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Silicon - Application to organic synthesis; Annual Survey covering 
the year 1973 see J.Organometal. Chem.. 83(1974)155-211. 
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-. !l!he.u~e-.of.Silicon'com~o~ds_~in:or~~c~~~~he~is~~~~~~~~es to 

be a vital are&_ 
.’ 

!l!+e .guiding hrin_ci6al- of .thks~ stivey c.ont*ues -to 

be thatexpressed in the '1973 s&vey(lj:'Tkie fin&.re&&& product 

must- not contain silicon at the reaction center, 
. . .-... 

and that tkie reaction 

in question be sy&hetically usefuY.(or have .&tent&l utility), 

rather than produce a product available at low expense from 

commercial sources, 

Again, papers in this survey are grouped by reaction type rather 

than by silicon reagent, and excluded are referencesto silglation as 

a derivitization procedure for chromatography or mass spectrometry, 

use of silicon fluids or resins in coatings, stationsry phases, and 

heat transfer media (except where such silanized surface is used as 

a reagent in organic synthesis), and references to the patent 

literature (which is unlikely 

detail). Usual abbreviations 

used DPD3 = dimethoxyethane, 

Pyr = pyridine, etc. 

to contain sufficient experimental 

for organic- groups and sqlvents are 

EPlPT = hexamethylphosphortriamide, 

Appreciation is expressed to those who were kind enough to 

send preprints and reprints of work in this widely-scattered 

field for inclusion in this survey, and the hope is expressed 

that more preprints will be sent for inclusion in future surveys. 

.!Pwo significant reviews appeared during 1974 of interest to 

synthetic chemists: 'IToe Si-H/CF3C02H system for ionic hydra-. 

genation, e-g_ eq. 1, largely explored by Russian workers and 

ill-appreciated in the West, has been the-subjectof an exhaustive 

Et+H + CF3C02H _+ X=Y + H-X-Y-H + Et3Si02CCF3 (11 
_ 

review with experimental detail (2). This, process'should be ~.. 
. . 
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.- 
-considered as. an alternative to -traditional hydrogezzation, 

-Brook has summ&ized work from his laboratory on molecular 

rearrangements of organosilicon compounds (3) with emphasis 

on the-mechanistic aspects, but generates much synthetic food 

for though&y'orga&silicon compounds having adjacent 

functional groups on carbon are a fertile source of molecular 

rearrangements, which frequently involve silicon-oxygen bond 

formation and concomitant silicon-carbon bond cleavage," (3) 

II. O~DArcION A.ND PEDUCT'ION 

Specific oxidation of the ketone function is a common 

synthetic goal which silicon reagents car effectuate in 

various ways (4-q). Conversion of cyclic (b_ut not acyclic) 

ketones to trans-1,2-diols is achieved by hydroboration-e 

oxidation of silgl enol ethers (4,5) , eq- 2, Presumably, in 

the acyclic series, an intermediate P-trimethylsiiyloxyborane 

I, suffers elimination to an alkene, which is further hydro- 

borated, the overall result being carbonyl reduction, eq. 3 (4). 

,0SiMe3 
;c=c 

\ 

BH3 
->BOSiMe3 + :C=C:- (3) 

H 

Hydroxylation of ketones in the a position 

achieved with m-chloroperbenzoic acid treatment 

ponding trimethylsilyl enol ether followed by hydrolysis (6,7), 

eq_ 4. A mechanism involving silyloxy epoxide 2, seems most 

plausible, Anomalously, the silyl enol ether of phenyl acetone 

gave a 70% yield of hydroxyacetophenone 3 on hydrolysis, probably 

is efficaceously 

of the corres- 

Referencesp.61 



Me3SiO; 

C=CHRl 
3;ClC6H4C63H. 0’ 

> 

R’ hexane or CH2C12, .- 

then H” or :OH- 

R, R1 = -(CH2)a-; -(CH2)3-; Ph, Me; Ph, H 60-808 

Me3Si0 \,O, ,R1 R = Me 
Me3Si0,c c$H -H OH 

c---c - (5) 
R’ ‘H RI= Ph \ 

- Me-&H=0 

‘t Me /+ - Ph 
f 

Ozonolysis of ketone trimethylsilyl enol ethers provides 

a method for cleaving a ketone on the less alkylated side, i.e. 

in opposite sense to the Baeyer-Villiger oxidation, when the 

kinetic (less substituted) silgloxy alkene is treated with 

ozone in methanol (8)_ Cyclic and acyclic ketones react smooth- 

ly according to eq. 6, but ketene acetals end camphor gave a- 

hydroxglated products similar to those noted above as well as 

cleavage, eq_ 7_ Noteworthy is the great nucleophilicity of 

the silyl enol ether function which allows it to trap ozone-in 

the presence of a vinyl group. This cleavage reaction figured 

prominently in an-elegant synthesis of a model ,4 of the A & B 

rings of the anti-tumor sesquiterpene vernolepin, eq, 8-(o); 

Noteworthy in this sequence is the trapping of &.enolate‘gen-. 

erated by l,&-addition of an organozuprate-to a conjugated 

oarbony [As, 1973, p_ 165, and III-B below].as a route- to. 

silyl. enol ethers. 
. . 

. 
., _.:. 
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MeCO(CH2)6CH3 - - CH3(CH2)SC02H 

nC6H13CH=C(OMe)OSiMe2tBu -- nC6Hi3CH=O + nC6H13CHOH402Me 

50% 50% 

0SiMe2tBu 

-- 

94% 

(6) 

90% 

90% 

(7) 

R = CH2=CH , 68% overall R = CH3. 63% overall 

0 
‘\ 

0 

H 

ij 

R 

4 
%s (8) 

Reaction of imines with 0-trialkyl silyl hydroxylamines 

affords an alternate route to oxties 2 according to eq- 9- 

5 canbe easily desilylated or used as a subsequent synthon (10). 
N 

Oxidation of 2,2'-di(2-imidazoline)2to 2,2'-biimidazole '7 is 
N 

facilitated by conversion of 6 to the bis(silylamine) before 
Cv 

treatment with MnO2, eq. 10 (11). 

R2C=NR’ + R”3Si04H2 - R2C=N-OSiR”3 + R’NH2 

5 

R’ = Ph, Hi Et3Si ; R” = Me, Et 80-95% 

Referencer p_ 61. 
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Many synthetic applications of organosilyl peroxides are. 

potentiated in a review article (12) on.R3SiOOR, R = H, SiMe3, 

I%, compounds. A recent finding is that bis(trimethylsilgl)- 
. . 

peroxide oxidizes a variety of organo-element functionality in 

petroleum ether solution: R2S+R2S02 76-87%; P(OEt)33 OP(OEt)3 

98%; Ph3E -+Ph3EJO ( E = P, As, Sb) 77-100% (13)s It is note- 
_ 

worthy that triphenyl siibine is not oxidized by (tBuO)2 under 

similar conditions_ 

Silicon-aided reduction 

ionic hydrogenation (2) have 

indandiones 3 are reduced to 

continues active, Some reports on 

appeared (14-16). Benzylidene 

2-benzylindandiones 2 by Et+SiH/ 

of acyl- CF3CO2H (14), eq, 11. Details of the ionic reduction 

(11) 

R = H, p-Me, p-Et, o-Me, p-OMe, p-cl 53-78% 

methylidene tricobalt clusters RCOC-CO~(CO)~ to alkylidene 

derivative RCH~C-CO~(CO)~ with EtjSiH/CF3C02H, and reduction 

of the former to secondtiy alcohols RCEORC-Co3(CO)qwith Et3SiH 

follolned by sulfuric acid, have been published (15). Sur- 

prisingly, attempted reduction of tricobaltcarbon decacarbonyl 

hexafluorophosphate @-with triethylsilane gave a mixture of 

2 and s rather than desired aldehyde IJ, eq. 12. When three 

equivalents of aluminum chloride were added to the reaction 

tixture 13 was obtained in 74% yield (16)_ 
Yvv 
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: [(CO)3Co]3C--CO+ PF; + 3 Et3SiH - [(C0)3Co]3CH + E(COI$ol$CH~ 

” ’ @ 11. + 3 AlC13 + [(:]3Co]3CH’0 a (12) 
f&z 

In a mechanistically obscure reaction probably related to 

ionic hydrogenation, the combination of silanes with alkyl 

iodides reduced carbonyls to methylenes, e.g.-2-nonanone 

-_j nonane ( Ph2SiH2, n-C6BLlsI, 190' ) (17). Closely related 

is the conversion of nitriles to aldehydes by triethylsilane 

reduction of the corresponding nitrilium fluoborate (18). N- 

alkylnitrilium ions 2 are converted to secondary amines with 

borohydride, but the milder reductant Et3SiH stops at the 

imine stage, and hydrolysis gives the aldehyde, eq. 13. The 

important advantages cited for this procedure include mild 

Et30fBF4-- 
RCzN ___t 

CH2C1 2 
R&-Et BF4- 

Et3SiH H20 
- d RCH=O + Et3SiF (13) 

M 
CH2Cl 2 

conditions and no need for careful temperature control. The 

Et30BE4/E5SiH combination also converts tertiary amides to 

ethyl esters, e-g, PhCONEt2--+PhC02Et, 84% pi- or tri- 

butylsilane is an effective reducing agent for B-bromofluoro- 

and dibromo-cyclopropanes, giving good yields of fluoro- 

cyclopropanes of variable stereochemistry. The reactivity 

of metal hydrides toward dihalocyclopropanes is Bu3SnH > Bu2SiH2 > 

Bu3SiH (19>_ 

Hydrosilylative reduction of ketones [AS, 1973,Tp- 1571 

continues active (20-24). Use of chiral ferrocenylphosphine 

ligauds, e.g. 15 in asymmetric hydrosilylation of ketones 

under Rh' catalysis affords chemical yields of N-88% and 

Referencesp.61. 
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optical-yields of up to 49%_, :-better than thatobs_erved -with:-.'. r . . 
: 

chiral benzglmethylphenylphosphine br.DIOP-(20):,. Interest: ~. . . 
: 

imss, asymmetric induction during hg;dro_silylation of: .: .. ; 
benzophenone with RhIBzMePhP:.catalysis allowed partial 

resolution of a silicon-hydride species (21)_...!T!he &sc_hsnLsm 

of hydrosilglation using BzMePhPi as ligand-has.beer shown to ‘. 

proceed a-intermediate complex I& (22),.eq. 14.. 

R; 
c=o + tiSi/ 

R' \ 

5’ Cl 
R&OH 

$-C-dh(~~)g - ,c, 

Ii Ii R H 

a? 

Ketoesters yield chiral a-hydroxyacids upon hydrosilglation 

(23), best results being obtained with a chiral rhodium complex 

of commercially available (+)-DIOP and diphenylsilane- Signifi- 

cantly, (+)-benzglmethylphenylphosphine afforded hydroxy acids 

of opposite configuration. 0pt;ical yields in the range of 30-80% 

were obtained, eq. 15. 

1) CRd 
RlCOC02R2 + R3R%iH2 

2) MeOH, 
z R1&i-C02R2 
H I 

OH 

(15) 

Modest optical yields (6-'7%) 0-f chiral alcohols are 

reported to be obtailred in the edrogemation of silyl enol 

ethers catalysed by BhI(lXOP)2(24). but i&is procedure appears 

to offer no advantage over direct asymmetric reduction of the 

corresponding ketone. Symmetrical formamidines R-NH-CH=N-R, 

R = iPr; cC6Hll, are conveniently prepared by hydrolysis 

(%O or MeOH) of silylformamidi.nesR-N(SiMe )CH=NR generated ’ 
3 

from c&bodiimide ad silane (Et3SiH or P&$Ie2SiH) inthe 

presence of PdC12 or (Ph3P) 
3 
I&Cl at 140-200°.in.an extension 

.- 
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-- of.ketone_hydrosilylation (25)_ Similarly, although less 

advantageous synthetically, formamides result from treatment 

of isocyanates under hydrosilylation, e.g. nBu-N=C=O - 

nBu-NH-CH=O (26). A brief survey of silanes in reduction 

precedes a detailed study of the reduction of aldehydes and 

ketones by E+SiH.and nBuSiHg -(27). Although the emphasis is 

mechanistic, some synthetic techniques are presented, Depend- 

ing on conditions, alcohols, ethers, esters, and acetanides can 

be formed by silane reduction (eq- 16) 

R+=O + Etp-H H+’ H20L R2CHOH + Et3SiOH 

!! II 
R ’ C02H , R2CH-O-CHR2 + R2CH+12CR’ 

II II MeC=N : R2CH-NH-COCH3 
H30+ 

(16) 

BesZdes the extensive use of trichlorosilane in conversion 

of phosphine oxides to phosphines (see Section VIII below), 

this reagent continues to find simple applicatiorrs in-organic 

chemistry (28-31). Use of HSiClg in photolytic reduction of 

lactones to ethers has been cormnented on [AS, 1973, p. 1611 

but the precedure of eq_ 17 (28) appears cumbersome, partic- 

ularly in requiring several freeze-thaw cycles, Noteworthy, 

however, is the specificity by which la&ones are reduced in _ 

the presence of esters, e.g. I-J j 18 (28)_ 
- 

Further investigat- 

ion here is clearly desirable. 

0 

s3 (17) 

OAc 

References p_ 61. 



chl_orosilane/tri~n-propylamine -systeti h& -appeared -as;an.Orgsnic 

.Syntheses procedure (29)._- Upon reaction with.l,lO-phenanthroline 
1 .. 

in benzene, trichlorosilane gives (in addition to the molecular 

corn@+ HSiC13.C12H8_2 N ) a small amount of.l,2,3,4-tetrahydro-.. 

l,lO-phenanthrofine dihydrochloride (~O),~while thiabenzene 

oxides 2 are converted to thiapyrans by the agency qf tri- 

chlorosilane in benzene, eq_ 18 (31). 

HSiC13 t phoph+ phoph (18) 
PhH, reflux 

III. CP_BBON-CARBON BOND FOlWh4TION AND RUPTURE 

A Elimination Reactions -- 

Olefin synthesis with silicon reagents should be vigorously 

exploited as a consequence of several reports on its generality. 

Sodium bis(trimethylsilyl)-amide is a dehydrohalogenating 

agent (32-33). In ethereal solution, it dehydrochlorinates 

sulfone 2 to the first reported benzvalone 2&- Distaurophenyl- 

sulfone g is prepared analogously, eq_ 19 (32)_ But failures 

occti also: none of the metallo-silyl amides were capable of 

dehydrochlorinating&3 to cgsnoprismane (32), and sodium bis- 

(trimethylsilyl)amide did-not generate the exquisitely 

sensitive tribenzoylcgclopropene 25 from bromide 2& as NaN- 
W 

(SjJ+ 2 apparently attacks A5 faster than it reacts with=, 

eq. 20 (33). 
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(19) 

COPh COPh 

_Ac 

Br NaN(SiMeg)2 

PhCO 
-x3 

COPh THF, -78’ ’ PhCO ACOPh- Ph~cEi: 
4% H 

VedejS has outlined a superior olefin synthesis via 

thionocarbonates which illustrates the versatility of siloxy 

enediols, eq. 21 (34). 

Related olefin synthesis by elimLnation from /3-hydroxy- 

silanes has been made more versatile by Hudrlik's observation 

that stereospecificity in elimination is 

results of eq_ 22 demonstrate (35)- The 

possible, as the 

threo alcohols is 

(21) 

Referencesp.61. 



n-Pr 

. .r /v .. .F.-fW. ;_ 
n_Pr KH/TyF/25’/1 hr 5 : 195. :.: -; : ._ 96 -... ._ 

(221 

: 
.--. 

MeS02C1 ,: EtgNj. x-. 89. . . 
pentane/00/15. min 

:.11_----,-‘.- -90 
. . 

BF,-Et20/CH2C12/ 94 .6 .99 -. 

O"/ 1 hr 

conveniently generated by iBu2AlH reduction of the corresponding 

p-ketosilsne. Despite the selectivity; the combination of 

circuitous routes to /3-ketosilanes and a plethora of excellent 

olefin syntheses by classical routes make this a less than 

eximious procedure, 

A related route to @-hydroxgsilanes is illustrated in eq_ 

23. Whereas peri-hindered decalone& was unreactive toward 

Ph3P=CH2 in DMSO, it reacted smoothly with Ne3SiCH2MgC1, giving 

carbinolz which underwent smooth 8-elimination of trimetbyl- 

silanol upon acid treatment, affording <*)+-gorgonene 29 (36). 
- 

The cis-fused isomer was similarly prepared, 

Me3SiCH2MgC1 

THF, 18 hr 1 

A related elimination-of i3e3SiC1 is involved in a novel 

route to generation of 2-phenylcyclopropanonez (37). -Fluori;de 

ion promotes. elimination from epoxysilanez,_ prepared fro-m. 

a-chloromethy~vinylsilane z.. Treatment.of s with the aiter- 

native source of F-, Et4& in D&0, prodticed.PhC~~~~~C~~C~iPh)- 
: 

COCH3 rather than cgclopropanone, eq- 24 (38): .’ 
: 

-. ..- 1:: -.. : .; .’ 
..-.. :_ :: : 

_: 



.- : 

.._, Si_Ph3 McpbA ,O\ ,SiMe3 
PhCH=C, . . ._I_t. PhCw. 

CH2Cl .’ 

x- . a 

‘CH2Cl 

KF 
- 

MeCN 

0 

0 
II 

PhC’A 
Ptj I’\ 

+ 
= ,C--c’ 

H 

CH2 H 3 
‘H 

I 

X 
Ph 

(24) 

Related is a thermolysis reaction undergone by silylated 

0-alkyl-N-alkyl-sulfonylcarbamates,&3 in polar solvents to give 

alkylsulfonylisocyanates= and alkoxy silane, As 3-Q ciul not 

be readily prepared by direct phosgenation of sulfonamides, 

this procedure is of general. applicability, eq- 25 (39). 

R’S02NHC02R 
MeSSiCl/Et3N 

: R’S02-Nd 
,OR MeCN 

MeCN, PhH / ‘$6 
- R’S02N=C=O + Me$iiOR 

3 Me$ii 
25-600 

45-79% z 
(26) 

Olefin synthesis by the silicon equivalent of the Wittig 

/ 
Reaction: R$i-G< f R2~=O--,R2C=C.~ , continues to be in- 

vestigated (40-45)_ The fundamental silicon species would be 
\ 

equivalent to Si=C(in this synthesis, 
/ 1 

and to that end the 

scope and nature of the reaction of R2Si=CE2, generated by 

pyrolysis of the corresponding silacyclobutane at 611°, with 

carbonyl compounds has been reported by Sommer's group (40). 

Both pseudo-Wittig (route $), and silylenol ether (route II> 

pathways occur, eq. 26, but-synthetic utility remains to be 

maximized-. 

R.eferences p. 61. 
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+ 1 . . - _.R’@i2 . . (~,Sio)x 

,, 
R.$i=CHi + R’,$=O (26) 

\ 
$Si=CH 

k L2 ... 
- MeR2Si04=C< 

I 

Due to the lessened ability (relative to phosphorus) of 

silicon to stabilize an adjacent karbanionic center, the- 

silicon equivalent of Ph3P=CH2 and its homologues is of little 

synthetic advantage, despite ease of generation of a-metallo- 

silanes from e.g. a-halo (41), a-protio (41), or a-trialkyl- 

silanes-(42), ea_- 27’. 

R Sidix Mg Or I nBuLi TMED 
R$ii-C-M 4 

I 

3 1 Li I 
R3Si-C-H 

I 
.Ph 

(27) 
(Me3Si)nCH4_n + MeONa ----A 

HMPT 
MeOSiMe3 + (Me3Si )n_1cH4_n Na’ 

Chan and Chang have presented details of a synthetically 

interesting modification of t&is method for carbon-chain 

elaboration, using silyl carbanions generated by addition of 

alkyllithiums to vinylsilanes, e.g- z Eq. 28 shows the 

synthesis of disparlure 36 by this method (Lcl), and other 

silyl-LJittig reactions (z)_ The geometrZca1 isomer ratios 

formed in these reactions imply that Me3SiO- is eliminated in 

a cis fashion from intermediate RCE(SiMe3)CR20- adducts (42). 

Both t-butyltrimethylsilyl acetate 2 [AS, 19'73, a- 1'701 



Li 
Et20 

+ Ph3SiCH=CH2 
CH$CH&$H=O 

TMED 
(CH2)4FH4iPh3 

Et,0 

> 
. (cH.$~CH=CH(CH~)~CH~ 

Me3SiCHzNa + Ph$=O 

Me3SiCH(Na)Ph + U f Ph.$=CHPh 79% 

ii s L 

36 

HMPT 
Phz=CHz 53% (28) 

+ PhCOtBu - tBu-C=CHPh 
I 

26X 

Ph 

(43,44-l- Lithiation of 27 with lithiuzn diisopropylamide (43), 

or of Me3SiCH2C02Et with lithium dicyclohexylamide (44) gen- 

erates an enolate which undergoes reaction at -78O with- 

aldehydes and ketones, eq- 29. Elimination of lithium tri- 

methylsilanoate yielding the homologated ester is suggested to 

precede workup (43). The advantages of this procedure over 

phosphorus ylid-based conversions are claimed TV be mildness of 

conditions, high yield, avoidance of cornFeting enolate formaticxx 

from the carbonyl compound, and in the case of unsaturated 

carbonyls, avoidance of Michael addition products. 

The sibyl-Wittig synthesis has been used by Seebach and 

co-workers in a general synthesis of the synthetically useful 

ketene thioacetal series (45). Alkylation of (RS)2CHSiMe3 2 

proceeds smoothly, eq. 30, affording thioacetals 23 in high 

isolated yield, even in the preparation of sensitjve a,@- 

unsaturated, (RS)2C=CH-CH-CH=CR2, and heteroatom- substituted, 

Referencesp.61. 



Li0 .m 
Me3SiCH2C02Et 

:-. 
.- \rzYJ : .- 

R,&=(-j : : .: -- : _... 
Me3SiCHLiC02Ef L 1 WJ: 

THF, -78’ 

_78 to- _250)‘ R$:CHC02Et. : . . : 

-.81-65% ..- 

R2C=0 = PhCH=O, nC8H17CH=0, (CH2)4C~0, (CH2)5C=0, (CH2)11C=0, PiiCH=6HCdPh; 

1) nBuLi , THF 1) nBuLi, THF . . . 
(RS12CH2 

2) 2 eq: 
+- (RS)2CHSiMe3 

Me SiCl, 2) R’R2C=0, -BOO. 

-60 to 0 a >9ox 3 
(30) 

(RS) C-CR1R2 
Hz0 

2 .-$i+ 
(RS) C=CR1R2 2 a 

60-95% 

R = +(CH2)3, Me, Ph R1 = H, Alkyl , Aryl R2 = H, Alkyl, NR2, Alkenyl 

(RS)$Z=CE-NR2, thioacetals. As enolizable carbonyls reacted 

without complication, this procedure seems more.versatile than 

traditional ketenethioacetal syntheses_ 

Carbon-cwbon bond cleavage reactions with silicon reagents 

is less prominent than olefin synthesis above, but ketone 

synthesis by decganation is the subject of reports by Watt 

<46,47)- Secondary arylacetonitriles sare converted to ketones 

s in 61-S% yield by the two-step process of eq- 31 (461, Alter- 

natively, silylketenimine z can be sulfenylated to%, which is 

then cleaved by IT-bromosuccininide in acetonitrile to.s.in 64- 

100% yield (47). 

ArCH-CzN 1) nBuLi, iPr2NH,.THF, 

2) tBuMe2SiCl 



-. _ 
17 

-. 

B- Alkylation of Carbon. - 

The most modest use of silicon reagents in alkylation is as 

a-hindered base; N-lithio hexamethyldisilazane ( lithium bis- 

(trimethylsilyl)amide, IiBSA ) is the base of choice for form- 

ation of the carbanion of 2-chloromethyloxazine j& which can be 

alkylated, eq_ 32, to 45'_ Elaborated oxazine 45 can be reduced 
- 

and hydrolysed to a-chloroaldehydes, or alternatively to a- 

chloroacids (48). Chlorohydrin 2 of reversed orientation was 

formed when 4&was treated with benzophenone, 

LiN(SiMe3)2 

THF, -78’ -0-C 

R-I 
D -HCl - 

CH Cl 
2 ti 

R-CH-C02H 
1) Me2S04 
4 

1) NaBHa 

I 
s------+ R-CH-CH=O 

2) OH- 
Cl 

2) H02CC02H I 
3) H30+ Cl 

It is claimed that LiBSA can be used to good advantage as 

the base in a Darzens-tyDe glycidic thiol ester synthesis, eq- 33 

(49), giving an isomer distribution inverse to that oL" a reaction 

where sodium hydride was the base, A Conflicting report finds 

Go 
LiN(SiMe3)2 

PhCH=O + BrCH2C,stBu -p 
THF 

/O\ 
Ph-CH-CH-COS-tBu 5gz 

cis/trans IO/90 

(33) 

(32) 

use of NaN(SiMe3)2 or LiN(SiMe3)2 in the Darzens glycidic 

Referenceip.61. 
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--; _'~ster-:synthesis.:pffers no. advantages,- either~in:~st&eoT' .:_ ._ .: :: _, 
._ .. f’ _ 

: . . ._~ _ 

-sp‘e.cifi$it$, yield, 
._ 

_- 
.og~ cb'nire~~eqce: .(5_Q),y..’ S&&ly,:. these-z:. ... 

. . . . -. 
..’ bases..were -ineffective-:n...the~.deprdtona~~~li-pi;otonation.:~.~ ... 

.. _. ,- ,: ._ . . _ 

_ s@que&e to effect.transfo~~tion.of~prostagi~~d~~.~~~,to .Cs _,/ : 

.(3-j)_. . _. . . . ~-. 1, : ... .:. ....L...‘:. .. 

!Cr~methylsilyleno~ ethers as enolate. equiv@l.ents--is an .~ 

active area (52-58)_.-.%- and I$-silgl en01 ethers of.3-methyl-2- 

heptanone; -separable by glpc, .can be .stereospecifically.~ 

cleaved to enoiates of kno& configuratio& by CH$Li in DME,. 

with only a feic percent of starting ketone as by-product (52). 

This stereospecific cleavage has been exploited in prostaglandin 

synthesis (53), as copper enolates deriveh by addition of 

alkylcuprates to cyclopentenones &ould.not be directly alkylated, 

They were, however, trapped end purified as silyl enoi ethers 

cleavable to.alkylatable lithium enolates; e.g- eq. 34 (53)_ 

0 
Et20 

+(R2)2CuLi - 
THF, Me3SiCl 

OSiMe3 0 

-78: Et3N, 0’ -6 
RI*’ XR2 

(34) 

-R2 = trans-1-octenyl ; trans ~-CH=CH-gH--f15H11 

R? = tranb kH2CH=CH(CH2)3C02Me =&C(CH3)20CH3 

S%l&lg, in the octalone series, where tBuOH-or &en NH 
3 

appeared sufficiently acidic to cause regio-isomerization of 

enolate 48 
V' 

silyl enol ether.47 was isolated.by.chlorosilane - 

treatment of 4$3, then cleaved and alkylated with formaldehyde 

tti give exclusively ketol'42-& 90% yield, _eq. .& (54). .Of 
. 

more generality 5s. the.use of u~trimethylsilyl~vinylketones in .. 

a modir"ied Rob~nson.Annelation [AS,. l%'$i- pI 165],,- e-.g. -$ 9-52, 

x&i& C&I provide intermediates capable of- ready-'elaboratioq.to 

steroids, eq. :36 [55,56]-. 
. -. 

. . . -. 
. ,, 

:,. :. 



Me$iCi 

THF 

.a .i) CH3Li.1250 1) CH&i, 25' 

.o 2) CH20, -78' x 2) CH2=C-COCH3 * 
I 

Me3Si , -7aO 
3) 5% NaOMe, MeOH 

19 

co Me3SiO \ 

32 
(35) 

H =JP 0 i 

0 
Hg 

ox 
‘ 

X - tBu, 74$, ref, 55 ; X = TIP. SW, ref. 56 

For introduction of an alkoxyalkyl function a to a carbonyl, silyl 

enol ethers are reported to react with dimethyl or die-thy1 acetals 

at -7f3O in the presence of TiCl 
!+' 

giving 60 to 98$ yields of p-alk- 

oxy ketones, eq. 37 t571. Silgl enol ethers of acetophenone, iso- 

butyraldehyde, cgclohexanone, and phenyl acetone were employed. 

OSiMe, 

H 
MeOCHR - 

i 
+ RCH[OMe]* ,E&z + 

-7R” 
Me SiOMe 1371 

0 3 

R = Ph, OMe, PhCH2CH2- , NECCH2CH2- 

Likewise, in crossed aldol condensations, trimethglsilyl enol 

ethers are.general enol partners with TiCl 
4 

catalysis. The general 

reaction, eq. 38, proceeds with a wide variety of substrates in 

commonly 60-9% yield. In the majority of cases, aldol 51 was acc- 
- 

ompanied by only a few percent of dehydration product. Other Lewis 

R4 

Refmesp_61_ 

1 eq. Tic1 , 
> 

CH2C1_,, -78O 
C381 



Hydroxgmethylation can be achieved with trioxa&':& carbonyi part- 

ner, .e. g. PhCH=C[CH3]0SiMe3 + PhCH[CH20H]COCH3; 164%‘: Regiospec- 

ificity in'alelation of the olefinic position derived from the 

enol ether was observed for reaction of benzaldehyde with 2- and 6- 

methyl-I-trimethylsiloxycyclohexenes, showing'another .advantage of 

this aldol condensation technique, which should be vigorously fol- 

lowed up [58]. 

Methylation of cyclohexenones in the a1 position [eq. 401 is 

facilely carried out via the 'improved' Simmons-Smith procedure 

[AS, 1973, p. 166-71 applied to siloxy-dienes,andsubsequent meth- 

analysis c591. In the steroid series, testosterone ten be Specific 

aI or a-monomethylated [eq. 403 in a reaction claimed to be more 

specific thanclassical routes [59]. Yields- exceed 80%. 

0 
R . LiN[iPr] 

:. Me3SiCl,5 

R CH212p 

R 
2. 2 eq. Pyr 

RR 
Et20, O" 3. 0.1 N NaOH, 

R 

RR MeOH RR 

c401 



_.: .:. 21 
: 

,_ ._ .z ..< . . -.In the. acyclic series,- such cyclopropanations afford [after 

: pyridine treatment] siloxyvinyl cgcloproparzes 52 convertible to 

[AS,. 1973, p. 1761 cgclobutanohes by acid-catazed rearrangement, 

-.or.to cgclopetitanones via vinylcgclopropane rearrangement, eq. 4?, 

C601. 

i;,_ce3 _+siH3 
HCl b 

G 

0 

3 eq. S.-S. 

1 
reagent z 

\ 

350° 
cH3 

[411 

J_fi \ OSiMe 35 0 

Siloxycgclopentenes, e. g. 2 can be further cgclcpropanated as the 

stereoselective hydrindanone synthesis of eq. 42 demonstrates E601. 

Under forcing conditions, i. e. 3 equivalents CH212, Zn/Ag, bicycle 

propyls will be forEed, e. g. 2, which can be converted to either 

cyclopropanols or to ring-opened cyclopropyl ketones 2 [613. 

0 1. Me3SiC1, Et+ DMF 

2. (X212, Zn/Ag 
> 

3. Pgridine 

0SiMe3 

a5 
4_ 330°, 30 min. I, CH212, Zn/Ag 

2, Pyridine [421 

3. OH- 

While the Simmons-Smith Reaction applied to silyl enol ethers gives 

cyclopropanols, a slight change in reaction parameters, namely de- 

References p_ 61. 
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: c_ 

..-Icrease in solvent concentration, -gives ~2~rneth~lene'cyc~~a~~~~l-ols -. 

_:[62].as illustrated by equation _43. .'The..isomerization.of. & to -2.; 
: 

is mediated.bg zinc iodide, as shown bg-control experiments. Int- .-_ 

erestingly, -no-z is formed from cycloheptyl.'[n I= 2].systemsd This. 
: . . 

opens a route to 2-methylene-llcyclopent- and -hexanols; -hitherto 
- 

difficultly accessible,,but conversely, care must be taken in. 

structural assignments of products derived from the Simmons-Smith 

reaction of silgl enol ethers. 

2.2ml Et20/mmol 

,Zdz: 

Oh 

The oxidation-hydrolysis sequence for conversion of vinyl silanes 

to carbonyls [ G. Stork and E. Colvin, JACS, 93 0971) 20801, eq, - 

4.4, has hitherto been of limited synthetic utility due to the in- 

accessibility of these silanes. Grzbel and Seebach have reviewed 

and generalized vinyl silane synthesis [631 in a useful article. 

R= 0 R’ e 
RS Si- 

+ (Me3Si) 2O [WI] 

I' 

The Stork group has exploited this. conversion by utilizing halometh- 

‘yl vinyl silanes asketoalkyl halide equivalents in annelation 

reactions [64,65], while Boeckman has carried out conversions in 

the reverse sense using trimethylsilylvinyl cuprates asmasked acyl-- 

: 
.: 

:, 
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anions in Michael Additions [66,6?1. .The sequences'of eq. 45 show 

'--the versatility of silanes 2 and-2 C651, which synthons would be 

more generally-used, were they less cumbersomely accessible. They 

meeffective trappers of regiospecifically generated enolates [vide 

Sect, II infral, 

!: KOH, MeOE 

I, + 
-- 

SiMeS 

59 0 
81% 8% 

am \ \ 
The equivalence of ~to an acyl anion and 2 to an enolate was ex- 

Me3Si 

145’3 

ploited in the sequences of eq. 46 [66,67]. In contrast to &own 

acyl anion equivalents, which do not undergo conjugate addition, s 

does, The utilization bf 60 arzd 61 for angular functionalization, 
- - 

e, g. 62-+Q_, is a promising synthetic tool. 

SiMe 
3 0 

= RCH2k 

Vinylsilanes-such as s and $I_ may become more accessible through 

the observation of Rumada [68] that mixtures of cis- and trans-1,2- 

bistrimethylsilyl olefins are formed by reaction of acetylenes with _ 

Ni[bipy][SiC1312 followed by exhaustive methylation with MeMgBr. 

References p_ 61. 
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: ,;iiMe 
CH2=C,Rr.-, 

-_ 

The first Grignard-tgpe reactions of orgsnosilanes [ R!Sc + R2C=O 2 

-+ R1R2C-OSZ$ ] have been reported [ 693. An active C-Si bond, an 

electron deficient carbonyl, and a Lewis acid catalyst are required 

to effect good yields. As a Group IV alternative to grignard syn- 

thesis, these reports should be vigorously pursued. A related rea- 

H2C=CHCK2SiMe 3 + C13CCH=0 

t: + ClCH 

PhCECSiMe 3 + Cl 
3 
CCH=O C13C-E&-EC-Ph 6% _ 

gent is t-but~~trimethglsil-glmercurg, 6&which alkglates benzyl- 

idenemalononitriles and cyamoacetates, eq. 48 C'i'Ol, aCthe B-carbon 

atom to give net addition of i&obutane.across the plefinic leage.. 

A simple preparation of L4 ET.11 implies considerable sgnthetlc: :. 

. 
:_ .- 

_. -. _ -. : . . 
‘. 

: 
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:'utilitg for this novel-,organosilicon reagent. 
: 

PhH 7 
+ tBuHgSiMe + X CR-C=C=N-SiMe 

64 
3 zoo I 

3 
tBu 

MeOH 
R = -CN, -C02Et 

ik.81 
X CH-CHR-CN 

tBu 

Related is the observation that various palladium compounds can 

cleave Me-Si and Ph--Si bonds; when olefins are included in the rea- 

ction mixture, alkylation or arglation can occur via intermediate 

alkylpalladium species, e_ g. ea_. 491721, -Further skdg of this 

reaction should uncover some useful synthetic applicat5ons. 

PhSiMe3 + PhCH=CH2 LI_PdClk PhCH=CHPh 94% - -2 

120",THF 
Ph c491 

I, + 

-0 
I 

Related to these is a Knoevenagel-tne spthesis of a,P-unsaturated 

nitriles by the addition of a carbongl compound to the a-carbon of 

a silylated nitrile. R'CH(S%X3)CN + R2C=0 + R2C=C-@N)-CH2R' + 

l/2 X3S'OSiX3 can be effected by the sequence of ea_, 50 [73]_ The 

1. iPr 
2NH* 

BuLi, -78O Rx 

R3cH27H-cN 
> 'c=C' 

CH2R3 

2. R=R*C=O RJ 'CN 
929% 

2.2 SzPme2 3. aq. NH&Cl 
c501 

R1a2 = H, Ph; Me,Me; Et,Me; -(cH2)&-; Ph,Me; MeCH=CH-,Me; etc. 

R3 = H, Me, Ph 

requisite a-silglpropionitriles s can be prepared in 55-7s yield 

by Rh'-catalgrsed hydrosilylation of substituted acrylonitriles, 

The condensation proceeds exclusively at the:C=O bond of the sub- 

strate, even with crotonaldehyde and p-ionone. 

Referencesp.61. 



.-.of dithiane derivatives for synthesisof a-ketosilanes, es. &, is 

silylation of an imidoyl.chloride with Me$iCl/Mg/THF followed by- 

The aldimine s was-a minor byproduct, 

tBu.=NPh 

I 

Mg, Me$iCl tBu-y=NPh _H2Soh 

Cl 
RMPT, TESF 6%. &.iMe =2O tBuYMe3 c51 I 

3 
t 

9% 

55 
tBuCH=NPh 1% 

A reliable preparation of @-aminomethyl alcohols by net addition of 

H4H2NH2 
across a carbonyl is reduction of stable trimethylsilyl- 

cganohydrins 67 which can be formed 
AU' 

from ketones resistant to 

cyanohydein formation, e, g. camphor and a-tetralone, eq. 52 C761. 

* l\ 
c=o 

Me3SiCN R', ,OSiMe 

R' 
-9 C 3 

ZnI2 cat. R' 'CN 

67. 
cs21 

55-8~ overall 

R,R' = -@H,a n = 5, 7, 11; Ph, Me; 2-butenyl, Me, etc. 

Metallated allyloxysil&es g are B-acylcarbanion equivalents, as 

demonstrated by an ingenious sequence worthy of further investigat- 

ion, eq. 53 1771. Total isolated yields of s and 70 were in 
- 

----I / 
secBuLi 0 

a? 
_/--. 
.i- 

OSiEt3 TEF,-~~O Lr 
.zLR~ +TR 

0SiEt3 HMPT 

g 

.- 0SiEt3 OSiEt 

2. 
3 

R =-Me, Et, riPr, iPr, CH2=CHCH2, c-c6H~~ 
zz Pi31 

major minor 

X = Br, I 

excess of 99 except for R = cgclohexgl; The predominant product. 

i 
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._ _._. 
::I 69 being a silyl-enol.ether, rw'.. ._ is a useful synthon'in its own right 

0l?; _it may -be hydrolysed to a& aldehyde, Interestingly, trimethyl- 

and t-butyldimethyl-silyl ethers .gave lower yields and/or byprod- 

ucts, 

C. Acylation of Carbon - 

Direct acylation of an anion is the subject of several reports 

[78-821. A keg intermediate, 7& for synthesis of methyl acryloyl- 

acetate [viz, A.S, 1973, p- 1701 was prepared by condensation of the 

anion of trimethylsilyl 2-methoxycarbonylacetate zwith 3-phenyl- 

thiopropanoyl chloride, eq, 54 C781. Relatedly, the lithium salt 

1. BuLi, Et20, -78O 
> 

2. PhsCH2CH2COC1, DE3 

3. IN HCl 

0 

PhSCH2CH2-!-CH2C02Me 

c 9% 
c541 

of bis[trimethylsilyl]malonate 73 found application in an olivetol 
- 

synthesis9 eq. 55 [791. And a rather cumbersome synthesis of 

ketones RCOR* from esters RCOpt C801, with application to a jas- 

mone synthesis 1811, has been reported, but despite use of silicon 

reagents, seems unattractive. The reaction of 2-lithio-2-trimethyl 

silyl-1,3-dithisne swith methyl benzoate to give 75 and with 
- 

tetramethylurea to give 76 appears to offer a general route to acgl 
- 

dithianes, eq. 56 c&51. 

1. Me3SiN=C(Me)OSiMe3, Et 0 
C02SiMe3 
I 

nc3H7cH[co$12 2 nBuL- 
L nC3H7-$Z-Li + 

- i f -60~ 

2 
co2siMe3 

'_ 

References p.6l. 

8 
OMe 

c551 

IN NaOH 
nC4H9-C 

ZD OMe 



-i. PhCOpe.. (I_ .. ‘3. 

2. dil. HCl 

o=c 
\. 
Ph 

2 25 

Silyl enol ethers of cgclopent- and -hex-enone react-with aryl [82] 

and tosyl c833 isocy&ates to give, -after hgdrolgsis, excellent 

yields of 2-karboxamidoketones '7J eq. 57. Acyclic silyl en01 

ethers react analogously an intermediate.azetid%none C831, 

f-.cPs~e3 
I, 

tCH21n ii + R-_N=C=O 
cat, Et3N, ‘130° PC’/’ ES71 

LCH 2. MeOH, H20 
* kH21n i 

LCHCONHR 

n = 3,4 R = Ph, CI.NP, S02Tol 77 72-9% 

The Bordeaux group has reported a new synthesis of acglsilanes 

by direct silglation of acylimidazoles, eq. 58 [84], potentially of 

great synthetic interest. This group has further found that vinyl- 

silanes can transfer the vinyl group to acid chlorides in an attra- 

ctive synthesis of a,p-unsaturated ketones [85], the synthetic 

possibilities of which deserve to be explored further, eq, 58. 

50 
RCE2C\flN 

Me3SiC1/Mg/HMPT ,S5Me3 H30+ 

60-7o”, 16 I-II= 
> RCH=C, 

OSiMe? 
+ RCH2yo 

\--I SiMe, 
R = H,. Et 30-35% J 

ES81 
H2C=CH-SiMe3 + MeC0Cl-s MeCOCH=CH2 

Me3SiCH=CHSiMe3 + RCOCl __) 

R = Me, tBir, Ph 

D, CyClizatiOn and RXng-forming Reactions 

Considering carbene + olefin reactions to be the simplest type 
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of-ogclization, silicon reagents have figured in three communicat- 

ions by Haszeldine..[86-881. 1,2,2-Trifluoroethylidene, generated 

by thermolysis .of 1,1,2,2-tetrafluoroethyltrifluorosilane 2 at 

,150°, previouslg.shown to insert into C=C and C-H bonds [Haszeldine 

19671, inserts into Si-H, Si-Br, and Si-Cl bonds [86], eq. 59. The 

order of reactivity is Si-H > C=C > Si-Cl for this carbene. Tri- 

CHF2CF2SiF3 + 3 H2C=CH-CH2SiMe2H a HCFkSiMe2H 

F 

22 

3% 
+ 

&SiN~~FCF2EI 

H 6% 

I, + 3 H2C=CH-Sic1 
3 - HF2 C-4- 

Sic1 cs91 
3 

F 6% 

+ SbF5 --% 
%=c< E 

C13CSiCl 
3 

:cc12----+ 1 ‘ccl, 
C’ 

6%9% 

fluoro[trichloromethyl]silane 2, bp 45O, generated by fluorination 

of Cl CSiCl 
3 3' 

undergoes vapor-phase decomposition at IOO-140° to 

singlet dichlorocarbene, which reacts smootbJg with olefins to gen- 

erate dichlorocgclopropanes 1871, eq, 59. Trimethylsilylcarbene, 

Me3SiCH:, formed by photolgsis of trimethylsilyld%azomethane, forms 

cgclopropanes in low gi'eld with 2-buteae, ethylene, 23d also inser- 

ted into Si-H and C-H bonds [88]. 

The cyclopentanone annelation sequence of eq. 60 [AS, 1973, p. 

1781 has been the subject of further investigation by the Trost 

group C89 1. For an oxospiropentane which can eliminate in two 

ways, e. g. &, use of a sterically-hindered base affords mostly 
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. . the lesalkbstituted vinylkgclopropane ‘8&:while_ a.sterical1.y less] 

‘-.demakd$~g base:utilized &der conditions ~of.~thermody&aic control : 

Produces -the'other regio:isomer'8& 
. . _ 

Bromkat i&Ldih&obro&natlon 
_' 

of these-regio-selectively prod&&siloxycyclopent_enes 2 &d-k4 

'&fords a good-route to cyclopentenones valued ati prostaglandin 

intermediates. 

+$ i: ~~~l~hex-e~ 5o “- .qI=cgs~~~, 

I 
3 

1. DiN[iPr 12, hexane 

2, Me,SiCl 

82 

However, to catalgse the rearrangement of oxaspiropentane itself to 

cyclobutsnone, lithium iodide or bromide in methylene chloride is 

superior to trimethylchlorosilane C901. 

A useful diene synthon for Diels-Alder reactions in which a 2- 

0x0 function i.s desired .is Danishefsky's I-methoxy-3-trimethylsil- 

oxy-1,3-butadiene 8& It is easier to prepare, end more amenable 

to subsequent transformation than 1,3-disiethoxybutadiene r.911. The 

examples of eq. 62 show some intriguing possibilities. Use of 

benzoquinone as dienophile offers an entry to the ?,4,6-trioxygen- 

ated naphthalene system, while methacrolein hints at routesto pre- 

phenic and trisporic acids, 

Use of N-metallo-bis[trimethglsilyl]am&es as-bases in enol- 

ate.alkylative cyclizations has continued, e. g-. eq. 63.[921,.and 

more spectacularly.in~the conver.sion of.epoxynitriles:to .cy&lobut: 

an=, eq, 64 -C931. 

: 
: 

: 

ST . 



c ‘-I 0 

0 
EtjN=ZnC1 

2 
Me3Si0 

‘f/ 

Me3SiC1,PhH * 
2. O.lN HCl. 

OMe b - Me 

I. 

2. 

H2C-CHCOMe ------j 1. 

O-IN HCl 

31 

0 
0 

w 0 = 
Me5 

0 
C623 

Me02CCXC0 4e 

HC 
2 

MsO 

R-H 
1.8 sq.KN~[SZMe31 

P~H, 80’ 

R = CH3 

2.5 eq.NaII[SiMe31 

POE, 80~ 
Q9 

A particular feature of this cgclization is the stereochemical con- 

trol, in that a single stegeoisomer was obtained, which allowed 

synthesis of grandisols, eq. 65, contaminated with only y0 of 

epigrandisol [93]. 

Silicon reagents have been used to form heterocyclic rings as 

well 194,951. s-Iminodiazolidinediones 87 and diazolidinetriones 

82 a.re formed by desilylation of the addEts of trimethylsilylcyan- 

ide and aromatic isocyanates, eq. .66 [94]. 

Ref-esp. 61. 



p-lsothiocganatocarboxylic acids are best prepared by the sequence 

of eq. 67. Dihydrothiazinediones 3, formed by isomerization of 

initially cgclized oxazine-2-thione-6-ones, can be polymerized to 

novelpdgamides [95]. 

1. Me3SiC1, CHC13, 

MeCN, refiux 

2. S=cCL.2, Et+-10 

5. H20,THF, O" 

X-Y = -CH2CH2-, -CH=CH- 5% overall 

-In a ring-opening reaction,. pyrolysis [420°] of the disilylester. 

of cgclobutene-1,2-dicarboxyl%c.actd followed by hydrolysis affords 

an elegant synthesis of the previously elusive butadiene-2,3:di- 

carboxylic acid i961. 

The Ruhlmann modification of the a&loin condensation [AS, 

1973, p.. 174.1 continues to be actively emRloyed,& synthesis- 197- 

: 

:: _. -_ --. 
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. . 

-1’021:. Detak of the practical preparation of cgclobutanedione 

1971, cyclobutane-l,2-diol C983, and cgslopropane carboxaldehyde 

[98] are available, Conversion of z to acgloin 2 was routine, 

eq,- 68 [99], but the Na/PhH/Me3SiC1 reagent failed with z and a, 

apparently for reasons of strain [IOO], and with cis or trs.ns & 

g&e mixed-ketene acetal z rather than a bicgclo[2.l.Olpentane, 

eq. 68 [loo]. Unexpectedly, condensation of diester % led to 

hydroxyketone z rather than azeloin,?& eq. 68. -A mechanism in: 

valving transaonular interaction of the terminal olefin and a semi- 

dione intermediate was proposed [IO?]_ 

1. Me3SiC1/Na/PhMe 
> 

6 OH 

~CH2=CC(CH2)3~02Me12 

Z!Z % 

Cope Na, Me3SiCl 
> 

C02Me 
PhH 

% 

Me ,Ig / 

09J 

OH 

9 OH 

Me3SiC1 
3 

Na, PhMe W 

9J c*3 

[a31 

E. Dimerization and Other Coupling'Reactions -- 

The acyloin coupling above works equally well in acyclic sys- 

tems, as shown by Russell's preparation of isobutgroin a and a 

13C-labell_ed bis[trimethylsilyllenediol, eq, 69 [lC21. 

Referelresp.61. 
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&e&h work on reductive dimerizatioh with chlorosil+ne&etal~ sgsy- 

tems has-continued [;03-?05]. Reaction-of.a,@-unsaturated ketones 

with Me3SiC1/THF/Li differs from that with Me3SiC1/HMPTjMg [AS., 

1973; p. 1~930 Synthetically useful recluctive dimeriz.ation is much 

less prevalentwith the former system, as the examples of eq. 70 

demonstrate ClO31. .Acetylen c ketones react with the Mg/HMPT pair 

in a variety of modes ClO41, of which pinacolization, eq. 71, and 

deoxygenation, eq. 72, are synthetically intriguing, 

R-&~-l? 1. Me3SiC1/Mg/E@IPT 

2. MeOH, H* 
> 

OH 

R-CA-R’ R’ = Me, R =Me3Si 5% 

I RI = Me, R = Ph 
R-CZC--c--R' G, 

1% 

bH 
=H ,R=rBu 3% 

I71 1 

Me3Si-CEC-;-Ph 1, Me3SiC1/Mg/ErMPT Ph 
> \C,CJH 

0 2. HCl/MeOR H' 'SIMe 
6% [721 

3 

Reductive dimerization is the major course of reaction of butyl 

acrylate and diethyl ethylidenemalonate derivatives with the 

Me3SiCl/Mg/RMPT system [IOS], eq, 73. A. few drop's of titanium .. 

:‘:y 

: 

.- ._ .I.. .._. 
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35. 

.tetrachloride was used as catalyst. With other esters [cinnaxdc, 

-maGici fumaric] simple reduction or CTsilylation intervened. Fur: 

ther study of .the scope of this synthesis of adipic acid deriva- 

tives is to be awaited. 

R< /.GO$” 
H,C=C\Rs 

Me3SiC1/Mg/FR4PT 
> ~R302C-CRR2-CHRLCHR1-CHRs-CO~3 

cat. amt. TiCl 

Rx Re R3 
4 so-7% c731 

&I: 
Me nBu 

Me CO 

A keg synthon in polgacetylene synthesis, I-halo:4-trimethyl- 

silylbutadiyne E, can be prepared by stannylation followed by 

halodestamylation, then used in synthesis of E, eq. 74 [ION]. 

I. Bu+nEt,, 200 

Et3Si-C'C-CZC-H 
-r L 

2. Ha12, EtCl, -40° ) Et3Si-CGC-CZC-Hal ,a 

1.1 PhC-CH, EtNR 2' CuCl, 

NH30HC1, DMF- 

2 _2NH2S04, O" 
E741 

Trialkylsilylpropynylcopper reagents u and lC& add in 1,6-fashion 

to dienoates to give mixtures of allenic lC& and acetglenic m 

esters which can be desilglated to 1,S:enynes and l,&S:trienes, 

eq. 75 tl071- For high overall yields 3.5 eq. of the orgsnocopper 

reagent are preferred. 1,4-Addition of E to e, g. 2-cyclohexen- 

one or ethyl acrylate does not proceed well. 

1, nBuLi=TMEDA 
R3Si-CXLCH3 - R3Si-CZ-CH2Cu 

E R3 = Me3 

2. GUI 1% R3 = tBuMe2 

Referencesp-61. 



Ratio of lC&_:s [total yield] 

Cuprat $ R'=H R'= CH 

I%!?.3 
-m 

80~20 C8qgl .18:82 [7g] R3 = Me3- -._ 

95:s C36gl 3:97 [2!?&1 R3 = tBuMe2 

IV. FORMATION OF BONDS TO HETEROATOMS 

A. Acylation and Alkylation of Nitrogen 

Silicon reagents function for the conversion of N-H to N-COR, 

inter alia the keg reaction in peptide synthesis [108-1141, For -- 

example, protected N-trifluoroacetyl:amino acids are best prepared 

by treatment of N,O-bis[trimethylsilyl]amino acids with trifluoro 

acetic anhydride. The sequence of eq. 76 is fast, applicable to a 

variety of.amino acids, and proceeds with little racemization, 

Glgcyl-glycine reactssimilarly 183 overall], while aspartic and 

glutamic acids formed trifluoroacetaminoatiydrides [108]. 

R-CH-C02- 
1. Me SiCl, Et3N 0 R 

+' 

H2° ) 

=3 

) F3C-kH-bH-C02SiMe3 2. F3C402COCF3 

C761 
F3C-cNHTH-C02H 

R 60-8ys R = Me, iPr, PhCH2, H2N-(CH2)4- 

Trimethylsilylimino-methyldiphenylphosphorane z reacts with acid 

anhydrides to afford excellent yields of acyliminophosphoranes and 

with al-1 isocyanates to give alkylcarbamoyliminophosphoranes 

c1091. 

anate, 

Reactions 

and carbon 
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Acylfor&midines z7 can be prepared in nearly quantitative yield 

by'treatment of silylformamidines kJ with acetyl chloride [ 25.1, 

and in related vein isocyanates are converted [via silylformamides, 

see.sect, II above] into N-acylformamides z [26l, eq. 77 

R-N-CH=NR CH3COC1 R-N-CH=NR R-N-CH-0 

I -1 I I 
SiEt 

.3 
MeC=O MeC=O 

1771 

m m loJ 

In an interesting conversion, A-proline methylamide Y& can be 

converted, c diazasilole lJJ,to N-pyeuvoylproline G. The lat- 

ter readily cyclizes to 113 [IIO], eq. 78. The alternative react: 

ion of 170 with hydroxymaleic anbydride proceeded in lower yield, 

and isolation of u was impossible. 

0 

MeCOCOCl 

N 
NO 

Me2SiC12 

C' 0 TH??,Et3N * y CQo - 
0 N 

HO 
C' 

H .I- I CHCl 
3 h=O &Me 

[781 
KBNe Me 2Si-N.Me 

Uz V_J Lo 

!ie 
u 

"dx' Me ti 

HO Me 

In direct peptide synthesis, N-C2-nitrobenzenesulfenyll-N-carboxy- 

anhydrides of amino acids couple readily with bis[trimethylsilyl]- 

aminoacids to afford, after hydrolysis, good yields of dipeptides 

Cllll, eq. 79. The sulfenyl group can be removed by exchange with 

mercaptoethanol. 

Me3SiNHyHCO$iMe3 + 

R 

Referencesp-61. 
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.- 
Isocgamites cm. be preptied from amines withouf.J%he ugq of phosgenk ._- .-.. 

322 i sequence utilizing a silglamine ClI21;~ RNHSiMe3 sequentially 

treated with Co2 at-20-50°, Me3SiCl/Et3N,~~and heated- at 140:180°, 

gives. 22~83% yields of RN=C=O, R = Me, nRu, all&l, Me$. 

The production of nucleoside.analogs by condensation of a 

silylated nucleobase and an activated sugar [AS, 1973, pO 185-61 

continues te be active [113-1281, Among the structural types‘prep- 

arable by-this route are pteridine ribosides [113], isopteridine 

ribosides and deoxyribosides [11&l, isoxanthopterin ribosides 11151 

lumazine ribosides [1161 and glucosides [1171, 3-oxauracil riboside 

11I81, cgtosine riboside 11191, as well as several un-natural nucy 

leosides [I20-1211. A detailed survey of the silyl-method for 

nucleoside synthesis has been made by Vorbr;iggen cl22:1271, It was 

claimed that with SnCl 
4 

catalysis, only the S-anomers of uracil and 

cytosine ribosides were obtained [119],.in contrast with previous 

reports of anomer mixtures, For un:natural nucleosides, structure 

proofs have often been non-rigorous, end Tolman has cautioned glib 

assignment of structure to reaction products where there are mult: 

iple sites of glgcosylation, as in the case of 

andl-l were obtained [1201, eq. 80. 

MeCN, MePh 
cz; *TbPir _200 > 

OAe OAc 

ti 

a, where both Ls 

NH3> 

MeOH 

Alkylation of nitrogen has been well represented 1129-1321'. The 

-. 
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silglamine route to enamines [AS, 1973, p. 1861 is preferred for 

preparation of LT, eq. 81, the synthetic equivalent of a 3:0x0- 

carbanion [129]. 

a- ,SiMe 
N 3 

PhCH2CH2CH=O 

'Me 24 br, 
-, @-PhCH2CH=CH_NMePh 

150° 
C811 

7JJ 77% 

But the ketone plus trimethylsilyldimethylamine synthesis is not 

general. Analogs of 

82 C1301, 

NMe2 

co 0 ,‘+- 
In a mechanistically 

verts gluoopyranosyl 

tetralone give silyl enol ethers instead, eq. 

OSiMe 
3 

t82l 

= CH2,0,S 

intriguing reaction, trimethylsilgl azide con- 

halides and acetates to azides with retention 

of configuration, eq. 83 C1311. A controlling effect bg,the 2-ace- 

tax-y group is suggested to explain the stereochemical results. The 

same reagetit, in combination with thallium(III)acetate. adds to 

norbornene type olefins [1321, eq. 84. 

eoAc n 

rN3 

1831 

Tl(oA~)~/siMe~N 

CH2C12, 25O 

3, &N;@A%P& &XlB4, 

0 
I X = OH, F 

I HCl 8% total 

Referencesp.61. 
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.A-direct process. for .conversion of--Ar-Hal:.to..Ar-NH2 wodl&~b~.oi.'- . . 

great interest. An approach is found in the:rea&tion_of N-&pro _- 

bis[trimethylsilyllads s.with aryl iodides crhich.give&modest 

yields of aryl amines.E 1331, eq. 85. The synthetically &o&ad- 

vantageous process using Ar-Br-gives only meager yields of amine_ 

n&&i 
[Me3Si12NH I_) 

ArI,Pyr MeOE -’ 

GUI 
iMe3SilpCy 18 - 

X5 

A&X2 

.30-6% 
C851 

Ar = Ph, 4-MeOC6H4; 4-MeC6H4, 4-N02C6H4, 2-C4H3S, etc, : 

N,O-bis[trimethylsilyl~hy~oxylamines, e. g. PhN($iMe3)0SiMe 
3’ 

undergo thermal or photochemical fragmentation to nitrenoid species 

and 

but 

and 

hexsmethyldisiloxane, as shown by trapping experiments [134], 

the synthetic advantages of this method remain to be explored.. 

Addition of nitrosyl chloride to trimethylsilyl enol ethers 

silyl ketene acetals constitutes a convenient lab-scale synth- 

esis of a-oximinocarbonyl compounds [1351, and is particularly val- 

uable for conversion of aldehydes to glyoximes, eq, 86, A scheme 

involving addition of NOCl to the double bond, Me Sic1 
3 

elimination, 

and tautomerization was proposed. The potential for regiospecific 

nitrosation [from regiospecifically generated silyl enol ethers] is 

especially noteworthy. 

NOCl 
N/CH 

) RJOLC/" NHEo: R/K,&? 
CHzC12,-150 II II 

C861 

NtOH NNOH 

R = Ph, Et, H; R'= H, Me, Bz, Et 63-8s 

B, Acylation e Alkylation of Oxygen 

Two reports on the conversion of carbonyls to acetals and-ket- 

als have appeared. [136,1371. Hemiacetals of trifluoroacetaldehyde 

are preparable in 65-9qo yields by treatment of CF3CHkO*HF with 
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SitOR] 
4’ R = Mey Ety 

iPr, a-amgl [1341-. Good yields of hemithio- 

ketals are obtained by reaction of 
-_I trimethylsilyl enol ethers with 

_mercaptoethFol; eq, 87 C-1371, Analogously, acetotides [including 

the previously unknown acetonide of 

-formed from trimethylsiloxy propene 

justification, siloxy carbonium ion 

iate Cl371_ 

trans-7,2-cyclohexanedZol] are 

and vie-dials. With scant 

m is proposed as an intermed- 

OSiMe 
3 trace HCl 

f-7------- + HS OH CCL 

OSiMe + 
3 

r\ r\ 
HO OH 

Aldehyde silylenol ethers are 

ten of which were prepared as 

by the route of eq. 88 [1383. 

v ,0SiMe3 
,c=c, 

CH3Li 
> 

R2 H DME,-6o" 

precursors to vinyl triflates -)2& 

precursors of unsaturated carbezles 

[CF SO,!20 

-30° 
> 

T 
,0S02CF3 

RsC=C,H i-881 

m 

For rationally designed carbohydrate synthesis, specifically acet- 

ylated or tosylated primary hydroxyl functions in monosaccharides 

are required. Fuchs and Lehmann have elegantly achieved this by 

treating a persilylated saccharide m [from e. g. l-methyl O-D- 

glucopyranose] with acetic acid, specifically desilylating the pri- 

mary C-0-Si function and acetyfating the CH20H generated 11391, eq, 

89, Tosylation proceeds analogously, although secondary silyl 

groups. disappear in the work-up 

acetates.CA.5, 1973, p. 1881 are 

methylsilanes [1403. 

stage. Finally, aryl trifluoro- 

generated by plumbation of aryltri- 

Refere-p-61. 
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C, Formation of Other C-Heteroatom Bonds -- 

Three papers C137, 141,1423 have mentioned formation of bonds 

to sulfur, Ethyl esters react with S-trimethylsllyl thioethanol or 

thlophenol to afford high yields of the corresponding thioesters, 

RC02EX + Me3SiSRr+ RCOSV , 72-89$, R = alkyl, aryl; R* = Et, Ph 

c1411. The reaction of trimethylsilylenol ether-derived enolates 

wJith sulfenyl halides is the preferred route td a-thiolated carby 

onyl compounds, eq, 90 Cl&?]. 

[&$-$oSi~e3 :’ T;;lTmS 
. - 

n = 3,4,5,6 R = Me, Ph 

E901 

Halogengtion has been the subject of five reports [143-1473. 

.SyntIetically useful, but difficultly accessible a-bromoaldehydes 

are obtained by simple halogenation of silylenol ethers, eq. 91, 

c1431. a-Chloro, but nota-iodo:aldehydes were similarly prepared. 

= Bz,H; Ph,Me; Me2; 
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An a:bromomethyl group can be introduced into silyl enol ethers by 

the sequence ketone + silyl enol ether + siloxycyclopropanol 122 r- 

C621 +a a-bromomethyl ketone, eq. 92 [14.4]. Yields are reportedly 

quantitative. 

RI 
OSiMe3 

3b 

Br2 : 
) 'RLC-CH-R2 

CH2C12, -70° f 
R2 z 

CH2Br 

[921 

Alkenyl and alkynyl silanes find utility in the stereospecific 

synthesis of vinyl halides [67,'145] useful in cuprate preparation, 

Various halogenation procedures convert cis-l-trimethylsilyl-l-hex- 

ene into cis- or trans-I-iodo-I-hexene or trans-l-bromo[chloro]-l- 

hexene [145], eq. 93; while HBr in pentane, which adds sluggishly 

to terminal alkynes giving meager yields of 2-bromo-I-alkene, rea: 

cts smoothly with trimethylsilyl acetylenes to give desired bromide 

in 60~94% -yield C671, eq. 93. 

B”L/siMe3 .I. x2, CH2C12, -78O 

2. NaOMe,MeOH,25' 

LTziMJ c93' 

Bu 

'3h2.C: 25O ) 

X = Cl, 755 =Br, 8% 

R-CEC-SiMe 

-Me3SiBr R, 
> ,C=CH 

2 
Br 

R = alkyl, carboxyalkyl, ketoalkgl, etc. 

An extremely mild route for preparation of sensitive acyl halides 

is illustrated by the conversion of pyruvic acid to pyruvoyl chlor: 

ide C1461, The silyl ester MeCOC02SiMe3, prepared in the usual 

Referacesp-61. 
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fashion; -is-exchanged~with~o&lyl.-chloride -containing a:-trade of. __:... 

DM& at .iSo, producing MeCOCOCl, 
1. . . 

. . .-.. -.- :; -: :- ., 

A-convenient alternative to direct 'thallation of-arenes for.. ‘.., 

preparation of arylthallium bistrifluoroacetates--XC6H4Tl+2CCF~]~ 

consists of treatment of the cokesponding ar$ltrimethylsilafie 

with thallium[III]trifluoroacetate in nitromethane-trifluoroacetic 

acid [147!; yields range from.60:9% isolated. 

V. REARRANGEMENTS 

Molecular rearrangements of the 0O-Si'e ?? type are well: 

aown collectively as the Brook Rearrangement [ see e._g. C14811, 

Extensive study of this rearrangement in the benzyloxy- and benz- 

ylthio-silane series, which has synthetic ramifications, has been 

reported by Wrightand West [749,1501. The ozonolysis of silyl 

enol ethers C91, sect, II abov$ is a further example. That these 

rearrangements can occur unpredictably-is shown by two examples 

ClS-l,IS21.7 Russell's group observed rearrangements in two insty 

antes during the straightforward preparation of semidiones from 

siloxy alkenes [ISI], eq. 94, see also sect, X below, 

3' pgr 

2. KOtBu, DMSO 

CO$fe 
I. tia/K, Me3SiC1 

02Me 1 
-2. DMSO, tBuOK 
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@he previously reported bis[siloxg]homocubsue m [AS,l973, p. '1741 

undergoes a novel rearrangement to brendadione 12 in the presence 

of-base, Clarification of this [I521 has shown the presence of two 

unprecedented steps, eq. 95: formation of a ketone by fragmentation 

of a tertiary silyl ether 
C 
H-$-$-&Si#e 

3 
+ MeLi +D Me Si 

4 
+ ;C=O + 

-)-H] and a silyl-acyloin rearrangement [ 
RCC-CS;-0SiMe3 + 

Me3SfOCRRLCORf] . Both are probably mediated by relief of strain, 

although interestingly, the ethyl analog of I& [Me3Si = Et] does 

not thermally rearrange to a. 

X. 

NaOMe 

MeOX ;- &. 
X = H,D 0 0 2% 

I MeLi, -Iso 
sat*d NH Cl 

4 
t NaOMe 

I MeOX 

c9.51 

‘I so0 

IA ’ f9 g 
/ 

3 0 0SiMe3 

Electrocyclic rearrangement of siloxy compounds are more predict: 

able C153~1551. Siloxy-Cope rearrangement of l-trimethylsiloxy-l- 

vinyl-3-cyclodecene 12 and subsequent hydrolysis gave the results 

indicated in eq, 96 [1531. 

Referencesp.61. 
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Relatedto ;&is _is [3,3l-cla+&p~ rG&gge_*~i~- .+&i-~ pilyl- 
_: :. _--:. __.:. 

&y-&yl.:‘~t&~rs .e,...wh& pro'ceeds -&mothl~$‘,kt~ 70°:.te& &f~&-‘~,~&- 
: 

unsaturated.acids with )9&$ stereoselectii;itg-[l~]... .t-Sutyidi- 

-methylsilyl ethers gave yields of ?Ck$ or better; and were-useful. in 

synt??esis of-a'queen-bee phemerone E, esl -97.~. .. 

I. LICA,TRl?,-78° _ 

2. tBuire2SiC1 

l2J 

12 R = CH,cH,C(Me)=CHCH202CAr, 79 

12 R = n-C6H,3, 8% 

An entry into the cis-8,9-dihydroindene system is provided by the 

quantitative rearrangement of 2, in a flow system at 350-450°, 

to z ClSSl, eq. 98. a is readily accessible from the cgclo- 

pentadiene-malelc anhydride adduct. 

3 

>300° ) 1981 

A further, and protising,rearrangement of X-O-S% moieties is the 

transformat+on of penicillin sulfoxide to desacetoxycephalosporin, 

mediated by trimethylsilylsulfenic acids R-S-0-SiMe 3 Cl%,1571. 

The R-S-OH fragment, potentially of great versatility, has formerly 

been known only as a transient species, but stabilization of it as 

the trimethylsilyl ester allows the transformations diagrammed in 

eq, 99. 12571. Silyl sulfenate &3 functions as a masked positive 

+ 
sulfurRS , as the acid-catalysed cyclization to z4, and the Arbu: 

sov reaction leading to II& indicate. 



R = Me 

= CH2 

=H 
-0 

Rearrangement in molecules with Si:N bonds has been less stud- 

ied, but a novel synthesis of aryl cganates and thiocyanates repor- 

ted by Kricheldorf should be mentioned. 0- and S-Aryl-thiocarbonic 

acid chlorides react with trimethylsilgi azide in refluxing benzene 

to afford SO-9Otr, of cganate or thiocganate, pr.+sumablg via elim- 

ination of N 2 and l/8 S8 from an intermediate s-aryloxy- or thio-1, 

2,3,4-thiatriazole [1581. Likewise, phenyl 3-acylcarbazates s 

rearrange to S-substituted-1,3,4-oxadiazoline-2-one-2-ones i_n the pres- 

ence of trimethylchlorosilane 11.591, eq. 100. 

pho2c-NHNH-K-R 

2 eq. Me3SiC1 
N_N~S iMe 

> 
Et N, 

3 
PhMe R'O'O 3 c1001 

R = Me, tBu, Ph W-7$ 

Reaction of dialkylaminomethyltrimethylsiianes with sodamide,'bromo- 

benzene affords some inter&ting ring expansion and cleavage prod- 

ucts, eq, 101 [1601. Speculative mechanisms are presented. 

VI; SILICON AS A PROTECTING GROUP 

The principal use of silicon reagents in protection continues 

the tiezng-up of OH functions as R_3Si0 groups, but there has app- 
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3 Me3SiCHp 
/ 

> %-NY 
CH2SiMe.3 

1% 

+ Ph-GH-N 
I 3 

Me3Si 
% 

eared a report of silicon as a deblocking reagent [161]. Some, but 

not all, benzyl esters of am%no acids suffer hydrogenolgsis with 

the Et3SiH/[Ph3P]3RhC1/MeOH 'ionic hydrogenation' system [2], F'ut- 

ure study is suggested [1611. 

Two requisites of any successful protecting group are select: 

ive formation, and easy deblocking. That rates of silylation of 

secondary alcohols by [Me3SI]p in pgridine at 25O vary over a 

factor of '1000 from endo-fenchol to E-norborneol [162], suggests 

that selective protectfon with Me3Si is possible. Another deblock- 

ing agent for t-butyldimethyls%lyl ethers, which converts R-O:Si to 

R-O-AC, has been developed [163]: A catalytic amount of anhydrous 

FeC13 in acetic anhydride converts &)-2-octgl sJlglether to Cr-)-2_oct- 

yl acetate wZth 8% retention of configuration. 

R3Si-, principally Me3Si- and tBuMe$& groupsare used to 

great extent in protection of OH functions, a partiklarly SpeCt- 

acular example of which protection is shown in eq. 102 [164]. That 

the silylated -OH survived the ten steps indicated leading to serr- 

atezxediol 137 is indicative 
- 

tBuMeBSi- function, 

Of 



1. 

2. 

3. 

4. 
5. 
6. 

8. 

9, 

10. 

11. 

12. 

8 tBuMe.2SiC1, 17 imidazole, DMF, 25O 

Cr03 following reduction of C02H +CH20H 

H2C=C(Me)-MgBr 

CH3C@Me)3, trace EtCO$, lOso 

NaAlH2(0CH2CH20Me)2 

cro 

.H$C(Me)Li, -.78'; 

xylene, 120° 

3 eq. MeC(OMe)2CMe2C1, 

Et,OH, -25O, 1 hr, then 7. c 1021 

Li/NHj/Et20, 1 hr 

5 eq. CF3C02H, 1-78O 

RuO 
4’ 

-25'1 then 9. 

Bu NF, 
4 

THF, 70° 

HO 

Table I gives an indication of the inertness of the R3Si func- 

tion to reagents in recently reported applications [165-1803. Of 

particular import is the work of Ogilvie in developing t-butgldi- 

methylsilyl[TBDMSl and triisopropylsilyl[TIPS] groups-for protect- 

ion of ribonucleoside hydroxyl functions in oligonucleotide synth: 

esis E1801. Differing rates of hydroxyl silylation, and inertness 

of TBDMS-0 bonds to 8% acetic acid allow selective synthesis of 

2'- or S'Tsilylated uridines, eq. 103. After phosphorylatlon, co- 

upling, and deblocking with Bu NF, 
4 

a uridylgl-uridine was obtained. 

HO 
0 u 1.2 eq iPr3SiC1, T1PSo 

Y? 

u TIPS0 u 
o more 0 

> 
2 eq imidazole, 

DMF 'Fi' 3 +! 
iPr Sic1 

HO OH 
HO. OH HO OTIPS 

Ph3co 
0 u 1. 

ti 

iPr SiCl, 
3 

etc. HO U Cl031 
0 

2, 8% HOAc, 
) ti 

85.O U = uracil 

HO OH HO OTIPS 

References p. 61. 
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Triakyisilyl Groups as Protecting Agents for-Ah&o1 ~ck.ons. 

_- 

Alcohol type,[ref.] 

-. 

R3Si Reagent(s)Protected- Deblocking 
Against _; Agent- 

.< 

2S-hy&o_&yst&roid[765] tBuMe2 CrO3/- HOAc/THF/H20 

EiNO3/Ac20/-loo; 

KOAc/DMF 

1% HClC$_/HOAc 11B_hydroxgsteroid[q66]~ Me3 

serine or tbeonine[q67] Me 
3 

haloallylic[65] 
Me3 

secondergcgclohexgl[168] Me 3 

@-cyclopropylalkyl[169 1 Me3 

r,pdeovibonucleoside, Me3 
nucleosidephosphate, 
or ribonucleoside[170- 
1751 

31,9_deoxyribo-cgcloaza- tBuMe 
uridine[176] 2 

ribosyl-heterocgclic- Me 
phosphonium saltC1771 3 

Fdeoxynucleoside with 
free 3'-OHC1781 _ tBuMe 

2 

ditto Cl791 iPr 
3 

Cl791 
tBu- 
CCH,$ 

3Ldeoxynucleoside with xs- 
free 5*-OH[179] 

Sr-OH freed with 8% 
tBuMe2 HOAc, 10 min, 90° 

C12cq/THF/200 -_- 

Wurtz coupling 2 K2C03/MeOH 

Me,S=CH,/THF/HMPT/-20 TsOH 

Jones oxid./BF3-Et20 

n-BuLi, -40° HC1/EtOH/45° 

n-BuLi/HMPT/-.!&";then MeOH/H20 
various alkylating 
agents 

KOtBu, DMF' Et&NF/Pp 

Wittig reaction --- 

- - - 

_ - _ 

--a 

Bu4NF/THF/200 

n 

,I 

ribonucleosides and 
nucieotides[180] 

tBuMe2 oligonucleotide synth.see text 

iPr 
3 
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gilyl protecting functions continue to be prominent in prosta- 

glsndin synthesis CAS.19.73,~. 200-2011. Silylation of intermediate 

?&-with ke3SiNEt2 in acetone at -78O gave 139 which survived -' 

-iBu2AlH treatment at -78O, affording s. The silyl function was 

cleaved by-NsH in DMSO during aWittigreaction[compare with ref. 

177, Table II giving z; but was easiig resilylated [Me3SiNEt2, 

-45Ol to I&_ I& survived oxidation [Collinsreagent] to L3, 

which was desilylated conventionally with aqueous methanol acetic 

acid [1811, eq. 104. Similar results obtained in the PGEl series 

[no S,6-double bond1 and the PGF series [II-hydroxyl S rather than 

alC1821. A related entry to the s system is found in the reac- 

tion of t-butyldimethylsilyl- and tribenzylsilyl-acetals of epoxide 

145 with divinylcopperlithium, which introduced the vinylic side 

zin with the desired regioselectlvity C-1833. 

c 1041 

lsR=H 

2 R = Me3Si 

R=R2 =H; R' = OH 

R = Me3Si; R' = OH; 

R = Me,Si; R'=R2 = 

R e H, R rR2 = = 1 =o 

R2 =H 

=o 

R3= 

In contrast to Me3Si-0 cleaved during the Wittig Reaction, the 

Me3Si-CZC- bond of 1% [prepared from propargyl alcohol in 34% 

or BzLSi 
3 

yield by sequential treatment with 2 eq, nRuLi, 2 eq. Me3SiC1, dil- 

ute HCl, CPh013PBr2 in pyridine, and Ph3P in dioxane] was coupled 

Referencesp. 61. 
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withedoxy-]_aldehyde. l& giving,. after ~cleavgge,':pi'bstanoid.'intel;- .-- _-. _ .: 
mediate .l& in good yield, kq. 105 [ 1841. '. ..: _-I. . ..--..-: _-_ I ._. .~ 

Me3Si;C%-CH2$Ph3 Br- + 
CgH,,,~,O\,H 1. base-:, : 

: _. 

/-% > 

146 9 q4_7 cH=o 2: KF-H20, DM@ 

50. ... .: 

C$IR&/H -[lo51 

d 
695 

‘IE 
\CH&H-CfC-H 

The trimethylsilyl function was chosen, eq. 106, to tie up a carb- 

oxylic acid function during synthesis of !+-cerboxybenzene oxide, 

and survived two steps, before deblocking with methanol [185]. 

I. ms, 
Cl061 

2. Et N, 
3 

Although silylation of nitrogen functionality has not been 

widely investigated for protection, it should be noted that silgl- 

ated intermediates increase the yield over more customary 'Schotten 

Baumana* conditions in the synthesis of N-sulfenyl-aminoacids and 

-oligopeptides [186], and the combination of @-mercaptoethanol with 

trimethylsilylthiocganate de-sulfenylates oligopeptides in 69-9s 

yield 11861. Since the RMe$iCH2 -45 bond is cleaved by LiAlH in 

preference to CH3-$z or PhcH2+ 
4 

C1871, it may be implied that 

Me3SiCH2CL could protect a tertiary amine as a quarternary salt. 

VII. PHE)SPHORUS CHEMISTRY 

Several further examples of reduction of phosphine oxides to 

phosphines by Si-H bonds'[AS,1973, p_ 196-71 have been reported. 

C188-1933 and are- summarized in Table II, 

_ 
. . . : : -. :- .-I. 

_- 
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: Table II 

.Sknes For Conversion of R3P=0 to R3P: 

53 

Phosphine Oxide Silane, conditions Phosphine Ref. 

WP.. MePhnPrP=O 

0CH3 

PhSiH 
3 

HSiCl_3, Et3N 

HSiC13, Et3N; 

then IONNaOH 

ditto 

HSiCl 3' BJH 

reflux 

ditto 

xs RSiCl 
3, 

phH, 60-7g 

(-j(S) nPrMePhP: 

log retention 
9% yield 

IFf- P: 

retention 
:h 

cf’ 

0 

Pr 

Be 2% 

Cl881 

El891 

c 1901 

Cl901 

Cl911 

[ 1921 

f[CH21? Ph PGP 

k_ 
7 cl933 

[CH 11 
2 n 60-9Z 

cis- OF trans- stereospecific ‘- 

FLeferencesp.61. 
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:Tn- contrast, .s~ilicon reagents cak carry out a for& 0xidatioIi of 
:. 

phosphorus@l)'to.phosphoorus(V); 
: 

often by the &gensy;ofa: s&l- -.: 
: 

.Some-examples..-of.this 

Me3SiN 3 
+ PCme213 - Me3SiN=PCNMe213 iPrOH “2s”k HN=P[NMe2]3 

MeEgN[ SiMe3]2 
) MeHgN=P[NMe213 ; refi C194j 

Cl071 

R2P-PR2 + Me3SiN 
loo0 

3 ) R2P-Y-ER2 s8 R2g-$R2 
N. SiMe 'ha 

3 
' NYiMe 

3 R = Me, Et, nPr. 

H20 ‘, p2i-Pj * R2PSR + R2P0211 ; ref, c19.51 

R2P-PR2 + 2 eq. Me3SiN3 + R2;-;R2 
; ref. El953 

Me3SiT N'SiMe3 

Oxidation of monophosphites, especially those of nucleosides, by 

conversion to the disilglphosphite and treatment with disulfides 

can afford-phosphates or thiophosphates [I961 or S-phenylphosphoro- 

thioates [1973, eq. 108. Thymidine-_#*-phosphite was converted to 

thgFjdine phosphate. 

RC-P#)OH 3 eq, Me3SiCl ,0SiMe3 PhSSPh 
0 

0 
> RO-P > RC&SPh 

Et N, 
3 

Pyr 'OSiMe3 So,4 hr 
149 

&IT 

m-99$ 

1. s8 
> 

2. H2C 

S 

R&OH 

&i 

2O 

RC-P(OxOEI. 

. . 



55 
._ 

IOxidation b$ carbon tetrachloride [a novelty] converts silglated 

-d&:nophosphine 2 to diazadiphosphetidi=e 2 [198], eq. 109. 

R'N-SiMe3 
tBu-P( 

NHR 

R * Me, Ph I’ ,I&PtBu 
El091 

In organophosphorus synthesis, the reaction of trimethylsilgldi- 

phenylphosphine with acid chlorides [AS, 1973, p. 1951 has been 

extended to the synthesis of su3stituted maleic anhydride s, a 

novel bidentate ligand, eq. 110 [1991. A variety of silyl phosph- 

+ Me3SiPPh2 
Et20 

O0 
> [1101 

0 

ines tBunP[SiMe3]3_n, prepared from the chlorides, undergo reaction 

with Me MCl, 
3 

M = Ge, Sn, affording the element-phosphines 

tBunP[MMe313_n, n = 0, 1, OP 2, in 93-9f$ yield [200]. A variety 

of novel glides, of potential interest as unusual olefinating spec- 

ies, are produced by the action of heterocumulenes such as PbXCO, 

MeNCS and CS2 on PhMe2P=CHSiMe3 [201]. Insertion into the =C-Si 

bond is the usual reaction path. Some -usual phosphineimines, eq. 

III, result from reaction of sulfinyl chlorides with hexamethyldi: 

silazane and phosphorus trichloride [202]. Extrusion of Me SiH 
3 

seems to be occuring in the second step. 

40 
RfS, 

[Me3Sil .pH //O PC13 0 
3 

Cl 50°, 30min RfS\NHSTMe 
3 R,S' c1111 

3 CH2C12 
'N=PC13 

Rf 
= CF3, nc4F9 

48-G+ 

References p. 61. 
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N-trialkylsil$lphosphinimkes react birth SqN4::to.fdrrn'an.Intri~ing 

series of trithiatriazines R3P=N-S.jN3 ~ 
-. 

E203l;'i4;lc! F unu.sual.cgcl$+ 

zation-oxidation occurs in'the reaction- of [MejSij2NPF2_yith hexa- 

fluorbacetone and then PF5 givUg F3P@erfluorop&acoll [Z?O&-. 

The reaction of R2N-Si with CL-P bonds; yielding R2N_P and 

Si-Cl, is a common use of silglamines [205L210], exsinples of which 

are shown in'eq. 112. 

PFs + Me3SiNMe2 ~jl CMep12PF3 ref. 12051 

N \\ 
Me3SiN=S=NSiMe3 + PF4X __) N- -S-N 

4 I \\ /X 
ref. C2061 

X = F, Ph S 
\'N/ S*,,PLp 233 

Cl P-Br-Pc12 + 
211 I Me3SiNMe2, C12P-y-iqCNMe212 ref. C 2073 

0 Me Me 0 
8% 

Me /Me 
;IT-N, 

Cl121 
PhEI I 

ClP, 
/N-N 

,PCZ f iMe3SiJ21iMe - 
3 days 

Me 'Me 

2 [R012PC1 + CMe3Si12NMe - CR012P--rlJ-PcOR12 4314q.z 
3b 

R - Me, Et Me 
ref. [2091 

F\ J? 
/,S-N+ ,Cl 

F, $ 
N P + RlR2NSiMe 

80~ /,S-N+ ,Cl 

;S,=N' 'Cl 3 - N,s=dP,N;RR: ref. [2101 
2hr 

F '0 F' co 

R,1R2 -= H,Me; H,Et; Me,Me; Et,Et 78789% 

VIII, INORGANIC SYKt'HESES 

Although no-attempt at completeness has been made in this set? 

tion, the following- illustrate novel uses for silicon reagents in 

inorganic synthesis, an area of great future promise. 
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iFaImR: Bis[trimethylsilyllsulfur diimide reacts with [ClSO,l$TH 

-to .afford the novel heterocgcle 13 C211l. See also C218:21?1. 

SELE?KKJM: Reaction of Ph2SeC12 with Me3SiNMe2 gives 3% of 

Ph2Se@l)kMe& but with [Me3Si12NH g ives 8yo of the novel salt 

[Ph2Se=N=SePh21+C1- C2121. 

BORON: Reaction of phengldichloroborae with hexamethylcgclotri: 

silazane in 5:6 molar ration gives a 39 yield of [P&B-NH]3 togetr 

her with other Si-B compounds 12131. See also [220:2221. 

ARSENIC: d:Bonded, fluxional, cgclopentadienyldihaloarsines L4 

are best synthesized by metathesis of cyclopentadienyltrimethyl: 

silane and an arsenic trihalide, eq, 113 [214]. 

o- SiMe3 +AsX + 
3 

X=F, Cl, Br 

GEFUQUJIUM: While treatment of awith dichlorogermanes gives 

straightforward transsilylation, eq. 114, with trichlorogermane, 

the stabilized germylene complex z is obtained [21.5,216]. Simi- 

aksiMe3 + R'RGeC12 25"_ al&GeRTR 

Cl141 

12 i HGeC13 

lar results obtained in the benzimidazole series [-S- replaced by 

TNMe:] where a similar germylene was isolated and characterized by 

ReFere-p-61. 
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-X-ray.diffractibn C217ji Trimethglsilyl,sei,ometh,~~ [-I2231 -is:&.. 

-efficient reagent for transfer of the SeCHjl.m_oietg-to germ&ium~: 

e.'g: -Me H n 3_nGeCl+ Me SiSeMe 
3 

-f MenH3ttiGe~eke;&= 0,1;2;. 9O$$g 

c22430 

IODINE: Sequentiai replacement of fluoride by-kethoxide in the 

trifluoromethgliodine(V) series ‘is achieved by trimethglmethoxysil- 

sne or dimethgldimethoxysilane [2253 which-function as methoxide 

transfer reagents, e, g_ CF31F4 + n Me3&OMe + CF IF 
3 .4-noMen- 

MAGNESITJM: Triphenylfluorosilane is neither as efficient noras 

convenient as SiF 
4 3 

or BF *Et20 for effecting the cleavage of dialk- 

glmagnesiumsr R2Mg + M-F * RM~F + M-R [226l. 

TRANSITION METALS: Silicon reagents figure prominently in trensit- 

ion metal synthesis C227-2381. Common t&e reactlo= in which a 

Si-MLn bond is broken by E-X, yielding Si-X + E-ML,, eq. 115. 

h5-CpM(CO)xSiMe3 + Me 5 2AsC1 --_) h -CpM(CO)xAsMe2 

M(CO), = Fe(CO)2? C&0)3, Mo(CO)3, W(CO), ref. C2271 

hs-CpM(cO)3SiMe3 + C1PMe2 -+ h5-CpM(C0)3PMe2 + 

_[ 
h5-CpM(C0)3$Me2PMe2 Cl- 1 M = MO, W ref. E228l 

h5-CpM(,0)3SiMe3 + Me MIOSiMe 
3 3 

__) h5-CpM(CO)3M'Mej .35-74$ 

M =.Mo, W; Ml = Sn, Ge ref. C2291 

(COfqCo+iMe3 + 

M = Sn, Ge 

Me3MB ,*> Me3MCo(C0)4 
Cl151 

ref. C2301 

ref. C2311 
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~Alt&nativelg, transfer of a lig-d from silicon to a metal can 

occup: Si-NC+ NIL + :&A_; + SiL C232-2341, W= 116; 
n 

E%N=NSiMe 
3 

+ Mn(CO)SBr 25O ) [ 2321 
6 days 

Mo02[S2CNMe2]2 
Me3SiN3 

> Mo[NS1[S2CNM~21j 5% ref. [2331 
[MepCS21, 

1. 
MoCL4[MeCN12 

MesSiN 

2. ligand 
) MoC13N[ligand]2 

ligand = l/2 bipy, Ph3P0, Cl- 

2. Ph3P 
> MoC12N[PPh312 

11161 

2. Me3SiSCSNEX2 
> MoN[S$NEt& 

ref. [2341 

Or, ligand modification such as replacement of -F by -NH2, eq. 117. 

PhH 
NiCPF314 + NaN[~We3]2 5o D [PF313Ni-PFp[SiMe312 =2O 

[I171 

e CPF313Ni-PF2NH2 ref. [2351 

Less.well understood are reorganization reactions [236-2381 of 

complexes mediated by chlorosilanes, eq. 118. These may involve 

complex series of oxidative addition-elimination reactions with 

Si-H and Si-Cl bonds. 

+ MeSiCl 3 % HO(kH2)4CCo3COq 2O$ ref. [2361 

+ PhnSiC14_, + [(Ph3P)2NiC11m ref. 12371 

_ _ -_ C-1181 
[diphos12CoH + xs HSiC13 -3 [(diphos)2CoClH1C1 + H2SiC12 

ref. 12381 

R&e-p-61. 
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Ix, MISC &LANEO&REACTIONS]~ : 

.Although organosilicon.reagents car-be .used-to prepsre~_&rba.n~ 

iorm E2!39&1, free radicals [151,2&&s], .and.solid-phase synth- 

esis polymers [2461, it is best to start a miscellaneous section 

with a caveat: [H2C=CH]2PtCl4 has been added to the select list of.. 

reagents that catalgse cleavage of methyl groups from Me4Si'[247j. 

A general preparation of benzyl aniolis of Na, H, Rb, and Cs, 

eq. 119, is suitable for making nmr samples C2391. 

[Me3SiCH212Hg + 2 M _ 

c6H12 

2 Me3SiCH2M + Hg$ 

c1191 

Me SiCH 
3 2M 

+ Ar-+H--_) Me Si 4 -i- A+- M+ 

Bis[perhal_oeryl]methylsilanes Ar2SiMeH, andtr%[perhaloargl]silanes 

Ar3SiH, Ar = 2-C13C4S, 4-C$_l4N. C6FS, C6C15, are cleaved by butgll- 

or methyl-lithium under mild conditions [Et20, -30 to -75O] to 

perhaloaryllithium reagents in a surprXsinglg facile metal:metal 

exchange [2401_ In contrast, alkyllithium cleavage of perfluoro~ 

phenylsilanes ArfSiR3. is generally synthetically useless, as ArfGi 

is more conveniently prepared by direct halogen-metal exchange. 

However, eq. ?20 demomtrates a sequence leading to previously un: 

know-n 4-t-butyltetrafluorobenzoic acid [241]. Apparently t:BuLi 

is too bulky to attack at silicon. 

Et20 MeLi 
[C6Fs]2SiMeH + 2 t-BuLi _780+ [4-tBuC6F412SiMeH > 

Y50° 

F F F F 

co2 

F F F F 

In the radical generation area, the Russell Iowa State group 

has continued the study of semidione generation by anionic cleavage 

El201 

: 

: -: _: 
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.of a:trimethylsiloxy ketones [is?] or bis[siloxy]alkenes [151,242], 

_e, g. Me3Si?-CR=CR-OSiMe3 or Me3SiOCHR:COR + KOtBu/DMSO -3 

-RC(O&C(O~R,. Generally, organic free radicals for epr analysis are 

generated by photolysis of a mixture of tBuOOtBu, Me3SiH, and RCl; 

or of 2-nitrofuran and Ht3SiH [2J+3-2451. A process such as that 

of eq. 121 is postulated. 

[tBu012 hv, 2 tBuO* 
Me3SiH 

) tBuOH + MejSi. 

Me3Si- + RCl __) Me3SiC1 + R* 

A final exciting development of silicon compounds in synthesis 

has been the development of a porous glass with pendant chloroben- 

zyl groups suitable for Merrifield solid-phase peptide synthesis. 

CH2CH=CH2 + HSiC13 CH2 
I 

glass 

t 

'Porasil' 
OSiCH,CH&H, CH2C1 4~ 

cH2 
I 
cH2 
I 
SiCl 

3 

Whether these glass beads [&6] have an advantage over traditional 

macroreticular polystyrene beads remains to be seen. 
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