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5-Bromo-1,3-dimethyluracil (la) reacted with equimolar sodium cyanide in dimethylformamide (DMF) to
give 6-cyano-1,3-dimethyluracil (2a), which was also obtained from 6-chloro-1,3-dimethyluracil (4) by the same
treatment as above. Compound 2a was readily converted to 5-cyano-1,3-dimethyluracil (3) when heated with a
catalytic amount of sodium cyanide in DMF. The mechanism for these cine substitutions was shown by deute-
rium-exchange experiments to involve an addition-elimination process. Furthermore, a variety of N-substituted
6-cyanouracils (2b,c and l4a,c) and N-substituted 6-carbamoyluracils (12a-c) were prepared by the reaction of
5-bromouracils (la~c and 13a,c) with sodium cyanide in DMF or 50% aqueous ethanol.

The chemistry of 5-substituted uracils® bearing an elec-
tron-withdrawing group at the 5 position, e.g., 5-nitro-,4 5-
formyl-,5 and 5-carboxyuracils,® has been already studied
by many investigators. We previously reported the synthe-
sis of 5-cyanouracil derivatives? and the hydrolysis® and re-
duction® of their cyano group. Meanwhile, 6-cyanouracil
derivatives are very interesting in potential biological ac-
tivity as orotic analogs. However, synthesis of such 6-cya-
nouracils has not been widely done yet. Only Ueda, et al.,10
reported the formation of the 6-cyanouridine derivative to-
gether with the 5-cyano relative by treatment of the 5-bro-
mouridine derivative with 5 equiv of sodium cyanide. In
this paper, we report that treatment of 5-bromouracils and
6-cyanouracils with sodium cyanide causes cine substitu-
tion to give 6-cyanouracils and 5-cyanouracils, respectively.

5-Bromo-1,3-dimethyluracil (1a) was selected as a model
compound for examining of the mode of reaction of 5-bro-
mouracil derivatives with sodium cyanide. At first, la was
treated with a large excess of sodium cyanide in dimethyl-
formamide (DMF) at 80° for 2 hr to afford the known?!! 5-
cyano-1,3-dimethyluracil (3) in 68% yield. When la was,
however, allowed to react with an equimolar sodium cya-
nide in DMF at room temperature for 2 hr, the sole product
which we could isolate in high yield was not 3, but 6-cyano-
1,3-dimethyluracil (2a). The structure of 2a was fully sup-
ported by its spectral and elemental analyses. The proton
magnetic resonance (pmr) spectrum of this compound in
deuteriochloroform (CDCl3) showed a sharp singlet (1 H)
at 6 6.30, corresponding to the absorption for the C-5 pro-
ton (6 5.73) of 1,3-dimethyluracil but did not show an ab-
sorption for the C-6 proton (6 7.98) as observed in 3. The
infrared (ir) spectrum indicated a weak CN peak at 2240
cm~L unlike a strong CN peak of 3 at 2220 cm~!. The opti-
mum condition for the synthesis of 2a from la was the use
of equimolar sodium cyanide with la at room temperature
in DMF as a solvent.

By the way, Liebenow, et al.,12 obtained 3 in 73% yield
by treating 6-chloro-1,3-dimethyluracil (4) with excess po-
tassium cyanide in dimethyl sulfoxide (DMSO) at 90-110°.
In our laboratory, however, compound 4 gave 2a in high
yield when the reaction was carried out with equimolar so-
dium cyanide in dry DMF at room temperature for 2 hr.
Although 2a was not converted to 3 in the absence of sodi-
um cyanide, the desired 3 was obtained by treating 2a in
DMTF at 80° with a catalytic amount of sodium cyanide. On
the contrary, the conversion of 3 to 2a was unsuccessful
under the same conditions as above. Furthermore, it was
found that occurrence of the reaction was greatly depen-
dent on the reaction medium; in an aprotic polar solvent

such as DMF and DMSO, the conversion proceeded, but in
a protic polar solvent such as water and ethanol, alterna-
tive reactions occurred to give 6-carbamoyl-1,3-dimethyl-
uracil (12a) and ethyl imidate (15a),!3 respectively. From
these results, it appeared that the reaction of 1a and 4 with
sodium cyanide proceeds by the following steps: (1a and 4)
— 2a — 3a (Scheme I).
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Because of the low reactivity of the 5-bromine atom, 5-
bromouracils undergo substitution with amines'* or base-
catalyzed hydrolysis!® under drastic conditions only. How-
ever, recent studies have revealed that 5-bromouracils can
be easily debrominated with sulfur-containing reagents
such as NaSH,6 NayS0;3,17 NaHSO3,!8 and cysteine.!® The
mechanism of the above reaction most likely involves an
addition-elimination mechanism, initiated by nucleophilic
attack of an anion at the C-6 position, followed by forma-
tion of the 5,6-dihydrouracil intermediate, and then remov-
al of the bromine.161% In this connection, two possible
mechanisms for the cine substitution of la to 2a are sug-
gested:?%2! opne is an addition—elimination (A-E) mecha-
nism, as described above, and another is an elimination—
addition (E-A) mechanism via deprotonation at the C-6
proton of the uracil ring and formation of a hetaryne. He-
taryne formation has been well investigated in halogeno-
heterocyclic aromatic compounds by Kauffmann?! and van
der Plas.?2 In order to elucidate the mechanism, la was
treated with sodium cyanide using DMF-D,0 (10 equiv of
D50 to la) as a solvent. Although an intermediate addition
product could not be detected, the final product was 6-
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cyano-5-deuterio-1,3-dimethyluracil (5) in which 85% of
the hydrogen was exchanged with deuterium at the C-5 po-
sition, as indicated by integration of its diminished C-5 hy-
drogen peak in the pmr spectrum. The participation of
D0 in this reaction reasonably supports the A-E mecha-
nism rather than the E-A mechanism. That is, if the E-A
mechanism were involved, the addition of DsQ (H30), a
good protonating agent for the carbanion precursor 6 of py-
rimidyne (7), would inhibit the reaction.2? Actually DsO
had no influence on the reaction and a deuterium atom was
incorporated into the C-5 position. Thus, the mechanism
would be as follows: the initial nucleophilic attack by cya-
nide occurs at C-6 to give a carbanion 8, which forms the
5,6-dihydro intermediate 9 by abstraction of a deuterium
(proton) from DO (H,0), and, at last, dehydrobromina-
tion of 9 gives 5 (2a) (Scheme II).

The mechanism for conversion of 2a to 3 was then stud-
ied. Thus 2a was allowed to react with a catalytic amount
of sodium cyanide in the presence of 10 equiv of DO to
yield 5-cyano-6-deuterio-1,3-dimethyluracil (11), in which
84% of C-6 hydrogen was exchanged with deuterium. D,O
(Hs0) was also concerned in this conversion as well as in
the reaction of 1a to 2a. In view of the above, we presumed
that the most likely mechanism for this reaction might in-
volve a 1,2 addition, initiated by a nucleophilic attack of
cyanide at C-5, followed by abstraction of a deuterium
(proton) from D30 (Hy0) at C-6. Then, hydrogen cyanide
would be removed from the resulting 5,6-dihydrouracil in-
termediate 10 to give 11 (3) (Scheme IIT).

Fox, et al., once proposed?* such a mechanism involving
an initial “C-5 attack” to account for the exchange of H-8
for ‘deuterium in 5-halogenouracils, but they have with-
drawn it reeently.?’ The present case involving “C-5 at-
tack” is therefore the first example of an A-E mechanism
and is rather unusual in uracil derivatives compared with
that caused by “C-6 attack.”

We have investigated the reaction of N-substituted 5-
bromouracil derivatives with sodium cyanide in more detail
and the results are summarized in Table 1. The reactions
are classified into three types according to the presence or
absence of a substituent at N-1 or/and N-3. In the case of
type I, 1,3-disubstituted 5-bromouracils 1, alkylated in
both 1 and 3 positions, gave good yields of 1,3-disubsti-
tuted 6-cyanouracils 2 when allowed to react with equimo-
lar sodium cyanide in DMF at room temperature (method
A). When the reaction was carried out in refluxing 50% eth-
anol instead of DMF, 1,3-disubstituted 6-carbamoyluracils
12, where the cyano group was further hydrolyzed, were ob-
tained (method B). It is reasonable to assume that the reac-
tion proceeds by way of 2 and an imidate 15, because of the
fact that 2a readily formed an imidate 15a when la in etha-
nol solution was subjected to the action of a catalytic
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amount of an alkali; the resulting 15a underwent base-cat-
alyzed hydrolysis to afford 12a. 1-Substituted 5-bromoura-
cils 13 having no substituent at the N-3 position were then
subjected to the reactions of methods A and B to give 1-
substituted 6-cyanouracils 14 only (type II). Compound 14
failed to give an imidate under the same conditions as de-
scribed in the formation of 15a, and this would be the rea-
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son why 14 was no longer hydrolyzed to 6-carbamoyl com-
pounds. As to 3-substituted 5-bromouracils (example, 3-
substituent; H, CHj, and C4Hg) which are not alkylated at
N-1, the desired 6-cyano compound was not obtained but
only salt formation between these acidic N(1)-H and sodi-
um cyanide was observed (type III).

As described above, the reaction between N-substituted
5-bromouracils and sodium cyanide is greatly influenced by
the presence of substituents at N-1 and N-3; properties of
substituents such as steric hindrance and electron attracti-
vity have no marked influence on the reaction.

Experimental Section

Melting points were determined on a Yanagimoto micro melting
point apparatus and were uncorrected. Pmr spectra were deter-
mined on a 60-Mc Hitachi Perkin-Elmer R-20B spectrometer
using CDCl; as a solvent and tetramethylsilane as an internal ref-
erence. Ir spectra were obtained with a Hitachi 215 instrument as
KBr pellets. ’

Formation of 6-Cyano- (or Carbamoyl-) uracils. General
Procedure. Method A. To a stirred suspension of the 5-brom-
ouracil derivative (0.005 mol) in 10-15 ml of DMF was added a so-
lution of NaCN (0.29 g, 0.006 mol) in 0.5 ml of water and the mix-
ture was stirred at room temperature . After the reaction was com-
plete, the mixture was poured into ca. 100 ml of chilled water. De-
pending on the solubility of the product in the solvent, the 6-cyano
compound was either isolated by filtration or extracted with
CHCls, dried, and evaporated in vacuo. The resulting crude prod-
uct was recrystallized (see Table I).

Method B. A mixture of the 5-bromouracil derivative (0.005
mol) and NaCN (0.29 g, 0.006 mol) was refluxed in 20 m! of 50%
aqueous ethanol. After the reactants were dissolved, refluxing was
continued for a further 1-2 hr. The solution was evaporated to dry-
ness in vacuo and the residue was triturated with 50 ml of cold
water and acidified with HCl. The precipitate was collected by fil-
tration and recrystallized (see Table I).

5-Cyano-1,3-dimethyluracil (3). (a) A mixture of 1.1 g (0.005
mol) of 5-bromo-1,3-dimethyluracil (1a) and-0.58 g (0.012 mol) of
NaCN in 1 ml of DMF was heated at 80-90° for 2 hr. The solvent
was evaporated in vacuo. To the residue was added 5 ml of water
and the precipitate was collected by filtration, giving 0.76 g (92%)
of the crude product, mp 162-164°. Recrystailization from ethanol
afforded colorless needles: mp 165° (lit.}} mp 165°); ir » max 2220
(CN), 1720, and 1650 cm™! (C=0); pmr (CDCls) § 3.54 (3 H, s,
NCH3), 3.40 (3 H, s, NCHs3), and 7.98 ppm (1 H, s, 6-CH).

Anal. Caled for C;H,09N3: C 50.91; H, 4.27; N, 25.45. Found: C,
50.93; H, 4.28;'N, 25.54.
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Table 1
Formation of N-Substituted 6-Cyano- (or Carbamoyl-) uracils from 5-Bromouracils with Sodium Cyanide
Type 1 Type II
0 0
Br Br :
CHj\ method A CH;,N method B CHQN ‘ HN ‘ method A HN
method B
0 1? CN o)\ I?T 0] If CONH, o}'\b,I 0 T CN
R R R R R
2 1 12 13 14
Spectral data
Pmr, b
’ Caled (found)
Starting Time, Yield, Mp, °c (solvent} 5, ppm Ir, cm -1
material R Method ¢ hr  Product % of recrystn) (5-CH) (C=N} Formula C H N
la CH;, A 2 2a 95 168-170 6.34 2240 C;H;0,N; 50.91 4.27 25.45
(EtOH) (51.05 4.30 25.72)
la CH; B 2 12a° 86 238-239 5.81 C;yH4 05N, 45.90 4.95 22.94
(MeOH)? (46.10 5.14  22.76)
1b C.Hyy A 24 2b 94 209-211 6.27 2235 Cy9H 505Ny 61.78 6.48 18.02
(EtOH) (61.49 6.44 17.50)
1b CeHyy B 3 12b 93 179-180 5.65 Cy9H ;03N 57.35 6.81 16.72
(H,0) (57.29 6.84 16.90)
lc CeH; A 1 2¢ 86 205 6.38 2250 CysHyOy Ny 63.43 3.99 18.49
(EtOH) (63.25 4,11 18.39)
le C¢H; B 2 12¢ 90 274275 5,92 CiyHy05N; 58.77 4.52 17.14
(MeOH) (58.98 4.56 16.83)
13a CH;, A 5 14a 53 228-229 6.36 2240 CH;09N; 47.68 3.34 27.81
B 2 93 (H,0) (47.54 3.32 27.94)
13¢ CyH; A 6 l4c 69 242245 6.42 2250 Cy(H;0,N; 61.97 3.31 19.71
(EtOH) (61.90 3.32 19.58)

a See Experimental Section. ? Solvents: 2a-e, CDCls; 12a-c and 14a, ¢, DMSO-de. © Alternate synthesis reported: K. A. Chkhivadze,
N. E. Britikova, and O. Y. Magidson, Biol. Akt. Soedin., 22 (1965) [Chem. Abstr., 63,18081a (1960)]. ¢ Lit. mp 239° (H20).

(b) To a solution of 0.83 g (0.005 mol) of 6-cyano-1,3-dimethyl-
uracil (2a) in 5 ml of DMF was added 30 mg (0.6 mmol) of NaCN.
The mixture was heated at 80-85° for 5 hr and the solvent was re-
moved by evaporation. To the residue was added 50 ml of cold
water and the precipitate was filtered, washed with water, and re-
crystallized from ethanol to give 0.5 g (67.5%) of colorless needles
of 3.

6-Cyano-1,3-dimethyluracil (2a) from 6-Chloroe-1,3-dimeth-
yluracil (4). To a stirred solution of 0.87 g (0.005 mol) of 4 in 10
ml of DMF26 was added 0.29 g (0.006 mol) of NaCN. The reaction
mixture was maintained at room temperature for 2 hr and poured
into ca. 100 ml of ice-water. The precipitate was filtered, washed
with cold water, and recrystallized to give 0.7 g (88%) of the prod-
uct 2a, which was identified by ir and pmr spectra and mixture
melting point with an authentic sample prepared from 5-bromo-
1,3-dimethyluracil. ‘

6-Cyano-5-deuterio-1,3-dimethyluracil (5). To a solution of
1.1 g (0.005 mol) of 5-bromo-1,3-dimethyluracil (1a) in 15 ml of
DMF?26 was added 0.9 ml (0.5 mol) of D20 and 0.29 g (0.006 mol) of
NaCN with stirring at room temperature. The reaction mixture
was treated as described above for the preparation of 2a to give
0.83 g of 5; the pmr spectrum (CDCl3) showed that 85% of H-5 ex-
changed with deuterium; the remainder of the spectrum was iden-
tical with that of 2a; ir » max 2290 cm~! (C-D).

5-Cyano-6-deuterio-1,3-dimethyluracil (11). To a solution of
0.83 g (0.005 mol) of 6-cyano-1,3-dimethyluracil (2a) in 10 ml of
DMF26 were added 0.9 ml (0.05 mol) of D30 and 30 mg (0.0006
mol) of NaCN. Work-up of the reaction product was the same as in
the reaction of 2a to 3, to give 0.80 g of 11; pmr (CDCl3) showed
that 84% of H-6 exchanged with deuterium; the remainder of the
spectrum was identical with that of 3; ir » max 2290 cm~! (C-D).

Ethyl 6-(1,3-Dimethyl-2,4-dioxo-1,2,3,4-tetrahydro)pyrimi-
dylimidate (15a). (a) A mixture of 0.83 g (0.005 mol) of 2a and
0.028 g (0.0005 mol) of potassium hydroxide in 10 ml of ethanol
was refluxed for 1 hr. After neutralization with hydrochloric acid,
the solution was evaporated in vacuo and the residue was triturat-
ed with 1 ml of cold water. Filtration then gave 0.90 g (85%) of 15a.

An analytical sample was recrystallized from ligroine: mp 98-100°;
ir » max 3330 cm~! (NH); pmr (CDClg) 6 1.39 (3 H, t, J = § Hz,
CH,CHS3), 3.38 (6 H, s, 2NCH3), 4.35 (2 H, g, J = 8 Hz, OCHy),
and 5.81 ppm (1 H, s, 5-CH).

Anal. Caled for CgH1303N3s: C, 51.17; H, 6.20; N, 19.90. Found:
C, 50.89; H, 6.00; N, 20.06.

(b) Compound 2a was treated with 0.1 equiv of sodium cyanide
instead of potassium hydroxide by the same procedure as de-
scribed above to give 15a in 63% yield, identical with a sample pre-
pared in method a.

6-Carbamoyl-1,3-dimethyluracil (12a). (a) A suspension of
0.49 g (0.0025 mol) of 15a in 5 ml of a 5% aqueous solution of sodi-
um hydroxide was refluxed for 10 min, The soluton was neutral-
ized with hydrochloric acid and concentrated in vacuo. The resid-
ual solid was washed with cold water to give 0.48 g (52%) of the
crude product. Recrystallization from methanol gave the colorless
needles of 12a.

(b) A mixture of 0.83 g (0.005 mol) of 2a and 0.025 g (0.0005 mol)
of sodium cyanide in 10 m! of water was refluxed for 1 hr. After
neutralization with hydrochloric acid, the solution was evaporated
in vacuo and the residue was triturated with cold water. Filtration
then gave the crude product of 12a in 71% yield, identical with a
sample prepared in method a.

Registry No.—la, 7033-39-8; 1b, 53293-08-6; lc, 53369-64-5;
2a, 49846-86-8; 2b, 53293-09-7; 2¢, 53293-10-0; 3, 36980-91-3; 4,
6972-27-6; 5, 53293-11-1; 11, 53293-12-2; 12a, 2019-20-7; 12b,
53293-13-3; 12¢, 53369-65-6; 13a, 6327-97-5; 13¢, 53369-66-7; 14a,
53293-14-4; 14¢, 53293-15-5; 15a, 53293-16-6; NaCN, 143-33-9.
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The synthesis of 8-aminoimidazo[4,5-g]quinazoline (1), an extended or “stretched-out” version of adenine
which is given the descriptive name lin-benzoadenine, is reported. The synthesis involves the elaboration of 7-
chloro-4-quinazolone (6) to imidazo[4,5-g]quinazolin-8-one (11) in four steps, followed by thiation to 8-mercap-
toimidazo[4,5-g]quinazoline (12) and subsequent replacement of the thiol function by ammonia to yield the lin-
benzoadenine isomer 1. The aralkyl derivatives of 1, e.g., 8-amino-1- and 3-benzylimidazo[4,5-g]quinazoline (17
and 16), which are necessary to serve as uv models in assigning the structure of nucleoside and nucleotide targets
and to direct further substitution, were obtained indirectly via benzylation of 8-methylthioimidazo[4,5-g]quina-
zoline (13). The structure assignment of the 3-benzyl isomer was checked by an unambiguous synthesis, and its
value as a uv model was confirmed by spectral comparison with 8-amino-3-cyclohexylaminoimidazo[4,5-g]quina-
zoline (30). A general comparison of the uv spectra of various 8-methylthio- and 8-aminoimidazo[4,5-g]quinazo-
line derivatives in neutral, acidic, and basic solution indicates that first protonation occurs mainly on the imidaz-
ole ring of the methylthio compounds and on the quinazoline ring of the-amino compounds.

There has been considerable interest in the synthesis of
analogs of the naturally occurring nucleic acid bases and
their corresponding nucleosides, nucleotides, and coen-
zymes.! In the course of our continuing study of the role of
purines and pyrimidines in nature, we questioned what
properties might be associated with compounds in which
the pyrimidine ring and the imidazole ring of the purine
system are separated by a benzene ring to form an extend-
ed or “stretched-out” purine model. Compounds such as 1
and la would be expected to have 1,N® binding sites similar
to those in adenine and adenosine, stronger =-bonding
characteristics, and larger spatial requirements. The physi-
cal and biological properties of compounds 1 and la and
their congeners hold considerable interest since they are
previously unknown and since differences in their behavior
in relation to the corresponding naturally occurring ade-
nine compounds might be relatable to defined geometrical
changes.

In this paper we describe the synthesis, structure proof,
and properties of the linear benzolog of adenine, 8-amino-
imidazo{4,5-g]quinazoline (1), for which we suggest the de-
scriptive name lin-benzoadenine.? This name is capable of
easy adaptation to derivatives related to adenosine, adenyl-
ic acid, adenosine 5’-diphosphate, and the like. In the fol-
lowing paper we discuss the preparation of the structural
isomers of 1, 9-aminoimidazo[4,5-flquinazoline (2) and 6-
aminoimidazo[4,5-h]quinazoline (3), which are the proxi-

NH, 'Ne=v e
2 N== 8 5
. "\NH ‘N ‘
87 3
AN N
Ty 4 9
N7 HN—Y
[ T2
LR=H 2 3

la, R = f-p-ribofuranosyl

mal and distal isomers of benzoadenine, respectively.?2 We
feel justified in using the term “benzo” in the trivial names
of these three compounds because only when the addition-
al ring is central does it contain no nitrogens and is accord-
ingly “benzo.”

A review of the literature reveals only several cases
where tricyclic heterocyclic systems related to 1 have been
described. For none of the compounds was their prepara-
tion based on the criterion that they might be biologically
active as purine surrogates. Taylor and Sherman synthe-
sized diamino compound 4 during the course of work on

NH, NH, NHR
N
N N, NZ AN
)ij: IN\> R l N? I\:/ N
H,N N’ q N |
CH3
4 5, R=H, CHO, COCH,



