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Dihydro-1/1,511-dipyrrolo[ 1,2-a:1",2'-d | pyrazine-3,5,8,10(2/1,5all 1 Oalfl)-tetroneand
Octahydro-111,51-dipyrrolo[ 1,2«:1",2"-d | pyrazine

J. Pengman Liand John H. Biel

Research Laboratories, Aldrich Chemical Company, Inc.

Recently Harnden (1) has confirmed the structure of
the dehydration product of glutamic acid originally
formulated by King and McMillan (2). We have also
obtained evidence supporting this conclusion.

Repeating Koch and Kotlan’s synthesis (3) of a-imido-
glutaric anhydride by heating L-glutamic acid (1) and
various dicarboxylic anhydrides first in pyridine and then
in acetic anhydride led to the isolation of a substance in
moderate yields. This substance was oplically inactive,
insoluble in water and most of the common organic
solvents, slightly soluble in hot acetic acid, and was readily
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soluble in trifluoroacetic acid. 1t decomposed at 320-335°
without melting.  Elemental analysis established the
empirical formula C5115NO,. On the basis of the infrared
and pmr data and the fact that this compound was obtained
in several reactions regardless of the dicarboxylic anhydride
used, it was thought to be solely originated from I and to
have structure 1lla, Le., dihydro-1H,5H-dipyrrolo|1,2+a:
l',2'-d]pyrazinc»3,5,8,I()(2[1, Sall, 10aH)-tetrone.

5-Oxopyrrolidine-2-carboxylic acid (11) was thought to
be the intermediate. Thus, the L(-)-isomer of Il was
briefly heated to reflux with acetic anhydride. The
product lilb thus obtained differed from Illa in its
optical activity, its greater solubility in acetic acid, lower
melting point, and in the infrared spectrum. However,
both 1Na and 111b showed identical pmr spectra. Although
the conversion of 11 to 11l was described by King, et al. (2),
and by larnden (1), no optical information on their
products was given.

Compound lla was reduced to the optically inactive
octahydro-1/1,5H-dipyrrolo| 1,2-a: 1 ',2'-d]pyrazine (1Va).
Compound [Va was also charicterized as the dipicrate.
If 111 had the structure V, as proposed by El-Zanfally,
et al. (4), a product having the same composition as 1V
could not possibly be obtained from the reduction
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reaction.
Segel (4).
reductive cyclization of butyl pyroglutamate had a much

The first synthesis of 1V was described by
Hlowever, the substance which he obtained by
higher melting point (84.0-84.5°, from hexane) than our
compounds.

In order Lo confirm the fused heterotricyclic skeleton
of 1V, optically inactive octahydropyrocoll (V1) (6-11)
was prepared by condensing L(-)-prolin (V1) and then
likewise reduced. The product was optically inactive and
was identical in cvery respect with IVa obtained from
lla. Its dipicrate was also identical with that originated
from Illa.

Reduction of the optically active lllb afforded the
optically active 1Vb. The infrared spectrum of 1Vb in
dichloromethane solution was superimposable with that of
IVa, whereas that in nujol mull showed considerable
difference. The pmr spectrum was identical with that of
[Va. When treated with a limited amount of picric acid,
1Vb gave the monopicrate.
of picric acid, either IVb or its monopicrate was converted
This dipicrate was different from that of
the optically inactive 1Va in melting point and in the

When treated with an excess
to the dipicrate.

infrared spectrum (nujol mull).

The optical purity of IVbis not known. It may be
purely the ()-enantiomer or predominantly so. Structures
VIlla and VIilb, which have a center of symmetry
(assuming a chair conformation for the pyrazine ring and
an envelope conformation for the pyrrolidine rings), may
be excluded for IVh. Structure VIIlIb may also be ruled
out on the ground of the Bohlmann band exhibited by 1Vb.
A structure like VIIlc (or its mirror image), which possesses
no element of symmetry, appears to be responsible for the
observed physical properties. The infrared (in solution)
and pmr spectral data indicate that both 1Va and 1Vb must
have the same steric structure. Compound 1Va is
therefore a racemie modification of VIilc.

The molecular shape of 111 is dramatically changed by
the four oxo functions. The two planar imide linkages
render the central ring in a flat boat conformation while
the pyrrolidinone rings on the sides remain in an envelope
conformation. Dreiding models show that the molecule
is rather rigid and no conformational change by flipping
can occur. Thus, the molecule possesses a Cy axis and is
optically active, as represented by structure 1X. Accord-
ingly, 111b may be considered to be purely or predominantly
the (-)-enantiomer, and lla, a racemic modification of IX.

EXPERIMENTAL

The following instruments were used for physical measurements
and analysis: Calibrated Thomas-Hoover Unimelt, Beckman IR5A
spectrophotometer, Varian A60-spectrometer, Schmidt-Haench
Model 15680 polarimeter. Tetramethylsilane was used as internal

standard in all pmr spectra. Microanalyses were conducted by the
Aldrich Analytical lLaboratories on an ¥ and M Model 185 CHN
Analyser and by Dr. A. Bernhardt, Max-Planck-Institute, Germany.

Dihydro-1H,5H-dipyrrolo|},2-a:1",2 d]pyrazine-3,5,8,10- (2H,
SaH,10aH)-tetrone.
Optically Inactive Form (I11a). FromL.-Glutamic Acid.

A typical reaction in which Illa was isolated is as follows.
A mixture of Lglutamic acid (Aldrich, m.p. 199° dec.; 0.3 mole),
glutaric anhydride (Aldrich, technical grade; 0.3 mole), and
pyridine (120 ml) was heated to reflux for 19 hours. The
pyridine was removed in vacuo, and the syrupy residue refluxed
with acetic anhydride (120 ml.) for 30 minutes. The shiny flakes
thus separated were collected and rinsed with acetic acid and
acetone, yield, 8.7 g.

A small amount of the substance was recrystallized from
glacial acetic acid, washed with acetomi and dl‘l(d in vacuo. The
pure Ila was pinkish, shiny flakes, [Ol] °0.0° (¢ 2.66, trifluoro-
ace tlL acid), decomposing at 320- 335° without melting [Lit. m.p.
340° (aq. EtOH) (1,2,5)]; infrared (nujol mull) 5.64 (s), 5.9(m,
sharp), 7.36, 7.57, 7.78, 7.98, 8.33, 8.68 u; pmr (trifluoroacetic
acid), 7 4.93 (triplet, ]=8Hz), 6.89-7.70 (multiplet, main peak at
7 7.22); relative area ratio 1:4.

Anal. Caled. for C1oH;oN204: C, 54.05; H, 4.53; N, 12.61.
Found: C, 54.24; H, 4.60; N, 12.55.

Optically Active Form (IlIb). From L.{-)-5-Oxopyrrolidine-2-
carboxylic Acid (1I).

A mixture of 11 (Aldrich, [a] 9.2° (¢ 13, H,0), 20 mmoles)
and acetic anhydride (5 ml.) was hcated to reflux for 30 minutes,
and concentrated in vacuo. The product I1Ib (1.15 g., 50% yield)
thus collected was washed with acetone and recrystallized from
glacial acetic acid. Pure IIb, white shiny flakes, m. P 310-320°
dec., m.m.p. 305- 320° dec. (with 1Hla); [01]200 13241° (¢ 3.04,
trifluoroacetic acid); infrared (nujol mull), 5.65(s), 5.93 (m, sharp),
7.28, 7.48, 7.69, 7.93, 8.20, 8.58, 8.7 y; pmr (trifluoroacetic
acid), superimposable with that of [Ila.

Anal. Found: C, 54.00; H, 4.57; N, 12.40.

Octahydropyrocoll (VII).

A mixture of L(-)-prolin- (Aldrich; 5.8 g., 50 mmoles) and
ethylene glycol (15 ml.) was stirred and heated to gentle reflux for
2 hours. The brown mixture was cooled, mixed with water, and
extracted with chloroform. Drying (sodium sulfate) and evaporating
in vacuo the extract afforded the product (3.0 g., 61. 6%), which
was recrystallized from benzene- petrolcum ether (30- 60 ). Pure
VII, pale crystalline powder m.p. 149 150° [Lit. 143 (07) 149°
(8), 156° (9), 180- 181 (10), 183-184° (I [aJ 0.0° (¢ 1.04,
MeOH) [Lit. [a]D -151. 15 (7), [Ol] -147.27 (8)]; infrared
(chloroform), 6.03 u; (nujol),6.05 u; pmr (chloroform) 7 5.79
(triplet, J=8Hz), 6.46 (triplet, J=6-7Hz), 7.49-8.25 (multiplet);
relative area ratio 1:2:4.

Anal. Caled. for C,oH4N20,: C,61.83; H, 7.26;
Found: C, 62.06; H, 7.33; N, 14.45.

Octahydro-1H,5H-dipyrrolo[1,24:1 ' 2".d ] pyrazine.

N, 14.43.

Optically Inactive Form (1Va). From Compound Ilia.

To a stirred mixture of lithium aluminum hydride powder
(3.0 g., 79 mmoles) in tetrahydrofuran (THF) (200 ml.) was added
portionwise the solid compound 11Ia (4.25 g., 19.1 mmoles). After
refluxing for 44 hours, the excess lithium aluminum hydride was
destroyed with saturated sodium sulfate solution. The resulting
mixture was filtered through a bed of Celite and sodium sulfate.
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Evaporation of the filtrate in vacuo afforded the product as a light
yellow liquid (2.7 g., 84.8% yield). The material was purified by

two  successive Kugelrohr-distillationsb The pure product, a
colorless liquid, was collected at 50-55° (0.001 mm), n’y 1.5050.

The oil crystallized as needles upon standing, m.p. 29.35°,
[0(]2[)U 0.0° (¢ 3.04, MeOM); infrared (dichloromethane) 3.4, 3.46,
3.57, 6.83, 7.25, 7.33, 7.47, 7.6, 7.8, 8.3, 8.56, 8.68, 8.87, 8.95,
9.2,9.55, 10.07,10.32 y; infrared (chloroform), 3.45, 3.55, 3.98 4.
Pmr (carbon tetrachloride) 7 6.97-7.90 (broad envelope with a
slightly split peak at 7 7.48), 7.90-8.62 (broad); relative area
ratio 5:4.

Anal. Caled. for C1gHygN,: C, 72.24; H, 1091; N, 16.85.
Found: C,72.19; H,10.76; N, 16.90.

Dipicrate, yellow ecrystals (from MeOH), m.p. 256-259°;
infrared (nujol mull), 3.6-4.5 (m, broad), 6.2, 6.38, 6.46, 6.6,
6.85,7.31,7.47,7.56, 7.9 u.

Anal. Caled. for CoH;gN,22CgH3N304: €, 42.31; H, 3.87;
N, 17.94. Found: C,42.52; I, 3.91; N, 18.08.

Optically Inactive Form (IVa). From Octahydropyrocoll (VII).

A solution of VII (5.2 g., 26.7 mmoles) in THF (50 ml.) was
added dropwise to a stirred mixture of lithium aluminum hydride
(2.2 g., 55 mmoles) in THF (200 ml.). After refluxing for 44
hours workup as above afforded the product as a light-brown
liquid (4.3 g., Y7% yield). Kugelrohr-distillation gave the pure
compound as white, prismatic needles, collected at 65-70° (0.006
mm), m.p. 28-33°, m.m.p. 28-33° (with IVa obtained from Illa);
infrared (dichloromethane, chloroform, nujol) and pmr (carbon
tetrachloride) spectra were superimposable with those of 1Va
obtained from Illa.

The dipicrate was prepared and purified as indicated above,
m.p. 255-258° dec. The infrared spectrum (nujol) was superimpo-
sable with that of the dipicrate prepared from 1Va originated from
[Mla. Mixture melting point of the two samples showed no
depression.

Anal. Found: C,42.12; H, 3.95; N, 17.98.

Optically Active Form (IVb). From Compound IIIb.

The compound (-)-I1Ib (22.2 ¢., 0.1 mole) was reduced in the
same manner (lithium aluminum hydride, 7.6 g.; THF, 500 ml.) to
give 6.5 g. (37% yield) of IVb. The material was purified by
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sublimation at 0.00)] mm. (air-bath, 55-()50). Pure IVb was
obtained as white prisms, m‘g. 48-55°, m.m.p. 29.50° (with [Va
originated from 1lla); [a]d’ +2.3° (¢ 3.0, MeOH).  Infrared
(dichloromethane) and pmr (carbon tetrachloride) spectra were
superimposable with those of the optically inactive IVa. However,
the infrared spectrum in nujol mull was slightly different, mainly
in band intensities.

Anal. Found: C,72.01; H, 10.83; N, 16.73.

Monopicrate, yellow needles (from MeOH), m.p. 156-1580;
infrared (nujol mull), 6.11, 6.18, 6.6, 6.8, 6.93, 7.32, 7.4}, 7.55,
7.85 u.

Anal. Caled. for CIOHISNZ'C 6H3N3()7Z (:, 4861, H, 535,
N, 17.71. Found: C, 48.49; H, 5.30; N, 17.65.

Dipicrate, yellow crystalline powder, m.p. 245.248° dec.,
m.m.p. 245-248° dec. (with dipicrate of optically inactive IVa);
infrared (nujol mull) ca. 3.7 (broad), 6.12, 6.18, 6.44, 7.31, 7.57,
7.85 .

Anal. Found: C, 42.33; H, 4.06; N, 17.70.
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