Notes

nitrile was completely removed in vacuo, and the residue was tritu-
rated with anhydrous ether at —50 °C, whereupon the crude phos-
phonium salt 11 (34.5 g) crystallized. The phosphonium salt thus
obtained was sufficiently pure for use in subsequent annelation re-
actions. Recrystallization from methylene chloride/ether afforded
27.3 g (73%) of 11: mp 161-162 °C; NMR (CDCly) 6 7.78 (m, 15 H), 7.15
(dg, 1 H,J =7 and 16 Hz), 6.52 (dq, 1 H, J = 1.5 and 16 Hz), 5.67 (4,
1H,J =17Hz),404(q,2H,J = THz),1.05(dd,3H,J =1.5and 7
Hz), 0.70 {t, 3 H, J = 7 Hz).

Anal. Caled for CosHsgIOP: C, 60.00; H, 5.29. Found: C, 60.28; H,
5.35.

General Procedure for the Conversion of Carbonyl Com-
pounds 5a-d into Cyclohexenones 8a-d. To a well-stirred solution
of lithium diisopropylamide [prepared from diisopropylamine (0.49
g, 4.9 mmol) and n-butyllithium (4.8 mmol, 2.32 N in hexane) in an-
hydrous tetrahydrofuran (THF) (25 mL)] at ~25 °C under dry ni-
trogen was slowly added a solution of the appropriate ketone 5a—d
(4.8 mmol) in anhydrous THF. After 1 h, unrecrystallized (2-eth-
0xy-1,3-pentadienyl)triphenylphosphonium iodide (11) (3.60 g, 7.2
mmol) was added. The resulting orange mixture was stirred at room
temperature for 1 h, heated at reflux for 18 h, and then allowed to cool
to room temperature. Aqueous 1 N HCI (50 mL) was added and the
heterogeneous mixture stirred vigorously at room temperature for
an additional 3 h. The layers were then separated, and the aqueous
layer was extracted with ether (3 X 50 mL). The combined organic
layers were washed with saturated NaHCO; and dried (MgS0,), and
the excess solvents were removed under reduced pressure. The crude
cyclohexenones 8a-d thus obtained were purified by either vacuum
distillation or by bulb to bulb distillation (Kagelrohr).

4,5-Dimethyl-3-ethyl-2-cyclohexen-1-one (8a): 33% as a 63:37
mixture of diastereomers; bp 80-82 °C (2.5 mm); IR (film) 1670 cm™!
{C=0); NMR (CDCIl;) 6 5.83 (m, 1 H), 1.90-2.70 (complex, 6 H),
0.90-1.35 (complex, 9 H); mass spectrum, m/e 152, 110 (base), 81.
Exact mass: caled for C;0H160, 152.1201; found, 152.1198.

4-Methyl-4,4a,5,6,7,8-hexahydro-2(3 H)-naphthalenone (8b):
64%; bp 101-103 °C (1.2 mm); IR (film) 1670 cm~! (C=0); NMR
(CDCly) 6 5.83 (brs, 1 H), 0.90-2.60 (complex, 11 H), 1.09 (d, 3 H, J
= 6 Hz); mass spectrum, m/e 164, 122 (base), 94, 79. This material was
identical with an authentic sample prepared independently.!

4,4a-Dimethyl-3,4,5,6,7,8-hexahydro-2(3 H)-naphthalenone
(8¢): 20% as a 65:35 mixture of diastereomers;!! purified by bulb to
bulb distillation (1.0 mm) (oven 100 °C); IR (film) 1665 cm~! (C=0);
NMR (CDCly) 6 5.89 (brs, 0.35 H), 5.80 (brs, 0.65 H), 1.28 (s, 1.95 H),
1.05 (s, 1.05 H), 0.90-2.6 (complex, 14 H); mass spectrum, m/e 178,
136 (base), 121.

5-Methyl-3-phenyl-2-cyclohexen-1-one (8d): 56%; bp 113-115
°C (0.05 mm); mp 34-36 °C (lit.13 mp 34-36 °C); IR (film) 1660 cm™~!
(C=0); NMR (CDCl3) 6 7.30-7.6 (m, 5 H), 6.38 (brs, 1 H), 1.95-2.90
(complex, 5 H), 1.11 (d, 3 H, J = 6 Hz): mass spectrum, m/e 186, 144
(base), 116, 115.

General Procedure for the Conversion of 1,3-Dicarbonyl
Compounds 5e and 5f into Cyclohexenones 8¢ and 8f, To a stirred
suspension of sodium hydride (0.24 g of a 50% dispersion in mineral
oil, 5.1 mmol) in anhydrous THF (25 mL) at 0 °C under nitrogen was
slowly added a solution of the appropriate 1,3-dicarbonyl compound
5e,f (4.6 mmol). After the evolution of hydrogen ceased (ca. 30 min),
the butadienylphosphonium salt 11 (3.50 g, 7.0 mmol) was added and
the resulting reddish-brown mixture was heated at reflux for 18 h.
Workup as previously described produced the cyclohexenones 8e,f.

Ethyl 1,2,6-Trimethyl-4-0x0-2-cyclohexenecarboxylate (8e):
40% as an 85:15 mixture of diastereomers; bp 80-82 °C (0.05 mm); IR
(film) 1670 and 1735 (C=0) cm~1; NMR (CDCl3) 6 5.96 (brs, 0.15 H),
5.90 (brs,0.85 H),4.25(q. 1.70 H, J = 7 Hz), 4.22 (q,0.30 H,J = 7 Hz),
2.10-2.95 (complex, 3 H), 1.0 (d, 2.55 H, J = 1.5 Hz), 1.10-1.50
(complex, 6 H), 0.94 (d, 2.55 H, J = 6 Hz); mass spectrum, m/e 210,
168, 137, 109, 82 (base). Exact mass: caled for C19H1g03, 210.1256;
found, 210.1258.

5-Methylspiro[5.5]undec-1-ene-3,7-dione (8f): 25% as a 57:43
mixture of diastereomers; purified by bulb to bulb distillation (0.1
mm) (oven 100 °C); IR (film) 1680 and 1705 (C=0) em~!; NMR
(CDCls) 6 7.05 (dd, 043 H,J = 1.5 and 10 Hz), 6.80 (dd, 0.57 H, J =
1.5 and 10 Hz), 6.05 (d, 0.57 H, J = 10 Hz), 5.97 (d, 0.43 H, J = 10 Hz),
1.50-3.00 (complex, 11 H), 1.00 (d, 1.71 H, J = 7 Hz), 0.93 (d, 1.29 H,
J = 7 Hz); mass spectrum, m/e 192, 148, 121, 106, 79. Exact mass:
caled for C1oH 1605, 192.1150: found, 192.1147.
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Registry No.—5a, 96-22-0; 5b, 108-94-1; 5¢, 583-60-8; 5d, 98-86-2;
5e, 609-14-3; 5f, 1193-63-1; cis- 8a, 67688-31-7; trans- 8a, 67688-32-8;
8b, 17299-39-7; cis-8¢c, 22465-74-3; trans-8c, 17566-24-4; 8d,
29490-59-3; cis-8e, 67688-33-9; trans-8e, 67688-34-0; cis-8f,
67688-35-1; trans- 8f, 67688-36-2; 10b, 67688-37-3; 11, 67688-38-4.
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The red fox (Vulpes vulpes) uses a chemical communica-
tion system? based on the supracaudal gland,? the anal sac,*
and the urine.® The major scent constituents of male and fe-
male red fox urine were identified by GC/MS? (Table I). A
synthetic mixture of these compounds has been shown to in-
duce characteristic marking behavior in wild red foxes.®

The characteristic “skunky odor” of fox urine is clearly due
to the two sulfur compounds A3-isopentenyl methyl sulfide
(1) and 2-phenylethyl methyl sulfide (2). Compound 2 is

A
= AH
s s ©\/\s _CH,

1
2
known? but, to our knowledge, A3-isopentenyl methyl sulfide,
a new terpenoid, has not been previously reported.8? A3-Iso-
pentenyl pyrophosphate is probably the biological precurser
of compound 1. The terpenoid nature of this sulfide should
be compared with other recently reported scent constitu-
ents.10.15 Mustelan (3) has been isolated from the anal gland
of the mink (Mustela vision) and polecat (Mustela putor-
ius),16 which also contains 3,3-dimethyl-1,2-dithiolane (4) and
diisopentyl sulfide. 3-Methyl-1-butanethiol (5) is a component
of the scent of striped skunk (Mephitis mephitis)'? and may
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Table I. Volatile Constituents of Red Fox Urine

entry compd ca. concn, mg/L

1 4-heptanone 10
2 A3-isopentenyl methyl sulfide (1) 50
3 6-methyl-5-hepten-2-one 2
4 benzaldehyde 1
5 acetophenone 50
6 2-phenylethyl methyl sulfide (2) 2
7 2-methylquinoline® 7
8 geranylacetone 7
a Male only.

Ha
CH3 CH3 "
H, CH, CHy

3 4 5

also be of isoprenoid origin. These new terpenoid sulfur
compounds suggest a broader significance of terpenes in
mammalian olfaction.!” We report herein the synthesis and
spectral properties of compound 1.

Experimental Section

A3-Isopentenyl Methyl Sulfide (1). p-Toluenesulfony! chloride
(10.1 g, 53 mmol) and 4.23 g (47.7 mmol) 3-methyl-3-butenol (Aldrich)
in pyridine/CH,Cly gave 11.13 g (97%) of tosylate which was used
without further purification. Tosylate (4.8 g, 20 mmol) in 20 mL of
HMPA was cooled to 0 °C and 2.4 g (44 mmol) of CH3SLi!® was added
portionwise. After warming to 25 °C, the mixture was stirred over-
night. The solution was then poured into 150 mL of water and ex-
tracted with 100 mL of petroleum ether. The petroleum ether was
washed with 1 N NaOH, water, and brine. After drying over MgS0y
the material was distilled to yield 1.77 g (76%) of compound 1: bp 75
°C (85 mm); VPC (Y in. X 10 ft Apiezon L at 110 °C; Rt = 5.5 min);
IR (neat) 3.32, 6.03, 6.98, 7.30, 11.2 um; NMR (220 mHz, CDCly) 6 1.74
(s, 3 H, C=CCHy), 2.11 (s, 3 H, SCH3), 2.27 (t, 2 H, J = 4.2 Hz,
C=CCHy), 2.57 (t, 2 H, J = 4.2 Hz, -CH>S-), 4.73 (m, 2 H, CH~C);
MS [m/e (% base)] 116 (26), 69 (4), 68 (17), 67 (17), 63 (5), 61 (100),
41 (20). Anal. Caled for CgH15S: mol wt 116.0660. Found: mol wt
116.0662.

Registry No.—1, 5952-75-0; 3-methyl-3-butenol tosylate, 781-03-3;
p-toluenesulfonyl chloride, 98-59-9; 3-methyl-3-butenol, 763-32-6;
lithium methanethiolate. 356638-70-1.
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In continuation? of our studies of the alkyl nitrate nitration,
we are now reporting on its application, with some success, to
the preparation of 1-nitroalkylphosphonates 1 directly from
the corresponding alkylphosphonate esters 2 (eq 1).

(1) (i-C,H,),NLi-THF-n-C,H,0NO,
RCH,P(O)(OR’), (
2

R(ITHF‘(O)(OR’)Z + RCH,PNO, + »-C;H.OP(OXOR"), (1)

+

NO,
1

Recently, Petrov and co-workers? reported several methods
for preparing compounds 1 which essentially involved the
nitration of 2-oxoalkyl-, 2-alkoxyvinyl-, and 2-alkoxy-1-alk-
ylvinylphosphonate esters with nitric acid in acetic anhydride.
These methods suffer from the lack of readily available
starting materials. Another procedure* which affords exclu-
sively tertiary nitroalkylphosphonates consisted of oxidizing
the corresponding 1-aminoalkylphosphonate esters.

In the present study, the alkyl nitration of esters 2 was in-
vestigated in such systems as potassium amide-liquid am-
monia (A), butyllithium-THF (B), and lithium diisoprop-
ylamide-THF (C). Of these, system A was found to be un-
suitable. For example, in a control test diethyl ethylphos-
phonate (3) was converted in a 60% yield to ethyl P-ethyl-
phosphoramidate (eq 2). Moreover, treatment of dibutyl

(1) KNH,-liquid NH,
(2) NH,Cl

C.H,P(OXOC.H:),
3

C,H:P(O)OCH, (2)

NH,
butylphosphonate (4) with n-propyl nitrate in system A re-
sulted in a 50% recovery of ester 4. The remaining material
constituted a mixture which could not be resolved.

Nitrations of 4 were successful in systems B and C, affording
dibutyl 1-nitrobutylphosphonate (5) in yields of 27 and 41%,
respectively. Similarly, dibutyl pentylphosphonate was con-
verted in system C in 47% yield to dibutyl 1-nitropentyl-
phosphonate (6). However, nitration of ester 3 in this system
gave a mixture from which the nitro compound could not be
separated.

As in the case of carboxylic esters,5 the nitration reaction
of 2 gave, in addition to 1, cleavage products, namely, ni-
troalkanes and trialkyl phosphates (eq 1). It was ascertained
that the cleavage occurred during the nitration and not in the
acidification step as shown by the fact that trialky! phosphates
were isolated prior to acidification. Moreover, compound 6 was
quantitatively regenerated from its sodium or lithium salt on
acidification with acetic acid. It is very likely that the cleavage
reaction occurs by the reaction pathway proposed for the ni-
tration of carboxylic esters.’
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