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J =11.0 Hz), 4.32 (1 H, dd, J = 6.0, 1.5 Hz), 6.61 (1 H, s), 6.7
(1 H, s); mass spectrum, m/z 335 (M*); high resolution mass
spectrum obsd m/z 385.1024 (C;;HyNO,S, (M*) requires
335.1014). Anal. Caled for C;Hy NO,S,: C, 60.89; H, 6.26; N,
4.17. Found: C, 60.69; H, 6.36; N, 4.04.

1,4-Addition product of 1-cyclohexenecarbonitrile (cf. eq
I, R, = R, = H): cis, mp 133-134 °C; IR (CHCl;) 2240 cm™; 1H
NMR (CDCl;) 6 1.17-1.4 (8 H, m), 1.55-1.68 (1 H, m), 1.72-1.92
(3 H, m), 1.94-2.05 (2 H, m), 2.1-2.2 (2 H, m), 2.7-2.85 (1 H, m),
2.85-3.0 (4 H, m), 342 (1 H, ddd, J = 3.5, 2.9, 1.4,2.9 Hz), 4.0 (1
H, d, J = 10.8 Hz); mass spectrum, m/z 227 (M*); high resolution
mass spectrum, obsd m/z 227.0791 (C;;H;;NS, (M™*) requires
227.0801); trans, mp 120-131 °C; IR (CHCI;) 2240 ecm™; 'H NMR
(CDCl,) 6 1.17-1.3 (3 H, m), 1.55-1.68 (1 H, m), 1.71-1.92 (3 H,
m), 1.93-2.05 (2 H, m) 2.1-2.2 (2 H, m), 2.7-2.85 (1 H, m), 2
.856-2.95 (3 H, m), 3.04 (1 H, ddd, J = 12.1, 11.1, 4.0 Hz), 4.56 (1
H, d, J = 3.6 Hz).

Hydrolysis of the Product 3. A mixture of the dithiane (335
mg, 10 mmol), mercuric chloride (1.62 g, 6 mmol), and calcium
carbonate (800 mg, 8 mmol) in aqueous 80% acetonitrile (20 mL)
was allowed to stir at ambient temperature for 10 h. The dit-
hiane—mercuric chioride complex separated as a flocculent white
precipitate. The mixture was stirred and heated at 80 °C under
nitrogen for 12 h, cooled, diluted with 150 mL of methylene
chloride, and passed through a 1 in. silica bed, and the solvent
was evaporated. The residue was extracted with ether/hexane,
and the organic layer was washed with saturated NH,Cl and brine,
dried (MgSO,), and evaporated to afford a colorless 0il 90%: IR
(CHCly) 2245, 1720 cm™; '"H NMR 6 1.8-1.95 (1 H, m), 2.3-2.45
(1H,m), 285 (2H,t,J =70 Hz), 3.05-3.1 (1 H, m), 4.3 (1 H,
d,J=70Hz),69(1H,d,J=80Hz),7.2(1H,d,J = 8.0Hz),
9.8 (1 H, s); mass spectrum, m/z 245 (M%), 216 (M* - CHO).
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Recent developments in homolytic substitution reactions
induced by chemical®** and photochemical®® methods have
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generated new, simple avenues for rapid direct function-
alization of heterocycles. In contrast, v-irradiation-induced
alkylation and hydroxyalkylation procedures have been
less frequently employed”® due to limited availability of
radiation sources. As with many radical processes, the
indiscriminate nature of the reactive intermediate can lead
to a product distribution with limited synthetic value.
However, the nucleophilic character® of radicals, generated
via y-irradiation and specifically those with a-heteroat-
oms,'%!? can be utilized for the homolytic alkylation of
protonated electron-deficient heteroaromatics.”®!3

x_....
H CH2
H
Q=)
N N
I+
H H

During our evaluation of new methodologies to func-
tionalize alkyl 6-methylnicotinates, the direct transfor-
mation of 1 to acetal 2 by a y-ray-induced alkylation was
attempted. We herein report the facile methylation of
protonated methyl nicotinate via 8Co v-ray-induced ho-
molytic substitution by 1,3-dioxolane.
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Treatment of a deaerated solution of methyl nicotinate
(1), sulfuric acid, and dioxolane with ¥Co v-irradiation
(overall dose; 1.0 X 107 rad) gave a clean mixture of methyl
6-methyl- (3, 21%)'® and methyl 4,6-dimethyl-(4, 5%)"2
nicotinates. The only other ingredient was unchanged
starting ester (71%). In contrast, analogous chemically
induced reactions®* gave exclusively the acetal products.
On the basis of the work of Sugimori™® in which 1 was
y-irradiated in the presence of diverse alcohols, mixtures
of alkyl and a-hydroxyalkyl derivatives were realized; in
unexpected contrast, no trace of acetal products was herein
observed.

Apparently under the harsh “mega dose” vy-irradiation™
conditions and a readily available hydrogen atom source,
the acetal 2 can undergo a facile double homolytic cleav-
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Under these radiative conditions, acetal 2 was transformed
(ca. 80%) to 3 supporting such a homolytic or related
degration hypothesis. This incredibly simple synthetic
methodology appears to be a selective, and a clean pro-

cedure to alkylate a- and vy-sites on electron-deficient
heteroaromatics.

Experimental Section

Irradiation was performed at the Louisiana State University
Nuclear Science Center employing a ¥Co source (6 X 10° rad h™l).
'H NMR spectra used in comparison with literature spectra were
recorded with an IBM NR-80 spectrometer. Unless specified
otherwise, reagent grade reactants and solvents were obtained
from chemical suppliers and used directly.

General vy-Irradiation Procedure. Methyl 6-Methyl-
nicotinate (3). To a solution of methyl nicotinate (4.1 g, 30 mmol)
in dioxolane (100 mL) was added concentrated H,SO, (4.9 g, 50
mmol), and then the mixture was deaerated with nitrogen gas for
20 min. The solution was sealed in a Pyrex flask and placed in
an aluminum bell jar (10 cm i.d. 50 mm wall), which was lowered
into the radiation source (¥Co, 6 X 105 rad h™!). After 7 days (1.0
X 107 rad), the excess dioxolane was removed in vacuo and the
residue neutralized by aqueous Na,CO3 (10%). The aqueous layer
was extracted with CH,Cl,, and then the organic extract was dried
over anhydrous MgSO, and chromatographed (thick-layer chro-
matography; CgH,,/EtOAc) to give unchanged methyl nicotinate
(2.91 g, 71%), methyl 6-methylnicotinate [950 mg, 21%; mp 31
°C (lit."* mp 32 °C)], and methyl 4,6-dimethylnicotinate [250 mg,
5%; mp 43—-44 °C (lit.’® mp 44-45 °C)]. Each product was con-
firmed by 'H NMR comparison with literature spectra;”!3 the
purity of each was >95%.
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Marine sponges have yielded relatively few alkaloids.!?
Perhaps the best known group of sponge alkaloids is the
“oroidin group”, C,; compounds exemplified by oroidin (1)
from Agelas oroides® and the yellow compounds 2 and 3
from Phakellia flabellata,* Axinella verrucosa,® Acanthella
aurantica, and Hymeniacidon aldis.® Our study of an
unidentified” Micronesian sponge has resulted in the iso-
lation of sceptrin (4)% and a new metabolite, stevensine (5),
which possesses the 6,7-dihydropyrrolo{2,3-c]azepin-8-one
ring system.
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The methanol-soluble material from the unidentified
Micronesian sponge was chromatographed on Sephadex
LH-20 with methanol as eluant to obtain sceptrin (4,
0.19% dry weight) and stevensine (5, 0.10% dry weight).
Stevensine (5) was obtained as an amorphous orange solid,
soluble only in polar solvents such as methanol, DMF, and
Me,SO. When heated, 5 decomposed slowly over a wide
temperature range which did not prove diagnostically
useful. The UV spectrum of 5 exhibited maxima at 258
(¢ 11600) and 220 nm (e 17 200) similar to those of me-
tabolites of the oroidin class. Infrared spectroscopy was
of limited value but did indicate the presence of a car-
boxamide (1650, 1450 cm™) as well as broad absorption
in the N-H region (3600-2800 cm™). Electron-impact mass
spectrometry did not yield reproducible spectra, but
high-resolution FAB mass spectrometry indicated a mo-
lecular formula of C{;H,,Br,N;O, highly suggestive of an
oroidin-like structure. Decoupling of the 'H NMR spectra
of stevensine (Me,SO-dg) revealed a =CH—CH,—NH—
subunit in addition to exhangeable protons at & 7.43 and
a one-proton singlet at 6 6.90 (6 6.81 in CD;OD). When
stevensine was treated with aqueous Na,CO;, a new sub-
stance with similar NMR, IR, and UV data was obtained,
indicating that stevensine (5) was an amine salt that had
been converted into its free base. In the !H NMR spec-
trum of the free base, the aromatic single was shifted up-
field to & 6.45 (from 6 6.81) consistent with the assignment
of this resonance to an imidazole C-H. Commercially
obtained 2-aminoimidazole sulfate shows a similar upfield
shift of 0.24 ppm when converted to its free base {5 6.86

*Stevensine is named for the late Robert V. Stevens.
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