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Abstract—During syntheses aimed at obtaining 4-f-chloroethylamino and 4-bis-fi-chloroethylamino
pyrimidines, it has been found that treatment of 2-chloro-d-bis-F-hydroxyethylaminopyrimidine with
hydrochloric acid or of 4-bis-f-hydroxyethiplaming-2-mercaptopyrimidine with chloroacetic acid and
hydrochloric acid yields 1-f-hydroxyetfiyl-5-oxo-imidazolidina[1 2-clpyrimidine. Further, 2-chloro-4-
bis-fi-hydroxyethylamino pyrimidine and  2-bemzylmercapto-d-bis-fi-hydroxyethylaminopyrimidine
yield 1-fi-chioroethyl-3-oxo-imidazolidine(l.2-clpyrimidine on treatment with thionyl chloride followed
by exposure to moisture.

IN CONTINUATION of our studies on pyrimidines of possible therapeutic interest,!*
the syntheses of 4-bis-f-chloroethylamino and 4-f-chloroethylamino pyrimidines
were undertaken. It is well known that nitropen mustards and similar alkylating
agents are inhibitors of tumour growth and are mutagenic agents.® It is also likely
that these effects are a consequence of the alkylation, by such agents, of the nitrogen
atom at position 7 of the guanine residues in DNAA® In view of the fact that guanine
and cytosine residues are often proximally situated in biological systems, it seemed
of interest to use cytosine and similar molecules as carriers of the alkylating function.
The syntheses of 4-bis-f-chloroethylamino-2-hydroxypyrimidine and 4-f-chloroethyl-
amino-2-hydroxypyrimidines were, therefore, investigated.

The compounds obtained in the present study are shown in Chart 1. Treatment
of cytosine with ethylene oxide yielded predominantly 2-fydroxy-d-f-hydroxyetiyl-
aminopyrimidine (I), which on treatment with thionyl chloride was converted to
4-g-chloroethylamino-2-hydroxypyrimidine (11).

With a view to obtaining the 4-bis-f-chlorcethylamino derivative, both 2.4-
dichloropyrimidine and 2,4-dimercaptopyrimidine were treated with diethanolamine,
It has been found in the case of 2d-dimercaptopyrimidine that the reaction with
amines leads exclusively to the 4-amino-2-mercaptopyrimidines.® As the products
from both the above reactions could be converted to IV, it was clear that the reaction
with 2,4-dichloropyrimidine had also involved substitution at position 4. The pro-
ducts obtained were therefore 2-chloro-4-bis-f-hydroxyethylaminopyrimidine (I11)
and 4-bis-f-hydroexyethylamino-2-mercaptopyrimidine (VII), These two compounds
were treated with hydrochloric acid and with chloroacetic acid and hydrochloric
acid respectively to replace the functional groups at position 2 by hydroxyl. The
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compound so obtained, however, was not the expected 2-hydroxy-4-bis-f-hydroxy-
ethylaminopyrimidine. The evidence leading to a imidazolidino[l.2-c]pyrimidine
structure for this compound (IV) is discussed below.,

The compound IV analysed for CgH,CIN;O,. It was a hydrochloride, which on
treatment with an ion-exchange resin yielded a free base V, CuHN.0,. Its UV
spectra (Table 1) was of the 4-amino-2-hydroxypyrimidine type but it had a pKa of
6-84 (Table 2). The pKa of cytosine and 2-hydroxy-4-g-hydroxyethylaminopyrimidine
(I) under similar conditions was found to be 460 and 4-64 respectively. The /R
spectra’ of IV had a strong 2-oxo-pyrimidine C=0 stretching peak at 1715 em™,
the pyrimidine ring absorption at 1645 cm™ and O—H and C—O stretching peaks
at 3225 and 1053 em—. A strong peak which was absent in the spectra of III and VII,
was present at 1230 cm~'. It was, therefore, clear that this compound had been
formed by the expected introduction of a OH function at position 2 and also the loss
of a molecule of water from the rest of the molecule. The presence of an aleoholic
OH (IR absorption) did not favour the morpholino structure XI. Nevertheless,
this compound XI was synthesized from the known 2-mercapto-d-morpholinopyrimi-
dine (IX)® by conversion to the 2-benzylmercapto compound X and subsequent
hydrolysis with hydrochloric acid. Compound XI was clearly different from IV. Its
IR spectrum had no OH bands and the strong absorption at 1230 em—, which was
present in the spectra of I'V was absent. The C=0 stretching absorption at 1720 cm™
was present and a strong peak at 1125 cm™ could be assigned to the ether function.

The NMR spectra of some of the compounds shown in Chart 1 have been deter-
mined. From these spectra, it may be generalized that —O—CH,— (cyclic) and

S
—NH—CH,— as in the hydrochloride of themorpholino compoundsareindistinguish-

|
able and give rise to a single peak at 6-08-6-11+. Also that HO—CH,— and

—N—CH;—, as in f-hydroxyethylamino chains, give rise to signals at 6:16-6-20 +

are also not distinguishable. The two protons at positions 5 and 6 of the pyrimidine
ring give rise to two doublets around 21 and 3+6, = (J, 8+0 ¢/s).

The NMR spectrum of compound IV has two doublets at 2:11 and 3-65 + (J, 8-0 ¢/s)
due to the protons at positions 3 and 6 of the pyrimidine ring. The position 5 of the
pyrimidine ring is therefore not involved in the formation of an additional ring. The
eight methylene protons give rise to three sets of peaks at 6-2, 6-05 and 5-74 ~. Inte-
gration of these peaks indicates that the peaks at 6-2 and 6-05 = are due to two protons
each and the peaks at 574 7 due to four protons. The imidazolidino[l.2-c]pyrimi-
dine structure 1V is consistent with the IR spectra of this compound and by analogy
with the other NMR spectra, the peaks at 6-2 and 6-05 = could be assigned to the =«
and f methylenes respectively of the S-hydroxyethyl chain. Itis also not unreasonable
that the four imidazolidine protons show up similarly and give rise to the peaks
around 374 1,

The mass spectrum of the free base V has a strong molecular ion peak at mfe, 181,
The base peak is at m/e 150 and two strong peaks are at mfe 137 and 108. This
spectrum is consistent with an imidazolidine[l.2-c]pyrimidine structure for V as
fragments with mfe 150, 137 and 108 can be readily derived from V (Chart 2).

The formation of 1V from the 2-hydroxy compound XII may be rationalized as

" The TR spectra of 2,4 substituted pyrimidines will be discussed more fully elsewhere.



Tetrahedron,1967,23,1927 to 1304
4§-Chlorethylaminopyrimidines and the formation of imidazolidino[1.2-clpyrimidines 1299

CHART 1
HMN—CH,CH,OH HN—CH.CH,CI
N)j E'{O—::\FI }L | 1
Ho NS S o AN o, oSN
cytosine I II
) CH: . + HCl
i HOH,CH,CN—CH,CH,OH CH N—CH,CH,ClI
CHCHyOH H‘:"‘-..
N | uu;‘ 7\]
CHyCH,
AN s i L[/J\ Soch, 0)\?«'
2 4,~dichloro 1Tt V1
pyrimidine HCl OO
/CH‘-‘\ CH* \M+ HCl

éu, N—CH,CH,0H —CH,CH,OH  HOM,CH,CN—CH,CH.OH

LH
odns f‘l\ $CH, S/I\
o VII
Im CICHCOOH

[y HCl o)
v
SH HOH.CH.CN—CH, CH,0H
j LH.CH,O:—!
HSJ\ Lth’_HgDH /L\

2,4.—-d:mercapm VIII
pyrimidine

.

on (n] 0
SCHLCH E j Hl [ ,j

M j‘\ NHcl
T;f N
i

HS— N 'ﬁCI-I,S”’Jl\Nj H-::l—’l\

IX - x XL



Tetrahedron,1967,23,1927 to 1304

4f-Chlorethylaminopyrimidines and the formation of imidazolidino[1.2-c]pyrimidines 1301

: CHART 3
HO—H,—C—H;—C—N—CH,CH,0H
"
——=
Hﬂ/l\N
XII
~CHy~_ O
Hélcila M—CH,CH,0H (ELKU_CH:IH’OH
= b _
| 0ar :Nl' .
HO )\N H{J/J\‘N
XIIT l XIv
|
v
CH,_+ HCI CHi: +HCl
—CH,CH, OH . & ¢
éu, i fhy L REeCEOH
"‘\ S i 4/1\
hs gt
H<0"" N
v XYV
CHART 4
HOH,C H,C —N—CH,CH,OH e
—N— " N— CH,CH,Cl
1 3 J\ Rt (.'-H,"ﬂif 1 H]
P,
N 500, N
) 0%, I
) Sl i KN
IIL, X = Cl XVIT
VIII, X = $CH,S
CH,~ T HCI ~CH,
&, N—CH,CH,Cl [/H N—CH.CH,CI
\\NJ\“% Hi?‘“rh"lh“
L]
e
Oy‘J\Na::fJ ﬁ EyA\Nf
+ XH T
i)
H-



LLN

Tetrahedron,1967,23,1927 to 1304

F
1302 K. L. Nacrar and M. M, DHAR
TasLe 1, —UV ABSORPTION SPECTRA DATA
Amnx mpe (Log €)
Compound pH 2:0 624 100
Cytosine 276 (393) 267 (373) 283 (3-83)
2 Hydroxy 4-f-hydroxyethylamino 284 (4-08) 274 (3-90) 273 (3-92)
pyrimidine (1)
4-fi-Chloroethylamine-2-hydroxy 280 (4-109 272 (3-99) 272 (3-95)
pyrimidine (11}
2-Chlora-4-bis-fi-hydroxy-ethylamino- -- 252 (4-01) —
pyrimidine (I1T) 286 (3-55)*
1-f-Hydroxyethyl-5-oxe-imidazolidino[1.2-¢]- 290 (410) 290 (3-99) 306 (4:09)
pyrimidine (T¥)
1-f~Chloroethyl-5-oxo-imidazolidino[1.2-c]- 288 (4-100 294 (4-05) 305 (4-18)
pyrimidine (VI)
4-Bis-f-hydroxyethylamino-2-mercapto- 278 (4-36) 271 (4-49) 249 (4-40)
pyrimidine (VII) 304 (3-85)*
2-Benzylmercapto-4-bis-f-hydroxyethylamino- 257 (4-43) - —
pyrimidine (VIII)
2-Mercapto-d-morphoelinopyrimidine (IX) 244 (4-08) 270 (4-53) -
278 (4-42)
2-Benzylmercapto-4-morpholinopyrimidine (X) 259 (4-43) - =
2-Hydroxy-4-morpholinepyrimidine (XI) 288 (4-20) 277 (4-10) 289 (4-08)
* Shoulder
TABLE 2.—pKa Data
Compound pka
Cytosine 4-60 (Lit, 4-60°)
1-fi-Hydroxyethyl-5-oxo-imidazolidino- 684
1 [L2-c] pyrimidine (IV)
2-Hydroxy-4-f-hydroxyethyl- 464
pyrimidine (I)
2 Chloro-4-bis-fi-hydroxyethylamino- 370
pyrimidine (I11)
EXPERIMENTAL

IR spectra in KBr and UV spectra of all the compounds shown in Chart 1 were routinely de-
termined.®* UV maxima are recorded in Table 1. pKa's were determined from potentiometric
titrations with a glass clectrode of 0-001M solns in water and are listed in Table 2. NMR spectra
were determined in DO on a Varians A-60 instrument at the Research Laboratories of Lepitit
Milan and are summarised in Table 3, Mps are uncorrected,

2-Hydroxy-d-fi-hydroxyethylaminapyrimidine (1)

A soln of cytosine (0-5 g, 4-5 mmoles) in DMF {50 m1) containing ethylene oxide (0-5 g,
11-3 mmoles) was mechanically shaken in a stoppered bottle at 60-70° for 40 hr, The soln was
evaporated to dryness under reduced press and two lots of xylene (2 % 35 ml) were added and
evaporated, The residual solid was extracted thrice with chf (3 = 30 ml) and the insoluble material

® The compounds reported are being tested for anti-viral activity, Results of these tests will be
reported by Dr. O. P. Babbar,
" P, A, Levene, L. W, Bass and H. 5, Simms, J. Biol, Chem. T0, 229 (1926).
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. TABLE 3.—DdaTa rRoM NMRE sSPECTRA

Methylene proton signals*

Chemical
shift No. of
Compound (7) protons Shape
2-Hydroxy-4-morpholinopyrimidine 611 8 Single peak
hydrochloride (XI)
2-Chloro-4-bis-f-hydroxy-ethylamino- 620 8 Three peaks, centre peak con-
pyrimidine (TIT) siderably larger than other
two.
4-Bis-f-hydroxyethylamino-2-mercapto- 16 8 Single peak
pyrimidine (VII)
1-f-Hydroxyethyl-3-oxo-imidazoliding- 574 + Five peaks, centre peak very
[1.2-¢c]-pyrimidine hydrochloride (IV) much larger than others.
605 2 Broad single peak
62 2 Complex pattern with two
prominent peaks,
1-fi-Chloroethyl-5-oxo-imidazolidino- 574 4 Five peaks, centre peak very
[1.2-c] pyrimidine hydrochloride (VI) much larger than others.
605 4 Single peak

* In every spectrum two methine protons showed up as two doublets around 2, 2 4 (+15 and
355 £ 0-10r (J, 8 ).

crystallized from 9557 EtOH, yield, 00423 g (61%7), m.p. 234-236°, (Found: C, 46:77; H, 613:
N, 26-88. CyHyNyO, requires: C, 46-46; H, 580; N, 27-10%.)

d=fuChloroethylamino-2-hydroxypyrimidine ipdrochloride (1T)

Compound I (0350 g) was suspended in a soln of THF (25 ml) contaj ning SOCI, (1-6 ml) and the
mixture refluxed with stirring for 48 hr. At the end of this period, the solvent and excess SOCI,
were removed under reduced press, The residue on crystallization from EtOH-ether gave the product
(0342 g (74740, m.p. 223" (softens at 197%), For elemental analysis a sample was recrystallized
from dry MeOH. (Found: C, 34-48; H, 440; N, 19-67. CH,CLN,0 requires: C, 34-29; H,
4-26; M, 20:00 %)

2-Chiaro-4-bis-f-hydroxyethylaminopyrimidine (I1I)

Diethanolamine (536 g, 0053 mole) in ELOH (60 ml) was added dropwise to an ice-cooled and
stirred soln of 2,4-dichloropyrimidine (8 g, 0033 mole) and Et;N (535 g, 0053 mole) in EtOH
(100 ml). After the addition was complete (ca. 110 min), the soln was left at room temp overnight.
EtOH was then removed under reduced press and 4 portions of benzene (50 ml) were added to the
residue and evaporated. The residue so obtained was repeatedly extracted with cther and crystallized
from AcOE}, yield, 6-52 g (36%(), m.p. 109-110°. (Found: C, 44-53; H, 5-80; N, 19-27; Cl, 16-78.
C3H,CIN,O, requires: C, 44-13; H, §:51; N, 19:31: Cl, 1632%.)

d-Bis-f-hydroxyethylamino-2-mercaprapyrimidine (VII)

A mixture of 24-dimercaptopyrimidine (2 g, 0-013 mole) and diethanclamine (4 g, 0-038 mole)
was heated on a steam bath for 48 hr, The brown gum so obtained was taken up in EtOH (25 m1)
and the soln scratched and left overnight at room temp. The separated solid was filtered, washed
with ice-cold EtOH and recrystallized from hot EtOH, yield, 1-13 g (40%7), m.p. 182-184°, (Found:
C, 45015 H, 619%; N, 1385, CyH,,N,0,8 requires: C, 44-65; H, 6-04; N, 19-53%)

1-fi-Hydraxyethyl-5-oxo-imidazoltdino[1.2-clpyrimidine hydrochloride (TV)
(a) From 2-chioro-d-bis-f-hydroxyethylamine pyrimidine. A soln of 2-chloro-4-bis-f-hydroxy-
ethylaminopyrimidine (1 g,) in cone. HCI (4 m1) was heated on a steam bath for 18 hr, The acid was
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evaporated off on the steam bath in an open dish and 5 portions of . water (5 x 15 ml} were suc-
cessively added to the residue and evaporated to dryness. Recrystallization of the resulting solid
from EtOH afforded 0-63 g (6370) of the hydrochloride m.p. 244-246°, (Found: C, 44-39; H,
566; M, 19-09; Cl, 15-89. CH,,CIN,O, requires: C, 44-13; H, 5-51; N, 19:31; CI, 16:323.)

(b) From d-bis-f-hydroxyethylamino-2-mercaptopyrimidine, A soln of 4-bis-f-hydroxyethylamino-
Z-mercapto pyrimidine (0-29 g, 1-3 mmoles) and chloreacetic acid (0-13 g, 1-3 mmaoles) in water (7 mil)
was refluxed for 80 min, Cone. HC (2-3 ml) was added and the refluxing continued for a further
2 hr. The soln was then evaporated to dryness and the resulting sticky solid triturated with cther
to yield a solid. Recrystallization from EtOH yielded the hydrochloride (0-148 g, 50%{) m.p. and
mixed m.p. with product obtained by method (a), 244-246°. IR spectra of both products were
superimposable. (Found: C, 44-50; H, 539; N, 1907, GH,CIN;O, requires: C, 44-13; H,
5:51; N, 19319

1-f-Hydroxyethyl-5-oxo-imidazelidine[1.2-c]pyrimidine (V)

A soln of the hydrochloride IV in water was treated with an excess of Amberlite IR 400 (OH~
form), The soln of the free base so obtained was evaporated to dryness under reduced press and
the residue crystallized from MeOH-AcOEt, m.p. 200-201°, (Found: C, 52-76; H, 6-40; N, 23-31.
CyHyMNyO; requires: C, 53-03; H, 6:06; N, 23-203.)

2-Benzylmercapio-4-bis-f-hydroxyethylaminopyrimidine (VIIT)

4-Bis-f-hydroxyethylamino-2-mercaptopyrimidine (1-13 g, 5-2 mmoles) was dissolved in water
(10 ml) containing NaOH (0-4 g) and a soln of benzyl chloride ((+72 g, 5-3 mmoles) in EtOH (25 ml)
added portionwise with stirring and the mixture heated at 60-70° for 2 hr. Most of the EtOH was
removed under reduced press and the aqueous soln kept in a refrigerator overnight. The separated
solid was filtered and crystallized from acetone—hexane, yield 1-37 p (86 %), m.p. 104-106°. (Found:
C, 5891; H, 6-34; N, 1412, CiHyuN3O,5 requires: C, 59-02; H, 6:23; N, 13770,

2-Benzylmercapto-d-morpholinopyrimidine (X)

This pyrimidine was prepared in 82%; yield by treating 2-mercapto-4-morphelinopyrimidine®
with benzyl chloride as described for the preparation of VIIT, m.p. 117-118°, (Found: C, 63-03;
H, 626; N, 14-64. C,,;H,;N;08 requires: C, 62-72; H, 5-92; N, 14-63%..)

2-Hydroxy-d4-morpholinopyrimidine .&y.:.'rac.‘n‘nr&k (XI)

2-Benzylmercapto-4-morpholinopyrimidine (0322 g) was added to cone. HCI (2-5 ml) and the
mixture gently refluxed for 5 hr. The acid soln was then diluted with water, extracted with 3 portions
of ether and evaporated to dryness. Crystallization of the residue from MeOT-AcOEt gave the
hydrochloride (016 g (66 21}, m.p. 240-241°. Mixed m.p. with IV 228-233°,

An analytical sample was obtained by recrystallization from abs EtOH m.p. 241-242°, (Found:
C, 43-87; H, 540; N, 1912, CH,,CIN;O, requires: C, 44-13; H, 5-51; N, 19-323..)

1-fi-Chloroethpl-S-oxo-imidazolidine[1.2-clpyrimidine hydrochloride (Y1)

(a) From Z-chloro-4-bis-f-hydroxyethylamine pyrimidine, A soln of 2-chloro-4-bis-f-hydroxy-
ethylaminopyrimidine (0-3 g) and SOCI, (0-8 ml} in chf (25 ml) was allowed to stand at room temp
for 24 hr. The solvent and excess SOCL, were removed under reduced press (water pump). The
hygroscopic solid thus obtained was crystallized twice from MeOH-AcOE# to give the hydrochloride,
yicld 0-19 g (627), m.p. 224-225°. (Found: C, 41-10; H, 510; N, 17-96. C,H,,CI,N,0 requires:
C, 40-68: H, 465; N, 17-79°.)

(b} From 2-benzyplmercapto-d-bis-f-fivdroxyethylaminopyrimidine. A soln of 2 benzylmercapto-4-
bis-f-hydroxyethylaminopyrimidine (0-5 g) and SOCI, (I ml) in chf (25 ml) was allowed to stand
at room temp for 24 hr and worked up as in (a), yield 0-228 g (65 %), m.p. and mixed m.p. with product
from 2-chloro-4-his-f-hydroxyethylaminopyrimidine, 224-225°, IR spectra of both products were
superimposable. (Found: C, 41-02; H, 502; N, 17-79. CyH,,Cl;N;0 requires: C, 40-68; H,
4-65; N, 17-79%)

Acknowledzements—We express our gratitude to Dr. E. Testa for NMR spectra, to Dr. R. 8. Kapil
for the mass spectrum, to Mr. J. Saran and his associates for microanalysis and to Drs. Nitya Anand
and 5. P. Popli for helpful discussions,





