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Abstract 

Homoallylic alcohols can be prepared in water by allyl-, crotyl-, 1-methylallyl-, 
cyclohex-Zenyl-, or cinnamyl-stannation of such carbonyl compounds as aldehydes, 
dialdehydes, and ketones, as well as acetals. The procedure is based on: 

Bu,RSnCl+ R’COR” + iH,O -+ R(HO)CR’R” + :(Bu,SnCl),OJ 

where R = allyl, crotyl, 1-methylallyl, cyclohex-2-enyl, or cinnamyl group, R’ = H or 
alkyl group, R” # R’ = alkyl group. In most cases, the reaction products are 
obtained rapidly in high yields (SO-100%). Hydrated organometallic cations 
Bu 2 RSn &,, are partly involved. These results, together with those already published 
on 2-propynyl- and allenyl-stannation, indicate the value of this procedure. 

Introduction 

Allylations of carbonyl compounds in aqueous media have been recently devel- 
oped using two different approaches: (i) reactions of allyltin mono- or di-chlorides 
(Bu,ClSnCH,CH=CH, or BuCl,SnCH,CH=CH,) (eq. 1) [l], and (ii) tin- or 
zinc-mediated reactions of ally1 halides (eq. 2) [2-71. Where Z = H the reagents are 

* Dedicated to Professor Colin Eabom in recognition of his important contributions to organometallic 
chemistry. 
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either Sn, Al and HBr in THF/H,O or Et,O/H,O 121. or Sn in THF/H,O [7]: 
where Z = OH or O,CMe, the reagents are Sn and HBr in Et ,<I ’ H ,O [3]. Reaction 
2, gives rise to satisfactoq results only when allylic bromides arc-u>ed: crot\l or 
3.3-dimethylallyl bromides always react at the more hubsrituted carbon atom [h]. 
whereas cinnamyl bromide yields phenylpropene and ~-bn,rnoclclohcxe~~r Jecom- 
poses without formation of the expected homoallyiic alcohJ 173. 1.herefc?re. r-e,iction 
2 has limited application I?‘] and its synthetic utility i> restricted t~l the atfditictns cb1 
allyl, and mono- and di-meth~lallyl derivatives. f11 colllrai~. re;ii1ic,ri 1 h;tc ;l/I.tm~> 

been established as ;I tisefiil route to I-alienic and ‘-acet\lrnrc aicohol> i 1 A]. _ 
Here, we demonstrate that syntheses via reaction ? ~‘t.zn hi: r~rerr~lrd it) ttihc.~ 

organotin mono-chlorides having a 2.3-unsaturated organic group hound to the till 
atom. Thus. Bu?(C~-I_=C:I?C’~-1~)SnCI (I), ( E/Z)-Ru ,cCf-ll ,CFl-C.‘H(‘bi, )%I(.‘! (2). 
Buz[CH,=CHCH(C’H,)]SnCi (3). Btlz(cyclohex-;l-ril~i)Sn(‘l (3). HU ,(t’h- 
C’H-CHCHJWJ (5), and Ru ,iCI-I,-~Cf--ICI-I(Ph?]Si?Cl (,6i react :hirh ~~rbon>l 
compounds (aldehydes. dialdehydes, acetals, and ketonclsi I(, gixc honmdl\ lit 
alcohols. Aquated organometallic cations Bu 2 RSn ,:tq, L K == J._:-urlsaturdted orgamc 
group) are involved. together ~,~th molecular specie>. Bu: KSnI‘I. rm the ;rdditinn 
process conducted in water 

The stereochemistry of the reactions has been evaluated and compared u.ith Ihat 
found for analogous reactic>ris performed in ;I ~olYc”nt-free mfxttlrc I9 i 1. 1, 

Results and discussion 

AI~lstnnnarion. Results for dibutylallyltin chloride (system .4) dre listed in 
Table 1. This organotin suhxtrzire, as already reported [I j. exhibits high reactivlt! 
towards aldehydes and acetaia (runs i 4. 9 and 10): (hi’ precipitation cjf rhc 
distannoxane (cf. reaction 1) is observed about 5 or 10 min after the mixing crf lJ1c 
reactants. The times are shorter than thobc observed for reac:~~~ 11~ ;I hc~mogener~u. 
solvent-free mixture [9]. Moreover, these reaction\ are complete in ~imc’~ A~rter 
than those observed for ey. 3 [2,3,7/. 
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allylstannation in solvent-free conditions [12]. by allylboration [ 131 and from 
reaction of allylmagnesium bromide with acrolein [ 141. respectivei). 

Allylstannation of the two functionalized ketones (run 7 and 8) gibea high yields 
of products. Reactions of ketones with allqltin chlorides arc knn\vil to gi\c unsatis- 
factory results either in a solvent-free or I.)rgamc solvent s;\~s~cm I’?\. ‘This i\ Jue tci 
the reversibility of the allylstannation process in such media [I 5 I Sj. In contrasts 
allylstannation in water is ~rreirrsible owing to precipiiat:c)rl c, \I ihr dist;inllc~\3nc 
(cf. q. I). 

Spectroscopic data indicate that the reaction involved in run I; i> ater~ochrmi~~nil~ 
controlled: the qythro/~hrro ratio of the two diastereolsomers IN 1~ 3 I. 

Crc,t?,lsrcznnutict,1. Table 2 \ummarELcs tht: results obtained frk>m the re;ictions of 
(E/Z)-Bu z(CHzCH=CHCH2 )SnC‘I ( E,,‘Z = 60,,‘40) with ;~ldeh~\deh and with one 
acetal (system B). The reaction times nre short and the c>hi;ervec! jielci>> ;$re in rhL% 
range 68&9X’%. A low thrc+\electtvlty is favoured: s_~h stcr.wc~mtrcd IS rn mmt 
cases higher than that pre\iously found for the sami- rcugcnt.~ 11-i :3 solvent-fret* 
mixture [9,10]. The slight inirra,e in the lhueo-selectivity 15 ~~i~i?Gtf~rcd lk: ‘lrisc* from 
the involvement of aqun-organ&in species (see below). Furthc‘rm0r‘e. the c~bWr~W.i 
tlzrro-control is opposite to that found in reaction 2 i2] 

I .‘Meth~~lnl~~~br~a)tnuiiorl. ‘Thiz results (II‘ bystern C‘. invoiving :~idehydes. acet3l.c. 
and ketones, are listed in Tabic 3. These resulta can he compared with our pre\ioLls 
findings 1191 using Bu ,SnCF_I,(IH=CHCEI,j13u ,SnC’l, in .f \i3lient-Frrr misturt~. 
Such systems in water can generate mixtures of !inear (I.1 md branched ( R) 
alcol-~ols*. Linear alcohols have the %-cr!nfiguratrcon. U hilsr this i~ranc:hrd ;tlit~tlr~l~ 
are mixtures of egxthrc: and rhrro isomers. 

Comparison of the preben: data with those previously obtained under solvent-fret 
conditions shows that the Z-configuration is still maintamed. Lilbeii at a I~w ievel. 
Here, the maximum value 1s 77q, (see run 17) against 80 iOOcP l‘iwnbt in ref. 19. 
Mixtures of branched alcohols from aldehydes (runt f 7 101 ,.imi the xc‘t~il (ruti 2.7) 

contain a large amount of the rr\,rhro-isomer (fife- 8’79.1. T-he r.e>u?t from &hana! (run 
17) is identical to that from the corresponding acetal (run 23). 

Both runs 21 and 22. performed with methyl isopropyl ketone, axe characlerized 
by low yields (19% and 2.3%. lespecti\ely). after 3 and 3 clays. respectiveI>. The 
%-configuration is still fa\-oured. but no crrrp,?-selccti\,~tv i,< ob~.crWd: ihc i*r.i*lhri) , 
thren ratio is about I,,]. 

C,l~lahe.u..,?-envlstannotion. Table 4 lists the results of thr reactions of dlbutyl- 
cyclohex-2-enyltin monochloride with aldehydes and acetals {system 13). We htreas 
that the sonification method [7] is unsuccessful Lvith _?-i~rom~)~,~~ic~heu~i~c. 

As for the atereochemical assignments of the &_X>hois. ‘+V*’ lia\ i’ ;tdopted the 
criteria given in ref. 20. The eqthro-isomer is the mulor ~~mr‘r procent 111 the 
alcohol mixtures (from 68Y for run 27 to 1OO? for run -2x,. .zi> &ilh crcttvlstanna-. 
tion, the stereo-selectivity in water (here in terms of e~r:l,ri~rc,-\rlecti\it\l i\ Jighti\ 
increased compared to reactions in a solvent-free mixture j21 j. 

~tten_~lul!~l.vtanrt~ticin. Ehtt1 .%phenylallyldibut~ltin and I-phen~lall~ldibut\Itjn 
monochlorides react in water with propanal and ethonal dimethyl ~e~;il (see Table 



Table 4 

Cyclohex-2-enylstannation of aldehydes and acetals by Bu,RSnCl (R = cyclohex-2-enyl) u in water (15 
ml) at 20 o C 

Run Carbonyl Reaction Product Total Isomeric 
compound time b (R = cyclohex-2-enyl) yield composition (W) ’ 

g % erythro threo 

24 CH,O d,e 20 min XXV, RCHqOH 1.8 80 - - 
25 CH;CHO ’ 20 min XXVI, R&(Me)OH 1.9 15 65 35 
26 C,H,CHO ’ 20 min XXVII, RCH(Et)OH 2.3 83 75 25 
27 (CH,),CHCHO ’ 30 min XXVIII, Me,CHCH(OH)R 2.1 68 78 22 
28 (E)-CH,CH 40 mm XXIX, (E)-MeCH 1.6 53 100 - 

=CHCHO ’ =CHCH(OH)R 

29 CH,CH(OCH,),’ 20 min XXVI 2.1 85 62 38 
30 C,H,CH(OC,H,), ’ 20 min XXVII 2.3 82 67 33 

’ Prepared in situ by redistribution of Bu,SnR (20 mmol) and Bu,SnCl, (20 mmol). * This is the time 
between the mixing of the reactants and the appearance of the distannoxane precipitate. ’ From GLC 
measurements. d From a 37 wt.% commercially available aqueous solution. e 60 mmol. ’ 20 mmol. 

5; obtained from Bu,SnCH,CH=CHC,H,/Bu,SnCl,). Mixtures of linear and 
branched alcohols are formed in the case of propanal whereas the linear alcohol is 
the only product from the acetal (run 34). Both Systems E and F are characterized 
by low reactivity and low yields. The sonification method [7] does not work. 

General comments. The present procedure consists of the following features: (1) 
The reactions are one-pot syntheses and yields are generally high. (2) Reaction times 
for the addition of allyl-, crotyl-, and cyclohex-2-enyl-tin monochlorides are gener- 
ally so short that the procedure is much more convenient than other :methods 

Table 5 

Cinnamylstannation of propanal and ethanal dimethyl acetal by Bu,(C,H,CH=CHCH,)SnCl (20 
mmol) in water (15 cm3) at 20 o C 

Run Carbonyl Time Products Total Isomeric 
compound a yield composition (S) 

-- 
g I% Lb Bb 

31 c C,H,CHO 4d XXX, C,H,CH(OH)CH,CH 
=CH-C,H, (L) 

1.5 42 70 30 
XXXI, C,H,CH(OH)CH- 

(C,H,)CH=CH, (B) 

32 d C,H,CHO 2d XXX, 
1.3 37 85 15 

xXx1, 
33 Ii C,H,CHO 4d XXX, 

1.4 40 66 34 

XXX& 

34 d CH,CH(OCH,) 2 1 d XxX11, CH ,CH(OH)CH ,CH 
=CHC,H, (L) 0.9 28 100 

a 20 mmol. b L = linear alcohol; B = branched alcohol. ’ Work up as system E. d Work up as system F. 
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described in the literature. (3) Commercially available aqueous solutions of carbonyl 
compounds can be used. (4) The method can be extended to other organotin 
monochlorides having 2,3_unsaturated groups and shows wider applications that 
those reported in refs. 2 and 7. 

Nevertheless, our procedure has limited success when applied to compounds with 
bulky groups, e.g. ketones. It is our hope to overcome this limitation by using the 
more reactive alk-2-enyltin di- and &halides [1,2]. 

The reactive organotin species are the aqueous organometallic cations Bu 2 RSn&, 
[22] (R = 2,3-unsaturated organic group) and the molecular species, Bu,RSnCl. The 
former species react in the aqueous phase (as>, whereas the latter will act in the 
organometallic phase (org). Evidence for the involvement of the cations was formed 
from runs carried out in homogeneous aqueous solutions of allyltin monochloride 
and carbonyl compounds at low concentrations. Under such conditions, precipita- 
tion of the distannoxane is practically instantaneous and the reactions occur 
quantitatively. 

Reaction 1 does not represent the total process: an exhaustive interpretation of 
the overall process must take into account the partition between the two layers and 
reactions occurring in each phase. On the basis of our findings [23], we propose the 
reactions shown in Scheme 1. 

Reaction 7 has been shown to occur through an hexacyclic transition state [9,11] 
in the organometallic phase (T,,,). The observed allylic rearrangements, together 
with the stereocontrols (similar to those found in a solvent-free system), suggest that 
a cyclic transition state is also probable in water (T,,). 

The occurrence of reactions 7 and 9 depends upon the heterogeneous, equilibria 4 
and 6 and the solvolytic equilibrium 5 [22]. The two addition processes 7 and 8, are 
substantially different: in To,, the tin centre is penta-coordinate; in Tag, the tin 
centre is tetra-coordinate. Thus, the addition pro+cess 8 may proceed through a 

coordination step forming the ionic adduct Bu,SnOCH(R)CH,CH=CH;!(,,,; the 
cyclic transition state, Taq, forms next with a probable higher degree of stereocontrol 
than Torg. In fact, we have observed that the stereoselectivity, although still poor, 
increases with respect to that found in a solvent-free mixture [9,10]. Further work is 
in progress in our laboratories on the stereochemistry of these reactions in water 
and their practical applications. 

Experimental 

Allyldibutyltin chloride (l), 3-methylallyltributyltin (7), crotyldibutyltin chloride 
(2), 3-phenylallyltributyltin (8), cyclohex-2-enyltributyltin (9) and dibutyltin dichlo- 
ride (10) were prepared as previously described [10,24-271. 

Commercial samples of the organic substrates were distilled before use. Commer- 
cially available aqueous solutions of aldehydes were used as received. 

The products were characterized by their IR, ‘H, and 13C NMR spectra, recorded 
on a Perkin-Elmer Model 599B spectrophotometer and a Jeol FX90Q FT NMR 
spectrometer, respectively. 

The isomer& compositions of the product mixtures were determined by 13C 
NMR spectroscopy and GLC analysis [28,29]. i3C NMR spectra were recorded 
using sufficiently long pulse intervals to avoid saturation of the nuclear spins (at 



least 25 s), and the nuclear Overhauser effect (NOE) was suppressed by gated 
decoupling [30]. 

System A: Reactions of I 4 solution of organic substrate (25 mmol) in water (15 
cm’) was added to an equimolar amount of 1, with stirring. :I( 7!j°C’. .4fter an 
appropriate time, estimated by the appearance of a white prccipitats of tctrahatvl- 
1,3-dichlorodistannosane i cf. eq I ). the mixture ~\‘a5 acjrked-up ,I* previousI\ 
described [I]: the results are giv-cn in Table I. 

.S~~crn B: Reurtims of 2. Rum were performed as above. using quimolar 
amounts of organic substrate and cc>mpound 2 (20 mmolj: the I.C'~LI~I* :lw given in 
Table 2. 

S~~stem CT: Reactions I\[ 3 lgenrruteci ,fronr 7 ad IO). :Z scilulicm oE organic 

substrate (15 mmol) in water (15 cm’) was added to an equimolar :tmtunr (11 solid 
I% ,SnCl, (I 5 mmol) with htirring at 20 “c’. Then compound I t, I? nrmolb was 
quickly added. The mixing procedure allows the preparati~~n in ::itu of compound 3 
in an aqueous medium, at the same initial stage of the additii~ reaction ii Q.231, 
After an appropriate time {precipitation of the distanno\:lnr;. the mi\rur~ w;j\ 
worked-up as above: the results are given in Table 3. 

S?*.rtem D: Reactions o_f 4 igenmzted ,from 9 cmd IO). 1:yuimolar iimounr~ (Zij 
mmol) of compounds 9 an~ q 10 were mixed at 0 0 C’. ‘lhe si4vmt-lrt2e mi*ture was 
stirred, and allowed to reach 20°C. After I h * . aoluliori of organic ~uh\trate (7(.i 
mmol) in water (15 cml) v. as added with stirring. Work-up of the mixture ~‘1s ;is 
above. after the appearance of the distannoxane precipiratc: ilt~b !-LwI~~< arc3 gi\ en lit 
Table 4. 

System E: Reactions of 5 (gemrated ~korn 8 otzd It?). tlquimolar ~mlounth (20 
mmol) of compounds 8 and 10 were mixed, with stirring. at 20” I’. .4fter 1 1~ * *_ ;I 
solution of organic substrate (20 mmolj in water ( 15 cm j i\iis added, anti work-up 
of the mixture was made as ab~~vc. 

C‘haracteri;ation of the prepured ulcohols 
The physical properties of the following alcohols were in agreement with litera- 

ture values: 
Compounds: 1, 3-butene-l-o1 [31]: II, 1,5.7-nonatnenc-4-ol 1321; VII. I- 

acetoxy-3-methyl-S-hexene-4-ol [33]; XI, 1.5hexadiene-3-ol 1121; XII. _~.5dimethvl- 
I-hexene-4-01 [IO]; XIII. 3,.5,5-trimethyl-1-hexene-4-ol ]lO]; NIV, l-phenol-=-mzthqi- 
3-butene-I -01 [lo]: XVII. ?-methyl-l-pentene-4-ol [lo]: XV1 II. ( % )-4-hrue1x-~-~~i 
[I 91: XIX. (Z)-2,3-dimethyl-5-heptene-3-ol (191; XX, ( Z j-Lphen! I-3-pen tcnc- l-n1 
1191; XXI. (Z j-2.6~octadienc-.4-c,I 1341; XXIII, (Zj-~.3-dimt~tt~~~l-~-l~epte~~~-3~~~l j 191: 
XXIV. 2.3,4-trimetli?;l-~5-l~e~~~~~- 3-ol 1171: XXVl. I-~i’-lx~-c!rrlr;\,~thi l)c~~l~~h~~.-~~!-er~c 
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[20,35]; XXVIII, 1-(1’-hydroxy-2’-methylpropyl)cyclohex-2-ene [20]; XXX, l- 
phenyl-1-hexene-4-01; XxX1, 3-phenyl-I-hexene-4-01; and XxX11, l-phenyl-l- 
pentene-4-01 [36,37]. 

Details of the IR and 13C NMR data of the following compounds are available 
from the authors: III, 1,5,7-decatriene-4-01; IV, (-)-6,10-dimethyl-1,9-undecadiene- 
4-01 [38]; V, 1,7-octadiene-4,5-diol [7]; VI, l,lO-undecadiene-4,8-diol [7]; VIII, 
l,l-dimethoxy-2-methyl-4-pentene-2-01 [7,36]; IX, 4-methyl-1,7-octadiene-4,5-diol 
[7]; X, 4-pentene-2-01 [37]; XV, 3-methyl-1,5,7-nonatriene-4-01; XVI, (-)-3,6,10-n-i- 
methyl-1,9-undecadiene-4-01; XXII, 3-methyl-1,5-heptadiene-4-01; XXV, l-(l’-hy- 
droxymethyl)cyclohex-2-ene; XXVII, l-(1’-hydroxypropyl)cyclohex-2-ene; and 
XXIX, 1-(1’-hydroxybut-2’-enyl)cyclohex-2-ene. 
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