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The reduction of ascaridole (1) by triphenylphosphine
to an unsaturated oxide was first reported by Horner
and Jurgeleit.? Schenck and coworkers® hydrogenated
the oxide and obtained an unsaturated alecohol which in
turn was reduced to 4-p-menthol. On the basis of this
information, it was assumed that the oxide was 1,4-
epoxy-p-2-methene (3) and that the unsaturated
alcohol was p-2-menthene-4-ol (4). This paper pre-
sents data indicating that the main product resulting
from the triphenylphosphine reduction of ascaridole is
not 3, but rather, 3,4-epoxy-p-1-menthene (2).

The nmr spectrum of the major reduction product of
the ascaridole-triphenylphosphine reaction was con-
sistent with structure 2. The spectrum showed a one-
proton multiplet at r 4.25, appropriate for the C-2
ethylenic proton, a one-proton doublet at r 7.08,
appropriate for the C-3 proton, and a three-proton
singlet at = 8.32, appropriate for a methyl group
attached to a double bond. The nmr spectrum also
indicated the presence of a second component, which
was assumed to be some 1,2-epoxy-p-3-menthene (5).
When the oxide obtained from the triphenylphosphine
reduction was treated with LiAlH,, p-1-menthene-4-0l
(6) resulted, and on basic hydrolysis of the oxide, p-1-
menthene-3,4-diol (7) was formed. Treatment of the
oxide 2 with water, ethanol, and methanol at 25° re-
sulted in frans-p-2-menthene-1,4-diol (8), 1-ethoxy-p-2-
menthene-4-0l (9), and 1-methoxy-p-2-menthene-4-ol
(10), respectively. The latter products were believed
formed by the 1,4 addition of water or alecohol to the
unsaturated oxide.® When the oil resulting from the
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(1) Abstracted in part from the Senior Thesis of Gary Pierson.

(2) L. Horner and W, Jurgeleit, Ann., 891, 138 (1055).

(3) G. 0. Behenck, K, Gellnick, G, Buchwald, 8. Schrocter, and G, Ohloff,
ibid., 674, 93 (1964),

(4) Similar type additions have been observed: V. Bryskovskaya, V. M.
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reduction of ascaridole with triphenylphosphine was
subjected to acid hydrolysis, the only produet that could
be isolated was a solid identical with p-3-menthene-
1,2-diol (11). This diol was presumably formed from
the hydrolysis of some of the 1,2-epoxide present in the
reaction mixture.

An attempted reduction of an ethanolic solution of
the oxide 2 with hydrogen over Raney nickel yielded
the ethoxy alcohol 9.

The formation of the unsaturated epoxide can be
envisioned as a reaction in which one oxygen of the
peroxide linkage is displaced by the phosphine to give
an ion pair which then rearranges to give the product.
A similar mechanism has been postulated by Denny and
coworkers® for the reduction of diaroyl peroxides.

(C5H5)3P: (CGH5)3P+ 0‘\
& )
o -
+ (CH;)PO
(0]

Experimental Section

3,4-Epoxy-p-1-menthene (2).—Thirty grams of ascaridole was
allowed to react with 60 g of triphenylphosphine in 100 ml of re-
fluxing petroleum ether (bp 85°) for 15hr. The product was puri-
fied by distillation at reduced pressure: bp 59-62° (3 mm); nmr
743 (m,1),71(,1,J = 4 Hz), 79-83 (m, 5),83(d, 3,J
= 1Hz),9.0(,3,J = 7Hz),9.1(,3,J = 7Hz). Thenmr
spectrum gave evidence of a second component (approximately
8% of the total material) which was assumed to be 1,2-epoxy-
p-3-menthene.

Anal. Caledfor2:
Found: mol wt, 154.

4-Hydroxy-p-1-menthene (6).—Two grams of the ascaridole-
triphenylphosphine reduction product were treated with 0.5 g of
LiAlH, in 25 ml of anhydrous ether. The salts formed were
hydrolyzed in 19, HCI and extracted with ether. The ethereal
solution was dried and concentrated by evaporation, and the
product was purified by column chromatography: nmr r 4.7
(m, 1), 7.9-8.3 (m, 7), 8.4 (m, 3), 9.18 (4, 8, J = 7 Hz), 9.20
(d, 3, J = 7 Hz), and a one-proton peak of concentration-de-
pendent position.

p-1-Menthene-3,4-diol (7).—Two grams of the ascaridole-
triphenylphosphine reduction product were refluxed with 109,
NaOH for 17 hr. The mixture was extracted with ether. The
ethereal solution was dried and concentrated by evaporation,
and the residue was separated by column chromatography. The
solid substance obtained was recrystallized from chloroform-
petroleum ether C: mp 58-61°; nmrr4.4 (m, 1),6.1(d,1,J =
5 Hz), 7.9-8.3 (m, 5), 8.3 (8,3),9.0(d, 3, J = 7Hz), 9.1 (d, 3,
J = 7 Hz), and a two-proton singlet of concentration-dependent
position.

trans-p-2-Menthene-1,4-diol (8).—A mixture of 5 m! of water
and 2 g of the ascaridole-triphenylphosphine reduction product
was shaken at room temperature for 24 hr. The crystals (1.7
g, 76%) were collected, dried under vacuum, and recrystallized
from chloroform-petroleum ether B: mp 95-96°; nmr (CDCl,;)
r 4.2 (s, 2), 7.9-8.3 (m, 5), 8.7 (s, 3),9.0 (d, 3, J = 7 Hz), 0.1
d, 3, J = 7 Hz), and a two-proton peak of concentration-de-
pendent position. The infrared spectrum of this compound was
not identical with the spectrum of authentic cis-p-2-menthene-1,4-
diol obtained from hydrogenation of ascaridole.

Anal. Caled for 8: mol wt (cryoscopic in cyclohexanol), 170.
Found: mol wt, 163.

(8) M. A. Greenbaum, D. B. Denny, and A. K. Hoffmann, sbid., 78,
2563 (1056).

mol wt (cryoscopic in cyclohexanol), 152.
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1-Ethoxy-p-2-menthen-4-ol (9).—A mixture of 5 g of the as-
caridole-triphenylphosphine reduction product and 12 ml of
absolute ethanol was allowed to stand at room temperature for 3
days. The excess ethanol was removed under reduced pressure
and the product was distilled: bp 81-84° (10 mm); nmr (CDCl;)
T 4.25 (s, 2), 6.55 (q, 2, J = 7 Hz), 8,75 (s, 3), 8.85 (t, 3, J =
7 Hz), 7.8-8.6 (m, 5), 9.05 (d, 3, J = 6 Hz), 9.10(d, 3, J =
6 Hz), and a one-proton singlet of concentration-dependent
position.

Anal. Calcd for C]szgOzZ
C, 72.80; H, 10.98.

1-Methoxy-p-2-menthen-4-0l (10),—A mixture of 2 g of the
ascaridole-triphenylphosphine reduction product and 5 ml of
methanol was allowed to stand at room temperature for 3 days.
The excess solvent was removed under reduced pressure and the
product was distilled: nmr (neat) » 4.30 (s, 2), 6.85 (s, 3), 7.8—
8.6 (m, 5), 8.8 (s,3),9.08(d,3,J = 7Hz),9.13(d, 3,J = 7Haz),
and a one-proton singlet of concentration-dependent position.

p-3-Menthene-1,2-diol (11).—When the ascaridole-triphenyl-
phosphine reduction product was hydrolyzed in 19, H:SO, at
0° or in 19, HCI at 35°, a mixture of products resulted. The
reaction mixture was neutralized with NaHCO; and extracted
with ether. The ethereal solution was dried, concentrated by
evaporation, and separated by column chromatography. One
fraction from the chromatographic separation crystallized and was
recrystallized from chloroform-petroleum ether B: mp 57-58°
(lit.6 mp 57-58°); the infrared spectrum agreed with that re-
ported in the literature;? nmr r 4.5 (m, 1), 5.8 (m, 1), 7.9-8.4
(m, 5), 8.8 (s, 3), 9.0 (d, 6, J = 6 Hz), and a two-proton singlet
of concentration-dependent position.

Registry No.—1, 512-85-6; 2, 21473-34-7; 6, 562-

74-3; 7, 21473-36-9; 8, 21473-37-0; 9, 21473-38-1;
10, 21473-39-2; triphenylphosphine, 603-35-0.

C, 72.67; H, 11.18. Found:
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Phosphorus Pentachloride for the Replacement
of Benzylic Hydrogen with Chlorine!
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Phosphorus pentachloride has been widely used to re-
place the hydroxyl groups of aleohols and carboxylic
acids to give alkyl chlorides and acyl chlorides, and to
replace the carbonyl groups of aldehydes and ketones to
give dichlorides.?

In specific cases, phosphorus pentachloride is known
to replace carbon-bound hydrogen. Homophthalic
acid, I, with phosphorus pentachloride gives a series of
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produets including II, ITI, and IV, where replacement
of carbon-bound hydrogen with chlorine has occurred.?

Phenyl malonate, V, and phosphorus pentachloride
give a mixture of products including VI and VII where
replacement of earbon-bound hydrogen by chlorine has
occurred.*

(I) | (H) (I? ﬁ) i
CeH50é0H2COCGH5 CICCCLCCI  CsHsOCCCLCOC:Hs:
v VI VIiI

Chlorination of hydrocarbons, specifically the chlo-
rination of heptane to give heptyl chloride, with phos-
phorus pentachloride and peroxides has been reported.®
An aromatie hydrogen is replaced by heating 2,2'-di-t-
butylbenzophenone and phosphorus pentachloride to
185°, giving VIIL.®
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In the present work, it has been found that benzylic
hydrogen is replaced by chlorine when the material is
heated with phosphorus pentachloride. The other prod-
ucts of the reaction are presumably phosphorus tri-
chloride and hydrogen chloride.

The replacement of benzylic hydrogen may proceed
by way of a free radical reaction pathway. The first
step might be dissociation of the phosphorus pentachlo-
ride to phosphorus trichloride and chlorine, a reaction
known to occur at elevated temperature.” The chlorine
would then react at the benzylic position in the familiar
manner.?

Toluene was converted to benzyl chloride by re-
fluxing with phosphorus pentachioride in almost quan-
titative yield. With excess phosphorus pentachloride,
benzylidene chloride was obtained along with benzyl
chloride and unreacted phosphorus pentachloride.
Thus the replacement of successive benzylic hydrogen
seems to be increasingly difficult.

When diphenylmethane was heated with 1 mol of
phosphorus pentachloride, benzhydryl chloride was
formed. Excess phosphorus pentachloride gave di-
phenylmethylene chloride. Triphenylmethane was
converted to triphenylmethyl chloride in 93% yield by
phosphorus pentachloride at 140-150°.
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