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Abstrae-Reaction of electrophiles with a variety of acyclic allylic alcohols was investigated. Both 
aqueous iodine and acetylhypoiodite convert certain alkenols into iodo dials and acetoxy iodo alcohols, 
respectively, with nzgio- and stereoselectivities as high as q;/,. Protection of the alcohol group lowers the 
selectivity only slightly. Structural factors that control the regioselectivity of iodohydrin formation in these 
substrates have been delineated. Some of the iodo diols have been deiodinated, illustrating a simple two 
step procedure for converting allylic alcohols into three-1.3diols. 

THE conversion of alkenes into 12-halohydrins and 
related derivatives has been studied extensively.’ It 
has been established that the relative stereochemistry 
of the two substituents introduced in this reaction 
generally results from antarafacial attack of the nu- 
cleophile on an initially-formed halonium ion. 
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In the absence of overwhelming steric, electronic, 
or stereoelectronic effects, the nucleophile attacks the 
more highly substituted position in unsymmetrical 
substrates, although this preference often is not a 
strong one. The effects of pre-existing chiral centers 
in the alkene upon the regio- and stereochemical 
outcome of the reaction have been well-delineated in 
cyclic systems, but not in substituted acyclic alkenes.2 
We therefore have conducted a systematic study of 
iodohydrin formation from acyclic allylic alcohols, 
with the intention of developing a simple and selec- 
tive route to diols. In some cases the reaction has 
been found to proceed with very high (9049%) regio- 
and stereoselectivity, and in others the results have 
been found to be less satisfactory. 
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The most useful type of substrate studied was 
1,2disubstituted allylic alcohols (Table l), which 
react with iodine in a two phase mixture of tet- 
rahydrofuran and pH 5 aqueous phosphate buffer at 
0” to give 2-iodo-1,3diols with regio- and stereo- 
selectivities as high as 99”/,.3 The reaction is not 
greatly affected by increased steric bulk on either 
substituent of the double bond, but protection of the 
alcohol group lowers the stereoselectivity somewhat. 
The example which exhibited the poorest stereo- 
selectivity (77%) was the Z-allylic alcohol, le, which 
was surprising (and as yet unexplained), since the 
other Z-allylic alcohol (If) reacted with good select- 
ivity (97%). The major product in all cases arises from 
attack by I, on the /?-face of the double bond, as 
shown, followed by opening of the resulting io- 
donium ion at the position farther from the OR 
group. This type of regioselective opening, which is 
precedented in the brornination of allylic alcohols,’ in 
the opening of protonated epoxy alcohols by nucleo- 
philes,s and in the mercuriamination’of crotyl alcohol, 
is discussed in more detail below. The stereo- 
selectivity may be rationalized according to Houk’s 
conformational and orbital overlap arguments.7 
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The combination of high regio- and stereo- 
selectivity in the formation of iodo diols results in 
efficient relative asymmetric induction from the orig- 
inal alcohol chiral center to the newly-formed one in 
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Table I. Conversion of allylic alcohols and ethers (la-i) into iodo diol derivatives (2a-i)’ 

Compound Numbers 

starting Iodo Substituents Selec- 

Alkene dial Rl R2 R3 R4 Yieldb -----0 tivity= 

la 2a n-Bu Ha H H 97% 99% 

lb 2b t-Bu Me H H 72% 97% 

lc 2c ne .I-Bu H Ii 93% 93% 

Id 2d Us i-Pro H H 66% 88% 

le 2e n-Bu H Ne H 77% 77% 

If 2f ne H n-Bu H 72% 97% 

lg 29 n-Bu Ue H CH2Ph 91% 90% 

lh 2h n-Bu Ne H Sit-BuHe 2 99% 88% 

li 2i n-Bu ne H Ue 85% 88% 

See text for structures of 1 and 2. 

Crude yields. 
ous by TLC and 

fododiol mixtures axe generally otherwise homogene- 
H NMR, and silica chromatography does not signifi- 

cantly increase the purity. 

See footnote 3 for definition. 

the 3-position, particularly in the case of E-allylic 
alcohols. Several of these products were therefore 
reduced with tri-n-butyltin hydride to illustrate the 
use of this reaction in the synthesis of three-1 ,fdiols. 
This simple procedure thus complements existing 
methods’ for the preparation of 1,3diol dia- 
stereomers. 
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A number of different reaction conditions for 
iodohydrin formation were investigated in the early 
stages of this work. Although changes in organic 
solvent, aqueous phase, and base had little effect on 
product distributions, the rate of the reaction was 
highly dependent upon pH. Because HI is a by- 
product of iodohydrin formation, it is desirable to 
conduct the reaction in the presence of a buffer; 
however, in a two-phase system of tetrahydrofuran- 
aqueous bicarbonate (pH _ 8.5) reaction of the allylic 
alcohol la is very slow at 0” ( 5 10% reaction after 
24 hr). Conversely, by replacing the bicarbonate 
buffer with pH 5 or pH 2 phosphate, the same 
reaction is complete within 2hr. The rate at pH 7 
(phosphate buffer) is intermediate. Although we did 
not investigate this interesting pH dependence fur- 

ther,’ the iodohydrins shown in Table 1 are formed 
routinely in the THF-pH 5 phosphate buffer mixture 
at 0”. 

The structures of the iodo diols and their deriva- 
tives were determined spectroscopically and by con- 
version to epoxy alcohols of known stereochemistry. 
Specifically, treatment of crude reaction mixtures 
with one equivalent of sodium methoxide in 
methanol” produced a mixture of two major epoxy 
alcohols in varying proportions, one of which corre- 
sponds (by capillary GC) to one of the epoxy alcohols 
obtained by Sharpless epoxidation” of the starting 

R 

allylic alcohol, and the other of which does nor 
correspond to the other Sharpless diastereomer. This 
is the behavior expected of the nearly symmetrical 
2-iodo-1,3diols but not of their 3-iodo-1,2diol regi- 
oisomers, confirming both the stereo- and regi- 
ochemical assignments. The decoupled 250 MHz ‘H 
NMR spectra were also consistent with the assigned 
regiochemistries. The derivatives 2g and 2h were 
deprotected and correlated chromatographically with 
the corresponding iodo diols. It is interesting that the 
benzyl ether group of 2g could be selectively removed 
without disturbing the secondary iodide using cata- 
lytic hydrogenation over Pt (Adam’s catalyst). The 
methyl ether 2i was identical to the major di- 
astereomer obtained by Sharpless epoxidation of la 
followed by 0-methylation. 
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Allylic alcohols with different double bond substi- astereofacial selectivity of iodonium ion formation, 
tution patterns gave disappointing but instructive giving a 4: 1 mixture of iodo-1,2diols. Based on these 
results. The substrates 5 and 6 produced several results, and those in Table 1, it is possible to make a 
major products, showing little regiochemical prefer- simple generalization about the regioselectivity of 
ence in attack on the iodonium ion by water. The these reactions: a RCH(OH) group is the equivalent 
1,ldisubstituted alkene 7 exhibited completely re- of hydrogen in directing the attack of a nucleophile 
versed regioselectivity but relatively low di- on the iodonium ion. In other words, the electro- 
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Table 2. Reactions of 1 with other elcctrophiles 

Electrophlle/ Stortlng Major Product 
Nuclrophtle Motrriol 

Selectivity’ Yieldb 

IOAc lo 

IOAc 

IOAc la 

IOAc 

Hg(OAc$ 

OAcOH 

OH OAc 

I 
80 

OH OH 

78% 

90% 

85% 

82% 

75% 

a. See footnote 3 for definition. Lktermined by HPLC. 
b. Crude yield. 
c. Followed by in tiru r&xtion with NaBHI. 
d. Followed by in siru oxidation with alkaline peroxide. 
e. At least 3 major products were detazted by TLC and ‘H NMR. 
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added. The reaction was quenched with I.0 N HCl soln 
when no iodo diol remained by TLC, extracted twice with 
ether, dried (MgSO,), and concentrated in vacua to yield the 
epoxy alcohols (Table 3) in quantitative yields. 
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