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SUMMARY

The reactions of cyclic and acyclic acetals and orthoesters and their ana-
logues with halogenosilanes, leading to halogenoalkoxysilanes, carbonyl com-
pounds and esters are reviewed. General conditions of reaction procedure -~ the
use of the dissolvent, low (in some cases) temperatures - are established. The
influence of the initial reagents structure and synthesis conditions on the di-
rection and reaction products yields are described.

The chemistry of acetals is a flourishing branch of organic chemistry [l ].
Acetals, orthoesters and their analogues are convenient precursors in the
synthesis of ethers and esters, diols, unsaturated alcohols, dihydropyrans and
other mono- and polyfunctional compounds, These applications are summarized in
several revieus [2,3] and books [1,4 ], but the use of these reagents in the
selective preparation of organosilicon compounds has received less attention.

These reactions are important theoretically as well as in synthesis, and al-
though the few data on their mechanism are contradictory, they do indicate the

considerable diversity of these reactions.

REACTION OF HALOGENOSILANES WITH ACYCLIC ACETALS AND THEIR HETEROANALOGUES

The reaction of acyclic acetals with halogenosilanes usually leads to a com-
plex mixture of products, consisting mainly of halogenomethyl esters [5 ], car-
bonyl compounds[ 6—9] y trimethylsilyl esters[ 10] and unsaturated compounds
[10-14].

Dichloromethane[ 741416 ], chloreform [6,7 ], carbon tetrachleoride [15 ],
acetonitrile [8,9 ] and tetrahydrofuran [17 ] are usually used as solvents. The
reaction takes place in two hours, and in some cases in 10-20 min. [6,7,14 ] ,
at 450C[ 7-17 ]. Dimethoxymethane was treated with iodotrimethylsilane at room
temperature to form iodomethyl methyl ether in 93% yield [18 ]. This product is
used to introduce the methoxymethyl [19 ]or iodomethyl[ 20 ]group into various
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organic compounds. The suggested mechanism is shown in equation (l)[ ﬂjJ:

. +
MeocH, oMe _191Me5  1-MeocH. oMe I"H.CT =
2 2 —_— 2
! -Me0SiMe *
SiMe, ICH,OMe

OMe| (1)

At 25°C acyclic ketals give the keton or aldebyde together with the trimethyl
silyl ester and alkyliodide in 84-97% yields[ 6,21 ]:

RR'C(ORZ)2 + MeBSiI—————~u— RR'CO + RZOSiMe + R

3
R = Alk R'R? = Alk, Ph (2)

2y

The reaction is carried out in methylene chloride saturated with propene to
scavenge hydragen iodide which is always present in iodotrimethylsilane because
of adventitious hydrolysis. The course of the main reaction is not affected, and
the 2-iodopropane is easily removed at low pressure.

If propene is not used, the yield decreases because of the competing acid-ca-
talyzed aldol condensation [6 ].

The reaction is suggested to proceed via an intermediate complex[ 22 ], then

an «-iodoalkyl alkyl ether which dissociates into carbonyl compound and alkyl

iodide:
,. RSiI _ or? )
RR"(OR"),—{RR'C_ , , ——3 % RR'CIOR (3)
R ~R7Si0R
1'_SjR33
) 2 ' 2 Voo 3.
RR'CIOR=——=RR'CO + R“I R,R' = H,Alk; R’ = Me,Fft

The formation of « -iodoalkyl ethers from acyclic acetals and iodotriethylsi-
lane has been confirmed by NMR and UV-spectroscopy [ 22 ].

Acetals can be converted into carbonyl compounds by means of systems generat-
ing iodomethylsilane in the reaction mixture directly. For example, the use of
trimethylchlorosilane and metallic iodides (or quaternary ammonium iodide) gives
ketons in 95-100% yields[ 8.9 | :

C1SiMe, /X1

RR'C(DRz)Z 2 RR'CO RZDSiMe3 + R%1
R = CH 4, -(CH,)5-3 Ph, 4-MeOPh (4)
X = Li,Na,K,Cu,Me4N, BuaN,MeBPhN

In presence of the bases such as 2,6-diterbutyl-4-methylpyridine or hexame-
thyldisilazane, iodotrialkylsilanes react with acyclic acetals to give methyl
vinyl ethers in 71-86% yields[ 15,23 ].



N + ! 3
(RCH,),C(CMe), i o (ReH)oC < Enz r (5)
0°C Bases | +259°C
f 3
RCH = C(OMe)CHzR (RCHz)ch
R = H,Alk

The products are easily separated[ 24 ] unless the reaction is carried out
at 25°C when carbonyl compounds are formed[ 6,7 ]. Acetals of unsymmetric keto-
nes generate two alkene isomers in equal amount[ 15 ]. The rate of the reaction
is very dependent on the nature of the solvent: it is higher in methylene chlo-
ride and chloroform (2.5-4 h) than in pentane or carbon tetrachloride (6-47 h)
[15].

Dimethylvinylideneacetal reacts with iodotrimethylsilane exothermically with
C-0 bond breaking to give alkyl iodide and methyl trialkylsilylacetate in quan-
titative yield[ 10,11 ]:

CH, = c(oMe), _F39il  p sicH. coome
2 2 ——— R35ICH, )
~Mel
R = Me,Et

Methyltrichlorogermane reacts with diethylvinylideneacetal (molar ratio 1:2)
to form 0,0-diethyl(methylchlorogermyl)vinylidenacetal in 38% yield[ 10] , the
HC1l which is formed being scavenged by the excess acetal.

At lowv temperatures (-78°C) the acetal fragment is preserved in the product:
MeGeCl

2CH,, = C(OEt)2

2 3 MeClZGeCH = C(OEt)2 7)

-EtC1,MeCO0OEL

There are some data on the reaction of acyclic acetals with chlorosilanes by
a radical-chain mechanism [12 ]. For example, dialkyl esters are formed in high
yield (93%) when a mixture of acetal and chlorosilane is treated by -radiation

in presence of 2% ditertbutyl peroxide[ 12 ]:

MeCH(OMe). + HSiCl,————=— MeCHC10Me + HC1,0SiMe
2 3 2 (8)

MeCHC1OMe + HSiCl MeCH,O0Me + SiCl

3 2 4

Acyclic acetals react with trichlorosilane very rapidly to form the «-chloro-
ether in quantitative yield, which transforms into ethyl methyl ether,

In reactions involving acetals, iodotrimethylgilane behaves not only as a co-

reagent but also as a catalyst. For example, under the influence of iodotrime-
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thylsilane, dealkoxylation of the acetal occurs with the addition of an alkoxy-
carbenium ion to a double bond [13 ]:

R $3 ) N 23 $a $s
A | ‘
Resi-C-C=c— R +réa7cor®), M35~ ~c ¢ oo gr® (9)
3 : < s 23 L 4
2 R CH.CI. R o
R 2tly .

R'...R8 = Alk
The reaction of unsaturated acetals with butyl-lithium in tetrahydrofuran at
low temperature (-78°C), followed by treatment with trimethylchlorosilane leads
to (trimethylsilyl) acetal which is hydrolysed by aqueous acetone in presence of
catalytic ammounts of paratoluenesulphonic acid to form ci-trimethylsilylpro-

penal in 73% yield []2 }:

He;SiC1 Sitles
CH2 = CBI‘CH(OEt)Z + BuLi CH2 = CCH(OEt)2 (10)
0 f Hy0
CH2 = E-CMe .
SiMe} CH, = C(51M83)CHD

The reaction is preparatively valuable because it provides a route to unsatu-
rated silyl-substituted ketones in good yields,
Acetylenic organosilicon acetals react with sodium, and then readily with or-

ganochlorosilanes or organotin chlorides by reaction (II) [25 ]:

0SiRy ’ _ 0SiR
Na, (R )3MC1 MeCH

N - 2
OC(R'),C = CM(R),

- 3
MeCH <

OC(R')ZC = CH (11)

R,R',R® = Me,Ft M = Si, Sn

1-Alkylthio-1-(trimethylsiloxy)alkanes react with iodomethylsilane with C-0
bond breaking giving «~-iodosulphides in 90% and higher yields [26 ]:

_SR! MeSiT 1
RCH ——— RCH_ + (Me3Si)20 (12)
OSiMe3 SR!
R = R* = H,Me

Heteroanalogues of acyclic acetals react with halosilanes to form trimethylsi-

1yl ethers of methylamines, methylamides, etc.[ 27] :

) X
L 0SiMe;  R39K Hye
H,C X = Cl1,Br,I ‘N(Alk)z (13)
N(ALk),
1 RMgX,Me}51I R

Hol~ N(Alk)2



143

In these reactions acyclic heterosubstituted unsymmetric acetals can be re-
garded as the effective amino- and amido-methylating reagents at C, 0 or N-atoms
leading to Mannich type Condensations under neutral anhydrous conditions[ 27 ].
Their reactivity is in some cases higher than that of such traditional amino-
methylating reagents as methylenamides and & -aminoethers [28,29 ].

In contrast to unsymmetric heterosubstituted acyclic acetals, the aminals re-

act with iodomethylsilane to form a salt and silazane [ 30 ]:

Me3SiI +
T R —— - ' - 1 ;
RCH(NR'Z)2 R 2NCH(R)I?IR2 RCH = NR 2 I +R 2NSlMe3 (14)
RyR* = Alk I - SiMe

3

Phosphorus acetals react with two molar proportions of iodotrimethylsilane
at 0°C to give bis(trimethylsilyl)dialkoxymethylphosphonates and thence stable
phosphonium salts[ 31 ]:

Me,Sil Me,Sil
(RU)ZP(U)CH(UR)Z—L—;(Me3SiU)ZP(0)CH(0R) o — (MeSio);l;f:H(m:z)2 I~
(MeBSi)ZNNa
(15)
R = Alk

It is interesting to note that phosphonium salts can be transformed into ini-

tial phosphonates by treatment with sodium bis(trimethylsilyl)amide[ 31] .

REACTIONS OF HALOGENOSILANES WITH CYCLIC ACETALS

Halogenosilanes react with cyclic acetals with ring opening giving halogeno-
silyl ethers and acyclic dihaloethers[ 32,33 ]:

RY n_R° 4 3
. R R
Ry ' ' 2
— =R mSiX UCH(CHZ)nCHUCR'R X

D:><:0 m-1
RY g2
2

(16)

R',R™ = H,Alk m=l1l...4 h =0,1,2
R2,R% = Me,Et,Ph R = Alk,Ph
N -0z X = C1,Br,I

The reaction with cyclic acetals proceeds under more severe conditions than
the reaction with acyclic acetals (see Table).

Halogen-containing solvents (dichloromethan, chloroform, carbon tetrachlo-
ride), as well as high-boiling amines such as quinoline (to act as solvent and

HC1l acceptor) have been used (see Table).
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Monomethoxyderivatives of tetrahydrofuran and tetrahydropyran under the influ-
ence of halogenotrimethylsilanes transform into the corresponding halogenoderiva-

tives in 86-100% yields [ 32 J. In this case the exocyclic bond C-0 reacts:

(CHZ) (CH

+ Me}Slx-———————*—[:;\ /:ij\\\\
0 OMe

n = 0,1 X = Cl, Br

(17)

The yield of the final product increases to 86% when a trichlorosilane is
used but the reaction proceeds slouly [ 27} .

2,5-Dimethoxytetrahydrofuran reacts with trimethylhalosilanes to form 1,4-di-
bromo-1,4-dimethoxybutan rather than 2,5-dibromotetrahydrofuran as was expected.
1,6-Dimethoxytetrahydropyran behaves in the same vay being converted into 1,5-
bromo-1,5-dimethoxypentane:

(CH,) CH,)
+ Me SlX //J::f //:L\\ (18)
CMe

Under the influence of iodotrimethylsilane, bis(iodomethyl) and bis- «-iodo-

alkyl ethers are formed from trioxanes in quantitative yield [3& ]:

:>—R + Mezsil —— RCHJOCHIR + (MEBSi)ZU (19)

R
>—‘D
R R = H, Me

The reaction of iodotrimethylsilane with 1,3-dioxolanes proceeds rapidly in
mild conditions (at -78°C, 10 min) (see Table) [ 32-35]:

ol

0 a + M63511 —— Me3510(CH OCHRI

272
(20)
R R = H, Alk, Ar

The «-iodoethers show characteristic signals in the NMR spectra of the reac-
tion mixture.

The reaction of 1,3-dioxanes with iodotriethylsilane proceeds in the same
way[22, 36:[:
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R R

\}>><%/ + 1SiEt; — ICH,OCH,C(R),CH,0SiEt, (21)

0 0
~
(R = H, Me)

The NMR-spectra of the reaction mixture (-70° - -10°C) suggest that the ini-
tial «-iodoether reacts with the dioxolane to form an acyclic acetal which,
like 1,1-dialkoxyalkanes, reacts rapidly with iodotrimethylsilane in two senses:
either it transforms into two «-iodoether molecules or into 1,3-di(triethylsi-
loxy)alkane and 1,3-di(iodomethoxy)alkane [22,36 ] :

R

R
3 Ets
3%
555

ICHZOCHZC(R)ZCHZOSiEt SiOCHZC(R)ZCHZUCH OCHZC(R)ZCHZOCHZI

2

. (22)
2ICH,0CH,C(R) ,05iEt4

Et SlOCH C(R) CH 051Et + ICH OCHZC(R) CH O0CH, I

2

Raising the temperature (to 20°C) leads to the appearance in NMR spectrum of
the signals which indicate the formation of CHZI groups by the dissociation of

& ~1o0doethers:

ICHZDCHZC(R)ZCHZOSiEt————————~—ICH C(R) CH 051Et

3 3
—CHZD

(23)
ICH,OCH, € (R),CH,OCH [——— = ICHC(R),CH, I

2 2 CHZU

At higher temperatures (8...+15°C) iodomethylsilane splits cyclic formals to
form iodomethyl-o~iodoalkyl ethers [ 37 ]:

(CH,y)
Me45il
J \b ICH,0(CH,) T + (Me5i),0 (24).
~ "

n = 2,3

The size of the ring controls the reactivity[ 37 1. With a phenyl group at
position 2 in 1,3-dioxolane, the main products are &-iodoethyl benzoate, diio-
doethane and hexamethyldisiloxane [ 37] :

»

;><i + 4MeBSiI—*-PhCHZI + PhCODCHZCHZI + ICHZCHZI + (Me3Si)20
P H

(25)

Again 2,2-diphenyl-]l,3~dioxolane with iodotrimethylsilane forms three main

products: diphenylketone, diiodoethane, and hexamethyldisiloxane[ 37 ]:
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[aw]

0 + 2MeSil —= PhCO + ICH,CH,I + (MejsSi)zO (26)

Ph Ph

Unlike acyclic dimethyl- and diethyl ketals which fully transform into the
corresponding ketones, 1,4-di0xoaspir0[ 4,5 ]decane under the action of icdotri-
methylsilane gives a mixture containing only 20% of ketone, other products were
not identified [ 6 | .

The reaction of 1,3-dioxolane with equimolecular ammounts of tetrachlorosi-
lane and other organochlorosilanes (methyltrichloresilane, phenyltrichlorosilane,
dimethyldichlorosilane, trimethylchlorosilane) has been studied. This reaction

proceeds without catalysts under pressure at 175°C [ 38 ]:

R, SiCl  + —~— R, SiCl__, (OCH,CH,O0CH,CL) +

b4-n Q\\//D 272

(27)

R SiCln_z(DCHZCHZUCHZCl)2

4-n

=]
1]

Alk, Ph
n=1,2,3

The reactivity of organosilanes depends on their structure: tetrachloresilane
reacts with 1,3-dioxoiane in 20 h with 71,3% conversion, but trimethylchlerosi-
lane is almost unreactive under the same conditions. The reactivity of the si-
lane decreases with increase in the size of the substituents at the silicon atom
[38].

Experiments on substituted benzodioxolanes[ 39 ] and 1,2-methylenedioxy-3-
methoxybenzene [ 40 ] show that dissociation is impossible under the reaction
conditions recommended for simple aromatic ethers[ 41,7 ]. Reaction proceeds
vhen chlorinated dissolvents (dichlorometane, chloroform) are replaced by aro-
matic amines (especially quinoline)[ 42,7 ]. In substituted benzodioxolanes the
reaction proceeds with halogenosilanes involving the methoxy-group of the aro-

matic ring but not the acetal group:

. 0SiMe; 5 OH
< U MeSil < ]Q/ MeOH <g© (28)
qu1n011ne Mel -Me Si0Me

The methoxy-group in the substituted isoquinoline in equation 29 is selective-
ly abstracted in presence of 1,4~ diazobicyclo[ 2,2,2 ] actane to form the hydro-

xyisoquinoline [ 43

<<J© +MeSlI - = < (29)
N - Me

OH
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5-Methyl-1,3-dioxolane-4-on reacted with iodotrimethylsilane to break the
€(2)-0 bond and form a trimethylsilyl iodoether [ 16] , i.e. the carbonyl

group was unchanged:

Me}SiI (30)
Q\//D .—___u__._ICHZOCH(Me)CDOSMe3

At the same time reaction of ethylenecarbonate with bromotrimethylsilane in-
volves decarboxylation leading to p-bromethyl trimethylsilyl ether. Reaction
with iodotrimethylsilane leads to 1,2-diiodoethane formation [ 44 ] :

M93511 } MeBSiBr

ICH,CH,I 0 0 —————————-Me3SiD(CH2)ZBr (31)

22
- co, \ﬂ/ ~co,

0

REACTION OF HALOGENOSILANES WITH HETEROANALOGUES OF CYCLIC ACETALS

Only a few papers on nitrogen- and sulfur bearing acetal analogues with halo-
genosilanes have been published, In most cases reaction proceeds with ring open-~
ing and the corresponding halogenosilyl derivatives are formed. The reactions
are usually carried out in cyclohexane, dimethylsulfoxide, dimethylformamid
(see the Table).

For example, 2-methyl-1,3-oxazolidine and 2-methyl-4,5-dihydro-1,3-oxazine
react with trimethylchlorosilane to form compounds containing an amido group in
87% yield [ 45]:

///ECHZ)n
HN \/ g MesSiCl ¢ CH,), NHCOMe (32)
Le n=2,3

1,3-0xathiolane reacts with iodotrimethylsilane and transforms into an iodo-
methylthioether at 0°C [ 32]:

O\\v//ﬁ ——HEQEiE-'MeBSiAE::; I — MeBSiU(CHz)ZSCHZI (33)
It is supposed that oxonium ion is formed electorally because the second pro-

duct trimethylsilylthioester was not indentified in the mixture [32 ].
Thioketals react differently with halogenomethylsilanes. 1,4-Dithiospiro

[ 4,5] decane does not react with iodotrimethylsilane in boiling carbon tetra-

chloride [ 6,7 }during 24 h,
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On the other hand, 1,3-dithiolanes react with iodo- or bromtrimethylsilane

in dimethylsulfoxide giving ketones in 6-24% yield [ 48] :

5 5 MeSiX,H,0
>< —= 4 RR'CO (34)
] o X = C1,Br,I

Di(2-phenyl-1,3-dioxolane)-2-yl and 2,2-ethylendithicadamantane give di(phe-
nylketone) and adamantane in 6 and 28% yield respectively [ 48] .
A nev route to 2-substituted-l,3-oxathiolanes by trimethylsilyldelithiation

has been suggested:

Y @

0 S + Me_SiCl — 0 S

3 \7// (35)

Li SiMe3

The reaction proceeds in tetrahydrofurane under nitrogen at low temperatures.
The yield of 2-substituted-1,3-oxathianes is about 60-76% [ 17] .

REACTION OF HALOGENOSILANES WITH ORTHOESTERS AND THEIR ANALOGUES

Trialkylorthoformate reacts with equimolar quantities of trimethylsilane
[17] or bromtrimethylsilane [49—54] to form the corresponding alkylformates
in high yields:

CHCL,
HC(OR) 3 + Me3SiX ——=—HCOOR + MesSi0R + RX (36)
25°C
R = Alk X = C1,Br,F

It is interesting that chlorosilanes are more active than fluorinesilanes.
Cyclic orthoesters are less reactive than acyclic ones. 2-Ethoxy-1,3-dioxolane
does not react with trimethylchlorosilane at room temperature. After heating at
50°C for 10 h p-chloroethoxytrimethylsilane and ethylformate are formed in 70
and 78% yields [52] :

[ Me,SiCl
o 03 Me;Si0(CH,,) ,0CHOE
|

- Me.Si0(CH.),C1 (37)
-HCOOEt 3 2’2

OEt c1
The reaction is supposed to proceed by fission of an exocyclic £-0 bond with

the intermediate formation of a chloroacetal [ 52] .
Trans-1,2-iodo(methoxycarbonyl)cyclobutane is formed in 82% yield by the re-

action of orthoesters of cis-cyclobutane -1,2-diol with iodotrimethylsilane:
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] I

Q0 .

S Mgt + Me Si0Me (38)
MeO  Me 0COMe

The use of iodo- and bromotrimethylsilanes in reactions with saccharides to

transform the cycloacetal fragment into an ester is possible [ 45] :

) . 0

MB Slx 1]

0 0 —2 + MeCOCHCHX (39)
X = C1,Br 4

MeO Me

The two main reactions of halogenosilanes with acetals lead either to ester
or to carbonyl compaund.

At the same time it is possible to preserve the acetal group when there is
another active functional group in the molecule,

Thus the reaction of halogencsilanes with acetals reveals a wide potential

for the synthesis of compounds carrying halogeno, silyl or ester substituents.



150

“opTs
[
[2r] - C(430)H0-3 = GO U z-6°1 =1 Do8L- =
[tt] -
[ot] 86 4000%HaTS Y -
[6'8] s6-0¢ 0= 388 46260 =1 DY =3
NIEHD
4 62°0=1 2052 = 1}
7123 ‘1%
[1'9]  Lewd 0 = 3, % / F1oma
- Y
Yz =1 J00 =3 ‘°N
. "1 Srama 1ot
[sT]  é8-L5 T = HoY aueZeTTSTPTAY33WEXSY
WD
[¢] <65t SH0%HIT 4GS0l JeST 7 3
g ) ¢
SUO0T}TPUCD
CERITEREREN] s30Npold uoT}oB3Y

£ 10991 231000 = %4
S Z _2
4H1 TOTS*aK‘TINg (330)HIT97 = “H3
13 ‘el = Y ATY = d
1Tsy S = Ha ¢
nJ ‘s ‘eN ‘T7 = i
Hz\ﬂuﬂmmmz 33 ‘oW = mm
ATY ‘8l ‘H
Sy (%) = RTRY
< Z
T =]
17573l (D)3 Y Y
ATY ‘ud = Nx
13 ‘el = Hm.m
] 240 <
1TS™3N 2% °z
”
40
1155y C(own)%Ha 1
Z 1
(sueyTsouaberey) PTOTEH ‘ T390y
sjuabeay

arqel

SINYIISONIDOTYH GNY SAI0TWH

HLIM NOTLJ¥3I¥ STvL3JY 40 SLINSIYM ANV SNOTLIANGD



151

ATY = o
fantsd = uMmuo HO = ummuo
HJBW o155 ‘BN HJ9W
—_ m - m rd
[sz] 4750 4TS0 .
A .
- - -Q =
4 he0 =1 ‘D60 = 3 £ 132020 ("HY)-"ne ¥
Y N 13 ‘1 = X 33 ‘14T =
1 ~ z 4 .,
[ of] 96 X N = HOY ‘3H1 ‘0%33 xtsfay (SuN) Hy 9
7
Yy 8-£*0=1 .
JaBL= = JoOb- = 3 3370 = Y
Y Y
Lysy ¢ 11550y ATY ‘ON = Uy ATY ‘o = 4 +
g0-0-00=
- 11 \
[v1] o6 i %12%0 2(440)3, ugH U0 = M )ITSTY *
¢ =
ATY ‘ud = 4
Z 33 ‘oW = ﬂm.m
HOH Y yT=21
z
Z Z < Nxo
[€1] <6-s¢ (330)3 = [HOHD™Y uoT3eTpEl-| TOTSH S 52y
0 )
g q ¢ Z 1
*juoo  arqe}



152

I ‘I8 ‘13 = X g

YN 0
[cc] oot-ve - xts*ay) . I
(“Hay” (%)
[c] - 1ualhar 11s%ey 0
(] - ag%uo®uoorstau agrstay o\\Lh//o
4T =2 300 = 3 o~
[2091] - 1512021y 1300075 a1 °ra%a 11550y 0 1 ot
D“
4 6°0-T'0 =1
Jo8L~ = 3 1y ‘e ‘H o= Y
y 2
! z.2 ¢ ¢ 0
[ec] oc-0s 1H30° (“Ha)0tstan aueXayOTIAo 17559y m|LA
0
¢ (19%00-12%30) " Tats”
4 ud ‘33 ‘an = y
(T2"H20 yg =1 N
2By U U= T 0 0
[8c] T1-09 -“Ha=Ho0) ot T 2005T-00T = 3 p=1 = u ‘a5 Ty ‘6
[te] - “(40)H3¢0) 4 (0155 oM) 1755y “(y0)Ha(0)dl (0y) "8
ATV = Y
2y ATY = Y .
<~ N
[tz ] - _ W I ‘19 ‘13 = X T
X . c p
XTS5y TS0
3 7 ¢ 2 T

*3u0D 8Tge)



153

1 fag - X d
>
[en] 86-c9 0 = 2.y Y hz-9 =3 xtstay s 5
mwwwxl 308L- = 3 TS ‘ug ey = X T
[ct]  oe-o9 s” o Zy tausxay ¢H1 1oxEam MHHHHHUW
U Z'0 =2 Je8L- = 3
\/
(] - 1°ma s®(“ayorsfen  ON ‘euexsyoroako 1155ey w ﬂ .
£z=u oy
Y 09-¢ =1 L
2006-0Z = 3 HdS TN T = X 0 "
[ov] 6609 aWoaH N”'(%Ha)X VWG “HOSH XH 30 xrsteu N2 g
W ‘W =y
¥
w ﬂ yg=Y>) 0—
[v] 9656 ¥ - OH) - Y o0t = 3 175%0K , \
DlA
y
1°0 = u
3| W
HWN WO X X 0 18 ‘12=X alo 0 09K
[¢€] oor-v8 - xts<au ,/AH”\ /MHM\\
u
(%H2) M)
S 7 ¢ Z T

*3u00 arqe)



154

y 1170 =23

NJ@L oW o
Y61 =) X
2009 = 3 0 0
g ‘10 = X _
T T
[sn]  oc-ew XHO-HI=0(0)32H ‘1% XTs<aul
‘o1
uot=l @/
[ 2s] oL Ta(%Hayorstan 3006 = 3 1orstay 0 0 g
4 0I-$"0 =1 13 ‘e =
[ 2] € 4003H 300$-309% = 3 370 = X
¢ (o =
T =
420 -1 XTSt 13 ‘o = y
[ 67 ] - HOOJH 2067 = 1 agrstoy faoyan ot
G v ¢ z T

*3uod eTge]



REFERENCES

1 D.L. Rakhmankulov, R.,A. Karakhanov, S.S. Zlotsky, E.A. Kantor, U.B. Imashev,
A.M, Syrkin, Khimiya i tekhnologiya organitcheskikh vezhestv, Moscow, VINITI,
1979, 79.

2 0O.L. Rakhmankulov, E.A, Kantor, R.A. Karakhanov, Osnovnoj org.sintez i nef-
tekhimiya, Leningrad, Leningradsky tekhnal.inst., 1973, 11, 3,

3 D,L. Rakhmankulov, E.A, Kantor, R.A. Karakhanov, Osnovnoj org.sintez i nef-
tekhimiya, Leningrad, Leningradsky tekhnol.inst., 1979, 29, 3.

4 D,L, Rakhmankulov, A.M. Syrkin, R,A.Karakhanov, E.A. Kantor, 5.S. Zlotsky,
U.B. Imashev, Fiziko-khimitcheskiye svojstva 1,3-dioksanov, Moscow, Khimiya,
1980, 143,

5 M., Jung, M,A, Mazurek, R.M. Lim, Synthesis, (1978) 588.

6 M.,E. Jung, W.A. Andrus, P. Ornstein , Tetrahedron Lett., (1977) 4175.

7 A.H, Schmidt, Aldrichimica Acta, (1981) 2.

8 T. Morita, Y. Okamoto, H. Sakurai, Bull. Chem. Soc. Japan, 54 (1981) 267.

9 T, Morita, Y, Okamoto, H. Sakurai, Chem. Soc. Chem. Commun., (1978) 874.

10 A.G. Shipov, G.S. Zajtseva, U.I.Baukov, J. Org. Khimii, 54 (1984) 2156.

11 G.S., Zajtseva, U,I, Baukov, I,F. Lutzenko, Vsesouznij simpozium, Stroenie i
reakzionnaya sposcbnost kremnijorganitcheskikh soedinenij. Tez, dokl; Ir-
kutsk, (1985} 152.

12 0, Hiroshi, T, Jiro, Synth, Commun., 12 (1983) 1015.

13 R. Nakao, T, Fukimote, J. Tsuji, J. Org. Chem., 37 (1972) 4349.

14 H. Sakurai, K., Sasaki, A. Hosomi, Tetrahedron Lett., (1981) 745,

15 R.D, Miller, D.P. Mokear, Tetrahedron Lett., (1982) 323,

16 D.C. Michmore, F.W. Dahlquist, Biochem. and Biophys. Res. Commun., 3 (1979)
599.

17 K. Fuji, M, Veda, K. Sumi, E. Fujita, Tetrahedron Lett., 22 (1981) 2005.

18 M.E, Jung, M,A, Mazurek, R.M. Lim, Synthesis, (1978) 588.

19 T. Morita, Y. Okamoto, H. Sakurai, Tetrahedron Lett, (1978) 2523.

20 E.E. Yergozhin, S,.R. Rafikov, B.A. Mukhitdinova, Izv. AN Kaz. SSR, ser.
khim., (196%) 49.

21 J, Thiem, B, Meyer, Chem, Ber., 113 (1980) 3075.

22 M.F, Tchegodaeva, I.N.Syraeva, Khimiya, neftekhimiya i neftepererabotka. Tez.
dokl, Ufimsk. neft. inst. - Ufa, (1984).38.

23 1.N, Syraeva, M,F., Tchegodaeva, T.K. Kiladze, R.S, Musavirov, E.A. Kantor,
1.M, Paushkin, DAN SSSR, (1985) 280, B896.

24 1, Kozarych, T. Coher, Tetrahedron Lett,, (1980) 3959,

25 E.G, Lisovin, N.V. Komarov, III Vsesouznij simp. Stroenie i reaktz. sposobn.
kremnijorqg. soed. Tez. dokl.,Irkutsk, (1985) 151,

26 T. Aida, D.N. Harpp, T.H. Chan, Tetrahedron Lett., (1980) 3247,

27 V.P. Kozukov, Vikt.Ps Kozukov, V,F. Mironov, III Vsesouzn. simp. Stroenie i
reaktz. sposobn. kremnijorg. sced. Tez. dokl.,Irkutsk, (1985) 157.

28 V.P. Kozukov, Vikt.P. Kozukov, V.F. Mironov, Zh. Obzhej Khimii, 52 (1982)
1386.

29 V.P. Kozukov, Vikt.P. Kozukov, V.F. Mironov, Zh. Obzhej Khimii, 53 (1983)

2091.

30 T.A. Bryzon, G.M, Bonitz, C.J. Reichel, R,E. Dardis, J. Org. Chem., 45
(1980) 524,

31 M.V. Livantzev, A.A. Prizhenko, I.F. Lutzenko, III Vsesouzn. simp. Stroenie
i reaktz. sposobn, kremnijorg. soed. Tez, dokl,, Irkutsk, (1985) l48.

32 G.E. Keysen, D.E. Jerry, J.R. Barrio, Tetrahedron Lett., 35 (1979) 3263,

33 T.H, Chan, S.D. Lee, Tetrahedron Lett., (1983) 1225.

34 M.G. Voronkov, V.G. Komarov, A.I, Albanov, I.M. Korotaeva, A.I. Dubinskaya,
Izv. AN SSSR, ser. khim., (1981) 1391,

35 3.D, Bryant, G,F, Keyser, I.R, Barrio, J. Org. Chem., 44 (1979) 3723,

36 M.F. Tchegodaeva, I.N. Syraeva, Khimiya, neftekhimiya i neftepererabotka.
Tez. dokl., Ufimsk, neft, inst,, Ufa (1984) 35.

37 M.G. Voronkov, G.G. Putilova, G. Dolmaa, V.G. Komarov, A.I. Dubinskaya, III

155



156

Vgsesouzn, simp. Stroenie i reaktz. sposobn, kremnijorg. soed. Tez. dokl.,
Irkutsk, (1985), 146.

K.A. Andrianov, G.A. Kurakov, L,M. Kharanashvili, Izv. AN SSSR, 12 (1964)
2234,

G.K. Hydges, J.Sci. Res., Ser A, 5 (1952) 206.

M.E. Jung, M,A. Luster, J.Org. Chem., (1977} 3761.

F. Dallacker, Chem, Ber., 102 (1969) 2663,

J. Minamikawa, A. Brossi, Tetrahedron Lett,, (1978) 3085.

J. Minamikawa, A. Brossi, Can. J. Chem., 57 (1977) 1720,

H.R. Kricheldorf, Angew. Chem., Int. Ed. Engl., 18 (1979) é89.

M.W. Logue, Carbohydr., 40 (1975) C9.

S. Saito, H. Tamai, Y. Usui, M, Inaba, Chem. Lett., 1243,

K. Schank, R. Wimes, V. Ferdinand, Int. J. Sulfur Chem. (1973} 8.

G.A. 0lah, S.C. Narang, A.K. Mehrotra, Synthesis, (BRD), (1983) 965.

M.E. Jung, G.L. Hatfield, Tetrahedron Lett., (1978) 4483,

A.H. Schmidt, M, Russ, Chem. Ber., 114 (1981) 1099.

M.L. Shorr, J. Amer. Chem. Soc., 74 (1954) 1390.

G.B. Bagdasaran, L.Sh, Iriyan, K,S, Badalyan, M.A. Sheiranyan, M.G. Indji-
kyan, Arm., khim. zhurnal, 35 (1982) 404,

W, Hartman, H.G. Heine, D. Wendisch, Tetrahedron Lett., (1977) 2265.

M.S. Newman, D.R. Olson, J. Org. Chem., 38 (1973) 4203.



