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Bischler-Napieralski reaction of the amides (VIII and IX), derived from the 3-methyl-3-penten-
ylamine (III) with the phenylacetic acid derivatives (V ~ VII), gave the 5,6-dihydropyridines (XII
and XIII), which were reduced, followed by N-benzylation, to afford the 1,2,5 6-tetrahydro-
pyridines (XIX ~ XXI). Grewe-type cyclization of these compounds gave 3-benzyl-3-benzazo-
cine (II), which was already converted into pentazocine (Ic). Moreover, the 1,2,5 6-tetrahydro-
pyridines (XIX ~ XXI) were also obtained from the 2-benzylidene-1,2,5,6-tetrahydropyridine

(XVII ~ XVHI) from the N-benzylamine (1V) of 1 vie the amides (X and XI).

There are many reports on the synthesis of the benz-
azocine derivatives involving cyclazocine (la), phenazocine
(Ib), and pentazocine (Ic) as effective analgesics (4,5).
The pentazocine, 1,2,3,4.,5,6-hexahydro-8-hydroxy-6,11-
dimethyl-3-(3-methyl-2-butenyl)-2,6-methano-3-benzazo-
cine (Ic) has been applied widely in many countries as
a non-addicting and strong analgesic. This pentazocine
was synthesized from 3,4-lutidine (5-8) or from ethyl
methyl ketone and cyanoacetic acid (9,10), but these
methods had some defects from the industrial points of
view such as Grignard reaction and use of an expensive
palladium.

As a result of our study to find a method of synthesis
of pentazocine which does not have the above disadvan-
tages, the synthesis of a useful intermediate, 3-benzyl-
1,2,3,4,5,6-hexahydro-8-hydroxy-6,11-dimethyl-2,6-meth-
ano-3-benzazocine (1), and the selective conversion of
the quaternary ammonium salt XXII into pentazocine
(i¢) in good yield is reported.

The fusion of a mixture of 3-methyl-3-pentenylamine
(I1l) and 3-methylpentylamine with 4-benzyloxyphenyl-
acetic acid (V) gave the amide VIII and its saturated
amide, N-(3-methylpentyl)-4-benzyloxyphenylacetamide,
respecitvely, which were also obtained from 4-benzyloxy-
phenacetyl chloride (VI). The amide IX was obtained
from a mixture of amines and 4-ethoxycarbonyloxy-
phenacetyl chloride (VII).
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double bond and on the saturated carbon atom resonated
at 1.55 and 0.7-1.0 ppm, thus suggesting the products to
be a mixture of the expected amides VII[ and IX and its
saturated amides, N-(3-methylpentyl)-4-substituted phenyl-
acetamides. The cyclization of these products without
separation of Bischler-Napieralski type reaction (11,12)
with phosphoryl chloride gave the dihydropyridine XII
and XII hydrochlorides after separation of the N-(3-
methylpentyl)-4-substituted phenylacetamides by extrac-
tion. The products showed the C=N function in the ir
spectra, and in the nmr spectra the two methyl groups
on the pyridine ring resonated at 1.78 ppm in XII and at
1.75 ppm in XIII as a broad signal equivalent to six
protons, and methylene protons on benzyl group were

observed at 3.75 ppm in XII and 3.74 ppm in XIII as a
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singlet equivalent to two protons. Reduction of the
cyclized products X1l and XIII with sodium borohydride
gave the corresponding tetrahydropyridines XIV and XV,
Moreover, hydrolysis of the reduction products XV
without isolation gave 1,2,56-tetrahydro-2-(4-hydroxy-
benzyhpyridine (XVI). The structure of the reduction
products XIV, XV, and XVI were proved by the
disappearance of the C=N function in the ir spectra and
by nmr spectra described in the experimental section.
Treatment of the tetrahydropyridines XIV, XV, and
XVI with benzyl chloride gave the N-benzylated products
XIX, XX, and XXI. The compound XXI was also obtained
quantitatively by acidic or alkaline hydrolysis of XIX and
XX, and was identical with the authentic sample prepared
by the standard method (8).

The reaction of 4-substituted phenacetyl chlorides
VI and VII with a mixture of N-benzyl-3-methyl-3-
pentenylamine (VIl) and N-benzyl-3-methylpentylamine
(10) gave a mixture of the amides X and XI and their
saturated amides, which were cyclized with phosphoryl
chloride by Bischler-Napieralski type reaction without
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purification and separation to give the expected 2-benzyl-
idenetetrahydropyridines XVII and XVIII after separation
of the saturated amides. The ir spectra of these products
lacked the amide-carbonyl band and the signal of olefinic
proton observed in the starting materials was absent in the
cyclized products. Sodium borohydride reduction of X V11
and XVIII afforded the tetrahydropyridine derivatives
XIX, XX, and XXI, which were identical with the products
from the secondary amines XIV, XV, and XVL

Cyclization of 1-benzyl-1,2,5,6-tetrahydro-2-(4-hydro-
xybenzyl)-3,4-dimethylpyridine (XXI) with 47% hydro-
bromic acid for 7 hours gave, in 90% yield, 3-benzyl-
1,2,3,4,5,6-hexahydro-8-hydroxy-6,11-dimethyl-2,6-meth-
ano-3-benzazocine (II).

Quaterization of II with 3-methyl-2-butenyl bromide
gave two kinds of stereoisomers (XXIa and XXIIg) (13),
which, after separation, were reduced on Raney Cobalt
in ethanol in the presence of ammonia to give the
pentazocine (Ic) in 87-93% yield.

Thus, a modified synthesis of pentazocine applicable in
the industrial field has been achieved.
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N-(3-Methyl-3-pentenyl)-4-benzyloxyphenylacetamide (VIII).

(a) To a stirred solution of 15 g. of a mixture of 3-methyl-3-
pentenylamide (III) and 3-methylpentylamine (10) in 100 ml.
of benzene in the presence of 60 ml. of 1N sodium hydroxide
solution was added dropwise 4-benzyloxyphenacetyl chloride
|prepared from 20 g. of 4-benzyloxyphenylacetic acid] in 150
mi. of benzene under ice-cooling during 30 minutes and the
mixture was stirred for 1 hour at room temperature. The organic
layer was separated and washed with water, 10% hydrochloric acid,
and water, dried over sodium sulfate, and evaporated to give 25 g.
(90%) of the amide (15) and its saturated amide as colorless
needles, m.p. 85-89° (from ether-n-hexane), v max (potassium
bromide) em~': 1635 (.NH-C=0); nmr 6 (deuteriochloroform)
ppm: 2.11 (2H, triplet, J = 7 Hz, CH,-C=C), 3.40 (2H, triplet,
J =7 Hz, CH3N), 3.56 (2H, singlet, CH,CO), 5.17 (2H, singlet,
OCH,CgHs), 5.24 (1H, broad, -CH=C), 7.01 and 7.26 (each
2H, A,B, type quartet, J = 9 Hz, -OC4H,-), and 7.48 (5H,
singlet, CH,CgHs).

(b) A mixture of 12.1 g. of 4-benzyloxyphenylacetic acid (V)
with 8 g. of a mixture of 3-methyl-3-pentenylamine (III) and
3-methylpentylamine (10) was heated for 8 hours at 110-130°,
and this was dissolved in 100 ml. of benzene. The benzene
solution was washed with 5% sodium hydroxide, water, 10%
hydrochloric acid, and water, dried over sodium sulfate, and
the benzene was distilled to give 9.8 g. (60.5%) of the amide
(VIII) and its saturated amide as colorless needles, m.p. 85-89°
(from ether-n-hexane); the spectroscopic data of this product
were identical with those of the sample prepared by the method

(a).
2-(4-Benzyloxybenzyl)-5,6 -dihydro-3,4-dimethylpyridine (XII).

A mixture of 19 g. of the amide (VIII) and its saturated amide
was refluxed with 15 g. of phosphoryl chloride in 200 ml. of
benzene for 2 hours. After distillation of benzene and the excess
of phosphoryl chloride, the residue was dissolved in water and
washed with ether. Evaporation of water in vacuo gave 7.5 g.
(75%) (15) of the dihydropyridine ( XII) hydrochloride as colorless
needles, m.p. 139-140° (from water-2-propanol); v max (potassium
bromide) em™': 1660 (C=N); nmr (free base) 5 (deuteriochloro-
form) ppm: 1.78 (6H, singlet, 3-CH3 and 4-CH3), 2.00 (2H,
triplet, J = 7.5 Hz, CH,-C=C), 3.57 (2H, triplet, J = 7.5 Haz,
N-CH,), 3.75 (2H, singlet, N=C.-CH,-C¢H4-), 5.14 (2H, singlet,
0CH,CgHs), 7.05 and 7.32 (each 2H, A,B, type quartet, J = 9
Hz, CHyCgHy-), and 7.51 (5H, singlet, CH,CgH 5).

Anal. Caled. for C51H,3NO-HCI-0.5 H,0: C, 71.88; H,
6.89; H,3.99. Found: C,72.03; H, 7.11; N, 3.73.
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2-(4-Benzyloxybenzyl)-1,2,5,6 -tetrahydro - 3,4 -dimethylpyridine
(XIV).

To a stirred solution of 7.5 g. of the dihydropyridine (XII)
hydrochloride in 100 ml. of methanol was added in small portions
2 g. of sodium borohydride under cooling, and the mixture was
refluxed for 30 minutes. After the methanol had been distilled
off, the resulting pale brown syrup was decomposed with water
and extracted with chloroform. The extract was washed with
water, dried over sodium sulfate, and evaporated to give XIV asa
pale brown syrup, which was converted into the corresponding
hydrochloride in the usual manner. The hydrochloride was
recrystallized from methanol-ether to give 6 g. (80%) of the
tetrahydropyridine X1V hydrochloride as colorless needles, m.p.
208-210°;, nmr (free base) 8 (deuteriochloroform) ppm: 1.68
(6H, singlet, 3-CH3 and 4-CH3), 5.11 (2H, singlet, OCH,CgHjs),
7.02 and 7.28 (each 2H, A, B, type quartet,J = 9 Hz, -CH,CgHy-),
and 7.50 (5H, singlet, OCH,CgHs).

Anal. Caled. for C,1H,sNO-HCI: C, 73.35; H, 7.62; N, 4.07.
Found: C, 72.87; H, 7.82; N, 3.84.

N-Benzyl-N-(3-methyl-3-pentenyl )-4-benzyloxyplhienylacetamide
(X).

A mixture (10 g.) of N-benzyl-3-methyl-3-pentenylamide (1V)
and N-benzyl-3-methylpentylamine in 100 ml. of benzene was
treated with 4-benzyloxyphenylacetyl chloride [prepared from 10 ¢.
of 4-benzyloxphenylacetic acid] in 150 ml. of benzene in the
presence of 100 ml. of 1N sodium hydroxide solution in the same
manner as the case of VIII to give 17 g. of the amide (X) and its
saturated amide as a pale yellow oil; v max (liquid) em~1: 1640
(NH-CO); nmr & (deuteriochloroform) ppm: 1.59 (6H, broad
singlet, CH3-C=C-CH3), 5.08 (2H, singlet, OCH,C¢Hjs), 5.18
(1H, broad signal, CH=C), 7.33 (5H, singlet, NCH,CgHs), and
7.48 (5H, singlet, OCH,Cg Hs). This product was used in the
following reaction without separation.
1-Benzyl-2-(4-benzyloxybenzylidene)-1,2,5,6 - tetrahydro- 3,4 -di-
methylpyridine (XVII).

A mixture of 17 g. of the above amides (X and its saturated
amide), 10 g. of phosphoryl chloride, and 100 ml. of benzene was
heated under reflux for 5 hours, and the excess of reagent and the
solvent was distilled to leave a residue, which was dissolved in water
and washed with ether. The aqueous layer was made basic with
28% ammonia and extracted with chloroform, and the extract was
washed with water, dried over sodium sulfate, and evaporated to
give 3 g. of XVII as a pale brown syrup; nmr & (deuteriochloro-
form) ppm: 1.84 (6H, singlet, 3-CH3 and 4-CH3), 3.58 and 4.07
(each 1H, a pair of doublet, J = 13 Hz, NCH,C¢H3s), 5.14 (2H,
singlet, OCH;CgHs), 7.40 (5H, singlet, NCH,CgHs), and 7.51
(5H, singlet, OCH,CgHs). This product was used immediately in
the following reaction due to its instability.

1-Benzyl-2-(4-benzyloxybenzyl)-1,2,5,6-tetrahydro-3,4-dimethyl-
pyridine (XIX).

(a) A mixture of 5.8 g. of the above tetrahydropyridine (XIV)
hydrochloride, 5 g. of sodium hydrogen carbonate, 120 ml. of
ethanol, and 2.2 g. of benzyl chloride was refluxed for 5 hours,
and the mixture was filtered to remove separated innrganic
material. The filtrate was evaporated to leave a residue, which was
dissolved in ether. The extract was washed with water, dried over
sodium sulfate, and evaporated to leave XIX as a pale brown oil,
the hydrochloride of which was recrystallized from ethanol-ether
to give 6.77 g. (81%) of the hydrochloride of XIX as colorless
needles, m.p. 171-173°; nmr (free base) & (deuteriochloroform)
ppm: 1.68 (6H, singlet, 3-CH3 and 4-CH3), 3.70 (2H, singlet,
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NCI,CgHs), 5.18 (2H, singlet, OCH,CgHgs), 7.00 and 7.27 (each
2H, A,B, type quartet, J = 9 Hz, OCgHy), 7.27 (SH, singlet,
NCH,CgHs), and 7.55 (5H, singlet, OCH,CgHs).

Anal. Caled. for C,gH3NO-HCl: C, 77.48; H, 7.43; N, 3.23.
Found: (,77.09; H,7.34; N, 3.17.

The oxalate of XIX gave colorless prisms from 2-propanol-
ether, m.p. 144-145°,

Anal, Calcd. for (128[{31N0'C2H2041
N, 2.87. Found: C,74.09; H, 7.00; N, 2.67.
(b) The above tetrahydropyridine (XVII) hydrochloride (3 g.)
in 50 ml. of methanol was treated with 1 g. of sodium borohydride
under the same condition as well as XIV to give brown oil, the
hydrochloride of which was recrystallized from methanol-ether to
give 0.9 g. of colorless needles, m.p. 171-173°. Melting point and
spectral data of this product were identical with those of the
sample prepared by method a.

C, 73.90; H, 6.82;

N-(3-Methyl-3-pentenyl)-4-ethoxycarbonyloxyphenylacetamide
(I1X).

To a stirred solution of 12 g. of a mixture of 3-methyl-3-
pentenylamine (111) and 3-methylpentylamine (10) in 100 ml. of
benzene was added dropwise 4-ethoxycarbonyloxyphenacetyl
chloride {prepared from 22.4 g. of 4-ethoxycarbonyloxyphenyl-
acetic acid (16)] in the same way as the case of VIII to give 31 g.
of a mixture of the amide (1X) and its saturated amide as a colorless
oil; v max (liquid) em™': 1750 (OCO,Et), 1635 (NHCO); nmr
& (deuteriochloroform) ppm: 1.35 (3H, triplet, J = 7 Haz,
OCH,CH3), 1.50 (6H, broad singlet, CH3C=CCH3), 3.37 (2H,
singlet, 0=C-CH,), 4.27 (2H, quartet, J = 7 Hz, OCH,CH3) and
5.17 (1H, broad signal, CH=C).

2{(4-Ethoxycarbonyloxybenzyl)-5,6-dihydro-3,4-dimethylpyridine
(XIHI).

A mixture of 15 g. of the above amide (IX) and its saturated
amide, 15 g. of phosphoryl chloride and 100 ml. of benzene was
refluxed for 2 hours, and the same treatment as the case of XVII
gave 0.4 g. of XIII as a yellow oil; nmr 8 (deuteriochloroform)
ppm: 1.35 (3H, triplet, J = 7 Hz, OCH,CH3), 1.75 (6H, singlet,
3-CH3 and 4-CHj3), 3.74 (2H, singlet, N=C-.CH,-), 4.33 (2H
quartet, J = 7 Hz, OCH,CH3), and 7.25 (4H, broad singlet,
OCgH4-).

1,2.5,6-Tetrahydro-2-(4-hydroxybenzyl)-3.4-dimethylpyridine
(XVDh.

To a solution of 6 g. of the dihydropyridine (XIII) in 80 ml.
of methanol was added in small portions 2 g. of sodium borohy-
dride, and then 25 ml. of 20% sodium hydroxide solution was
added to the above mixture. After reflux for 30 minutes, the
solvent was removed by distillation and the residue was digested
in water and treated with an excess of crystalline ammonium
chloride. This solution was extracted with ether, and the extract
was washed with water, dried over sodium sulfate, and evaporated
to give 4 g. of XVI as a pale brown viscous oil; nmr § (deuterio-
chloroform) ppm: 1.70 (6H, singlet, 3-CH3 and 4-CH3), 6.58 (2H,
singlet, NH and O/ | and 6.78 and 7.12 (each 2H, A,;B; type
quartet, J = 9.5 Hz, OCgH4-).

N-Benzyl-. (s-methyl-3-pentenyl)-4-ethoxycarbonyloxyphenyl-
acetamide (X1).

4-Ethoxycarbonyloxyphenacetyl chloride |prepared from 15.7
. of 4- ethoxycarbonyloxyphenylacetic acid (16)] in 150 ml. of
benzene was treated with 16 g. of a mixture of N-benzyl-3-methyl-
3-pentenylamine (1V) and N-benzyl-3-methylpentylamine (10)
in 100 ml. of benzene in the presence of 140 ml. of 1N sodium
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hydroxide solution under the same condition as VIII to give 27 g.
(95%) of XI and its saturated amide as a colorless oil; v max
(chloroform) em~1: 1630 (NHCO), 1755 (OCO,Et); nmr &
(deuteriochloroform) ppm: 1.39 (3H, triplet,J = 7 Hz, OCH,CH3),
1.60 (6H, singlet, CH3C=CCH3), 4.38 (2H, quartet, J = 7 Hz,
OCH,CH3), and 7.40 (5H, singlet, NCH,CgHs). This was used
in the following reaction without separation because of difficulty
for separation.

1-Benzyl-2-(4-ethoxycarbonyloxybenzylidene)-1,2,5,6-tetrahydro-
3,4-dimethylpyridine (XVIII).

A solution of 27 g. of the amide (XI) and its saturated amide
and 17 g. of phosphoryl chloride in 50 ml. of benzene was refluxed
for 2 hours to give 11 g. of XVIII as a brown syrup, which was
used immediately in the following reaction, since it was unstable.

1-Benzyi-1,2,5,6 - tetrahydro-2-(4-hydroxybenzyl)-3,4-dimethyl-
pyridine (X XI).

(a) A mixture of 4 g. of the above tetrahydropyridine (XVI).
1.9 g. of sodium hydrogen carbonate, 80 ml. of ethanol and 2.5 g.
of benzyl chloride was refluxed for 2.5 hours, and the same
treatment as XIX afforded 6.5 g. of a pale brown viscous syrup,
the hydrochloride of which was recrystallized from ethanol-ether
to give 2.5 g. of the hydrochloride of XXI as colorless needles,
m.p. 216-217° nmr (free base) & (deuteriochloroform) ppm:
1.68 (6H, singlet, 3-CH3 and 4-CH3), 3.71 (2H, singlet, NCH, C¢Hss),
6.83 and 7.14 (each 2H, A, B, type quartet, J = 9 Hz, CH,C4H40-),
and 7.28 (5H, singlet, NCH,CgHs). The free base forms the
corresponding hydrobromide, m.p. 211.212°,

Anal. Caled. for C, Hy5sNO-HBr: C, 64.94; H, 6.75; N, 3.61.
Found: C, 65.18; H, 7.04; N, 3.70.

(b) The above tetrahydropyridine XVIII (11 g.) in 150 ml. of
methanol was treated with 2.7 g. of sodium borohydride and 50
ml. of 20% sodium hydroxide in the same way as XVI to give
5 g. of a pale pink caramel, the hydrochloride of which was
recrystallized from ethanol-ether to give 2.5 g. of colorless
needles, m.p. 216-217°.  This was identical with the sample
prepared by method (a) in melting point and spectral comparisons.
(¢) A mixture of 2.17 g. of the tetrahydropyridine XIX hydro-
chloride, 20 ml. of 35% hydrochloric acid, and 20 ml. of ethanol
was refluxed for 2 hours, and then the solvent and reagent were
distilled to leave a residue, which was washed with ether and
recrystallized from ethanol-ether to give 1.6 g. (90%) of the
hydrochloride of XXI as colorless needles, m.p. 216-217°.
This was identical with the specimen prepared by method (a) in
melting point and spectral comparisons.

(d) A mixture of 360 mg. of the tetrahydropyridine XX and 100
ml. of 5% methanolic potassium hydroxide solution was refluxed
for 1 hour, and the solvent was then distilled off. The residue was
digz ed in water and extracted with cther. The extract was
wi_..ed with water, dried over sodium sulfate, and evaporated
to leave 290 mg. of a pale brown viscous syrup, the hydrochloride
of which gave 250 mg. of colorless needles, m.p. 216-217° (from
ethanol-ether). The melting point and spectral data of this
product were identical with those of the sample prepared by
method (a).
2-(4-Ethoxycarbonyloxybenzyl)-1,2,5,6-tetrahydro-3,4-dimethyl-
pyridine (XV).

The above dihydropyridine XIIT hydrochloride (7 g.) in 300
mi. of water was treated with 2 g. of sodium borohydride and
worked up as usual to give 5.8 g. of XV as a colorless oil; v max
(chloroform) em~!': 1760 (-OCO,Et); nmr & (deuteriochloro-
form) ppm: 1.32 (3H, triplet, J = 7 Hz, OCH,CH3), 1.62 (6H,

A
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(6H, singlet, 3-CH3 and 4-CHj), 4.24 (2H, quartet, J = 7 Hz,
OCH,CH3), 5.85 (1H, broad signal, -NH), and 7.10 and 7.36
(each 2H, A,B, type quartet,J =9 Hz, -CH,C¢H40-).

1 -Benzyl-2-(4-ethoxycarbonyloxybenzyl )-1,2,5,6-tetrahydro-3,4-
dimethylpyridine (XX).

A mixture of 400 mg. of the tetrahydropyridine (XV), 20
ml. of ethanol, 200 mg. of benzyl chloride, and 150 mg. of sodium
hydrogen carbonate was refluxed for 3 hours to give 520 mg. of a
pale yellow caramel, which was purified on silica gel column
chromatography by elution with chloroform. The first eluate
gave 350 mg. (70%) of XX as a colorless caramel; nmr 6
(deuteriochloroform) ppm: 1.37 (3H, triplet, J = 7 Hz, -OCH,CH 3),
1.66 (6H, singlet, 3-CH3 and 4-CH3), 3.69 (2H, singlet, NCH,Cq-
Hs), 4.42 (2H, quartet, J = 7 Hz, OCH,CH3), and 7.28 (5H,
singlet, NCH,CgH3).

3-Benzyl-1,2,3,4,5,6 -hexahydro-8-hydroxy-6,1 I -dimethyl-2.6-
methano-3-benzazocine (11).

A mixture of 550 mg. of the above tetrahydropyridine (XXI)
hydrochloride and 10 ml. of 47% hydrobromic acid was heated
at 130-140° for 7 hours. The mixture was made basic with 10%
ammonia and extracted with chloroform. The extract was
washed with water, dried over sodium sulfate and evaporated
to leave 650 mg. of a pale brown caramel, the hydrochloride of
which was recrsytallized from ethanol-ether to give 495 mg. (90%)
of the hydrochloride of 11 as colorless prisms. The spectroscopic
data were superimposable on those of the authentic sample.

1,2,3,4,5,6-Hexahydro-8-hydroxy-6,11-dimethyl-3-(3-methyl-2-
butenyl)-2,6-methano-3-benzazocine (Ic).

(a) A solution of 1.07 g. of XXIIg in 25 ml. of ethanol containing
250 mg. of ammonia was hydrogenated in the presence of 2.5 ml.
of Raney Cobalt (W-7) at room temperature and atmospheric
pressure. After absorption of the calculated amount of hydrogen
(53 ml.) within 8 hours, the solvent was evaporated off to leave
620 mg. (92.7%) of a pale brown caramel, which contained 87.3%
of l¢ by gas chromatographical determination (17). Purification
by silica gel column chromatography with chloroform-methanol
(98:2) as an eluant gave 537 mg. (80.3%) of Ic as colorless
prisms, the melting point and spectral data of which were identical
with those of the authentic sample.

(b) A solution of 1.10 g. of XXIIxin 40 ml. of ethanol containing
200 mg. of ammonia was hydrogenated with 2 ml. of Raney
Cobalt (W-7) at room temperature and atmospheric pressure.
After 7 hours, 54 ml. of hydrogen were absorbed, and the mixture
was worked up as usual to give 670 mg. (97.4%) of a pale brown
caramel, which contained 93.3% of Ic by gas chromatographical
determination (17). This was subjected to silica gel chromato-
graphy by elution with chloroform-methanol (98:2) to give 575
mg. of Ic as colorless prisms. This product was identical with the
authentic sample in spectral and melting point comparison.
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