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Abstract 

Regiodefined synthesis of a-trimethylsilyl ketones is attained by one of three 
different routes: isomerization of fi-trimethylsilyl ally1 alcohols (route A), isomeriza- 
tion of /3’-trimethylsilyl ally1 alcohols (route B), and dehydrogenation of P-trimeth- 
ylsilyl alcohols via transfer hydrogenation to a,Senones (route C). All of these 
procedures are catalyzed efficiently by HRh(PPh,), at about 100° C. Route A 
inevitably requires the presence of 2-trimethylsilyl-1-phenyl-Zpropen-l-one as a 
cocatalyst for smooth isomerization. This strongly suggests that a kind of inter- 
molecular transfer hydrogenation plays an important role in the catalytic cycle. 

Introduction 

During the past two decades, organosilicon compounds have attracted much 
attention as an indispensable tool in organic synthesis [2]. For example, P-func- 
tionalized silicon compounds such as, a-trialkylsilylcarboxylic esters (1) [3], nitriles 
(2) [4], aldehydes (3) [5], and ketones (4) [6] have been used to provide the highly 
reactive and selective homologation units. 

SiMe, 

A 
R’ X 

I_ x = C(=O)OR* 

2 X = CN 

2 X = C(=O)H 

t! x = C(=O)R2 

a-Trimethylsilyl ketones (4) are especially useful in the stereodefined synthesis of 
disubstituted and trisubstituted olefins [7] and in regiodefined cross aldol reactions 
of ketones [S]. Direct replacement of the trimethylsilyl group in 4 with an electro- 
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phile makes it possible to clearly distinguish the two cY-positions of the unsymmetri- 
cally substituted ketones [9]. Thus, several types of indirect method have been 
reported for the selective synthesis of 4, since direct silylation of the corresponding 
ketone gives only silyl enol ethers [lO,ll]. These are categorized as follows: (i) 
chromic acid oxidation of /3-trimethylsilyl alcohols [7a,12]. (ii) reaction of carbo- 
xylic acid derivatives with trimethylsilylmethyl anion [13], (iii) reaction of a-silyl 
carboxylic esters with Grignard reagents [14], and (iv) rearrangement of substrates 
such as 1,2-epoxysilanes [15], a,@dihydroxysilanes [16], 2-chloro-l-trimethylsilyl 
alkoxide anions derived from an a-chloroacylsilane and methylmagnesium iodide 
[17], and the carbanions derived from silyl enol ethers [IS]. All of these methods 
suffer from the lack of generality and require rather tedious procedures in order to 
retain the relatively labile silicon-carbon bond. 

On the other hand, it is widely accepted that transition metal complexes 
accelerate the isomerization of an allylic double bond to a vinylic one in compound 
5 as shown in eq. 1 [19]. 

R’, R’, 
C=CHCH,X - CHCH=CHX 

R2’ R2’ 
(1) 

X =OH,OR,or NHR 

,5 6, 

This catalytic isomerization promises non-aqueous work-up under almost neutral 
conditions. Recently we reported the regiospecific formation of trimethylsilyl enol 
ethers (9) by the isomerization of &trimethylsilyl ally1 alcohols (7) in the presence of 
a catalytic amount of HRh(CO)(PPh,), and an n,/3-enone (log) (ey. 2) [20]. 

SiMe3 
R2 HRhCOWPh3)3 _ R’ 

OH OSiMe3 
Ph 

7 0 (log) 8 9 

This transformation involves consecutive migrations of double bond and trimeth- 
ylsilyl group. Since both steps are non-discriminative under the reaction conditions, 
9 was the ultimate product isolated. The probable formation of a-trimethylsilyl 
ketone (8) in the above course favored the selective migration of the double bond in 
7. Herein we report on a successful regio-defined synthesis of a-trimethylsilyl 
ketones from three different silyl alcohols. 7, 12, and 18. 

Results and discussion 

Isomerization of j&trimethylsilJd ally1 alcohols (7) 
Double bond migration caused by an addition-elimination process of H-M was 

impossible in the isomerization of 7 because of the bulkiness of the trimethylsilyl 
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group. However, this hindrance was overcome by the introduction of a,fi-enone, 
log into the catalytic cycle [20]. This fact resembles the catalytic behavior of 
rhodium complex under transfer hydrogenation [21]. Selective acceleration of the 
first step in eq. 2 is expected if HRh(CO)(PPh,), is replaced by HRh(PPh,), which 
is an extremely active catalyst in transfer hydrogenation. 

Thus, a benzene solution of trimethylsilyl ally1 alcohol (7d) (1.0 mmol) was 
heated in a sealed tube containing a catalytic amount of log (0.05 mmol) and 
HRh(PPh,), (0.05 mmol) at 105°C for 30 min. Subsequent evaporation of the 
solvent and bulb-to-bulb distillation of the residual oil gave the corresponding 
a-trimethylsilyl ketone 8d in 90% yield (eq. 3). 

R2 
HRh(PPh$, ,109 

R2 (3) 

C6H6 
OH 0 

The presence of a catalytic amount of log was also crucial in the case of HRh(PPh,),, 
for smooth isomerization. The structure of 8d was confirmed by the presence of a 
v(C=O) (1692 cm-‘) absorption band in the IR spectrum, the presence of a sharp 
singlet (6 0.05, Me,Si), doublet (6 1.06, CH,-CH-Si) and quartet (6 2.28, 
CH,-CH-Si) in the ‘H NMR spectrum, and by elemental analysis. By contrast, 
trimethylsilyl enol ether 9d was not detected in the ‘H NMR spectrum. Successful 
isomerization of 7d to 8d is thus an efficient preparative route to 8. Thus, 7 
isomerized readily to give 8 under analogous conditions, except for 7m, and 7n (vide 
infra). The results are listed in Table 1. 

Although pure 8g could not be isolated by distillation because of its subsequent 
isomerization to 9g, the selective formation of 8g was confirmed from the ‘H NMR 
spectrum of the crude product. 

A remarkable example is 7j in that it has two isomerizable olefinic moieties in the 
same molecule (eq. 4). 

SiMe3 
+ HR,~;h3lL, h + G (4) 

OH 0 0 

Two a,&enones, Sj and lOj, were expected and were isolated as the products, but 
predominant formation of Sj (Sj/lOj = 92/8) shows that the present catalytic 
system is able to discriminate between the two double bonds in 7j. This fact suggests 
that the catalytic cycle which incorporates log proceeds more rapidly than the 
isomerization of the double bond achieved by the addition-elimination process of 
H-Rh. 

Some types of ally1 alcohols [19b] and ally1 trimethylsilyl ethers [19f] isomerize to 
give corresponding ketones and trimethylsilyl enol ethers, respectively, by the 
catalytic action of HRh(CO)(PPh,), or H,Ru(PPh,),. By contrast, 7 themselves 
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Table 1 

a-Trimethylsilyl ketones 8 from 7 

Entry Ally1 R’ R2 Conditions Sly1 Yield 
alcohol 
7 

Temp. 

(“C) 

Time ketone (Isolated) 

@in) 
8 (S) 

1 7h H n-CsHII 105 60 8b 
2 7c H n-C,H,, 105 40 & 
3 7d H n-G% 105 30 8d 
4 7e H n-%H,, 108 15 8e 
5 7f H 2-phenylethyl 105 30 8f 
6 7g H phenyl 705 5 8g 
7 nl H I-ethylpentyl 103 60 8h 
8 7i H cyclohexyl 107 15 8i 
9 7j H 1 -pentenyl 105 30 8j 

10 7k CH, n-C,H,, 105 30 8k 
11 n n-C,H, n-CsHII 105 30 81 
12 7m n-C,H, H 105 88 8m 
13 7n -(CH,),- 107 40 Sn 

60 
98 
90 
96 
94 
56 n 
x2 
81 
82 h 
72 
87 

0 
0 

a 17% of 1-phenyl-1-trimethylsiloxy-l-propene was included. ’ 7% of 2-trimethylsilyl-l-octen-3-one (IOj) 
was included. 

R’ R2 

Scheme 1 



and trimethylsilyl ethers of 7 did not at all isomerize to the corresponding enol 
ethers in the presence of a catalytic amount of H~(CO~PPh~)~, H~(PPh~)~, or 
H,Ru(PPh,),+. These findings can be explained in terms of the steric constraint 
present in the intermediate under isomerization of the double bond via addition- 
elimination process of H-M in which the bulky t~methylsilyl group and the 
transition metal atom must be bound onto the same carbon atom. Despite the steric 
congestion, the isomerization of ally1 alcohol 7 to 8 was realized by the serendipitous 
addition of log as a cocatalyst. This strongly suggests that the interaction of H-Rh 
with 1Og by a Michael type addition plays an important role in the incorporation of 
rhodium complex into the catalytic cycle. Thus, a plausible pathway for the 
isomerization of 7 is illustrated in Scheme 1. 

Thus it can be seen that rhodium enolate complex 11 is generated by Michael 
type addition of HRhLn to 10 in the first stage, to afford 8 by interaction with 7. 
Then HRhLn and 10 are regenerated and the catalytic cycle is accomplished. 
Although direct evidence for the fo~ation of 11 was not obtained, it is noteworthy 
that a rhodium enolate complex such as 11 has been proposed in the interaction of 
4-phenyl-3-buten-2-one with HRh(PPh,), [22]. 

This type of tr~sformation was not undergone by 7m and 7n, either because of 
secondary interaction between relatively unstable product Sm and catalyst, or 
because of the severe steric congestion, to form intermediate lln where bulky 
trimethylsilyl group and rhodium atom have to be located in cis geometry. 

Isomerization of /3’-trimethylsilyl ally1 alcohols (12) 
Although a novel method to form 8 was exploited in the foregoing transforma- 

tion (eq. 3), it is not applicable to the synthesis of t~methylsilylmethyl ketones 
because of the structural restrictions of 7. Thus fl’-trimethylsilyl ally1 alcohol (12) 
was designed and used for the isomerization, catalyzed by HRh(PPh3)4, in order to 
circumvent this. 

In spite of the possible &elimination of Me,SiOH from 12, rhodium catalyzed 
isomerization proceeded smoothly to give 13 in excellent yield (eq. 5). In contrast to 
the isome~ation of 7, the presence of 1Og as a cocatalyst is not required for the 
case of 12 which is analogous to that for non-silylated ally1 alcohol reported 
previously [19b]. 

Catalytic efficiency of HRh(PPh3), in the isomerization is much higher than that 
in eq. 3. The turnover number of the catalyst increases to 450 within 1 h. The rate of 
isomerization is almost equal in the solvents, 1,4-dioxane and benzene. The results 
are listed in Table 2. The reaction of trisubstituted ally1 alcohol 12f, however led 
only to recovery of starting ally1 alcohol. This suggests that the substitution pattern 
around the double bond plays an important role for smooth isomerization of 12. 
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Table 2 

a-Trimethylsilyl ketones 13 from 12 

Entry Ally1 R’ 
alcohol 
12 

R2 R’ R;’ Solvent Conditions Silvl Yield 

Temp. Time kc&e (Isolated) 

(“0 (min) 13 (%) 

1 12a-A H H H H benzene 105 40 13a-A 95 

2 12a-B” H H H H dioxane 110 20 13a-B X2 

3 12a-C ’ H H H H benzene 105 30 13a-C 88 

4 12b H H CH, H dioxane 107 30 I3b 67 

5 12c H CH, H H dioxane 107 30 13c 65 

6 12d H H n-C,H, H dioxane 102 30 13d 90 
7 12e H H n-CsH1, H dioxane 105 ‘0 13e 8X 

8 12e FI H n-C,H,, H benzene 105 40 13e 95 
9 12f H H CH, CH, dioxane 106 30 13f 0 ( 

10 1% CH, H n-C,H, H dioxane 106 40 13g 99 

11 12h n-C,H,, H H H dioxane 106 40 13h 92 

12 12i n-C,H,, H CH, H dioxane 115 60 13i 95 

13 12j n-C,H,, CH, H H dioxane 106 60 13j 90 

14 12k n-C,H,, H n-C?H, H dioxane 109 55 13k 99 

” Phenyldimethylsilyl group was used instead of trimethylsilyl group. ’ t-Butoxydimethylsilyl group was 
used instead of trimethylsilyl group. ’ Starting ally1 alcohol was recovered. 

This type of double bond migration was extended to other silylated ally1 alcohols. 
14 and 16. Although both alcohols required relatively longer reaction times for 
complete isomerization compared with 12, ketones 15 and 17 were obtained in good 
yields after bulb-to-bulb distillation (eqs. 6 and 7).The structures of 15 and 17 were 
confirmed by elemental analyses and from their IR and ‘H NMR spectra. Thus, the 
present transformation which involves the migration of a double bond can also be 
applied to the synthesis of various types of acylsilanes [23], and /Strimethylsilyl 
ketones [24]. 

n- C3HTTSiMe2Ph ~~~~~p::‘,“, n-C3H7VKSiMe2Ph (6) 

OH 0 

‘3 ‘2 8 1 “I. 

Me3Si TR 
OH 

HRh(PPh$, 

- Me3siVKR 
0 

15 R = n-CsH,7 

lkb R = Cyclohexyl 

lOO’C,16h 

lOO”C,72h 

(7) 



Table 3 

ol-Trimethylsilyl ketones 19 from 18 

Entry Alcohol R’ R* Hydrogen Conditions Silyl Yield 

1 18a 
2 Ma 
3 18b 
4 18C 
5 18d 
6 l&i 
I l& 
8 18f 
9 1% 

10 18h 
11 18i 

18 

H n-C+,, 
H n-C&s 
H l-ethylpentyl 
n-C.,H, n-C,H, 
n-C,H,, CH, 
n-CsH,, CH, 
n-CsHtt 2-methylpropyl 
n-C,H,, CH, 
n-C,H,, H 
H 

-(CH,): 

acceptor D 

A 
B 
A 
C 
A 
C 
C 
C 
A 
A 
A 

Temp. Time 
(“C) @in) 

105 60 
107 240 
105 60 

94 30 
90 30 
90 20 

100 30 
90 30 

105 20 
90 20 

104 20 

ketone (Isolated) 
19 (%) 

19a 23 ’ 
1% 83 
19b 82 
19C 71 
19d 60 b 
19d 15 
1% 95 
191 97 
19f 0’ 
19hd 36 
19i 71 

a A: 3-buten-2-one, B: 3-trimethylsilyl-3-buten-2-one, C: 2-cyclohexenone. ’ Significant amount of pro- 
todesilylated ketone was obtained. ’ A mixture of 1-trimethylsiloxy-1-heptene and 1-heptanal was 
obtained. d Triphenylsilyl group was used instead of trimethylsilyl group. 

Oxidation of P-trimethylsilyl alcohol (18) by transfer hydrogenation 
Rhodium-catalyzed isomerizations of the ally1 alcohols 7 and 12 offer facile and 

versatile tools for the synthesis of the a-trimethylsilyl ketones 8, and 13. In certain 
cases, however, the preparation of the starting substrates of 7 and 12 is extremely 
difficult or impossible. An alternative rhodium-catalyzed route is desirable for 
simple purification. Mechanistic considerations (shown in Scheme 1) strongly sug- 
gest the involvement of an intermolecular transfer hydrogenation process [20] in the 
isomerization of 7. This process, thus, could be applied to the oxidation of 
/3-trimethylsilyl alcohols 18 (eq. 8). 

SiMe3 R3-lfRL 

R’ 
+ 

R* 0 R,qR2 + R3TR” (8) 

OH 
HRh(PPh3)& 

C6H6 
0 

‘,8 1.3 2,o 
In fact the reaction of 18d with an equivalent of 2-cyclohexenone (90 o C, 30 min) 
proceeded smoothly to give 19d in 75% yield by the aid of a catalytic amount of 
HRh(PPh,),. The isolation of 19 was accomplished by simple distillation during the 
transformation. The results of the reactions of the remaining 18 are summarized in 
Table 3. 

Unlike the previous two transformations (eqs. 3 and 5), this reaction inevitably 
produces an equivalent amount of ketone 20 as a result of hydrogen abstraction 
from 18. It is therefore extremely important to protect 19 from the protodesilylation 
which is caused by interaction with 20 in the presence of the rhodium catalyst. The 
correct combination of 18 and an a,fi-unsaturated ketone as a hydrogen acceptor is 
necessary to retain the satisfactory purity of 19. When 3-buten-2-one was used, 19 
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was contaminated with an appreciable amount of the corresponding protodesily- 
lated ketone (entries 1 and 5 in Table 3). Such undesirable protodesilylation of 19 
was prevented completely when 2-cyclohexenone or 3-trimethylsilyl-3-buten-2-one 
(10a) were used as the hydrogen acceptor (entries 2 and 6 in Table 3). Thus, the 
reaction can be used to form cyclic 19i and 19e which cannot be obtained by the 
isomerization of 7 or 12. Furthermore, it is noteworthy that a-silyl aldehyde, 19h, 
can be isolated from the present route despite the indispensable requirement of 
triphenylsilyl group. Although a similar transformation can be achieved using 
chromic acid oxidation [7a,12], the present method eliminates the serious problems 
associated with the chromic acid oxidation. 

In conclusion, new procedures catalyzed by HRh(PPh3), for the regiodefined 
synthesis of a-trimethylsilyl ketones as shown in eqs. 3, 5, and 8 have been found. 
Compared with known methods, these new procedures have the advantage of 
non-aqueous treatment to isolate product, and ready availability of starting materi- 
als. 

Experimental 

All reactions were carried out in an atmosphere of argon or nitrogen. Boiling 
points shown are bath temperatures for bulb-to-bulb distillations. IR spectra were 
recorded on a JASCO DS-403G or JASCO IRA-I spectrometer. Proton NMR 
spectra were recorded on a JEOL-C60HL instrument using tetramethylsilane as 
internal standard. Dry solvents were distilled under dry N, and degassed under 
vacuum just before use: tetrahydrofuran (THF) and l.Cdioxane were distilled from 
sodium metal in the presence of benzophenone. 

Hydridotetrakis(triphenylphosphine)rhodium [25], trimethylvinylsilane [26], l- 
bromovinyltrimethylsilane [26]. (E)-l-iodopropenyltrimethylsilane [27], (E)-l- 
iodohexenyltrimethylsilane [27], 3-trimethylsilyl-3-buten-2-01 (7a) [26]. 2-trimethyl- 
silyl-2-cyclohexenol (7n) [28], 3-trimethylsilyl-3-buten-2-one (lOa) [26]. and l- 
phenyl-2-trimethylsilyl-2-propen-l-one (log) [26] were prepared by standard proce- 
dures. 

Preparation of /3-trimethylsi&l ally1 alcohols (7) 
Procedures for 7h and 7k are described as typical examples. Spectral and 

analytical data for 7 are listed in Table 4. 
2-Trimethylsilyl-l-octen-3-01 (7b). To a solution of l-trimethylsilylvinyl- 

magnesium bromide (40.4 mmol) formed from Mg (0.98 g, 40.4 mmol) and l- 
bromovinyltrimethylsilane (8.38 g, 46.8 mmol) in 100 ml of tetrahydrofuran was 
added hexanal (5.93 g, 41.8 mmol) at 0 o C. The reaction mixture was stirred for 1 h 
at room temperature and quenched with aqueous NH,Cl (30 ml). The organic phase 
was separated and the aqueous phase was extracted with ethyl acetate (3 x 30 ml). 
The combined organic portions were washed with brine (3 X 50 ml), dried over 
anhydrous MgSO,, and concentrated under reduced pressure. The resulting crude 
product was purified by column chromatography on silica gel, a mixed solvent 
(hexane/ethyl acetate, 95/5) was used as eluent and bulb-to-bulb distillation gave 
3.66 g (37%) of 7h as a colorless oil. 

3-Trimethylsit)+Z-nonen-4-01 (7k). (E)-1-Iodo-l-trimethylsilylpropene (2.18 g. 
9.02 mmol) was added to 6.5 ml of hexane solution of n-butyllithium (1.5 M, 9.75 
mmol) at - 78’ C and the mixture was stirred for 1 h at the same temperature. A 
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diethyl ether (1 ml) solution of hexanal (0.96 g, 9.61 mmol) was added slowly at 
- 78 o C. The resulting solution was then stirred for 3 h at - 20 o C and quenched 
with aqueous NH,Cl (30 ml).The organic phase was separated and the aqueous 
phase was extracted with ethyl acetate (3 X 30 ml). The combined organic portions 
were washed with water (2 X 30 ml), dried over anhydrous MgSO,, and con- 
centrated under reduced pressure. The residual oil was chromatographed on silica 
gel, a mixed solvent (hexane/EtOAc, 180/11) was used as eluent to give 0.92 g 
(48%) of 7k as a colorless oil. 

Preparation of Pkilylated ally1 alcohols (12) 
Procedures for 12a-A, 128, and 12h are described as typical examples. The data 

for 12 are listed in Table 5. These alcohols were used immediately after distillation 
since p-elimination of Me,SiOH from 12 took place at room temperature before 
elemental analysis. 

1 -Trimethylsilyl-3-huten-2-01 (12a-A). To a solution of trimethylsilylmagnesium 
chloride (18.7 mmol) formed from Mg (0.45 g, 18.7 mmol) and chloromethyltrimeth- 
ylsilane (2.42 g, 19.8 mmol) in 40 ml diethyl ether was added 1.7 2 g (20.0 mmol) of 
acrolein in 5 ml of Et 2O at 0 o C. The reaction mixture was stirred for 2 h at room 
temperature, and quenched with aqueous NH,Cl (20 ml). The organic phase was 
then separated off, and the aqueous phase was extracted with Et,0 (3 X 30 ml). The 
combined organic portions were washed with brine (3 x 40 ml), dried over anhydrous 
MgSO,, and concentrated. The resulting crude product was distilled to give 2.24 g 
(83%) of 12a-A as a colorless oil. 

2-Trimethylsiijl-4-octen-3-01 (12g). A suspension of lithium 1.35 g (195 mmol) 
and l-chloroethyltrimethylsilane 2.65 g (19.3 mmol) in pentane (35 ml) was refluxed 
for 1.5 h, cooled to room temperature, and kept for 2 h. The gray powder (LiCl) 
which precipitated and the excess lithium were filtered from the suspension under 
argon. The filtrate was cooled to - 78 o C and diluted with 30 ml of THF. A THF 
(10 ml) solution of (E)-2-hexenal (0.97 g, 9.83 mmol) was added to the above 
solution at - 78” C, and the mixture was stirred for 4 h at the same temperature, 
then quenched with aqueous NH,Cl (20 ml). The organic phase was separated and 
the aqueous layer was extracted with Et,0 (3 x 30 ml). The organic layer and the 
extracts were combined, washed with brine (2 x 30 ml) and dried over anhydrous 
MgSO,. After evaporation of solvent under reduced pressure, the residual oil was 
distilled to give 1.85 g (94%) of 12g as a colorless oil. 

4-Trimethylsilyl-f-nonen-3-o/ (12h). To a THF (1000 ml) solution of trimethyl- 
vinylsilane (20.8 g, 0.21 mol) was added 128 ml of a hexane solution of n-butyl- 
lithium (1.5 M, 0.20 mol) at - 78O C and the mixture was stirred for 1.5 h at 0 o C. A 
THF (80 ml) solution of acrolein (11.0 g, 0.20 mol) was added slowly to the 
resulting yellow solution at -78°C. The mixture was then stirred for 2 h at the 
same temperature and quenched with aqueous NH,Cl (300 ml). The organic phase 
was separated and the aqueous phase was extracted with Et,0 (3 x 150 ml). The 
combined organic portions were washed with brine (3 X 200 ml), dried over 
anhydrous MgSO,, and concentrated under reduced pressure. Bulb-to-bulb distil- 
lation of the residual oil gave 28.7 g (71%) of 12h as a colorless oil. 

Preparation of I -dimethylphenylsilyl-2-buten-l-01 (14) 
To a suspension of lithium (0.22 g, 32.4 mmol) in THF (20 ml) was added slowly 

chlorodimethylphenylsilane (2.45 g, 14.3 mmol) and the mixture was stirred for 15 h 
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Table 5 

Spectral data for p’-trimethylsilyl ally1 alcohols 12 

Entry Ally1 Yield B.p. IR (Ccl,) ‘H NMR (Ccl,) a 
alcohol ( W) (O C/Torr) 
12 

v(OH) G(SiMe,) SiCH, CH(OH) C=CH 
(cm-‘) 

1 12a-A 83 

2 

3 

4 

5 

12a-B 84 

12a-C 50 

12b 51 

12c 70 

12d 94 

12e 86 

12f 47 

12g 94 

12b 71 

12i 69 

12j 78 

12k 87 

72/30 3605 1240 

1 lo/O.6 3620 1245 

88/0.3 3630 1250 

84/27 3605 1240 

80/20 3605 1240 

65/0.2 3610 1249 

68/0.8 3620 1249 

78/10 3610 1240 

80/2 3630 1245 

70/0.1 3605 1243 

83/0.7 3610 1243 

88/0.3 3610 1246 

87/0.1 3615 1246 

0.05(s, 9H) 4.58(t of d, 5.3-6.6 
J 7.5, 7.5, 1H) (m, 3H) 

0.33(s, 6H) 4.12(t of d, 4.8-6.2 
J 6.8, 6.8, 1H) (m. 3H) 

0.17(s, 6H) 4.0-4.4(m, 1H) 4.7-6.1 
(m, 3H) 

0.06(s, 9H) 4.3-4.8(m, 1H) 5.7-6.2 
(m, 2H) 

0.03(s, 9H) 4.16(d, J4.9, 1H) 

6 

7 

8 

9 

10 

11 

12 

13 

O.OO(s, 9H) 3.8-4.4(m, 1H) 5.3-5.5 
(m, 2H) 

O.OO(s, 9H) 3.7-4.5(m, 1H) 5.1-5.4 
(m, 2H) 

O.Ol(s, 9H) 4.37(d oft, 4.9-5.2 
J 8.3, 7.2, 1H) (m. 1H) 

O.OO(s, 9H) 3.8-4.2(m, 1H) 5.3-5.6 
(m, 2H) 

0.04(s, 9H) 4.1-4.4(m, IH) 4.9-6.2 
(m, 3H) 

O.OO(s, 9H) 3.9-4.3(m, 1H) 5.4-5.7 
(m, 2H) 

0.03(s, 9H) 4.0-4.3(m, 1H) 4.8-5.0 
(m, XI) 

0.03(s, 9H) 4.0-4.3(m, 1H) 5.5-7.7 
(m, 2H) 

o Shifts are in ppm, coupling constants in Hz; relative to SiMe, at 60 MHz and 25 o C. 

at room temperature. The resulting solution of dimethylphenylsilyllithium was 
added to a THF (10 ml) solution of 2-butenal (0.87 g, 12.4 mmol) at - 78O C. After 
the addition, the temperature of the cooling bath was raised to room temperature 
for 5 h. The resulting mixture was cooled to - 78” C again, and quenched with 
aqueous NH,Cl (20 ml) at the same temperature. The organic phase was separated 
and the aqueous layer was extracted with Et 2O (3 X 20 ml). The combined organic 
phases were washed with brine (3 X 30 ml), dried over anhydrous MgSO,, and 
concentrated under reduced pressure. After bulb-to-bulb distillation of the residual 
oil, 0.25 g (20%) of 14 was obtained as a pale yellow oil. B.p.: 78 o C/O.1 Torr. Anal. 
Found: C, 70.02; H, 8.65. C,,H,,OSi talc: C, 69.84; H, 8.79%. IR (Ccl,): 3580 
(OH), 1241 (SIC) cm -I. ‘H NMR (Ccl,): 6 0.50 (s, 6H, HsCSi), 2.05 (d of d, J 5.2, 
1.9 Hz, 3H, =CCH,), 2.35 (broad s, lH, OH), 4.2-4.4 (m, lH, 0-CH), 5.4-5.6 (m, 
2H, %H=CH), 7.2-7.7 (broad m, 5H, Ph). 

Preparation of 1 -trimethyMyE-1 -undecen-J-01 (l&t) 
To a THF (30 ml) solution of ethylmagnesium bromide (25.3 mmol) formed from 

0.62 g (25.3 mmol) of Mg and 3.02 g (27.7 mmol) of ethyl bromide was added 2.58 g 
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room temperature and quenched with aqueous NH,Cl (30 ml). The organic phase 
was separated, and the aqueous phase was extracted with diethyl ether (3 X 30 ml). 
The combined organic phases were washed with brine (3 X 40 ml), dried over 
anhydrous MgSO,, and concentrated under reduced pressure. The residual oil was 
submitted to bulb-to-bulb distillation to give 3.61 g (71%) of 18a as a colorless oil. 

2-Triphenylsilylethanol (18h) [29]. A suspension of lithium 0.29 g (41.7 mmol) 
and chlorotriphenylsilane 3.51 g (11.9 mmol) in THF (20 ml) was stirred for 14 h at 
room temperature. The resulting brown solution was added to a solution of ethylene 
oxide 4 ml (81 mmol) in THF (10 ml) at -55°C. The mixture was stirred for 20 
min at the same temperature and for 1 h at room temperature. The resulting pale 
brown mixture was quenched with aqueous NH,C1(20 ml) at - 78” C. The organic 
phase was separated and the aqueous layer was extracted with Et 2O (3 X 30 ml). 
The combined organic phases were washed with brine (3 x 30 ml), dried over 
anhydrous MgSO,, and concentrated under reduced pressure. The residual solid was 
purified by recrystallization from Et,O/hexane solvent to give 2.45 g (68%) of 18h 
as orange block-like crystals. 

2-Trimethylsilyl-1-cyclohexanol (I8i) [12b]. A THF (10 ml) solution of l-tri- 
methylsilylcyclohexene oxide (0.71 g, 4.2 mmol) was added to a THF (30 ml) 
solution of lithium aluminium hydride (0.28 g, 7.5 mmol) at room temperature. The 
mixture was refluxed for 30 min, and quenched with ethyl acetate (10 ml) and 
aqueous NH,C1(20 ml) at room temperature. The organic phase was separated and 
the aqueous layer was extracted with ethyl acetate (2 x 20 ml). The combined 
organic phases were washed with brine (3 X 30 ml), dried over anhydrous MgSO,, 
and concentrated under reduced pressure to give 0.61 g (86%) of 18i as a clear solid. 

(Continued on p. 86) 

Table 6 

Spectral and analytical data for &trimethylsilyI alcohols 18 

Entry Silyl Yield B.p. IR (CCL,) ‘H NMR (Ccl,) “Analysis (Found Formula 
alcohol (s) (“C/Torr) “(OH) S(SiMe,) SiCH, CW(oH) (caIc) (g)) 
18 

18a 

18b 

l&Z 

l&l 

l& 

18f 

1% 

18h 
1% 

- 
71 90/0.2 

(cm-‘) 

3605 1240 

80 88/0.2 3605 1240 

73 100/0.35 3650 1250 

75 80/0.2 3660 1245 

81 113/0.2 3660 1245 

82 105/0.5 3660 1247 

47 

68 
86 

89,‘0.2 3650 1240 

b 3620 - 
c 3630 1241 

C H 

0.05 3.4-3.9 66.77 13.19 Ct,H,sOSi 
(s, 9H) (m, 1H) (66.59) (13.04) 
0.03 3.6-4.0 66.82 13.08 C,,H,sOSi 
(s, 9H) (m, 1H) (66.59) (13.04) 
0.03 3.6-3.9 66.51 13.11 C,,H,,OSi 
(s, 9H) (m, 1H) (66.59) (13.04) 
0.05 3.7-4.2 65.02 12.84 C,,H,,OSi 
(s, 9H) (m, 1H) (65.27) (12.95) 
0.05 3.8-4.2 68.51 13.25 C,,H,,OSi 
(s, 9H) (m, 1H) (68.78) (13.19) 
0.05 3.5-4.2 66.86 13.33 C,,H,,OSi 
(s, 1H) (m, 1H) (66.59) (13.04) 
0.05 3.7-3.9 63.49 12.71 C,,H,,OSi 
(s, 1H) (m, 1H) (63.76) (12.84) 
_ _ ref. [29] 
0.00 4.0-4.2 ref. [12b] 
(s, 1H) (m, 1H) 

* Shifts are in ppm, relative to SiMe, at 60 MHz and 25 o C. b M.p. 99-102O C. c M.p. 53-55 o C. 

---------- 
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Synthesis of a-trimethylsilyl ketones 8 b_y the isomerization of 7 
The procedure for the isomerization of 7c is described as a typical example. The 

data of 8 listed in Tables 1 and 7. 
2-Trimethylsilyl-3-nonanone (8~). A benzene (5 ml) solution of 3.00 g (14.0 

mmol) of 7c, 6.7 mg (0.033 mmol, 0.24 mol%) of log, and 0.51 g (0.44 mmol, 3 
mol%) of HRh(PPh,), was placed in a 25 mm 0 Pyrex tube, under argon 
atmosphere. The tube was sealed and heated at 105 o C in an oil bath for 1 h. The 
resulting dark red solution was concentrated under reduced pressure, and subse- 
quent bulb-to-bulb distillation gave 2.95 g (98%) of 8c as a colorless oil. 

Synthesis of a-trimethylsilyl ketones I3 by the isomerization of I2 
The procedure for the isomerization of 12a-A is described as a typical example. 

The data of 13 are listed in Tables 2 and 7. 
I-Trimethylsilyl-2-butanone (13a-A) (13dJ. A benzene (7 ml) solution of 4.96 g 

(34.3 mmol) of 12a-A, 0.48 g (0.41 mmol, 1.2 mol%) of HRh(PPh,), was placed in a 
25 mm 0 Pyrex tube under argon. The tube was sealed and heated at 105°C in an 
oil bath for 40 min. The resulting orange solution was concentrated under reduced 
pressure, and the subsequent bulb-to-bulb distillation gave 4.69 g (95%,) of 13a-A as 
a colorless oil. 

Synthesis of I-dimethylphenylsil_vl-I -butanone (15) 
In a procedure analogous to that for the isomerization of 12a-A, 109.6 mg (0.53 

mmol) of 14 and 19.2 mg (0.017 mmol) of HRh(PPh,), gave 88.8 mg (81%) of 15 as 
a yellow oil. B.p.: 74”C/O.l Torr. Anal. Found: C, 69.88; H, 8.86. C,,H,,OSi talc: 
C, 69.84; H, 8.79%. IR (Ccl,): 1630 (C=O), 1240 (SIC) cm _I. ‘H NMR (Ccl,): 6 
0.44 (s, 6H, NjCSi), 0.79 (t, J 6.5 Hz, 3H, Cci,), 1.1-1.7 (broad m, 2H, CH,). 2.47 
(t, J 6.5 Hz, 2H, COCH,), 6.1-6.7 (broad m, 5H, Ph). 

Synthesis of 1 -trimethylsilyl-3-undecanone (I 7a) 
Similarly, 110.1 mg (0.45 mmol) of 16a and 13.3 mg (0.012 mmol) of HRh(PPh,), 

gave 91.4 mg (83%) of 17a as a colorless oil. B.p.: Sl”C/O.5 Torr. Anal. Found: C, 
69.12; H, 12.46. C,,H,,OSi talc: C, 69.35; H, 12.47%. IR (Ccl,): 1715 (C=O). 1240 
(SIC) cm-‘. ’ H NMR (Ccl,): S 0.00 (s, 9H, H&Si), 0.4-1.8 (broad m, 17H, 
7 X CH2, CH,), 2.1-2.5 (broad m, 4H, CH,COCH,). 

Synthesis of I -cyclohexyI-3-trimethylsilyl-1 -propanone (176) 
Similarly, 215 mg (1.02 mmol) of 16b and 11.5 mg (0.010 mmol) of HRh(PPh,), 

gave 198 mg (92%) of 17b as a colorless oil. B.p.: 78OC/O.l Torr. Anal. Found: C, 
68.03; H, 11.45. C,,H,,OSi talc: C, 67.86; H, 11.39%. IR (Ccl,): 1700 (C=O), 1241 
(SIC) cm-‘. ’ H NMR (Ccl,): S 0.01 (s, 9H, H,CSi), 0.5-2.6 (broad m, ZOH, 
5 X CH,), 0.71 (t, J 8.3 Hz. 2H, SiCHz), 2.2-2.6 (broad m. lH, COCi-r), 2.38 (t, J 
8.3 Hz, 2H, COCH,). 

Catalytic transfer dehydrogenation of 18 
The procedure for dehydrogenation of 18a is described as a typical example. The 

data for 19 are listed in Tables 3 and 7. 
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I -Trimethylsilyl-2-nonanone (19a) 
A solution of 104.8 mg (0.48 mmol) of 18a in benzene (1 ml), 160.1 mg (1.14 

mmol) of 3-trimethylsilyl-3-buten-2-one, and 27.6 mg (0.024 mmol, 5 mol%) of 
HRh(PPh,), was placed in a 10 mm 0 Pyrex tube under argon. The tube was 
sealed and heated at 107 o C in an oil bath for 4 h. The resulting orange solution was 
concentrated under reduced pressure, and subsequent bulb-to-bulb distillation gave 
87.0 mg (83%) of 19a (identical with 13e) as a colorless oil. 

Acknowledgement 

The author (I. M.) thanks the Ishida Foundation for partial financial support of 
this work and the Shin-etsu Chemical Co. Ltd. for a gift of chlorosilanes. 

References 

1 Preliminary reports dealing with certain aspects of this work have been published: S. Sato, I. Matsuda 
and Y. Izumi, Tetrahedron Lett., 24 (1983) 3855; 25 (1984) 769; 26 (1985) 4229. 

2 (a) E. Calvin, Silicon in Organic Synthesis, Butterworths, London, 1981; (b) W.P. Weber, Silicon 
Reagent for Organic Synthesis, Springer-Verlag, Berlin, 1983. 

3 K. Shimoji, H. Taguchi, K. Oshima, H. Yamamoto, and H. Nozaki, J. Am. Chem. Sot., 96 (1974) 
1620; Bull. Chem. Sot. Jpn., 47 (1974) 2529. 

4 (a) I. Ojima, M. Kumagai, and Y. Nagai, Tetrahedron Lett., (1974) 4005; (b) I. Matsuda, S. Murata, 
and Y. Ishii, J. Chem. Sot., Perkin Trans. I, (1979) 26; (c) Y. Yamakado, M. Ishiguro, N. Ikeda, and 
H. Yamamoto, J. Am. Chem. Sot., 103 (1981) 5568. 

5 P.F. Hudrlik, and A.K. Kulkami, J. Am. Chem. Sot., 103 (1981) 6251. 
6 P.A. Brown, R.V. Bonnert, P.R. Jenkins, and M.R. Selim, Tetrahedron Lett., 28 (1987) 693. 
7 (a) P.F. Hudrlik, and D. Peterson, J. Am. Chem. Sot., 97 (1975) 1464; (b) M. Obayashi, K. Utimoto, 

and H. Nozaki, Bull. Chem. Sot. Jpn., 52 (1979) 1760. 
8 (a) T. Inoue, T. Sato, and I. Kuwajima, J. Org. Chem., 49 (1984) 4671; (b) I. Matsuda, H. Okada, S. 

Sato, and Y. Izumi, Tetrahedron Lett., 25 (1984) 3879. 
9 (a) I. Matsuda, S. Sato, M. Hattori, and Y. Izumi, Tetrahedron Lett., 26 (1985) 3215; (b) I. Matsuda, 

and S. Sato, J. Organomet. Chem., 314 (1986) 47. 
10 (a) G. Stork, and P.F. Hudrlik, J. Am. Chem. Sot., 90 (1968) 4462 and 4464; (b) H.O. House, L.J. 

Czuba, M. Gall, and H.C. Olmstead, J. Org. Chem., 34 (1969) 2324. 
11 G.L. Larson, and L.M. Fuentes, J. Am. Chem. Sot., 103 (1981) 2418. 
12 (a) R.A. Ruden, and B.L. Gaffney, Synth. Comm., 5 (1975) 15; (b) H. Beisswenger, and M. Hanack, 

Tetrahedron Lett., 23 (1982) 403. 
13 (a) C.R. Hauser, and C.R. Hance, J. Am. Chem. Sot., 74 (1952) 5091; (b) T.H. Chan, E. Chang, and 

E. Vinokur, Tetrahedron Lett., (1970) 1137. (c) M. Demuth, Helv. Chim. Acta, 61 (1978) 3136; (d) 
B.A. Pearlman, J.M. McNamara, I. Hasan, S. Hatakeyama, H. Sekizaki, and Y. Kishi, J. Am. Chem. 
Sot., 103 (1981) 4248; (e) D.E. Seith, and A. Zapata, Synthesis, (1981) 557. 

14 G.L. Larson, D. Hemandez, I.M. de Lopez-Cepero, and L.E. Torres, J. Org. Chem., 50 (1985) 5260. 
15 (a) P.F. Hudrlik, R.N. Misra, G.P. Withers, A.M. Hudrlik, R.J. Rona, and J.P. Arcoleo, Tetrahedron 

Lett., (1976) 1453; (b) M. Obayashi, K. Utimoto, and H. Nozaki, Bull. Chem. Sot. Jpn., 52 (1979) 
2646. 

16 R.F. Cunico, Tetrahedron Lett., 27 (1986) 4269. 
17 T. Sato, K. Matsumoto, T. Abe, and I. Kuwajima, Bull. Chem. Sot. Jpn., 57 (1984) 2169. 
18 (a) E.J. Corey, and C. Ruecker, Tetrahedron Lett., 25 (1984) 4345; (b) P. Sampson, and D.F. 

Wiemer, J. Chem. Sot., Chem. Commun., (1985) 1746. 
19 (a) E.J. Corey, and J.W. Suggs, J. Org. Chem., 38 (1973) 3224; (b) W. Strohmeier, and L. Weigelt, J. 

Organomet. Chem., 86 (1975) C17; (c) C.F. Lochow, and R.G. Miller, J. Org. Chem., 41 (1976) 3020; 
(d) J.M. Reuter, and R.G. Salomon, J. Org. Chem., 42 (1977) 3360; (e) D. Baudry, M. Ephritikhine, 
and H. FeIkin, J. Chem. Sot., Chem. Commun., (1978) 694; (f) H. Suzuki, Y. Koyama, Y. Moro-oka, 
and T. Ikawa, Tetrahedron Lett., (1979) 1415; (g) K. Tani, T. Yamagata, S. Akutagawa, H. 
Kumobayashi, T. Taketomi, H. Takaya, A. Miyashita, R. Noyori, and S. Otsuka, J. Am. Chem. Sot., 
106 (1984) 5208. 



20 I. Matsuda, S. Sato, and Y. Izumi, Tetrahedron Lett., 24 (1983) 2787. 
21 (a) H. Imai, T. Nishiguchi, and K. Fukuzumi, J. Org. Chem., 39 (1974) 1622: (h) D. Beaupere. L. 

Nadjo, R. Uzan, and P. Batter, J. Mol. Catal.. 18 (1983) 73. 
22 D. Beauptre, L. Nadjo, R. Uzan, and P. Bauer, J. Mol. Catal., 20 (1983) 185. 
23 (a) A.G. Brook, and N.V. Schwartz. J. Org. Chem., 27 (1962) 2311; (h) 1. Kuwajima, M. Arai, and T. 

Sato, J. Am. Chem. Sot., 99 (1977) 4181; (c) S. Murai, I. Ryu, J. Iriguchi, and N. Sonoda, J. Am. 
Chem. Sot., 106 (1984) 2440. 

24 (a) I. Fleming, and J. Goldhill, J. Chem. Sot., Perkin Trans. I, (1980) 1493; (h) W. Engel, 1. Fleming, 
and R.H. Smithers, J. Chem. Sot., Perkin Trans. I. (1986) 1637. 

25 J.J. Levison, and SD. Robinson, J. Chem. Sot. (A), (1970) 2947. 
26 R.K. Boeckman Jr., D.N. Blum, B. Ganem, and N. Halvey, Org. Synth., 58 (1978) 152. 
27 G. Zweifel, and W. Lewis, J. Org. Chem., 43 (1978) 2739. 
28 (a) W.E. Fristad, T.R. Bailey. and L.A. Paquette, J. Org. Chem.. 43 (1978) 1620; (h) L.A. Paquette. 

W.E. Fristad, D.S. Dime, and T.R. Bailey, J. Org. Chem., 45 (1980) 3017; (c) W.E. Fristad. T.R. 
Bailey, and L.A. Paquette, J. Org. Chem., 45 (1980) 3028. 

29 J.J. Eisch, and J.T. Trainor. J. Org. Chem.. 28 (1963) 2870. 


