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2 hr. The imide was isolated by distillation in vacuo to
vield 12.4 g., 789, of produet, b.p. 87-90°/0.1 mm., n%
1.4940. The hydrochioride was prepared as described, m.p.
173-174°. The methiodide was prepared as described, m.p.
230-231°.

3-Dimethylaminopropyl-3-azabicyclo[3.3.0}octane. The N-
dimethylaminopropy] base was obtained in a manner anal-
ogous to that of the simple N-methyl base on reduction of
the N-dimethvlaminopropy] imide with lithium aluminum
hydride in anhvdrous ether. From 18 g. (0.080 mole) of the

PYRIMIDINES. I 11

imide there was obtained 14 g., 899, of the base with b.p.
102-104°/5 mm., n39 1.4742. The dihydrochloride was pre-
pared in alecohol in the usual way and on recrystallization
melted at 261-262°. The bis-methiodide was prepared by
refluxing the base with a 109, excess of methyl iodide in
methanol for 1 hr. The bis-methonium salt was collected on
cooling and recrystallized from methanol-ether, m.p.
256-257°.

Wasnixagtox 7, D. C.
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Uracils react with bromine in aqueous solution to form 5-bromo-6-hydroxyhydro derivatives. Upon dehydration in solution
the latter form 5-bromo derivatives, which in turn with excess bromine, form 5,5-dibromo-6-hydroxyhydro derivatives. The
mechanism of the formation of the 3-bromo derivatives from the latter has been elucidated.

In our study of the effects of ultraviolet irradia-
tion on nucleic acids, we have used a number of
pyrimidine derivatives as model compounds. Sev-
eral common reactions have been studied and cer-
tain inconsistencies in the literature have been
noted. It was the purpose of the present work to
clarify these inconsistencies.

In 1907, Wheeler and Johnson* first ohserved
the colored reaction product obtained by the ac-
tion of bromine on uracil and cytosine and since
then this reaction has become a well known color
test for uracils and cytosines. More recently, a
colorimetric method for the determination of uracil
and cytosine® has been based upon this bromine
reaction. The reaction also played an important
part in the structural determination of pyrimidine
nucleosides and the preparation of derivatives.$
In 1940. Johnson et al. concluded that “5,5-di-
bromo-4(6)-hydroxyhydrouracil (IVA) decomposed
spontaneously and quantitatively to 5-bromouracil
and HOBr.”” In order to prove their statement
that HOBr was formed and subsequently served as
an oxidizing agent, Johnson et al. allowed the di-
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bromo compound to react with thiourea, ethylene-
thiourea, malonic aecid, and barbituric acid and
ketene.”® Some interesting observations on the re-
action of bromine with pyrimidine compounds
have also been reported by Cohn.® In the present
report we wish to propose a possible mechanism for
this bromine reaction.

RESULTS AND DISCUSSION

The addition of one mole equivalent of bromine
to uracil (IA) or 1,3-dimethyluracil (IB) in aqueous
solution resulted in the formation of 5-bromo-6-
hydroxyhydro derivatives (IIA or IIB). The exist-
ence of (ITA) or (IIB) was indicated by the loss of
the ultraviolet spectrum of IA or IB, the isolation
of 6-hydroxyhydro-1,3-dimethyluracil’® by hydro-
genolysis and the formation of 5-bromo-derivatives
(IITA or IIIB). The dehydration of IIA or IIB to
form IIIA or IIIB proceeded spontaneously and
quantitatively and thus provided an excellent
method for the preparation of III. Therefore, it
seemed that Johnson’s statements’ to the effect
that IVA decomposed spontaneously and quanti-
tatively to III could actually hold for II. A thor-
ough study of IV was made in order to clarify these
different views. IV was prepared by the addition of
one mole equivalent of bromine to 5-bromo- deriv-
atives (III) in aqueous solution. However, the
bromine analysis of the product obtained after re-
peated crystallization from hot water were low
(IVA, found: 54.05, 54.38; IVB, found: 49.15)
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12 WANG

for both compounds. These results led us to re-
erystallize the compounds from nonaqueous solu-
tion because the above bromine analysis checked
very well with /,H:0 of crystallization (IVA, caled.
54.02; IVB, caled. 49.18). Both compounds dis-
solved easily in acetone and were crystallized out
by the addition of petroleum ether (30-60°) and
the bromine analyses were found to be correct.
After drying, the compounds which were crystal-
lized from organic solvents could be kept for a long
period of time without decomposition. Therefore,
this suggested that the instability of IV is probably
due to the presence of water of crystallization.
(Levene and Johnson did not chserve this.)

As for the mechanism of the formation of 5-
bromo-derivatives (III) from the dibromo deriva.
tives (IV). the following experiments were carried
out. IVA and IVB in 2 X 10~2 M aqueous solution
were heated to reflux for 8 hr. or more. A solution
of IVA gave a maximum at 275 mu (3.9 X 10%) and
a solution of IVB gave a maximum at 280 myu (e
3.4 X 10%), thus indicating about 509, conversion
to IIIA and ITIB, which was confirmed by the iso-
lation and identification of ITTA and IIIB from the
above experiments. This suggested that hydrogen
bromide, resulting from the hydrolysis of dibromo
derivatives (IV), catalyzed the formation of III.
When IVA and IVB in 1 X 107¢ M aqueous solu-
tion were heated under reflux for 24 hr, or more, no
increase in ultraviolet absorption was observed at
any time. This is probably due to the hydrolysis of
IV to form isedialurie acid. However, when the re-
action was carried out in 2 N HCI or HBr, the ab-
sorption at 275 my for I1Ia (\2Y¥HC1 276 my, ¢ 7.2
% 10%) and at 280 mu for IIIB (A2Y HC 283 my,
€ 7.8 X 10%) gradually increased to more than 809,
of that for IITA and IIIB at the end of 8 hr. The
above observations indicate that III is formed from
IV only when HX is present. The probable reason
for Levene’s® statement that “the dibromo com-
pound is undoubtedly the original product which
formed immediately on addition of bromine” is
that he overlooked the existence of II, which he
did not observe because of the inability to isolate
these derivatives.

Most workers have been under the impression
that IV is highly unstable (which belief now ap-
pears untenable), since they used the method of
Levene'! for the preparation. This method re-
quires the addition of bromine until the color of
the solution remains permanently yellow. However,
we observed that if the reaction was carried out at
or below room temperature, the yellow color ap-
peared after one mole equivalent of bromine had
been added to the solution. Thus, the isolation of IV
is not possible under these conditions. The for-
mation of dibromo compounds (IV) or the disap-
pearance of the yellow color for the second mole
equivalent of bromine is dependent on the rate of

(11) P. A. Levene, J. Biol. Chem., 63, 683 (1925).
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the formation of III and thus is determined by the
rate of dehydration of II. The rate of dehydration
seems to be influenced by the bulkiness of neighbor-
ing groups (N,) to the 6-hydroxy group. For ex-
ample, at room temperature and pH 2, IIA is de-
hydrated in less than 10 min., IIB is completed in
2 hr., but for uridine no more than 109, dehydra-
tion was observed in 24 hr. However, when heated
on a steam bath for 10 min., these three compounds
were all completely dehydrated.

From the above results, it appears that uracil de-
rivatives, whether substituted at position 3 or not,
show the same chemical behavior in reactions with
bromine. There may be differences between them
but they are only quantitative instead of qualita-
tive.

In conclusion, we suggest that IV is formed from
IIT, and III in turn is formed from II. The for-
mation of III from IV is catalyzed by HX and may
proceed via the transition state V.
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EXPERIMENTAL!?

&-Bromouracil (IITA4). Uracil (2 X 10~2 mole) was pulver-
ized and suspended in 40 cc. of water., One mole equivalent
of bromine (1.04 ml.) was added with swirling and a clear
solution resulted. The reaction solution was then heated on
a steam bath for 25 min. and a crystalline product started
to appear after 10 min. of heating. After cooling, the product
was collected and washed carefully with warm water.
Over 909, yield of the compound was collected. It did not
melt up to 300° but decomposed and sublimed. ¢

Mad 276 my, € 7.30 X 10%; NEP° 241 my, ¢ 1.76 X 103
A280/2260 1.47, A250/)2260 0.52; (pH 5.6)

Anal. Caled. for CH;0:N;Br: N, 14.67; Br, 41.84;
Found: N, 14.81; Br, 41.51.

5-Bromo-1,3-dimethyluracil (IIIB). 1,3-Dimethyluracil
(2 X 1072 mole) was dissolved in 20 cc. of water and the
above procedure for making IITA was followed exactly.
A yield of over 909, of IIIB, m.p. 184-185°, was obtained.
Mixed melting point with an authentic sample 184-185°;
Ar 283 mp, € 8.57 X 10%; AR 246 mp, € 1.57 X 103 1013;
A280/2260 0.24, A\250/2260 0.49.

5,6-dibromo-6-hydroryhydrocil (IVA). Pulverized 5-bro-
mouracil (2 X 10-2}) was suspended in 40 cc. of water
and 1.04 ml. of bromine was added. The reaction mixture,

(12) All melting points are uncorrected and were taken
with a Fisher-Johns melting point apparatus. The analyses
were carried out by Dr. 8. M. Nagy and his associates,
Microchemical Laboratory, Massachusetts Institute of
Technology. Ultraviolet spectra were determined with
Beckman spectrophotometer, model DU.

(13) T. B. Johnson and S. H, Clapp, J. Biol. Chem., 5,
62 (1909).
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in a stoppered flask, was stirred for about 6 hr. At the end
white powder-like erystals were collected and washed with
chilled water. Over 809, of the theoretical amount was ob-
tained and an additional 109, more was obtained after the
mother liquor had been concentrated to about one third of
its original volume with a stream of nitrogen. This com-
pound melted at 209-211° with strong effervescence, then
resolidified.*

Anal. Caled. for C;H,N:Br,0;.1/,H,0: C, 16.18; H, 1.70;
N, 9.44; Br, 53.82. Found: C, 16.09; H, 1.64; Br, 54.05.

This compound was recrystallized from acetone—petroleum

ether (30-60°), m.p. 210° with strong effervescence, then
resolidified,

Anal. Caled. for C,H,O3;N,Br.: Br, 55.51; Found: Br,
55.12.

5,6-Dibromo-6-hydrozy-1,3-dimethylhydrouracil (IVB), Pul-
verized 5-bromo-1,3-dimethyluracil (IT1IB) was treated
identically as the above procedure and gave over 809, of
the theoretical yield. Crystallization from hot water yielded
a product with a m.p. 136-137°12

Anal. Caled. for CsHsO3N.Br;.1/,H,0: Br, 49.18. Found:
Br, 49.15.

Crystallization from acetone-petroleum ether (30-60°)
instead of water, vielded a product with a m.p. 139-140°,

Anal. Caled. for CsHsO3N:Bry: Br, 50.58. Found: Br,
50.50

Effect of reflux on 5,5-dibromo-6-hydrozyhydrouracil (IVA)
n 2 X 107:M aqueous solution. A 2 X 1072} solution of
IVA (0.2879 g. in 50 cc.) was heated under reflux. At one
hour intervals, a 0.5 ml. sample of the solution was with-
drawn and diluted to 100 ml. in & volumetric flask. The ultra-
violet spectrum of each sample was determined. Prior to
reflux the solution had an initial pH of 5.88 and after, a pH
of 3.90. The readings were obtained as shown in Table I.

TABLE I
2 X 1072 M in H,O

1 X 107* M in 2N HCl

Time, IVA, €273, IVB, €280, IVA, €275, IVB, €280
Hr. X 1072 X 1073 X 1078 X 107%
0 0.23 0.37 0.22 0.39
1 0.77 0.92 3.19 3.95
2 1.75 1.67 3.90 5.60
3 2.66 2.01 4.48 6.01
4 3.39 2.97 4.98 6.20
5 3.89 3.39 5.21 6.30
6 4.00 3.62 5.49 6.21
7 3.76 3.65 5.45 6.21
8 3.80 3.77 5.59 6.21

Effect of reflux on 5,5-dibromo-6-hydrozy-1,3-dimethyl-
hydrouracil (IVB) in 2 X 1072M aqueous solution. A 2 X
1020 solution of IVB (0.3159 g. in 50 cc.) was treated
in a similar manner as above. The readings are shown in
the table.

Isolation of 5-bromouractl (IIIA) from ageuous solution
of 2 X 10-2] of IVA by refluz. A solution containing 0.576 g.
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of IVA dissolved in 100 cec, HyO (2 X 1072M) was heated
under reflux for 8 hr. The final pH reading was 1.8 and ex-
tinction at A%’ was € 3.7 X 103 The solution was evaporated
to dryness and gave a crude yield of 0.3143 g. After two
recrystallizations from absolute methanol, a crystalline
product which decomposed and sublimed without melting
up to 300° was obtained. Its ultraviolet spectrum was
identical with the standard curve of IITA and the optical
density ratios were A280/2260, 1.49 and A\260/:x240, 2.66
as compared to the standard values of 1.47 and 2.61,
respectively.

Isolation of 5-bromo-1,3-dimethyluracil (IIIB) from aque-
ous solution of 2 X 10~2M of IVB by refluz. A solution con-
taining 0.316 g. of IVB dissolved in 50 cc. of H,O (2 X
10-2}) was heated under reflux for 8 hr. The final reading
of extinction at A was € 3.6 X 10%. The solution was ex-
tracted six times with 25 ce. portions of chloroform and the
organic layers were filtered through anhydrous sodium
sulfate. The crude crystalline residue, after evaporation of
chloroform, weighed 89 mg. One recrystallization from ab-
solute ethanol gave a product with a m.p. 184-185° and
mixed m.p. 184-185° (with authentic 5-bromo-1,3-di-
methyluracil). Also identical ultraviolet spectra for both
were obtained.

Effect of reflur on 1 X 107*M aqueous solution of 5,5-
dibromo-6-hydrozyhydrouracil (IVA). A solution of 1 X
1043 of the compound IVA in water was heated under
reflux,. The ultraviolet spectrum of each sample which
had been pipetted from the solution at certain time inter-
vals was determined from 220-300 mu. The readings at
275 mu were as follows:

Time, hr. 0 3 6 12 24
e X 1070 0.18 0.38 0.41  0.38  0.33

Effect of reflux on 1 X 107*M aqueous solution of §,5-
dibromo-6-hydrozy-1,3-dimethylhydrouracil (IVB). A solu-
tion of 1 X 1074M of the compound (IVB) in water was
treated in a similar manner as above. The readings at 280
mu were as follows:

Time, hr. 0 3 6 12 24
eso X 1073 0.27 0.14 0.18 0.11 0.21

Effect of reflux in acid (8N HClor HBr)on 1 X 10™'M
solution of &,5-dibromo-6-hydroxyhydrouracil (IVA). A
solution of 1 X 107M of the compound (IVA) in 2N
HCI was heated under reflux, in a flask. The ultraviolet
spectrum of each sample at certain time intervals was
determined from 220-300 mu. The readings at 275 mu
are shown in the table.

Effect of reflux in acid (2N HCl or HBr) on 1 X 10™4M
solution of 5,6-dibromo-6-hydrozy-1,3-dimethylhydrouracil
(IVB). A solution of 1 X 10~4M of the compound (IVB) in
2N HCI was heated under reflux, and the readings were
taken in exactly the same manner as above and are shown
in Table I.
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