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Regiospecific Synthesis of Isogabaculine
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Recently, Mishima and co-workers reported the isolation
of the amino acid gabaculine (1) from Streptomyces toyo-
caensis.? This curious compound, discovered in the course of
studies on enzyme inhibitors, exhibited activity against
v-aminobutyrate aminotransferase (GABA-T).

Rando has set forth an interesting proposal wherein the
activity of 1 arises from its competitive reaction with pyridoxal
phosphate. It is felt that Schiff base formation is followed by
irreversible conversion to N-(m-carboxyphenyl)pyridox-
amine phosphate.? Presumably, the generation of 2 involves
the usual Schiff base condensation from 1 + pyridoxal phos-
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phate, followed by tautomerizations of H, and Hy, succes-
sively. In the light of these conderations, it would be of interest
to examine the behavior of compound 3 with pyridoxal
phosphate. It will be recognized that hydrogens a’ and b’ in
compound 3 are related in an allylic sense to hydrogens a and
bin 1.

Syntheses of gabaculine have been described by Mishima?
and subsequently by Sharpless.* We have been concerned with
developing general routes to dihydrobenzenes containing
heteroatoms at one of the sp? carbons.? Our approach, sum-
marized below, involves Diels—Alder reactions of methyl
3-nitroacrylate (4),% which achieve substitution patterns not
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accessible via the more precedented use of propiolate esters.
It seemed attractive to apply this method to a synthesis of
compound 3, which we have termed “isogabaculine”. An ef-
ficient regiospecific synthesis of 3 is described below.
Cycloaddition of the recently described 1-(N-acylamino)-
1,3-diene 87 with nitroacrylate 4 provided the Diels—Alder
adduct 9, which crystallized directly from the reaction medi-
um in 68% yield. Examination of the mother liquors of the
cycloaddition reaction indicated 9 to be the principal com-
ponent. Chromatography of the mother liquors on silica gel
afforded first, traces of an oily regioisomer of 9 whose NMR
spectrum [d 3.36 (CHCO2Me, dd, J = 12 and 6 Hz] indicated
it to be structure 12, In pure form only ca. 0.5% of 12 was ob-
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tained, though in fact, there may well have been as much as
1% present in the crude reaction mixture. There was next
eluted additional traces of an apparent stereoisomer of 9,
though this was not obtained in pure form. The next fractions
contained additional quantities of 9. However, for preparative
ease, the mother liquors were in fact not processed in the
synthesis.

The stereochemistry of 9 can not be defined with certainty.
It would appear that the E relationship of the carbomethoxy
and nitro groups of 4 gives rise to a trans relationship of these
groups in 9. Indeed, the coupling constant between the “nitro”
and “carbomethoxy” methine protons is 12 Hz. The coupling
constant between the “nitro” and “urethane” methine protons
is 5 Hz. This would tend to suggest the arrangement shown
in 9, wherein the carbomethoxy and nitro groups are equato-
rial while the urethane is quasi-axial. However, this assign-
ment is not definitive since the stereoisomer of 9 could not be
obtained in sufficiently pure form for meaningful NMR
analysis. In any case, in keeping with earlier findings,® es-
sentially complete regiochemical control was exerted by the
nitro group.

Treatment of 9 with 1 equiv of diazobicycloundecene (DBU)
furnished the dihydrobenzene derivative 10 in 70% yield.
Conversion of 10 into “isogabaculine” (3) was accomplished
in two steps. Hydrolysis of the ester with aqueous NaOH fol-
lowed by acidification and immediate extraction with meth-
ylene chloride afforded the intermediate carbamate acid 11
in 73% yield. Treatment of 11 with a 10% aqueous HCl solution
and passage of the resultant acidic solution through an ion-
retardant ion resin (Bio-Rod AG 11A8), followed by lyophi-
lization of the appropriate fractions, gave di-isogabaculine (3)
as a white powder in 55% yield. Investigation of the biological
properties of 3 is planned.

Experimental Section®

Diels-Alder Reaction of Methyl Nitroacrylate (4) with tert-
Butyl trans-1,3-Butadiene-1-carbamate (8). Formation of
Methyl 5-( N-tert-Butoxycarbonylamino)-6-nitro-3-cyclohex-
ene-1-carboxylate (9). A solution of 1,250 g (9.5 mmol) of nitroac-
rylate® 4 in benzene (3.5 mL) was added in dropwise portions over a
5-min period to a stirred solution of carbamate 87 (1.613 g, 9.5 mmol)
in benzene (6.5 mL) at room temperature. After stirring for 3 h at room
temperature, the reaction mixture was filtered and the solid that was
obtained was washed once with benzene (5 mL) to furnish 9 (1.934
g, 68%) as a colorless, analytically pure solid: mp 166-168 °C; Amax
(CHCl3) 2.94, 5.77, 5.81, 6.41, 7.32 um; § (Me2SO-dg, 250 MHz) 1.36
(9 H, s, tert-butyl), 2.05-2.13 and 2.44-2.56 (2 H, m, allylic CHy),
2.50-3.60 (1 H, m, R:«CHCO:Me), 3.65 (3 H, s, OCH3), 4.78-4.86 (1
H, m, R:CHNCO»), 5.10 (1 H,d of d, J = 12 and 5 Hz, R,CHNO),
5.62-5.67 and 5.77-5.82 (2 H, m, olefinic), 7.25 (1 H, d, J =.9.7 Hz,
NH).

Anal. Caled for C13H2oN2Og: C, 51.99; H, 6.71; N, 9.33. Found: C,
52.31; H, 6.74; N, 9.20.

Methyl 5-(tert-Butoxycarbonylamino)-2,5-dihydrobenzoate
(10). A cooled (5 °C) solution of 9 (1.503 g, 5.0 mmol) in THF (20 mL)
was treated with a solution of DBU (0.767 g, 5.0 mmol) in THF (5 mL)
to form a yellow solution. A colorless precipitate began to form after
15 min. The reaction mixture was stirred for 6 h, during which time
the temperature was gradually allowed to return to room temperature.
The reaction mixture was poured into water (25 mL) and then ex-
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tracted with methylene chloride (4 X 15 mL). The combined organic
extracts were washed with brine (2 X 75 mL), dried, and evaporated
to dryness. Trituration of the solid residue with hexane (15 mL) fol-
lowed by filtration and further washing with hexane (2 X 5 mL) pro-
vided 0.887 g (70%) of 10 as a colorless solid: mp 122-127.5 °C; Amax
(CHCl3) 2.93, 5.83 um; 6 (CDClg) 1.42, (9 H, s, tert-butyl), 2.70-2.90
(2 H, m, allylic CHy), 3.71 (3 H, s, OCHs), 4.40-4.85 (2 H, m,
RoCHNCOg and NH), 5.50-5.95 (2 H, m, olefinic), 6.80 (1 H, br s,
olefinic). Recrystallization of 10 from cyclohexane provided a colorless
solid, mp 134-136 °C, with identical spectral properties as the material
melting from 122 to 127.5 °C.9

5-(tert-Butoxycarbonylamino)-2,5-dihydrobenzoic Acid (11).
A mixture of dihydrobenzoate 10 (0.177 g, 0.7 mmol) in 0.175 M NaOH
solution (6.0 mL, 1.05 mmol) was stirred and heated to 55 °C for 6 h.
The resultant yellow solution containing a trace of suspended solid
was cooled to room temperature and filtered, and the filtrate was
acidified with concentrated HC1 (10 drops). The gelatinous mixture
that formed was extracted with methylene chloride (4 X 5 mL), and
the combined organic extract was then washed with brine (7 mL).
After drying the organic layer and removal of the solvent by evapo-
ration in vacuo, 11 was isolated as a colorless solid (0.122 g, 73%): mp
171-172 °C dec; Amax (CHCl3) 2.93, 3.1-3.3 (broad shoulder), 5.85 um;
5 (CDCls) 1.48 (9 H, s, tert-butyl), 2.80-3.00 (2 H, m, allylic CHa),
4.55-5.15 (2 H, m, Ro;CHNCOs»), 5.67-6.15 (2 H, m, olefinic), 7.10 (1
H, br s, olefinic).

Anal. Caled for C1oH(7NOy: C, 60.24; H, 7.16; N, 5.85. Found: C,
59.85; H, 6.97; N, 5.70.

Isogabaculine (3). A suspension of 11 (0.100 g, 0.4 mmol) in 0.1
N HCI (5 mL, 0.5 mmol) was stirred at 55 °C for 24 h. The mixture was
cooled to room temperature and placed on a 1 X 20 em column of
Bio-Rod AG 11A8 ion retardation resin which had been previously
washed with 600 mL of distilled water. The column was then eluted
with distilled water, and the eluants were collected in 2-mL fractions.
TLC (75% EtOH--25% H30-trace NH,OH; ninhydrin spray/A) was
used to monitor which fractions contained the amino acid (Ry 0.5).
All of the product was removed from the resin in the first 20 mL of
eluant. These fractions were combined and lyophilized to yield 3 as
a colorless solid (0.0305 g, 55%): mp >280 °C; m/e 139 (P), 122, 105,
94 (base peak); 6 (D20) ~1.92 to —1.68 (2 H, m, allylic CHy), —0.75
to —0.40 (1 H, m, RoCHN), 0.92-1.48 (2 H, m, olefinic), 1.72-1.92 (1
H. m, olefinic).
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Oxidation of Poly(nitro)anilines to Poly(nitro)-
benzenes. Synthesis of Hexanitrobenzene and
Pentanitrobenzene
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A new oxidation procedure has been developed suitable
for conversion of poly(nitro)anilines to poly(nitro)benzenes
(including those containing four or more nitro groups). Pre-
viously reported methods have been limited to the synthesis
of trinitrobenzenes'®® and a tetranitrotoluene.!c

Hexanitrobenzene (1) has been prepared by oxidation of
pentanitroaniline (2) by peroxydisulfuric acid (hydrogen
peroxide in sulfuric acid solution at 25 °C). The material is a

powerful explosive.
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An account of the attempted preparation of 1 from trisub-
stituted derivatives of 1,3,5-trinitrobenzene (3a, R = CsH50;
3b, R = CH30) has been published.? Reaction of 3a,b with
hydroxylamine failed to yield the tris(hydroxylamino) de-
rivative 3¢, a desired precursor to 1. The oxidation of 3¢ (said
to be prepared by nitration of 1,3,5-tris(hydroxylamino)-
benzene) has been reported (without details) to yield 1.3 Qur
attempts to employ these synthetic routes were unsuccessful.
The single crystal structure of 1 determined by X-ray crys-
tallography was reported in 1966 without describing or re-
ferring to a method of synthesis.* No publication has yet ap-
peared concerning the preparation of 1.

Chemically, 1 resembles pentanitroaniline (2).> Reaction
of 1 with aqueous sodium hydroxide solution (75 °C, 25 min),
followed by acidification and conventional workup, gave
2,4,6-trinitrophloroglucinol (3d, 99%). Treatment of 1 in
benzene solution with excess ammonia gave 1,3,5-triamino-
2,4,6-trinitrobenzene (3e, 95%).

Our new procedure has been extended to oxidation of
2,3,4,6-tetranitroaniline’® to pentanitrobenzene (4) and pi-
cramide to 1,2,3,5-tetranitrobenzene (5).%¢® These products,
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the latter soluble in the reaction mixture, were isolated in
80-90% yields by filtration and/or extraction with methylene
chloride followed by recrystallization from chloroform.

Hexanitrobenzene belongs to a small group of substances,
C,(NOy),, for which we propose the name nitrocarbons
(zero-hydrogen compounds composed only of nitro groups
attached to carbon). The only such materials known are te-
tranitromethane and hexanitroethane. A preparation of
tetranitroethylene which has been reported!® could not be
repeated.

Experimental Section

WARNING! All compounds described are powerful explosives and
should be handled with great care.
Hexanitrobenzene (1). Pentanitroaniline® (2, 1.0 g) was dissolved
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