH&CH&H&BHS, 83005-51-0. 

Palladium-Catalyzed Formation of 
1,4-Disilacyclohexa-2,5-dienes from 1 -Silacyclopropenes 

Mitsuo Ishikawa, la Hiroshi Sugisawa,'a Makoto Kumada, la Taiichi Higuchi, lb Koji Matsui, lb 

and Ken Hirotsulb 

Department of Synthetic Chemistty, Faculty of Engineering, Kyoto University, Kyoto 606, and the Department 
of Chemlstty, Faculty of Science, Osaka City University, Sugimotocho, Sumiyoshbku, Osaka 558, Japan 

Received June 3, 1982 

When 3-(trimethylsily1)-, 3-(ethyldimethylsilyl)-, 3-(tert-butyldimethylsilyl)-, or 3-(phenyldimethyl- 
silyl)-l,l-dimethyl-2-phenyl-l-silacyclopropene was heated with a catalytic amount of dichlorobis(tri- 
ethylphosphine)palladium(II) in a sealed glass tube at 120 OC, the respective 1,4-disilacyclohexa-2,5-diene 
was produced with high regioselectivity. Under identical conditions, l-methyl-1,2-diphenyl-3-(tri- 
methylsily1)-1-silacyclopropene afforded truns-1,4-dimethyl-l,2,4,5-tetraphenyl-3,6-bis(trimethylsilyl)- 
1,4-disilacyclohexa-2,5-diene (10) as the sole product. Similar reaction of 1,1,2-triphenyl-3-(trimethyl- 
sily1)-1-silacyclopropene gave 1,1,2,4,4,5-hexaphenyl-3,6-bis(trimethylsilyl)- 1,4-disilacyclohexa-2,5-diene. 
Treatment of 1,2-dimethyl-l-phenyl-3-(trimethylsilyl)-l-silacyclopropene with the same catalyst in hexane 
gave trulzs-l,2,4,5,-tetramethyl-1,4diphenyl-3,6-bis(trimethylsilyl)-l,4-disilacyclohexa-2,5-diene. The crystal 
structure of 10 has been determined. Compound 10 crystallizes in the orthorhombic s ace group Pbca 
with cell dimensions a = 20.771 (4) A, b = 18.842 (3) A, c = 9.201 (1) A; V = 3600.7 (1) i3; Dcdcd = 1.087 
(2 = 4) Mg m-3. 

Introduction 
Although considerable attention has been devoted to 

investigations of silacyclopropenes,2 much less interest has 
been shown in the reaction of these compounds with 
transition-metal Recently, we have reported 
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that the nickel-catalyzed reaction of the silacyclopropenes 
prepared by the photolysis of (phenylethyny1)disilanes in 
the presence of phenylsilylacetylenes affords l-silacyclo- 
penta-2,4-dienes arising from two-atom insertion of the 
acetylene into a silicon-carbon bond in the silacyclo- 
propene ring in  excellent yields.' However, the palladi- 
um-catalyzed reaction of the silacyclopropenes led to the  

(5) Sakurai, H.; Kamiyama, Y.; Nakadaira, Y. J. Am. Chem. SOC. 1977, 

(6) Seyferth, D.; Vick, S. C.; Shannon, M. L.; Lim, T. F. 0.; Duncan, 

(7) Ishikawa, M.; Sugieawa, H.; Harata, 0.; Kumada, M. J. Organomet. 

99, 3879. 

D. P. J. Organomet. Chem. 1977,135, C37. 

Chem. 1981,217,43. 

0276-733318212301-1473$01.25/0 0 1982 American Chemical Society 


