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I GENE?.AL COMI‘IENTS O
L The use of s111con compounds 1n organlc synthes1s centlnues to ':
.be ‘a - v1tal area- The guldlng prlnc1pal of thls survey contlnues to
ibe that exnressed 1n the 1973 survey(l) The flnal reactlon product
tmust not contaln 5111con at the reactlon center, and that the reactlon
'1n questlon be synthetlcally useful (or have potentlal utlllty),
rather than produce a product avallable at low expense from

cqmmer01al -sources. v _

Agaln, papers in thls survey are grouped by react’on type rathcr
than by silicon reagent, and echuded are references to silylation as
a derlv;tlzatlon procedure for chromatography.or mass spectrometry,
use of silicon fluids or resins in coatings,vstatioﬁary pheses, and
heat»trensfer media (except where such silanized surface is ﬁsed as
a reagent in organic synthesis),Aand references torthe patent
literature (which is unlikely to contain sufficient experimental
detail). .ﬁsual,ébbreviations for organic- groups and solvents are
used——DME = dimethoxyethane, HMPT = hexamethylphosphortriamide,

Pyr = pyridine; etc. -

Appreciation is expressed to those who were kind enough to
send'preprints and reprints of work in this widelyeseatteied,
field for inclusion in this survey, and the hope is expressed
that more preprints will be sent for'inclusion~in future surveys.

Two significant reviews appeared during 1974 of interest to
synthetie chemists: The Si—H/CE%COzﬁ system for ionic hydro—’:r
genation, e.g. eq. 1, largely explo:ed by.Russian workers and

ill-appreciated in the West, has been the‘subjectﬂof'an exhaustive
Et Si-H + CF COZH + X=Y — HXY—H "+ Et 510 CCF T - (1)

review with»expérimental detail,(z); ThiS'process?shotld be -



'ibﬁﬁsidered ‘as an alternatlve %o . tradltlonal hydrogenatlon.
fBrook has summarlzed work from his laboratory on molecular

N rearraggements of_organ051l;con compounds (3) with emphasis
oﬁ;the>mééhanistic asﬁects, but generates much synthetic food
for'thought;__"orgahséiliéon éompounds having adjacent

functional groups on ca:bon'are a fertile source of molecular

rrearrangemeﬁts, which frequently involve silicon-oxygen bond

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

II. OXIDATION AND REDUCTION

Specific oxidabtion of the ketone function is a common
synthetic goal which silicon reagents car effectuate in
various ways (4-9). Conversion of cyclic {but not acynlic)
ketones to trans-1,2-diols is achieved by hydroboration~’
oxidation.af silyl enol ethers (4,5), eq. 2. resumably, in
the acyclic series, an intermediate pB-trimethylsiiyloxyborane
1, suffers elimination to an alkene, which is further hydro-

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

fosthey By, THE C—on
0o — e 49-92% (2
C Hy0,, base CemOH @)

0SiMe 0SiMe BH |
~N._/ 3 ~ 7 3 ~ . 3 .
’/C—C\ BH 3 /p——c\H ——+-/,BOS1Me3>+ L—C ;———+ CH—CH—OH (3)

A

Hydroxylation of ketones in the a position is efficaceously
achieved with m-chloroperbenzcic acid treatment of the corres-
.ponding trimethylsilyl enol ether followed by hydrélysis &.7),
eg. 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
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v1a a.mechanlsm of eq- 5;. The generallty of thls oxldatlon

' remalns to be- explored (7). "

. Me3SiO\' 0 . 0 OH

noo . 3- cu:64 TR R
” R—C—,CHZR; —_ : C_CHR1 R—C~CHR1 i (4
S / : hexane or CH,Cl1,, - . LT
R 2v'2>
" then H or OH™ v
R, Rl = -(CH, )4 : -(CHZ)»-, Ph, Me; Ph, H  60-80%
Me3S1‘0 LO__RLR = Me Me3510\ (’OH OH
—_— C—C—H —> Me—-C——CH—O (5)
R “H Rl=Ph we” Fe——"pp, L s :
2 | 2

Ozonolysis of ketone trimethylsilyl enol ethers provides
a method for cleaving a ketone on the less aikylated side, i.e.
in opposite sense to the Baeyer-Villiger oxidation, when the
kinetic (less substituted) silyloxy alkene is treated with
ozone in methanol (8). Cyclic and acyclic ketones react smooth-
1y according to eq. 6, but ketene acetals and camphor gave a—
hydroxylated products similar to those noted above as well as
cleavage, eq. 7; Noteworthy is the great nuéleophilicify 6f
the silyi enol ether function which allows it to trap'oééne‘in
thé'presence of 2 vinyl group. This cleavagé reaction riguied
.prominently in an-elegant synthesis of a modél‘& of the A & B.
fings>of the aﬁti~tumor éesquiterpene,vernolepin,Aeq.>8ff»;
Noteworthy in this sequence 1is. the trépﬁiﬁg;éffaﬁ'enolate”gené_
erated by 1,4-addition of an organovuprate to a’ congugated
carbony1 [AS 1973, p- 165, and IITI- B be;ow] as a route to -

silyl enol ethers.




T oH -
(Og, MeOH - NaBH, K

“o78° ' 943
e
1) 03 N (/\‘//
2)'MeZS . 90
MeCO(CH,)sCH, —> — QHs(CHZ)SCOZH 90%
NCgH, oCH=C(OMe)0SiMe,tBu — —> nCgH;4CH=0 + nCH, JCHOH-COMe (7)
© 50% 50%
0SiMe, tBu —0
- OH
0 0SiMe, 0.
1) 05, MeOH, -78° 0
1) R,Culi,THF,-78° 2) NaBH,
> H R N H R
2) Me,SiCl, EtgN, 3) 10% HC1

HMPT, -40°

Sh

R = CH,=CH , 68% overall R = CH,, 63% overall (8)

Reaction of imines with O-trialkyl silyl hydroxylamines
affords an alternate route to oximes R, according to eq. 9.
,? can be easily desilylated or used as a subsequent synthon (10).
Oxidation of 2,2'—di(2—imidazoline);é to 2,2'—biimidazoleﬁ2 is
facilitated by conversion of‘§ to the bis(silylamine) before

treatment with Mn02, eq. 10 (11).

RZC=NR' + R"3S1'0—NH2 —_— R2(2=N—OS1’R“3 + R'NH2
: , ] (9)
R* = Ph, H; Et3Si 5 R" = Me, Et 80-95% '
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M (7] Dt e ) M, reflux.
- "HT 6 H - SR

S e
. ‘j;>-” 720N R
[N\ ~< ] A1
A S

3) MnOzl CCl, s

Many's&nthetic appliéétions‘of organpéilyl péraxides ére‘_
potentiafedvin a review érticle'(i2)_on'stiOdR, RrifH, SiMeB,'
HLY; compounds. A recent finding is that bis(triﬁéthylsilyl)—
péﬁoxide oxidizes a variety of ofganoeelement fuﬁctionality in
petroleum ether solution: R,S—> R,S0, 76-87%; P(OEt)B—ﬁ OP(OEt)3
98%; Ph3 3
worthy that triphenyl stibine is not oxidized by (tBuO)2 under

E - Ph E-0 ( E = P, As, Sb) 77-100% (13). It is note-

similar conditions.

Silicon-aided reduction continues active. Some reports on
ionic hydrogenation (2) have appeared (14-16). Benzylidene
indandioneslg are reduced to 2-benzylindandiones 2 by EtESiH/
CF5002H (14), eq. 11. Details of the ionic reduction of acyl-

(11)

R = H, p-Me, p-Et, o-Me, p-OMe, p-Ci 53-78%
methylidene tricobalt clusters RCOC-COB(CO)9 to alkylidene
derivative RCH2C—003(CO)9 with EtBSiH/CF3002H, and reduction’
of the former to secondéry alcohols,RCHOHC—COB(CO)gwith Et.SiH

>
followed by sulfuric acid, have been published (15). Sur-
prisingly, éttempted reduction of tricobaltcarbon décacérbonyl
hexafluorophosphate 1Q'with triethylsilane gave a mixture of
11 and 12 rather than desired aldebyde 13, eq. 12. When three

Vequivalents of aluminum chloride were added to the :eaction

‘mixture 13 was obtained in 74% yield (16);



Ry N \
= ,-.'[((_20)360]36?-(-:(?- PR +3 Et3§1H — [(50)3,9013‘3&+ [(C0)5Col 5CCH, Rr (2

. R “ 4 3 AICT — [(CO);C015CH=0 13

In 2 mechanistically obscure reaction probably related to
_ionic hydrogenation, the combination of silanes with alkyl
iodides feduced carbonyls to methylenes, e.g. 2-nonzanone
—» nonane ( Ph,SiH,, n-CgH, .1, 190° )(17). Closely related
is the conversion of nitriles to aldehydes by triethylsilare
reduction of the corresponding nitrilium fluoborate (18). N-
alkylnitrilium jions J‘\i": are converted to secondary amines with
borohydride, but the milder reductant Et%SiH stops at the
imine stage, and hydrolysis gives the alaehyde, eq. 13. The

important advantages cited for this procedure include mild

Et,0°BF, ™+ _ EtgSiH H0
RCsN —=—— RC=N—£t BF,” —>— —= RCH=0 + EtjSiF (13)
CH,CT, 1 CH,CT,

conditions and no need for careful temperature control. The
EtBOBEA/EtBSiH combination also converts tertiary amides to
ethyl esters, e.g. PhCONEt, —> PhCOLEt, 84%. Di— or tri-
butyisilane is an effective reducing agent for gem-bromofluoro-
and dibromo-cyclopropanes, giving good yields of fluoro-
cyclopropanes of variable stereochemistry. The reactivity

of metal hydrides toward dihalocyclopropanes is BuBSnH > Bu,SiH, >

BuBSiH (19).

Hydrosilylative reduction of ketones [AS, 1973,-p. 157]
continues active (20-24). Use of chiral ferrocenylphosphine
ligands, e.g.‘%é in asymmetric hydrosilylation of ketones
under Rh; catalysis affords chemical yields of 40-88% and
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cal ylelds of up to 19%, better than that bservedf'wu:h
. 'chiral benzylmethylphenylphosvhlne or DIOP (20) ,ﬁlntefestf{515 nT
11ngly, asymmetrlc 1nduct10n durlng hydr0511ylatlon.of R
'rbenzophenone with RhIBzMePhP: catalys1s alLowed partLaL
_resolutlon of a 51llcon—hydr1de 5D801es (21)., The mechanlsm

of hydr051lylatlon;u51ng BzMePhP ‘as llgand has been shown to

proceed’via;intermediate complekaé.(22)j,eq. 14,

1 - C 1

RS s o), N % G . ’
c=0 + HSiz —— -Si0{—Rh(P=), — C. - - {(14)
Vd 1 ) 3 R/ \H
: R H R QCHMeNMeZ

R 15
Ketoesters yield chiral a-hydroxyacids upon hjdrosilylation
(23), best results being obtained with a chiral rhodium complex
of commercially available (+)-DIOP and diphenylsiiape. Signifi-
cantly, (+)-benzylmethylphenylphosphine afforded hydroxy acids
of opposite configuration. Opbtical yields in the range of 30-80%

were obtained, eg. 15.

1) [rRhyl

*
. 1 0.R2
10c0.R2 + R3R4SiH, ————— RI-CH-CO,
RC0CO, 2 2) MeOH, H (I)H

(15)

Modest optical yields (6;7%0 of éhiral alcohols are
repcrted to be obtained in the hydrogenation of siiylrenol
ethers cata_ysed by RnT (DIOP)2(24) but this procedure.appears
to offer no advantage over direct’ asymmetrlc reduction of fhe »
corresponding ketone. - Symmetrical formamidines R—NH;CH=N;RV
R = iPr; cC6Hli,'are conveniently;prepafed by‘hydrqusis ' ,
(E,0 or MeOH) of silylformamidinesAR—N(Siﬁe )CH:NR‘generated‘

Tom carbodﬂlmlue and silane (Et581H or PhM9281H) 1n the

presence,of Pd012 or. (Ph_P) RhCl at 140--200o 1n an exten51on '



iiiof ketone hydr0511y1atlon (25). Slmllarly, although less
'f:advantageous synthetlcally, formamldeq result from treatment
o of 1socyanates under’ hydr051lylat10n €e.g. nBu—N=C=O -
.nBu-NH-CH=0 (26). A brief survey of silanes in reduction
“bfecedes a detailed study of the reduction of aldehydes and
ketones by EtBSiH'and nBuSiH3 7). Although the emphasis is
mechaniétic, some synthetic techniques are presented. Depend-
ing on conditions, alcchols, ethers, esters, and acetamides can

be formed by silane reduction (eq. 16)

+

C=0 + Et,Si-H _H 2 M0

Ry 3 ——2 RCHOH + Et,SiOH

R'COH '
2 RZCH—O—CHRZ + RZCH—OZCR (16)

" 1]
4 —_—

" wo MO L pocH-n-COCH,

H30

Besides the extensive use of trichlorosilane in conversion
of phosphine oxides to phosphines (see Section VIII below),
this reagent continues to find simple applications in-organic
chemistry (28-31). Use of HSiCl3 in photolytic reduction of
lactones to ethers has been commented on [AS, 1973, p. 161]
but the precedutre of eq. 17 (28) appears cumbersome, partic-
ularly in requiring several freeze-thaw cycles. Noteworthy,
however, is the specifiéity by which lactones are reduced in
the presence of estefs, e.g. 17 _9,&§ (28). Further investigat-—

ion here is clearly desirable.

i H\;{ 0.0 3
c—o. XS HS1C] o
h . (17)
—I-O—O-[— v
OAc OAc

Y R
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_ The reductlon.of aromatlc carboxyllc acldsbt methyl groups,f
& g 2~carboxy-b1phenyl—a 2—methy1b1pheny1‘f74ﬁ- w1th,the trl—if;f_
chlor051lane/t' ;n—propylamlne system has appeared as an Organlc -
,oyL* es s'ﬁro=edufe (29),'77 _ :_' 0
~in benzene, trlchlor051lane glves (1n addltlon to the molecular
vcomplox HSlCl C12H8N2) ‘2 small amount of - 1 2 3 4—tetrahydro-"
1 lO—phenanuhrollne dlhyd?ochloﬁlde (30), wh11e thlabenzene

oxides %2 are converted to thiapyrans by the agency of tri—

chlorosilane in benzene, eq. 18 (31). - 7 ) .
Ph -
x . Ph Ph
A l . : HS1C13
P (18)
! PhH reflux

I1T. CARBON-CARBON BOND FORMATION AND RUPTURE

A. Elimination Reactions

- Olefin synthesis with silicon reagents should be vigorously
exploited as -a consequence of several reports on its generality.
Sodium bisCtrimethylsilyl)éamide is a dehydrohalogenating
agent (32-33). In ethereal solution, it dehydrochlorinates
sulfone 20 to the first reported benzvalone 2;: Distaurophenyl-
sulfone'ga is prepared analogeusl . eq; 19 t32), “But failures
occur also: none of the metallo-silyl amides were capeble °fA
dehydrochlorinating 23 to cyanoprismane (32), and sodium bis-
(trimethylsilyi)amide,did‘not genefate the exquisitely
sensitivé»tribenzoyleycloprqpene’aé from‘bromidelgi,,as NaN-
(SiMea)Z'appgrently attaeks,aé fasfer than it‘reactsvﬁith’gﬂb
eq. 20 (33). '



11

. SO Ph
, NaN(S1Me3)2 Egz::]’
“t1 20 Et,0, 25° (19)
e
COPh COPh
. COPh
B NaN(SiMe,)
BN sy
COPh THF, -78 PhCO COPh Ph COPh
24 2R o

Vedej$ has outlined a superior olefin synthesis via
thionocarbonates which illustrates the versatility of siloxy

enediols, eq. 21 (34).

1) EtOH, NaBH4 /

/ > %
osite, 2) [Z Mhe=s o-ks (21)
N~

(¢}
heat 1)} MeI, DME, 90

051Me, PhCH,,
2)| zn, Eton, H,0

2

Related olefin synthesis by elimination from B-hydroxy-
silanes has been made more versatile by Hudrlik's observation
that stereospecificity in elimination is possible, as the

results of eq. 22 demonstrate (35). The threo alcohol’gg is
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KH/THF/25°/1 hr

'MeSO C] Et N/
Zpentane/O /15 min

,353-51:20/&:21,12/ Y o6 %9
0%/ 1 hr S :

cpnvéniently generated by“iBu2A1H reduction bf'the-correépquing
'ﬁéketosilane. ‘Despite the selectivity, the combination of
ciréuitous rqutes to B—ketosilanesvand a plethora of excellent
olefin syntheses by classical routes make this a less than
eximibus procedure- ' _'

A related roﬁte'td B-hydroxysilanes is illustrated in eq.
23. Whereas Egggfhindered decaldne 27 was unreactive toward
PhBP—CH2 in DMSO, it reacted smoothly with NeBSchaMgCL, giving
carbinol 28 which underwent smooth B—ellmlnatlon of trimethyl-~

silanol upon acid treatment, affordlng (z)-B- gorgonene 29 (36).

The cls—fused isomer was 51mllarly prepared.

(,/l\':) Me,STCHMGCT ' HOAC

< THF, 18 hr . & H,0
0 A, : MeSicH, OH- - -
»” : 28

(23)

¥

A re1ated ellmlnatlon of Fe38101 is involved in a novel
route to generatlon of 2—pheny1cyclopropanone 50 (57).. Fluoride -
1on promotes: ellmlnatlon from epoxy51lane 31 prepared from
. a-chloromethylv1nylsllane’ég. Treatment of 31 w1th the- alter— 7
native 'source of F , thNF 1n DMSO, produced PhCH CH20020H(Ph)—t

COCHB rather than cyclopropanone, eq, 24~(38).-
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: T 0
2SRy meppn 0\ STMe3 g N W
PhCH=C_ ~~ ——=— PhCH-C =~ . — |PhCH—C, % c—¢
PN TN MeCN A\ H oo “H
CH,,CT . CH,CT CH 30
) 2 B 2 - 2 A
(24)
3
—
X
I Ph
/BNy
\
~o

Related is a thermolysis reaction undergone by silylated
O-alkyl—N;alkyl—sulfonylcarbamates'éé in polar solvents to give
alkylsulfonylisocyanates/éﬁrand alkoxy silane. Asqé% can not
be readily prepared by direct phosgenation of sulfonamides,

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

Me SC1/EE,N _OR  MeCN
R'SO,NHCO,R —>——— 35 R*SO,~Newst ————+ R'SO,N=C=0 + Me,Si0R
MeCN, PhH 7 N:  25-60°
R Me,si O 34 (25)
3 45-79%

Olefin synthesis by the silicon equivalent of the Wittig
Reaction: RBSi—Qf + R26=0-—>R20=ij- , continues to be in-
vestigated (40-45). The fundamental silicon species would be
equivalent to;$i=qfin this synthesis, and to that end the
scope and nature of the reaction of R2Si=CH2, generated by
pyrolysis of the corresponding silacyclobutane at 6110, with
carbonyl compounds has been reported by Sommer's group (40).

. Both pseudo-Wittig (route 2), and silylenol ether (route b)
pathways occur, eg. 26, but synthetic utility remains to be

maximized.-

References p. 61.
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_gi)>//4 , 0___fCR,é;ffff'y?fzsfcﬂzllf‘{(Résjp?*. |
R,Si= CH2 R0 T e
\\\y R 51:=::CH2 B
\\ ./

c———c—
/

Due to the lessened ability (relative to phosphorus) of

H — MeR2510—-(,Z C

silicon to stzbilize an adjaéent carbanionic center; the’
silicon equivalenf of Ph5P=CH2 and its homologuss is of little
synthetic advantagé, despite ease of geheration.of a-metallo~-
silanes from e.g. a-halo (41), a-protio (41), or a-trialkyl-
silanes'(42),yeq.'é7.

[ Mg or o nBuli TMED |
R Sr{}% — R SitM —uoroo—— R Si—C-H
[ Li l l
Ph
(27)
(MegSi)CHy  + MeONa ————  MeOSiMe, + (Me,Si) Na*

HMPT 3 l'll 4"

Chan and Chang have presented detalls of a synthetically
interesting modification of this method faor carbon-chain
elaboration, using silyl carbanions generated by addition of
alkyllithiumsito vinylsilanes, €.g. 22; Eq. 28 shows the
synthesisAof disparlurevgé_by this method (41), and other
éilyl—Wittig reactions (42). The geometrical isomer ratios
formed in these reactions imply that Measio_ is eliminated in
a cis fashion from intermediate RCH(SlMeB)CREO ‘adducts (42).

. Both.t—butyltr1methy151lyl acetate 37 [as, 1973, p. 170]

and ethyl trlmethylsllylacetate are useful reagents for

conversion of carbonyl compounds to «,B-unsaturated esters
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N ‘ o ERD , CH, (CH, ) oCH=0
4 Li + Ph3SiCH=CH2+—>>>(CH2)4CH—SiPh3 —
. , TMED ] Et,0
» Li 35

>—(CH2)4CH=CH(CH2)9CH3 36

¥4
Me,SiCH,Na + Ph,C=0 ——— Ph,=CH, 53% (28)
HMPT
Me,SiCH(Na)Ph + u ———  Ph,C=CHPh 79%

" + PhCOtBu —— tBu—C=CHPh 26%
Ph

(43,44). Lithiation of 22 with lithium diisopropylamide (43),
or of HeBSiCHacant with lithium dicyclohexylamide (44) gen-
erates an enolate which undergoes reaction at -78° with -
aldehydes and ketones, eq. 29. Elimination of lithium tri-
methylsilanoate yiélding the homologated ester is suggested to
precede workup (43). The advantages of this procedure over
phosphorus ylid-based conversions are claimed t¢ be mildness of
conditions, high yield, avoidance of competing enoclate formaticn
from the carbonyl compound, and in the case of unsaturatcd
carbonyls, avoidance of Michael addition products.

The silyl-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)2CHSiMe312§
proceeds smoothly, eq. 30, affording thiocacetals 22 in high
isolated yield, even in the preparation of sensitive «,f-

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

References p. 61.



,»}*'.1‘6‘}':-{»’1 .i:f Slele el

L1N(1Pr), L

L Me S1CH co AtBu — %, -'M smuuco tBur: ——'—»—’-, RIRZC=CHCO,tBu
Neg Tt 780~_ 3 789 et 2"t
R} - s = R R ,"‘ e
7 A A Sl T T ol 83- 93%
17R1 R2— —(CH2)5, Me sH3 1Pr H, Ph, H MeCH—CH-'H PhCH-CH- H Me Me :»—;
' B , S . S (29)
e LiN{<:::>32. ' R o= 0. - . ’
Me SiCH,CO,EL 3S1CHL1C0 E; : —:;E—;;—:Egs- R c CHCOZEt
IR THF, -78° :
_ : C 0, 81-95%

'R20=0 = PhCH=0,»nC8H17CH =0, (CH )4C =0, (CHZ)SC =0, (CH )11C =0, PhCH CHCOPh

- 1) nBuLi, THF - (®S) | 1) nBui, THF;;"
(RS),,CH, RS),CHSiMe, : —r

22 3) 2 eq. Me,sicl, 2 © 2) RIR2C=0, -80°% , ,

60 to 0O >906 & . ,
. oo e e - (30)

Me,Si
€3 0 H.0 o ,
2

C .
1p2 =CRIR2 -
(RS)ZC——CR R -EF;* (RS)ZC CR'R 22 60-95%

R = %—(CH2)3, Me, Ph Rl = H, Alkyl, Aryl R2? = H, ATkyl, NRZ’ Alkenyl

(RS)2C=CH—NR2, thiocacetzals. As enolizable carbonyls reacted
without complication, this procedure seems more_versatile than
traditional ketenethioacetal syntheses.

Carbon—carbon bond cleavage reactions with silicon reagents
is less prominert than olefin synthesis above, but ketone
synthesis by decyanat1on is the subject of reports by Watt
(46,47). Secondary arylacetonitriles 4Q are ‘converted to ketones
41 in 61-82% yield by the two-step process of eq. 31 (46). Alter-
natively, silylketenimine 42 can be sulfenylated to 43, which is
'tpenrclea§edrby N;ermOSQCCinimide in eeetonitriie to?%¥,in 6L |
100% yield (47).. ' .

1) nBuLi, iPr NH, THF, THF  Ar

- P [ -78 Ar 1) 1,, _
Ar?“—i—ﬂk 2 : - e=c= N—S1Me2tBu A C=0"
‘R 42 2) tBuMe,Sicl - ® 2 \ - 2) Agy0 R417(31)
= , S o PRSCIN p  opp/ :

3 RN
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B. Aikylation“gg_Carbon 

f The most modest use’ of silicon reagents in alky}ation is as
. a hindered base. N-lithio hexamethyldisilazane ( 1ithium bis-
(trimethylsilyl)amidé,VLiBSA ) is the base of choice for form-
-ationrof the carbanion of 2-chloromethyloxazine 44, which can be
alkylated, eq. 32, to ﬁgl Elaborated oxazinelﬁz car be reduced
and hydrolysed to a-chlorozldehydes, or alternatively to oa-
chloroacids (48). Chlorohydrin.ﬁé_of reversed orientation was

formed when 44 was treated with benzophenone.

LiN(SiMe,) - R
0 3)2

A (®)—cxen ' (::>‘f”'R 97%
N CHC1

THF, -78°
R ¢1 4

1) Me,S0, 1) NaBH,
R-CHCO,H «—5—— 45 ———* 4 R-CHCH=0 (32)
2) OH 2) HO,CCO,H
C1 3) H30+ 1

1

HO
0 [
® =;f;J: s <::)“C"éécphz

It is claimed that LiBSA can be used to good advantage as
the base in a Darzens-tybe glycidic thiol ester synthesis, eg. 33

{(49), giving an isomer distribution inverse to that of a reaction

where sodium hydride was the base. A conflicting report finds

0 LiN(SiMe,), 0
PhCH=0 + BrCHZC\/ : _— 2 &y PhCH—CHCOS—tBu 59% (33)
StBu THE cis/trans 10/90

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

- References p. 61.



i'seouence to effect transformatlon of p ostaglandln A2 ﬁd;Cé:

7:(51)-- o , : ,

' Trlmethy151lylenol ethers as enolate Pqulvalents is an
actlve area (§2—’B) Z- and E- 511y1 enol ethers of 3—methy1 2-

A heptanone,_separable by glpc, can be stereospeclflcally

Acleaved to enolates of known conflguratlon by CH3L1 in DME

with only a few percent of startlng ketone as by—product (52).

_VThls stereospe01flc cleavage has been exp101ted in prostaglanaln
synthesls (53), as copDer enolates derlved by aadltlon of

alkylcunrates to cyclopentenones could not be dlrectly alkylated.-

They were, however, trapped and purified as silyl enol ethers .

cleavable to alkylatable lithium enolates, e.g. eq. 34 (5%).

o . OsiMe; - . .0
= Et,0  THF, Me,SiCl 1) LiNH,,THF
+(R2),Culi —2 oo T2 R3
A - -78°  EtN, 0° \ - A
RY : -3 RIS w2 2) R-Br. R g2
V ' , ' (34) -
“-R2 = trans-l-octenyl ; trans‘-CH=CH—§H—CSH11
. R3 = trans -CH,CH=CH(CH,) ,C0,Me 0-C(CH3) ,0CH,

Similérly, in thevocfalone series, whefenfBuOH:or e'ven"NH3
apneared suffﬁclently ac1d1c to .cause reglo-lsomerlzatlon of
Venolate 48, 51lyl enol ether 47 was 1solated by chlor051lane
V‘trea‘ment oI 48 then cleaved and alkyla ed w1th formaldehyde
i“to glve exclu51ve1y ketoL %2‘1n 90ﬁ yleld eq. 35 (54)

:—more generallty is the use of a—trlmethylsllyl v1nylketones in
a modllled Roblnson Annelatloa [AS 1973, P- 165], e.g- 47 - 50

}whﬂch can prov1de 1ntermed1ates capable of ready elaboratlon to,'

faster01ds, eq. 36 [55 56]
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} 1) L1/NH R Me,SiC1 o '
eo Mool
~ 0.8 eq: ~oH Li0 , THF  Me,Si0

, L 2) remove NH3 . 88 » a
TR A (35)
- 1) CH L1,25 1) cuu,zs
: o M yew -c—cocu- >
2) CHZO, -78 '
| CHZOH » MegSi , -78°

3) 5% NaOMe, MeOH

ox ' 0X
N

o 0
/o {361

X = tBu, 74, ref. 55 3 X = THP, 50%Z, ref. 56

Me,SiO

v

3
>

For introduction of an alkoxyalkyl function a to & carbonyl, silyl
enol ethers are reported to react with dimethyl or diethyl acetals
at -78° in the presence of TiClu, giving 60 to 98% yields of B-alk-
oxy ketones, eg. 37 [57]1. 8Silyl enol ethers of acetophenone, iso-

butyraldehyde, cyclohexanone, and phenyl acetone were employed.

0SiMe, Pic1 MeOCHR
>h=ﬂ( + RCH[OMe]2 ———?%%> + MeBSiOMe [37]
N -78 0
R = Ph, OMe, PhCHché— s NECCHECHQ—

Likewise, in crossed aldol condensations, trimethylsiiyl enol
ethers are general enol partners with TiClu catélysis. The general
reaction, eq. 38, proceeds with a wide variety of substrates in
commonly 60-90%Z yield. - In the majority of cases, aldol El was acc-—
rhompanied by only a few percent of dehydration product. Other Lewis

1 3 L 1
R O0SiMe R . . R
\ 7 3 . \C=O 1 eq. TlClu SN .0 (38]
R'é \ R CH,Cl,, =78° | ;3 .
b-Con
R 51
R ~N.

References p. 61.
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-Hydroxymethylatlon can be- achleved wwth trloxane és carbonyl part—
ner, ' g. PhCH=C[CH ]OSlMeB-—%> PhCH[CH oq]coan,reug.' Reglospec-,
1f1c1ty in alkylation of the oleflnlc p051tion derlved from the
VEHOL ether was observed for Teaction_bf'be zaluenyae with 2- and é-
methyl?1-trimethylsildxycyclohexenes, show1ng gnother_advantage of
this aldol condensation tecbniqge,.which should be vigorously fol-
lowed up [58]. 7 7 .

Methylation of cyclohexenones in the a! positiqn teq. uol is
facilely carried out via the 'improved' Simmons-Smith—pfécedure
[AS, 1973, p. 166-7] applied to 51loxy—d1enes,andsubsequent meth-
anoly51s [59]. In the steroid series, testosterone can be specific
a® or oc-monomethylated [eq., i1O] in & reaction ciaimed to be more

specific than classical routes [59]. Yields exceed BOZ;Y

0o . SlMe ) . He 0.
RN 1. LiN[iPrJ 1. CH212 Zn/bg g l
2 Me35101 2. 2 eq. Pyr . R
Et_0, 0° . R 3, 0.1 N NaOH,
R R 2  MeOH ; R R

'\1\ Cas Me SlO
/ above o :
0 : ,MeBSiCl‘ 7 f\t\_

Et;N, DMF O’
.MeBSiO




21

:-In the acyclic series, such cyclopropanatlons afford [after

ifpyrldine treatment] slloxyv1ny1 cyclopropanes ;2 convertible to
[AS 1973, p. 1761 cyclobutancnes by a01d-catalysed rearrangement,
for:to ¢Ydlopehtanqnes via vinyleyelopropane rearrangement, ea. L1,

[601.

/lk/ )Oi]jde OS:LMe HCl 90
3 S. .\CH
€eq, —S.
l reagent ~"' [u1j
OSlMe

N

Siloxyecyclopentenes, e. g. 23 can be further cyclcpropanated as the
stereoselective hydrindanone synthesis of eq. 1.2 demonstrates [60].
Under forecing conditions, i. e. 3 equivalents CH212, Zn/Ag, bicyeclo
propyls will be formed, e, g. 2&, which can be converted to either

cyclopropanols or to ring-opened cyclopropyl ketones 55 [61].
Eard

o) 1. Me,SiCl, Et,N, DMF 0SiMe,
2. CH,I,, Zn/Ag _
3. Pyridine
L. 330°, 30 min. 1. CH,I,, Zn/Ag
2. Pyridine [h2]
3. OH
HyC 0

o

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

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

. References p. 61.
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ifcrease in: so1vent concentration, glVeS 2—methylenecycloa1kan-1 ols

_3[62] as . 1llustrated by equatlon 43- Tne 1somer1zatlon of 56 to 57
-1s medlated by z1nc ﬁodlde, as shown by'control e&periments. Int—~g 
';erestlngly, ‘no. 57 is formed from.cycloheptyl [n =: 5] systems,A Thls
“opens a route . to 2-methylene 1- cyclopent- and -héxanols, hltherto'A
dlfflcultly acce551ble,_but convnrsely, care must be taken in e

structural ass1gnments of products der*ved from: the Slmmons-Smlth

reaction of silyl enol ethers.

- 2.2ml Et_0/mmol

OSiMe3 - . ‘é , J ’

L CH212 E (_CHeln

]) 0SiMe, OH [43]

[cH 3’-1-, ll.Ohr 0.8m1 Et O/mmol
_
’ _ : [CH 1L
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The oxidation-hydrolysis sequence for conversion of vinyl silanes
to carbonyls [ G. Stork and E. Colvin, JACS, 93 (1977 2080], eaq.
L4li, has hitherto been of limited synthetic utility due to the in-
accessibility of these silanes. Grdbel and Seebach have reviewed

and generalized vinyl silane synthesis [63] in a useful article,

O 3 2
R; :Rl RCO,H Ey0" R R : » )
R Si- R®  Si- gs 2 O 3772

The Stork group hsas exﬁloited this. conversion by utilizing halometh-
yi vinyl silanes as ketoalkyl halide equivalents in annelatlon -
vreactlons [en,6s51, while Boeckman has carried out conver51ons in

the reverse sense using trlmethy131lylv1nyl Quprates asimasked acylf
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» anions in Michael Additions- [66 67]. ‘Theé sequences.of eq., L5 show
Jlthe versatlhty of silanes 58 and 59 [65], whizh synthons would be

fmore.generally-used, were they less cumbersomely accessible, They
are effective trappers of regiospecifically generated enolates [vide

Seet., IT infral.

- oY~ b

B
T
KOH, MeOHE
” + jL : ! -
i;.Meg o4 CI}O [b5]
2 =
o~ 81% 83%
<j/©© + ’52 m— 0 ~
Me3si

The equivalence of 29 to an acyl anion and 21 to an enolate was ex-—
ploited in the sequences of eq. ué6 [66,67]. In contrast to known
acyl anion equivalents, which do not undergo con yjugate addition, 60
does. The utilization of gg'and‘gl for angular functionalization,

e, g. ég'* 22; is a promising synthetic tool.

SiMe o SiMey - o
\/l _ ] - ]
H l/G) = RCHCO RN\~ = R—CH—C-R
R e © « ©

Vinylsilanes'such as 60 and él may become more accessible through

.thé_obsérvation of Kumada [68] that mixtures of cis- and trans-1,2-

‘bistrimethylsilyl olefins are formed by reaction of acetylenes with

Nl[blpy][51Cl ] followed by exhaustive methylation with MeMgBr.

References p. 61.
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1.2 eq.: tBulij

?_, V_Br_’,,_'_.. 2. CuT, THF
1. Ho(CH ) OH TsOH
2. mClC6HLLCO B

iMe
3 3. H30

7tr&ns-BrCH=CHSiMe

- > —>

' CH=0

=1 ) ____>0£Q

62 _ 63 ,C
~rg OI \R

The first Grignard-type reactions of organosilaﬁés [ RSi} ;-R2C=O -
-+ R'R C-OST—-] have been reported [69], An active G—Si bond, an

electron deficient carbonyl? and a Lewis acid catalyst-are required
to effect good yields. As a Group IV alternati#é to grignard syn-

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

1. cat, Ga013 . '
4 C1,C—CH—CH CH—CH

H ,C=CHCH S 1Me ; + C14CCH=0 2y e, 1000 ©13% 5
2. 1=.r30+ ‘ OH : Loz
] + C_CH2$ 0 > oT A | (471
- CH3 N A 60%
PROSCS1Me, + C1,CCH=0 | . C1,0—CH-CZC—Ph 607

OH

gent is t-butyltrimethylsil ylmercury, 6h, whlch alkylates benzyl-i
idenemaWOnonltrlles and cyanoacetates, eq. hg [70] at the B-carbon

atom to give net addltion of 1sobutane across the oleflnic linkage ;

A simple preparatlon of 6& [71] implles considerable synthetic o
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:tutility'féfﬁfhiéfnd&eixérganosiliéon reagent.

iy . 6N 0 PpH R

T x cE=c/  + tBuHgSiMe, —> X CH—C=C=N—Sile

T TN T3 200 i 3

, BN o 6l :

o : ’ ‘s Co- tBu
RO _ MeOH
R = -ON, =COt (46]
X—{E;§>—%H—CER—CN

tBu

Relaﬁed 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 arylation can occur iig intermediate
2lkylpalladium species, e. g. ea. 49[72]. Further study of this

reaction should uncover some useful synthetic applications.

-

PhSiMe, + PhCH=CH, ——————Jé> PhCH=CHPh 9l
3 20°, THF

SO

Related to these is a Knoevenagel-type synthesis of a,p-unsaturated

fhol

nitriles by the addition of a carbonyl compound to the a-carbon of
a silylated nitrile. R'CH(SiXB)CN + R,C=0 = R C=C-CN)}-CH_R' +

1/2 XBSiOSiX3 can be effected by the sequence of eq. 50 [73]. The

1. iPr_NH, BulLi, -78° R CH_RS
R3CH ,CE—CN > So=c{ 2
1 2. RIR2C=0 r%

92 SiPh.Me2 3. aqg. NH)_I_Cl

92~984
CcN (501

Rlﬁz = H, Ph; Me,Me; Et,Me; -(bﬁg)u-; Ph,Me; MeCH=CH-,Me; etc,
R> = H, Me, Ph

requisite a-silylpropionitriles gz can be prepared in 55-75% yield
by Rh;-catalysed hydrosilylation of substituted acrylonitriles.

The condensation proceeds exclusively at the ;C=0 bond of the sub-

strate, even with crotonaldehyde and B-ionone,

References p. 61.
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:1ogat1ve conver31on of carbonvls to a, B-unsaturated ketones hasi”r-f

been expa.nded uDon by Seebach (7. - ‘ An alternative to s" lyla.tion
LQof dithlane derlv&tives for synthesis of - a-ket0511anes eq_ 51
311y1at10n of an 1m1doy1 chlorlde w1th Me381C1/Mg/THF followed by

'acid hydrolyslsi[75]. The aldlmlne éé,wassa minorrbyproduct. ’

tBu—-clz—NPh Mg, MeBSlCBl tBu— ?“NPh .__LI>2$ ' tBu—C—S iHe3 S
! i
¢1 ~ HMPT, THF 5% siMe, 20 . -0 R
; {d
o+

66 tBuCH=NPh 15%

A reliable preparatidn of B-aminomethyl alcohols by net addition of
H%CHéNHz across a carbonyl is reduction of stable trimethylsiiyl-
cyanchydrins 67, which can be formed from ketones resistant to

AL

cyanohydrin formation, e. g. camphor and a-tetralone, eq. 52 [761].

R\ Me.SiCN R!'_ ,OSiMe

LiAlH R? OH
Nomo Mo '\ o08iMe;  DIME, RN
R Zn;z cat, R 6CN (0)58 R CHéNH2 [£2]
L 55-89% overall

“R,R'" = -@Héll n =5, 7, 11; Ph, Me; 2-butenyl, Me, etc.

Metallated allylokYSilinés 68 are @-acylearbanion equivalents, as
demonstrated by an ingenious sequence worthy of further investigat-

ion, eq. 53 [rrl. Total 1solated yields of 69 and 70 were in

o secBuLi = 2 rx R : , R
OSiEt, THF,~78° Li 0SiEt, HMPT © 0SiEt, 031Et3
S 88 & 19 s3]
R =-Me,_Et,AnPr,viPr, CHééCHCH2, cf06311 ma jor minor
X =Br, T o ’ .

excéss of 957 except for R ='cyclohexy1; The predominsptrproduct’
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Qz,being a ?silyl. en'oi,éther, is‘ a useful synthon. in its own right
‘or, it may be hydrolysed to an aldehyde. Interestingly, trimethyl-
- and tfbutyldiméthjlfsilyl ethef$ gave lower yields and/or byprod-

- ucts.

'C. Acylation.2£ Carbon

' Diré¢£ acylation of an anion is the subject of several reports
>[78-82]. A key intermediate, 11, for synthesis of methyl acryloyl-
aéetate [iig, AS, 1973, p. 170j was prepared by condensation of the
~anion of triméﬁhylsilyl 2-methoxycarbonylacetate R with 3-phenyl-
thiopropanoyl chloride, eq. 54 [78]. Relatedly, tke lithium salt

R 1. Buli, Et,0, -78° 8
Me_S10-C—CH_COMe >  PhSCH_CH ~C—CH_CO_Me
-3 2. PhSCH_CH_COC1, DME

La g 3. 1N HCl ~ro G

of bis[trimethylsilyl Imelonate 73 found application in an olivetol
synthesis, €4. 55 [79]. And a rather cumbersome synthesis of

ketones RCOR! from esters RCOZEt [80], with application to a jas-

mone synthesis [81], has been reported, but despite use of silicon
reagents, seems unattractive, The reaction of 2-lithio-2-trimethyl
silyl-1,3-dithiane Zﬂ;with methyl benzoate to give‘zg and with

-tetramethylurea to give Zé appears to offer a general route to acyl

dithianes, eg. 56 [L45].

C0281Me

, 1. Me SiN=C(ife)0Sile,, Et,0 3
nC JH.CH[CO_H] & ne.H_-C-Li —
37 2 5. pBuLi, -60° 3T
s 73 €O SiMe,
MeO- o oMe [c5]
@ i
o cocl nC H—-c@
' MeO o N NaOH> L9 oMo

th&mmﬁsasL
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8.8 o S 8L.S8 e
Y® 2atima S5 zomo T SN
r0=G o . - - Li - 8iMe, .os T 0 00 G=0-
P , R G e
75 - CTh T <X

Silyl enol ethers of cyclopent- and -hex-anone readt with.aryl'[SE]
and tosyl [83] isocyanates to give, after hydrolysis, excellent -
yields of 2-carboxamidoketones 77, eq. 57. Acyclic silyl emol

ethers react analogously via an intermediate azetidinone [83].

SiMe"
e , 1. cat. Et,N, '13o° /\c/ (571
[cHE, 1, Il - 4+ R=N=C=0 ' > [CH, 1,
CH 2. MeOH, H,0 \_/CHCONHR
n= 3,4 R=Ph, aNp, SO Tol g7 12797

The Bordeaux gfoup has reported & new synthesis of acylsilanes
by direct silylation of acylimidazoles, eq. 58 [8L], botentially of
great synthetic interest. This group has further fbund that vinyl-
silanes can transfer the vinyl group to acid chlérides in an attra-
ctive synthesis of a,P-unsaturated ketones [85], the synthetic

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

+
Me SiCl/Mg/HMPT SiMe H_O .
RCH 0 \N&N 3 > RCE={ 3 35 rgem 2cﬁc’
60-70°, 16 hr 0SiMe \
3 : SlMe3
R = H, Et_ - 7 30-3%%
' [581

H2C=CH—SiM63 + MeCOCl —> HeCOCH=CH2

0
Me SICH=CHSiMe, + RGOC1 —> Me,SicE=CE—CY
R

R = Me, tBu, Ph

D, Cyclization and Ring-forming Reactions

Considering carbene + olefin reactlions ﬁo,be the'simplést type
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f'éficjclizétion, silidén féagents have figured in three communicat-
::ions by Haszeldinef[86-88]. 1,2,2-Trifluorcethylidene, generated
Aby_thermolysis'of 1,1,2,2-tetrafluoroethyltrifluorosilane 78 at
;1500,'previously.shown to insert into C=C and C—H bonds [Haszeldine
_1967]; 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-

=CHe i 1500 ‘A/\ i
CHFZCFasiF3 + 3 H20—CH CH231M82H ——n HCF2 SlMeéH

F 3
8 . %
P N—S1Me5-CGFCF H
H ooy
" + 3 HC=CH-§iCly —> BF20—|A—51013 [591
! 667
o >C=C<L g
o =
c1.08i01, + sbF. 3% c1_csiF, —20s :ccl, —> | Joc1,
3 3 5 3 3 2 me ¢/ <
79" L5% AN
~ 69-93%

fluoroftrichloromethyl ]silane Zg, bp 45°, generated by fluorination

of C1 CSiClB, undergoes vapor-phase decomposition at 100-1)4.00 to

3
singlet dichlorocarbene, which reacts smoothly with olefins to gen-—
erate dichloroecyclopropanes [87], eq. 59. Trimethylsilylcarbene.
MeBSiCH:, formed by photolysis of trimethylsilyldiazomethane, forms
cyclopropanes in low yield with 2-butene, ethylene, and 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
0SiMe

3 O
f »)% =] s —>I> "ﬁ £60]

group [89]. PFor an oxospiropentane which can eliminate in two

ways, €. o gg, use of a sterically-hindered base affords mostly

References p. 61.



'fthe 1ess-subst1tuted.vinylcyclopropane 82, while a sterically less
\’demandlng base utiTized under condltlons of thermodynamic control L
: produces tne other regio- 1somer 81. Brominat*onﬁdehyﬂrobromination'
of these reglo selectlvely produced 3110xycyclopentenes 83 and Bh
,affords a good route to cyclopentenones valued as prostaglandin

intermedlates.,

- S Liﬁ::] shexane, 50 hr ' :
_©_\(l> : —@-—cn—c OS1Me3

: 80 o) 2o MeBSlCl 81 - [61]
o~ - .

1. | paN[iPr] oshexane

2. M635101
: R 0SiMe

~Oromi s - D)

g2 CHy 8l
NASL . )

e "4
‘ri Me 3S:LO

HQWever, to catalyse the rearrangement of oxaspiropentane itself to
cyclobutanone, lithium iodide or bromide in methylene chloride is
'supefior to trimethylchlorosilane [90]. v

A useful diene synthon for Diels-Alder reactions in which a 2-
oxXo function'is desired is Danishefsky's 1-methoxy-B-trimethylsile
oxy-1,3—butadiene1§5.'.It is easier’to prepare, and more amenable
to subsequent transformation than 1,3-dimethoxybutadiene [91]. The
examples of eq. 62 show some intriguing possibilities. Use,ofv
benzoquinohe,as dienophile-offers an entry to-the 1,&;6ftribxyg¢n-
ated naphthalene sjsteﬁ,-whiie methaorolein hints at'reutesto-pfe— :
phenic and trlsnorwc acids. ) | . ” | V 7

Use -of N-metallo-bls[tr;methylselwl]amlnes vas‘bases in enol- 5
‘ ate. alkylatwve cycl1zatlons has continued e. g. eq. 63. [92] .
more spectacularly 1n the conver31on of epoxynltrlles to cyclobut-‘

anes, eq.,64‘[93].
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1] o o
O~_: Me.Si0 0
AQT:? Et3N ZnCl2 - 3 \I:j ) S
) N N = : ————
L Me,5iC1, PhH 1 2, 0,18 HC1 Y TC‘)/
Me 7 B85 ome MeO [62]
T. H2C=CHC0He 1. M$OZCC=CCOZM8
2., 0.1N HC1 2. H

2.
CH=0 0 0 HO\I:::I:Cone
COZMe
. .
) trace
0 o} o}
NaN[{SiMe,]
MsO 3.3 [63]
O -
PhH, DME
- 4O min, 25°

8 Sqm ]
N 1. 3q;KN~SiMe3 5;
OH GCN
AEI:;/f:Z PhH, 80° 70% -
R
R =CH fen)
2.5 eq.NalI[SlMe3]$58%
PhH, 80°

A particuler feature of this cyclization is the stereochemical con-~
trol, in that a single stereoisomer was obtained, whiéh allowed
synthesis of grandisol 86, eq. 65, contaminated with only 5 of
epigrandisol [93].

Silicon reagents have been used to form heterocyclic rings as

well [94,95]1. S5-Iminodiazolidinediones 87 and diazolidinetriones

Qg are formed by desilylation of the adducts of trimethylsilylcyan-

ide’ and aromatic isocyanates, ea., 66 [9l.].
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lx..O eq LJN[SiMeB] S

- OTHP
[65 1-

~OTHP PhH, 0°

Me,SiCN  + ATN=C=0 —>

. [66]

87 /]
0

p-Isothiocyanatocarboxylic acids are best prepared by the sequence
of eq. 67. Dihydrothiezinediones 89, formed by isomerization of

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

novel pidyamides [95].

o
¥ -COH 1. MeySiCl, CHC1, ~g
i ' MeCN, refiux yr /L

z, ey "
X “NH, 2. 8= =ccl,, Et,N, -10° "NCS NS0
3. H,0,THF, 0° : £ Frer

XY = —CHchZ—’ -CH=CH- _ » i 504 overall

-In & ring—opening reaction,-pyrolysis [420°]«of.the disilylester‘
of cyclobutene-1, 2-d1carboxylic acid followed by hydroly31s affords
an elegant synthesis of the prev1ously elusive butadiene 2,3~d1—
narboxyllc acid i96].

The Ruhlmann modiflcatlon of the acyloin condensation [AS
1973, p. 17lt] continues to be actively,employed;in,synthes;s [97-
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14102];”'Détails of the practical preparation of cyclobutanedione
- [971, cyclobutane 1,2-diol [981, and cyclopropane carboxaldehyde
[98] are available. Conversion of 90 to acyloin Q] was routine,

ga. 68 [991, but the Na/PhH/Me SiCl reagent failed with 92 and 23,

: 3
apparently for reasons of strain [100], and with cis or trans 25

gdve mixed ketene acetel 99 rather then a bicyclo[2.1.0]pentane,
eq, 68 [ioo]. Unexpectedly, condensation of diester 36 led to
hydroxyketone 37 rather than azeloin‘g§, eq, 68. -A mechanism inT
volving transsnnular interaction of the terminal olefin and a semi-—

dione intermediate was proposed [101].

Me 1. Me_,SiCl/Nz/PhMe Me

/ i J

COZMe 2. H,O

0
28 COoMe 3 21
OH
o oH ;s
((GR.) : Me,SiCl
CH_ =C{(CH GO Me —e
<X CH 21300l == (o
98 28 97 “3
(681

<]/\co Me CO_Me
cOo Me /\/ﬂ/\/
e / 2 Me0_C
93
0SiMe

5 3
COEMe Na, MeBSlc;\ —\oMe
£co e PhH ____OMe
: A 95 051Me 5

E, Dimerization and Other Coupling Reactions -

The acyloin coupling above works equally well in acyclic sys—
tems; as shown by Russell's preparation of isobutyroin 22 and a

130-1abe11ed bis[trimethylsilyl]enediol, eq., 69 [102].
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SN 17:iﬁe§SiC1;5N§ f.;H;”fn
B }CO_Et o N - N \4 . ;‘. . . . = -

2 ‘Etzo,.:,._b v
Sl e S M : 71 !Oéiﬁ e 691
O T a Me SlCl e, SiO e T SR
| CH,CO_Et + CH 13C02-Et 25 3 ./q=_=3c\; S
oo 2Ee 32 neE e T HET - CHy.
French wéfk on reductive‘d‘"ﬂr tion wiﬁh chlofésilaﬁé/féfalﬁéys-

tems has continued [103-105]. Resction of ',péunsai-,di-at'ed' kétoﬁes
Aw:it}r:AL,MeYBSicrl/THZF/Li. differs from tha't-;"with MeBSlCl/HMP'T'/Mg rAs |
_19’73,' . ;169]“, y’nthetlcally usefu.l ‘reductive d;merlzatlon is much'
less prevalent.wlth the former system, as the examples of eq. 70
demonstrate [103]. ‘Acetylen c ketones react with the Mg/HHPT pair
in a variety—of modes [104], of which pinacolization, eq. 71, &nd

deoxygenation, eq., 72, are synthetically intriguing,

0 Me SiCl/Li/THF ] 0
> Me,Si - C=0 "+
= 21L hr, 5-10° 3TN
L3
o Me,S1 0
> +
2
= P %
o
R-—-C—C (i__Rl 1. M8381C1/Mg/HMPE R—C=C—C—R! R : Me? R =Me3$1 5%
0 2. HeOH H i o R=Me, R = Ph 10%
R—C:C—(')—R' R =H , R = nBu 3%
of 7l
Me ,S1~C=C—G—Ph 1. Me,SiCl/Mg/HMPT Pn H ] ,
H . > /C_-V... = ) 5% [72]
2. HC1/MeOH H SiMe,

' Reductive dimerization is the ma jor. course. of reaction of butyl
acrylate and diethyl ethylldenemaLonate derlvatlves with the '

'MeBSlcl/Mg/chT system [105], eq. 73. A,few_ drops’ of Vtitanir.um' :



; : : e
i?tetrachlorlde was used as catalyst With ofﬁér'estéfs [cinnamic,
;malelc, fumaric] slmple reductlon or C—-silylation intervened. Fur-
;ther study of the scope of this synthe31s of adipic acid deriva-

. tives is to be awaited,

R ' /COZRS. MeBSiCl/Mg/HMPT
= ' _ > R®0_C—CHRZ-CHR *~CHR *~CHR 2~CO R®
B  “r=2 cat. emt. PiCly 50-70%
R R® RS {731
H Me nBu
Me. H nBu
Me COZEt Et

A key synthon in polyacetylene synthesis, 1-halo-lj~trimethyl-
silylbutadiyne ]00, can be prepared by stannylation followed by
halodestarmylation, then used in synthesis of 101, eq. T4 [106].

1. Bu,SnEt 200

3 27 >
EtC1, ‘40? EtBSl—C:C—Czc—Hal 100
1.} PhC=CH, EtNHZ, CuCl,
NHBOHCl DMF
o {74l
24, 2N H SOu, o]

Et3Si—CEC—CEC—H 2. Halz,

EtBSi—C_G—C_G—C_C—Ph
101 30-77%

Trialkylsilylpropynylcopper reagents 102 end 103 2dd in 1,6é-fashion
to dienoates to give mixtures of allenic 104 and acetylenic 105
esters which can be desilylated to 1,5-enynes and 1 4,5 trienes,
eq. 75 [1071. For high overall yields 3.5 eq. of the organocopper
reagent are preferred. 1,)-Addition of 193 to e. g. 2-cyclohexen-

one or ethyl acrylate does not proceed well,

1. nBuLi.TMEDA 192 Ry = Mey
R ,Si~C=C—CH > R,S1-C=C—CH_Cu - .
3 3 3. cut 3 2"% 103 R, = tBuMe,
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3
jO2 or. 123
R

RBSl'

. N . ) - ) - . - 7:17' - : _7 »'. -_ 771“','; : "V _V
Ratio of 10L:105 [total yiera) . . =~ - -~ . [751

Cupr#te ?,= H : R = 0331 o
102 Bo:20 [Bog]  18:82 [704] Ry = Me- .
103 95:5 [3641] 3:97 [2541 Ry = tBuMe,

IV, FORMATION OF BONDS TO HETEROATOMS
A, Acylation a_nd Al Icylatlon of Nitrogen

Silicon reagents function for the conversion of N-H to N—COR,
inter alia the key reaction in peptide synthesis [108~1141. For
example, protected N-frifluoroacetylfamino acids are best prepared
by treatment of N,O0-bis[trimethylsilyllamino acids with trifluoro
acetic anhydride. The sequence of eé. 76 ig fast, applicable to a
variety of amino aclids, and proceeds with little racemiéation.
Glycyl-glycine reacts similarly [827 overail], while aspartic and

glutamic acids formed trifluoroacetaminoanhydrides [108].

R—CH—COZ‘ 1. M6351Cl Et3£ |O R HZO
+l 2. F,C-CO_COCF F3C—C~NE—CH—CO SSiMe -
NH 3 350500 |
[76]
F 3C~C-NH-CE—~CO _H - |
i I R = Me, iPr, PhCHZ, HZN-(CHZ)LL_

(o] R 60-89%
Tr1methy1511y11m1no-methyldlphenylphosphorane 106 reacts with acid
anhydrides to afford excellent yields of acyllmlnophosphoranes and
with alkyl isocyanates to give alkylcarbamoyllmlnophosphoranes
[109]. Reactions of 106 with phenyl isocyenate, pheny; isothiocy—

anste, and carbon disulfide were more complicated
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‘LAcylformamldlnes 107 can be prepared in nearly quantitatlve yield
31by treatment of 311y1fo"mamldlnes 108 with acetyl chloride [25 1,

-.and 1n relatea vein 1socyanates are converted [via silylformamides,

see.sect,;II above] into N-acylformamides 109 [261, eq. T7

R—N—CH=NR CH_,COC1L R—N—CH=NR R—N—CH=0

] -3 s ] ]
SiEt; MeG=0 MeG=0 (771
198 107 193

In an interesting conversion, 1-proline methylamide 110 can be
converted, via diazasilole 111, to N-pyruvoylproline 112. The lat-
ter readily cyclizes to 113 [110], eq. 78. The alternative react—
ion of 112 with hydroxymaleic anhydride proceeded in lower yield,

and isoliation of 112 was impossible,
NS

M6281012 MeCOCOC1L Z 5
e 20 ——— ~0
C’ THF,Et. N N c~ -
5 i 3 \ §  cHClg TN [78]
NHMe MeZSi N‘Me ?=0 NHMe
118 111 9=O 112
Me
12 besey O\ 20
~C N
0] Me 11
HO Me

In direct peptide synthesis, N-[2-nitrobenzenesulfenyl]-N-carboxy-
anhydrides of amino a2cids couple readily with bis[trimethylsilyl]-

aminoacids to afford, after hydrolysis, good yields of dipeptides

[1111, eq. 79. The sulfenyi group can be removed by exchange with

mercaptoethanol,
Me_SiNHCHCO SiMe. + 2 B 1. THF Ote—g—cm—co
3SINHHOOS 3 S—N——-ﬁk ' TO0H
R 04\0 Yy 2° H30 CHR-NHS NO,,

L7-88 @ (791
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: Isocvanates can: be prepared from am.lnes without the use of phosgene ’
in o sequence util:[z:.ng a s:n.lylamlne [112], RNHSiMe3 sequentially 7
, treated with CO at- 20 50 Me35101/Et N, a.nd heated at 1).;_0 180
gives. 22-83% yields of RN=C=0, R = Me, nBu, allyl Me3Si
The production of nucle051de analogs by condensation of a

silylated. nuc]_eobase and an actlvated sugar [AS, 1973,_ pP. 185-6]
continues to be active [113-128]. Among the structufal tyﬁes‘prepé
arable by this route are pterldlne ribosides [113], 1sopter1d1ne
ribosides and deoxyribosides [11l4], 1soxanthobter1n ribosides [115]
lumazine ribosides [116] and glucosides [117], 3-oxauracil riboside
[118], cytosine riboside [119], &s well as several un-natural nuc-
leosides [120-121]. A detailed survey of the silyl-method for
nucleoside synthesis has been made by Vorbriuggen [122-127]1. It was
claimed-that with SnClu catalysis, cnly the f-anomers of uracil and
cytosine ribosides were obtalned [1191, .in contrast with previous
reports of anomer mixtures. For un-natural nucleosides, structure
proofs have often been non-rigorous, and Tolman has cautioned glib
assignment of structure to reaction products where there are mult-
iple sites of glycosylation, as in the case of ll&, whére both 115
and]16 were obtained [120], eq. 80.

OSiMe3 AcO
’ o MeCN, MePh NH3

Gy - e = o
N N -20 MeOH
OAc OAe

11l

i HO— (807
ELL 51» " - o)
| 115 R 116 .

HO o

Alkylation ofrnitrogen has been well represented {129-132]1. The
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sil&lamine rbute_to enamines [AS, 1973, p. 186] is preferred for

‘preparation of 11F, eq. 81,Athe syntheticbequivalent of a 3-oxo-—
‘earbanion [129]. »

~_,SiMe;  PhCH,CH_CH=0
@—N\ — (E) ~PhCH CH=CH-NMePh (811
Me 24 he, 150° 117 7%

But the ketone plus trimethylsilyldimethylamine synthesis is not

general, Analogs of tetralone give silyl encl ethers instead, eq.

82 [1301,

e, a he SINEt,
@\/ﬁ 4*“ @]\)}b 100°,96 hr @Ilj [82]
X = CH,,0,8

In 2 wechanistically intriguing reaction, trimethylsilyl azide con-
verts glucopyranosyl halides and acetates to azides with retention
of configuration, eq, 83 [1311. A controlling effect by-the 2-ace-
toxy group is suggested to explain the stereochemical results., The
same reageht, in combination with thallium(III) acetate, adds to

norbornene type olefins [132], eq. 8.

Me S_N CH Cl

3’
\Q:::E;;::;§S§\/ Sn.CJ_lL or BF Eto o N, [83]
@A.C) Ac @AC) OAc
71(0Ac)
T1(OAc),/5iMe N 2
( )3 3 3 L& _.11‘; LE/ (8L ]

CH Cl

X =0H, F
lHC]- 887 total
N ] N3
cl cl
20% L5z
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& ‘direct process for conversion of ‘Ar-Hel. -iﬁd-Ar-NH' would | be ot

:gréat interestrl An approach is found in.the reaction of N-cunro
' b{s[triﬁefhyls yl]amlde 118 with aryl LOdldeS whlch.glves modest
,YierS of a“yl amlnes [13J], eq, 85.' The synthetically more ~ad-

vantageous process using Ar-Br: gives only meager ylelds of amlne.

' - nBuLi . ArT SPyT. MeOH Lo .
Me 351 1 ——> [Me Sl] Cu————> — .ArNH 5
'A1~ 30-6@%

Ar = Ph, LL-Me'océa 5 Ll.-MeC6H N LL-NQZC6H . Z?CLLHBS, ete.,

N,0-bis[trimethylsilyl lhydroxylamines, e. g. Phiq(SMe3)os1Me3,
undergc thermal or photochemical fragmentation to nitrenoid species
and hexamethyldisiloxane, as shownrby trapping experiments [134],
but the synthetic advantages of this method remain to be exﬁlored..

Addition of nitrosyl chloride to trimethylsilyl enol ethers
and silyl ketene acetals constitutes a convenient Jab-scale synth-
esis of a-oximinocarbonyl compounds [135], and is particularly val-
usble for conversion of aldehydes to glyoiimes, eq. 86. A scheme

involving addition of NOCl to the double bond, MeBSiCl elimination,

and tautomerization was proposed., The potential for regiospecifie
nitrosation [from regiospecifically generated silyl enol ethers] is

-especially noteworthy.

SSiMe CH
0”3 . Noci m NH_0H }\I’ v
2722
N\OH ) N“H
63-83

R = Ph, Et, H; R' = H, Me, Bz, Et

B. Acylation and Alkylation of Oxygen

Two,reports on the'conversion of carbonyls to acetals an&:két—
als have appeared,[136,137]. Hemlacetals of trifluoroacetaldéhyde
are preparable in 65-9a% yields by treatment ofVCFBCH-'—'O-HF Vwi‘tk‘r_ |
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Sl[OR]u, R = Me Bt, ‘iPr, n-amyl [136]. Good yields of hemithio-

) ketals are obtalned by reactlon of trlmethy151lyl enol ethers with
;mercaptoethgno}, eq. 87 [1371. Analogously, acetonides [ineluding

.the pféviousij7unknown acetonide of trans-1,2-cyclohe£an diocl] are
' Pormed frqmvtrimethylsiioxﬁ propene and vic-diols. With scant
justification, siloxj carbdnium ion 119 is proposed as an Intermed-

iate [137].

05iMey trace HCL o, S 0SiMe,
\F’L\ * md O ccy, 30 min 35;5;;; /,é\\
7 R ® R

119
g::? 87l

>—O0siMe, + —_—
4 3 HO OH ?;x(? 80-857

Aldehyde silylenol ethers are precursors to vinyl triflates 120,
ten of which were prepared as precursors of unsaturated carbenes

by the route of eq. 88 [138].

3 ag al bR OR
R  ,0SiMe, CH,Li [CEj}so2 0 Ry ,0S0CF
Je=c{ > s> O=C{ (881
R H DME, ~60 =30 R H
120

For rationally designed cerbohydrate 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 121 [from e. g. 1-methyl 3-D-
glucopyranose] with acetic acid, specifically desilylating the pri-
mary C-0-8i function and acetylating the CHZOH generated [139], eq.
89, Tbsylation proceeds analogously, although secondary silyl
grbups_disappear in the work-up stage. Finally, aryl trifluoro-
acetates [AS, 1973, p. 188] are generated by plumbation of aryltri-

methylsilanes [140].
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TMSOm T TAc0—
'*,";;)f_o o 2 eq. HOAci;“:""
NN\ ”M°?Ac e
TMSO N a 2 .
R . 30-40 br

oTMS

eq-HOAc
eq*HZO

\ -

50 hr

C. Formation of Other C-Heteroatom Bonds

Three papers [137, 1l41,1h2] kave mentioned formation of bonds

to sulfur, Ethyl esters react with'S-trimethylsilyi thioethanol or
thiophenol to afford high yields of the corresponding thioesters,
RCOBt + MeBSiSR' —> RCOSR' , 72-8%%, R = alkyl, aryl; R' = Et, Ph

{1L1]. The resction of trimethylsilylenoli ether~derived enolates

Wwith sulfenyl halides is the preferred route to a-thiolated carb-

onyl compounds, eq. 90 [142].

oSiMe; 1. Meli, THR /]_\ 0 v
[CH - CH
r 2. R—S—C1 ﬁljs—ﬂ [90]

n=3L;.5, R = Me, Ph

Halogenation has been the'subjéct of five reports [143-1471.

‘Synthetically useful, but difficultly accessible a-bromoaldehydes

are obtained by simple halogénation of silylenol ethers, ea. 91,

[143]1. a-Chloro, but nota-iodo-aldehydes were similarly prepared.

Osimeg~‘ Br. S R2 R},R%® = Bz,H; Ph;Me; Me2;
R 2 T
X S o=cE i(R n- 08H17, H, [CH,1) ON
2 u_.v - - o .
Br .;51-914% R [91]
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An‘afbromomethyl gfoup'can be introduced into silyl enol ethers by
- the sequence ketone —>» silyl enol ether — siloxycyclopropanol 122

[62]-%5 a~-bromomethyl ketone, eq. 92 [14li]. Yields are reportedly

quantitative.

: ]
2 —> 'R-C—CH-R? [92]
CHZClZ, =70 } .
=2
R 122 CHgBr

Alkenyl and alkynyl silanes find utility in the stereospecific
synthesis of vinyl halides [ 67 ,145] useful in cuprate preparation,
Various halogenation procedures convert cis-1-trimethylsilyl-1-hex-

ene into cis~ or trans-1-iodo-1-hexene or trans-1-bromo{chlorol-1-

hexene [145], eq. 93; while HBr in pentane, which adds sluggishly
to terminal alkynes giving meager yields of 2-bromo-1-alkene, rea-
cts smoothly with trimethylsilyl acetylenes to give desired bromide

in 60-9he -yield [67], ea. 93.

- . O
Bu SlMe3 1. X,, CHCL,, 78 . Bu>_<x
\N—/ 2. NaOMe,MeOH,ZSO X SiMe
1n 12’ A80200F3 (o] [93]
i., CH.Cl1., 25
CH.C1 2 2¥—2
272 Bu\
2., KF, DMSO ' —~
Bu I 8
Bu \ / X =Cl, 75%; =Br, 80F
\_'_ )
Nt Lo7

HBr SiBr R\
R—C=C-SiMe 6 —————2> RCBr CHZSiMe3 —e S C=CH2
3 pentane,oo 2 Bg

R = alkyl, carboxyalkyl, ketoalkyl, etc,

An extremely mild route for preparatidn of sensitive acyl halides

s illustrated by the conversion of pyruvic acid to pyruvoyl chlor-

IR

ide [146]. The silyl ester MeCOCO SSiMe prepared in the usual

3

References p. 61.



”faShion,,is exchanged w1th oxalyl chloride containing a: trace of

i DMF at 25 , producmg MeCOCOCl

A convenient alternative to direct thallatlon of arenes'for.la'
preparatlon of arylthallium bistrifluoroacetates XC6Hh$1[0 CCF ]
cons-sts of treatment of the cor-"espondlng a.ryltrimethylsilane
w1th thalllum[III]trlfluoroacetate in nitromethane-trifluoroacet1c£4

. acid [147]; yields range: from 60~ 93% 1solated

V. REARRANGEMENTS

Molecular rearrangenents of the C—0-Si «» ?? type are wellf
known coliectively as the Brook Rearrangement [Vsee e. g. [14811.
Extensive study of this rearrangement in the benzylexy- and benz-
vylthio-silane series, wiich has synthetic ramifications,‘has been
reported by Wright and West [149,150]1. The ozonolysis of silyl
enol ethers [9], sect, IT above is a further example., That these
reanrangements can cccur unpredictably -is shown by two examples
[151,152]. Russell's group observed rearrangements in two inst-
ances during the straightforward prepafation of semidiones from

siloxy alkenes [151], eq. 9, see also sect. X below.

1. KOH/Et 20/]120\ : oH

/} —Q tBuMe SiC1l ! 0SiMe tBu.

o 2. 3 | >

1. Cr03, Pyr

2. EOtBu, DMSO
. | ' - (9% ]
OMe 4. Na/k, Me.SiCl v 0:
OFe e QLT

2 -2. DMSO, tBuOK \ o
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l]The pféviously reported bis[siloxylhomocubane 123 [AS,1973, p. 174 ]
',,»ﬁnk.iérgoers a novel rearrangement to brendadione :l“el_i_ in the presenc'e

'of;basé. Clarification of this [152] has shown the presence of two
‘ﬁnpreéedented steps, eq. 95: formation of & ketone by fragmentation

of a tertiary silyl ether [E—(-(-0-SiMe, + MeLi -> Me S1 + ZC=0 +
LY

;L{ﬂ and a silyl-acyloin rearrangement [RCO—CRETOSiMe3 —_—
MeBSEOCRRLCORﬂ . Both are probably mediated by relief of strain,

although interestingly, the ethyl analog of 125 [MeBSi = Et] does

not thermally rearrange to ]12%.

X
123
~<2 NaOMe
(. - ———re
0SiMe, oox i
0SiMe, X = H,D 0 o A&
MeLi, -15° {951
sat'd NHh_Cl 'T NaOMe
MeOX
150°
—_—
12 126
Qs /
SiMeq é 0S1Me,

Electrocyelic rearrangement of siloxy compounds are more predict-
able [153-155]. Siloxy-Cope rearrangement of 1-trimethylsiloxy-1i-
vinyl=-3-cyelodecene 127 and subsequent hydrolysis gave the results

indicated in eq. 96 [1531].

(o}
1. 300
2e H 0# ~0 [e]
= 03 iMe 4 3 » 0SiMey [96]
. 013‘121 778 trans 123 85%
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: Related to. thls 1s [3 3]—Clalsen-typ'_rearrangeuent‘of atlyl silyl-f

ioxyv1ny1 ethers 128 whlch proceeds smoothly at:70 to afford'Y'S-
:unsaturated acids with )98” stereoselect1v1ty [15&].. t-Butyldl-
fmethy1s11yl ethers gave ylelds of 7Q7 or better -and,were useful 1n

syntnesls ‘of a queen—bee phemeppne 129,-eq. 97..

7 v, ' 1.~LICA,THF,-78° "f §EIT, f}é\\i:;‘
OLCIZ. tBule ,S1C1 7' JL 2. mo1- |

tBuMe 810 HOC R
128 ' : o129, 130
129 R = CH c(Me)—CHCH 0_CAT, 70% : .98z (E)~
;35 R = n- g 80z 2 . olefin
= , 6 13° ) B : ’ {971

" An entry into the cis-8,9-dihydroindene system is provided by the
quantitative rearrangement of 131, in a flow system at 350-450°
to 122 [155]1, eq. 98. 131 is readily accessible from the cyclo-
pentadiene-maleic anhydride adduct.

OSiMe3
7 > 300° C OS1tle, [98]
) OSiMe3
121 Dosite, 132

A Turther, and promising,rearrangement of X-0-8i moieties is the
transformation of penicillin sulfoxide to desacetoxyceph&losporin
mediated by trimethylsilylsulfenic acids R- S-0-81Me3 [156,1571.

- The R-S5-0H fragment, potentially of great versatility, has formerly
been known oniy as a transient species, but stabilizatiénrof it as
the trimethylsilyl ester allows the tr#nsformafions,diagrammed in

" eq. 99 [157]. Silyl'sulfenate 133 functions as arﬁasked.positive
rsuiﬁuf RS+, aé fhe acid-catalysed cyelization to 12&; and the Avbu-

sov reaction leading to 135 indicate.
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.o - , a . _
Phth  : jsic1 Phth = S/OSlM83'> : .
L l |‘)><: 2 [ | ‘Phth  I_s
0% Z (Me Sl) o? N\-)J\ MeSO3H [T
Co_R 133 G0 R~ > 07 NF
V trace fEt N 14& COZH
R = Me 3
= CH NO H [991
= o3 2 FRER. : sosiMe Fhth = _scu
=g 3
e . N MeO 5P oA—N
CO_R 135 CO_R

Rearrangement in molecules with Si-N bonds has been less stud-
ied, but a novel synthesis of aryl cyanates and thiocyanates repor-
ted by Ericheldorf should be mentioned, O- and S-Aryl-thiocarbonic
acid chlorides react with trimethylsilyl azide in refluxing benzene
to afford 80-9qg of cyanate or thiocyanate, pr-sumably via elim-—
ination of»N2 and 1/8'88 from an intermediate 5-aryloxy- or thio-1,
2,3,4-thiatriazole [158]. Likewise, phenyl 3-acylcarbazates 136
rearrange to 5-substituted-1,3,)j-~oxadiazoline-2-ones in the pres-

_ence of trimethylchlorosilane [159], eq. 100.

~SiMe

PhO 2C—NHNH--ﬁ-—R 2 eq. Me 3S 101\ N_IL 3
0 HEgN, FoMe R 70770 [100]
138 3
65-704

R = Me, tBu, Ph

Reaction of dialkylaminomethyltrimethylsilanes with sodamide/bromo-
benzene affords some interesting ring expansion and cleavage prod-

" uets, eq., 101 [160]. Speculative mechanisms are presented.

VI. SILICON AS A PROTECTING GROUP

The principal use of silicon reagents in protection continues

the tieing-up of OH functions as 33310 groups, but there has app-
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. ‘¢,H.Br, NeNH, : ‘ /\/\
Me ‘SiCHéIO e 5. Ph—-N/\I S Ph-—N =

37 THF, reflux : o CHZSiMe
e T Me Si L

3 36%_- E 15;%__,

Me SiCHN = 0 > PN O + Ph—N N 1011

3 ., - cnzslm

Me3Si o o 7
‘ ANNNE |

JSICHN ) > PbN] + Ph—CH-N
“cu SiMe, [
1%7 MeBSi 2@%

eared a report of silicon as a deblocking reagent [161]. Some, but
not all, benzyl esters of amino acids suffer hydrogenolysis with

the Et SiH/[PhBP]BRhCI/MeOH 'ionic hydrogenation' system [2]., Fut-

3
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 [MeBSi]éﬂH in pyridine at 25° vary over =
factor of 1000 from endo-fenchol to exo-norborneol [162], suggests
that selective protection with MeBSi is poésible._ Another deblock-
' ing =gent for t-butyldimethylsilyl ethers, which converts R-0-Si to
R-0-Ac, has been developed [163]1: A éatalytic amount of anhydrous

3
¥1 acetate with 887 retention of configuration.

FeCl, in acetic anhydride converts {}2-octyl silylether to @F2-oct-

R,Si-, principally Me,Si~ and tBuMe_Si, groups are used to
great extent in protection of OH functions, a particularly spect-
acular example of which prétection is shown in eq. 102‘f16h].> That
thetsilylated -0H survived the téh’stépé indicaﬁedrleading to serr-
atenediol 137 is indicative of the vepsatility”&qa'stability df:fhe

tBuMe Si- function.:
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'8 tBuMe_SiCl, 17 imidazole, DMF, 25°
Cr0, Tollowing reductlon of COZH > Ch20H
H c-c(Me)_MgBr
CH,G(OMe) 3, trace Etc02H 105°
_ NaAlH (OCH H_OMe) ,

Cro
3
(H_C=C(Me)Li, —78 3 3 ea. MeC(0Me) CMe 1,
xylene, 120° [102]

8. EtOH, -25°, 1 hr, then 7.
9. Li/NH,/Et,0, 1 hr
10. 5 eq. CF4COH, -78°
11. Ruo, , —25‘,’ theg 9.
12. Bu)NF, THF, 70

Table I gives an indication of the inertness of the R3Si func-
tion to reagents in recently reported applications [165-180]1. OFf
particular import is the work of Ogilvie in developing t-butyldi-
methylsilyl{TBDMS] and triisopropylsilyl[TIPS] groups-for protect-
ion of ribonucleoside hydroxyl functions in oligonucleotide synth-
esis [180]. Differiﬁg rates of hydroxyl silylation, and inertness
of TBDMS-O bonds to 804 acetic acid allow selective synthesis of

2'- or 5'rsilylated uridines, eq, 103, After phosphorylation, co-—

upling, and deblocking with Buh_NF, a uridylyl-uridine was obtained,

g TIPSO
HO o u 1.2 eq 1Pr331Cl¥ TIPSO fo) more
2 eq :mu_dazole, 1Pr SlCl
R DMF OH QTIPS
PR300 T4, iPrysicl, ete. 07 o ¥ L103]
, 2. 80z HOAe, 85° U = uracil
"HO OH HG OTIPS

References p. 61.



,;50'f,i

Table T

'Triaikyisiljl Groups'aéf?rofecting Agents}for‘Alcphbl:Fuhbfidﬁs:

‘AlcbholAfype,[fef;] ”R'Siv Reagent@)?rotected .j"Deblécking‘”
o , o o3 © 7 Against S0 Agent’
2B-hydroxysteroid[165]  tBuMe, CrO,/Pyr HOAc/THF/H 0
' 11g-hydroxysteroid[ 1661 He3 MOlecZO/-10°; 1% HC10) /HOAc

 KOAc/DMF
serine or threonine[167] Me3 ClZCQ/THF/QOo - - -
haloallylic[65] =~ Me;  Wurtz coupling 5% K,C0,/MeOH
secondarycyclohexyl[168] Me 3 Me ,S=CH ,/THF/HMPT/~20 TsOH
Jones oxid./BFB-Et20
trcyclopropylalkyl[169] Me, n-BuLi, -40° HC1/EtOH/L5°
3,9-deoxyribonucleoside, Me, n-BuLi/HMPT/-45°; then MeOH/H 20
nucleosidephosphate, ‘ various alkylating
or rlbonuc18031de[170— agents
1751
¥, F-deoxyribo-cycloaza~ tBuMe , KOtBu, DMF Et, NF/Pyr
uridine[176] :
ribosyl-heterocyclic- Me3 Wittig reaction - - -
phosphonium salt[177]
F-deoxynucleoside with : oo °
free 3'—0H[178] . tBuMe, - - - BuLLNF/THF/20
aito L1791 iPry - - - "
. tBu-
[179] - - - "
[CHZ],_I_
3~deoxynueleoside with xs S1-0H freed with 80z o
free 5'-0H[1791 '~ tBuMe, HOAc, 10 min, 90°
ribonucleosides and tBuMea'oligonucleotide synth, see text
nucléotides[1801 iPr . :

3
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o : Sllyl protectipg functions continue to be promlnent in prosta-
glandln synth331s [AS,1973,p. 200-201]. 8Silylation of intermediate

_138;with M’e‘SiNEt2 in acetone at —78 gave 139, which survived

3
"iBuAlH treatment at -78°, affording 140. The silyl function was
cieaved by NaH in DMSO during a Wittig reaction [compare with ref.

177, Table I] giving 141, but was easily resilylated [Me,SINEt

3 2’
—uso] to 12. 142 survived oxidation [Collinsreagent] to 143,

AAant  AAN Al
which was desilylated conventionally with agueous methanol acetic
acid [181], eq. 104. Similar results obtained in the PGE1 series
[no 5,6-double bond] and the PGF series [11-hydroxyl B rather than
al{182]. A related entry to the 140 system is found in the reac-
tion of t-butyldimethylsilyl- and tribenzylsilyl-acetals of epoxide
1.5 with divinylcopperlithium, which introduced the vinylic side
AAN

chain with the desired regioselectivity [183].

OH
N\ Z 519 (1041
RO OH
14O R = Me S1
1,2 1 or’
R' R 141 R=RZ = H; R' = OH 0
‘\_/\/\0021"19 142 R = Me,5i; R! = om; R® = ® G“‘
\ " 13 R = Me 3513 R1=R% = =0 .
s 5711 2 _ _ o 145
RO AI;&;;R #, R'=r% = =0 3 e
R3= tBuMe §1
or Bz3Si

In contrast to Me3Si-0 cleaved during the Wittig Reaction, the
VMeBSi-CEC- bond of ﬂﬂé [prepared from propargyl alcohol in 3k,

yield by sequential treatment with 2 eq. nBuLi, 2 eq. Me SiCi, dii-

3
ute HC1, [Pho]3PBr2 in pyridige, and Ph3P in dioxene] was coupled

References: p- 61.
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'fw1th enoxy aldehyde 1u7 giv1ng, after'cleavage >pr:stanoid inter— R

meatate 138., in good yield, sa. 105 (BRI,

| Me.81-G0-0H_Fen, Br + %s 1>c—-c oY

3T 23 " CH—o 2. KF-H,0, DMF
R 11T S 1h7 - T e e -
5N N 69 : 1105,

il 118 \crfcE—CczC-H

‘The trimethylsilyl function wes chosen, eq. 106, to tie up & carb-
oxylic acid function during synthesis of u-carbbxybenzene_qxide?

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

COZSiMe3 1. NBS, hD,CClu . CozsiMe3 oo, COZH .
2. EtyN, Et 0 MeOH
(o} o o2

Although silylation of nitrogen functionalityrhas not been
widely investigated for protection, it should be noted that silyl-
ated intermediates increase the yield over more customary !Schotten
Baumann' conditions in the synthesis of N-sulfenyl—aﬁinoacids and
-oligopeptides [186], ard the combination of B—mércaptoethanol with
trimethylsilylthiocyanate de-sulfenylates oligopeptides in 69-952
vield [186]. Since the RMe_SiCH N bond is cleaved by LiAlE, in
preference to CH3—$j or PhCH -éf {1871, it may be implied that

2
MeBSiCHéCl could protect a tertiary emine as & quarternary salt,

VIT. PHOSPHORUS GCHEMISTRY

Several further éxamplés of reduction of phosphine OXides to
phosphines by S3i-H. bonds [AS 1973, p. 196- 7] have been reported

[188-193] and are summarized in Table II
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Silanes For Gonversion of R3P=0 to RgP:

Silane, conditions

Phosphine Oxide Phosphine Ref.
)@ MePhnPrp=0 PhS1iH4 ) nPrMePhP: (1881
100% retenticn
964 yield
- HSiCcl,, Et_ N ™
B M ‘ (1891
| P_Ph | P:
T 7}
o retention Ph
OCH 4 ) OCH,
(j BS1C1y, Et,N; (‘\S [190]
P2l then 10N NaOH 3
Me "0 fde L5z
0 0
“dd
[ § ditto ( S [190]
P Pz
IEN B
Mé o Me 2%
R _0 . . R
‘(j’ HSlle’ Phb \@ [1911
SP reflux \,Pj 307
tBu O
0 o)
© © aitto [192]
P Ps
ZEN %
0” Ph Ph 90%
[cH,] . [cE,]
\‘P/ 2 n\rf xs HSlClB, :/ 2'm \ o ¢ ]
Ph-— /—Ph PhH, 60-70% Ph—P\ o 193
fom,] : [CH2]
. n n 60‘9%
cis- or trans- stereospecific

References p. 61.
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_i_:In crontrast‘ VSlllCOIl» reagents ca.n ca;rry out a. formal ox1uat10n of
phosphorusQZII) to phosp orus(v) often by the agen y of a. 511y1 o
az:g__de, i. e. VX3P + R3SIN_3 -’7 XBP,-N 3133,+ 1:12. Some e:samples of thlS‘
process'éré‘shbwnrip eq. 107 [194-~195]1." '

: ' : HSO
Me_ SiN, + P[NMe —> Me SlN—P[NMe 1 HN=P{NMe ]
eySiNy + Pl 2]3 o3 2'3 Treom. .. 273
MeHgN[SiMe, ] : oo
: 372 5 MeHgN=P[NMe,l; ; wef. [194]
, : (1071
R P_pPR. + Me.siN, 199° ® p_pm 58 _ R P—PR,
2 2 - 3 3 2P- T — "2n
R = Me, Et, nPr. : N‘SiMeB PhH S N‘SlMe3
H,0 v
—=—> [Rp—FR,| —> R,PSH + RPOH ; ref. [195]
s O
RZP——PR2 + 2 eq. Me3811\13 —_— RZE_—ER:_ ;s ref. [195]
AN Negs
Me3Sl” SJ.M83

Oxidation of monophosphites, especially those of nucleosides, by
conversion to the disilylphosphite and treatment with disulfides
can afford- phosphates or thiophosphates [196] or S-phenylphosphoro-
thioates [197], eq. 108. Thymidine-5!-phosphite was converted to

thymidine phosphate.

RO-PE)OH 3 eq. Me,SiCl _OSiMe;  PhSSPh o
1} > RO—-P\ —_— RO~P—SPh
Et.N, Pyr 0SiMe 25,4 hr 1
3 149 3 o
+
1L+ PyPSSPYT —> |po ploSiMe,] g L1081
% 2 PyrSSﬂV[e RO—P —SPyr
SPyr s —
051Me3
" Ji0
my 2 RO-%LOH ' 2
2. 5,0 L o RO-P(O)0E),
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Ox1dat1on by carbon tetrachlorlde [a novelty] converts 31lylated

’dlamenophosphlne 150 %o dlazadlphosphetldlre 151 [198], eq. 109.

" R~ G1 . -R
N;SlMe CCl 1 SiMe i
tBu—E{ 3 ——Lb tEL—P—N/ o b AR
NHB R SubP—N
: ,N O O | 40-697 [109]
N—PtBu
R = Me, Ph RS i
AN Laaad

In organophosphorus synthesis, the reaction of trimethylsilyldi-

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

extended to the synthesis of substitubted maleic anhydride 152, a
Annr

novel bidentate ligand, eq. 110 [199]. A variety of silyl phosph-

o1 a Bt 0 PhP_ |
[ © + MeSSiPPhZ —s | o [110]
0
c1” i mp N A28
0 2

ines tBunP[SiMe prepared from the chlorides, undergo resaction

313-n

with Me MCl, M = Ge, Sn, affording the element-phosphines

3

tBunP[MMe n=20, 1, or 2, in 93-96% yield [200]. A variety

313-n’
of novel ylides, of potential interest as unusual olefinating spec-
ies, are produced by the action of heterocumulenes such as PhNCO,
MeNCS and CS2 on PhMeZP=CHS:'LMe3 [201]. Insertion into the =C—Si
bond is the usual reaction path. Some unusual phosphineimines, eq.
111, result from reaction of sulfinyl chlorides with hexamethyldi-

silazane and phosphorus trichloride [202]. Extrusion of MeBSiH

seems to be occuring in the second step.

0 [Me si]ENH 0 PCl
v/ Y/, 7
R,  —2—2—> R —35 Rrs7 {1111
¢l 50%, 30min \NHSiMe., CH.C1 N=PC1
3 2772 3
Ry = CFg, nCLLFg L8-521

References p. 61.
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N- trlalkylsilylphosphmimmes react with SLI» ll— to form a.n j_ntriguing
series of trlthlatrlazines ’RBP—N—S I‘I3 [203], a.nd &n unusua.l cycll-v ,
zatlon-oxidatlon.occursrln the reactlon of [M93 i]éNPF with hexa—xr
fluoroacetone and then . PF. giving F3 D

' The reaction of RZN—Si w1th Cl—P bonds, yielding RZN—P a_nd
Si—Cl is a common use of 511y1am1nes [205-210], examples of Whlch'

are shown in eq. 112.

_PFS'-i- Me331NMe2' — [MeZN]ZPF3 ref. [205]
i ) N\\ '
—] + e | — e ——
Me ;SIN=S=NSiMe, PR X —> S//N l S—N x ref. [206]
X =F, Ph N -
ClZ'PI—l;I—PCIZ + Mo SiNMe, c12P—1|\r-—|I;[NMe2]2 ref. [207]
0 Me _ Me O 87
Me Me i [1121
SN—N ‘ : PhH N
ClP PCl + [Me,Si e —> N -
\N—AN: 3 M 3 days %&f“"“ﬁf ref. [208]
Me Me N N 724
/ \
1 0+ i r N -
2 [ro] PC [MeBSl]ZNMe _B_h_r> [RO] P 1;1 PI[OR], L3-hég
R = Me, Et Me £.[209]
F .0 F_,0
N,:s"— x_C1 80° -y e
N P + RIR2NSiMe, ——> N_ ref. [210]
Ss=nT “c1 3 2hr s—N’ “noB
F 0 ‘R2
RIR® = H,Ms; H,Et; Me,Me; Et,Et 78-85%

VIII. INORGANIC SYNTHESLS

Al though no- attempt at completeness has been made 1n this secT
tion, the following 111ustrate novel uses for silicon reagents in

inorganic synthesis, an area of great future promise,
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) SULFUR . Bis[trimethylsilyl]sulfur diimide reacts with [c150,]1 NH
;t§ afford the novel heterocycle 123 [211]. See also [218-219].
SE].:.EVNI-UM:‘ Reaction of Ph,SeCl, with Me SiNMe, gives 30% of

2
' PhZSe(c1)NMe2, but with [Me;Si] NH gives 85 of the novel salt
[Ph_Se=N=SePh,]" *e1” [212].
BORON: Reaction of phenyldichloroborane with hexamethylcyclotri-
silazane in 5:6 ﬁolar ration gives a 30% yield of [Ph-—B—NH]3 togets
her with other Si—B compounds [213]. See also [220-222].
ARSENIC: a%?onded, fluxional, cyclopentadienyldihaloarsines 12&
are best synthesized by metathesis of cyclopentadienyltrimethyls

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

Q——S:.Me3 + ASX3 —_— As}ig% //I\T—-SQ2 [1131
X = F, Cl, Br 25-110% S\\ /NH
N—80,, 123

GERMANTIUM: While treatment of 155 with dichlorogermanes gives
straightforward transsilylation, eqg. 114, with trichlorogermane,

the stabilized germylene complex 1§6 is obtained [215,2161. Simi-

S . 250
g)k,81ne3 + R'RGeC1, >»>‘G8R'R

155 61844
1141
GeCl
1 HGeCl g ;
55 * © 3 pen @
156
GeCl

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

jNMef] where a similar germylene was isolated and characterized by

References p. 61.
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'X—ray ch.ffractlon [217]. Trmethylsllylselenometha.ne [223] 1s an
'efflclent reagent for tra.nsfer of the SeCI:‘{3 moiety to germanium, Z
. . .g',- Me ]S{3 GeCl + MeBS:LSeMe -+ Me H3- ~GeSeMe, hi= 0 1 2, 90—9%
 IODINE: Sequential replacement of fluoride by methoxide in the -
triflu_oi-omethyliodiﬁe(ﬁ 7 sei-ies "is achisved bj trimethyl@étﬁoﬁsil- -
ané or dimethyl’dimethoxysilane [225] whi’ch'functidn as methoxide '
transfer reagents, e. g. CF JIF, +n MeBSJ_OMe - CFBIF bMen '

- MAGNESIUM: Triphenylfluorosilane- is neither as. efficient nor as
convenlent QS'SiFLL. or BF'B-EtZO for effecting the cleavégé of dialk-
" ylmagnesiums: R _Mg + M-F > RMgF + M-R [226].

TRANSITION METALS: Silicon reagents figure prominently in transit-

ion metal” syhthesis [227-238]. Common are reactioms in which a

Si—MLn bond is broken by E-X, yielding Si-X + E-M[.n, eq. 115.

hS—CpM(CO)xSiMeB + MegAsCl — hS-Cp]?I(CO)}—:AsMe2
Mco), = Fe(CO)z_,' Cr(CO) B Mo(CO)3, w(co)3 " pef., [227]

hS-CpM(CO)BSMe + C1PMe, —> hS-CpM(CO)BPMe e

3
_[S-CpM(CO)3PMe PMe ]01 © M = Mo, W ref, [228]

3 3 3 ——> BP-CpM(CO) MIMe ;  , 35~Ti,

M = Mo, W; M' = Sn, Ge , ref. [229]

h5~CpM(CO)331Me + Me_M'0SiMe.
[115]

(CO)»LL(IO-Sll'Ie3 + Me MH -—-—Eﬁ-:» MeBMGo(GO)h. | 7 ,
M = Sn, Ge . - " ref. [230]

[SiMe ]ZRu(CO)Ll_ + CSH @-

Ru(co) 3 (c o) Ru——;{u(c 0) 3

ref. [231]



59
‘filtérnativelj, transfer of a ligand from silicon to a metal can

“occur: Si-NC+ ML > SNML . + SIL [232-23h], ea. 116.

1
7 R ' _N-Ph
R . 250 /N\ .
PhN=NSiMe., -+ Mn(CO)SBr —_—2 .5 (co)u_xvm\ /Mn(CO)LI_ ref. [232]
3 6 days ZN
Ph-N
Me SNy ‘ .
MoO _[S.CNMe ] Mo[NSI[S _CNMe_ 1, 504 ref. [233]
272 2°2 Tye mes. ] 2 2°3
HCSolp
1. MeBSiN3
MoC.""_h_[MeCN]2 > MoC13N[1igand]2
2. ligand -
ligand = 1/2 bipy, PhBPO, Cl
> MoCl_N[PPh.,]
2. Ph,P 2 PR32 [116]
> MoN[S.CNEt,]
2. Me,SiSCSNE®, 27273
ref. [234]

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

i . PhH H20
Nl[PF3]h + NaN[SlMe3]2 —Esé> [PF3]3N1-PF2N[SlMe3]2 —_—

(1171
—> [PF,];Ni-PF_NH, ref, [235]
Less well understood #re reorganization reactions [236-238] of
complexes mediated by cﬁlorosilanes, eq. 118. These may involve
complex series of oxidative addition-elimination reactions with

8i-H and Si-~Cl bonds.

NaCo(CO)LI_ + MeSiCly, ==» HO(CH2)LLCCOB COg 207 ref. [236]

[PPhy]) Ni + Ph SiCL, , —> [(PhyP) Nic1], ref.[237][ .
, , 118]

[diphos]ZCoH + X8 HSiCl3 ] [(diphos)zcoClH]Cl + HSiCl,

ref. [238]

References p. 61.
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. HISCELLANEOUS REACTIONS o

) Although organosillcon reagents can’ be used to preyare carban-y
1ons [239- 2h1], free radicals [151 2&2-2&5], and solid-phase synth-i
esis polymers [246], it is best to start a miscellaneous section

with a caveat: [H C—CH] PtClu has been~added to the select 1ist of”

reagents that catalyse cleavage of methyl groups from Meh81 [2&7].
"A general preparation of benzyl anions of Na, K, Rb, and Cs,
eq. 119, is suitable for making nmr samples [239].
[Me SlCH l.Hg + 2 M —0m73» 2 Me SlCH + Hg
H = M v
612 {1191

i : /-
Me,SiCHM + Ar—C-H —> Me)Si + AP Mt
i L TN

3
Bis[perhaloaryl]methylsilanesVAresiMeH, andjnﬂs[perhﬁloaryl]silanes
Ar SIH, Ar = 2-C136)S, L-C.CL N, C.Fy, CyCly, are cleaved by butyl-
or methyl-lithium under mild conditions [Et20, =30 to —750] to
perhaloarylliithium reagents in a surprisingly facile metal-metal
exchange [2)410]. In contrast, alkyliithium cleaﬁage of perfluoro-
phenylsilanes ArfSiRB_is generally synthetically useless, as ArfLi
is more conveniently prepared by direct halogen-metal exchange.
However, eq. 120 demmstrates a sequence leading to previously un-
known lJ-t-butyltetrafluorobenzoic acid [241]. Apparently t-Bulil

is too bulky to attack at silicon.

t O MeL1l

[CeFgl SiMeH + 2 £~BulLi .——§+> [4-tBuC,F) 1 _SiMeH —0>
6 -78° 4 -50%

S co ¥ 4 [120]
11 —2s —F{i:j>—60éﬁ ‘
F F ¥ F

In the radical generatlon area, the Russell Iowa Stéte group

‘has continued the study of semidione generstion by -anionic cleﬁvage
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,6f'¢+triﬁethy1§iloxy ketones [151] or bis[siloxylalkenes [151,242],
e. g. HeBSi_O-CR=CR-OSiMeB or Me,S10CER-COR + KOtBu/DMSO —>
"Rcﬁ)Q—cﬁfﬁn., Generally,. organic free radicals for epr analysis are
geherated by photolysls of a mixture of tBuOOtBu, Me3SiH, and RC1;
ér of 2—nit?ofuran and Et3SiH [ah3-2451.. A process such as that
of egq. 121 is postulated.

hv MeBSiH

[tBuO] —-—> 2 tBu0» —=eees3y EtBuOH + Me,Si-
2 : 3 [121]

MeBSi- + RCl1 —— MeBSiC1 + R-

A final exciting development of silicon compounds in synthesis
has been the development of & porous glass with péndant chloroben-—

zyl groups suitable for Merrifield solid-phase peptide synthesis.

H,PtCl,
01CH5©-0H2CH=032 + BSICl; ———> ClCH2—©(iH2

1Porasil!
glass {—0SiCH,CH.CH, @ CH_C1 < s1c1,

Whether these glass beads [2}6] have an advantage over traditional

mecroreticular polystyrene beads remains to be seen.
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