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S-ry : The synthesis of (E)-allyltrlmethylsilanes by regio- and stereocontrolled pathways is 
described based on the preference for Krief-Reich elimination over silicon-controlled rearrange- 
ment in @-seleno- f-silyl alcohols, readily available from aC-selenoaldehydes, 10 - 12. 
Usefulness of this protocol for the introduction of the allylsilane function d to the carbonyl 
group in cycloalkanones as well as for the preparation of unsymmetrically substituted allyl- 
silanes is also reported. 

Intcoduction 

Allylsilanes1'2 occupy a pre-eminent place In the organic chemist's arsenal of 

selective carbon-carbon bond forming reagents and a number of methods 
3 
for their synthesis have 

been developed over the past several years. Nevertheless, interest In the development of newer 

and more efficacious routes to these species continues unabated. In particular, the problem of 

regio- and stereocontrol still remains and, therefore, further development of highly reglo- and 

stereocontrolled routes to allylsilanes is required to reply to their synthetic potentiality. 
4 

We have recently reported5 a new method for synthesizing terminal (El-allylsllanes 

from the d-selenoaldehyde 10 and alkyl/aryl halides or cycloalkanones by making use of 

Krlef-Reich reaction6'7 in the crucial olefin forming step. Herein, we report on the full 

details of that work together with the application to the synthesis of unsymmetrically substitu- 

ted allyltrimethylsilanes. 

1. S&uztegy 
In 1976 Warrenet al' showed that exposure of 3-trimethylsilyl-2-phenylthio substi- 

tuted alcohols to acids leads to specific allylic sulfides by silicon-controlled rearrangement. 

In 1982 Itoh et al9 made the observation that 2-hydroxy-3-trimethylsilylpropyl selenides on 

treatment with tin(II) chloride give mainly allylic selenides, while a novel rearrangement to 

fl -trimethylsilylpropanals predominates when silver nitrate-Celite is used instead of tin(II) 

chloride. These reports and the observations of Krief et allo that l-hydroxy-2-silyl-2-seleno 

species can be induced to undergo a stereoselective anti-elimination of the hydroxy and selenyl 

moieties leading to substituted vlnylsilanes prompted us to investigate the chemistry of the 

related 3-trlmethylsllyl-2-phenylseleno substituted alcohols where two competing wdes of 
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olefination processes, e.g., 1+2+3 and 132-34 are conceivable under Rrief-Reich &ml- 

nation6'11 conditions (Scheme-I). As will be discussed shortly, the former mode of reactivity 

was found to be the exclusive lla 
pathway under s given set of conditions thus providing a general 

route to allyltrimethylsilanes. 

It was envisaged that the requisite P-seleno- j-sllyl alcohols 1(X - OH) would be 

available by addition of Grignard reagents or aldol reaction on<-selenoaldehydes l(X,R” 0). 

In the first phase of this work, therefore, the development of an efficient route to these 

Three different oC-selenoaldehydes, 10-12, were used In this study. 

scale preparation of 10, the most convenient starting material appeared to be the 

In fact, a high-yield and one-pot synthesis of 9(E-isomer only) was reported by 

by reductive silylation of acrolein. Unfortunately, several attempts to reproduce 

For a large- 

enolsilane 9. 

Picard et al 
12 

this prepara- 

tion’,$ave in our hands a consistently poor yield ( ~10%) of 9 contaminated 
14 

with other uniden- 

aldehydes was taken up. 

2. Pkepaaation 06 d-AetenoatdehydeA 

tified materials. We, therefore, resorted to an alternate synthesis of 9 starting from the 

commercially available alcohol 7 
15.16a 

which was prepared in about 8flX yield by quenching of the 

Normant's Grignard reagent 6 16b (prepared from 5) (Scheme-II) with trimethylsilyl chloride and 

hydrolysis of the sllyl ether 7 (R-H; R’ = SiMe3) with aqueous acid. 
12.18 

Swern oxidation: of 7 and 

enolsilylation of the aldehyde 8 under the conditions described by Miller et al gave 9 as 

a predominantly W-isomer (contaminated with about 10% 
12 

E-isomer, from ‘H-NMR)i Finally, 

treatment of 9 with phenylselenyl bromide 
20 

at a low temperature gave the desired reagent 10. 
21 

Incidentally, a direct preparation of 10 from 8 under the conditions described by Sonoda et d 

resulted in a very poor yield ( ~10%) of 10. Following an identical protkol, 11 and 12 were 

prepared as mixtures of diastereomers from the known lntermidiates 13 
16a and 19.22 1316a was 

made either via 17a (prepared from 15 16a via 17) or via 16 (prepared via lithiation 
23 

of 17) 

and exposure of these species to trimethylysilylchloride followed by hydrolysis. 1922 was made 

from methyl 3-phenyl-3-(trimethylsilyl) propanoate 
24 by IAH reduction to 18 and Swern 

oxidation of the latter. 
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H R H 
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8,R’H 9,R-H 

14, R = Ne 20, R * Me 

19, R - Ph 21, R * Ph 

10, R - Ii 

11, R = Me 

12, R = Ph 

a) ‘E!uMgCl; bl Hg z Li; cl Me3SiC1; dl H20+; e ) (COCl)2/DMSO/Et3N; f) Ne3SiX/HN(SiMe3)2; 

8) PhSeHr 

3. PkepaffaC.on oh P-&eteno-~-h&t aCeoho% 

The alcohols 22a-g were prepnred in Hood yields (40-90X) by the addition of 10 to 

the respective Crignard reagents in THF or ether as shown in the Table. In all cases, the 

L-diastereomerZ5 kas stereoselectively formed. 

Interaction of 10 with phenylmagnesium bromide gavea mixtureof twodiastereamaric 

alcohols 22s and 23 (1:~ = 92:8) which were sepsrated by chromatography (Scheme-III). The major 

diastereomer was identified as 1 - 22e by ‘H-NNR from the coupling constant (J 

between HA 6 HH. The minor isomer u-23 was also characterized by lH-NMR 
HAHBV 2.4 HZ) 

(J ~7.2 Hz). 
HAHR 

Scheme - III 

MqSi 

10 e -22e 

Interaction of 10, on the other hand, with aliphatic 

‘C3N7-, PhCH2CH2-, etc.) produced only one diastereomer in each 

u-23 

Grignard reagents (RMgX, R = 

case which were tentatively 

assigned the i-configuration. The homogeneity of the crude productron Tl,C(silica gel) indicated 

their absence from the u-isomers as ,@-seleno alcohols are usually separable 6e under these 

conditions. Confirmatlon of stereochemical assignments to these alcohols came later through 

tbetr stereospecific conversion into pure (B)-nllvl.silanes. 
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Table 

Reagent Alcohol 
(Yield, %) 

Methoda Allysilane 
(Yield, %) 

n- c7H15MgBr 

22a l85%1 

n- ~~~H~5MgBr Me+id kH25” 

22b ( 60%Ib 

PhCH$H2Mg Br 

c) MgBr 

o- 0 Wr 

M 0 Mg& -o- 

I 
Me+i< CH2CH2 Ph 

22c (90%) 

Me$i& 

22d (40%Ib 

2 MesSi* 
0 

22e (80 o/o) 

WSi* Me 

22f (81 %I 

THPOCY C = CMgBr 

n-V-W%B 

22y ( 75%P 
Me OH 

b 

Mc+ 
)r 

C7H15” 

SePh 
22h t 72 % ) 

A 

B 

A 

B 

B 

A 

B 

B 

B 

24a (80 Xl 

Me3Si M ~$125” 

24 b(90% ) 

24c (80%) 

(92%) 

Me3Si-o 
24d (90%) 

MejSiT 

240 ( 90 “/.I 

mo%l 

24f (90%) 
Me 

24g ( 92%) 

Me 

Msjjik c7H15n 

B 2Ch (86%) 
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Ph Ph 

Mvi OH 
Li Al HL 

22i ( 94%) B 2ti (68%) 

(a) Method A : l'fsCl/gt3N/25°C, lh; Method B : 0=C(Im)2/toluene/l150C, 3h; (b) this Grignard 

reaction was run in THF; all others were run in ether 

The high diastereoselectivity in the Grignard addition step can be rationalized in 

terms of Felkin-Anh's rule 
26 

(the PhSe-group behaves as the largest group to which the incoming 

neucleophile approaches in an antiperiplanar relationship). Several examples of such high 

usymmetric induction in b-heterosubstituted carbonyl compounds have been described in the 

literature.27 

The lower yield in the case 22d is due to the formation of a substantial amount of a 

by-product, e.g., phenylselenocyclohexane 25a (C6H5SeC6Hll) formed by attack of the Grignard 

reagent on 10. The diastereoselectivity in the acetylenic Grignard reagent (BrMgCmCCH20THP) 

addition to 10 was somewhat poorer in comparison to the cases with phenyl and aliphatic 

Grignard reagents. The product alcohol 22g was a mixture of l-and u-isomers which could not be 

separated by chromatography. The diastereomeric ratio (1:~ = 87:13) in 

ascertained from 'H-NMR by integration of the TMS resonances. 

this case was 

Similarly, 22h was obtained as a mixture of diastereomers by the 

appropriate Grignard reagent to 11. Incidentally, addition of Grignard reagents 

12 led to a produc ?devoid of either ScPh or SIMc3 molctjca and prcfwmnhly 

1,4-silyl shift ((&yin the initially formed Grignard addition product followed 

addition of the 

(e.g., MeMgI) to 

formed by rapid 

by elimination 
28 

ofthe phenylseleno group and hydrolysis of the silyl ether. In this case change of 

reaction conditions (Grignard addition/quench at lower temperatures) did not, however, result in 

any of the desired product. On the other hand, LAH reduction of 12 at -20°C proceeded without 

event to give 221 as a diastereomeric mixture. 

4. Ode{-Reich ei%inaCon 06 fi-HydrroxyAelenided 

The Krief-Reich reaction 697 involves stereoselective conversion of 8-hydroxysele- 

nides, e.g., 1(X = OH) to olefins (Scheme-I) by elimination of the elements of RSeOH. For 

success of Krief-Reich elimination in the system 1, the following conditions were deemed to be 

important : 

a> 

b) 

c) 

the reactions should be run under neutral or mildly basic conditions to prevent protodesily- 

lation of the acid labile allylsilanes. 

the counter ion (X-) should be non-silicophilic so as to reduce the possibility of 

desilylation leading to allylselenides, e.g., 4. 

since the crucial olefin forming step (1+223) is rcvcrslhle, fast disposal of the aCtiv( 

electrophile (RSeX) is a must for success Of the n?nCtfOn. 
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An ideal choice seemed to be a combination of methanesulfonyl chloride an 

triethylamine introduced by Reich et al 
6b 

. It involves a relatively non-silicophilic methane 

sulfonate ion and the sulfone, e.g., CH2SOqLbformed from the excess reagent (MsCl/Et3N) plays th 

role of a scavenger to remove the active electrophile (RSeX) from the system. 

In the event when 22e was exposed to excess methanesulfonyl chloride/triethyl 

amine,6b the allylsilane 24e was cleanly formed in very good yield (90%) (Table). The isomer1 

purity of 24e was checked by capillary GLC and high-field 'H-NMR. Also no trace of any allylsele 

nide could be detected in the crude reaction product by 
1 
H-NMR. Under similar conditions, 22 

gave the allylsilane 24~. Capillary GLC, reverse phase HPLC (on AgNO3 impregnated column) an 

GC-MS of 24c indicated the presence of (E)-and (Z)-isomers in the ratio 99:1, respectively 

'&is also confirms the high diastereoselectivity in the Grignard addition step (1-22~) 

Similarly, other p-seleno-y-silyl alcohols (Table) resulted in the exclusivd7formation of th 

allylsilanes 24a-g in very good yields (> 80%) and high isomeric purity (> 98% E). Anothe 

reagent, e.g., N,N'-carbonyldiimidazole 
6c 

in hot tolune is also effective for this purpose. 

number of allylsilanes were prepared by this method. The yield of allylsilanes are excellent i 

every case (and, in fact, somewhat better than in the MsCl/Et3N cases) and the work-up procedur 

is also very simple. The TMS-signals of (E)-and (Z)-allylsilanes resonate at different fields. 
2 

Hence, the isomeric purity and characterization of these species could be done by $tNMR. Th 

(B)-allylsilanes in this work have been characterized by their olefinic splitting pattern an 

coupling constants(lH-NMR). 

Incidentally, 24h was obtained contaminated with about 10% of the corresponding 
Z-isomer as revealed from lH-NMR. AILSO treatment of 221 with N,N'-carbonyldiimidazole 6e 

gave 

(E)-1-phenyl-3-(phenylseleno)-1-propene 25b(E-C6H5SeCH2CH=CHC6H5(20%),rather surprisingly, 

in addition to the expected allylsilane 241 (68%). This is the only case where we observed 

evidence of the alternative silicon-controlled rearSangement pathway, e.g., 13.4 (scheme-I) 

leading to an allylselenjde. 

5. Int&oduc$ion 06 a&?y&ifZane &nc.Qon g to Ketonen 

The usefulness of the new method is further documented by the introduction of th 

allylsilane function Cc to the carbonyl group 3o in two different systems (Scheme-IV) in 
31 

predictable fashion. Diastereoselective aldol condensation of 26a with d-selenoaldehyde 1 

gave two diastereomeric alcoholic products 27a & 27b, separable by column chromatography. Eat 

isomer on treatment with N,N'-carbonyldiimidazole gave the same allylsilane 28a. Similarly, th 

condensation product 27~ (a 1:3 mixture of diastereomeric alcohols, as revealed from 'H-NMR) 

obtained from 26b and 10, gave a single allylsilane 28b. The olefin geometry of 28b ia tenta 

tfvely assigned to be (E). 

S,cheme-IV 

OSiMe:, 

26a 
27a, 27b 
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OSiMe3 u 

sible3 A- 
siMe3 

70% 

26b 

a> M&J.; b) 10; e) 0’C(id2 ; d) MsC~/~~~~ 

28b 

6. C~n~~~on 

In conclusion, a simp3.e and efficient synthesis of (~)-al~ylsilanea 

developed based on the <-seleaoaldehydes 29(R ‘=H)which serves as the hitherto unknown 

equivalent of 30 fRtp W> (Scheme-V). 

R’ 0 

has been 

synthetic 

Me+3 
R0 

H iz Me,5 --+ MesSi R 

29 30 24 

Extension of this protocol to the preparatfon of ~s~etrically substituted 

allylsilanes is pos~ible,a~thouSh,the process is attended with somewhat lower stereoselectivity. 

Fiaally, the special attractive feature of this method is the ease with which an allylsilano 

function is introduced 9 to the carbonyl group in cycloalkanones. 
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SoP#entr were dried by dfetillation from drying agents BS folfowe t diethylerher, TflF (eodiom bearophenone ketylf, 

ratbY&ps chloride ‘P203’. petrolarusr ether, beoreae, toluene Qk-mtsl). EMSO @2&$. Column chromatography and TIC 

ura carried out on eillce 841 (BDH, 120-200 mesh end 60HF254, respectively). b555o8 end meltinS points eXC U%%CO- 
rrscted, Unleee otherwiee epceified, gee liquid cbromatogtaphy I(CLC> vere carried out on Shlmedtu GC-711, fitted with 

flem iom5urtlon detceter eed gleea colomir Infrared apactre CIR) were recorded on Perkin-EImer (Model 783) Infrared 

l paetrophotometer 01 ParUn-Ur Wdel 283) Gretiog epectrometer. The ebeorptioa frequencies <gwx) are expressed 

5e veve number <cm-“). Proton ocreeet%c reeowmce ~pectnt (%-%RR) were mcotdcd OD. 40 HHZ Varieo A-60& 90 Lutz Veriaa: 

H-390, 100 HHs FT JeOL, 2UU #Hz Vurlen XJ. 200, 300 !Wz Nicolct, 360 Wiz Bruket, SOO.KHz Bruket sPectrometete ueinp, 
deuterocblcroform (CDCl3) or carbon tetrecblorlde (@x4) oe eolvoot. Tetrenetbyleilane (TM) wee used ee lnterw.1 
standard t&W PW) for compounds bmtng no tri~othylsi~yl grovp. otherwfse the erlncthylnflyl (TM>-~isnnl from ttn! 

cowwude wee teken as do&U ppw Hess spectra <MS) were recorded OR Jeol JHS-D 300, Shlmdru OP 1000, VC H~C~CJUWI 

707DP. Pianfgaa lO2D mutated Gc-HS inatrwents and epoctreldrte WS) eice given a@ m/z (re.?.Xf For eelenium contai- 
tie& co=pouede, eleW With the fre#W’&t ion ContetaiD8 8) Se, the ~888 apectrm rleo coatsins the peaks x+2, H+i, w-l, 
*2* H-3, H-6 of the Potent fra8eot loo M according to the abundance ratio of selenium fsotopea,ut,lcharenatoentfoned 

in the uswe epecttw deteile. 
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J-(Iriasthylsilyl)-I-propanol 7 

To . solotion of 3-~hl0ro-l-propeooi 5 (66.20, 0.7 mol) in dry THP (750 ml) at -2O’C under nitrogen WM added 

,,fth .tirriag . oolutioo of isobutylmsgnesium chloride (250 ml, 2.8 N in THF) in THF over a period of lh. After tk 

addition “es over. the mixturc’uss stirred st room temperature for 0.5 h and then heated under reflus for 15 mio to 

*rive out ell the buts= gas. After cooling to room temperature. magnesium turnin* (30 g, 1.25 a.atom) were sdded 

Eollowcd by l,t-dibromoethene (0.5 ml) and the mixture vss warmed gently ens usterbathwith stirringuntlla vigorous 

rcsction eet in. he mixture vss heated under reflus with stirring for 9 h and the Normsot’s Grigowd reagent 6 thus 

formed us traosferred under nitrogen into a flask with the aid of a cannula so ss to separate it from the unrescted 

msgnesium metel. To this was addeddropwise with stirring atO”C under nitrogen trimetl~ylsilylchloride (177011, 1.4 mol) 

durinl( 1 h. The resulting white semi-solid msss wee heated under reflux for 2 h and quenched with saturated aqueous 

aronicn chloride aolutioo (100 ml). Sufficent ice-water ~1118 added to dissolve the precipitated salt. The resulting 

two pbeser were separated and the aqueoue phase vss extracted with ether (4 x 200 ml). The combined organic extract 

conteieing 7 CR-HI R'-Sit+z3) wee treated wirb 10 ml concentrated IlCl, heated under rcflus for 0.5h sod left over- 

night at roam temperature. The mixture was washed with saturated aqueous sodium bicarbonate (3x100 ml), brine ClOOml) 

dried W@O,) end concentrated to afford B colourless liquid 7 (74~. 60%) : b.p. 67”C/lO torr (lit15 b.p. Ill-llZ’C/ 

96 torr); ‘H-NNR (90 WHL, CC14) d 0.00 (s, 9H), 0.40-0.77 (m, 211). 1.27-1.77 (m, 211), 3.53 (t. 211,.J’5.8 Hz). 4.13 (bs, ill). 

3-(Trimethylsilyl)-1-butanol 13 

(s). To a rolution of 17 (prepared iron 1.58 of 3-chloro-l-butano116a, following the same procedure (18 described 

for 6, R - Hi M - Cl, above) in THP at -40% under argon wee added lithium powder (400 mg, 0.0578. atom) and tk 

riXtUrE etirted et the eeme tempereture for lh. Thie wee slowly brought to c 5’C and stirred et the mame tempe- 

raturn fh- 1Oh and then filtered through e G-3filter. To the filtrate ~(18 added at 0-c trimethylsilyl chloride 

(3.7 ml, 0.029 nol), heated under reflux for 2h and ‘then worked-up as described for 7 to afford (1 colourle~s 

liquid, 13 (O.Sg 40X) : b.p. 67-69-C/3 torr; IR (film) 3340, 1250 cm-l; ’ H-NM (90 nHz, ccl*) d 0.00 (8. 9H) 

0.93 ( ds 3H) 0.60-1.90 (I, 3H). 3.34-3.67 (m, 2H). 3.91 (be, 1H); NS, m/r No M+. 131, 129, 128, 127. 115, 73. 

(b) Foflovis.6 the Same procedure described for 7, from 3-ctiorobutsne 1-o,16e 

(12 g., 
(lo.85 g, 0.1 mol.), tignesium turning 

0.5 S-atom) and Trimethylsilylchloride (25.5 ,,,,., 0.2 mol.) Yes obtained 13 as a colourless liquid (8.9 g, 61%). 
3,5-dinltrobenzoace of 13 : m.p. ; Found C, 49.41; 
H, 5.92 ; N, 8.30 : 

62-63’c; Anal. Calcd. for C14N20N206Si ; C, 49.41; H, 5.82 ; N, 6.24 

3- Phenyl-3-(Trimethylsi1yl)-1-propanol 18 

18 “es obtained by LiA1H4 reduction in ether of methyl 3-phenyl-3-(trimethylsilyl).propanoate 24 ss s white crys- 

talline solid : m.p. 55-56’C ; IR WlIr) 3230 (b), 1600, 1490,1450,1245cm -1;111-N4R (YOMllz,CC14) 60.00 (8, YH), 1.80- 

2.33 Cm, 3H), 2.75 (bs, 1H). 3.18-3.66 (m, ZH), 6.92-7.36 (m, SH); MS, m/z 208 (H+,O), 193 (2.6). 176 (l.O), 175 

(1.6). 165 01.5), 147 (l.l), 145 (1.4), 137 (ll.O), 135 (2.5),.118 (100.0). 115 (7.8), 105 (7.3), 104 (5.2). 103 (9.4), 

92 (4.8). 91 (14.6), 77 (7.0). 75 (42.0), 73 (100.0). 

3-(Trimethylsilyl)propanal 8 

To a solution of oxalyl chloride (15 ml, 0.17 q ol) in methylene chloride (400 ml) at -6O’C was added over s 

period of 0.5 h 8 solution of DMSO (25.5 ml, 0.36 q ol) in q ethylene chloride (30 ml). After stirring for 5 min 

the alcohol 7 (22g, 0.17 q ol) in methylene chloride (30 ml) was added during 10 min. Stirring was continued for an 

addltionel 15 min and triethylsmine (110 ml, 0.78 mol) was added. After 10 q in the reaction mixture was allowed to 

attain room temperature. Water (600 ml) was added end the aqueous phase extracted with q ethylene chloride (300 ml). 

The methylene chloride extract was washed successively with 5% aqueous HCl, saturated squeous sodium bicarbonate, 

brine and dried (MgS04). After removal of the solvent, the residue was distilled to afford s colourless liquid 8 

(17.2 8, 86%) : b.p. 71-73’C/79 torr (lit12’18 b.p. 58’C/30 torr); ItI-NNR (90 NHz, CC14) : 60.00 (8, 9H), 0.60-0.94 

Cm, ZN), 2.17-2.47 (m. 2H), 9.66 (t. 1H). 

3-(Trimethylsilyl)butanal 14 

The experimental procedure for the preparation of 14 was same as that described for 8.From 13C2.2 g, 15.116mmol) 

was obtained 14 (1.6 g, 74%) : b.p. .35’C/25 torr (lit2’ b.p. YO’C/25 ton); ‘II-N~.R (90 Mllz CC14) ~0.0,~ (s. Yll), 

0.83-1.50 (m, Ill), 0.95 (d,311), 2.05-2.65 Cm, 211). 9.70 (t, 111). 
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3-phenyl-3-(Trimethylsilyl)ProPa~l 19 

The exper~e"tal procedure for the preparatio" of 19 VBL) same as that described for 8. From 18 (4.16 8, 0.02~1) 

,,am obtained 19 (3.8 g, 90%) : b.b. 84-85'C/0.3 torr (lit 22 b.p. llO'C12 torr) ; lII-Nm (90 Mlz, cc14)do.oo (8, 9111, 

2.50-3.00 (m. 3H). 6.96-7.36 Cm. 5H). 9.63 (t, 1H). 

(Z)-l-(Tri~thylsilyloxy)-3-(tr~thylailyl)-l-prope"e 9 

T" ., stirrcd mixture of aldehyde 8 (17 g, 131 0001) in dry petroleum ether (SO-60°C) (1.5 lit) and h==thyl- 

dt*ilarane (35 ml, 166 ml) at -20°C under "itrcgc" 1~s added freshly prepared trimethylsilyl lodide32 (20 ml, 

141 mm01 owzr a period of 15 min. fit reaction mixture "(LB stirred under the seme condition for 20 min, at room tcmpe- 

=atUra for 2.5hand quenched with ice-cold saturated aqueous sodium bicarbonate solution (200 ml). The organic phase 

was thoroughly washed with water, 

si-m (90 NHZ. ccl41 I4 

brine, dried (t4gs04) and concentrated to give 9 (13.2 g. 50%) : b.p. 75-77=X/12 torr: 

0.00 (8, S-H), 0.17 b, 9H). 1.46 (dd, 2H. J-8 6 1.4 Hz), 4.40 (dt. 1H. J-s 6 6 Hz), 6.10 
(td, IH, J-6 6 1.4 Hz). 

(%)-l-(Trimethylsilyloxy)-3-(trimethylysilyl)-l-butene 20 

The eapcrim"tal procedure for the prepar.atio" of 20 (Z-isomer only) was same as that described for 9. From 14 

(1.35 g, 9.3 mmol) was obtained 20 (1.1 g, 55%) : b.p. SS'C/S torr; lH-NM (90 Miz, CC14) do.00 (8, 9H). 0.198 

(6, 9H). 0.97 (d, 3H, J-7.5 Hz), 1.77-2.16 (IO. lH), 4.20 (dd, lH, J-6 h 7.5 Hz), 5.97 (d, 1H. J-6 Hz). 

(B)- h (Z)-3-phenyl-l-(Trimethylsilyl"xy)-3-(trinethylsilyl)-I-propene 21 

oh= experimentaI procedure'for the preparation of 21 (1:9 B,Z - mixture) ~a8 88~ as that desc!ibed for 9 . From 

19 (4g, 19.5 mwl) was obtained 21 (3.8 8, 70%) : b.p. 95"C/O.3 torr; lH-NM (90 MHz, COC13) for Z-isomer : 60.W 

(8. 9H), 0.198 (a, 9H), 3.56 (d, 1H. J-12 Hz), 5.00 (dd, lH, J-6 6 12 Hz), 5.56 (t, lH, J- 12 Hz), 6.33 (d, lH, 

J-6 Hz), 7.09-7.59 Cm. 5H); for g-isomer : d 0.00 (B, 90),0.198 (a, 910, 2.84(d, lH, J-12 He), 5.56 (t, lH,J=12 llz). 
6.33 (d, lH, J-12 Hz), 7.09-7.59 (m. 5H). 

2-(Phenylsele"o)-3-(trimethylsilyl)propanal 10 

To a solution of 9 (9 g, 45 mmol) in dry ether (75 ml) at -8O'C under nitrogen was added with stirring 8 Solu- 

tion of phenylselenyl bromide [45.6 mmol, prepered from diphenyl diselenide(7.116 g, 22.g mmol) and bromi"c(3.56 g, 

23mmol) in dry ether (125 ml)] in ether over a period of Ih. After the addition was over the pale brow" solution was 

quenched into a saturated aqueous solution of sodium bicarbonate (100 ml) and extracted with ether (3 x 100 ml). The 

combinad l thareal extract wao washed with brine, dried (MgS04)and concenttated. The crude product "n chr"matography 
Over silica gel and elution with ethyl acetate-petroleum ether (60-80°C) (2:98) afforded 10 (9.7 R, 76.4%) as a pale 

yellow oil. This camaound was sufficiently pure for all synthetic purposes. A" analytical sample was obtained by 

distillation at reduced pressure : a.p. 65-68-C (batli$.Ol totf ; IR (film) 1705 (s), 1575, 1250 (8) cm 
-1 

; 'H-Nfl 

(100 MHZ, CC14) 60.00 (8, 9H), 0.81-1.31 (m, 2H), 3.62-3.82 (m, 1H), 7.18-7.62 (n. 5H), 9.24 (d. lH, J-4 Hz); EIS, 

m/t 286 tbl+. 0.5). 271 (1.0). 231 (1.8). 216 (4.7). 214 (2.56). 198 (3.0). 158 (13.0). 130 (95), 73 (100). 

2-(Phe"ylaeleno)-3-(trimethyleilyl)butanal 11 

The experimental procedure for the preparation of 11 was same as that described for 10 From 20 (1 g, 4.6 mmol) 

vae obtained 11 (880 mg, 64%) (1:l mixture of diastereomera) as a" oil : -1 IR (film) 1705, 1580. 1475, 1440. 1250 em ; 

lH-NMR (90 MHZ, CC14) d-0.00 (8, 9H). 0.03 (a, 9H), 1.18 (d, 3H x 2). 0.73-1.64 (II) IH x 2), 3.30-3.37 (m, 1H x 2). 

7.06-7.45 (m. 5H x 2), 9.22 (d, lH, J-4.3 Hz), 9.3 (d, lH, J-4.8 Hz); Ms. m/a 3OOh+, 2.6). 285 (1.2), 234 (1.3), 

232 (1.3). 228 (2.0). 226 (l.O), 217 (1.2). 216 (l.O), 215 (5.6). 213 (3.0). 212 (1.3). 211 (1.1). 158 (3.7), 157 (3.2). 
155 (5.0), 143 (45.0), 77 (11.3). 75 (19.2). 73 (100.0). 

3-Phenyl-2(phenylseleno)-3-(trimethylsilyl)propa"al 12 

The experimental procedure for the preparation of 12 vaa same as that described for 10. From 21 (3.03 g, 10.9 

mmol) was obtained 12 (1.5 g, 38%) (1:l mixture of disstereomers) as a" oil : IR (film) 1710. 1600, 1580, 1500. 

1250 cm-l; lH-NMit (90 HHr, CC14) do.00 (8, 9H). 0.137 (8, 9H), 2.60 (d, lH,, J-12 Ha), 2.66 (d, lH, J-12 HZ), 4.23 

(dd, 111, J-5 6 12 112). 4.18 (dd. 111, J-6 6 12 Hz), 7.00-7.85 (m, 2011). 9.19 (d, l,,, J-6 Hz), 9.46 (d, 111, J -5 He); 

MS. mft 362 @I+,, 347, 294, 293. 292, 217, 216. 215, 213, 205, 158, 157, 73. 
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Addition of Crignsrd Reagent8 (R&X) to CC- Selenoaldehydes. A General Procedure 

To a solution of the Grignard reagent (3 mmol, in ether or THP) at -95Y under nitrogen was added with stirring 

a solution of the aldehyde 10 or 11 (2 mm&) in ether or THP (1 ml) during 15 min. After the addition was over the 

reaction mixture was stirred under the mame condition for 2.5 h and then at -60°C for 0.5h. The reaction mixture was 

quenched at -60°C (in the came of 22h, the reaction mixture was brought to 0°C in lh and quenched) with aatu- 

rated aqueous NH4Cl solution (2 ml) and allowed to attain room temperature. After addition of sufficient water to 

dissolve the precipitated salt, the organic matter was extracted with ether (4 x 20 ml). The combined organic phase 

warn washed with water (10 ml), brine (10 ml). dried (HgS04) and concentrated. The crude product on chromatogrephy over 

silica gel and elution with ethyl acetate-petroleum ether (60-80°C) (5:95) gave the desired alchohol as a colourless 

thick oil. 

(-2-(Phenylseleno)-l-(trimethyleilyl)-3-dec8nol 22a 

IR (film) 3450 (b). 3070, 1590, 1490, 1450, 1260 cm -l; 1~-~ (90 MHZ, ccl41 go.00 (8, 9H). 0.60-0.95 (m, 5H). 

1.00-1.45 (bs. 13H), 3.05-3.42 (m. 2H), 7.00-7.50 (m, SH); MS, m/z 386 (M+, 1.01, 369 (2.61, 313 (l.O), 312 (1.2). 300 

(1.9). 299 (1.7). 258 (1.0). 257 (1.31, 229 (21.61, 213 (65.01, 158 (18.0). 157 (19.1) 139 (20.71, 97 (38.2). 91 

(24.11, 83 (78.8). 75 (41.8). 73 (100.0). 

L-2-~Phenylseleno~-l-~trimethylsilyl~-3-pentadeacnol 22b 

IR (film) 3450, 1590, 1490, 1260 cm -l; %-NMR (90 NHMe, CC14) 60.00 (8, 9H), 0.56-0.90 (m, 5H). 0.92-1.40 (ba, 

22~). 3.00-3.40 (m, ZH), 6.96-7.50 (m, 5H); MS, m/z NOM+, 439, 299, 282. 231, 158. 157. 73. 

~-2-~Phenylseleno~-5-phenyl-l-~trimethylsilyl~-3-pentanol 22~ 

IR (film) 3450, 1610, 1585, 1500, 1480, 1255 cm -’ 'H-NNR (90 MHz. cc14) 5 8 0.00 (8, 9H), 0.80-0.96 (m, 211). 

1.40-1.76 (m, 2111, 2.06 (bs, ill), 2.23-2.83 (ID, 2111, 3.10-3.53 (m, ZH), 6.90-7.50 (m. 1011); MS, m/z No M: 375, 317, 

236, 232, 219, 158, 157. 91, 73. 

~-l-Cycloheryl-2-(phenylseleno~-3-~trimethyl~ilyl~-l-propanol 226 

IR (film) 3460, 1590, 1485, 1260 cm-$'H-NMR (90 MHz, CC14) do.00 (8. 9H). 0.60-2.20 (bm, 14H), 2.86 (bd, lH), 

3.17-3.40 (m, lH), 6.95-7.45 (m, 5H); NS, m/z No M+, 353. 232, 213, 197. 158. 157, 123, 82, 73. 

'H-NW (90 MHz, Ccl41 of 258 : d 1.06 2.10 (bm, lOH), 2.93-3.36 (m, lH), 7.03-7.60 (m, 5H). - 

4- 6 u- l-Phenyl-2-(phenylseleno~-3-(trimethylsilyl~-l-propanol 22e 

IR (film) 3450, 1590, 1490, 1260 cm -l; 'H-NNR (90 Mllz, Ccl41 of L-22e : do.00 (a, 9H), 0.60-1.00 (m, 2111, 2.70 

(d. IH, .I ~2.4 Hz), 3.33-3.56 (m, lH), 4.60 (t. lH), 7.00-7.50 (m. 10H); ‘H-NMR (90 MHz, Ccl41 Of u-23 : CO.00 (an 

9l0, 0.80-1.02 (to, 2H), 2.85 (bs, IH), 3.15-3.46 (m, IH), 4.32 (d. lH, J-7.2 Hz), 7.05-7.50 (a, 1OH) i MS, m/z 364 

(N+), 347, 314, 312, 259, 234, 232, 230, 157, 117, 77, 73. 

~-l-(4'-Methylphenyl)-2-(phenylseleno~-3-(trimethylsilyl~-l-propanol 22f 

IR (film) 3450, 1580, 1510, 1250 cm -'l; 'H-NNR (90 NHZ, CC14) do.00 (a, 9H). 0.60-0.92 (m. 2H), 2.33 (a, 3H). 

2.50 (be. Ill), 3.30-3.60 (m, 1H). 4.57 (d. 1H , J d 2.5 Hz), 6.90-7.70 (ID. 9H); MS. m/z 378 Ol+), 361, 258, 257, 221. 

206. 205, 157, 132. 131, 121. 116. 115, 91, 77, 75, 74, 73. 

f- 6 u-2-~Phenylseleno~-6-~tetrahydropyranyloxy~-l-(trimetbylsilyl)-hex-4-yne-3-ol 22R 

IR (film) 3420, 1580, 1480, 1250 cm -l; +I-NMR (90 MHz, Ccl41 d 0.00 (6, 9H, from C-isomer), 0.01 (8, 9H , from 

u-isomer). 1.00-1.23 (m, 2H), 1.27-2.00 (bm, 6H), 2.85 (d, lH, Ju 6 Hz), 3.15-3.95 (I, 3H), 4.13 (d, 2H, Jd1.5 Hz), 
4.13-4.43 (n, 1A). 4.76 (bs, lH), 7.10-7.75 (m, 5~); MS. m/z No M+, 411. 389, 343, 327, 257. 236, 181. 169, 156. 
157, 85, 73. 

3-(1'l1ot1ylr~Isna)-2-(trImntl~~l~Ilyl)-4-undnc~nol 22h 

IR (film) 3460. 1580, 1480, 1250 cm -l; +tNMR (90 NHz, CCl,,d 0.00-0.10 (38, 9H), 0.76-1.76 (m, 19H),3.23-3.694 

(m. 3H). 7.07-7.60 (a, 5H); MS, m/zNo k. 383, 371, 369. 243, 231, 230, 229, 228, 227, 158, 157. 155. 73. 
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3-PheoyI-2-~phenyleeleno~-3-~tri~thyleilyl~-l-propaool 22i 

To . molution of 12 (210 .6, 0.58 mol) in dry ether (5 ml) at - 21'C under argon was added with stirring a 

solution of LiAlH4 (0.75 ml of 1H solution, 0.75 mmol) in THF. The resulting mixture was stirred for another 4h and 

then decompoecd with saturated aqueous eodium aulfatc eolution et the eeme temperature and worked-up. Ihe crude 

product wee chromatogrephed over eilice gel and eluted with ethyl acetate-petroleum ether (6O-WC) (5:95) to give 

22iae e colourleee thick oil (200 q S, 94%)) IR (film,) 3440, 1600, 1580. 1490. 1250 cm-'1 'H-M (90 MHz, CCl,)dO.OO- 

0.06 (20, 9H), 2.42 (d, lli, J-9 Hz), 3.10-3.35 (m. III). 3.36-3.83 (a, 2H), 6.85-7.56 (1, 1OH). 

2-~thYl-2-[1'-hydroxy-2'-~phenyl~eleno)-3'-(tri~thyleylyl~-propyl]-cyclopentanone 2711. 27b 

To a eolution of methyl lithium (3 ml, 1 !I in ether) wea added with etirring et room temperature under nitrosen 

e eolution of I-methyl-1-(trilcthyl.ilylo~)-1-cyclopentene 33 (475 ng, 3 -1) in ether (1 ml) during 45 min. The 

mixture wee cooled to -78°C and II solution of 10 (572 q g. 2 =ol) in ether (111) w.ss added over a period of 1 min. 

The mixture wal) etirred under that condition for 7 min, quenched with saturated aqueous ammonium chloride solution 

(2 ml) end allowed to attain room temperature. The mixture was extracted with ether (3 x 15 ml). washed with brine 

(1x10 ml), dried W@J4) end concentrated to afford e pale yellow oil. It was chrometographed ever eilica Se1 (40 S) 

end eluted with ethyl acetate - petroleum ether (60-80°C) (3:97) to afford 27.e (326 mS. 42.5%) ee mejor productand 

another minor product 27b (210 mg, 27.5%). lH-NMR (90 MH8. CC14) of 27a : 60.00 (8, 9H). 0.63 (8, 3H), 0.8-1.20 

(m, 2H), 1.40-2.40 (bp, 6H). 2.90 (be, lH), 2.93-3.30 (m, lH), 3.40-3.65 (a. 1H). 6.95-7.50 Cm, 5H); lH-NHR (90 KHz, 

Ccl41 of 27b I 6 0.00 (8. 9H), 0.54 (6, 3H). 0.60-0.90 (m, ZH), 1.20-2.50 (m. 6H). 2.60 (be. 1H). 3.16-3.43 (m. 1H). 

3.65 (bs, lh), 6.95-7.50 (m, 5H). 

Phenyleelenoaldehyde 10 (513 q S, 1.8 mm011 wes converted into the title keto alcohol 27~ following the same 

procedure (LB described for the mixture 27a 6 27b by wing methyllithium (2 ml. 1.1 H in ether) and Z-methyl-l- 

(trimethylsilyloxy)-I-cyclohexene 26bU (370 mg, 2 awl). The crude product wee chrometographed over ailica p,el (30 B) 

end eluted with ethyl ecetate- petroleum ether t60-80°C) (3:97) to afford 27~ (465 mS, 65%) : 'H-N&R (90 Hllz, Ccl41 
do.00 (a. 9H). 0.15 (6, 9H). 0.70-1.14 (m, 5H), 1.14-2.10 (m, 6H), 2.12-2.60 (m. ZH), 3.10 tbs. 1H). 3.30-3.78 (m, 

IH). 3.96 6 4.10 (two broad sinSlets, 1H). 7.10-7.70 (m, 5H). 

Reductive Elimination of #-Hydroxyeelenides . A General Procedure 

(hocedute A) 

To a solution of @-pheoylseleno alcohol (1 mmol), and triethylamine (0.7 ml, 5 mol) in methylene chloride 

(5 ml) at -2O'C under nitrogen ves added with stirring a solution of methenesulfonyl chloride (0.35 g. 3 mmol) in 

methyleoe chloride (3 ml) during 15 min. After the addition woe over , the mixture wea elowly allowed to attain room 

temperature end stirred for lh. This'wes quenched with cold saturated aqueous sodium bicarbonate solution (5 ml) and 

extracted with ether (3 x 20 ml). The combined organic phaee was successively washed with water (10 ml), brine(i0 ml), 

dried UlgS04) and finally concentrated to afford e red oil which on preparative layer chromatography over silice gel 

(developed with petroleum ether, 60-8033 afforded thp pure allyl6ilane~ae oil. 

To e solution of F-phenylseleno alcohol (0.5 mmol), in toluene (4 ml) we8 added N,N'-carbonyldiimidazole (162mg, 

1 mmol) and the mixture heated to reflux with stirring for 3h. After cooling to room temperature the reaction mixture 

wea filtered through e silica gel bed to remove the terry residue and excess N,N'-carbonyldiimidazole. Removal of 

aolventfollowedby preparativelayerchrometography over silica gel (developed with petroleum ether, 60-80°C) Save the 

pure allylsilane *e oil. 

(B)-l-(Trimethyleilyl)-Z-decene 24a 

IR (film) 3010, 2955, 2925, 2860, 1250 (61, 1155, 965 (81, 850 cm -l; +I-NMR (360 MHz, COC13) d 0.00 (6, 9H). 

0.90 (t. 3H, J -'7 Hz). 1.28 (bs, lOH), 1.41 (d. ZH. J @ 7.5 Hz). 1.93-2.03 (m, Zli), 5.27 (td, lH, J e 7.5 6 15 Hz), 

5.38 (td. 1H. Jc 7.5 6 15 Hz); MS, n/z 212 tH+, 1.01, 138 (l.O), 99 (1.6). 81 (1.0). 73 (100.0). 

(B)-1-(Trimethyleilyl)-Z-pentadecene 24b 

IR (film) 3040, 2990, 2960, 2880, 1260 (a), 1165. 965 (a), 850 cm -l; %-NMl (300 MHz. CDC13) d 0.00 (8. 9H), 

0.90 (t, 3H. J -7 Hz), 1.29 (be, ZOH). 1.40 (d, 2H. J-7.5 Hz), 1.90-2.00 (m, 2H), 5.24 (td, 1H. J" 7.5 6 15 Hz), 
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S-ry : The synthesis of (E)-allyltrlmethylsilanes by regio- and stereocontrolled pathways is 
described based on the preference for Krief-Reich elimination over silicon-controlled rearrange- 
ment in @-seleno- f-silyl alcohols, readily available from aC-selenoaldehvdes. 10 - 12. 
Usefulness of this protocol for the introduction of the 
group in cycloalkanones as well as for the preparation 
silanes is also reported. 

allylsilane function 2 to'the carbonyl 
of unsymmetrically substituted allyl- 

Intcoduction 

Allylsilanes1'2 occupy a pre-eminent place In the organic chemist's arsenal of 
') 

selective carbon-carbon bond forming reagents and a number of methods" for their synthesis have 

been developed over the past several years. Nevertheless, interest In the development of newer 

and more efficacious routes to these species continues unabated. In particular, the problem of 

regio- and stereocontrol still remains and, therefore, further development of highly reglo- and 

stereocontrolled routes to allylsilanes is required to reply to their synthetic potentiality. 
4 

We have recently reported5 a new method for synthesizing terminal (El-allylsllanes 

from the d-selenoaldehyde 10 and alkyl/aryl halides or cycloalkanones by making use of 

Krlef-Reich reaction6'7 in the crucial olefin forming step. Herein, we report on the full 

details of that work together with the application to the synthesis of unsymmetrically substitu- 

ted allyltrimethylsilanes. 

I. Stmteg y 
In 1976 Warrenet al' showed that exposure of 3-trimethylsilyl-2-phenylthio substi- 

tuted alcohols to acids leads to specific allylic sulfides by silicon-controlled rearrangement. 

In 1982 Itoh et e1’ made the observation that 2-hydroxy-3-trimethylsilylpropyl selenides on 

treatment with tin(II) chloride give mainly allylic selenides, while a novel rearrangement to 

fl -trimethylsilylpropanals predominates when silver nitrate-Celite is used instead of tin(II) 

chloride. These reports and the observations of Krief et allo that l-hydroxy-2-silyl-2-seleno 

species can be induced to undergo a stereoselective anti-elimination of the hydroxy and selenyl 

moieties leading to substituted vlnylsilanes prompted us to investigate the chemistry of the 

related 3-trlmethylsllyl-2-phenylseleno substituted alcohols where two competing wdes of 

1885 
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