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Allylic alcohols 1-16 react with hexachloroacetone/triphenylphosphine in less than 20 min at 10-15 °C to pro-
duce excellent yields of the corresponding chlorides. Isolation is accomplished simply by flash distillation. The con-
version occurs with total preservation of double bond geometry and with >99% inversion of configuration for opti-
cally active alcohol 8. All of the primary and secondary alcohols give predominantly the unrearranged chloride, the
o/~ attack ratio being >90:<10 for all but 9, 12, 13, and 14; only the tertiary alcohols give mostly rearranged prod-
uct. With more highly substituted systems, elimination to diene becomes an important side reaction.

The synthesis of an allylic halide from its alcohol presents
regio- and stereochemical problems not encountered with
saturated compounds:
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(1) The transformation should be regiospecific, leading
exclusively to the a-substituted (or y-substituted) product.

(2) The conditions must be such that stereochemistry at
the 3,y double bond is not lost.

(3) The synthesis should produce high optical yields when
the « carbon is chiral.

(4) The conditions of reaction, workup, and isolation must
be mild enough that neither allylic rearrangement of the
product nor solvolysis/elimination occurs.

Numerous methods (of variable generality) have been de-
veloped, among which are the following: (a) reaction with
conventional halide-producing reagents like SOCl,! or PX3;2
(b) formation of a sulfonate ester34 or other reactive group®
followed by displacement with halide ion in an aprotic solvent;
and (c) reaction with dimethyl sulfide and an N-halosucci-
nimide,2b:4¢.6

The reagent system triphenylphosphine/carbon tetra-
chloride and its several variants” have proved very versatile
for the conversion of alcohols and carboxylic acids into ha-
lides,8 the dehydration of amides and oximes to nitriles,® the
dihalomethylenation of carbonyl groups,'® and condensations
leading to esters, amides, and peptides.!! Application of this
method to the production of allylic halides seemed most
promising in light of the report by Snyder!? that PhP/CCly
transforms 2-buten-1-ol exclusively into unrearranged chlo-
ride and that only 11% of rearranged material is formed from
3-buten-2-ol. Similarly high regioselectivity has been reported
for other allylic alcohols in their reactions with PhaP/CX.13:3¢
Nevertheless, one’s enthusiasm is tempered by the fact that
low-boiling allylic chiorides such as 1-chloro-2-butene (bp 85
°C (E), bp 84 °C (Z)) and 3-chloro-1-butene (bp 65 °C) are
only with difficulty separable from reagent CCly (bp 77 °C)
and product CHCl3 (bp 62 °C); similar isolation troubles have
been noted by others.28.3¢.14

In connection with our study of the stereochemistry of the
Sn2’ reaction,!® we needed an efficient synthesis of (S)-(+)-
or (R)-(—)-3-chloro-(Z)-1-butene-1-d with high optical purity
and with preservation of double bond geometry. It occurred
to us that we could avoid the isolation problems noted above
and yet retain the excellent regioselectivity of the PhyP/CCly
method by replacing CCly with a higher boiling source of
positive halogen. The generally accepted mechanism7216 for
the PhsP/CCl, reaction is outlined in Scheme I. All that re-
main in dispute are the relative importance of paths (a) and
(b) and the precise nature of the final step.!” Since the rate-
determining step appears to be the initial abstraction of “Cl™”
by Ph3P, the rate ought to be increased dramatically if a better
leaving group than Cl3C:~ were involved. The desire for a less
volatile reagent having a superior leaving group led quite
naturally to an investigation of hexachloroacetone (HCA)!®
as a replacement for CCly. We have, in fact, found that
PhsP/HCA provides very mild conditions for the production
of allylic chlorides in excellent yields with very high regio- and
stereoselectivity and with great ease of purification.2°

Results and Discussion

We have examined the behavior of a variety of primary,
secondary, and tertiary allylic alcohols (Charts I, I1, and III,
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OH (4) Reaction of optically active alcohol 8 occurs with es-
3 10 sentially 100% inversion of configuration.
H H H,C A (5) Contamination by elimination products (dienes) is a
/C=C\ /C=C\ problem only with the more reactive systems; in some cases
H CHCH,CH, H CHCH,CH, (9 and 12), elimination occurs only during VPC analysis.
(6) The absolute yields are very high and in many cases the
OH crude flash distillate can be used without further purifica-
OH :
1 12 tion.
(7) The reaction conditions are much milder than in the
H H HC H Ph3P/CCly procedure which, typically, is run at room tem-
~ ~ ~ ~
/C =C\\ C=C\ perature for 1-2 days or at 60-80 °C for several hours.
H CHCH(CH,), H CHCH(CH,), The impetus for this study, it may be recalled, was the
annoying contamination of the allylic chlorides by CCl4 and
OH OH CHCI; in the Snyder procedure.!? It is, therefore, of some
13 14 concern that the reaction of PhgP/HCA with primary alcohols

respectively) with PhgP/HCA. Reaction of the alcohol in HCA
solution with a small excess of PhgP is rapid (less than 20 min
at 10-15 °C) and exothermic. Flash distillation at ambient
temperature produces, in most instances, allylic chlorides as
the only volatile products (accompanied by small amounts of
CCly in the cases of compounds 1-8). Significantly, the high-
boiling reagent HCA (bp 202 °C) and product pentachloro-
acetone (bp 192 °C) are left behind.

Table I is a display of the relevant data whose salient fea-
tures are:

(1) The regioselectivity is very high. For primary alcohols
1, 2, and 4-6, the product is essentially the unrearranged
chloride. For secondary alcohols 7-14, the unrearranged
chloride again predominates, although v substituents and/or
increased hindrance at C, (9, 12, 13, and 14) allow substantial
quantities of rearranged product to form. Rearrangement
dominates the product mixture only for tertiary alcohols 15
and 16.

(2) Pairs of allylic isomers (1, 2, and 7; 4 and 15; 5, 6, and
10) give distinctly different chloride products, thereby dem-

1-6 and secondary systems 7 and 8 leads to small amounts of
CCly in the flash distillate. We have made the useful obser-
vation that the extent of CCl production can be lessened by
altering the order of mixing of the reagents (see alcohol 3 in
the Experimental Section) but we have been unable to elim-
inate it entirely. The origin of this byproduct is unclear, al-
though it seems certain that it arises either from reaction of
Cl3C~ with a source of “CI*” or from Cl~ with “Cl3C*”. Sev-
eral possible mechanisms are ruled out by the observation that
PhsP plus HCA in the absence of alcohol produces no CCly,
nor is there any reaction of HCA with NaCl (with or without
alcohol’s being present). The reasonable mechanisms in
Schemes I and IIT have also been excluded as follows. Scheme
IT does not explain why an alcohol must be present; further-
more, we have been unable to trap dichloroketene when the
reaction was performed in the presence of excess cyclopen-
tadiene. Scheme III is negated by the observation that al-
though a dilute solution of sodium 2-methyl-2-propen-1-olate
in the corresponding alcohol does react with HCA producing
the ester shown plus the bisallylic carbonate, the other product
(in high yield) is CHCl; and not CCly; clearly Cl;C~ is formed
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Table I. Reactions of Allylic Alcohols with HCA/Ph;P

percent yield based on allylic alcohol®

registry allylic chloride? ratio of chlorides, %?
compd no. o v diene @ v
1¢ 504-61-0 99.34.¢ 0.7 99.3 0.7
2¢.e 4088-60-2 98.0¢ 0.5 99.5 0.5
3¢ 513-42-8 93.41¢
4¢ 556-82-1 91.3% 100 0
5¢ 497-02-9 98.5d.x 100 0
68 19319-26-7 1007 100 0
7¢ 598-32-3 94.0 8.0 94.0 6.0
8¢ 29453-55-2 94.0% 6.04:2 94.0 6.0
9 4325-82-0 j 82k 18k,
10 10473-14-0 92.1aa 3.2! 96.6 3.4
11 616-25-1 80.3%0 8.5d.cc 12.1m.dd 92.5 7.5
12 29478-27-1 80.6™ ~G7md ~33n.d
13 4798-45-2 27¢e 15/ 61988 64 364
14 4798-60-1 n p ~627d ~38n.d
15 115-18-4 21.2hh 43.2 17.79:# 32.9 67.1
16 918-85-4 7.147 14.67 46.85 32.7 67.3

a Absolute yields, as determined by quantitative VPC analysis of the flash distilled mixture. ® Unrearranged chloride is designated
o and its allylic isomer ~. ¢ CCly produced in reaction, see Experimental Section. d Exclusively E isomer. ¢ A 94/6 (VPC) mixture
of Z and E isomers. / Ratio of regioisomers not determined. ¢ An 87/13 (NMR) mixture of Z and E isomers. * An 86/14 (VPC) mixture
of Z and E isomers. | Exclusively Z isomer with >99% inverted configuration at the chiral center. / Yield not determined owing to
instability of allylic chlorides toward VPC. * Determined by NMR integration of crude flash distillate. "' A 2/1 mixture of E and Z
isomers. ™ (E)-1,3-Pentadiene. » Product ratio determined by NMR integration; VPC analysis fails, owing to interconversion of
and v isomers and elimination. © 4-Methyl-1,3-pentadiene. » An 89/11 mixture of (E)-2-methyl-2,4-hexadiene and (E)-5-methyl-
1,3-hexadiene. ¢ 2-Methyl-1,3-butadiene. A 50/50 Z/E mixture. * A 21/79 mixture of 2-ethyl-1,3-butadiene and 3-methyl-1,3-pen-
tadiene (Z and E isomers). ¢ Registry no. 4894-61-5. “ Registry no. 563-52-0. v Registry no. 563-47-3. ¥ Registry no. 503-60-6. * Registry
no. 23009-73-6. ¥ Registry no. 29333-33-3. 2 Registry no. 68317-97-5. 3¢ Registry no. 5166-35-8. bb Registry no. 24356-00-1. ¢ Registry
no. 6261-25-2. 44 Registry no. 2004-70-8. ¢¢ Registry no. 68317-98-6. / Registry no. 58649-23-3. €2 Registry no. 926-56-7. "* Registry

no. 2190-48-9. i Registry no. 78-79-5. // Registry no. 1937-02-6.

Scheme II
0

+ -
Ph,P + HCA — Ph,P—Cl + C,C—C—CCl;
— Cl,C=C==0 + CI,C~
Cl,C™ + HCA or PhyP—Cl — CCl,
+

+ C,C—C—CCl, or Ph,P

but is protonated by alcohol faster than it can react with HCA.
Furthermore, Scheme III requires the consumption of a
quantity of alcohol equal to the quantity of CCly produced,
in disagreement with the nearly quantitative yields of allylic
chloride (Table I). Since all three components (alcohol, PhsP,
and HCA) are needed for CCly to be formed, a variant of
Scheme III would have Cl;C~ attacking [PhsP+-Cl]; this is,
again, discredited by the high yields of allylic chloride.

Experimental Section

All TH-NMR spectra were obtained with a Varian T-60 spectrom-
eter; tetramethylsilane (Me4Si) was used as internal standard;
chemical shifts are recorded in & units, ppm downfield from MesSi.
The 13C-NMR spectra were obtained on a Nicolet TT-14 spectrometer
and are recorded in § units, ppm downfield from Me,Si. A Rudolph
MP7A41 photoelectric polarimeter was used for optical rotations.
Mass spectra were recorded on a Hewlett-Packard HP-5982A GC-
mass spectrometer. Analytical VPC work was accomplished using a
Hewlett-Packard Model 5750 gas chromatograph with the following
columns: A, 10 ft X Y5 in. Carbowax 20M (10%) on Chromosorb W; B,
10 ft X Yz in. 8,8’ -oxydipropiocnitrile (5%) on Chromosorb W; C, 10 ft
X Yg in. SE-30 (10%) on Chromosorb W. Preparative VPC separations
were achieved with a Varian Aerograph Model 920 gas chromatograph
and a 6 ft X Y in. column of SE-30 (10%) on Chromosorb W, unless
otherwise noted.

General Procedure for Reaction of Allylic Alcohols. In a
100-mL round-bottomed flask equipped with magnetic stirrer, the
allylic alcohol was dissolved in HCA. The clear solution was cooled

Scheme III
o
A .
RO~ + HCA — Cl,C—C—C(Cl, — CL,C—C + Cl,C
~
OR
OR

CLC™ + HCA —> CCl, + ClL,C—C—CCl,

to 0 °C and a slight excess (typically 10%) of PhsP was added in small
portions over 10-20 min. The exothermic reaction was maintained
at or below 15 °C by external cooling and by controlling the rate of
addition. When the addition of PhsP was complete, the mixture was
allowed to warm to room temperature over 10 min during which time
a thick slurry formed. Immediate flash distillation (1-3 torr, ambient
temperature) into a dry ice-acetone cooled receiver gave volatile
material which was analyzed by VPC. In some instances, preparative
VPC was used to separate the products.

(E)-2-Buten-1-0l (1). Reaction of 3.58 g (0.0496 mol) of com-
mercial crotyl alcohol (Chemical Samples Co.) in 17 mL of HCA with
13.5 g (0.0515 mol) of PhgP gave 4.8 g of volatile products which an-
alyzed (VPC, column B2!) for 4.46 g (99.3%) of (E)-1-chloro-2-butene,
0.03 g (0.7%) of 3-chloro-1-butene, and 0.3 g of CCly; (£)-1-chloro-
2-butene could not be detected. 'H NMR (CCly) of the major com-
ponent: 6 1.76 (d, 3, J = 5 Hz, CHs), 3.91 (dd, 2,J = 5,2 Hz, CHj), and
5.30-5.95 (m, 2, vinyl).

(Z)-2-Buten-1-0l (2). Reduction of 2-butyn-1-ol (Farchan Divi-
sion, Story Chemical Co.) by Zn/Cu2? in ethanol?33d gave a 94/6
mixture (VPC, Column A) of (Z)- and (E)-2-buten-1-ol. Reaction of
1.45 g (0.0201 mol) of this mixture in 15 mL of HCA with 7.0 g (0.027
mol) of PhgP gave 2.25 g of volatile material which analyzed (VPC,
column B2!) for 1.78 g (98.0%) of a 94/6 mixture of (Z)- and (E)-1-
chloro-2-butene, 0.01 g (0.5%) of 3-chloro-1-butene, and 0.46 g of CCly.
IH NMR (CCly) of the major isomer: 6 1.72 (d, 3,J = 5 Hz, CH3), 4.03
(d, 2,J = 6 Hz, CHj), and 5.35-5.85 (m, 2, vinyl).

2-Methyl-2-propen-1-ol (3). Reaction of 7.2 g (0.10 mol) of
commercial alcohol (Aldrich Chemical Co.) in 40 mL of HCA with 28
g (0.11 mol) of PhgP gave 10.36 g of volatile material which analyzed
(VPC, column C) for 8.46 g (93.4%) of 3-chloro-2-methyl-1-propene
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and 1.90 g of CCly. 'H NMR (CCly): 6 1.83 (d, 8, J = 1 Hz, CHjy), 3.97
(s, 2, CHy), and 4.90 and 5.07 (m, 1 each, vinyl). The yield of CCl, was
decreased when the order of mixing of reagents was changed; addition
of 6.00 g (0.0832 mol) of alcohol to 23 g (0.088 mol) of PhsP in 35 mL
of HCA produced 7.39 g (98.0%) of allylic chloride and only 0.23 g of
CCls.

3-Methyl-2-buten-1-0] (4). Reaction of 1.70 g (0.0197 mol) of
commercial alcohol (Aldrich Chemical Co.) in 15 mL of HCA with 5.5
g (0.021 mol) of PhaP gave 5.21 g of volatile material which analyzed
(VPC, column C) for 1.88 g (91.3%) of 1-chloro-3-methyl-2-butene,
2.95 g of CCly, and 0.4 g of CHCl3. "H NMR (CCly): 6 1.7 (bs, 6, CHy’s),
3.97(d, 2,J = 8 Hz, CH,), and 5.40 (t with fine splitting, 1,J = 8 Hz,
vinyl).

(E)-2-Methyl-2-buten-1-0l (5). Reduction of tiglic acid (Aldrich
Chemical Co.) bv LiAlH413¢24 produced alcohol 5, 3.00 g (0.0348 mol)
of which in 17 mL of HCA was treated with 10.1 g (0.0385 mol) of
Ph3P. Flash distillation gave 5.83 g of material which analyzed (VPC,
column C) for 3.39 g (98.5%) of (E)-1-chloro-2-methyl-2-butene and
2.24 g of CCly, TH NMR (CCly): 6 1.63 (d, 3,/ = 8 Hz, terminal CHj),
1.70 (s, 8, internal CH3y), 3.93 (bs, 2, CHs), and 5.55 (q with fine
splitting, 1, J = 7 Hz, vinyl).

(Z)-2-Methyi-2-buten-1-0l (6). Angelic acid was prepared by
carbonation?3 of the lizhium reagent produced from (Z)-2-bromo-
2-butene (Chemical Samples Co.) with ¢-BuLi.25® Reduction by
LiAlH4!3¢24 gave the desired alcohol as a mixture of (Z)-6 and (E)-5
(87/13 by NMR integration, 86/14 by VPC, column C). Reaction of
0.39 g (4.5 mmol)} of this mixture in 12 mL of HCA with 4 g (15 mmol)
of PhsP produced 0.73 g of volatile product which analyzed (VPC,
column C) for 0.47 g (100%) of an 86/14 mixture of (Z)- and (E)-1-
chloro-2-methyl-2-butene and 0.26 g of CCly. TH NMR (CCly) of the
major component in the mixture: § 1.65 (d, 3, J = 6 Hz, terminal CHjs),
1.77 (bs, 3, internal CHy), 4.00 (s, 2, CHy), and 5.42 (q with fine
splitting, 1, = 7 Hz, vinyl).

3-Buten-2-o0l (7). Reaction of 0.84 g (0.0116 mol) of commercial
alcohol (Aldrich Chemical Co.) in 8 mL of HCA with 4.6 g (0.0175 mol)
of PhsP gave 1.1 g of volatile material which analyzed (VPC, column
B21) for 1.02 g (94.0%) of 3-chloro-1-butene, 0.066 g (6.0%) of (E)-1-
chloro-2-butene, and 0.011 g of CCly.

(8,2)-(+)-3-Buten-2-0l-4-d (8). The optically active alcohol, 1.09
g (0.015 mol), a3’y +21.04° (neat, | = 1), 76.2% optically pure,1%26 in
20 mL of HCA was treated with 4 g {0.015 mol) of PhsP. Purification
by preparative VPC gave (R)-(—)-8-chloro-(Z)-1-butene-1-d, o?p
—46.13° (neat, [ = 1), 75.5% optically pure.!526 Similarly, a sample
of (R)-(—)-alcohol, a?*p —9.2° {neat, | = 1), 33.3% optically pure, gave
(S)-(+)-chloride, «*4p +20.2° (neat, [ = 1), 33.1% optically pure.

4-Methyl-3-penten-2-ol (9). Reaction of 5.0 g (0.050 mol) of the
commercial alcohol {(Chemical Samples Co.) in 25 mL of HCA with
14.5 g (0.055 mol) of PhyP gave a volatile product that was unstable
to VPC analysis; under all conditions investigated, substantial elim-
ination to dienes occurred. NMR analysis of the crude flash distillate
showed no dienes and revealed an 82/18 mixture of 4-chloro-2-
methyl-2-pentene and 4-chloro-4-methyl-2-pentene (presumably E).
'H NMR (CCly) of the major component: § 1.50 (d, 3, J = 6 Hz,
~-CHCHy3), 1.70 (bs, 6, allylic CHj3’s), 4.62 (dq, 1, J = 10, 6 Hz, -
CHCI-), and 5.22 (dq, 1, J = 10, 1 Hz, vinyl). 'H NMR (CCly) of the
minor component (mostly obscured by the allylic isomer): 6 ca. 1.6-1.7
(9, methyls) and 5.60 (1, 2, vinyl).

3-Methyl-3-buten-2-0l (10). The commercial alcohol {Polysci-
ences, Inc.) was purified by preparative VPC (10 ft X Y3 in. Carbowax
20M (20%) on Chromosorb W). Reaction of 3.0 g (0.035 mol) of puri-
fied material in 18 mL of HCA with 10 g (0.038 mol) of PhsP gave 3.49
g of volatile product which analyzed (VPC, column C) for 3.37 g
(92.1%) of 3-chloro-2-methyl-1-butene, 0.080 g (2.1%) of (E)-1-
chloro-2-methyl-2-butenie, and 0.042 g (1.1%) of (Z)-1-chloro-2-
methyl-2-butene. 'H NMR (CCly) of the major component: 5 1.60 (d,
3,J = 7THz,~CHCHj3), 1.87 (d, 3,J = 1 Hg, allylic CH3),4.50 (q, 1, J
=7 Hz, -CHCl-}, and 4.83 and 5.02 (m, 1 each, vinyl).

1-Penten-3-0l (11). Reaction of 4.37 g (0.0507 mol) of the com-
mercial alcohol (Chemical Samples Co.) in 17 mL of HCA with 13.5
g (0.0515 mol) of PhgP gave 5.1 g of volatile material which analyzed
(VPC, column C) for 4.33 g (80.3%) of 3-chloro-1-pentene, 0.35 g (6.5%)
of (E)-1-chloro-2-pentene, and 0.42 g (12.1%) of (E)-1,3-pentadiene.
Preparative VPC led to separation of the three components. 'H NMR
(CCly) of the major allylic chloride: 6 0.97 (t, 8, J = 7 Hz, CHjy), 1.82
(qd, 2,/ = 7,7 Hz, CHg). 419 (dt, 1, J = 7,7 Hz, CH), 5.07 (dd, 1, J
=9, 3 Hz, Z-terminal vinyl), 5.17 (dd, 1, J = 17, 3 Hz, E-terminal
vinyl), and 5.88 (ddd, 1, J = 17, 9, 7 Hz, internal vinyl). !H NMR
(CCly) of the minor allylic chloride: 6 1.00 (t, 3, J = 6 Hz, CHj3), 2.07
{m, 2, -CHCH3y), 3.93 (d, 2, J = 6 Hz, -CHCl), and 5.4-5.9 (m, 2,
vinyl), TH NMR {CCly) of the diene: 6§ 1.75 (d, 3, J = 6 Hz, CHj),
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4.7-5.2 (m, 2, terminal vinyl), and 5.4-6.2 (m, 3, internal vinyl).

(E)-4-Hexen-3-ol (12). Reaction of 5.0 g (0.050 mol) of the com-
mercial alcohol (Chemical Samples Co.) in 20 mL of HCA with 13.5
g (0.0515 mol) of Ph3P gave a distillate which, according to its NMR
spectrum, was a mixture of allylic chlorides, 4.76 g (80.6%). VPC
analysis (column C) failed to separate the chlorides and led to sub-
stantial amounts of elimination. Preparative VPC allowed separation
of the chloride and diene fractions. NMR analysis of the chloride
mixture revealed an approximately 67/33 ratio of (E)-4-chloro-2-
hexene and (E)-2-chloro-3-hexene. '!H NMR (CCly) of the major
component: 6 0.98 (t, 3,J = 6 Hz, -CH,CH3), 1.73 (d, 8, J = 6 Hz, al-
Iylic CHa), ca. 1.9 (obscured, CHy), 4.15 {dt, 1,J = 8, 6 Hz, CH), and
5.3-5.9 (m, obscured, vinyl). 1TH NMR (CCly) of the minor component:
60.98(t,3,J = 6 Hz, -CH;CH3), 1.58 (d, 3, J = 7 Hz, -CHCHS3), ca.
1.9 (obscured, CHy), 4.42 (m, partly obscured, CH), and 5.3-5.9 (m,
obscured, vinyl). 'H NMR (CCly) of the diene fraction suggested an
80/20 mixture of (E,E)-2,4-hexadiene and (E)-1,3-hexadiene. !H
NMR (CCly) of the diene mixture: 8 1.00 (t, J = 7 Hz, CHj in minor
component), 1.70 (d, J = 8 Hz, CHy’s in major component), and
5.0-6.2 (vinyl).

4-Methyl-1-penten-3-ol (13). Reaction of 1.0 g (0.010 mol) of the
commercial aleohol (Chemical Samples Co.) in 5 mL of HCA with 2.7
g (0.0103 mol) of Ph3P gave 1.0 g of a volatile material which analyzed
(VPC, column C) for 0.32 g (27%) of 3-chloro-4-methyl-1-pentene,
0.18 g (15%) of (E)-1-chloro-4-methyl-2-pentene, and 0.50 g (61%) of
4-methyl-1,3-pentadiene. Preparative VPC led to separation of the
three components. ITH NMR (CCly) of the major allylic chloride: 6 1.00
(d, 6,J = 6 Hz, CHs’s), 1.93 (m, 1, -CH(CHa),), 4.13 (dd, 1,J = 8,5
Hz, -CHCI-), 5.12 (dd, 1, J = 10, 2 Hz, Z-terminal vinyl), 5.21 (dd,
1,J = 17,2 Hz, E-terminal vinyl), and 5.88 (ddd, 1,J = 17, 10, 7 Hz,
internal vinyl). "TH NMR (CCly) of the minor allylic chloride: 8 1.02
(d, 8,J =6 Hz, CHj's), 2.32 (m, 1, CH), 3.93 (d, 2,J = 6 Hz, CHy), and
5.23-5.93 (m, 2, an AB coupling pattern with J = 16 Hz is discernible,
vinyl). 'TH NMR (CCly) of the diene: 6 1.70 (bs, 6, CHj’s), 4.83 (bd, 1,
J = 10 Hz, Z-terminal vinyl), 4.88 (bd, 1,J = 17 Hz, E-terminal vinyl),
5.70 (bd, 1,JJ = 10 Hz, H on C3), and 6.41 (ddd, 1,J = 17, 10, 10 Hz,
H on Cy).

2-Methyl-4-hexen-3-ol (14). Reaction of 5.0 g {0.044 mol) of the
commercial alcohol (Chemical Samples Co.) in 21 mL of HCA with
12.0 g {0.0458 mol) of PhsP gave 4.34 g of a volatile material whose 1H
NMR spectrum revealed a mixture of two allylic chlorides (major,
62/38 ratio) and dienes (minor). VPC analysis (column C) failed to
resolve the chloride mixture. Preparative VPC allowed separation into
a chloride fraction and a diene fraction. The chlorides proved to be
a mixture (changed from the original 62/38 ratio) of (E)-4-chloro-
5-methyl-2-hexene and (E)-2-chloro-5-methyl-3-hexene. 'H NMR
(CCly) of the major component: 6 1.02 (d, 6, J = 7 Hz, -CH(CHj3)s),
1.75 (bd, 3, J = 5 Hz, allylic CHj), 1.87 (m, 1, -CH(CHa)5), 4.10 (bt,
1,J = 5 Hz, -CHCI-), and 5.2-6.0 (m, 2, vinyl). '"H NMR (CCly) of the
minor component: § 1.02 (d, 6,JJ = THz, -CH(CHj3)), 1.55 (d, 3, J =
7 Hz, -CHCICH3), 2.32 (m, 1, -CH(CH3)2), 4.38 (qd, 1, J = 6, 6 Hz,
~CHCI-), and 5.2-6.0 (m, 2, vinyl). The diene fraction proved to be
an 89/11 mixture of (F)-2-methyl-2,4-hexadiene and (E)-5-methyl-
1,3-hexadiene. 'H NMR (CCly) of the diene mixture: § 1.0 (d, J =7
Hz, -CH(CHj3); in minor component), 1.7 (bs, CH3’s in major com-
ponent), and 5.2-6.4 (m, vinyl).

2-Methyl-3-buten-2-ol (15). Reaction of 4.28 g (0.050 mol) of the
commercial alcohol (Aldrich Chemical Co.) in 15 mL of HCA with 13.5
g (0.0515 mol) of PhsP gave 4.0 g of a volatile mixture which analyzed
(VPC, column C) for 1.10 g (21.2%) of 3-chloro-3-methyl-1-butene,
2.26 g (43.2%) of 1-chloro-3-methyl-2-butene, and 0.604 g (17.7%) of
2-methyl-1,3-butadiene. Preparative VPC led to separation of the
three components. 'TH NMR (CCly) of the minor allylic chloride: § 1.67
(s,6,CHg’s),4.98 (dd, 1, J = 10, 2 Hz, Z-terminal vinyl), 5.20 (dd, 1,
J = 16,2 Hz, E-terminal vinyl), and 6.09 (dd, 1, J = 17, 10 Hz, internal
vinyl). TH NMR (CCly) of the major allylic chloride identical to that
of the sole product from alcohol 4. 1H NMR (CCly) of the diene: 6 1.83
(bs, 3, CH3), 4.95 (bs, 2, H’s on C4), 5.01 (dd, 1,J = 10, 1 Hz, Z-vinyl
Hon Cy),5.12(dd, 1,J = 17,1 Hz, E-vinyl H on Cy), and 6.39 (ddm,
1,J = 17, 10 Hz, internal vinyl).

3-Methyl-1-penten-3-ol (16). Reaction of 10 g (0.10 mol) of the
commercial alcohol (Chemical Samples Co.) in 29 mL of HCA with
27 g (0.103 mol) of PhsP gave 6.4 g of a volatile mixture, VPC analysis
(column C) revealed the presence of 0.832 g (7.1%) of 3-chloro-3-
methyl-1-pentene, 1.73 g (14.6%) of 1-chloro-3-methyl-2-pentene (as
a 50/50 Z/E mixture), 0.79 g (9.6%) of 2-ethyl-1,3-butadiene, and 3.05
g (37.2%) of 3-methyl-1,3-pentadiene (as a mixture of Z and E iso-
mers). Preparative VPC led to separation of the components. 'H
NMR (CCly) of the minor allylic chloride: 5 0.98 (t, 3, J = 8 Hz,
-CH»CH3), 1.60 (s, 3, CH3), ca. 1.8 (m, 2, CHy). 5.03 (dd, 1,J = 10, 2
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Hz, Z-terminal H), 5.19 (dd, 1, J = 17, 2 Hz, E-terminal H), and 5.94
(dd, 1, J = 17, 10 Hz, internal vinyl). 1H NMR (CCly) of the major
allylic chloride: 6 1.02 (t, 3,J = 7 Hz,-CH2CH3), 1.72 (s, 3, allylic CHz),
2.13 (m, 2, -CHyCH3), 3.98 (d, 2, J = 8 Hz, -CH,Cl), and 5.4 (m, 1,
vinyl). 'TH NMR (CCly) of the minor diene: § 1.07 (t, 3,J = 7 Hz, CH3),
2.17 (q,2,J =7 Hz, CH,),4.88 (bs, 2, H’s on Cy), 4.92 (dd, 1, J = 10,
2 Hz, Z-vinyl Hon Cy), 5.09 (dd, 1, J = 17, 2 Hz, E-vinyl H on Cy), and
6.28 (dd, 1, J = 17, 10 Hz, internal vinyl). TH NMR (CCly) of the major
diene: 5 1.68 (s, 3, internal CHzy), 1.7 (d, 3, terminal CH3), 4.82 (bd, 1,
J =10 Hz, Z-vinyl H on Cy), 4.96 (bd, 1,J = 17 Hz, E-vinyl H on Cy),
ca. 5.3 (m, 1, Hon Cy), and 6.28 (dd, 1,J = 17, 10 Hz, H on Cy).

Reaction of 2-Methyl-2-propen-1-olate with HCA. To 12.7 ¢
(0.176 mol) of 2-methyl-2-propen-1-ol in a 100-mL, round-bottomed
flask was added 0.202 g (0.0088 g-atom) of Na. The solution was cooled
inice and 46.5 g (0.176 mol) of HCA was added over 20 min. The re-
sulting yellow slurry was warmed to room temperature and flash
distilled (1 torr, ambient temperature, 1 h) yielding 15.44 g of volatile
material which analyzed (VPC, column C) for 14.28 g (0.120 mol) of
CHClI; and 1.16 g of di-2-methyl-2-propen-1-yl carbonate; CCly was
absent. The residue was distilled at 58 °C/0.75 torr yielding 30.2 g of
clear liquid which proved to be a mixture of the bisallylic carbonate
and HCA. 'H NMR (CCly) of the carbonate: 5 1.78 (bs, 3, CHg), 4.48
(bs, 2, CHy), and 4.92 and 5.05 (m, 1 each, vinyl). 13C NMR (CDCls)
of the carbonate: 4 18.9 (-CH3), 70.7 (-CH»-), 113.1 {(=CH>), 139.2
(methine), and 154.7 (carbonyl). Mass spectrum obscured by cracking
pattern for HCA although a peak at m/e 55 (2-methylallyl) can be
discerned. 13C NMR (CDCl3) of HCA 6 90.0 (-CCl3) and 175.2 (car-
bonyl); mass spectrum (70 eV) m/e 262 (P, 0.07), 264 (0.24), 266 (0.10),
268 (0.03); 227 (P — CI; 0.97), 229 (1.6), 231 (0.83), 233 (0.34), 235
(0.10); 117 (CClg, 100), 119 (86.0), 121 (34.5), 123 (4.1); many other
peaks which are characteristic of the fragments from HCA. In a similar
experiment, 2-methyl-2-propen-1-yl trichloroacetate was isolated;
mass spectrum (70 eV) m/e 216 (P, 25), 218 (24), 220 (8), 222 (1); 181
(P — Cl, 4), 183 (3); 117 (CCls, 100), 119 (95), 121 (32); many other
peaks expected for fragmentation of this ester.
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