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7%~ rcncfim of cinriarrryf cldvridc tuirlr R series of aryl and alkyl aldcirydcs rmdiatcd .!~y tin arid 

alurriirtiuirr hs bm slrowr~ lo 6~ rgiosclcctivc and Lhreo diastcrcosclcctivc. For aldchydcs with 

c~rirality ar~jacc?ft to the car~~rfyl fa~ictia~~ some dia~tcreofacial selectivity is oberved. 

Coujlrgatcd aldchydcs ulrdcrp rgiosclcctivc l,f-addition to the carhuayl. 

The commercial importance of macroIide and polyelher antibiotics has stimulaied efforfs to develop 

synlhclic ntelhods which provide a high yield of producls wilh relative and absolute asymntet&c 

induc1ion.t These mell~ods include crossed aldol reaclions,2 reaction of organometallic compounds with 

carbonyl compounds,%4 ring opening reactions Of cyclic compounds,5 expoxidation of allylic alcohols,6 

lty~roboralio!t of olefinic co~lpou~t~ls,~ reduction of carbonyl derivatives,* sigmatropic rearrangements9 

and selected reactions of carbohydratcsts. 

~r~f~~r~ (1) and Ilrrcu 12) p-mc~hyl alkanol unils occur in a number of macrolide and polyether antibiolics 

and 111~ diaslcrcoselcclivc synthesis of a-alkyl-P-hydroxycarbonyls (3) and of ltomoallylic alcohols (4) 

provide an cnlry lo lhc synlhesis of &hesc malerials. The s~ereoseleclive formalion of C-C bonds between 
prochiral centrcs is most generally accomplished by Ihe addition of ntcial cnolales2 or 2-alkenylmetal 

dcrivalivcsJ IO aldcltydes. I-Iomoallylic alcultols have become one of lhe most useful inlcrmedialcs in 

acyclic synthesis because of Ihe facility Ihe ltydroxyl group and tlte double bond offer for chemical 

ntodilicalion. This dual functionality allows easy entry lo R varicly of bifunctionalizcd molecules. 

~urt]~erIltore they can undergo a facile one-carbon I~oI~tologa~ion lo Glactones via hyclroformylaiiont’ or 

cm be cpoxidiscd tltcrcby inlroducing a lhird chiral cenlrc.12 

Aliyla[ions of aldchydcs or ketones IO give homuallylic alcohols can be achieved using conventional 

organomclallic rcaclions (eg Grignard or Uarbicr rcac(ions) or by lc rcaclion of allylic organomctallics with 

aldchydes. in the presence of calalysls. t3 Mild condi[ions employing Sn-Al have recently been developed 

by Nokami et aL4 for the preparation of homoallylic alcohols from reaction of I-bromobut-2-ene and 
aldehydes and ketones. 

We now report an iI~v~~i~a(ion of (he dias~er~ieclivily, diaster~faciaI~lecliviiy and regioselectivity of 

the rcaclion of cinnamyl cltloridc witIt aldchydes under these conditions. 
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The reaction of (E)-cinnqmyl magnesium chloride wi1h benzaldehyde under Uarbier conditions’4 has been 

rcportcd IO give a 7:3 niixture of the homoallylic 1,2-cliphcnyl-3-bulcn-1-01s 5a and 5b.15 When we repeated 

1his reaclion the erylhro product was fraclionally crystallized 16 from a 1:l mixture of diastereoisomers. All 

a11emp1s IO purify 1he Lhrco diastcreoisomer (5b) were unsuccessful and we now report our investigations 

dirccled lowards a slcrcospecific synlhesis of 1his dias1creoisomer. 

Reduction17 of 1,2-diphenyl-3-buten-l-one (6) with lithium aluminium hydride gave a 92 mixture, and 

with sodium borohydride in the presence of cerium (III) chloride hexahydratt? a 2:l mixture of 5a and 5b 

respectively. Chromium (II), generated in situ by reaction of chromium (III) chloride and lithium 

aluminium hydride, has been used 10 effect allylic addition to carbonyls and on reaction with cinnamyl 

chloride and benzaldehyde gave alcohols 5a and 5b in a ratio 17B3. The reaction was somewhat less tlrreo 

selective than that reported by Hiyama 19 for reaction of crotyl bromide with benzaldehyde. In our hands 
this latter reaction gave the three product (7b) and the linear regioisomer (8a) (30%). 

OH 

crythroba 

Table 1 

lhrco-lb 

OH 

8a R&e 
Bb R=Ph 

with benzaldehyde Metal medialed reactions of cinnamyl and crol 1 halides 
1 alio ! 

Mclal Allylic halide Ervllrro 

E’lI) 1( 
cinnamyl chloride 50 
cir&myl chloride 17 

SPA1 cinnamyl chloride 0 
Zn cinnamyl chloride 

z&I) 
crotyl bromide :; 

0 
Sn-Al 

crotyl bromide 
crotyl bromide 

Zn cro1yl bromide ::: 

Linear 

30 

Keduclion of kclonc (6) 
Ralio 

RcducinP Accnt Allylic halide 
LAI-I ciunamyl chloride YP 9 
NalEI&$IIl)Cl3 cinnamyl chloride 67 33 

The clias1creoselcctivity of zincmcdia1ed addition of allylic halides 10 carbonyls20 has not, 10 our 

knowledge, been reported. We have examined the diaslereosclec1ivity of 1he reaction for both crolyl and 

cinnamyl halides wi1h benzaldchyde. A mixture (57:43) of 1he llwco alcohol (7b) and 1he crylhro alcohol 

(71) were oblaincd from 1he rcac1iou of crolyl bromide wi1h bcnwldchyde while a 3:l mixlurc of tkrco 

diastcreoisomcr (Sb) aud cryho diastcreoisomcr (5a) were produced from the reaction of cinnamyl 

chloride with benzaldehydc under the same conditions. The reaction is regiospecific with no linear 

producls (Ea, 8b) being formed in cilher rcaclion. 



Cinnamyl chloride reactions 1031 

Nokami et al.* has described a procedure for the reaction of crotyl bromide with aldehydes using tin and 

aluminium powders in the presence of a trace of hydrobromic acid which exhibited some e~~~~o 

selectivity. No definitive proof was reported for the structure of the products with benzaldehyde and the 

reaction was repeated to give alcohols 7a and 7b in the ratio 58:42 as previously reported and the identity of 

each isomer was unambiguously established by comparison with authemic ~amples.~ There was reason to 

believe (hat tlie reaction of cinnamyl chloride with benzaldehyde mediated by tin and aluminium might be 

lhrco sctcclive because fmrts-crotyl tri-n-butyltin has been shown IO react with benzaldehyde with opposite 

stereoselectivity (cryfhro) to that of Imro+cinnamyl tri-n-butyltin.Z Indeed the reaction of cinnamyl 
chloride with benzaldehyde in the presence of tin and aluminium powders successfully gave the Ihreo 

atcohol (Sbf as the only detectable productz3 In the absence of tin no reaction could be detected, and lhe 

same reactants in the presence of tin but uot aluminiun~ gave the homoallylic alcohol but in poor yield (< 

10%). 

In view of the remarkably high diaster~~l~tivi1y in the tin and aluminium promoted formation of 5b 

the method was investigated with a variety of selected aldchydes. A series of aryl and alkyl aldehydes 

(RCHO; R = P/r, 4-MeOPI1, 4-NC!%, 9-~~tl/rmccrryl, MC, El, iPr, CH3(Cif2)5, D/rC&I were reacted with 

cinnamyl chloride in the presence of tin and aluminium and each aldehyde gave only one diastereo- 

isomer.24s The homoallylic alcohot, or a derivative, from each of the reactions of PhCH2CH0, 

Me$I-ICI-IO, and 9-anthraldehyde were selected for X-ray analysis as representative of the homoallylic 

alcohols. X-Ray crystal structures confirmed the stereochemistry of these compounds as (IRS, 2SR)- 

1-(9-a~~thracet~yl)-Z-pl~e~~yl-3-butei~-l-ol (91, (2RS,3Rs, 45R)-4,5-epoxy-l,3-diphenyl-4-penlen-2-o1 (DIP) and 

(3RS, 4~S)-2-metl~y~-4-pl~e~~yi~5-l~exen-3-yI 3,5-dinitrobenzoate (II). These results establish the t&co 

selectivity for each of these reactions and it is thcreforc reasonable lo conclude that each of the above 

reaclions is f/we0 selective. 

Reaction of the conjugaled aldchydcs crotonaldehyde and cinnamaldehyde with cinnamyl chloride 

mediated by tin and alumiuium gave ouly the 1,2-addition, tltrcd diaslereoisomers 12b and 13b 
respectively. Thus under these conditions rcaclion with these conjugated aldehydcs occurs with both high 

regioselectivity and diastere~l~tivity. In contrast reaction of these conjugated aldehydes wilh cinnamyl 

chloride under Uarbier conditions gave a mixture of several products including the fhreo and eryflrro 

products and 1,4-addition yroducls (14a,14b). 

(3Rs. 4Ks)-12b R=Mc 
(3RS, IRS)-13b R=l’h 

lla R-Me 
14b R=Ph 

In view of the high selectivilies found for the above aldehydes when the reaction is mediated with tin and 

aIumil~ium it was of interest to examine the possibifity of using this procedure for the synthesis of 

molecules containing more than two chiral centres. For the aldchydes Z-methylbutanal (Isa), 
2,4,4_trimcthylpentanal (ISW and 2-phenylpropanal (15~) which contain a chiral centre adjacent to the 

carbonyl group the producls of t,2-addition will contain lhree contiguous chiral centres, i.e. four possible 

diastereomers (Scheme 1). 
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Schcmc 1 

15.1 R = El 
b R = 1 UUCH, 
c R = PI1 

OH 
llwco nnli-Cram-(i) 

crylhro Cram-(iii) 

OH 

thrco Cram-(ii) P 

f” z0 

crylltro anli-Cmn-(iv) 

lBR=Bt 
17 R = I UuCHl 
18 R = I’ll 

Reaction of 2-phenylpropanal (15~) with cinnamyl chloride in the presence of tin and aluminium gave two 

diastereoisomers in a 3:l ratio in the isolated product mixture. The major diastereoisomer was determined 

to be the three-cram diastereoisomer (2RS, 3SR, 4SR)-2,4-diphenyl-5-hexen-3-01 (18ii) by X-ray crystal 

structure analysis of the 3,5_dinitrobenzoate derivative (20). Oxidation of the reaction product mixture 

with pyridinium chlorochromate gave a ca. 3:l mixture of ketones 19b and 19a thereby establishing the 

relative configurations of C2 and C4 in the minor alcohol product. This product is therefore assumed to be 

three-anti-Cram (18i) since the tin-aluminium reaction in all the above cases has been established as three 

selective. The reaction occurs not only with diastereoselective carbon-carbon bond formation (three 

selectivity), but also with marked selectivity between the enantiomeric faces of the carbonyl group (Cram 

selectivity). P-Methylbutanal (15a) and 2,4,4_trimethylpentanal (15b) also showed a diastereofacial 

preference giving respectively a 5:2 <and a >9:1 mixture of two of the four possible diastereoisomers. In each 

case the major diastereoisomer is assumed by analogy with the above reaction to be three Cram (16ii, 17ii) 

and the minor diastereoisomer tkreo anti-Cram (16i, 17i). The carbonyl face selectivity is known to be 

dependent on the steric bulk and polarity effects x at the chiral centre adjacent to the aldehyde. The facial 

selectivity at the carbonyl for this reaction with cinnamyl chloride is less than the induced tkreo diastereo- 

selectivity. 

By comparison with the reaction catalysed by tin and aluminium reaction of 2-phenylpropanal with 

cinnamyl chloride under Barbier conditions gave a mixture of the four possible branched homoallylic 

alcohols (ISi-iv) which on oxidation with pyridinium chlorochromate gave a ca. 1:l mixture of the 

isomeric ketones (19a) and (19b). 

An attempt to extend the use of this tin-aluminium procedure to the synthesis of molecules containing 

more than two chiral centres was made by studying the reaction of glyoxal (Zl), 2,4-dihydroxy-1,4-dioxane 

(22) and terephthaldicarboxaldehyde (23) with cinnamyl chloride. The t3C n.m.r. and IH n.m.r. spectra of 

the product mixture from the reaction with glyoxal, and 3,4-dihydroxy-1,4-dioxane, which could give Six 

isomers (24a-f), showed the presence of three diastereoisomers and a trace of possibly a fourth 

diastereoisomer. Even if the addition of the first cinnamyl is fhreo selective tautomeric eqilibrium will 

generate both the erykhro and three intermediate (Scheme 2). Each of these two intermediates can further 
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react wilh a second cinnamyl group in a rcaclion prcsumcd lo occur flirco selccliveiy lhercby resulling in 

the formation of Z&r-d. One diastcrcoisomcr was separated by radial chromatography and shown to be 

symmetrical by n.m.r. spectroscopy, thcrcby idcntifyin~ it as cilhcr 241 or 24b. Conversion of the diol to the 

acetonidc derivative (251 and the llos~-idciltity of the acctonide methyl groups in the 11-I n.m.r. spectrum 

established the acctonide as 2% (cf 25b) and hcncc lhc alcohol as 241. 

Scheme 2 

&action of terc~l~tl~aldicarboxaldcl~ydc with cinnamyl chloride mediated by tin and aluminium gave only 

lwo &a, 2Gbl of the six possible? diastcrcomcrs consislent wilh each addition of a cinnamyl group being 

tffrco sclcclive. 

p-1 

“HQcf+o - @-f-fJ++* 
OH OH 

23 <IRS, 2%. I’SR, 2’RS@6a (IRS, 2SR, I’KS, 2’5Rf.Xb 

WC have found that this wide rmgc of aldchydes react with cbmamyl chloride in this complex mufti- 

phase syslcm lo produce cxclusivcly the tftrco homoallylic alcohols, and neither cleclronic nor sleric cffccts 

of lhc aldehydc affect lhc diastcrcosclcctivity of the reaction. For other mclal mediated allylation reactions 

Ihrco sclcclivity is considered to be the result of a cyclic mechanism (Scheme 3) involving preferential 

equatorial substitution in the six mcmbcrcd ring. 27 

Scheme 3 
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111 hc St141 mediated reaction hydrobromic acid is added in catalytic quantities and is probably involved 

in gencrafing an aclive metal site and does not appear to effect lhe diaslereoselec:ivi1y of the reactionB 

The aluminium is thought lo promote the formalion of an allylic Iin compound, probably diallylit tin 

dihaliclc,B by activating tin insertion and reducing any tin salts formed. Following addition 10 the carbonyl 

hydrolysis forces Ihc equilibriul~~ IO the product l~ol~~oallylic alcol~ol. 

II is notable that cinnamyl chloride reacls with aldchydes in the presence of Iin and alun~i~~ium and frarfs- 

cinnamyl trialkyhin reacts wilh aldehyclcs wilh tlrrcu scleclivify while aolyl bromide in the presence of iin’ 
and alunli~~iu~~~ and croIy1 1rialkyiIii~ afford an cryfhrv rich mixture of products. A linear transition state 

(Scheme 4) can result in the formation of cryfhro-products from both fm~s- and cis-crotyl trialkyltins.~ 

Scheme 4 

M 

I- R 

~ - 
l-l MC 

0 

I-4 

I7 f-i 
I- 
~ c Me 

0 

TabIc 2 

hcaction of bcnntaldchyde with allylic species. 

OH 
0 

l/IN0 cis 

cis 

Allvlic soecies l~eaction Yield Eriiilrro Theo Xfferei~ce 

67% lrrII~s-crolyl dibulyllin chloride3 thermal 75% 44 56 32 
55% cis-crotyl dibulyllii~ chlorides lherinal 75% 54 46 32 
in&s-crolyl tributyltin lW3 90% 98 2 34 
4O%&crolyl lribulyllin~ liq 90% 98 2 34 
trams-crolyl lriphe~~yllil~ lW3 92% 83 17 22 

Iraas-cinnamyl lriphcnyltirt Uq 65% 1 99 22 

1ra~Is-ciI~~la~l~yl iribulyhin lW3 8l% 10 90 22 

crolyl bromide Sn-AI 87% 60 40 4 

cinnamyl chloride SWAl 72% 100 w 

Ynma~noto~ found frarrs-crotyl Iribulyltin reacted with benzaldehydc in llrc presence of Ulna lo give a 982 

preCercnce for the cryf~Iro product. s Korccda and Tanakaz with the same conditions reported that trutfs- 

crolyl lriphcnyl1in reacted wilh benzaldclrydc with somewhat rcduccd scleclivily 10 give a 83:17 prcfcrcncc 
for tltc crytlrro proch~cI. Jn cwtr.lgt tr~~its-~jl]Il~l~~y~ lril?l~c~~ylli~~ rcacled with ~nzaldellyde* 10 give 99:l 

mixture of ffrrco and cry&o atco1~ols wlrifc cinnamyl lributylti:~ under the same conditions is slightly iCSS 

selective, resulting in a 90~10 preference for lhc f/ire0 alcohol. These experiments show that the ligands on 

tin (pi~c~~yl or n-butyl) have an il~fiueI~cc on the sler~s~~ifi~ty of the reaction. The inductive effect of lhe 

phenyl ligands relalive 10 n-bulyl ligands is considcrcd Lo incrcasc lhe rclalive positive charge 011 lhc tin 
ccntres thereby increasing coordination IO carbonyl and biasing Ihe reaction towards a cyclic mechanism 

and tlrrco formaIion. 

The Iin will be more electropositive for cinnamyl trialkyltin than for crotyl trialkyltin and hour 

coorclir\alioi\ will1 carbonyl resulting in a preference for a oychc transition state and tkrco selectivity. The 
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clcctron density at tin of lhe organonrctaliic spccics formed in the tin-aluminium reaction of crotyl and 

cinnamyl halides will also be influenced by the methyl and phenyl groups. The cyclic lransilion slate 

should thercforc become more competitive with consequent formation of fhrco-homoallylic alcohols for 

reaction of cinnamyl chloride with aidehyde compared with crotyl bromide where the crylhro isomer is 

formed in diastereomcric excess. 

The sclcctivity observed for reaction of cinnamyl chloride in the reaction with aldehydes mediated by till 1 
and aluminium should find increasing importance in stereoselective synthesis because of the regio- 

selectivity and diastereoselectivity and diastercofaciai sclcctivity. 

Exycrirrrerrtal 

Getterat. Infrared spectra were recorded on a Shimadzu lR27G or Pye Unicam SP3-300 spectrophotometer. 
Mass spectra were recorded on an A.E.I. MS902 or Kratos MS8ORFA spectrometer. Radial chromatography 
was performed on a Chromatotron (Harrison and Harrison) using Merck type 60 P.F. 254 silica gel. 
lH n.m.r. spectra were recorded on a Varian T60 or XL300 spectrometer and 13C n.m.r. were recorded on a 
Varian CFf20 or XL-300 spectrometer, for CDCl3 solutions with (CI-I&Si as an internal standard. Melting 
points were determined using an Electrothermal melting point apparatus and are uncorrected. 

Preparation of 1,2-Diphenyl-3-buten-1-01s by Reduction of 1,2-Diphenyl+buten-l-one . 
(i) Wit/~ lithium a1uminium hydride. 1,2-Diphenyl-3-buten-l-one (6) (111 mg, 0.5 mmol) was dissolved in 
dry ether (5 ml) and added dropwise to a stirred suspension of lithium aluminium hydride (111 mg) in dry 
ether (2 ml) and the resulting mixture heated under reflux for 5 hours in a nitrogen atmosphere. Excess 
lithium aluminium hydride was destroyed by the addition of sodium sulphate decahydrate and the 
mixture diluted with 1% sulphuric acid and the prod& extracted into ether, washed with water, and dried 
with sodium sulphate. The solvent was removed by distillation to give a 9~2 mixture of (IRS, 2RS)- and 

(IRS, 2SR)-1,2-diphenyl-3-buten-l-0118 (5a, 5b). IH n.m.r. (CCl4) 8H 7.10, 5b ArH; 7.16, 5a ArH. 
(ii) With cerium (111) chloride hexahydrate-sodium borohydride. I* To a solution of 1,2-diphenyl- 
3-buten-l-one (6) (1 mmoi, 221 mg) and cerium (Ill) chloride hexahydrate (1 mmol, 355 mg) in methanol 
(2.5 ml) was added sodium borohydride (1 mmol, 38 mg) in one portion with stirring. Vigorous gas 
evolution occurred and the temperature rose. Stirring was continued for a few minutes and the pH 
adjusted to neutrality by controlled addition of dilute aqueous hydrochloric acid. The product was extracted 
with ether, dried with sodium suiphate and after removal of solvent gave a 21 mixture of (IRS, 2RS)- and 
(lRS, 2SR)-2-methyl-1-phenyl-3-buten-1-0115 (5a, 5b) (0.21 g). 1H n.m.r. (CQ) 8R 7.10,5b ArH; 7.17,Sa ArH. 

Barbier Preparations of Homoallylic Alcohols. 
The procedure used for the preparation of the 1,2-di henyld-buten-1-01s is representative of that used for 
the preparation of a number of homoallylic alcohols. p5 

I,&Diphenyt-3-buten-l-ok. (E&3-Chloro-1-phenylpropene (0.1 ml) and a crystal of iodine were added to 
magnesium turnings (1.8 g) and dry ether (10 ml) and the mixture vigorously stirred and heated to initiate 
reaction. A solution of (E)-3-chloro-1-phenylpropene (2 g, 13 mmol) and benzaldehyde (1.2 g, 11 mmol) in 
dry ether (10 ml) was added at such a rate as to maintain a gentle reflux (30 min). The mixture was stirred 
and kept under reflux for a further 3 hours, cooled and poured into ice-cold saturated aqueous ammonium 
chloride solution (20 ml). The ether layer was separated and the aqueous layer extracted several times with 
ether. The combined ether extracts wcrc wasned wilh waler, dried over magnesium suiphate.and after 
removal of solvent gave a yellow oil (3 g) shown by g.1.c. to be a 1:l mixture of (lRS, 2SLsR)- and (lRS,2RS)- 
1,2-diphcnyi-3-buten-l-oils (5b, Sa). urnax 3450,920,768, 700 cm-t. II-1 n.m.r. (CC&) 3,t 1.87, Wh/z 9 Hz, OH; 

2.18, Wt,/z 7 Hz, OH; 3.3 - 3.65, I-12; 4.6 - 5.3,1-D, (l-14)2; 5.6 - 6.5, I-13; 7.10,7.17, ArH. 1% n.m.r. (CDCl3) 8~ 58.4, 
59.0, C2; 77.2,77.4, Cl; 117.1, 118.2, C4; 137.7, 137.8, C3; 126.5,126.6,127.0,127.3,127.7,127.9,128.1,128.3,128.6, 
128.7, 128.8, 140.3, 140.7, 141.9, phcnyl carbons. The oil crystallized lo give (IRS, ZRS)-l,L-diphenyl- 

3-butcn-I-ol (5a) which was recrystallized from dichloromethane : pentane; m.p. 76’C. II-1 n.m.r. (CCl.t) &I 
1.62 Wh/2 8 HZ, OH; 3.47 Jl2 7 Hz, l-12; 4.6 - 5.1,1~11, (H4)2; 5.87 J3.4 cts 10 kk J3,4 INIIS 16 kk 1~3 7 1-k r-13; 7.17, 
WI,/~ 2 I& Arl-I. 13c n.m.r. (CDCl3) 8~ 58.4, C2; 77.4, Cl;.117.1, C4; 137.7, C3; 127.0,127.7, 127.9, 128.1,128.6, 
128.8,140.3, 141.9 phenyl carbons. 
3-P/rcrtyI$clrt-I,S-d;cn_4-ol. (E)-3Chioro-l-phenylpro ene (0.55 g, 3.7 mmol) was reacted with (E)-Zbulenal 
(0.26 g, 3.7 mmol) to give an oil (0.65 g) shown by 1 Y . C n.m.r. to be a mixture of at least three compounds. 

11-1 n.m.r. (Crx3) 61-1 1.5 - 1.!3,2.5 - 2.8,3.3 - 3.6,4.2 - 5.3, 6.0 - 6.8,7.0 - 7.6,9.5 - 10. 1v n.m.r. (CDC~J) k (12a) 
57.0, C3; 117.1, Cl; (12b) 17.7, C7; 57.3, C3; 75.5, C4; 117.7, Cl; 131.4, C5; 138.2 C2. 
1,4-Diphcnythcxa-1,5-dieu-3-ot. (E)-3-Chioro-l-phenyipropene (3 g, 20 mmoi) was reacted with (E)- 
I-phenyipropenai (2.64 g, 20 mmol) to give an oil (2.37 g) shown by 1* n.m.r. lo be a mixture of several 

compounds. umjx 3425, 1680 cm-l. II-1 n.m.r. (CDCl3) 6t.t 1.85 - 1.88, 2.60 - 2.67, 3.37 - 3.54, 4.27 - 4.30, 4.47 - 

4.56,5.04 - 5.28,6.03 - 6.75,7.03 - 7.48,9.66,10.0 from which 13b couidbe identified 1X n.m.r. (CDCl3) 8~ (13b) 
57.5, C4; 75.0, C3; 118.0, c6; 129.7,131.0, Cl, C2; 137.7,CS; 126:4,126.7,127.4,128.5,128.6,140.4, phenyl carbons. 
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2,4-Diyl~eayl-5-I~J-3-of. (E)-3-Chioro-1-phenylpropene (0.55 g, 3.6 mmoi) was reackd with 2-phenyl- 
propanal (0.5 g, 3.7 mmoi) lo give an oil (0.8 g), a mixture, (ca. 4:3:1:3) of four isomers of 2,4-diphenyl- 
5-hexen-3-01 (ISi, 18ii, lliii, 18iv). I) max 3475, l500,1460 cm-l. IH n.m.r. (CDCW SH 1.29 - 1.60, (H1)3; 2.38 - 
2.40, 2.56- 2.95, 3.26-3.41, 3.59-3.70, 3.93 -4.05, C3, C4; 4.90-5.23, C6; 6.03-6.47, C5; 7.19 -7.33, ‘ArH. 

1X n.m.r. (CDCl3) k 14.5, 15.1,17.6, 19.2, Cl; 40.2,41.9,42.1,42.6, C2; 53.7, !X.O,54.1, C4; 78.1,78.6,0; 116.3, 
117.5, 117.9, C6; 137.4, 137.7, 138.0, 139.2, C5. Radial chromatography and elution with 10% - 30% ether - 
petroleum elher mixtures gave (2RS, 3RS, 4RS)-2,4-diphenyl-5-hexen-3-01 (16i). 1H n.m.r. (CDCi3) gH 1.36, 
JI,~ 7 Hz, Wlh; 2.85, J1.z 7 Hz, J2,3 6.4 Hz, I-D; 3.31, J3,4 7.4 Hz, J4s 8 Hz, H4; 4.01, J2,3 6.4 Hz, J3,4 7.4 Hz, H3; 5.04, 
J5,6a l7 Hz, J6.-,,6b 2.5 I-1-s J4,(ja 1.5 I*, Ma; 5.13, Js,6b 10 I-k J&,6b 2.5 Hz, H6b; 6.12, J4,5 8 Hz, Js,‘5,6a 17 Hz, Js,6t, 
10 Hz, I-15; 7.23 - 7.32, A&I. 1% n.m.r. (CDCl3) &c 19.4, Cl; 42.6, Q; 54.1, C4; 78.3, C3; 116.4, C6; 139.6, C!j; 126.5, 
126.7,128.2, 128.43,128.46,128.53,128.7,128.9, phenyl carbons. 
(ZRS, 4SR)- aJrd (2RS, 4RS)-2,4-dip~Jcrryl-5-lJexcrr-3-orJc. The above mixturo of diastereoisomers (18i-iv) 
(150 mg) in dichloromethane (4 ml) was added to a vigorously stirred mixture of pyridinium 
chiorochromate (1 g), anhydrous sodium acelate (0.11 g) and dichloromethane (50 ml). After six hours 
ether 60 ml) was added with stirring and the mixture was decanted from the tarry residue and washed 
wi1h e1her (3 * 50 ml). The combined organic solutions were filtered through Horosii, dried with sodium 
suiphate and after removal of solvent gave a mixture (ca. 1:l) of (2RS, 4SR)- and (2R$4fi)-&$diphenyl- 
5-hexen-3-one (19a, 19b) as an oil (0.17g). (Found CIMS (NH3): M+H+ = 251.14l7; C1sH190 requires 
251.1437). urnax 1700 an-‘. lH n.m.r. (CDCiJ) 6H 1.17 - 1.53, (Hlh; 3.96, Jl2 7 Hz, H2; 4.53, Jds 8 Hz, H4; 4.93 - 
5.37, (H6)2; 5.76 - 6.67, H5; 6.83 - 8.17, ArH. 13C n.m.r. (CDC13) k (19b) 18.0, Cl; 52.1, C2; 61.3, C4; 117.8, C6; 
129.0, C5; 183.7, C3; and (19a) 26.5, Cl; 51.4, C2; 60.6, C4; 116.7, C6; 136.6, C5; and phenyl carbons (19a, 19b) 
126.9,127.2,128.1,128.3,128.5,128.7,129.0. 

Chromous chloride Mediated Addition of Allylic halides to Aldehy&ies. 
2-MellJyl-I-plJeJJyl-3-butcrr-1-01s. Lilhjum ahnninium hydride (418 mg, 11 mmoi) was added por1ionwise 
10 anhydrous chromic chloride3 (3.49 g, 22 mmol) and the mixture stirred in anhydrous tetrahydrofuran 
(30 ml) at OX in a nitrogen almosphere for 5 minutes. Afler 20 minutes at room temperature a tan 
suspension was obtained which was cooled to O’C and benzaldehyde (834 mg, 7.9 mmoI) in anhydrous 
letrahydrofuran (5 ml) added. (E)-1-Promo-2-butene (1.49 g, 11 mmol) in anhydrous tetrahydrofuran 
(30 ml) was added dropwise over 15 minules. Aliquots of the reaction mixture were taken at intervals and 
1he course of the reaction monitored by 11-I n.m.r. Af1er 3 hours the reaction was poured into water and 
ether and the organic layer washed with waler, dried with sodium sulphale and after removal of solvent 
gave (IRS, 2RS)-2-methyl-l-phenyl-3-bu1en-l-o1 2132#J (7b) and I-phenyl-3-penten-l-olg (8a) as an oil 
(0.84 g). 11-1 n.m.r. (CC4) S11(7b) 0.86, J2,.5 7 Hz, Me; 2.47, J2,5 7 Hz, J2,3 7 Hz, I-D; 4.34,Jl.z 7.8 Hz, HI; 5.14 - 5.21, 
(I-14)2; 5.8, J23 8.1 Hz, J3,da 10.3 Hz, J3,4h 17.1 Hz, H3; 7.2 - 7.4, ArI-I; lx n.m.r. (CDCi3) k (7b) 16.5, C&Me; 46.1, 

C2; 77.8, Cl; 116.5, C4; 140.4, C3. lH n.m.r. (CC4) 6~ (81) 1.67, J35 1.2 Hz, J4,5 5 Hz, (H5)3; 241, (H2)2; 4.63 - 4.67, 
Hl; 5.35 - 5.47, 5.52 - 5.65, H3, I-I& 7.2 - 7.4, ArH; *XC n.m.r. (CDCl3) 3~ (8a) 18.0, C5; 42.7, C2; 73.4, Cl; 142.6, 
144.2, C3, C4. lJC n.m.r. (CDCi3) 3~ (7b, 8a) 12!%8,126.8,127.3,127.5,128.1,128.3,129.1 phenyl carbons. 
l,>Dip/JeJJyl-3-htes-1-01s. (R)3-Chloro-I-phenylpropene (1.61 g, 11 mmol) was reacted as above with 
benzaidehyde (863 mg, 8.1 mmol) to give an oil (0.72 g); shown by g.1.c. 10 be a mixture (83:17) of (IRS, 2SR)- 

and (lRS, 2RS)-1,2-diphenyi-3-buten-l-ok 15 (Sb, 5a). 1~ n.m.r. (CCl4) St1 7.10,Sb ArH; 7.17,Sa ArH. 

Zinc Media1ed Addition of AIlylic halides lo Aldehydes. 
2-Mctlryl-I-pkenyl-3-buteli-1-01s. h mixture of (I?)-1-bromo-2-butene (2.6 g, 20 mmol) and benzaldehyde 
(2.2 e, 20 mmol) was dissolved in 1etrahydrofuran (1 ml) and saturated aqueous ammonium chloride 
(5 ml). Zinc powder (1.3 g, 20 mmoi) was added and 1he mixlure stirred for 1 hour at room temperature, 
fihered and 1he solid washed with e1her (2 x 100 ml). The filtrate was washed with water (SOml), dried 
wi1h sodium suiphate and after removal of solvent gave an oil (3.1 g), shown to be a mixture (57:43) of 
(lRS,2RS)- and (lRS, 2SR)-2-methyl-l-phenyi-3-buten-l-o121~2~ (7a, 7b). urnax 3440, 1455, 1190, 700 cm-‘.. 
*3C n.m.r. (CDCl3) 3~ 14.1,16.5, Me; 44.6,46.1, C2; 77.2,77.7, Cl; 115.3,116.5, C4; 134.2,140.1, C3. 
1,2-Diplicnyl-3-butaf-I-01s. (Ii)-Chloro-l-phenyipropene (3 g, 20 mmol) was reac1ed with benzaidehyde 
(2.2 g, 20 mmol) 10 give an oil (3.9 g), a mixture, 31 (ratio determilled by inspection of resonances at k 58.4 
and 58.9 of 13C n.m.r. spec1rum) of (IRS, 2SR)- and (IRS, 2RS)-1,2-diphenyl-3-buten-l-o115 (Sb, Sa). ‘H n.m.r. 
(CDCi3) 6H 2.23, Wh/z 8 Hz, OH; 3.2 - 3.67, H2; 4.7 - 5.3, HI, (Ii4)2; 5.77 - 6.57, I-D; 7.13, 7.17, ArH. 13C n.m.r. 
(CDCJ3) SC 58.158.9, C2; 77.1,77.3, Cl; 116.9;117.9, C4; 137.9, C3; 126.0,126.4,126.6,127.2,l27.8,l28.2,l28.4, 
128.9, 129.6, phenyl carbons. 

Tin and alundnium medialed addition of ailylic halides lo aldehydes. 
The general procedure used for the preparation of homoallyiic alcohols mediated by tin and aluminium 
metal to direct carbon - carbon bond formation4 is described for the preparation of the Zmethyl-l- 

P 
henyl+ 

buten-1-01s. Where product homoallylic alcohols were unstable to g.1.c. analysis ‘SC n.m.r. and I-I n.m.r. 
spectroscopy was used to establish the absence or otherwise of erythro stereoisomers. 
2-Mediyf-I-p/JerJyl-3-buten-1-01s. To a mixture of (E)-I-bromo-2-butene’(282g, 20 mmol) and benzaldehyde 
(2.32 g, 22 mmol) in ether (5 ml) and water (3 ml) was added tin powder (1 g, 8.4 mmoi), aluminium 
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powder (0.5 g, 18.5 mmol) and 3 drops of hydrobromic acid. The mixture was stirred for 24 hrs at room 
temperature, filtered, the solid washed with ether (2 x 100 ml), and the filtrate washed with water 
(2 l 50 ml). The combined ether fractions were dried with sodium sulphate and after removal of solvent 
gave an oil (2.08 g) shown to be a mixture, (58~42, g.l.c., 2% carbowax 20M on chromosorb W, column 
temperature 9O’C) of (IRS, 2SR)- and (IRS, 2RS)-2-methyl-l-phenyl-3-buten-l-ols~1~2 (7a, 7b). urnax 3440, 
I455,IIW, 700 cm-l. IH n.m.r. (CCl4) 6~ (7a) 1.0, Jz,,s 7 Hz, Me; 4.40, Jt,2 6 Hz, Hl; (7b) 0.87, J25 8 HZ, Me; 4.28, 
Jt.2 8 Hz, Hl; the following signals coincide 2.2 - 2.6, I-12; 4.6 - 5.2, (H4)2; 5.3 - 6.0, H3; 7.30, Wh/2 4 Hz, ArH. 
1% n.m.r. (CDCl3)6c (7a) 14.2, Me; 44.6, C2; 77.3, Cl; 115.3, C4; 140.4, C3; (7b) 16.5, Me; 46.1, C2; 77.9, Cl; 116.6, 
C4; 140.6, C3; f7a, 7b) 126.6,126.8,127.3,127.6,128.0,128.2,142.5,142.7, phenyl carbons. 
3-Rcnyl-4-Pc~IIc~I-2-01. (E)-3Chloro-1-phenylpropene (3 g, 20 mmol) was reacted with acetaldehyde (2 g, 
50 mmol) in tetrahydrofuran (5 ml) and waler (3 ml) to give an oil (3.2 g). Radial chromatography with 
10% - 30% ether - petroleum ether mixtures gave (2RS, 3RS)-3-phenyl-4-penten-2-o1. (Found CIMS (C4HtO): 
M+l-l+-H20 = 145.1013; CtII-II3 requires 145.1017). vlnax 342.5,760, 705 cm-l. tH n.m.r. (CDCl3) 6~ 1.16,Jt.z 
6 II& (HI)3 2.06, Wh/2 6 Hz, OH; 3.23, J23 8 Hz, J3,4 8 Hz, I-13; 4.03, Jt.2 6 Hz, J2,3 8 Hz, I-D; 5.03 - 5.43, (H5)5)t; 
5.9 - 6.66, H4; 7.33, Whiz 5 Hz, ArH. I3C n.m.r. (CDCl3) SC 20.7, C1;.59.0, C3; 70.2, C2; 117.7, CS; 126.7, ~1; 128.0, 
128.6, Q m 138.5, C4; 141.6, A. 
4-P/1~r1yl-5-he~~t1-3-01. (E)3-Chloro-1-phenylpropene (3 g, 20 mmol) was reacted with propanal (1.16 g, 
20 mmol) to give an oil (3.2 g). Radial chromatography gave (3RS, 4RS)-4-phenyl-5-hexen-3-o1. (Found 
CIMS (C4Ht0): M+H+-I-120 = 159.1165; C12H15 requires 159.1175). urnax 343O,I460,710 cm-t tH n.m.r. (CC4) 
6t.t 0.7 - 1.5, (H1)3, (H2)t’ 1.8, Wh/2 14 HZ, OH; 3.17, J3,4 8 Hz, J4,5 8 Hz, H4; 3.!j7, J3,4 8 HZ, J2,3 7 HZ, H3; 4.9 ; 5.4, 
(H6)z; 5.88 - 6.4, H5; 7.18, Wh/2 3 Hz, Arl-I. t3C n.m.r. (CDCl3) k 10.0, Cl; 273, C2; 56.9, C4; 75.4, C3; 117.6, C6; 
126.6, E; 128.0,128.7, Q, s 138.4, C5; 141.8, i. 
2-Mcthyl-4-phenyl-5-hexerr-3-ol. (8)3-Chloro-l-phenylpropene , (3 g, 20 mmol) was reacted with 2- 
n~ell~ylpropanal (1.47 g, 20 mmol) to give an oil (3.6 g). Radial chromatography gave (3RS, 4RS)-Zmethyl- 
4-phcnyl-5-hexen-3-01. (Found CIMS (C411to): M+I-1+-l-120 = 173.1314; C&t7 requires 173.1331). urnax 3450, 
705 cm-t. 11-I n.m.r. (CDCl3) 8~ 0.93, Wt,/z 12 Hz, (l-11)3, H2-Me; 1.33 - 1.83, H2; 1.76, Wh/2 3 Hz, OH; 
3.23 - 3.78, ID, I-14; 5.0 - 5.4, (I-I6)2; 5.9 - 6.6, I-IS; 7.3, Wtr/2 3 Hz, ArH. t3C n.m.r. (CDCl3) 8~ 15.8,20.1, Cl, C2- 
Me; 29.8, C2; 54.6, C4; 78.5, C3; 117.4, C6; 126.5, E; 128.0, 128.7, a 5 138.8, C5; 142.1,l. ArH. ORS, 4RSJ- 
2-rrtcfl~yl-4-phcny1-5-/~~c~~-3-yf-35_~c (11); m.p. 128 - 3O’C. tH n.m.r. (CDC13) 6~ 0.95, J1,2 7 Hz, 
1.1, Jt,z 8 Hz, (HI)3, CZ-Me; 1.86, H2; 3.75, J45 9 Hz, J3,4 9 Hz, H4; 5.03, J5.6 10 Hz, H6a; 5.04, J5,6h 17 Hz, H6b; 
5.53, J3,4 9 Hz, 12.3 4 Hz, H3; 6.07, J4,5 9 Hz, J~,Q 10 Hz, ]5,6h 17 l-lx, H5; 7.18 - 7.35,g.l - 9.2, ArH. 13C n.m.r. 
(CDCl3,Sc 15.9,20.0, Cl, C2-Me; 29.1, C2; 53.3, C4; 82.8,O; 117.4, C6; 138.0, c5; 162.3, C=O; 122.3,127.2,127.9, 
129.0,129.3,140.3, phenyl carbons. 
3-PI1cr1yl-2-dccc11-4-ol. (8)3-Chloro-l-phenylpropene (3 g, 20 mmol) was reacted with heptanal (2.28 g. 
20 mmol) to give an oil (4.5 g). Kadial chromatography gave (3R!S, 4RS)-3-phenyl-2-decen-4-01. (Found 
clMS(C4l-Il0): M+H+-I120 = 215,lSOl; Cl&I23 requires 215.1801). u,,,ax 3450,2950,1070,710 cm-l. ‘H n.m.r. 
(CDCl3) gtt 0.7 - 1.4, (I%)~ fH6)2,‘fH7)2, (l-18)2, fl-I9)2, (I-110)3; 1.75, Wyz 8 HZ, OH; 3.2, J2,3 8 II& J3,4 8 I-k l-13; 3.8, 
Wh/2 14 Hz, H4; 5.0 - 5.4, H12; 5.8 - 6.6, I-12; 7.3, WI,/2 2 Hz, ArH. 1Jc n.m.r. (CDClJ) 3~ 14.1, Cl@ 22.6, C9; 25.7, 
C6; 29.3, c7; 31.8, CS; 34.5, C5; 57.5,O; 74.1, C4; 117.8, Cl; 126.6,~ 128.7,g,m 138.5, C-2; 141.8, i. 
1,3-Dip/renyl-4-pcrrfen-2-oI. (E)-3-Chloro-l-phenylpropene (3 g, 20 mmol) was reacted with l-phenyl- 
ethanal (2.4 g, 20 mmol) to give (2RS, 3RS)-1,3-diphenyl-4-penten-2-o1 as an oil (4.5 g). (Found CIMS 
(C4Hlo): M+H+-Hz0 = 221.1314; Ct7Ht7 requires 221.1331). urrv,x 3440,750,700 cm-l. ‘Ii n.m.r. (CDCl3) 6H 2.6, 
Jt2 6 Hz, (H1)2; 3.3, J23 7 Hz, J3,4 7 Hz, ID; 3.83 - 4.16, II2; 4.96 - 5.36, (I-I!I))2; 5.83 - 6.63, H4; 7.23, Wh/2 2 ph. 7.33, 
Wt,/z 2 Hz, ArI-I. t3c n.m.r. (CDCl3) 3~ 41.2, Cl; 56.4, C3; 75.1, C2; 117.8, CS; 138.1, C4; 126.3,126.7,128.I, 128.4, 
128.7,129.4,13&S, 141.7, phenol carbons. 
EPoxidntiorr of (2KS, 3RS)-1,3-Diplrerryl-4-pcntcn-2-o1. To (2RS, 3RS)-1,3-diphenyl-4-penten-2-01 (6b) 
(200 rng) in dry ether (10 ml) was added mctachloroperbcnzoic acid (400 mg) and the solution kept at room 
temperature 72 hours. The solution was washed with saturated aqueous sodium bisulphite (IO ml), 
saturated aqueous sodium bicarbonate (10 ml) and water (10 ml) and dried with sodium sulphate. 

Removal of solvent gave an oil. urrux 3425 cm- 1. II-I n.m.r. (CDCl3) 614 233 - 2.93, (I-11)2, H3, (H5)2; 3.27 - 3.6, 
H4; 3.93 - 4.37, H2; 7.0 - 7.57, ArH. Radial chromatography gave pure fractions of (2RS, 3RS, 4RS)-4s-epOxy- 
1,3-diphenyl-4-penten-2-ol (lob); (Found ClMS(C.4Hto): M+H+-Hz0 = 237.1309; C17IItfi requires 237.1280). 
t3C n.m.r. (CDCl$ gc 41.6, Cl; 45.6, c5; 53.7, C4; 54.5, C3; 75.8,.C2; 126.4,1273,128.4,128.8.I29.S, I38.4,139.3, 
phenyl carbons. and (2RS, ~RS, 4SR)4,5-epoxy-1,3-diphenyl-4-penten-2-o1 (1Oa); (Found CIMSQHto): M+H+- 
I-120 = 237.1240; Ct7HIfi requires 254.1308). DC n.m.r. (CD@) 3~ 41.9, Cl; 46.8, C.5; 53.0, C4; 53.5, C3; 74.2 C2; 
126.5,127.3,128.5,128.7,128.8,129.4,129.5,138.3, phenyl carbons. 
‘1,2-~iphcnyl-3-6uter1-1-ol. (B)-3-Chloro-1-phenylpropene (3 g, 20 mmol) was reacted with benzaldehyde 

(2.12 g, 20 mmol) to give (lRS, 2SR)-1,2-diphenyl-3-buten-I-o1 15 (5b) as an oil (3.2 g). tH n.m.r. (CCl4) 6~ 7.1, 
W,,/2 3 HZ, ArH. 
1-f4-Cyanoplrcnyl)-2-p/1cnyl-3-6utcrl-I-oI. (II)3-Chloro-l-phenylpropene (3 g, 20 mmol) was reacted with 
Il-cyanobenzaldehyde (2.62 g, 20 mmol) to give a solid which was recrystallized from carbon tetrachloride to 

give (IRS, 2SR)-l-(4-cyanopl~enyl~2-phcnyl-3-bulen-l-ol (3.6 g). M.p. 93 - 94°C. (Found: C, 81.4; He 6.0; N, 
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5.396; Ct7HrsNO recpit~ c, 81.9; H, 6.1; N, 5.6%). (Found CIMS(C4Hlo): M+H+ = 25O.luZ; C17Hld\l’O 

requires 250.1233). umx 342% 2250, IOf%, 760, 710 cm-*. 1~ n.m.r. (CDCI3) 6~ 2.63, wh/2 7H2, OH; 3.41, J1,2 
8 1-k Jz~ 8 I% H2; 4.85, Jl,z 8 Hz, I-11; 4.96 - 5.35, (?I4)2; 6.18, JQ 8 Hz, J3,4 ,ta,,s 16 Hz, J3,4 cis 10 Hz, I-B; 7.23, 
Whfz 20 Hz, ArH. 1x n.m.r. &ZDCI$ SC 59.2, C2; 76.5, Cl; 110.9, I$; 119.0, C4; 127.0, & 127.3, 12&2,X8:6, & 
Q’, a 131.6, E’; 136.9, C3; 139.8, i; 147.4, l; CN not observed. 
1 -~~-Mc~~Io~~~IIc~I~I~-~-~/~c~~~~-~-~~~c~I-Z -ok (I+3-Chloro-1-phenylyropene (3 &,20 mmol) was reacted with 
4-n~ethoxy~~~ldebyde (2.72 g, 20 nunol) to give an oil (3.87 g>. Radial ~ro~t~raphy gave (IRS, 2SR)- 
1-~4-methoxyphenyl~-2-phenyl-3-bute~~-l~l. (Found CIMSQHto): M+H+ = 255.1394; C17HlgO2 requires 

255.13%). Umax 3450,1520,1240,1035,76.5,710 cm-t. 1H n.m.r. (CDCl3) BH 22S, Wt,/2 8 Hz, OH; 3.5, J12 8 Hz, 
Jz3 8 Hz, I-12; 3.83, W1,/2 2 Hz, OCr-lj; 4.9, J1,2 8 Hz, Hl; 5.06 - 5.46, (H4h; 6.06 - 6.66, H3; 6.73 - 7.5, ArH. 

l3t n.m.r. (CDCl3f k 55.1, OMe; 59.2, C2; 76.8, Cl; 113.3, I&; 118.1, C4; 126.5, I?; 127.8,18.3,128.4, a& Q‘; 134.1, 
i’; 138.2, C3; 140.8, b 158.8, p’, 
l-~9-A~1~/~ra~~nyl~-2-~/~csyl-3-butcrt-l-ol. (E)-3-Chloro-l-phenylpropene (1.6 g, 10 mmal) was reacted with 
P-anthraldehyde @3X, 2.25 g, 6.6 mmol)to give a solid (3.52 g) which was recrystallised from benzene to 
give (IRS, 2RS)-l-(9-ant~~racenyl~-2-p~~e~~yl-3-buteu-l-o1. (9) h&p. 153 - 4T. (Found: C, 89.1; H, 6.4%. 
Cz.&oO requires C, 88.9; H, 6.2%). (Found: M+-OH = 307.1488; C24H19 recluires 307.1488). 1H n.m.r. (CDCl3) 
61-r 2.73, Wh/2 12 Hz, OH; 4.46, Jt) 9 Hz, J2,3 9 Hz, 1%; 5.25 - 5.52, (H4)2; 6.25, JQ 9 Hz, H1, H3; 6.77, W,,fl4 Hz, 
&I-I; 7.17- 7.5,7.73 - 8.0,8.2 - 8.67, Antl~ra~nyl H. 1% n.m.r. (CDCl3) k 57.0, C2; 73.3, Cl; 118.3, C4; 138.5, C3; 
124.4,125.1,126.2,127.7,128.3,129.0,129.9,131.3,132.1, phenyl and anthracenyf carbons. 
3-P/tctzyIItc~t-Z5-dictt-4-d. (E)-3-Chloro-1-phenylpropene (3 g, 20 mmol) was reacted with (E)-2-butenal 
(1.4 g, 20 mmol) to give (3RS, 4l~S)-(~)-3-phe~~ylhept-l~-die~~-4ol (1211) as an oil (4.8 gl. (Found CIMS 
(C&l& M+H+ = 189.1283; C13Ht70 requires 189.1280). ~,,,s~ 3425 cm -1. 11-1 n.m.r. (CDCl$ &-t 1.56, J6,7 5 Hz, 
(1-17)~; 3.3, J2,3 8 Hz, J3,4 8 Hz, 113; 4.26, Jn,r 6 Hz, J4,5 6 Hz, H4; 5.0 - 5.4, E12; 5.1 - 5.7, H5, H6; 5.8 - 6.6, (I-11)~ 7.26, 
Wh/2 4 Hz, ArH. 13C n.m.r. (CDCl$ Zic 17.7, C7; 57.3, C3; 75.2, C4; 117.7, Cl; 126.6, E; 127.9, C6; 128.4, s m 
131.4, es, 138.2,cz; 141.0,i. 
1,4-Diylrcrryltlcxa-l,5-dien-3-of. (li)+chloro-1-phenylpropene (3 g, 20 mmol) was reacted with 
(El-I-phenylpropenal (2.64 g, 20 mmol) to give an oil (4.38 gL Radial chromatography gave (3RS, 4RS)- 
(El-1,4-diphenylhexa-1,5-dien-3-01 (13b). (Found CIMS (C&I& M+H+-Hz0 = 233.1349; ClaH17 requires 
233.1331). vrnax 3450,1500,1455,755,705 cm-t. II-1 n.m.r. (CIXl3) 6~ 2.08, Whj2 12 Hz, OH; 3.53, J4,5 7 H-& J3,4 
7 HZ, I-14; 4.6, J2,3 7 Hz, J3.4 7 l-I& I-13; 5.1 - 5.46, I-15, I-11, H2; 7.36, Wh/Z 4 Hz, ArEI. 1x n.m.r. (CKl3) k 57.4, 
C4; 75.0, c3; 118.O,C6; 129.8,131.0, Cl, C2; 137.8, C5; 126.5,126.8,127.5,128.5,128.6,140.6, phenyl carbons. 
S-Mctftyl-3-ylieayl-I-Itepteir-4-01s. (~)-3-Chlor~l-phenylpro~ne (3 g, 20 mmol) was reacted with 
2-methylbutanal (1.7 g, 20 mmol) to give an oil (1.27 g) a mixture (2:s) of (3Rs, 4Rs, SRS)-3-phenyl- 
S-methyl-l-hepten-4-01 and (JRS, 4RS, SSR)3-phenyl-5-methyl-l-hepten-4-01 (16i, 26ii). (Found CIMS 

(C&It& M+H+-Hz0 = 187.1494; C14H19 requires 187.1488). Urnax 3425,17lO, MO cm-l. *H n.m.r. (ClXl3) 8~ 
0.79 - 0.94, (H7)3, C5-Me; 1.0 - 1.7, (I-16)2, H5; 3.36, J3,4 7 Hz, 145 7 Hz, (16iikH4; 3,47, J3.4 6.5 Hz, J4,5 9 Hz, 
(16i)-I-14; 3.61, J3,4 6.5 Hz, 12.3 5.3 Hz, (lGi)-I-13; 3.78, J3,4 7 I-L?, J2.3 2.8 I-k (lGiib213; 5.16 - 5.23, W)Z 6.0% 
J=P.5 I-h, Jag.5 Hz, J=I7.5 Hz, (16ll)-H2; 6.16, J=P Hz, J=10.2 I-Iz, J=17 Hz, (16ikH2; 7.15 - 7.35, ArH. ‘3<: n.m.r. 
(CD@) k (16i) 11,5,16.1, #, C5-Me; 23.2, C6; 36.7, CS; 53.9,O; 78.5, C4; 117.6, Cl; 138.1, C2. (Xiii) 11.7,12.3, 
~7, -Me; 27.0, CC; 35.8, C5; 55.0, c3; 75.8, C4; 117.3, Cl; 139.7, C2. (16i, 16ii) 126.5,127.9,128.& 128.L128.7, 
141.7, phenyl carbons. 
5,7,7-Tritrretlryl-3-yl~ci~yf-I-octeft-4-ols, (E)-3-Chloro-1-phenylpropene (3 g, 20 mmol) was reacted with 
2,4,~trimethyl~tanal (2.56 g, 20 mmol) to give an oil (5.13 g). Radial ~romat~raphy gave a mixture 
(>gO:1Of of (3RS, ~RS, 5SR)- and (3RS, 4RS, 5R?+5,7,7-trimethyl-3-phenyl-l-oc~en-4-ol t17& 17l). (Found 

CIMS (C.&,): M+H+-Hz0 = 229.1933; C17I-I25 rquires 229.1958). Urnox 3450, 3000,171& 705 cm-‘. ‘H Km-r. 

(CD~I$ SH 0,7, wt,/2 2 FIZ, C7-Me& (H8)3; 0.7 - 1.66, I-15, CS-Me, &X6)2; 3.16, J2,3 8 I& J3,4 8 IN H3; 3% JW 
8 f-17, J45 2 I& H4; 4.9 - 5.26, (I-I1)z; 5.7 - 6.46, H2; 7.1, Wt,/2 3 I-I& A&I. ‘* n.m.r. (cm31 (17ii) k 14.6. C5-Me; 
29.6, C7-Mq, a; 30.2, C6; 31.1, C7; 49.2, C5; 55.4, C3; 78.5, c4; 117.3, c1; 140.0, a; 126.6, 127.9, 128.7. 141.5, 
phellyl carbons. I~arthl assignment only was possible for (17i) 20.3, C5-Me; 44.7, c5; 53.9, c3; 79.5, c4; 117% 
I. 
Ll. 

2,4-Di/.&ny1-5-Icxcrr-3-o1s. (I$3-Chloro-l-plrerylpropene (1.5 g, 10 mmol) was reacted with 2-phenyl- 
propanal (1.34 g, 10 mmol) to give an oil (1.93 g). Radial chromatography gave a mixture (3:l) of 
(ZRS, 3SR, 4SR)- and (2RS, 3RS, 4RS)-2,4-diphenyl-5-hexen-3-ol (lSii, ISi). (Found CIMS(CPH& M+H+-Hz0 

= 235.1471; Ct$I1p requires 235.1488). vnwx 3475,1495,145!!, 705 cm-). IH n.m.r. (CDcl3) 8t-t 1.07 - 1.43, &Ilk; 
1.82, Wi,/2 6 Hz, OH; 275, J3,4 6 Hz, H4; 3.42, J1.2 7 I-k 123 7 Hz, H2; 3.93, J2,3 7 =, J3,4 6 I-k H3; 5.03 - 5.37, H6; ._ _ . __. ___ __ .__ __ __. 
5.83 - 6.63, (I-Bi)z; 7.27, WI,/Z 4 I-k ArH. 13c n.m.r. (CDCl3) k (18ii) 15.2, Cl; 4;&U, c% 33.6, C4; 78.6, C3; 117.8, 
~6; 137.7, a; and (18I) 19.2, ~1; 425, Cz 54.0, Cd- 7R t CR: 117.5. Cfi! 138.0. C!jz ff8ii. 18i) ‘, .-.*, __, _-. __, --, -- - ., _ , . _ 126.3,126.6,127.8, 
127 g 128 3 i28.4, 128.5, 128.7, 142.3, 145.1, phenyi carbons. 2,4-Diyherly~-51exer13-yf 33-dbitroliemout. 

I\ $d r&ture (ca. 4:l) of (2RS, 3SR, 4SR)- and (2RS, 3RS, 4RS)-2,4-diphenyl-5-hexen-3-y1 3,5-dinitro- 

benzoafe was obtained. vmJx 1730 cm-l. 11-1 n.m.r. (ClXl3) SW 1.37, JQ 7 klz, (Hl)3; 3.1, J3,4 7 I-k IQ; 3.43 - 3.8, 

H4; 4.87 - 5.27, H6; 5.8, J23 6 I-k, J3,4 6 Hz, H3; 7.27, Wtq2 4 Hz, 89 - 9.2, ArH+ 1= n.m.r- (Cxl3,6c (2Oa) 15.6, 
cl.40 y Q 53.3, c4; 82.7, c3; 118.5, C6; 132.5, Cs; 161.8, C=O. (2Ob) 19.0, Cl; 41.2, C2; 52.5, C4; 81.9, a; 117.7, 
C6: 13i.i &; (20a,ZOb) 122.3,127,0,127.1,127.6,127.7,128.2,128.4,128.7,129.0,129.2, 140.5,142.8,148.7, phenyl 
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carbons. This mixlure was rccryslalliscd from ethanol to give crystals of (2RS, 3SR, 4SR)-2,4-diphenyl- 
S-hcxcn+y13,.?&dinitrobcnzoatc (2Oa) m.p. 126 - 7°C. 1% n.m.r. 8~ 15.6,40.9,52.5,82.8. 
(ZRS, 4SR)- arcd (ZRS, 4RS)-2,4-dipl~cr~yl-S-lmxen-3-one. A mixlure (ca. 3:l) of (2RS,3SR,4SR)- and 
(2RS, 3RS, 4RS)-2,4-diphcnyl-5-hcxen-3-01s (leii, 18i) (500 mg), prepared from reaction of (E)+chloro- 
I-phcnylpropcne and 2-phcnylpropanal in the presence of tin and aluminium, in dichloromethani? (4 ml) 
was added to a vigorously stirred mixture of pyridinium chlorochromatc (1.96 g), anhydrous sodium 
acetate (0.11 9, and dichloromcthlne (50 ml) to give a mixture (ca. 3:l) of (2RS, 4SR)- and (2RS, ~RS)- 
2,4-diphcnyl-S-hcxcn-3-one (19b, 19a) as an oil (450 mg). v ,nax 1700 cm-l. lH n.m.r. (CDCI3) 6H 1.17 - i:53, 
(l-11)3; 3.96, Jl,z 7 Hz, I-L?; 4.53, J42 8 I.k, I-14; 4.93 - 5.37, (I-16)2; 5.76 - 6.67, H5; 6.83 - 8.17, ArH. 1% n.m.r. (CDCl3) 
Sc(19b) 18.0, Cl; 52.1, C2; 61.3, C4; 117.8, C6; 129.0, CS; 183.7, C3; and (191) 26.5, Cl; 51.4, C2; 60.6, C4; 116.7, C6; 
136.6, C5; (19a, 19b) 126.9,127.2,128.1,128.3,128.5,128.7,129.0,137.8,139.8, phcnyl carbons. 
l,4-Di-(2-~/1crry/3-bulcrr-I-ol)-be,tz. (E)-3-Chioro-1-phcnylpropene (3 g, 20 mmol) was reacted with 
tcrcphthaldicarboxaldchydc (1.34 g, 10 mmol) to give 1,4-di-(2-phcnyl-3-bulen-l-01)-benzene (26) as an oil 
(3 g). (Found CIMS(C4Hto): M+H+-I-120 = 353.1860, M-PhCHCH=CH2 = 253.1232, M-I~hCHCH=CH2-I20 = 

235.1133; Q&I250 requires 353.1907). urnax 3425, 1060, 915, 740, 705 cm-l. 1~I n.m.r. (CDQ) 8t-t 2.36, Wh/2 
10 HZ, OH; 3.4 - 3.51, 112, I-12’; 4.73 - 4.84, I-11, I-11’; 5.13 - 5.25, (H4)2; 6.12 - 6.26, H3, I-13’; 6.92 - 7.38, ArH. 
1x n.m.r. (CDC13) 8~ 59.0,59.3, C2, C2’; 76.9, Cl, Cl’; 118.1,118.2, C4, C4’; 137.5, 137.6, C3,o’; 125.97,126.02, 
126.3,128.1, 128.3,128.4,140.2,140.7, phcnyl carbons. 
3,6-Di~hcr~ylocla-l,7-dicrt-4,5-diols 
(i) From glyoxal. (E)-3-chloro-1-phcnylprop~nc (6 g, 40 mmol) was reacted with a 40% w/w solution of 
glyoxal (21) in water (2.9 g, 20 mmol) to give an oil (2.2 g) shown to be a mixture of four stcrcoisomcrs, 
(3RS, 4SR, SRS, 6SR)-, (3RS, 4SR, SSR, 6RS)-, (3RS, 4RS, SRS, 6SR)- and (3RS, 4RS, SSR, 6RS)-3,6-diphcnyl- 
octa-1,7-dicn-4,5-diol (24a-d). ulnax 3450,705 cm- 1. II-I n.m.r. (CDCI$ 81-1 crude 3.4 - 3.7,3.9 - 4.1, I-13,1-14, I-15, 
I-16; 5.0 - 5.3, 111, I-18; 5.80, J=17.1 Hz, Js10.2 Hz, J=8.8 Hz, 5.95, J=1,7.7 Hz, J=9.6 Hz, J=8.6 Hz, 5.99, J=17 Hz, 
J=lO.l Hz, J=9 Hz, 6.14, J=16.5 I-I& J=10.6 Hz, J=8.8 Hz, 6.25, J=17 Hz, J=10 Hz, J=9 Hz, I-12, I-17; 6.9 - 7.5 ArH. 
1JC n.1n.r. (CDCl$ 8~ crudcS3.8,S4.0, C3, C6; 72.0,72.1,72.5,72.7, C4, C5; 117.1,117.3,117.4,117.5, Cl, C8; 138.0, 
138.2, 139.3, C2, C7; 126.4, 126.7, 126.8, 128.1, 128.2; 128.3, 128.4, 128.5, 128.6, 128.7, 128.8, 140.7, 140.9, 141.1, 
phcnyl carbons. Radial chromalography gave a mixture of 3,6-diphenylocta-1,7-dicn-4,.5-dials (Fotind CIMS 
(NI-13): M+NI-4+ = 312.2006; C201-12~0,02N rcquircs 312.1965). Q-I n.m.r. (CDCI3) 61-t 2.27, Wr/z 18 Hz, OH; 3.41- 
3.66,3.94 - 4.06, l-13, I-14, I-&,I-16; 5.08 - 5.22, I-11, I-18; 5.74 - 6.61, I-12, I-17; 6.95 - 7.37, ArH. 1X n.m.r. (CDCl3) 8~ 
53.9,54.2,C3,Cb; 72.0,72.1,72.6, C4,C5; 117.1,117.2,117.3,117.5,C1,C8; 138.0,139.3, C2, C7; 126.8,128.2,128.3, 
128.7, 128.8, 140.7, 140.9, phcnyl carbons; and a second fraction gave the pure diastcrcomcr (24b). IH n.m.r. 
(CDCl3) 6ct2.17, Wl,/2 10 Hz, OH; 3.33 - 3.83, I-13, I-14, I-15, I-16; 4.92 - 5.33, Ml, H8; 5.5 - 6.75, H2, IX’; 7.33, W,,/2 
10 Hz, ArH. 13C n.m.r. (CDCi3) k 54.2, C3, C6; 72.0, 24, CS; 117.4, Cl, C8; 139.3, C2, C7; 126.7, 128.1, 128.4, 
128.5, 128.7, 128.9, 140.6, phcnyl carbons. 3,6-DijJhcriyfocta-1,7-dicri-4,5-diof accforlid&. A solution of a 
(3RS, 4SR, SRS, 6SR)-3,6-diphcnylocla-1,7-dicn-4,-diol (24b) (24 “6) and anhydrous ferric chloride (20 mg) 
in anhydrous acclone (5 ml) was heated under rcflux for 30 minulcs. The mixture was cooled and aqueous 
potassium carbonate (1 ml, 10%) and water (5 ml) was added. The mixture was extracted wilh 
dichloromcthanc (3 x 10 ml) and the combined organic cxlracls washed with waler (10 ml), dried with 
sodium sulphatc and the solvent cvnpomtcd to give 3,6-diphcnylocta-1,7-dicn-4,5-diol acctonidc (25b) as an 

oil (27 mg). (Found: M+ = 334.192170; C2.11-12602 requires 334.1934). III 1Lm.r. (CDCI3) 6~ 1.23, WI,/2 2 Hz, 
1.43, Wlr/2 2 Hz, (H~)J, (I-110)3; 2.75 - 2.85, I-13, I-16; 4.0 - 4.2, I-14, I-15; 4.73 - 5.3, (k11)2, (1-18)~; 6.15, J7,sa 16.8 Hz, J7,sb 

9.8 HZ, JQ 7.8 Hz, I-12, I-17; 7.23, Wh/Z 12 Hz, ArH. t3C n.m.r. (CDCl3) 8~ 27.4, C9, Cl& 53.0, C3, C6; 81.9, C4, C5; 
108.7, Cll; 116.9, C8, Cl; 126.8, & 128.4,128.6, Q, !XG 137.6, C2, C7; 141.0, & 
(ii) From 2,3-dihydroxy-1,4-dioxanc. (B)-3-Chloro-1-phcnylpropene (3 g, 20 mmol) was reacted with 
23-dihydroxy-1,4-dioxallc (22) (1.2 g, 10 mnd) lo give an oil (2.59 g) ShOWn by 13C n.m.r. to be a mixture Of 
four stcreoisomcrs, (3RS, 4SK, SRS, 6SR)-, (3RS, 4SR, 5SR, 6RS)-, (3RS, 4RS, 5% 6SR)- and 

(3~s. 411s. 5SK, 6RS)-3,6-diphcnylocla-1,7-dicn-4,S-dioI (241-d). ulnnx 3450, 705 cm-l. lH n.m.r. (CC4) 61-t 
3.17 - 3.83,~.13, I-I4,1_15, I-16; 4.67 - 5.‘17, I-11, H8; 5.33 - 6.5, I-12, I-17; 7.17, Wt,/z 10 Hz, Arl-I. 1X n.m.r. (CDC13) & 
53.8,54.0,54.1, C3, C6; 72.0,72.1,72.5, 72.7, C4; C5; 117.1,117.3, 117.4, Cl, C8; 138.0, 138.1, 139.3, C2, C7; 126.3, 
126.4, 126.7,126.8,127.5,127.6,127.8,128.1,128.3,128.4,128.5,128.6, 128.7,140.6,140.9,141.1, phcnyl Carbons. 
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been examined. Crotyl tributyl tin in the presence of boron trifluoride etherate gives a moderate 
preference for formation of anti-Cram isomers. I3y appropriate choice of Lewis acid and alkoxy group 
however, crotyl tributyl stannanc has been added selcctiveli to either face of the aldehyde with 
crylliro-selectivity. In contrast Yamamoto 36 has shown that 2-phcnylyroyanal, where such chelation 
can no1 occur, on reaction with frmis crotyl tributyltin gives Lhe cryfhro diastereoisomer. with 
moderate Cram selectivity. G Ii Keck, I! 1’ Uodcn; Tcfrrhcdrou Lcff. 25 (1984) 1879-1882. G I? Keck, D B 
Abbotl; Tcfrdicdrori I..&. 25 (1984) 1883-1886. 

T I-Iiyama, K Kimura, l-l Nozaki; Tcfrnlrnlrort Lcff. 22 (1981) 1037-1040. 

The addition of large quantities of hydrobromic acid did no1 effccl the course of the reaction. 

T Mukaiyama, T Harada; Chrr. Lcff. (1981) 1527-1528. 

If frmis crotyltin undergoes isomcrizalion to the cis isomer, involving a 1,3-tin migration, cryfkro 
selectivity could occur through a cyclic transition stale. This has bee!1 excluded3 by the following 
experiments: reaction of frrris crotyl tributyllin with benwldchyde in the presence of DFs.OI$ was 

quenched immcdiatcly at -78°C with MeOI-l-H20 and no isomerization of the recovered crotyltin 
could be detected. The reaction of isomeric I-methylallyllin with benzaldehyde under the same 
conditions produced I-phenyl-3-pcntcn-l-01 in high yield. 

66.6% frmrs crolyl dibulyltin chloride; 33.4% cis crotyl dibutyltin choride. 

A Gambaro, D Marlon, V l’eruzzo, G Tagliavini; J. Orpnomf. Cl~crr~. 226 (1982) 149-155. 

55% cis crotyl dibutyltin chloride; 45% frms dibutyltin chloride. 

Y Yamamoto, I-I Yatagai, Y Naruta, K Mnruyama; 1. Ats. Chcnr. Sot. 102 (1980) 7107-7109. 

60% frnrrs crotyl tributyltin; 40% cis crotyl tributyltin. 

Y Yamamoto, l-l Yatagai, Y Ishihara, N Macda, K Maruyama; Tcfrdicdrort 40 (1984) 2239-2246. 

The presence of Lewis acid coordinated lo aldehydc will reduce f/mu selectivity and favour of cryfhro 
formation by reducing the importance of a cyclic mechanism. The cryllrro-selectivily of the reaclions 
of both cis and frms crotyl organotins reacting with aldchydes in the presence of boron tritluoride 
ethcrate has been suggcstcd IO result from the removal of lhc availability of the carbonyl oxygen as a 
ligand to the tin metal ccnlre IWIKC forcing a linear transilion state with resultant cryfhro 
sclcctivity.~~ An X-ray crystallographic study has shown UP3 to be complexcd anti to the 
bcnzaldehyde phenyl group and this is supported in solution by heteronuclcar Overhauser 
exuerimcnls. M T Rcctz, M lliillmann, W Massa, S lleracr, I’ Rademacher, P I-levmanns; 
/. r&r. Chcrrr. Sot. 108 (1986) >405-2408. 

” 

Tagliavini ct. al. showed‘ that’lhc ability of RCH=Cl-ICI-l2)SnUu3_nCln (R = I-l, Cl-13; n = 0,1,2,3) to bring 
about allylslannylation of ketones and aldchydcs incrcascs with the value of n; that is with increasing 
acceptor ability of the tin* ccntrc. The ycricyclic reaction which occurs on reaction of a fhrco and 
eryfkro homoallylic alcohols with (Uu3Sn)2O and (Uu2SnCl)20 produces frajrs-allyltins and cis- 
allyltins respectively providing cvidcncc for a cyclic transition stale. This supports the conlentionz 
that the cyclic mechanism becomes more important the more polarised the carbon tin bond. 

G Tagliavini, V I’cruzzo, D Marion; Irtorg Cllirn. Acfn 26 (1978) L41-L42. V I’eruzzo, G Tagliavini; J. 
Orpmomf. Chcrn. lG2 (1978) 37-44. V Pcruzzo, q Tagliavini, A Cambaro; Irrorg. Chhr. Acfb 34 (1979) 
L263-L.265. A Gambaro, V Peruzzo, G Plazzogna, G Tagliavini; J. Orgznorncf. Cl~ert~. 197 (1980) 45-50. 

A R Pray; friorpnic Syrifhcscs 5 (1957) 153-156. 

Ii W Hoffmann, U Weidmann; /. Orpirrorrrcf. Chr. 195 (1980) 137-146. 

V Rautenstrauch; If&. C/rim. Acfn 57 (1974) 496-508. 

A T Rowland; J. Chctrr. Elf. 60 (1983) 1084-1085. 


