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Two new heterohelicenes were prepared containing as central heterounit the 5,6-dihydro-4H-dithien-

[2,3-c:3’,2’-¢]azepine system.

In a one-step reaction 3,3’-bithianaphthenyl-2,2’-dicarboxaldehyde was con-
verted by treatment with benzylamine and sodium dithionite into the condensed azepine.

The helical nature

of the azepine is revealed by the nonequivalence of geminal protons.

In continuation of our study of the chemical and
optical properties! of heterohelicenes we are pursuing
several goals,? of which the following are pertinent to
the work reported in this paper: (a) an efficient non-
photochemical helicene synthesis; (b) the use of
heterocyclic systems other than thiophene, This
article describes the synthesis of a novel ring system,
the 5,6-dihydro-4H-dithien[2,3-¢:3’,2’-¢]azepine sys-

tem (1).2 The preparation of this class of compounds
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represents a preliminary stage in overcoming some of
the synthetic obstacles in the preparation of helicenes.
Thus, while maintaining an unambiguous helicene
synthesis through the use of thiophene or thia-
naphthene, we found a useful nonphotochemical ring-
closure step. The product, an azepine, provides us
with an active site—the nitrogen atom—potentially
valuable for resolution and for preparation of deriva-
tives.4

An added novelty in the synthesis of this new helical
ring system is the inclusion of a seven-membered ring.
The presence of so large a ring in a helicene may be
expected to lower the distortion in the aromatic portion
of the molecule, whereas optical stability for the com-
pounds is not unlikely. Even simple biphenyls having
2,2’ three-atom bridges and no 6,6’ substituents have
in certain instances been resolved.?

Results

Our first attempts at the preparation of compounds
1 were patterned on the successful synthesis of 6,7-

(1) J. H. Dopper D. Oudman, and H. Wynberg, J. Amer. Chem. Soe.,
95, 3692 (1973).

(2) () M. B. Groen and H. Wynberg, J. Amer, Chem. Soc., 98, 2968
(1971); (b) H. Wynberg, Accounts Chem. Res,, 4, 65 (1971).

(3) The potent anti-epinephrine properties of these compounds stimulated
the initial investigations into their synthesis and properties: (a) W, Wenner,
J. Org. Chem., 16, 1475 (1951); (b) W. Wenner, ¢bid., 17, 1451 (1952);
(e) W, Wenner, U. 8. Patent 2,619,484 (Nov 25, 1952); (d) R. A, Schmidt
and W. Wenner, U. S, Patent 2,603,465 (Nov 2, 1954).

(4) For instance, a number of optically active dibenzazepines having
auxiliary ortho substituents have been resolved by conversion to suitable
diastereomeric salts; see (a) G. H, Beaven, D. M. Hall, M. 8. Lesslie, and
E. E. Turner, J. Chem, Soc., 854 (1952); (b) 8. R. Ahmed and D. M. Hall,
ibid., 8043 (1958); (e) D. M. Hall and M. Poole, J. Chem. Soec. B, 1034
(1966).

(6) (a) W. E. Truce and D. D. Emrick, J. Amer, Chem. Soc., 78, 6131
(1956); (b) D. C. Iffland and H. Siegel, ibid., 80, 1947 (1958); (c¢) D. C.
Ifland and H. Siegel, J. Org. Chem., 21, 1056 (1956).

dihydro-5H-dibenz[c,e]azepines (2) by Hawthorne and
coworkers.® This route involved the preparation and
isolation of bis Schiff bases derived from biphenyl-2,2’-
dicarboxaldehyde, followed by reductive cyclization to
azepines 2 using sodium dithionite (Na,S:04). Al-
though these authors report consistent and good yields
for virtually all cases studied, the reaction sequence in
our hands was of only limited value when 3,3’-bithienyl-
2,2’-dicarboxaldehyde (3) was used as the starting
dialdehyde. Thus attempts to convert bis Schiff
bases 4 to the desired appropriate azepines (1) at
elevated temperatures invariably gave mixture of 1
and the 7-aminobenzo(l,2-b:4,3-b’]dithiophenes 5.
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When aqueous sodium dithionite was added slowly to a
refluxing solution of 4a in ethanol only a 7%, yield of
la was collected; the major product, to which we as-
signed the structure 5a, was isolated in 749, yield.
The two amines could be separated on the basis of their
difference in basicity. Similar reduction of 4b at
elevated temperature afforded a mixture of 1b and 5b
in an approximate ratio of 1:3; the products were both
of low basicity and could not be separated.

After considerable experimentation it was dis-
covered that high yields of azepine could be obtained
when Schiff base formation was circumvented. Thus
when the starting dialdehyde was treated simultaneously
at room temperature with sodium dithionite and the
appropriate amine in aqueous ethanol solution, no
Schiff base color was observed and a high yield of the
desired azepine crystallized from the reaction mixture
within 1 hr; compound 5 was not detected. The
white solid (1) slowly decomposed and was con-
sequently purified periodically by sublimation. It
must be noted that the formation of Schiff base 4b,
using the procedure of Hawthorne, required heating in

(8) J. 0. Hawthorne, E. L, Mihelic, M. 8. Morgan, and M. H. Wilt, J. Org.
Chem., 28, 2831 (1963).
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refluxing toluene for several hours, conditions con-
siderably more drastic than needed for the preparation
of the azepine 1b directly from the dialdehyde. :

We then turned our attention to the synthesis of the
helical structure 6. The stdrting material, 3,3'-
bithianaphtenyl (7), had been prepared previously in
119, yield” We were able to increase the yield to
729% by treating 3-bromobenzo[b]thiophene with n-
butyllithium at —70°% and coupling at that tempera-
ture in the presence of copper(II) chloride.® Com-
pound 7 was obtained as a white solid which slowly
decomposes in air. Conversion of 7 to 3,3’-bithianaph-
thenyl-2,2’-dicarboxaldehyde (9) in 669 yield was

Br
1, n*BuLi 1, n-Bulii
—_— —_—
S 2, CuCl, 2, DMF

8

Ph,CH:NH,
Na,S;0,

EtOH-H,0

achieved wvia lithiathion with n-butyllithium and
formylation with N,N-dimethylformamide.

Reaction of 9 at room temperature with a mixture of
benzylamine and excess sodium dithionite produced. 6
in 659, vield.® The white product soon began to turn
yellow; it was sublimed whenever pure material was
needed. The structure of the azepines 1 and 6 is
assigned on the basis of analytical and spectral data.
Convincing are the nmr spectra of the two amines,
especially with respect to the signals due to the methy-
lene protons. Thus, while 1 exhibits a singlet (4 H) at
8 4.23 due to the four equivalent methylene protons,!!
an AB quartet (J/ = 13 Hz) at 6 3.66 is clearly dis-
cernible for 6, and is attributed to nonequivalent
methylene protons. The nonequivalence of these latter
geminal protons on the nmr time scale attests to the
increasing optical stability of such compounds as
additional ortho-condensed aromatic rings are intro-
duced into the molecular framework. This effect has
also been observed in the case of dibenzazepinium
salts.!?

(7) L. J. Pandya, D, 8. Rao, andB D. Tllak J. Se¢t. Ind. Res., 18B, 518
(1959); Chem. Abstr., b4, 17391d (1959). Our melting point for this com-
pound was in close agreement with that reported by these workers (see
Experimental Section). The account of a synthesis of 7 of mp 370° by
Schuetz and Ciporin is probably not correct: R. D. Schuetz and L. Ciporin,
J. Org. Chem., 28, 206 (1958).

(8) It has been noted that miktures of products are obtained when the 8-
benzo[b]thienyllithium is prepared at higher temperatures, or in solvents
other than diethyl ether: R. P. Dickinson and B. Iddon, J. Chem. Soec. C,
2733 (1968).

(9) This method is an adaptation of one used by S. Gronowitz and H. O
Karlsson, Ark. Kems, 17, 89 (1960).

(10) Azepine 6 could also be synthesized from the bis Schiff base 10, by
reduction with NasS:04. Even when this reaction is carried out in refluxing
aqueous ethanol, however, there is no detection of the amine 11, which in
light of previous results might have been an expected product.

(11) The nmr signal remained a singlet even at temperature as low as
—40°,

J. Org. Cheni., Vol. 38, No. 16, 1973 2815

Discussion

Under our conditions bis Schiff bases of 3 and 9 do
not seem to serve as intermediates in. the direct con-
version of dialdehydes 3 and 9 to the appropriate
dihydroazepines. This view is supported by the
relative mildness of conditions permissible for the
direct conversions (vide supra), as well as by the
color sequence observed for the process (see Experi-
mental Section). Although the nature of the multistep
sequence in the direct conversions of 3 to 1 and 9 to 6
at room temperature remains a matter of conjecture,
it seems reasonable to propose the foilowing scheme.
The dicarbonyl compound is in equilibrium with its
carbinolamine adduct. The latter, a benzyl-type
alcohol, may be reduced (to 11), may eyclize (to 12),
and may, in a competing sequence, lose water to form a
Schiff base., Both 11 and 12 may form azepine from
the eyclic 13 vta a second reductive step. The scheme

HC OH CH CH 2 CH
RNH O

11

J

RNH O

described above allows bis Schiff bases to serve as
starting materials if their formation and subsequent
hydrolysis to & carbinolamine is rapid.

We have not included the trans rotamer in this
scheme. Obviously only the cis rotamer will yield
cyelic product.

Experimental Section

- All melting points are uncorrected. Nuclear magnetic reso-
nance (nmr) spectra were recorded on a Varian A-60 instrument
with tetramethylsilane (TMS) as internal standard. The in-
frared spectra were taken on Perkin-Elmer 125 and Unicam SP-
200 instruments. A Zeiss PMQ II spectrophotometer was used
for the ultraviolet spectra, while mass spectra were recorded
with a AEI MS-9. Microanalyses were carried out in the ana-
lytical section of this department, uhder the direction of Mr.
M. W. Hazenberg.

_ 3,3'-Bithienyl-2,2'-dicarboxaldehyde (3) was prepared by the
method of Wynberg and Sinnige?® and purified by sublimation at
130° (0.04 mm)..

N-Benzyl-8,6-dihydro- 4H-d1th1en[2 3-¢:3/,2'-¢lazepine (1a).
A.—To a vigorously stirred!# solution of 3 (0 165 g, 0.741 mmol)
and 0.161 g (1.50 mmol) of benzylamine in 30 ml of absolute
ethanol was added, all at once, a solution of 0.950 g (5.50 mmol)

(12) (8) D, M. Hall and E. E. Turner, J. Chem. Soc., 1242 (1955); (b)
ref 4b.

(13) ‘H. Wynberg and H. J. M, Sinnige, Recl. Trav. Chim. Pays-Bas, 88,
1244 (1989).

(14) Large quantities of dark material are often formed when stirring is
inefficient. )

(15) It was found that after gradugl (1 min) addition of the reducing agent
no reaction ensued, even upon heating to reflux temperature,
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of sodium dithionite' in 30 ml of water. The resulting solution
was stirred at room temperature in a nitrogen atmosphere.
Within several minutes the solution became pink (temporarily)
and after 10-15 min white needles began to separate. After 2 hr
most of the ethanol was removed on a rotary evaporator. The
remaining mixture was filtered and the white crystals were
washed with water. Even when dried under vacuum the azepine
was found to incorporate much water. The material was thus
dissolved in ether and the resulting solution was dried over KOH
pellets. TFiltration, followed by solvent removal n wvacuo,
afforded 0.207 g (94%) of la. Sublimation at 120° (0.05 mm)
gave the pure compound: mp 145-146°; uv max (cyclohexane)
230 mu (e 24,100), 282 sh (5540), 291 (6250), 302 sh (4360); nmr
(CCly) 63.63 (s, 2 H), 4.23 (s, 4 H), 6.90-7.35 (ABq,4 H,J =~
5 Hz), 7.21 (s, 5 H); mass spectrum (70 eV) m/e 207 (M+ —
benzyl).

Compound 1la readily formed an insoluble hydrochloride salt
when treated in ether solution with aleoholic HCl.  The salt
could not be obtained free of contamination by the free amine.

Picric acid and 1a reacted in ethanol to yield a yellow-orange
picrate, which was recrystallized from ethanol, mp 144-145°.

Anal. Caled for CypHiN.O-S:: C, 52.46; H, 3.45; N,
10.64; S, 12.18. Found: C, 52.46; H, 3.58; N, 10.40; S,
12.09.

B.—A solution of 0.250 g (1.12 mmol) of 3 and 0.242 g (2.26
mmol) of benzylamine in 16 ml of absolute ethanol was refluxed
for 2 hr. An aliquot of the resulting solution was stripped of
solvent under vacuum, yielding an oily yellow solid. Tritura-
tion with a small amount of ethanol gave crude di Schiff base 4a
as a pale yellow solid: mp 127-130°; ir (Nujol) 1620 cm;
nmr (CDCl;) 6 4.71 (broad s, 4 H), 6.99-7.55 (AB q,4 H, J =
5 Hz), 7.33 (s, 10 H), 8.32 (broad s, 2 H).

Crude 4a in 16 ml of ethanol was stirred under reflux. Over
a period of 1 min a solution of 1.18 g (6.77 mmol) of sodium
dithionite in 8 ml of water was added. The resulting solution
was refluxed for 45 min. The mixture was then cooled and most
of the ethanol was removed under vacuum. The remaining
mixture was extracted with 30 ml of ether in three portions.
The combined extracts were washed several times with 30 ml of
5% HCI solution. The remaining ether solution was retained.
The acid solution was washed with ether, then neutralized by
the addition of ammonium hydroxide. An extraction with 25
ml of ether was carried out; the extracts were washed with water,
dried over KOH, and filtered. Ether removal gave 0.024 g
(7%) of la. The retained ether solution was likewise washed
with water, dried over KOH, and filtered; solvent removal
vielded a greenish solid. This was dissolved in 15 ml of ether.
Dropwise addition of alcoholic HCI precipitated thé hydrochlo-
ride salt of 5a. The solid was filtered, then dissolved in 10 m} of
5% HCI solution. After neutralization with aqueous ammonia,
the mixture was extracted with 30 ml of ether in three portions.
After being washed with water and dried over KOH, the com-
bined extracts were filtered. Ether removal in vacuo gave 0.245
g (74%) of 5a as a white solid. This could be further purified
by sublimation (140°, 0.05 mm): mp 113-114°; uv max (cyclo-
hexane) 238 mu (e 20,700), 268 (13,000), 277 (11,900), 292
(13,500), 304 (18,000), 332 (75360); ir (KBr) 3410 cm™; nmr
(CCly) 6 3.90 (broad s, L H), 4.43 (s, 2 H), 6.94 (s, 1L H), 7.07-
7.64 (m, 9 H); mass spectrum (70 eV) m/e 205 (M*), 204 (M*
— benzyl).

Compound 5a formed a dark brown picrate derivative upon
treatment with picric acid in ethanol, mp 155-156°.

Anal. Caled for CiHsN:O-Sy: C, 52.67; H, 3.07; N,
10.68; 8, 12.23. Found: C, 52.81; H, 3.20; N, 10.58; S,
12.21.

N-Phenyl-5,6-dihydro-4 H-dithien[2,3-c: 3’,2'-¢]azepine  (1b)
was prepared in 869, yield at room temperature according to
method A for the synthesis of la. The white needles were puri-
fied by sublimation’ (120°, 0.05 mm): mp 142-143°; uv max
{cyclohexane) 233 mu (¢ 26,600), 246 sh (22,300), 283 (7730),
305 sh (3610); nmr (CCL) & 4.90 (s, 4 H), 6.55-7.27 (m, 9 H);
mass spectrum (70 eV) m/e 283 (M™).

Azepine 1b failed to form a picrate. It readily gave a 2:1
complex with trinitrobenzene, however; recrystallization from
benzene~ethanol gave maroon needles, mp 139-140°.

(16) Awvailable in 83% purity from Baker Chemical Co. Agueous solu-
tions should not be prepared until immediately before use, since the material
undergoes facile hydrolysis.
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Anal. Calcd fOl‘ C3sH29N:,OeS4Z C, 58.52; H, 3.75; N,
8.98; 8, 16.44. Found: C, 58.38; H, 3.79; N, 8.80; S,
16.39.

3-Bromobenzo[b]thiophene (8) was prepared by the method of
Szmuszkoviez and Modest.”” The fraction of viscous yellow
liquid distilling at 85-95° (1.5 mm) was collected.

3,3’-Bithianaphthenyl (7).—Into a three-necked flack under an
atmosphere of dry nitrogen was placed 12.0 ml of 2.30 M n-
butyllithium solution (27.5 mmol) in hexane, followed by 15 ml
of dry ether. The resulting solution was stirred and cooled to
—70°, Over a period of 10 min a solution of 5.32 g (25.0 mmol)
of 8 in 9 ml of anhydrous ether was added dropwise to the cold
solution. The mixture was stirred for an additional 30 min at
—70°, giving a suspension of 3-thianaphthenyllithium. Then
anhydrous copper(Il) chloride (3.92 g, 29.1 mmol) was added
and the resulting mixture was stirred vigorously at —70° for
3.5 hr. Afterwards the reaction mixture was allowed to warm
up slowly. When the temperature reached 0° about 30 ml of 2
M HC was added and the mixture was allowed to stand over-
night. The copper salt was filtered off and washed with ether
and dilute HCl solution. ‘The resulting filtrate was separated
and the ether layer was washed with water, dried over anhy-
drous MgS80;, and filtered. Solvent removal in vacuo afforded
2.40 g (72%) of 8 as a pink solid. The color could be removed
by elution of the material with hexane on a column of silica gel.
Recrystallization from petroleum ether (bp 40-60°) gave pure
7 'as white plates: mp 82.7-83.0° (lit.” mp 85°); nmr (CDCls)
5 7.18-7.47 (m, 4 H), 7.54 (s, 2 H), 7.63-8.06 (m, 4 H); mass
spectrum (70 eV) m/e 266 (M*).

3,3'-Bithianaphthenyl-2,2'-dicarboxaldehyde (9).—To a stirred
solution of 0.821 g (3.08 mmol) of 7 in 60 ml of dry ether, under
a nitrogen atmosphere, was added 6.5 ml of a 2.30 M solution of
n-butyllithium (14.9 mmol) in hexane. The mixture was re-
fluxed for 90 min. A solution of N,N’-dimethylformamide
(4.15 g, 56.7 mmol) in & ml of anhydrous ether was then added
dropwise over a period of 5 min and the resulting mixture was
refluxed for 30 min. It was then poured into a mixture of 17.8 ml
of 2 M HCl and 60 g of ice. The ether was removed in vacuo
and the remaining mixture was extracted with 100 ml of methy-
lene chloride. The extracts were washed with water, dried
(MgR0,), and filtered. Solvent removal yielded a yellow oil,
most of which soon solidified. Recrystallization from petroleum
ether-methylene chloride afforded 0.655 g (66%) of 9. The
analytical sample was obtained by two recrystallizations from
benzene, followed by vacuum drying at 55°: mp 171-172°;
uv max (EtOH) 232 mpu (e 29,500), 250 sh (19,600), 303 (24,600),
343 sh (7280); ir (KBr) 1660 cm™; nmr (CDCl) 8 7.20-8.22
(m, 8 H), 9.88 (s, 2 H); mass spectrum (70 eV) m/e 322 (M*),
293 (M+ ~ CHO), 264 (M* — 2 CHO).
N-Benzyl-7,8-dihydro-6H-bis[1] benzothien[2,3-¢: 3',2"-¢] aze-
pine (6). A.—The desired compound was prepared in 65%
vield at room temperature from 9, 2 equiv of benzylamine, and
excess Na,80: in 40 ml of 1:1 ethanol-water according to
method A for the synthesis of la. The white needles were pu-
rified by sublimation (160°, 0,01 mm): mp 175-176°; uv max
(EtOH) 222 mu (e 51,200), 244 (37,800), 271 sh (9720), 289
(8020), 299 (9500), 308 (10,500); nmr (CDCl;) & 3.36-3.98
(AB q, 4 H, J = 13 Hz), 3.77 (s, 2 H), 7.08-7.61 (m, 9 H),
7.71-8.13 (m, 4 H); mass spectrum (70 eV) m/e 397 (M),
306 (M* — benzyl). ) .

4 failed to form stable complexes with picric acid or trinitro-
benzene.

B.—A solution of 0.0750 g (0.232 mmol) of 9 and 0.0498 g
(0.464 mmol) of benzylamine in 5 ml of absolute ethanol was
refluxed for 1 hr. An aliquot of the resulting solution was
stripped of solvent, giving crude di Schiff base 10 as a pale
yellow solid: mp 144-148°; ir (Nujol) 1625 em ~; ninr (CDCl)
§4.69 (s, 4 H), 7.07-7.64 (m, 16 H), 7.80-8.05 (m, 2 H), 8.22-
8.36 (m, 2 H); mass spectrum (70 eV) m/e 500 (M ™). Crude
10 in 5 ml of ethanol was stirred at reflux temperature. A solu-
tion of 0.340 g (1.95 mmol) of sodium hydrosulfite in 2 ml of
water was added, and the mixture was refluxed for 2 hr. The
mixture was diluted with 5 ml of water and most of the ethanol
was removed in vacuo. The remaining mixture was extract.ed
with 20 ml of ether. The combined extracts were washed with

(17) J. Szmuszkovicz and E. J. Modest, J. Amer, Chem. Soc., 78, 571
(1950). The purification problems noted by other authors were not en-
countered.
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water, dried over KOH, and filtered. Solvent removal on the
rotary evaporator gave an oily yellow solid, This was sublimed
to give 64.8 mg (70%) of 6.

Registry No.—1a, 40386-84-3; 1a picrate, 40306-86-3; 1b,
40306-87-4; 1b-trinitrobenzene, 40306-88-5; 3, 40306-89-6; 4a,
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40306-90-9; 5a, 40306-91-0; 5a picrate, 40531-26-8; 6, 40306-92-
1; 7, 40306-93-2; 8, 7342-82-7; 9, 40306-95-4; 10, 40306-96-5;
benzylamine, 100-46-9; sodium dithionite, 7775-14-6; n-
butyllithium, 109-72-8; copper(I1) chloride, 7447-39-¢4; N,N’-
dimethylformamide, 68-12-2.

XXXII.

Pteridines.

2-Amino-3-cyano-5-chloromethylpyrazine 1-Oxide and Its

Conversion to 6-Alkenyl-Substituted Pteridines'?

Epwarp C. Tavior* anp T. Kosavasm

Department of Chemistry, Princeton University, Princeton, New Jersey 08540
Recetved February 22, 1973

2-Amino-3-cyano-5-chloromethylpyrazine 1-oxide (2), prepared by the condensation of g-chlorepyruvaldoxime
with aminomalononitrile tosylate, was deoxygenated with phosphorus trichloride to 2-amino-3-cyano-5-chloro-

methylpyrazine (4).

Both 2 and 4 were converted by conventional procedures to triphenylphosphonium ylides

(Wittig reagents) and, hence, by condensation with aldehydes to parallel series of 5-alkenylpyrazines (9 and 10).
Cyeclization of 10a~e with guanidine gave 2,4-diamino-6-alkenylpteridines (11a—e), of interest as intermediates for

the synthesis of biopterin and biopterin analogs.
are also described.

We have described in recent articles'® a new, gen-
eral, and versatile synthetic route to pteridines and
pterins which involves, as its initial key step, the con-
densation of e-aminonitriles with a-oximino carbonyl
compounds. For example, aminomalononitrile and «-
ketoaldoximes give 2-amino-3-cyano-5-substituted pyr-
azine l-oxides; deoxygenation and subsequent conden-
sation with guanidine lead to 2,4-diamino-6-substituted
pteridines, which upon acid or base hydrolysis yield
pterins. One of the major advantages of this simple
procedure over the classical Isay synthesis? is the un-
ambiguous positioning of the side chain in the pyrazine
ring.

0

AN
_NH, (f —R :( ]-—R
NCCH HN
l + X /C —> I
NC | o_
OH

NH,

e
HN HN—h

Although this new procedure could, in prineciple, be
adapted to the direct synthesis of pteridine natural
products possessing multifunctional C-6 substituents
(i.e., biopterin, folic acid, methotrexate), complex,
fragile, and difficultly accessible a-ketoaldoxime inter-

(1) Part XXXI:
(1973).

(2) This investigation was supported in part by grants to Princeton Uni-~
versity from the National Cancer Institute, National Institutes of Health,
Public Health Service (Grants No. CA-2551 and 12876), and the Walter
Reed Army Medical Research Institute (Contract No. DA-49-193-2777).
This is contribution No, 1190 in the Army Research Program on Malaria.

(3) (a) E. C. Taylor, K. L. Perlman, L. P. Sword, M. 8équin-Frey, and
P. A. Jacobi, J. Amer. Chem. Soc., in press; (b) E. C. Taylor, K. L. Perlman,
Y.-H. Kim, I. P. Sword, and P. A. Jacobi, 1bid., in press.

(4) O.Isay, Ber., 38, 250 (1306).

E. C. Taylor and R. F. Abdulla, Tetmﬁedron Lett., 2003

Some additional reactions of the above pyrazine intermediates

mediates would be normally required. We describe in
the present and subsequent papers a simple modi-
fication of this pteridine synthesis which permits de-
ferral of the elaboration of the requisite C-6 side chains
until after the initial construction of the pyrazine ring.
The key intermediate, from which pteridines of both
the biopterin and folic acid classes of natural products
can be prepared, is 2-amino-3-cyano-3-chloromethyl-
pyrazine l-oxide (2). This paper describes the prepa-
ration of 2 and its use for the preparation of pyrazines
and pteridines suitable for final elaboration into the
biopterin series.” A following paper will describe the
elaboration of 2 to pteridines and pterins related to
folic acid.

B-Chloropyruvaldoxime (1), readily prepared from
diketene,® and less conveniently (and unreliably) by
chlorination of a-oximinoacetone in chloroform solu-
tion,” was smoothly converted by reaction with amino-
malononitrile tosylate in 2-propanol to 2. Since 2 could
be converted to 2-amino-3-cyano-5-methoxymethylpyr-
azine 1-oxide (3) upon refluxing in methanol solution, it
appeared that the chloromethyl group of 2 might well be
used for the introduction of diverseside chains at position
5 (pteridine position 6) by nucleophilic displacement
reactions with suitable nucleophiles. Vindication of
this prediction will be given in future papers in this
series.

Treatment of 2 and 3 with phosphorus trichloride at
room temperature in tetrahydrofuran solution resulted
in smooth deoxygenation to give 2-amino-3-cyano-5-
chloromethylpyrazine (4) and 2-amino-3-cyano-5-
methoxymethylpyrazine (5), respectively. The ease
with which these deoxygenations proceed contrasts
with the vigorous conditions required for deoxygen-
ation of 2-amino-3-cyano-6-chloromethylpyrazine 1-
oxide®! and may be a reflection of decreased steric
hindrance at the N-oxide grouping. Deoxygenation
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“The Chemistry and Biology of Pteridines,” Fourth International Sympo~
sium, K. Iwai, M. Akino, M. Goto, and Y. Iwanami, Ed., International
Academic Printing Co., Ltd., Tokyo, 1970.

(6) E.C. Taylor and R. C. Portnoy, J. Org. Chem., 88, 806 (1973).

(7) J. Armand, J.-P. Guette, and F. Valentini, C. R. Acad. 8ci., Ser. C,

1388 (1966).
(8) E, C. Taylor and T. Kobayashi, manuseript in preparation.



