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1 Introduction 
Despite the advances made in the field of organosilicon chemistry and the numer- 
ous synthetic methods which rely on the properties of silicon, the use of this element 
in acyl anion equivalents has received little attention compared to other elements 
such as sulphur. Indeed, the area of acyl anion equivalents and other urnpolung’ 
reagents has been dominated by sulphur  compound^.^-^ It is the aim of this review 
to discuss the use of silicon reagents in this role; general organosilicon chemistry 
will not be considered as there are already many excellent For the 
purposes of this article, only compounds which have the silicon atom bonded 
directly or through one heteroatom to the carbon atom which is to become the 
carbonyl carbon and are urnpolung reagents have been considered. This means that 
0-silylcyanohydrins are looked at but 0-silylenol ethers have been omitted.’ 

2 Vinylsilanes and cx,&Epoxysilanes 
Vinylsilanes as carbonyl equivalents was one of the first uses for these compounds 
in organic methodology.12 The large number of methods of preparation and 
reactions of these compounds’ has made vinylsilanes useful synthetic tools besides 
providing a method for the synthesis of carbonyl compounds uia cr,/?-epoxysilanes. 

Vinylsilanes (1)  have been prepared from acetylenes by a variety of routes which 
are summarized in Scheme 1. Silanes have been added to acetylenes in the presence 
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of a platinum catalyst,'2*'4-19 but because of the lack of regioselectively a terminal 
acetylene which leads to a 1-silylalkene, or symmetrical acetylene have normally 
been used. The cuprate derived from dimethylphenylsilyl-lithium added to acety- 
lenes with some regioselective control; this method has the added advantage that 
the resultant vinylcopper compound can react with a variety of electrophiles to give 
functionalized vinylsilanes.20 Other organometallic reagents which have been 
added to silylacetylenes (2) or acetylenes and the resultant vinylmetallic reagent 
treated with a silyl halide are organocuprates,21*22 organoboranes,'6,23*24 organo- 
aluminium compounds,* 5 ,26  and Grignard reagents catalysed by n i ~ k e l . ~  

- -- R2 --- R l  R2- -Rl - SiR3 

- - R 2 - i - S i R 3  R3-=- - SiR3 - 
(2) 

Reagents: (i) R' = R3 = P or R' = R2, R3 = H; R3SiH, HzPtC16 (ref. 12, 14-18). (ii) R' = R2 or 
R2 = H; ( a )  (PhMe,Si),CuLi.LiCN/THF/O"C, (b) R3X (ref. 20). (iii) R' = R3 = H; (a) 
RZ2CuMgX or R2CuX.MgX/THF, (b) H 2 0  (ref. 21). (iv) R' = RZ = H; ( a )  R2,CuLi, (b) 
Me3SiC1 (ref. 22). (v) R' = R2 = H; ( a )  (c-C6H,,)BH/THF, (b) AcOH/A (c) H,O,/-OH 
(ref. 23). (vi) R2 = H; (a) (c-C6Hll)BH/THF, (b) MeLi, (c) CuI, ( d )  P(OEt),/HMPA/R'X 
(ref. 24). (vii) R2 = H; ( a )  Dibal-H/R43N, (b) MeLi, (c) R'X (ref. 25). (viii) R2 = Me; (u) 
Ni(acac),/Me,Al/MeMgBr/THF, (b) R'X (ref. 27). (ix) R3 = H; (a) Dibal-H, (b) MeLi, (c) 
R'X (ref. 25, 26). 

Scheme 1 
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Silylacetylenes have been reduced to the vinylsilane by hydrogenation in the 
presence of a poisoned palladium catalyst12 or Raney Vinylsiianes have 
also been prepared by a Diels-Alder reaction of a silylacetylene with a dieneZ9 or of 
a silyl-substituted diene with an appropriate dien~phile.~' 

Vinyl halides have been used as precursors to vinylsilanes; the required trans- 
formation has been achieved by Wurtz c o ~ p l i n g ' ~ * ~ ~ - ~ ~  via the ~ i n y l - l i t h i u m ~ ~ , ~ '  
(this method has been used to prepare functionalized ~ inyls i lanes~~) ,  high 
 temperature^,^ or palladium catalysis3' (see Scheme 2). 

Elimination of a hydrogen halide,39-42 water,43 or an ester44 from an appro- 
priately substituted silane leads to vinylsilanes. The most useful reaction of this type 

i o r  ii 1 

Reagents: (i) R = Me, R3 = H; Na/Et20/Me3SiC1 (ref. 31--33). (ii) R = Me, R3 = H; ( a )  t-BuLi/low 
temp., ( b )  Me,SiCl (ref. 34, 35). (iii) R = C1, R' = R2 = R3 = H; Si/SnCI2 or CuC1/55O0C 
(ref. 37). (iv) R = Me,Cl,-, ; (CI3-,Me,Si,)/Pd(PPh,), (ref. 38). 

Scheme 2 
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is shown in Scheme 3, although it should be noted that the isomers of the 
B-hydroxyselenide (3a and 3b) have to be separated.45 

R SiMeg OH 

'H 

1. Bu"Li 

2. RCHO R'  
SeMe SeMe R' R R '  

(3a) (3b) 

P0Cl3 - NEt3 - CH2C12 I 
Me3Si 

R R 

Scheme 345 

Vinylsilanes have been prepared from ketones via the corresponding sulphonyl- 
hydrazones (4)46-48 (see Scheme 4) and, hence, it is possible to protect a ketone as 
a vinylsilane. 

qNHso2Ar , , R' 

$' ArSO NHNH 1. n-BuLi--TMEDA R' 
2. Me3SiCI 

R2 R2 

(4) (1) 

Scheme 44648 

In addition to the anions produced by the addition of organometallic reagents to 
silylacetylenes ( 2 )  (vide supra), anions derived from vinylsilanes have been used to 
synthesize other vinylsilanes by reaction with alkyl hai ide~,~ ' -~ carbonyl 

45 W. Dumont, D. Van Ende, and A. Krief, Tetrahedron Lett., 1979, 485. 
46 T. H. Chan, A. Baldassare, and D. Massuda, Synthesis, 1976, 801. 
47  R. T. Taylor, C. R. Degenhardt, W. P. Melega, and L. A. Paquette, Tetrahedron Lett.,  1977, 159. 
48 A. R. Chamberlin, J. E. Stemke, and F. T. Bond, J. Org. Chem., 1978, 43, 147. 
49 B.-T. Grobel and D. Seebach, Angew. Chem., Int. Ed. Engl., 1974, 13, 83. 
5 0  B.-T. Grobel and D. Seebach, Chem. Ber., 1977, 112, 867. 
5 1  A. G. Brook, J. M. DufF, and W. F. Reynolds, J. Organornet. Chem., 1976, 121, 293. 
5 2  D. Seyferth, J. L. Lefferts, and R. L. Lambert, J. Organomet. Chem., 1977, 142, 39. 
5 3  G. Zweifel and W. Lewis, J. Org. Chem., 1978, 43, 2739. 
5 4  R. F. Cunico and F. J. Clayton, J .  Org. Chem., 1976, 41, 1480. 
5 5  C.  Huynh and G. Linstrumelle, Tetrahedron Lett., 1979, 1073. 
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corn pound^,^^*^^-^^ a,B-unsaturated carbonyl corn pound^,^^^^^-^^ acid 
 anhydride^,^' or epoxides66 (see Scheme 5) .  

i - is 1 

Br R3./ SiR3 n -  Bu3S!i 

Reagents: (i) R3 = H ;  ( a )  BuLi, ( b )  R'X (ref. 49-53). (ii) R = Me, R2 = H ;  R',CuLi (ref. 53). (iii) 
R = Me; ( a )  Mg, (b) Cu'/R'X (ref. 55). (iv) R2 = R3 = H; R' = R4RsC(OH)-; ( a )  BuLi, 
(b) R 4 R 5 C 0  (ref. 49, 56, 57, 61). (v) R = Me. R2 = H, R' = CH,R4; ( a )  t-BuLi, (b) 
R3CH0,  (c) S02C12, ( d )  R42CuLi (ref. 58,59). (vi) R = Me, R3 = H, R' = CH2R" ; ( a )  t-BuLi, 
(b) R 2 C H 0 ,  (c) AcCI/AgCN, (d) R4,CuLi (ref. 58, 60). (vii) R = Me. 
R'  = R6C(0)CH2CR4R5-; ( a )  t-BuLi or Mg, (b )  CuI, (c) R'R5C=CHC(0)R6 (ref. 55. 
62-64). (viii) R' = R4CO; ( a )  t-BuLi or Mg, (b) 
R2 = R3 = H, R' = -CH(R4)C(OH)R5R6; ( a )  Mg, (b )  
R' = R3 = H ;  ( a )  n-BuLi/-70 "C, (b) R2X (ref. 54). (xi) as (iii) but with RZX (ref. 55). (xii) as 
(vii) but R 2  = R6C(0)CH2CR4R5 (ref. 55, 62-64). (xiii) as (viii) but R 2  = R 4 C 0  (ref. 65). 

Scheme 5 

The Peterson reaction,67 the silicon equivalent of the Wittig reaction, provides 
another method for the preparation of vinylsilanes. The required a-silylanions have 
been prepared from the parent ~ i I ane ,~ '*~*  by addition of an alkyl-lithium to a 

5 6  T. H. Chan, W. Mychajlowskij, B. S. Ong, and D. N. Harpp, J. Organomet. Chem., 1976, 107, CI. 
" T. H. Chan, B. S. Ong, and W. Mychajlowskij, Tetrahedron Lett., 1976, 3253. 
5 B  W. Mychajlowskij and T. H. Chan, Tetrahedron Lett., 1976, 4439. 
5 9  T. H. Chan and B. S. On& J. Org. Chem., 1978, 43, 2994. 
6o  R. Amouroux and T. H. Chan, Tetrahedron Lett., 1978, 4453. 
61  T. H. Chan, W. Mychajlowskij, B. S. Ong, and D. N. Harpp, J .  Org. Chem., 1978, 43, 1526. 
62  R. K. Boeckman and K. J. Bruza, Tetrahedron Lett., 1974, 3365. 

R. K. Boeckman and M. Ramaiah, J. Org. Chem., 1977, 42, 1581. 
'" R. K. Boeckman and K. J. Bruza, J. Ore. Chem., 1979, 44, 4781. 
6 5  A. G. Brook and J. M. Duff, J. Organomet. Chem., 1973, 51, 2024. 
6 6  I. Matsuda, Chem. Lett., 1978, 773. 
" D. J. Peterson, J .  Org. Chem., 1968, 33, 780. 

B.-T. Grobel and D. Seebach, Chem. Ber., 1977, 110, 852. 
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v i n y l ~ i l a n e ~ ~ , ~ ~  and by displacement of a suitable (see Scheme 6). This 
method, however, has the disadvantage that the anions only react cleanly with non- 
enolizable carbonyl compounds, but this can be overcome by the presence of other 
functional groups on the a n i ~ n . ~ ' . ~ ~  

SiMe 7 

Reagents: 

iii T 
SiMe 3 

SPh 

(i) R' = H or SiMe, ; ( a )  R4Li, (b) R2R3C0 (ref. 49, 68). (ii) R2 or R3 = H ;  R' = R4CH2 ; 
( a )  R4Li, (b) R'CHO (ref. 49, 69). (iii) ( a )  LiNaph/THF/-78"C, (b) R2R3C0 (ref. 70). 
(iv) R' = H or SiMe, ; ( a )  NaOMe/HMPA, (6) RzR3C0 (ref. 71). 

Scheme 6 

Other routes to vinylsilanes are provided by the ally1 anion of allyltrimethyl- 
silane (5)73-77 (see Scheme 7), nucleophilic substitution of 1- and 3-trimethyl- 
silylallyl acetates (6) and (7)78 (see Scheme 8), anions derived from a,fl-epoxysilanes 
(S)," reduction of an a-silyl ester" or thioacetal of an enal," a Diels-Alder 

69 D. Seebach, R. Burstinghaus, B.-T. Grobel, and M. Kolb, Annalen, 1977, 830. 
" D. J. Ager, J. Org. Chem., submitted. 
'' H. Sakurai, K.-i. Nishiwaki, and M. Kira, Tetrahedron Lett.,  1973, 4193. 
'' K. Sachdev, Tetrahedron Lett., 1976, 4041. 
73 D. Ayalon-Chass, E. Ehlinger, and P. Magnus, J. Chem. Soc., Chem. Commun., 1977, 772. 
74 K. Yamamoto, M. Ohta, and J. Tsuji, Chem. Lett., 1979, 713. 
7 5  E. Ehlinger and P. Magnus, J. Am. Chem. SOC., 1980, 102, 5004. 
7 6  R. J. P. Corriu, C. Guerin, and J. M'Boula, Tetrahedron Lett., 1981, 22, 2985. 
'' M .  A. Tius, Tetrahedron Lett.,  1981, 22, 3335. 
'* T. Hirao, J. Enda, Y. Ohshiro, and T. Agawa, Tetrahedron Lett., 1981, 22, 3079. 
79 J. J. Eisch and J. E. Gable, J .  Am. Chem. Soc., 1976,98, 4646. 

J.-P. Picard, J. Dunogues, N. Duffaut, and R. Calas, J. Chem. Re@), 1977, 54. 
'' D. Pandy-Szekeres, G. Deleris, J.-P. Picard, J.-P. Pillot, and R. Calas, Tetrahedron Lett., 1980,21,4267. 
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reaction,82 and rearrangement of silyl substituted cyclopropanes (9)83 (see 
Scheme 9). 

Me3Si 1. Base Me3Si E 
2. E+ ' w 

( 5 )  

Scheme 7 

or 
SiMe3 %Me3 

Me3Si CRXY 
-CRXY -%-J 

Scheme 878 

SiMe? 

(9) 

iii 

SiMe, 

1 
SiMe3 

0 0 
II II 
0 (ref. 84), (ii) ( a )  0 , (b)  EtZnI/CH212/25"C, (c) NHLCl/H20 Reagents: (i) ( a )  LiNaph, (b) 

(ref. 84). (iii) TsOH/C,H,/20 "C (ref. 84), (iv) A (ref. 83). 

Scheme 9 

a,b-Epoxysilanes (8) have been prepared by epoxidation of the vinylsilane (1) 
with a peracid' 7 ~ 5 9 * 8 5  which is commonly m-chloroperoxybenzoic acid 
(MCpBA).12,16,64,75,86-89 The epoxide (8) was formed stereospecifi~ally'~~~'~~~ 

1. Fleming and R. V. Williams, J. Chem. SOC.,  Perkin Trans. 1 ,  1981, 684. 
8 3  L. A. Paquette, G. J. Wells, K. A. Horn, and T.-H. Yan, Tetrahedron Lett., 1982, 23, 263. 
84 L. A. Paquette, K. A. Horn, and G. J. Wells, Tetrahedron Lett., 1982, 23, 259. 

J. J. Eisch and J. E. Galle, J. Org. Chem., 1976, 41, 2615. 
G. Stork and M. E. Jung, J .  Am. Chem. SOC., 1974, %, 3682. 

8 7  T. H. Chan, M. P. Li, W. Mychajlowskij, and D. N. Harpp, Tetrahedron Lett., 1974, 3511. 
T. H. Chan, P. W. K. Lau, and M. P. Li, Tetrahedron Lett., 1976, 2667. 

8 9  M. Obayaski, K. Utimoto, and H. Nozaki, Tetrahedron Lett., 1977, 1807. 
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(see Scheme 10). It has been found that ketones must be protected during this 
~ x i d a t i o n . ~ ~ , ~ ~  

The epoxides (8) have also been prepared by the use of anions derived from 
a-chlorosilanes (10); epoxide formation was the preferred pathway rather than 

0 

Scheme 1 O I 6  

MejSi 
R~ R ~ C O  

C1 H 
Me3x1 C1 Li - R’ 

BuLi 

THF/ -78 O C  

Scheme 11 

elimination of the silyl group uia a Peterson r e a c t i ~ n ’ ~ ~ ~ ~ ~ ~ ’  (see Scheme 11). The 
anions of some a$-epoxysilanes have been obtained by direct deprotonation.” 

a$-Epoxysilanes (8) have been hydrolysed to the corresponding carbonyl com- 
pounds by acid catalysed hydrolysis (see Scheme 12). Many acids have been 

and in some cases the hydrolysis may proceed via the acetal. In 
cyclic cases, for example, 1,2-epoxy-l-trimethylsilylcyclohexane (1 l), the diol (12) 
was formed upon hydrolysis, instead of the k e t ~ n e ~ ~ , ~ ~  (see Scheme 13). These 
results show that vinylsilanes can only be used as masked carbonyl compounds in 
acyclic cases and suggest that the hydrolysis proceeds by the mechanism shown in 
Scheme 12 rather than by a concerted attack at  the silyl group and ring opening.” 

used 10,12,6 2.6 3.7 5 . 9 3  

9 0  C. Burford, F. Cooke, E. Ehlinger, and P. D. Magnus, J. Am. Chem. SOC., 1977, 99, 4536. 
91 F. Cooke and P. Magnus, J. Chem. SOC., Chem. Commun., 1917, 513. 
92 J. J. Eisch and J. E. Galle, J. Am. Chem. SOC., 1976, 98, 4646. 
9 3  G. Stork and M. E. Jung, J .  Am. Chem. SOC., 1974,%, 3682. 
94 C. M. Robbins and G. H. Whitham, J. Chem. SOC., Chem. Commun., 1976, 697; A. P. Davis, 

G. J. Hughes, P. R. Lowndes, C. M. Robbins, E. J. Thomas, and G. H. Whitman, J. Chem. Soc., 
Perkrn Trans. I ,  1981, 1934. 

9 5  P. F. Hudrlik, J. 0. Arcoleo, R. H. Schwartz, R. N. Misra, and R. J. Rona, Tetrahedron Left . ,  1977,591. 
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R2 R3*:3 

0 

R 3 ) A R 1  

R2 

H 
I 

R'  
HO H 2 0 .  .> 

T1 

H 2 0 :  
Scheme 12 

The diols (13) have been converted into trimethylsilyl enol ethers by reaction 
with potassium h ~ d r i d e ' ~  (see Scheme 14). In addition, a$-epoxysilanes have been 
converted directly or indirectly into carbonyl compounds by pyrolysis' 7-g9 or 
magnesium salt induced rearrangement' oo*lol but these methods usually produce 
a mixture of products, the major one leading to a carbonyl compound in which the 
carbonyl carbon was not derived from the carbon atom to which the silicon was 
originally bonded. 

OSiMe3 A H2S04 ~ O h o H  K H / C t 2 0  ~ 

H20/THF NaHCO,/ H20 
n-ChH13 SiMe3 n-C6HI3 SiMe, Il-ChH 1.7 

Scheme 1496 

96 P. F. Hudrlik, R. H. Schwartz, and A. K. Kulkami, Tetrahedron Lett., 1979, 2233. 
97 P. F. Hudrlik, C.-N. Wan, and G. P. Withers, Tetrahedron Lett., 1976, 1449. 
98 A. R. Bassindale, A. G. Brook, P. Chen, and J. Lennon, J. Organomet. Chem., 1975, 94, C21. 
99 P. F. Hudrlik and C.-N. Wan, Synth. Commun., 1979, 9, 333. 

loo  P. F. Hudrlik, R. N. Misra, G. P. Withers, A. M. Hudrlik, R. J. Rona, and J. P. Arcoleo, 

'01 M. Obayashi, K. Utimoto, and H. Nozaki, Tetrahedron Lett., 1977, 1807. 
Tetrahedron Lett., 1976, 1453. 
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The use of a,p-epoxysilanes has been illustrated by the synthesis of 
(R)-( + )-frontalin.'o* O 2  

3 a-Silylsulphides and &Siloxysulphides 
Unlike acyl anion equivalents which are based solely on sulphur, such as 1,3- 
dithianes, and are often difficult to h y d r ~ l y s e , ~ , " ~  silicon analogues may be 
hydrolysed under mild conditions (vide infra). The parent compound for this series 
is phenylthiotrimethylsilylmethane (14). This silane (14) has been prepared by the 
reaction of sodium thiophenoxide with trimethylsilylmethyl ch l~r ide ' '~  or by 
phenylthiomethyl-lithium with chlorotrimethylsilane. '05-'07 

Phenylthiotrimethylsilylmethyl-lithium (15) has been prepared in quantitative 
yield from the silane (14) with n-butyl-lithium as the base in THF'" or 
N,N,  N',N'- tetrameth yle thylenediamine (TMEDA)- hexane ' 6 ,  ' * as solvents, and 
alkylated in high yield by primary alkyl bromides and iodides (see Scheme 15); 
secondary alkyl halides gave only poor to moderate yields, indeed with cyclohexyl 
bromide, elimination was the only reaction pathway observed. 

Li R 
n-BuLi RX 

PhS-SiMq - PhSASiMe) - PhS 

Scheme 15 

The masked aldehydes (16) have also been made by the addition of alkyl-lithiums 
to 1-phenylthio-1-trimethylsilylethene (17),'08 reaction of bis(pheny1thio)acetals 
(18) with lithium naphthalenide followed by chlorotrimethylsilane,'09 and by 
silylation of a-thioanions' lo and ally1 anions derived from appropriately sub- 
stituted sulphur compounds"'-"4 (but 1-thio-3-silyl compounds may also be 
f ~ r m e d ' ' ~ ~ " ~ ) .  The reactions are summa1 ed in Scheme 16. 
Phenylthiotrimethylsilylmethyl-lithium (is) has been treated with a wide variety 

of electrophiles;''5 some will be seen below. The reaction of the anion with 

lo' P. D. Magnus and G. Roy, 3. Chem. SOC.,  Chem. Commun., 1978, 297. 
lo3  D. Seebach, Synthesis, 1969, 17. 

l o 5  P. J. Kocienski, Tetrahedron Lett., 1980, 21, 1559. 
lo6 D. J. Ager and R. C. Cookson, Tetrahedron Lett., 1980, 21, 1667. 
lo' D. J. Ager, 3. Chem. SOC., Perkin Trans. 1 ,  in press. 
lo' D. J. Ager, Tetrahedrnn Lett., 1981, 22, 587. 
log D. J. Ager, Tetrahedron Lett., 1981, 22, 2923. 
' l o  T. M. Dolak and T. A. ryson, Tetrahedron Lett., 1977, 1961. 

G. D. Cooper, 3. Am. Chem. SOC., 1954, 76, 3713. 

K. Hiroi and L.-M. Chen, 3. Chem. SOC., Chem. Commun., 1982, 23, 1945. 
I. Fleming and R. V. Willihms, Unpublished results. 
D. J. Ager, Unpublished results. 
A. Itoh, K. Oshima, and H. Nozaki, Tetrahedron Lett., 1979, 1783. 

" 

"' D. J. Ager, Tetrahedron Lett., 1981, 22, 2803. 

502 



Ager 

(1 7) 

ii 
R 

Reagents: (i) R = RICH2 ; (a) R'Li/TMEDA/Et,O/O "C, (h) NH,CI/H20 (ref. 108). (ii) (a) 
LiNaph/THF/- 78 "C, (b) Me,SiCl (ref. 109). (iii) (a) t-BuLi/THF/HMPA/- 78 "C, (b) 
Me,SiCI (ref. 110). (iv) (a) base, (b) Me,SiCl (ref. 111-114). 

Scheme 16 

e p o ~ i d e s ' ~ ~ ~ ' ' ~ ~ '  l6 and cr,B-unsaturated ketones' '5~"7*' '* provide useful methods 
for introducing an aldehyde group (see Scheme 17). The phenylthiotrimethylsilyl- 
methyl group has been introduced by the reaction of phenyltliotrimethyl- 
silylmethyl bromide (19a) or chloride (19b) with trimethylsilylenol ethers' 19-121 
(see Scheme 18). 

cr-Silylsulphides (16) have also been prepared from the dianion of benzylthiol'22 
and base-induced ring-opening of trimethylsilylmethyl substituted 1,3- 
d i t h i a n e ~ . ' ~ ~  B,y-Unsaturated aldehyde derivatives (20) have been prepared by the 
rearrangement reaction outlined in Scheme 19.' 24  

Phenylthiotrimethylsilylmethyl-lithium (1 5 )  reacted with carbonyl compounds 
to give vinylsulphides (21) (see Scheme 20), which are themselves masked 
aldehydes'15,125,126 and useful precursors to 01efins.l~~ 

' I 6  I. Fleming and C. D. Floyd, J. Chem. Soc., Perkin Trans. 1 ,  1981, 969. 
11' D. J. Ager, J .  Org. Chem., submitted. 
1 1 *  D. J. Ager, J. Chem. Soc., Perkin Trans. 1 ,  submitted. 
'I9 I. Fleming and S. K. Patel, Tetrahedron Lett., 1981, 22, 2321. 
120 I. Fleming and D. A. Perry, Tetrahedron, 1981, 37, 4027. 

1 2 2  K.-H. Geifl, D. Seebach, and B. Seuring, Chem. Ber., 1977, 110, 1833. 
1 2 3  T. A. Hase and L. Lahtinen, Tetrahedron Lett., 1981, 22, 3285. 
124 P. J. Kocienski, J .  Chem. Soc., Chem. Cornmun., 1980, 1096. 

F. A. Carey and A. S. Court, J. Org. Chem., 1972, 37, 939. 
1 2 6  T. Agawa, M. Ishikawa, M. Komatsu, and Y. Ohshiro, Chem. Lett.,  1980, 335. 

B. M. Trost and P. L. Ornstein, Tetrahedron Lett.,  1981, 22, 3463. 

D. J. Ager, Tetrahedron Lett., in press. 

503 



Silicon-containing Carbonyl Equivalents 

OH SiMe3 A LJ 
R R' 

R PI1 s 

R '  

R '  

R = Mc - R 4 
Scheme 17 

OSiMc 

0 SiMe 
X 4 R' 

ASiMe3 - R V S P h  
NCS o r  NBS - PhS 

R' 
(1%; X = Br) 
(19b: X =  C1) 

Scheme 18 

(20)  
Scheme 19124 

R 2  = alkyl or NR; 
Scheme 20 
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Other oxidation states of sulphur have also been used to prepare these systems. 
1-Trimethylsilyl-1-phenylsulphinylmethyl-lithium reacted with carbonyl com- 
pounds (see Scheme 21)lz8 but could only be alkylated with methyl 
a-Silylsulphoxides have also been prepared by treatment of a methyl sulphinate 
with a Grignard reagent.13' 

0 
II 

1. n- or t-BuLi/THF 
0 
I I  

PhSASiMe3 2. R ~ R ~ C O  

Scheme 21 

a-Silylsulphones have been used as masked carboxylic acids and employed in a 
synthesis of Prelog-Djerassi lactonic acid (22). The relevant steps are summarized 
in Scheme 22 and a mechanism for the key oxidation step is shown in Scheme 23.13' 

SiMel 

++- __3 

11. Ill  

** OEt 'OEt -. OEt 
I 

'. 
Ho2c& 0 

I 
I 

viii c-- 

HO2C 
vi, vii 

*. 30 - 
I 
I 

Reagents: (i) (COCI),/DMSO/NEt,, (ii) PhS(Me3Si),CLi, (iii) MCPBA, (iv) MeLi, (v)  PhSeCI, (vi) 
H,02/H20/THF, (vii) H 3 0 + ,  (viii) Br,/NaOAc/H,O/DMF. 

Scheme 22 

1 2 '  F. A. Carey and 0. Hernandez, J. Org. Chem., 1973,38, 2670. 
129 This reaction is under investigation at present as it would provide a direct method for the prepara- 

130 A. G. Brook and D. G. Anderson, Can. J. Chem., 1968,46, 21 15. 
1 3 '  M. Isobe, Y. Ichikawa, and T. Cioto, Tetrahedron Lett., 1981, 22, 4287. 

tion of aldehydes (ref. 113). 

505 



Silicon-containing Carbonyl Equivalents 

ii SiMe3 YSiMe3 SiMe 3 

PhSe - C - -p PhSe-C- 4 PhSe-C- 
I 
I Ci 

PhSO, 
I 

PI1 so 2 PhS02 

0 
II 

HO-C- 
i" 
- OH 

Scheme 23 

In contrast to 1,3-dithianes, 1-phenylthio-1-trimethylsilylalkanes (16) cannot be 
used as precursors to ketones because treatment with a base did not produce the 
correct anion. Direct deprotonation may be used, however, for the preparation of 
phenylketones (23)as the correct anion is obtained in this case132 (see Scheme 24). 

P11 s * PhS XP1' SiMe, - PI1 

1. n-BuLi/TMEDA/C6H1J Ph 

( 2 3 )  

Scheme 2413' 

This problem has been alleviated by the use of indirect methods for the prep- 
aration of the acyl anion equivalent and are summarized in Scheme 25. They consist 
of the addition of an alkyl-lithium to 1-phenylthio-1-trimethylsilylethene (17)' 3 3  in 
a manner similar to that used for the synthesis of aldehydes, and displacement of a 
tin134 or sulphur The last method also provides alternative routes 
and a solution to the problem of diastereoisomers which can occur with the other 
methods. 

Another approach which has been used, is to employ the phenylsulphone group 
to stabilize the anion.' 37 Carey and Court,125 as mentioned above, found that the 
sulphoxide was difficult to alkylate but this may be due to the ease of the sila- 
Pummerer rearrangement (vide infra)' ' which does not occur in the sulphone 
series. Again, a variety of pathways are available and are summarized in Scheme 26; 

132 D. J. Ager, Tetrahedron Lett., 1980, 21, 4759. 
l J 3  D. J. Ager, Tetrahedron Lett., 1983, 24, 95. 
134 D. J. Ager, Tetrahedron Lett., submitted. 
1 3 5  D. J. Ager, Tetrahedron Lett., submitted. 
136 D. J. Ager, Tetrahedron Lett., submitted. 
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i 

.lii 
SnBu n3 

PhSASiMe3 

iii 

RxR f-- iv 

Me3Si XSPh SPh PhS %Me3 PhS SiMe3 

Reagents: (i) R = R2CH2 ; ( a )  R2Li/Et,0/TMEDA/O"C, (b)  R'X (ref. 133). (ii) ( a )  n-BuLi/THF, ( b )  
n-Bu,SnCI (ref. 115). (iii) ( a )  LDA or KDA/THF/-78 "C, (b)  RX (ref. 134). (iv) (a) n-BuLi, 
(b )  R'X (ref. 134). (v) LiNaph/THF/-78"C, (b )  Me,SiCl (ref. 136). (vi) ( a )  
LiNaph/THF/-78 "C, (b)  R'X (ref. 136). 

Scheme 25 

R R' kR1 - PhS x SiMe3 
PhSO2 SiMe3 

vi  

Reagents: (i) 2.2 equiv. MCPBA/CH2CI2. (ii) ( a )  n-BuLi/THF, (b)  RX. (iii) ( a )  n-BuLi/THF, ( b )  R'X. 

Scheme 2613' 

(iv) Dibal-H/THF. (v) LiAIH4/THF. (vi) ( a )  n-BuLi/THF, (b)  Me,SiCI. 
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in addition, it seems to be possible to add alkyl-lithiums to l-phenylsulphonyl- 
1-trimethylsilylalkenes and alkylate the resultant anion.' l3 The disadvantage of 
the sulphone methods is that two extra steps-an oxidation and reduction-are 
introduced, even though both are invariably high yielding.'37 

The masked aldehydes (16) and ketones (24) have been converted into the 
corresponding carbonyl compounds by a sila-Pummerer rearrangement. The 
mechanism, as proposed by Brook130 is given in Scheme 27. The reaction provides 
an excellent method for the conversion of 1-phenylthio-1-trimethylsilylalkanes (16) 
in to 1 -phen ylthio- 1 - trime t hy lsilox yalkanes (25), O 5-' O ' 7  ' (see Scheme 28). 

In a manner similar to the Pummerer rearrangement itself,'39 the sila- 
Pummerer rearrangement is subject to stereo and electronic effects' 3 8  and, there- 
fore, in some ketone cases the vinylsulphide (21) becomes the major product 
instead of the required siloxythioacetal(26) (see Scheme 29); this phenomenon has 
also been observed in the aldehyde series.'05 Although vinylsulphides may be 
hydrolysed to carbonyl compounds,2 the conditions required are not as mild as 
those required for the hydrolysis of the acetal(26). This means that the synthesis of 
branch-chained ketones has two major drawbacks; the alkylations with a 
secondary halide are only moderate to low yielding and the sila-Pummerer 
rearrangement can lead to the vinylsulphide (21) as the major product. 

13' D. J. Ager, Tetrahedron Lett., submitted. 
1 3 *  E. Vedejs and M. Mullins, Tetrahedron Lett., 1975, 2017. 
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PhS OSiMe, and/or PIlS Rx2 R 3  

R '  
MCPUA RxR' - "x 

PIiS S i M q  PhS SiMe, 

II (26) (21) 0 (24) 

where R = <:HR2R3 

Scheme 29140 

The sila-Pummerer rearrangement has been used to prepare thiol esters (27) 
from chloromethyl phenyl'sulphoxide (28) (see Scheme 30);I4l the rearrangement 
failed when the chlorine was in the 2-position (see Scheme 31), although alternative 

0 0 

1 J 

Reagents: (i) LDA/THF/- 78 "C. (ii) RX. (iii) Me,SiC1. (iv) -78 -+ 60°C. 

Scheme W4' 

0 0 

Scheme 3175 

mechanisms are available in this case." It has also been used for the synthesis of 
enals (29) from 3-trimethylsilylallylic alcohols as shown in Scheme 32.142 

1 3 9  G. A. Russell and G. J. Mikal in 'Mechanisms of Molecular Migrations' ed. B. S. Thyagarajam, 
Interscience, New York, 1968, vol. 1, p. 157; T. Durst, Adc. Org. Chem., 1969, 6, 356; T. Durst in 
'Comprehensive Organic Chemistry', ed. D. H. R. Barton and W. D. Ollis, Pergamon, Oxford, 1979. 
vol. 3, p. 137, and E. Block in 'Reactions of Organosulphur Compounds', Academic, New York. 
1978, p. 154. 

140 D. J. Ager, Tetrahedron Lett., submitted. 
K. M. More and J. Wernple, J .  Org. Chem., 1978, 43, 2713. 

14' I. Cutting and P. J. Parsons, Tetrahedron Lett., 1981, 22, 2021. 
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R' R '  R' ?Me3 

ii i  5 
OSiMe3 

SPh 

R' 

R2 
R2 

OSiMe3 

SPh 

R' 

R2 

Reagents: (i) LiAlH4/THF/A. (ii) PhSCl/NEt,/Et,O. (iii) r.t. (iv) AgN03/H20/MeCN. 

Scheme 32142 

Siloxythioacetals [(25) and (26)] have also been prepared from the parent 
carbonyl compounds by treatment with thiophenol and chlorotrimethylsilane in 
~ y r i d i n e ' ~ ~  or a thiosilane in the presence of an anionic initiation'44 (this method 
is not, however, general for ketones) (see Scheme 33). They have also been prepared 
by the photochemical addition of a-trimethylsiloxythiols to olefins. 14' 

PhS OSiMe3 
PhSH/Me3SiCl/pyr (ref. 143) 

R R' 01 phSSiMe3 /KCN/I 8-crown-6 (ref. 144) > 

( 2 4 )  

Scheme 33 

The acetals [(25) and (26)] are more stable to hydrolysis than would be expected 
from analogous systems. They were, however, cleaved by acid or base hydrolysis or 
hydrolysis catalysed by metal ions such as copper, silver, and mercury.105*'42~146 
Reaction of [(25) or (26)] with an alkyl-lithium in an ethereal solvent yielded the 
parent carbonyl compound but when the reaction was carried out in HMPA or 
TMEDA, the thio-group was displaced to give the alcohol (30).'07,148 The acetals 
[ ( 2 5 )  and (26)] have also been converted into a-iodosulphides, vinylsulphides, 147 

143 T. H. Chan and B. S .  Ong, Tetrahedron Lett., 1976, 319. 
14' D. A. Evans, L. K. Truesdale, K. G. Grimm, and S. L. N. Nesbitt, J .  Am. Chem. Soc., 1977, 99, 5009. 

14' D. J. Ager, Tetrahedron Lett., submitted. 
14' T. Aida, D. N. Harpp, and T. H. Chan, Tetrahedron Lett., 1980, 21, 3247. 
14* R. S. Glass, Synth. Commun., 1976, 6, 47. 

T. Aida, T. H. Chan, and D. N. Harpp, Angew. Chem., Int. Ed. Engl., 1981, 20, 691. 
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and ~ u l p h i d e s ' ~ ~  (see Scheme 34) while a,a'-bis(trimethylsiloxy)sulphides'49 have 
been converted into ole fin^'^^ (see Scheme 35). 

Me3SiO R3 

R xR, ii 

T i  
viii 

RnSR2  - 

Reagents: (i) R3Li/HMPA or THF/TMEDA (ref. 107, 143). (ii) H20 .  (iii) HCl/H,O/THF (ref. 143, 146). 
(iv) NaOH/H,O/THF (ref. 146). (v) MX,/H,O/THF, MeCN or Et,O (ref. 105. 142. 146). 

(ref. 147, 149). (vii) NEt, or NaOH/H,O/R,NX 
(ref. 148). 

(vij Me3SiI/CHCl3 
LiAIH,/AIC13/Et20 

(ref. '147).' (vii;) 

Scheme 34 

(Mc3Si)2S 

CN - 
RCHO - "'("YR TiC13/LiAllfj  RCH = CHR 

Me3SiO OSiMe3 TH 1- 

Scheme 35149*150 

The advantages of employing the sulphur-carbon-silicon system as an acyl- 
anion equivalent are that the hydrolysis is very mild and can be achieved in acidic, 
neutral, or basic conditions whereas, in contrast, the parent a-thiosilanes are stable 
to a variety of reagents."* When further transformations of the carbonyl group 
are required, the system can be converted directly into an alcohol, vinylsulphide, 
sulphide, acetal, or olefin without isolation of the carbonyl compound. The main 
disadvantages of the system are that a chiral centre is introduced although the use 
of bis(pheny1thio)acetaIs may alleviate this to some extent, oxidations in the 
presence of sulphur can be troublesome and the method cannot be used to 
synthesize hindered ketones. 

149 T. Aida, T. H. Chan, and D. N. Harpp, Tetrahedron Lett., 1981, 22, 1089. 
T. H. Chan, J. S. Li, T. Aida, and D. N .  Harpp, Tetrahedron Lett., 1982, 23, 837. 
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R! 

R .eagents 

Carbonyl Equivalents 

T i  
SiMe 3 SiMe 

R 2  HR (R = t i )  PhS A SiMc3 

vii  i 

OR' 

X 
R z  u-2ph SnR, 

: (i) (a) n-BuLi/THF, (b) Me,SiCI (ref. 70). (ii) (a) LiNaph/THF/-78"C, (b) R'R'CO (ref. 
70). (iii) (a) n-BuLi, (6) Me,SiCl (ref. 115). (iv) R = Me or Bu"; (a) n-BuLi, (h) R,SnCI 
(ref. 68, 115). (v)  LDA or KDA/THF, (b) R1R2C0 (ref. 68, 115). (vi) (u)  n-BuLi/THF, (b) 
R'R'CO (ref. 68, 151). (vii) RL = H; NCS/R30H (ref. 151). (viii) (a) n-BuLi, (b) RX (ref. 152). 

Scheme 36 

The reactions of anions with two silicon groups and one sulphur group attached 
to one carbon atom are summarized in Scheme 36, and those for one silicon and 
two sulphur groups are shown in Scheme 37. As can be seen, a wide variety of 
products are available, such as vinylsilanes (vide supra), vinylsulphides, thiol esters, 

B.-T. Grobel, R. Burstinghaus, and D. Seebach, Synthesis, 1976, 121. 
I s 2  D. J. Ager, Tetrahedron Lett., submitted. 
1 5 3  c.J D. J. Ager, Tetrahedron Lett,,  1980, 21, 4763; 1. Kuwajima, T. Abe, and K. Atsumi, Chem. Lett., 

1 5 4  E. J. Corey and D. Seebach, J. Org. Chem., 1966, 31, 4097. 
1 5 5  P. Blatcher and S .  Warren, J. Chem. SOC., Perkin Trans. 1 ,  1979, 1074. 

1978, 383. 

D. Seebach, M. KoIb, and B.-T. Grobel, Chem. Ber., 1973, 106, 2277. 
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R2 R'HsP1' R 

0 

R 
& RCHO 

PllS 

z 
0 R' SP1i Me j"ixSiMe3 

p c , P h  PilS SPh 

R' SiMe 

Reagents: (i) (a) LiNaph, (b) R'R'CO (ref. 70), (ii) (a) n-BuLi/TMEDA (b) Me,SiCl (ref. 113, 153). 
(iii) PhSH/H+ (ref. 154, 155). (iv) (a) n-BuLi, (b) RX (ref. 154). (v) n-BuLi, (b) Me3SiC1 
(ref. 152, 156). (vi) as (iv) (ref. 152). (vii) as (v) (ref. 70). (viii) (a) n-BuLi, (b) R'R'CO 
(ref. 152, 156) (for reactions of anions derived from 1,3-dithianes see ref. 157). (ix) ( a )  
LiNaph, (b) Me,SiCl (ref. 113, 158). (x) TFA (ref. 159, l a ) ,  (xi) (u )  MCPBA, (b) A, (c) 
hydrolysis (ref. 152). (xii) Ag' or Cu"/R'OH (ref. 161). 

Scheme 37 

15' F. A. Carey and A. S. Court, J. Org. Chem., 1972,37, 1926; D. Seebach, B.-T. Grobel, A. K. Beck, 
M. Braun, and K.-H. Geiss, Angew. Chem., Znt. Ed. Engl., 1972, 11, 443; P. F. Jones and M. F. 
Lappert, J. Chem. SOC., Chem. Commun., 1972, 526; P. F. Jones, M. F. Lappert, and A. C. Szany, 
J. Chem. SOC., Perkins Trans. 1 ,  1973, 2272; N. H. Anderson, Y. Yamamoto, and A. D. Denniston, 
Tetrahedron Lett., 1975, 4547; S. Danishefsky, R. McKee, and R. K. Singh, J. Org. Chem., 1976, 
41, 2934; R. S. Brinkmeyer, Tetrahedron Lett., 1979, 207. 

1 5 *  T. Cohen and R. B. Weisenfeld, J. Org. Chem., 1979, 44, 3601. 
1 5 9  D. Seebach and R. Burstinghaus, Synthesis, 1975, 461. 

161 S. Masarnune, Y. Hayase, W. Schilling, W. K. Chan, and G. S. Bates, J. Am. Chem. SOC., 1977,99,6756. 
A. Mendoza and D. S. Matteson, J. Org. Chem., 1979,44, 1352. 
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HO SiMe3 

R 'SiMe 3 

OH 

RASiMe3 

R1 R sXsR1 SiMe3 

R-=- - SiMe3 

Br 

(34) 
J 

Ar 

( 3 7 )  

Me3Si -=- SiMe3 \iii PliSe SePli - 
Reagents: (i) (a) MCPBA, (b) A, ( c )  hydrolysis (ref. 152, for the selenium analogue see ref. 163). 

(ii) hydrolysis, e.g. HgCl,/MeCN/H20 (ref. 152, 164-166). (iii) HBCl,, (b) Me3N0.2H20/ 
C6H6 (ref. 167). (iv) R = Ar; AgOAc/Me2CO/EtOH/H20 (ref. 168) or Si0,  (ref. 169). 
(v) R = Ar; X = OR2. (u)  Me,SiCl/Mg/HMPA, (b) H,O+ (ref. 170); X = C1, Me3SiSiMe3/ 
[(q'-C3HS)PdCl]2/P(OEt)3 (ref. 171). (vi) H 3 0 +  (ref. 172). (vii) (a) LDA, (b) Me,SiCI 
(ref. 173). (viii) H 3 0 +  (ref. 174, 175). (ix) see Scheme 39. (x) DCC/DMSO (ref. 176) or 
Cr03/pyr (ref. 162). (xi) t-BuOCI/CCl, (ref. 177). (xii) Mg/Me,SiCl/HMPA (ref. 172). 
(xiii) (a) PhSCI, (b) MCPBA, (c) xylenelb (ref. 178). (xiv) (u) LDA, (b) Me,SiCI, ( c )  Na/ 
Me3SiC1 (ref. 179). (xv)R1 = H; (u) LDA, (b) Me,SiCI, (c )  LiNEt,, (d) RX, (e) AcOH (ref. 180). 
(xvi) R' = H, R2 = Me or EtOCH(Me)-, (u)  BuLi, (b) Me3SiC1, (c )  BuLi, (d) RX, (e) TFA 
or H2SOJH20/THF (ref. 181, 182). (xvii) ( a )  LDA, (b) R'X, (c) RCHO (ref. 185). (xviii) 
(u)  BH3.SMe2, (b) Me3N0, (c) H 2 0  (ref. 184). 

Scheme 38 
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R1v0SiMe3 R 3  

t 
0 

R+ SiMe 
I 
R *  

Me3Si OH 

iii R xRI - 

(34) 

h 

ii  i i  

\ Y  

vii  
'SiMej > RCHO 

OSiMe3 

R 

OSiMe 1 

viii \\ R AR, 
RCOzH 

R' 
SiMe; 

SiMe3 
\ 

(35) 1 i i  

xvii \y 
R R '  

Y 

Reagents: (i) TsNHNH,/EtOH/AcOH (ref. 185) or N,H,/AcOH (ref. 186). (ii) see Scheme 38. 
(iii) LiAlHJEt,O (ref. 176, 187, 188). (iv) R'Li (ref. 176). (v) KH/HMPA (ref. 170) (This is 
the Brook rearrangement for further examples see ref. 180 and 189). (vi) hv/MeOH (ref. 190). 
(vii) R = Ar; - O H  or - 0 E t  (ref. 168, 191) or KF/H20/DMS0 or HMPA (ref. 192, 193) 
(viii)R = Ar; KF/18-crown-6/R1X (ref. 194)or KF/R'I/DMSO or HMPA (ref. 192). (ix) HOz-  
(ref. 195), (x) ( a )  R'-=-Li, (b) R'X, (c )  hydrolysis (ref. 180). (xi) PhS0,CHLiR' or 
R'CHLiCN/THF (ref. 175). (xii) R-RICH,; (u )  LDA, (b) R2X (ref. 173). (xiii) R' = PhS; 
R3Li/Etz0 (ref. 173). (xiv) (u )  CH, = CHLi/Et,O, (b) E+ (ref. 180). (XV) A (ref. 196). 
(xvi) RCH(OR3)3/BF3.Et20 (ref. 197). (xvii) NBu40H (ref. 197). (xviii) NBu,F/HCO,H/ 
75°C (ref. 183, 198). (xix) H202/NaOH/THF/H20 (ref. 183). (xx) R = H, R' = PhSe; 
PhS(O)CH,Li (ref. 173). (xxi) R'H; PhS0,CLiR'R' (ref. 182). 

Scheme 39 
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and esters. Both of the systems have been used to prepare acylsilanes (34)16* whose 
methods of preparation are summarized in Scheme 38. Acylsilanes (34) are not 
strictly umpolung reagents but the numerous synthetic methods which stem from 
them (see Scheme 39) despite their labile nature,' makes them worthy of 
inclusion. 

4 a-Silylselenides 
Unlike a-silylsulphides, a-silylselenides have not found such a widespread appli- 
cation as acyl-anion equivalents. This is due to the selenium analogue of the sila- 
Pummerer rearrangement leading to the vinylsilane rather than the required 
0-trimethylsilylselenoacetal for ketone derivatives. 6 3  Despite this, a-silylselenides 
have been used to prepare aldehydes, olefins, and ketones (see Scheme 40) as well 
as carboxylic acids (see Scheme 23). The synthesis of olefins from a-silylselenides, 

A. G. Brook, Adv. Organomet. Chem., 1968, 7, 95. 
163 H. J. Reich and S. K. Shah, J. Urg. Chem., 1977,42, 1773. 
164 D. Seebach and R. Burstinghaus, Angew. Chem., Int. Ed. Engl., 1975, 14, 57. 
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in contrast to a-silylsulphides (vide supra), has the disadvantage of the a-silylanion 
formation step being low yielding."' 

5 0-Silykyanohydrins 
0-Silylcyanohydrins [ (39) and (40)] are readily available from aldehydes or ketones 
respectively (for a review see reference 206). Their use as acyl-anion equivalents has, 
however, been limited to the cyanohydrins derived from aromatic aldehydes. These 
reactions, together with some other useful transformations which do not strictly 
involve 0-silylcyanohydrins as acyl-anion equivalents, are summarized in 
Scheme 41. 

The 0-trimethylsilylcyanohydrins of a$-unsaturated aldehydes (41) have been 
alkylated to give, after hydrolysis, en one^^^' (see Scheme 42). They have also been 
used as acyl-anion equivalents for a three-carbon annelation procedure22 (see 
Scheme 43) and oxidized with pyridinium dichromate to A2-butenolides227 (see 
Scheme 44). 

6 Other Methods 
This section considers silicon-containing carbonyl equivalents which do not fall 
into any of the above sections. 
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l-Trimethylsiloxyphosphonates228~229 have been alkylated to give the ketone 
derivatives which, in turn, were easily h y d r o l y ~ e d ~ ~ ~  (see Scheme 45). 

0 0 

Scheme 45230 

In addition to  anions derived from a-chlorosilanes (uide supra), Magnus has 
employed the anion of methoxymethyltrimethylsilane (42) to prepare methyl enol 
ether, and consequently aldehydes”*231 (see Scheme 46). 
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Trimethylsilyl ethers (43) although not umpolung reagents, may be regarded as 
carbonyl equivalents as they have been oxidized to the ketone by a variety of 
methods (see Scheme 47). Oxidation of the ethers (43) derived from primary 
alcohols gave the ester instead of the aldehyde. 

Finally, it should be mentioned that a silyl group has been used as a masked 
anion for the preparation of non-silicon-containing acyl-anion  equivalent^.^^ 
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Reagents: (i) (a) Ph3CBF4/CH2C12, (b) H 2 0  (ref. 232). (ii) NOBF4/CH2C12 (ref. 233). (iii) NBS/CC14/hv 
(ref. 234). (iv) R' = H; RZCHO/NBS/CCl4/hv (ref. 234). (v) R' = H; NBS/CCl,/hv (ref. 200). 

Scheme 47 
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7 Conclusions 
It has been seen that there are many methods which employ organosilicon 
reagents for the synthesis of carbonyl compounds. Some of these methods have 
distinct advantages over more traditional methods. It is to be hoped that silicon- 
containing carbonyl equivalents find widespread use alongside the more 
traditional reagents. 
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