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crystals: mp 173-174 °C; IR (KBr) 1680-1740 cm™; mass spectrum
496 (0.4), 105 (100); 'H NMR 6§ 6.92 (1 H, s), 6.15 (1 H, ddd, J
=9.5 Hz, J ~ 2.4 Hz, J ~ 2.4 Hz), 6.01 (1 H, ddd, J = 9.5 Hz,
J ~32Hz,J ~ 32Hz),565(1H,d4dd,J =79 Hz,J = 5.6 Hz,
J =24Hz),479(1H,dd,J =11.1 Hz, J = 7.1 Hz), 4.67 (1 H,
dd,J =11.1Hz, J=79Hz), 3.8 (1H,dd, J ~ 87 Hz, J ~ 87
Hz), 3.46 (1H,dd, J = 9.0 Hz, J = 6.0 Hz), 2.8-2.9 (1 H, m). Anal.
Caled for CoeH,,N;0g: C, 70.15; H, 4.87; N, 5.64. Found: C, 70.40.
H, 4.89; N, 5.57.

Diethyl 3-[(Carbaniloyloxy)methyl]phthalate (37b). To
a stirred solution of 33b (0.5 g, 1.55 mmol) and 10 mg of 2,6-
di-tert-bytyl-p-cresol in 10 mg of dry toluene was added diethyl
acetylenedicarboxylate (0.26 g, 1.55 mmol), and the mixture was

refluxed under a nitrogen atmosphere for 4 days. Evaporation
of the solvent gave a yellow oil. PLC of this oil afforded 0.35 g
(81%) of 37b. Recrystallization from ethanol/ethyl acetate (1:1)
yielded 0.29 g (50%) of light yellow crystals: mp 105-107 °C; IR
(KBr) 3420, 1720 cm™; mass spectrum 371 (20), 161 (100); 'H
NMR §6.94 (1H,s),5.25(2H,s),441 (2H, q,J = 7.5 Hz), 3.34
(2H,q,J=75Hz),1.36 3H,t,J=75Hz),1.34 BH,t,J =
7.5 Hz). Peak matching caled for 371.13688, found 371.13735.

Acknowledgment. Financial support from the Danish
Natural Science Research Council and Thomas B. Thrige’s
Foundation for the purchase of the X-ray diffraction
equipment is gratefully acknowledged.

A Stereospecific Total Synthesis of (3R*,55*,98*)-Gephyrotoxin 223AB

Yumi Nakagawa* and Robert V. Stevens'

University of California, Los Angeles, Los Angeles, California 90024
Received June 16, 1987

The title compound was synthesized stereospecifically by the nucleophilic addition of hydride (NaCNBH;)
to the conformationally rigid tetrahydropyridinium ion 6. This key intermediate was obtained in six steps from
the ethylene ketal of 1-chloro-4-heptanone. Biological evaluation of le is also reported.

Indolizidine alkaloids isolated from the skin secretions
of neotropical poison-dart frogs (family Dendrobatidae)
have been the target of many synthetic efforts which have
demonstrated the importance of stereoelectronic control
in the design of a total synthesis.! In particular, gephy-
rotoxin 223AB (GTX 223AB) has been of interest since
the relative stereochemistry of this compound remained
a mystery for several years following the structure deter-
mination. The correct relative stereochemistry of GTX
223AB as structure 1a was established in 1981,% and several
syntheses of this natural product have since appeared.?

1c
AN

One of the unnatural isomers, 1b, has also been prepared
by total synthesis utilizing the stereospecific addition of
a nucleophile to a conformationally rigid tetrahydro-
pyridinium ion.* We now report a variation of this ap-
proach which leads stereospecifically to the the all-cis
3R*,558%,9S* isomer of GTX 223AB, lc.

The Grignard reagent from the ethylene ketal of 1-
chloro-4-heptanone® was treated with a solution of freshly
distilled acrolein to give allylic alcohol 3 (Scheme I), which
was oxidized with pyridinium dichromate® to the corre-
sponding «,3-unsaturated ketone. Tetramethyl-
guanidine-catalyzed Michael addition” of 1-nitropentane
to the enone was followed by hydrogenation of the re-
sultant nitro ketone 4 over palladium in the presence of
anhydrous sodium sulfate. This procedure afforded the
2,5-disubstituted pyrrolidine, which was isolated from ether

* Address all correspondence to Dr. Yumi Nakagawa, Ortho Re-
search Center, Chevron Chemical Company, 15049 San Pablo Ave-
nue, Richmond, CA 94804-0010.

*Deceased March 9, 1984.
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%(a) i, Mg/THF, ii, acrolein (30%); (b) PDC (77%); (¢) 1-nitro-
pentane, tetramethylguanidine/CH,Cl, (67%); (d) i, H,/Pd/C;
MeOH, Na,S0,; ii, HOOCCOOH/Et,0 (59%); (e) 2 N HCl/THF;
(f) 10% aqueous KOH; (g) NaCNBH;/MeOH/THF; bromocresol
green (62% from 5).

as its oxalate salt 5. The 3C NMR spectrum of the free
base exhibited 16 peaks, indicating the presence of a single
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103. Experimental procedure and spectral data for 1b are available in
the supplementary material for this paper.
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stereoisomer, and it was assumed from the literature
precedent that the hydrogenation of the intermediate
Al-pyrrolidine had proceeded in a syn fashion.?

The ketal oxalate 5 was hydrolyzed in dilute aqueous
hydrochloric acid followed by a basic workup to afford the
unstable endocyclic enamine 6, whose existence could be
detected by the 1635-cm™ absorption in the IR spectrum.
In the key reaction, the unpurified enamine was subjected
to treatment with sodium cyanoborohydride in methanol
with bromocresol green indicator. Following Borch’s
procedure,? methanolic hydrochloric acid was added to
maintain the pH of the solution between 3.8 and 5.4, and
the product isolated was shown to be exclusively the all-cis
stereoisomer of GTX 223AB (1lc). In particular, the °C
NMR spectrum is unique in that the C-3, C-5, and C-9
resonances occur between 60 and 70 ppm, in accord with
Sonnet’s *C NMR studies on selected octahydroindol-
izidines.!! Indolizidines with the all-cis 5Z,9Z%° configu-
ration exhibit significantly lower field resonances for C-3,
C-5, and C-9 than any of the other isomers.!

The observed stereospecificity of hydride addition to the
tetrahydropyridinium ion can be attributed to the prin-
ciples of stereoelectronic control, in which nucleophilic
addition occurs (to the most stable chair-like transition
state) so as to maintain maximum orbital overlap between
the incoming nucleophile and the developing lone electron
pair on nitrogen.? '
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After the successful completion of the synthesis, both
of the stereoisomers of GTX 223AB which had been syn-
thesized via this route (1b and l¢) were sent to NIH for
biological testing under the supervision of Dr. J. W. Daly.
Both isomers inhibited the binding of [*H]perhydro-
histrionicotoxin to sites within the ion channel associated
with the nicotinic receptor.’®* The IC;, values are ca. 1-2
uM for Torpedo electroplax, suggesting that these in-
dolizidines, like the histrionicotoxins,!* pumiliotoxins,!3
gephyrotoxins,'® and other drugs!? will prove to be useful
and potent antagonists of the nicotonic receptor channel
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involved in neuromuscular transmission.

Experimental Section

Infrared spectra were calibrated with the 1601-cm™ absorption
of polystyrene. 'H NMR spectra were measured at 200 MHz with
tetramethylsilane (0.00 ppm) or chloroform (7.26 ppm) as an
internal standard. 3C NMR spectra were measured at 50.32 or
22.5 MHz with tetramethylsilane (0.00 ppm) or deuteriochloroform
(77.0 ppm) as internal standards. Melting points were determined
on ‘a Thomas-Hoover apparatus and are uncorrected.

Dry solvents were obtained in the following manner: tetra-
hydrofuran, diethyl ether, benzene, toluene, and xylene were
distilled from sodium/benzophenone ketyl; methanol was distilled
from magnesium methoxide; dichloromethane, diisopropylamine,
triethylamine, ethanol, and acetonitrile were refluxed over calcium
hydride and distilled prior to use.

Medium-pressure chromatography was performed on Altex
columns packed with silica gel from E. Merck Inc. (particle size
range 0.040-0.063 mm) using the solvents indicated. Baker an-
alyzed reagent grade silica (60-200 mesh) was employed in open
column chromatography. Preparative aluminum oxide plates were
manufactured by Merck (aluminum oxide 150 F254, Type T).

2-Propyl-2-(3-chloropropyl)-1,3-dioxolane (2). A solution
of 1-chloro-4-heptanone (25.0 g, 0.17 mol), p-toluenesulfonic acid
monohydrate (0.095 g, 0.5 mmol), and ethylene glycol (12.9 g, 0.21
mol) in 150 mL of benzene was refluxed by using a Dean-Stark
apparatus for 12 h, at which time IR analysis indicated the absence
of starting ketone. The mixture was washed first with aqueous
bicarbonate and then with brine. Evaporation of the solvent
followed by distillation (90 °C, 0.3 mm) afforded 28.9 g of ketal
2 as a colorless oil (90%): IR (film) 2955, 2870, 1462, 1445, 1323,
1077, 945 cm™; 'H NMR (CDCly) 6 3.93 (5,4 H), 3.55 (t, J = 7
Hz, 2 H), 1.75-1.95 (m, 4 H), 1.54-1.65 (m, 2 H), 1.30-1.45 (m,
2 H), 0.92 (t,J = 7 Hz, 3 H); '°C NMR (CDCl,) 5 111.2, 64.9, 45.2,
39.5, 34.2, 27.1, 17.1, 14.3; HRMS, m/z 149.0366 (calcd for C4-
Hloogcl, m/z 149.0370).

2-Propyl-2-(4-hydroxy-5-hexenyl)-1,3-dioxolane (3). A
solution of 2 (10.0 g, 0.052 mol) and 0.20 mL of 1,2-dibromoethane
in 10 mL of THF was added dropwise to a refluxing suspension
of finely cut magnesium ribbon (1.68 g, 0.069 mol) in 10 mL of
THF. An additional 50 mL of THF were introduced, and refluxing
was continued until thin-layer chromatography indicated that no
starting material remained. After cooling to room temperature,
the Grignard reagent was cannulated into a -78 °C solution of
freshly distilled acrolein (3.64 g, 0.064 mol) in 100 mL of THF.
The mixture warmed to room temperature and after 2 h, was
poured onto 150 mL of ice-cooled saturated aqueous ammonium
chloride. The aqueous layer was extracted twice with ether, and
the combined organic extracts were washed with brine and dried
over sodium sulfate to give 10.61 g of a yellow oil, which afforded
pure 3 (3.11 g, 28%) after medium-pressure chromatography
eluting with 30% ethyl acetate/hexane: IR (film) 3350, 3065,
2860-2940, 1635 cm™; 'H NMR (CDCl;) 6 5.87 (ddd, J = 17, 10,
6 Hz, 1 H), 5.22 (ddd, J = 17, 1.5, 1.5 Hz, 1 H), 5.10 (ddd, J =
10, 1.5, 1.5 Hz, 1 H), 4.09-4.12 (m, 1 H), 3.93 (s, 4 H), 1.31-1.68
(m, 10 H), 0.91 (t, J = 7 Hz, 3 H); 3C NMR (CDCl,) 6 141.2, 114.4,
111.8, 72.9, 64.8, 39.3, 37.1, 36.8, 19.6, 17.0, 14.3; HRMS, m/z
171.1020 (caled for CgH,504, m/z 171.1021).

2-Propyl-2-(4-0x0-5-hexenyl)-1,3-dioxolane. Pyridinium
dichromate (2.50 g, 6.64 mmol) and Celite (2.50 g) were added
to a stirring solution of 3 (0.86 g, 4.01 mmol) in 50 mL of methylene
chloride at room temperature. After 24 h the mixture was taken
up in ether and filtered through a short column of Celite. Con-
centration of the filtrate yielded the enone (0.652 g, 77%) as a
light yellow oil, which was taken on to the next reaction without
further purification: IR (film) 2870-2960, 1680, 1615 cm™; 'H
NMR (CDCly) 6 6.36 (dd, J = 17, 10 Hz, 1 H), 6.20 (dd J = 17,
2 Hz, 1 H), 5.80 (dd, J = 10, 2 Hz, 1 H), 3.92 (s, 4 H), 2.61 (t, J
= 7 Hz, 2 H), 1.55-1.76 (m, 6 H), 1.25-1.45 (m, 2 H), 0.91 (t, J
=7 Hz, 3 H); 3C NMR (CDCly) § 220.6, 136.5, 127.8, 111.5, 64.9,
39.8, 39.4, 18.3, 17.1, 14.4; HRMS, m/z 169.0863 (calcd for CgH, 305
(M* - C3H;), m/z 169.0865).

2-Propyl-2-(4-0x0-7-nitroundecyl)-1,3-dioxolane (4). A
mixture of the enone (1.04 g, 4.88 mmol), 1-nitropentane (0.63
g, 5.37 mmol), and tetramethylguanidine (0.06 g, 0.50 mmol) in
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15 mL of methylene chloride was stirred at room temperature
for 12 h. The solution was washed with 10 mL of 20% aqueous
acetic acid and then twice with saturated aqueous sodium bi-
carbonate. Evaporation of the solvent followed by medium-
pressure chromatography (30% ethyl acetate/hexanes) yielded
0.92 g (57%) of pure 4: IR (film) 2860-2950, 1710, 1545, 1370
cm™; 'H NMR (CDCly) 6 4.49 (sept, 1 H), 3.92 (s, 4 H), 2.45 (t,
J =7Hz, 2 H), 241 (t,J = 7 Hz, 2 H), 1.26-2.18 (m, 16 H), 0.95
(t,J =7 Hz, 3 H), 0.93 (t, J = 7 Hz, 3 H); 13C NMR (CDCl,) 5
208.6 111.4, 88.0, 64.9 (2 C), 42.8, 39.3, 38.0, 36.1, 33.6, 27.8, 27.4,
22.0, 18.1, 17.1, 14.3, 13.6; HRMS, m/z 286.1647 (calcd for C,,-
H, NO; (M* - C3H;), m/z 286.1655).
(Z)-2-Butyl-5-[3-(2-propyl-1,3-dioxolanyl)propyl]-
pyrrolidine (5). A mixture of nitro ketone 4 (0.91 g, 2.77 mmol),
10% Pd on charcoal (0.39 g), and 0.72 g of anhydrous sodium
sulfate in 20 mL of anhydrous methanol was hydrogenated at 45
psi for 72 h by using a Parr apparatus. The solution was filtered
through Celite and concentrated to give 0.68 g of a yellow oil
(86% ), which upon addition of ethyl ether yielded 0.13 g (17%)
of pyrrolidine 5 as a powdery white solid (mp 114-116 °C). The
remaining oil was treated with anhydrous oxalic acid (0.21 g, 2.33
mmol) in 2 mL of ethyl ether to give 0.43 g (42%) of the corre-
sponding oxalate salt (mp 156-158 °C): IR (KBr) 2850, 2780, 2740,
1462, 1197, 1140, 1088, 1058 cm™; 'H NMR (acetone-dg) § 3.86
(s, 4 H), 3.35-3.39 (m, 2 H), 2.10 (sext, 2 H), 1.44-1.60 (m, 11 H),
1.12-1.34 (m, 9 H), 0.74 (t, J = 7T Hz, 3 H), 0.73 (t, J = 7 Hz, 3
H); *C NMR (D,0) § 112.1, 84.6 (2 C}, 60.8, 60.4, 38.4, 35.5, 32.0,
31.6, 28.5, 28.3, 28.1, 21.7, 20.5, 16.7, 13.6, 13.1; HRMS, m/z
240.1945 (Calcd for Cl4H26N02 (M+ - C3H7), m/z 2401964)
(6Z,9Z)-3-Butyl-5-propylindolizidine (1¢), Isomer of Ge-
phyrotoxin 223AB. A solution of 5 (0.432 g, 1.16 mmol) in 3.0
mL of water, 0.7 mL of 2 N hydrochloric acid, and 0.7 mL of THF
were stirred at room temperature for 12 h. The mixture was then

basified by the dropwise addition of a 10% aqueous potassium
hydroxide solution and extracted three times with methylene
chloride. The organic extracts were dried over sodium sulfate
and concentrated to give 0.25 g of the unstable enamine 7 as a
yellow oil (IR absorption at 1635 cm™).

The crude enamine was dissolved in 1.5 mL of THF and 0.4
mL of dry methanol, then treated with sodium cyanoborohydride
(0.07 g, 1.11 mmol) and a trace of bromocresol green indicator.
Methanolic hydrochloric acid was added dropwise until a pale
yellow color persisted for 15 min. After the mixture was stirred
at room temperature for an additional 2.5 h, 3 mL of 1 N sodium
hydroxide was added, and the mixture was extracted three times
with ether. The combined organic extracts were dried over sodium
sulfate and concentrated. Chromatography on neutral aluminum
oxide using ethyl acetate as eluant yielded 0.16 g (62% from the
oxalate salt of 5) of pure gephyrotoxin 223AB (1e) as a colorless
oil: IR (film) 2945, 2915, 2855, 1785, 2715, 2580, 1465, 1457, 1377,
1120 em™; 'H NMR (CDCl,) 6 2.72 (t, J = 9 Hz, 1 H), 2.13-2.36
(m, 2 H), 1.14-1.85 (m, 20 H), 0.99 (t, J = 7 Hz, 3 H), 0.98 (t,
J =7 Hz, 3 H); 13C NMR (C¢D,) 5 67.8, 65.1, 61.9, 39.7, 38.3, 32.3,
315, 31.0, 29.9, 29.1, 25.5, 23.4, 19.5, 14.7, 14.4; HRMS, m/z
223.2301 (calced for CisHygN, m/z 223.2301).
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Bis-ortho-nitration of a-phenyl-N-(phenylmethyl)-y-butanelactam (6) using acetyl nitrate followed by reduction
and regiospecific dehydrative cyclization afforded quinazoline 12. The aniline moiety in 12 could be dimethylated
by using aqueous formaldehyde and KHFe(CO),, affording vasicoline (1) in high yield. Compound 1 could be

oxidized to vasicolinone (2) upon exposure to air.

In 1971 three new quinazoline alkaloids, vasicoline (1),
vasicolinone (2), and adhatodine (3), were isolated from
the leaves of the Indian plants of Adhatoda vasica Nees
(Acanthaceae).! The plant extracts were also found to
contain the closely related compounds anisotine (4) and
vasicine (5). Syntheses of various pyrrolidinoquinazolines
have been developed due to the interest in the broncho-
dilatory activity of vasicine.2® We now report a synthesis
of vasicolinone* and the first total synthesis of vasicoline.

The key dihydroquinazoline 12 was envisaged as arising
from the selective cyclization of the bis(o-aminophenyl)
lactam 11, which in turn would result from reduction of
the bis(o-nitrophenyl) lactam 7. We therefore sought
conditions which would lead to selective ortho-nitration
of a substrate such as 6.

* Address all correspondence to Dr. Yumi Nakagawa, Ortho Re-
search Center, Chevron Chemical Company, 15049 San Pablo Ave-
nue, Richmond, CA 94804-0010.
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N-benzylpyrrolidone 6 was synthesized in large quan-
tities following the procedure of Gittos and Wilson.®
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don) 1962, 196, 1217.
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