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Abstract : Z and E Shydroxy-vinyl aelenidea canbe prepared with very high 
stereoselectivity respectively by nucleophilic addition of selenolatea to pro- 
pargyl alcohols and by selenylation followed by LiAlH reduction of the same 
propargyl alcohols. 1,3-Bia(aeleno)-propenes are avar .!I able either from the re- 
action of S-hydroxy-vinyl aelenidea with aelenols in the presence of zinc 
chloride or by Wittig condensation of a-selenoaldehydes with selenophoaphorua 
ylids. Doth reactions lead to mixturea of E and Z products which undergo sig- 
matropic rearrangements under acidic conditiona. 

Heterosubatitued allylic syatema are intereating and widely used compounds in synthetic 

organic chemistry. Considerable effort has been devoted recently to the regiochemiatry of alkyla- 
1 

tion of the resulting carbaniona with various electrophilea aa well aa their use . Recently we 

have reported that vinyl selenides bearing heteroatcmic substituents in the allylic position are 

valuable precursors for selenium stabilized ally1 cationic species 
2-4 . 

While numerous methods leading to simple vinyl selenides have been described 
5 , with the 

6 
exception of specific examples , 3-hydroxy vinyl aelenides J_ were unknown compounds prior to the 

start of this work. A similar situation arises for 1,3-bia(seleno)-propenes 2 where only 1,3-bis 

(phenylselenoj-propane 2e has been described previously le. - 

In this paper we show that a number of derivatives of the type 1 and 2 can easily be prepared 

in good yield from commercially available starting materials. 

While we are able to prepare the alcohols 1E and 1Z with high stereoselectivity, the 1,3-bis - - 

(seleno)-propenes 2 could only be obtained as mixtures of E and Z isomers. 

H 
OH 

1 (E or Z) 

8 RsHe ; A,=R2=R3ztl 

bR=Ne; R,=R*:H ; RI-A 

2 IMe 8 R,=H ; R2=R3=bb 

d R=He 1 R,=Ma 1 R2=R3=H 

b R=Ph ; R,=R2=R3=H 

1 R:Ph ; R,=R2=H ; R3+le 

CJ R=Ph 3 R,=H ; RZR,4e 

h R=Ph ; R,Ha ; R2R,=H 

H 

2 (E or Z) 

8 RnMe ; R,=R2=R3=H 

b R=He ; R,=R2=H ; R3=Ma 

2 R34a ; R,=H ; R2=R3=Me 

d R=He ; R+ ; R2=R3.H 

z R=Ph ; R,=R2=R3=H 

f R=Ph ; R,=R2.H ; R3=Me 

1 R=Ph ; R,=H ; R2R3.Ma 

h R=Ph ; R,=Ms ; R2=R3=H 
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Results end Diecuesion. 

1. Synthesis of 3-hydroxy-vinyl selenides _l_. 

5ne poasible access to heterosubstituted vinylfc compounds is by wsy of nucleophilic eddition 

to alkynes ‘. This reaction is known to occur in good yield between erylselenols and mono-end 

dialkylacetylenes in basic rsediun to give the corresponding aryl vinyl selenides of cis atereo- - 

chemistry ‘-“. We have therefore performed a series of reactions in order to test whether or not 

propargyl alcohols bearing I,2 or 3 methyl aubetituente would react in the aame fashion with 

Selenolate ions (He!%-) and (PhSe-). 

The results displayed in Scheme I show thet both methane and benzem selenolatea add to the 

triple bond of propsrgyl alcohol8 in good to excellent yields. The addition resctiona appear to be 

highly stereoaelective since in all cesea only 12 could be iaolated from the reaction mixtures - 

with the exclusion of the 1E i8omers. This is a quite ramarkeble result 
12 

since the reactions are 

performed at 80°C for 72 hours. Although the stereoseledtivity is generally excellent, the regio- 

selectivity is rather modest, as indicated by variable amounts of regioisomers _Z present 

in all the product mixturea except in the moat hindered casea (Scheme I, entry 4). As expected on 

steric grounds, the more encumbered the carbon bearing hydroxyl substitusnt is the less isomer 

.3_ is formed, regardless of whether methaneselenolate or benzeneaelenoiate is used as the 

nucleophile (Scheme I, entries 1 and 6). Finally, both m&hods A (RSeH/KOH/EtOH/80°C/72 hrs) and B 

(PhSe%Ph/HOCH2N2-KOH/EtOH/80°C/72 hrs) give canparable results (Schema I, entries 6,’ and 9,lO). 

R--g3 
R, 

L 

Entry R 

1 k 

2 

3 

6 

5 

6 Ph 

7 

a 
9 

10 

11 

RSeK,‘EtOH 
L 

method A or I 

Rt P2 

H H 

8 H 

H m 
H iP? 

He N 

R3 mthod x 

II A 

n k 

m A 

iPt A 

H A 

H A 

H 8 

ne A 

m 4 

Me B 

H A 

72 hre KM, 1 eq. KM, EtDI, ROT, 

PhSeSePh, KCH2S02M6.H20/KClH, Eta(, WC, 72 hr. 

OH 

R3 
+Rsey$ + "*3 

R2 

Iz 

50 I 0 : 50 80 

63 : 0 $ 37 76 

61 : 0 I 39 95 

100 : 0 : 0 83 

66:o :M 65 

72 f 0 : 28 67 

56 I 0 : 46 81 

83 : 0 : 17 88 

89 : 0 : 11 ai 
89 8 0 t 11 90 

75 : 0 : 23 64 

I 

Yield (%I 

Despite the presence of reqioisomer 2 in the products, nucledphilic addition of aelenolate 

ions to propargyl aicohols appeers to be a viable route to cis 3-hydroxy-vinyl selenides (IZ) - - 

since the undesirable isomer 3 can easily be separated from the stereochemically pure 12 compound. - - 

In one case we have else tried to carry out methylation of the allylic position of 1. Manganese 

dioxide oxidation of la (k02/THF/R.l./12 hre) led to S-mathylseleno-acrolein which was treated - 

without prior purification with mthyllithium in THF at -7E°C to give z of pure x stereo- 

chemistry in 78 % overall yield (Schema II), Since oxidation of lb to the corresponding ketone - 

should also proceed without difficulty, repeated methylation would lead to Ic. This i8 however a - 

less etraiqhtforward procedure and was not pursued. 



In sn effort to avoid form&ion of the undesired regioiscmsr 1 we also studied 1,4-additions 

of selenolates to msthyl propiolate and msthyl butytWJ8te (Scheme III). These reactions take place 

in a totelly ragioselective manner and essentially in quantitative yield. Unfortunately, 

satisfactory stereoselectivity could not be attained and methyl fl-selenoacryletes s and 42 were - 

formsd in about 2Or80 ratio. This ratio was found to be insensitive to the reaction solvent end 

was only slightly modified by chsnging the temper&we from +21 to -80°C (Scheme III). The 

stereoisomeric mixture of S-methylselenoacryletes could not be resolved by colum chromatogrephy 

on silica gel. However, lithium aluninwn hydride reduction of and methyllithiun addition to the 

ester mixtures proceeded cleanly (Scheme IV 8 and b). The resulting 1E and _tE. components of the 3- - 
hydroxy-vinyl selenides could be sepersted by chromatography. 

0 

RI-s --T + Rsetl 

oite 

Entry 

sclmnls III 

Baseta) 

!!!i 

Solvent 

Et20 

Et20 

Et20 

Et*0 

Et20 

EtOli 

CCC13 

Et20 

l(QC) 

22 22 : 78 

0 20 : 80 

-65 19 : 81 

-80 17 : 83 

21 20 : 80 

21 20 : 80 

21 20 : 80 

21 19 : 81 

!!z 

4E : 4Ztb1 

(‘)A = cstslytic samunt OF piperidins (0.1 ml&q.); B = 1 eq. piperidine; C = 1 eq. KOH 
(b) 100 k yield in ~11 cases 
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Schema IV 

R1 he 
LrA~H~/AlC13/Etz0/0’C 

DiBAH/Hexane/O°C 

Rl 
RI=& 76s ; RI=&: 53% 

RI&: 75s 

b) 
HoLi/EtzO 

-78°C 

Furthermore, it is worth noting the trend of the E/Z ratios observed in nucleophilic 

additions to ecetylenic ketones and esters on going from alcohol to thiol to selenol nucleophiles. 

The edducts formed from alcohols and methyl propiolate possessed essentially E stereochemistry ) 13 

thiols gave nearly 1:l mixtures of E and 2 edducta 10,14,15 
9 while metheneselenol predominantly 

gave the 2 isomsr (Schema III). 

Our method of preparation of 3-hydroxy-vinyl selenides s is based on the highly trans 

stereoselective reduction of acetylenic selenides by ‘means of lithium aluminum hydride 5Y16. The 

method of Brendama l7 was adspted for the production of the necessary acetylenic selenides 2 and f? 

by forming the dianiona of propargylic alcohols (Scheme V) either with sodium amide (liq. NH3/- 

78’)) or with butyllithium (THF/OT) end reacting these with metallic selenium followed by methyl 

iodide ‘7 18 or with benzeneselenenyl bromide . Reduction of 2 in THF gave the expected Shydroxy- 

vinyl selenides + of pure E stereochemistry (Scheme V a and b). Obviously this route does not 

allow the preparation of Id(E) and - lb(E), therefore these compounds are at present only - 
accessible as mixtures of stereoisomers by the methods of Kuwejims 6C 69 and Gravel . 
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2. Syntheeie of 1,3-ble(eelsno)-propane8 1 from alcohols 1 

ATJ (E,Z) mixture of 1,3-bie(phenylseleno)-propenes, unique example of the series 2, has been 

prepared ‘* free l,f-dichloropropene 19 
and benzeneeelenolete in strongly beeic medium. However, 

the method is therefore limited to the uneubetituted derivative 2e. - 

It has been shown recently that primary, secondary and tertiary alkyl and benryl elcohole are 

easily transformed to the corresponding seienides by the action of eelenole in the presence of 

zinc chloride 20, and allylic sulfides are produced under similar condition5 21,22 . Applying this 

reaction to eubetretee 1 described in the preceding section we obtained the result5 given in 

Scheme VI, which ehowe that substitution of the hydroxyl group proceeds in good yield in all 

cases. Thus the original process 20 is not limited tounfunctionelinad ally1 elcchole. In severe1 

instances however two main products ere formed, the desired- 1,3-bie(seleno)-propenee 2 end 1 ,l- 

bie(eeleno)-propenes I. This observation, as well as the etereochemietry of compounds 2 formed, ia 

reminiscent of the intimate mechenieme of the ellylic nucleophilic substitution reactions involved 

24. Interpretation of the results displayed in Scheme VI is however canpliceted by the fact that 

the reactions were performed under heterogeneous conditions and that ally1 eelenidee are known 

2s’26 to undergo thermal, light or acid catalyzed sigmatropic reerrengemente. 

Scheme VI 

RSeH/ZnC12 

CH,Cl,/R.T. 
L L 

SeR RSe 

R3 + RSea--rR3 
Rl R2 

R, R, "' 
.L L 

Entry Starting _I_ 

R1 R2 R3 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

He H H 2 Me 100 (34:66) : 0 54 

H H H 2 Me 100 (40:60) : 0 73 

H H H E Me 100 (loO:O) : 0 82 

H Me H 2 m 68 &6:34) : 32 60 

H HeH E Me 70 (?0:30) : 30 63 

H Me! Me 2 He 0 : loo 79 

H iPr iPr 2 He 0 : loo 72 

H He Me E He 0 : 1w 80 

H H H 2 Ph 100 (SO:501 : 0 75 

H H H E Ph lwl (loo:O) : 0 79 

H HeH 2 Ph 67 (70:30) : 33 68 

H MeH E Ph 66 (loo:01 : 34 70 

H hehi Ph 0 : loo 63 

H He Me E Ph 0 : 100 61 

HsH H 2 Ph 100 (37r63) : 0 El 

R 

2 7 

Yield (X1 

It ie seen (Scheme VI, entries 1,2,9,15) that even primary 2-alcohole change the double bond 

configuration to 8 large extent (35-50 ?;), while primary E-alcohols undergo substitution with 

complete retention of configuration (entriee 3,lO). This result is quite different from 

that obeerved in solvolyeie 27 or in ljubetitution with orgenoeetallfcs 24 . 
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In isolated cases we hsve checked the effect of temperature and solvent on the double bond 

isomerizeticn during reaction. When (Z)-3-phenyleeleno-2-b&en-l-o1 lh was subjected to aubsti- - 
tuticm (PhLH/ZnC12/CH2C12) at 21, 0, -40 and -7tPC the product.2 was obtained with E/Z ratios of 

37/63; 37/63; 16/84 and 12/N respectively. On the other bend, the same reaction carried wt on 

(Zl-3-phenylseleno-2-propen-l-01 in’benzme, cerbcn tetrechloride, dichloromethane, l,L-dichloro- 

ethane and nitromethene 28 
almost inveriebly produced 1:l mixtures of E end Z 1,3-bia 

(phenyleelenol-propanes. 

Substantial evidence has been obtained &owing that acid catslyzed reerrengemente of com- 

pounds 1 end 1 during their formation determine to a large extent the net regiochemical results of 

theee allylic substitutions. We have prepared some repreeentetive derivatives 2 end 1 of the 

phenylseleno seriee by independent eynthesie (see next ‘section) and examined their reerrangemsnte 

(Scheme VII). It was observed that while 3 (E + Z) rearranged slwly in the presence of ZnCl2 

alone, it was rapidly transformed to the corresponding ecetel 1 when selenophenol we8 added to the 

resctim mixture (Scheme VII a). As expected, the same regioisomeric mixture was produced on re- 

arrangement of 1,3-bis(phenylseleoo)-but-1-ene and of l,l-bie(phenylseleno)but-2-ene (Scheme VII b 

and c). Finally, 3,3-bis(phenylseleno)-but-1-ene rearranged completely to 1,3-bis@henylseleno)- 

but-2-ens under the acme conditions (Scheme VII d). Quite remarkably E/Z ratios of the rearranged 

product mixtures in the latter case as a function of temperature closely reesmble those’given for 

the substitution of (Z)-3-phenylseleno-2-buten-l-01. 

Scheme VII 

PhSe SePh 
b) 
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PhSe 
d) 

PhSe Me 
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?x12/o. seq.Rsdl Phs 

same cond. 
t 

PhSe seMe SePh 

+ " y\ 
SePh 

PhSe SePh 
same cond. 

w 
YN 
He 

E/Z at 2S'C : 37/63 

at-4Q°C : 77123 

at-70*C : 89/11 
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Unfortunetely, we ware unable to prepare acrolein phenylaeleno-acetal although this 

wee atteaptad by two different approaches (vide infra). Nevertheleaa, the above results allow us 

to draw aaze concluaima concerning the mechanisms of the allylic substitution reaction. Thus, SN2 

mechanism does not appear to operate except in the caaea of primary E alcohols where the double 

bond stereocheaiatry ia retained. Of the two alternatives, SN, (or ion pair) and S&2, mechanism, 

we prefer SN2, for two reasons. Firstly, it is known that y-substitutim of primary allylic 

substrates occurs especially with soft organometallics 
29,30 

and secondly, that parallelism 

between atereochemicsl results for substitution and reerrangemeht make it plausible that even 

primsry alcohols 1 suffer y-attack by the soft nucleophile selenol to give 1 es the first product. 

under the influence of the acidic reaction medium, the latter would rearrange rapidly and 

completely to 2. Such a scheme is increasingly possible for secondary and tertiery alcohols with 

less likelihood of rearrangement of product 1. 

3. Synthesis of 1,3-bis(seleno)-propenes 2 by the Wittig reaction 

This method is based on the availability of eelenophosphoranes 31 end eelenophosphonates 32 

and their reactions with carbonyl compounds to produce vinyl selenidee 16,33,34 . Phenylselenoace- 

teldehyde was prepared in high yield (95 74) frcxn ethyl vinyl ether and benzeneeelenenyl bromide 

according to Petrzilka 35 ; a-phenylseleno ieobutyraldehyde wes obtained by direct selenyletion of 

the aldehyde with benzeneselenenyl chloride in ethyl acetate 36 and 2,2-bis(phenylseleno)-propsnal 

was prepered in excellent yield from l,l,l-tris(phenylseleno)-ethane and CM by the method of 

Krief 37. With these compounds in hand we studied verious Wittig reections the results of which 

sre shown in Scheme VIII. Similarly to vinyl eelenides 16 , these reactions required heating in 

THF to occur in acceptable yields so long as the reactants were not heavily substituted (Scheme 

VIII a). The products 1,3-bis(phenyleeleno)-propenes were isolated as mixtures of E+Z isomers. 

Iheir rstio could not be greatly changed neither under “salt Free” conditions nor in the presence 

of added lithium bromide. 

Scheme VIII 

PhSe 0 
Ph3F+liF Phse SePh 

b) 
-7a=c4s.r. 

* v 

^r 
me 

Pllse 0 

I-l PZ 
He H 

+ 

2 Ph 

Ph3Y.i 

me 0 

Ii 3-3 
Be H 

+ 



5946 M. RENARD and L. HBvRxl 

we attempted preperation by this methodology of 3,3-bie(phenylseleno)-but-l-ene WceeaerY 

experiment8 on allylic rearrangement. Methylene triphenylphoaph&ana and 2,2-bie(phenylaelenol- 

propanal react to produce 2f (E+Z) presumably by the route outlined in Schame VIII b. l,l-Iiis - 
(phenylaeIeno)-prop-2-ene could not be prepared for the a80 reeaons. Syntheaia of these types of 

coqxnmda was aleo studied using yet another method which haa Ret with some auresi9e (!3cham IX), 

the major side reaction8 being cyclopropanone ” and ketena selenoacetal formation. 

Scheme IX 

MeC(SePh)3 
1 lneull/‘DIF/-78 DC 

a1 
21 u 0 /-78’4 R.T. 

-w 

3)TbCl/k.T., 1 hr. 

4)t&M/R.T., 18 hm 

llLM/TIIF/-7lPC 
b) (PhSe12CH2 - 

2) &/-78V +R.T. 

3)T5Cl/R.T., 1 hr. 

4)tlhO&/R.T., 12 hrs 

I+- 
eswwm 

cl (PhSe12CH2 ” using/ 

ZI! 76% 

PhS 

Ph.6 

SePh 

SePh 

PhSe 

PhSe 

SePh SePh 
+W 

ePh -3 ePh 

In conclusion, a variety of 3-hydroxyl-vinyl eelenidee and 1,3-bis(eeleno)-propenee can 

now be prepared usually in good yield and with aatiafactory regio- and atereoeelectivity. Cur- 

rently, we are using e number of these compounds es precursora for the in situ generation of 

1-eelenoallyl cetionic speciee whose efficient reections with electron rich heterocyclea euch 

a% furan and pyrrole lead to new synthetic applications of ally& derivetivea 1 and 2. These 

results will be reported separately. 

Acknowledgement. We thank F.N.R.S. for financial support and I.R.S.I.A. for predoctoral fellowships 

to one of ua (H.R.). 
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Experim&tal Part 

All orgmic rrd inorganic rsegsnts md solvents were purchased fra .lsnsSen Chimica (geerae, 
Balgiul or from lkrck (&lgoldm, Overijse, Balgium). Tetrmhydrsfuran (THAI and diethyl ether 
ware dimtillmd before use from benrophetxme ketyl in a recycling still; dichloromettama, sceto- 
nitrile and nitroasthens were distilled from phosphorus pentoxide aM1 stored on 4 A molecular 
aieves. 

Methsneselenol wee prepared by hydrophoaphorbue acid reduction of dimathyl iaelenide accor- 
ding to Gunther 39 selenophenol 48 ; formaldehyde 
diphenyl selenoacetal 

;4, was obtained by the ms#v$ of Foster 
and triphenyl orthoselenoacetste 9 were prepared according to 

literature procedures. 

Prepsration of S-hydroxy-vinyl selenidee 1 

Method A: Potaasiun hydroxide (2.8 g, 50 I#) is dissolved in a mini- s-t of water (“3ml1.150 
mgasaed ethanol is added followed by 7.85 g (50 nW) of aalencphenol under argon and by 4.21 
g CSO nt4) of 3-methyl-butyn-S-01. The mixture is refluxed until disappearance of all the propargyl 
alcohol (3 days, monitored by IR). After cooling the deep brown reaction mixture is acidified by 
IN Hcl, extracted with ether; the ether layer washed with weter, dried over magneaiun sulphate. 
Evaporation df the solvent leaves 10.03 g of viscous yellowish liquid which, beside6 of a little 
diqenyl diselenide, contains Is(Z) and 3~ in the ratio 89:ll (RI K overall yield) as determined 
by H NMR. Pure In(Z) is isolated by colufm chromatography (Si02, pentane/ ether, RO/20 v/v). 

Hethod tile: 4.68 g (15 mH) of diphenyl diselenids and 2.7 g of rongalite (HOCH SO Na.H 0) are 
diwolved in 100 ml deqassed ethanol under argon. A.solution of 5.6 g of KOH in 28 m% ethinol is 
added with stirring; the mixture, heated to 60°C for 1 hour, completely decolorizes. At this stage 
2.52 g (30 nt4) of 3-methyl-butyn-3-01 and 8.4 g of powdered KOH are introduced and the mixture is 
refluxed for 3 days. After cooling 0.36 g of monochloroecetic acid are added and reacted for 10 
min. The mixture is extracted with ether; the ether layer ia washed with water, dried over 
msgnesiun aulphate and purified aa in method A. Ccmpounds lc~(Z) and 3r~ sre obtained in the same 
(89:ll) ratio but in somewhat better yield (90 L) as sbove. 

Preoaration of lb from la 

A auspeneim of 8 g of activated Mn02 in 30 ml of dry THF containing 604 mg (4 IT&~) of la is 
stirred 24 hra at room temperature. Tim solid is separsted by filtration through celite and 
nmgnesiun sulphate and the solution is cooled to -78%. Methyl lithium (2.6 ml of 1.55 N solution 
in ether, 4 dl) is added. The mixture is kept et -78OC for lhr, hydrolyzed with aqueous anmoniun 
chloride and extracted with ether. The ether layer is washed with water, dried over magnesium 
sulphate end concentrated under vacuum. The crude product is purified by PLC (Si20) eluent 
pentana/ether 75/25, v/v) to yield 500 mg (78 %) of lb es a pale yellow liquid. - 

Additicn of methsneselenol to methyl but-2-ynoate 

196 ng (2 law) of methyl but-2-ynoate are dissolved in 5 ml dry ether under argcn. 190 nq (2 
mH) of methane selenol and one drop of piperidine are injected end the solution is stirred for 4 
hrs et rm tccnpereture. Evaporation of solvent and purification by PLC (SiO , pentene/ ether 
95/S, v/v) gives a qusntitetive yield of an E+Z mixture ofQ (RI = Ma, Schema 116. 

Reduction of 2 tD 1 

380 mg (IO mM) of LiAlH and 441 mg (3.3. &I) of AlCl are placed in 10 ml dry ether under 
argm et OOC. A solution of 391 mg (3.3 I+!) of 4 (R 

1 
= H) ?n 1 ml ether is sdded slowly. After 1 

hr the temperature is allowed to reach 25T and tKe m xture is hydrolyzed csrefully with a minimum 
of water. Filtration through celite and FIgSO end evaporation of the solvent leaves 380 gm (76 I) 
of pure &. Similsrly, the ssms eater is reduced to la using i13u2A1H in hexane (OOC, 1 hr) in 75 9;; 
yield. 

- 

Reductive methylation of 2 

1.79 g (10 nH) of methyl R-methylselenoacrylate 4 (R = H) are dissolved in 20 ml of dry 
ether, cooled to -78°C and treated with 14 ml of ae~hyl~ithium (1.55 N in ether, 20 r&l) and 
stirred under argon for 2 hrs. The mixture is hydrolyzed, the ether layer washed with 10 X HCl, 
dried and concentrated under vacuum. Purificaticn by chromatography 
v/v) yields 0.8 g (60 X) of lc as a pale yellow liquid. 

(Si02, pentane/ether, 75/25, 

- 

Preparation of compounds 2 and fi 

These are obtained by a combination of literature procedures I7 as .follows 
Co~lpwrxFs 5 I Sodium amide is prepared as a liquid saemnia (100 ml) suspension et -7WT fra 2.3 g 
(0.1 H) oPsodium. Butyn-S-01 (3.5 g, 0.05 f41 is addsd dropwise and the mixture stirred et -7WC 
for 30 min. Metallic grey selenium (49, 0.05 H) is eddad, followed rapidly by 7.1 g (0.05 Ml of 
methyl iodide. Temperature is then allowed to reach roa temperature until all the solvent is 
evaporated. The resulting dark solid ia hydrolyzed with ice water, extracted with ether, wsshed 
with IN Wl, saturated brine and dried over MgSO . Evaporation of solvent ether and chrolaatography 
(Si02, pentane/ether 5/S, v/v) yielda 3.5 g (43 4) of 2 (R2 = H, R3 = Me) aa a pale yellow liquid. 
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Compounds 6: Addition ,of butyllithium (30 ml 1.65 N in hsxane, 50 IIM) to a cooled (O°C)‘solution 
of 1.75 g R5 rd() of butyn-3-01 in 75 ml JHF gives a white suspension. Benzenaselenenyl bromide (6 
g, 25 mM; prepared from equivalent wounte of diphenyl~disele+de~arxl bromfne in dichloromsthens) 
dissolved in 20 ml dry THF is addsd slowly (- 1 hr). Jhie leads to-a yellowish solution whtcb is 
quenched with eq. NH4Cl after two more hours of reection at O°C. The mixture is extract& with 
ether; the ether solution ie washed with 1 N IUX, water and dried over MgsO4. Evaporation of 
solvente yields 5.SS g (98 X of essentielly pure 5 (R2 = H, R3 = Me). 

It is importent thet PhSeRr be added slowly to the dianion, otherwiee addition to the C,C 
triple bond strongly lowers the yield in 5. 

Reduction of 6 to 1 

Lithium aluminum hydride (0.95 g) ie diaeolved in 100 ml of TM et O°C ‘under. argon. A 
solution of 6 (R = H, R = Me; 4.52 g, 20 r&4) in IO ml of TW id added and the mixture is stirred 
for 1 hr. Jh% r&ction & quenched with 2 ml H 0 followed by 1 ml of IN KM. Drying agent. (MgSO 1 
is added, the mixture is stirred for e few miktes and filtered over celite. Evaporetim of tb 
solvent JHF givee 3.4 g (75 %) of essentially prre If (E) as a pale yellow’liquid. -. 

Jmnsformation of 3-hydroxy-vinyl 
1 seleno I-propenes 1 

aelenidas 1 to 1,3-bis(seleno)-propenes 1 end/or. to l,l-bis 

RI mg (0.6 dl) of ZnCl are suspended in 2 ml of dry CH Cl end stirred under argon while a 

et O°C I4 . 
solutio of 228 mg (I mH) 03 If and of 157 mg (I m&l) of Ph!& i?~ 0.5 ml CH Cl is added dropwise 

After IS-30 min tE reactim ie quenched with eq. NeHCO 
ether layer weshed with water, brine and dried over MgSO . 

ext&&d with ether; the 
Evapora&m and PLC (Si02; pentem) 

purification leads to 260 mg (70 Z) of a mixture of 2f (E) %nd 7f in a ratio of 66:34. - - 

a-Phenylselenoisobutyraldahyde is obtained by mixing PhSeCl with isobutyraldehye in I:1 molar 
Proportion in ethyl ecetete for 12 hours. Evaporetim of the solvent end purification (Si02, 
pentane/ether 80/20, v/v) gives the deeired compound in 66 % yield. 

Prepsration of 2p by Wittiq reaction : Methyl triphenylphosphonium iodide (807 mg, 21d4) is sus- 
pended in 2 ml dry THF and treeted with butyllithium (2 mM) at OV. After 15 min. benzeneaelensnyl 
bromide (236 mg, In+4 dissolved in 0.5 ml THF) is added to the orange ylid solution which turns 
yellow and deposits a white precipitate. After 30 min. stirring at O°C o-phenylselenoisobutyral- 
dehyde (227 mg, 1 rrH, dissolved in 0.5 ml TtIF) is added and the mixture is refluxed 2 bra, cooled 
to room temperature. Triphenyl phosphine oxide is precipitated with pentane, filtered off and the 
solvente evsporsted. Purification m A1203 (eluent pentane) gives 240 mg (63 X) of an E + Z 
mixture of 2. 

Preperetion of 7h 

2.475 g (5 mMRM) of triphenyl orthoselenoecetate are dissolved in 50 ml of dry THF and cooled 
to -7EW under argon. Butyllithium (5.2 es.1 is added followed by, after 4S min., 220 mg (5 t-&l) of 
ethylene oxide end the mixture is stirred 12 hrs without cooling bath. p-Toluenesulphonylchloride 
(953 ng, 5 AH, dissolved in 5 ml THF) is sdded. After 2 hrs at room temperature, the mixture is 
reacted with potessium t-b&oxide 061 mg, 5 n31) et the same tempereture for, 18 hrs. guenching 
with aq. NaHCO , extraction with pentane, washings with water followed by coluar chromatogrephic 
purificetion $l,O,, pentane/ether 98/2, v/v) givea 1.395 g (76 X) of2. 



I’rqmnitionof3 hy&oxyt-tiaylnk&bsaodl,3-hia(sc4aso)-prqnamm 

Analytical end aPectrol?mPic date of new colllpoud § 

la (E) - 

'H NMR (6, ccl ) I 2.07 (3H, s), 3.05 (lH, 
15 H?), q.50 (IH, d, J = 15 Hz) 

OH), 4.05 (2H, d, J = 5 Hz), 5.7 (lH, dt, J = 5 Hz, 
J' = 

IR (liq. film, cm- ) : 3300, 29 2850, 1600, 1400, 1300, 1265, loo0 
Mass apectru m/e : 154, 152 ( P ), 150, 148, 96, 95, 94, 93, 91, 57 
Anal. talc. : C : 31.804, H z 5.388 ; found : C : 32.11, H : 5.38 

la (Z) - 

'H NMR (d, CC1 ) I 2.111 (3H, a), 3.50 (IH, OH), 4.10 (2H, d, J = 5 Hz), 6.00 (1H, dt, J = 5 Hz, 
J' = 10 H%, 4.27 (IH, d, J = 9 Hz) 

IR (liq. film, cm- ) : 
Mass spectrw m/e (M+) 

3300, 3000, 2900, 2840, 1600, 1400, 1300, 1265, 1000, 970 
: 154, 152, 150, 148, 96, 95, 94, 93, 57 

Anal. talc. : C : 31.80, H : 5.34 ; found C : 32.11, H : 5.38. 

lb (E) - 

'H NMR (d, CC14) : 1.21 (3H, d, J t 6 Hz), 2.1 OH, s), 2.5 (lH, OH), 4.23 (IH, P, J = 6 Hz), 
5.45 (lH, dt,,J = 5 Hz, J' = 6 Hz), 6.41 (IH, d, J = 15 Hz) 

IR (liq. film, cm ) t 3300, 2960,,2920, 2860, 17W, 1605, 1440, 1420, 1365, 1320, 1270, 1200, 
1120, 1050, 930, 910, 860, 830, 710 

Mass spectrum m/e : 168 (M+), 166, 151, 123, 121, 95; 93, 71, 55, 53 
Anal. talc. : C : 36.38, H : 6.11 ; found C : 36.40, H : 5.92 

lb (Z) - 

'H NHR (d, CC1 ) : 1.21 (3H, d, J = 6 Hz), 2.10 (3H, s), 2.6 (lH, O-H), 4.4 (IH, P, J = 6 Hr) 
5.7+5.954(1H 

IR (liq. film, an-') 
m), 6.13 (lH, d, J = 9.5 Hz) 

: 3340, 2960, 2915, 2860, 16w), 1440, 1420, 1360, 1290, 1270, 1180, 1100, 
1070, 1050, 1020, 920& 910, 060, 700, 760, 700 

Mass spectrum m/e t 168 (M ), 166, 151, 123, 121, 95, 93, 71, 55, 53 
Anal. talc. : C : 36.38, H : 6.11 ; found : C : 36.40, H : 5.92. 

Ic (E) - 

'H NH8 (d, Cf%l ) : 1.30 (6H, s), 2.10 (3H, e), 3.50 (lH, WI), 5.70 (lH, d, J = 16 Hz), 6.20 
(lH,d, J ='16 Hz) 

IR (liq. Film, cm-') : 33S0, 2950, 2900, 2850, 1600, 1450, 1420, 1350, 1320, 1270, 1230, 1180, 
1130, 950, 090, 700, 760 

Mass spectrum m/e : 180 (M+) Anal. talc. : C : 40.23, H : 6.75 ; found : C : 39.95, H : 6.61 

lc (Z) - 

1 
H N(R (d, CC14) : 4.2 (2H, d, J = 5 Hz), 5.20 (IH, OH), 6.2 (IH, dt, J = S Hz, J ’ = 9 Hz), 

6.50 (lH, d,_+ = 9 Hz), 7.1+ 7.6 (5H, is) 
IR (liq. film, cm ) : 3300, 3040, 2900, 2840, 1940, 1860, 1790, 1600, 1570, 1470, 1430, 1290, 

1250, 1060, 1030, 1029, 730 
Mass epectrun m/e : 215 (M ), 212, 160) 158, 157, 156, 155, 154, 78, 77 
Ansl. talc. : C : 50.73, H : 4.30 ; found : C : 50.68 , H : 4.87 

y (Z) 

'HHfR (6, Ccl) : 2.05 (3H, dd, J = 
(2H, dq, t = 5 Hz, 

1.2 Hz, J' = 1.2 Hz), 2.10 (3H, e), 3.2 (IH, OH), 4.10 

IR (liq. film, cm- ) 
J' = 1.2 Hz), 5.80 (IH, tq, J = SHr, J' = 1.2 Hz) 

: 3300, 2980, 2950, 2920, 2850, 1625, 1425, 1360, 1270, llR0, 1120, 1075, 
1000,900 

Mass spectrum m/e I 166 (M+), 164, 151, 149, 148, 107, 96, 95, 93, 53 

le (El - 

'H tWR (d CC1 ) : 3.50 (lH, OH), 4.00 (2H, d, J = 5 Hz), 5.90 (lH, dt, J = 5 Hz, J' = 15 Hz), 
7.OJ7.5 Pm m) 

IR (liq. film, car') : 3300, 3050, 2900, 2850, 1950, 1870, lflO0, 1610, 1580, 1480, 1440, 1360, 
13W, 1250, 1075, 1029, 940, 900, 780, 760, 745, 690 

Mass spa&u m/e : 215 (M ), 212, 160, 158, 157, 196, 155, 154, 78, 77 
Anal. talc. : C : S0.728, H I 4.729 ; found : C : 50.68, H t 4.87 

& (Z) 

'H Rt4R (6, CC1 ) : 
6.50 (1H,4d, J 

4.20 (ZH, d, 3 E 5 Hz), 5.20 (IH, OH), 6.20 (lH, dt, J = 5 Hz, J' = 9 Hz), 
= 9 Hz), 7.1+7.6 (SH, m) 

IR (liq. film, cm-') : 3300, 3W0, 2900, 2840, 1940, 1860, 1790, 1600, 1570, 1470, 1430, 1290, 

s In the case of E + Z mixtures A designates the E isomer end Cidesi~tas the Z isomer. 



59% M-d’LHEwml. 

If (E) - 

'H NMR (6, CC141 : 1.2 (3H, d, J = 6 Hz), 3.0 (lH, O-H), 4..26 (Iti, p, 6 Hz), 5.7 6.1 (IH, ml,- - 
6.56 (IH, d,_J = 16 Hz), 7.1+7.6 (SH, m) 

IR (liq. film, cm ) : 3300, 3040, 2960, 2920, 2660, 1940, 1860, 1790, 1605, 1975, 1470, 1435, 
1360, 1320, 1275, 1190, 1120, 1050, 1020, 1000, 930, 070, 830, 730, 690 

Mesa spectrum m/e : 228 (M ), 226, 185, 183, 158, lS7, 196, 195, 78, 71 
Anal. talc. : C I 52.07, H : 5.32 ; found : C : 52.88 , H ! 5.50 

If (Z) - 

'H NHR (6, CC1 ) : 1.27 OH, d, J = 6.5 Hz), 3.43 (lH, O-H), 
6.13 (1H,4m.) 6.40 (lH, d, J = 9 Hz), 7.00+7.60 (SH, m) 

4.56 (lH, p, J = 6.5 Hz), 5.0 

IR (liq. film, cm") : 3320, 3040, 2960, 2910, 2860, 1940, 1060, 1790, 1600, 1575, 1555, 1470, 
1430, 1360, 1285, 1100, 1070, IOSO, 1020, 1000, 920, 050 . 

Mass spectrun m/e : 228 (H 1, 226, 105, 183, 158, lS7, 156, 155, 70, 71 
Anal. celc. : C : 52.87, H I 5.32 ; found : C': 52.88, H : 5.50 

& (Z) 

'H NHR (6 CC1 ) : I.33 (6H, s), 2.50 (lH, OH), 5.7 (lH, d, J = 10 Hz), 6.4 (IH, d, J = 10 Hz), 
7.2i7.5 ?5H m) 

IR (liq. film, cm") : 3400, 3050, 2950, 2920, 1070, 1060, 1800, 1740, 1620, 1580, 1400, 1460, 
1440, 1380, 1310, 1200, 1150, 1070, 1020, lDD0, 960, 900, 830, ROO, 740, 690, 670 

Mass spectrum m/e : 242 (M ), 240, 227, 225, 158, 157, 149, 147, OS 
Anal. talc. : C : 54.48, H : 5.85 ; found : 54.46, H : 6.07 

lh (Z) - 

= 1.2 Hz, J' = I Hz), 3.2 (lH, O-H), 4.23 (2H, dd, J = 6 
.97 (lH, tq, J = 6 Hz, J' = 1,2 Hz), 7.1+7.6 (5H, m) 

2980, 2940, 2900, 2840, 1940, 1860. 1600, 1630, 1570, 1470, 
1430, 1370, 1270, 1224, 1160, 1065, 990, 770, 760, 730 

Mass spectru m/e : 230 (M ), 198, 157, 156, 70, 77, 71, 69, 53, 51 
Anal. talc. : C : 52.87, H : 5.32 ; found : C : 53.13, H : 5.62 

~(ZbHE&Cli=CHC(iPr),0~ 

'H 

IR 

lH, OH), 1.9 (Xi, m), IWR (6, Ccl41 : 1.2. (6H, d, J = 6 HZ), I.23 (6H, d, J = 6Hr), 1.63 
2 (3H, a), 5'4 (lH, d, J = IO Hz), 6.23 (lH, d, J = 10 Hz) 

(liq. film, cm ) : 3500, 29S0, 2920, 2875, 1610, 1460, 1420, 1380, 
1215, 1140, 1090, 1010, 950, 900, 860, 780, 700 

(E + Z) 

1370, 1340, 1300, 1270 

2a - 

'H 

IR 

NMR (6, CDC13) I 1.90A(3H, s), 1.950 (3H, s), 2.1 (3H, s), 3.12A (2H, d, J = R Hz), 3.160 
(2H, d, J = 8 Hz), 5.6OA(lH, dt, J = 8 Hz, J' = 15 Hz), 5.900(lH, dt, J = R Hz, J' = 
9 Hz), 

(liq. film, 6.20!,(1H, cm 1 : 
d, J = 15 Hz), 6.24U (lH, d, J = 9 Hz) 
2990, 2910, 2850, 2820, 1595, 1415, 1320, 1270, 1230, 935, 900, 780, 

760, 725 .A.. 
Mass spectrum m/e : 230 U4‘) 
Anal. celc. : C : 26.00, H : 4,40 ; found : C : 25.94,H : 4.94 

2d (E + Z) - 

'H MiR (6, Ccl41 : 1.9 (3H, s), 2.ODA(3H, d, J = lHz), 2.060(3H, s), 2.1OA(3H, s), 2.130 
3H, d, J = 1 Hz), 3.2 A (Zh, d, J = 0 Hz), 3.260(2H, d, J = 8 Hz), 5.52 A (IH, t, J = 

(lia. film, 5.67fJ{lH, cm ) : 
E Hz), t, J = 8 Hz) 

IR 2980. 2910, 2840, 2000, 1615, 1420, 1370, 1300, 1270, 1175, 1075, 900 
840, 700; 760 

Mass spectrum m/e : 244 (H+), 242, 151, 149, 147, 146, 145, 109, 107, 93 
Anal. talc. : C : 29.77, H : 5.00 ; found : C : 29.68, H : 5.20 

Pe (E + Z) - 

'H NMR (6 CDCi ): 3.SM(2h, d, J = 0 Hz), 3.650(2H, d, J = 0 Hz), 6.DOA(lH, dt, J = 8 Hz, 
J' ~'15 Hzj, 6.1SO(lh, dt, J = 8 Hz, 3' = 9 Hz), 6.24A(lh, d, J = I5 Hz), 6.3So(lH, d, 
J = 9 Hz), (IOH, m) 

IR (liq. film, cm- 7.1+7.5 ) : 3100, 3040, 3010, 3DO0, 2900, 1940, 1870, 1790, 1730, 1590, 1575, 1560, 
1470. 1430. 1420. 1380, 1315, 1300, 1270, 1230, 1175, 1160, 106% 1020, 1000, 940, 90% 
850;760, 730, 690, 670. 

Mass spectrwn m/e : 3S4 (M+) 
Anal. talc. : C : 51.15, H : 4.01 ; C : SI.28,H : 4.29 



Prqwation of 3 hydrdxyl-vinyl a&nidea aIMI l~bim(&!&-propznm 5951 

‘H NMR (6, CCl4) : 1.47 (3tl, d, J = 6 Hz), 9,85A(lH, dq, J = 6 Hz, J’ = 7 Hz), 4.250 (lH, 
dq, J = 6 HrllJ' = 7 Hz), S.RS+ 6.1 (a), 6.07A (IH, d, J = 15 Hz), 6.30(lH, d, J = 9 Hz) 

1R (liq. film, Q ) r 3050, 2990, 2900, 1940, 1875, 1850, IBM), 1730, 1595, 1575, .1475, 1435, 
1370, 1325, 1300, 1280, 

1215, (M ), 
1150, 1065, 1020, 1000, 950, 921, 840, BOB, 730, 690 

Maaa apactrw m/e : 368, 366 211, 152, 131, 130, 129, 91, 77, 53, 51 
Anal. talc. : C : 52.48, H t 4.40 ; found : C : 52.30, H : 4.57 

'H MR (6, CC14) : 1.50A(6H, s), 1.670(6H, a), 5.900(lH, d, J = 10 Hz), 5.%5A(lH, d;J = 16 
Hz), 6.23AQtj, d, J = 16 Hi), 6.33 (IH, d, J = 10 Hz), 7.1+7.7 (It& m) 

IR (liq. film, cm ) : 3050, 2950, 2900, 2850, 1945, 1875, 1000; 1735, 1650, 1575, 1475, 1460 
1450, 1435, 1380, 1330, 1300, 1270, 1240, 1180, 1140, 1110, 1070, 1020, 1000, 950, 910, 
840, 700, 730, 690 

Mesa spectrum m/e : 381 (M+), 224, 222, 182, 145, 144, 143, 129, 77, 51 
Anal. talc. : C : 53.70, H : 4.77 ; found : C : 53.66, H : 4.80 

'H IWR (6 CC1 1 : 1.70A(3H, d, J 
Hr),'3.73%(2H, dd, J I R Hz, 
(IOH, m) 

IR (liq. film, cm-‘) : 3140, 3040, 
1620, 1575, 1560, 1470, 1430, 
840, 780, 730, 690, 670 

Mass spectrum m/e : 366 (I-i+), 152, 
Anal. talc. : C : 52.48, H : 4.4 ; 

5 (E + Z) RI = He 

= 1.2 Hz), 1.930(3H, d, J = 1.2 Hz), 3.430(2H, d, J = 8 
J' = 1.2 ttz),S.tW~lH, tq, J = f3,Hz, J"= 1.2 Hz), 7.0+7.6 

3000, 2940, 2900, 2040, 2720, 2600, 1940, 1870, 1800, 1.735, 
1370, 1325, 1300, 1170, 1065, 1020, 1000, 970, 910, 860, 

130, 107, 91, 77, 53, 51 
found : C : 52.70, H : 4.53 

'H NI(R (6, CC1 1 : 2.10 OH, e), 2.260(3H, d, 3 = 1.2 Hz), 2.47A(3H, d, J = 1.2 Hz), 3.66. 
(3R, s), 4.63+(lR, q, J = 1.2 Hz), 6.100(lH, q, J = 1.2 Hz) 

IR (liq. film, cm- ) : 2950, 2920, 2840, 1670, 1570, 1430, 1370, 1320, 1260, 1170, 1100, 1030 
970, 900, 040 

Masa spectrum m/e : 194 (M+), 192, 181, 179, 177, 175, 163, 135, 99, 93 
Ansl. talc. : C : 37.52, H : 5.22 ; found : C : 37.23, H : 5.36 

2 (E + Z) RI = H 

'H NHR (6, COCl ) : 2.20 (3H, s), 3.70 (SH, s), 5,84A(lh, d, J = 16 Hz), 6.22O(lH, d, J = 11 
Hz), 7.55d (lk+ d, J = 11 Hz), 

IR (liq. film, cm- ) : 2980, 2930, 
8.00 (IH, d, J = 16 Hz) 

2910, 2820, 1690, 1560, 1425, 1340, 1300, 1250, 1000, 925 
900, 800, 750, 650 

Mass spectrum m/e : 180 CM+) 
Anal. talc. : C : 33.5, H : 4.50 ; found : C : 33.65, H : 4.43 

2 R2 = R3 I H 

'H NMR CC1 ) (6, (3H, 
IR (liq. film,4cm 1,2.30 1 : 

d), (2H, s) 4.30 

Hess apectrun m/e : 150 33UJ, (H 1 
2900, 2840, 2160, 1400, 1350, 1260, 1240, 1080, 1040, 970, 910 

Anal. talc. : C : 32.24, H : 4.04 found : C ; : 33.34, H : 4.00 

'H tWR (6, CC1 
IR (liq. film, 

4 ill.45 OH, d, J = 6 Hz), 2.28 (3H, s), 2.83 (Vi, O-H), 4.53 (IH, q, J = 6 Hz) ) 
cm ) : 3300, 2960, 2920, 2160, 1445, 1420, 1365, 1340, 1270, 1110, 1070, 

940, 920, 
1040, 

840 

'H RMR CC1 ) (6, (6H, 
IR (liq. film,4cm ~I.47 ) : 3350, 

a), (3H, s), 2.25 2.3 (lH, OH) 
2975, 2920, 2160, 1450, 1420, 1360, 1270, 1220, 1150, 965, 905, 775 

6 Rp oR3=H 

described earlier (45) 

6 5 =H;R3=Ma 

'H Ml (6, Ccl,) I 1.4 (3H, d, J = 6 Hz), 3.9 (IH, O-H), 4.65 (lR, q, J 

H, l ) 
z 6 Hz), 7.la7.6 (5 

IR (liq. film, a-') I 3300, 3040, 2960, 2960, 2160, 1940, 
1320, 1105; 1060, 

1860, 1785, 1570, 1470, 1435, 1360, 
1035, 1020, 1000, 940, 900, 840, 730, 690, 670 





Repatioo of 3 hydroxyi-vinyl s&Ii&e and I,3-bir(tdalo) 
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