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broad singlet), 3.63 (1 H, singlet, replaceable on addition of deute-
rium oxide), 4.31 (2 H, quartet, J = 7.0 Hz), 4.64 (1 H, singlet),
7.85 (10 H, singlet).
2-[Bis(carbethoxy)hydroxymethyl]cyclopentanone (8). Re-
action of the pyrrolidine enamine of cyclopentanone* and diethyl
ketomalonate by the procedure described for preparation of 5a
gave after distillation 8 as a colorless oil [79%, bp 98-100° (0.07
mm)]: ir (neat) 2.80 (m) and 5.75 u (s); 'H NMR & 1.30 (3 H, trip-
let, J = 7.0 Hz), 1.33 (3 H, triplet, J = 7.0 Hz), 1.57-2.55 (6 H,
multiplet), 3.24 (1 H, broad triplet, J = 8.0 Hz), 4.12 (1 H, broad
singlet, replaceable on addition of deuterium oxide), 4.29 (2 H,
quartet, J = 7.0 Hz), 4.38 (2 H, quartet, J = 7.0 Hz).
2-[Bis(carbethoxy)hydroxymethyl]lcyclohexanone (9). Re-
action of the pyrrolidine enamine of cyclohexanone? and diethyl
ketomalonate by the procedure described for preparation of 5a
gave after distillation 9 as a colorless oil [77%, bp 125-127° (0.07
mm)]; ir (neat) 2.85 (m) and 5.75 u (s); 'H NMR § 1.26 (3 H, trip-
let, J = 7.0 Hz), 1.30 (3 H, triplet, J = 7.0 Hz), 1.54-2.60 (8 H,
multiplet), 3.34-3.82 (1 H, multiplet), 3.85-4.03 (1 H, broad sin-
glet, replaceable on addition of deuterium oxide), 4.28 (4 H, quar-
tet, J = 7.0 Hz).
a-Carbethoxy-g8-methyl-y-ethylidene-A*f-butenolide (la).
To a-hydroxy-y-keto diester 5a (3.911 g, 15.0 mmol) was added a
suspension of phosphorus pentoxide-methanesulfonic acid® (30
ml) and the mixture was heated to 50° for 5.2 hr, after which the
mixture was cooled to 25° and added slowly to a mixture of water—
ice (50:70 g). After stirring for 15 min, the yellow precipitate was
filtered and dissolved in chloroform (80 ml). The aqueous filtrate
was extracted with chloroform (15 ml). The chloroform solutions
were combined and diied over anhydrous magnesium sulfate. Ro-
toevaporation of solvent and recrystallization from ether at —78°
gave la as a colorless solid (2.18 g, 74%, mp 83-84.5°): ir (CHCly)
5.65 (s), 5.86 (s), 6.01 (m), and 6.23  (s); 'H NMR 6 1.37 (3 H, trip-
let, J = 7.0 Hz), 2.02 (3 H, doublet, J = 7.0 Hz), 2.42 (3 H, singlet),
4.37 (2 H, quartet, J = 7.0 Hz), 5.76 (1 H, quartet, J = 7.0 Hz);
chemical ionization mass spectrum m/e 197.
a-Carbethoxy-g-methyl-y-ethylidene-A*#-butenolide (la)
from Diethyl Ketomalonate and 3-Pentanone. To a stirred mix-
ture of diethyl ketomalonate (1.44 ml, 9.42 mmol) and a suspen-
sion of phosphorus pentoxide-methanesulfonic acid (25 ml) was
added 3-pentanone (0.5 ml, 4.72 mmol). After stirring for 1.5 hr at
25° another addition of 3-pentanone (0.5 ml, 4.72 mmol) was
made. The mixture was stirred for another 1.5 hr and then heated
to 50° for 9 hr, after which the mixture was cooled to 25° and
added slowly to a mixture of water—ice (40:60 g) and stirred for 15
min. Extraction with chloroform (2 X 30 ml) followed by water
wash (3 X 25 ml) of the chloroform layer, drying over anhydrous
magnesium sulfate, rotoevaporation of solvent, and recrystalliza-
tion from ether at —78° gave 1a (19-23%). =
v-Lactone of (2-Hydroxy-2-cyclohexeneylidene)carbeth-
oxyacetic Acid (10). Reaction of a-hydroxy-v-keto diester 9 and
phosphorus pentoxide-methanesulfonic acid by the procedure de-
scribed for preparation of la gave after crystallization from ether
at —78° 10 (84%; mp 108-110°): ir (CHCl;) 5.65 (s), 5.87 (s), 6.04
(m), and 6.20 x (s); H NMR 6 1.38 (3 H, triplet, J = 7.0 Hz), 1.90
(2 H, quintet, J = 6.0 Hz), 2.49 (2 H, quartet, J = 6.0 Hz), 3.09 (2
H, triplet, J = 6.0 Hz), 4.36 (2 H, quartet, J = 7.0 Hz), 6.18 (1 H,
triplet, J = 6.0 Hz); electron impact mass spectrum m/e 208.0761.
Attempted Synthesis of y-Lactone of (2-Hydroxy-2-cyclo-
penteneylidene)carbethoxyacetic Acid. Reaction of a-hydroxy-
y-keto diester 8 and phosphorus pentoxide-methanesulfonic acid
by the procedure described for preparation of 1a gave an unchar-
acterized polymeric substance.
a-Carbethoxy-f-methyl-y-(1-phenylmercaptoethyl)-Af7-
butenolide (11). To a stirred suspension of A*f.butenolide la,
(0.34 g, 1.74 mmol), phenyl mercaptan (177 ul, 1.72 mmol), ether
(0.2 ml), and methanol (70 ul) was added triethylamine (2 ul, 0.014
mmol). After 0.5 hr, rotoevaporation of solvent and crystallization
from methylene chloride—ether at —10° gave 11 (0.429 g, 81%, mp
90.5-93.0°): ir (CHCl3) 5.61 (s), 5.81 (m), and 6.02 ¢ (m); 1H NMR
8 1.37 (3 H, triplet, J = 7.0 Hz), 1.47 (3 H, doublet, J = 7.0 Hz),
2.17 (3 H, singlet), 3.70 (1 H, doublet of quartets, J = 7.0, Ja, = 2.0
Hz), 4.38 (2 H, quartet, J = 7.0 Hz), 4.94 (1 H, doublet, Ja, = 2.0
Hz) [decoupling experiment—irradiation of doublet at § 4.94 (H,)
results in collapse of doublet of quartets at § 3.70 (Hp) to a quartet
(J = 7.0 Hz) and irradiation of doublet of quartets at 4 3.70 (Hy)
results in collapse of doublet at 4 4.94 (H,) to a singlet]; electron
impact mass spectrum m/e 3086.
Anal. Caled for Ci1¢H13H4S: C, 62.74; H, 5.92; O, 20.89; S, 10. 45
Found: C, 62.66; H, 5.99.
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a<Carbethoxy-8-phenyl-y-benzylidene-A*f-butenolide
(1b). Reaction of 1,3-diphenylacetone, diethyl ketomalonate, and
phosphorus pentoxide-methanesulfonic acid by the procedure de-
scribed for preparation of la gave after silica gel column chroma-
tography with benzene-petroleum ether (1:1 by volume), followed
by crystallization from ether at —78°, 1b (31%, mp 104-106°): ir
(CHClg) 5.65 (s), 5.84 (s), 6.10 (m), 6.21 (m), 6.31 (m), and 6.38 u
(m); 'H NMR 6 1.17 (3 H, triplet, J = 7.0 Hz), 4.22 (2 H, quartet, J
= 7.0 Hz), 6.11 (1 H, singlet), 7.38 (8 H, multiplet), 7.78 (2 H, mul-
tiplet); electron impact mass spectrum m/e 320.

Anal. Caled for CooH1604: C, 74.99; H, 5.083; O, 19.98. Found: C,
75.15; H, 4.99.
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Strigol, a potent seed germination stimulant for the root
parasite witchweed (Striga lutea Lour), has been an inter-
esting synthetic problem since the structure of this materi-
al was reported in 1972.2 Three syntheses which differ only
in the construction of the hydrindan portion of strigol have
been reported.®* The ideal hydrindan precursor is the §8-
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keto ester 1, which was the key intermediate in the first
synthesis of strigol.?

Our synthesis of the 8-keto ester 1 is outlined below.
Two known compounds, dimethylpyruvic acid® and 5-oxo-
6-heptenoic acid,® are condensed in aqueous base to give
70-80% yields of the dibasic acid 2, which is converted to
the methyl ester in quantitative yield by diazomethane.
Diester 8 is cyclized to the nicely crystalline 8-keto ester 1
in 98% yield by the action of sodium methoxide in metha-

nol.
\<r£@H
5 CO,R
1. OH" ~OCH,
2, H* R
H/\/\COQH 5 COZ
0 2 R=H
3 R=CH,

This route to the hydrindan portion of strigol is much
shorter than those previously reported and the yields are
quite good. Moreover, the starting materials, dimethylpy-
ruvic acid and 5-0xo-6-heptenoic acid, are easily obtained.
Dimethylpyruvic acid may be conveniently prepared by an
azlactone synthesis as described many years ago.® We pre-
pared 5-0x0-6-heptenoic acid in modest yield by acylating
ethylene with glutaric anhydride and aluminum chloride,
although it and its esters have been prepared by other
routes.®-9 The crude material from the Friedel-Crafts acyl-
ation is quite satisfactory for the condensation with di-
methylpyruvic acid.

Experimental Section!?

5-Oxo0-6-heptenoic Acid. A mixture of aluminum chloride (66.7
g, 0.5 mol), glutaric anhydride (28.5 g, 0.25 mol), and methylene
chloride (1 1.) was placed in a 2-1. three-necked flask equipped with
a gas inlet tube, a drying tube, and a mechanical stirrer. Ethylene
(44 g, 1.57 mol) was bubbled in during 4.5 hr with vigorous stirring,
after which the reaction mixture was poured over a mixture of 5%
hydrochloric acid (900 ml) and ice. The organic layer was sepa-
rated and the aqueous portion was extracted once with ether (300
ml). The organic extracts were separately washed with water and
evaporated under reduced pressure. The combined residues were
warmed on the steam bath for 10 min with 100 ml of 10% potassi-
um carbonate solution which resulted in a bright yellow suspen-
sion. This mixture was washed with ether until a colorless ether
extract was obtained. The aqueous portion was acidified with hy-
drochloric acid and extracted with ether. The dried (NasSO4)
ether solution was evaporated to leave an orange oil (5.2 g, 14%)
which crystallized on storage. A similar run gave a 34% yield of ma-
terial with satisfactory spectroscopic properties. The material was
triturated with carbon tetrachloride and collected. A sample of the
crystailine material was purified by short-path distillation to pro-
duce a clear oil which gave crystalline material, mp 44-46°, after
exposure to air (lit.® mp of the hydrate 45-46.5°): ir ymax (CHCls)
1710, 1685, 1618 em~1; TH NMR 1.97 (p, 2 H,J =7 Hz), 2.44 (t, 2
H,J =7 Hz), 2.70 (t, 2 H, J = 7 Hz), 5.8-6.6 ppm (m, 3 H).

4,4-Dimethyl-2-(2-carboxyethyl)cyclohex-2-en-1-one-3-
carboxylic Acid (2). A solution of dimethylpyruvic acid (1.23 g,
0.0106 mol) and 5-oxo-8-heptenoic acid (1.509 g, 0.0106 mol) in
31.5 ml of 1.5 N aqueous potassium hydroxide was heated on the
steam bath for 2 hr. The cooled solution was acidified with concen-
trated hydrochloric acid and the crystalline material (1.68 g) was
collected by filtration. The TH NMR spectrum of this material was
identical with that of the purified substance. The filtrate was ex-
tracted with ether to afford an additional 0.411 g of crude diacid 2
which was contaminated with ca. 50% by weight of dimethylpurivic
acid as judged by its 'H NMR spectrum. The total yield of crude
diacid 2 (2.0 g) was 79%. The crude material was recrystallized
from water to yield needles, mp 205-206.5°, with slight previous
softening. Impure diacid is more conveniently recrystallized from
ethyl acetate. The purified material showed 'H NMR (Me,SO-
dg-CDCl3) 1.26 (s, 6 H), 1.95 (q, 2 H, J = 6 Hz), 2.2-2.7 ppm (m, 6

Notes

H); ir ymax (KBr) 1710, 1635 cm™!; mass spectrum m/e caled for
Cle1605, 240.100; found, 240.100.
4,4-Dimethyl-2-(2-carbomethyoxyethyl)-3-carbomethoxy-
cyclohex-2-enone (3). A sample of dibasic acid 2 in tetrahydrofu-
ran was tfeated with excess ethereal diazomethane. The solvent
was evaporated and the residue was sublimed to give a quantita-
tive yield of 3: mp 47-49°; 'H NMR 1.23 (s, 6 H), 1.90 (t, 2 H, J =
7 Hz), 2.40-2.7 (m, 6 H), 3.65 ppm (s, 3 H); ir vmayx (CHCl3) 1730,
1675, 1619 em™1; uv Apay (EtOH) 237 nm (e 12360); mass spectrum
m/e caled for C14H2005, 268.131; found, 268.129.
5,5-Dimethyl-8-carbomethoxybicyclo[4.3.0]non-1(6)-ene-
2,7-dione (1). The diester 3 (0.20 g) was heated under reflux for 2
hr in a nitrogen atmosphere with 2 ml of 0.78 N sodium methoxide
in methanol. The cooled solution was treated with 0.1 g of acetic
acid and diluted with 1% hydrochloric acid. The crystalline materi-
al was collected by filtration and the aqueous portion was extract-
ed with ether. The combined product was dried to give 0.173 g
(98%) of 1. A sample was crystallized from methanol and sublimed
to give an analytical sample, mp 136.8-141°, The material is clear-
ly a mixture of tautomers (ca. 1:1) in chloroform solution as pre-
viously indicated: 'H NMR (CDCl3) 1.32, 1.38 (s, 6 H), 1.96 m, 4
H), 2,67 (q, 2 H, J = 7 Hz), 2.92 (m, 1 H), 3.28 (s, 1 H), 3.49 (m, 1
H), 3.78, 3.83 ppm (s, 3 H); ir vmax (CHClg) 1740, 1715, 1680 sh,
1615, 1548 cm™1; uv Apax (EtOH) 222 nm (e 9170), 256 (7590), 325
(263%7183, mass spectrum m/e caled for Ci3H1604, 236.105; found,
.103.
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In our continuing study of the cholinergic receptor we
found it necessary to prepare a variety of spin labeled an-
alogues of acetylcholine, one of which required the prepara-
tion of 1-oxyl-4-carboxyl-2,2,6,6-tetramethylpiperidine (1).
Unfortunately, the preparation of 1 proved to be of great
difficulty because the nitroxyl group is sensitive to many
synthetically useful techniques.
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