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--During syntkcs ainud at obtaining 4&chloroethylami~1o and 4-bis-/Mkwcthybmino 
pyrimidinu, it has been found that treatwnt of 2-ch&ro4b~@4y&oxye~hylumbop~~ with 
hydrochloric add or of 44i.s-&hydroxyethyhamb2-mw~topyrimid with chloroacetic acid and 
hydrochloric acid yields l-~-h~ox~fhyf-~x~~o/~[l.2~@yrimi&c. Further, 2-chloro4 
bi+hydroxyethylamino pyrimidine and 2-bruylrurEcrpr~L~~ox~thy~p~~e 
yield l-~lclrlorcwrhyl-~xo-imldcuolldino[l.2~~~f~~ on trcaMQlt with thionyl chloride folkwed 
by exposure to moisture. 

IN CONIINUATION of our studies on pyrimidines of possible therapeutic interest,l.* 
the syntheses of 4-his-fihloroethylamino and Q-chloroethylamino pyrimidines 
were undertaken. It is well known that nitrogen mustards and similar aIkylat.ing 
agents are inhibitors of tumour growth and are mutagenic agents.J 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 DNA.‘.& In view of the fact that guanine 
and cytosine residues are often proximally situated in biological systems, it seemed 
of interest to use cytosinc and similar molecules as carriers of the alkylating function. 
The syntheses of 4bis-J?-chloroethylamino-2-hydroxypyrimidine and +!%chloroethyl- 
amino-Zhydroxypyrimidines were, thcreforc, investigated. 

The compounds obtained in the present study are shown in Chart 1. Treatment 
of cytosine with ethylene oxide yielded predominantly 2-hrdrox~Bl?vdroxyef~~~- 
utninopyrimidine (I), which on treatment with thionyl chloride was converted to 

4&chloroerhylamino-2-hydroxypyrimidine (II). 
With a view to obtaining the Ibis-j&hloroethylamino derivative, both 2.4 

dichloropyrimidine and 2Jdimercaptopyrimidine were treated with diethanolamine. 
It has been found in the case of 2,4dimercaptopyrimidine that the reaction with 
amines leads exclusively to the 4amino-2-mercaptopyrimidines.’ As the products 
from both the above reactions could be converted to IV, it was clear that the reaction 
with 2.4dichloropyrimidine had also involved substitution at position 4. The pro- 
ducts obtained were therefore 2chloro4bis+hydroxyethylaminopyrimidine (111) 
and 4bis+hydroexyethylamino-2-mercaptopyrimidine (VII), These two compounds 
were treated with hydrochloric acid and with chloroacctic acid and hydrochloric 
acid respectively to replace the functional groups at position 2 by hydroxyl. The 

1 K. L. Nagpal and M. M. Dbar. In&m J. Chem. 3,126 (1965). 
’ K. L. Nag@, K. L. Agard and M. M. Dhar. M&an 1. Chem. 3,356 (1%5). 
D W. C. J. Ross, Biological Akykatirip Agrnrs p. 64. Buttcnvorth, London (1962). 
4 P. D. Lawlcy and C. A. Wallick, Chem. & Id. 633 (19S7). 
L B. Reiner and S. Zamenhof, J. BIN. C/urn. 228,475 (1957). 
@ P. B. Russcl. G. B. Elion, E. A. Falco and G. H. Hitching. 1. Amer. Chem. SC. 71.2279 (1949). 
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compound so obtained, however, was not the expected 2-hydroxy4bis+hydroxy- 
ethylamiaopyrimidine. The evidence leading to a imidazolidino~1.2-cJpyrimidinc 
structure for this compound (IV) is discussed below. 

The compound IV analysed for GH,CIN,O,. It was a hydrochloride, which on 
treatment with an ion-exchange resin yielded a free base V, C,H,,N,O,. Its UV 
spectra (Table 1) was of the 4amino-2-hydroxypyrimidine type but it had a pKu of 
6.84 (Table 2). The pKa of cytosine and 2-hydroxy4b-hydroxyethylaminopyrimidine 
(I) under similar conditions was found to be 460 and 4.64 reqzectively. The IR 
spectra’ of IV had a strong 2-oxo-pyrimidine C=O stretching peak at 1715 cm-l, 
the pyrimidine ring absorption at 1645 cm-r and C&H and C-O stretching peaks 
at 3225 and 1053 cm-r. A strong peak which was absent in the spectra of III and VII, 
was present at 1230 cm-l. 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 alcoholic 
OH (IR absorption) did not favour the morpholino structure XI. Nevertheless, 
this compound XI was synthesized from the known 2-mercapto4morpholinopyrimi- 
dine (IX)s by conversion to the 2benzylmercapto 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 cm-l, which was 
present in the spectra of IV was absent. The C-0 stretching absorption at 1720 cm-r 
was present and a strong peak at 1125 cm-l 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-C&- (cyclic) and 

-NH-CH,- as in the hydrochloride of themorpholinocompoundsareindistinguish- 

able and give rise to a single peak at 6*08-6*11 7. Also that H&CH,- and 
-N-CH,-, as in /I-hydroxyethylamino chains, give rise to signals at 6.166.20 7 

are also not distinguishable. The two protons at positions 5 and 6 of the pyrimidine 
ring give rise to two doublets around 2-l and 3.6, T (J, 8.0 c/s). 

The NMR spectrum of compound IV has two doublets at 2-l 1 and 3.65 7 (J, 8-O c/s) 
due to the protons at positions 5 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 T. Inte- 
gration of these peaks indicates that the peaks at 6.2 and 6.05 7 are due to two protons 
each and the peaks at 5.74 T due to four protons. The imidazolidino[l.2c]pyrimi- 
dine structure IV 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 7 could be assigned to the a 
and ,!l methylenes respectively of the fi-hydroxyethyl chain. It is also not unreasonable 
that the four imidazolidine protons show up similarly and give rise to the peaks 
around 5.74 r. 

The mass spectrum of the free base V has a strong moIecular ion peak at m/e, I8 I. 
The base peak is at m/e 150 and two strong peaks are at m/e 137 and 108. This 
spectrum is consistent with an imidazolidino[l.2-c]pyrimidine structure for V as 
fragments with m/e 150, 137 and 108 can be readily derived from V (Chart 2). 

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

’ The IR spectra of 2.4 suktitutcd pyimidincs will be dixvaad more fully elsewhere. 
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CHART 2 

m/c, 181 (M+) m/e, 150 @4+- 31) 

m/c, 137 (MC - 44) 
[mctmablc peak at 103.71 

CH 
- + CH,=N-CH,-CH,.OH 

m/r, 108 (M+- 73) 

shown in Chart 3. Protonation of XII could lead to the quarternary intermediate 
XV by attack by the pyrimidine ring nitrogen or alternatively via the ammonium ion 
XIV. 

The treatment of 2-&loro4bis-B_hydroxyethylaminopyrimidine (III) and of 2- 
benzylmcrcapto4bis+hydroxyethylaminopyrimidine (VIII) with thionyl chloride 
yielded in each case, extremely hygroscopic products which reacted readily with 
atmospheric moisture or moisture present in the solvent to yield l-chloroethyl-5-oxo- 
imidazolidino[ 1.2c]pyrimidine hydrochloride (VI). The assignment of this structure 
follows from the analytical data, the IR and NMR spectra of this compound. Its IR 
spectra is completely similar to that of I-hydroxyethyl-5oxoimidazolidino[ I .2-c)- 
pyrimidine hydrochloride (IV) except for the absence of the O-H (3225 cm-i) and 
C-O (1053 cm-l) stretching absorptions. Its NMR spectra is also similar to that of 
IV in having two doublets at 2-W and 3.55 7 (J, 8.0 c/s) and in having a four proton 
signal at 574 T. The other four methylene protons, those of the /Schloroethyl chain, 
give a single peak at 6.05 T. The p-CH, is, as might be expected, slightly more de- 
shielded than in the ,!?-hydroxyethyl compounds. 

The hygroscopic compounds, formed on treatment with thionyl chloride, pre- 
sumably have the structure XVII (X = Cl or &H&S) (Chart 4). Subsequent reaction 
with water leads to the liberation of hydrochloric acid and benzyl mercaptan in the 
cases of the 2chloro and 2-mercapto compounds respectively. The identity of the 
liberated bcnzyl mercaptan has been confirmed by the formation of a 2,4-dinitro- 
phenyl thioether on reaction with I-tluoro-2,Qdinitrobenzene. 
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CHART 3 
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TABLE. I.-UV -N SPECTRA DATA 

Lu w 0-q c) 

Compound pH 29 6.24 1w 
-. 

Cytosine 
2 Hydroxy 4-&hydroxycthylamino 

pyrimidine 0) 
6&Chlorocthylamino-2-hydroxy 

pyrimidine (II) 
2-Chloro4-bi+hydroxy-cthylsmino- 

pyrimidinc (Ill) 
I-/3-Hydroxycthyl-S-oxoimidazolidino[1.2-cJ- 

pyrimidine (IV) 
l-gChloroethyl-5~x~imidazolidino[1.2-cJ- 

pyrinlidinc 0 
4-Bis-b-hydroxyethylamino-2-nurcapto- 

pyrimidim (VII) 
2-Bentylmereapt~bis-8_hydroxyethylamin~ 

pylimidinc (VIII) 
2-Mcrcapt&morpholinopyrimidine (IX) 

2-BcnxylrtKrcapto4morpholinopyrimidinc (X) 
2-Hydroxy4morpholinopyrimidine (Xl’) 

276 (3.93) 
284 (4.08) 

280 (410) 

- 

290 (4.10) 

252 (441) 
286 (3*SS)* 
290 (39!+ 

288 (4.10) 294 (445) 

278 (4.36) 

257 (443) 

a (4-08) 
278 (4.42) 
259 (443) 
288 (4.20) 

267 (3.73) 
274 (3+O) 

272 (3%) 

271 (4.49) 

- 

270 (453) 

- 
277 (4.10) 

283 (3.83) 
273 (3.92) 

272 (3.95) 

- 

306 (4.09) 

305 (4.16) 

249 (440) 
304 (3.85). 

- 

- 

- 

289 (4a) 

l Shoulder 

Tlcsre 2.-pKa DATA 

Compound PKa 

Cytosinc 460 (Lit, 46(P) 
I-B_Hydroxyethyl-S-oxoro-imidino- 684 

1 [1.2c] pyrimidine (TV) 
2-Hydroxy4/3-hydroxyethyl- 464 

pyrimidine (l) 
2 Chloro4bis-&hydroxyethylamino- 3.70 

pyrimidinc (III) 

EXPERIMENTAL 

IR spectra in KBr and UV spectra of all the compounds shown in Chart I were routinely de- 
termined.* uv maxima are recorded in Table I. pKa’s were determined from potentiomctric 
titrations with a glass ekctr~e of O-OOlM solns in water and are listed in Table 2. NMR spectra 
were determined in D,O on a Varians A-60 instrument at tho Research Leboratorics of Lcpitit 
Milan and are summarixd in Tabk 3. Mps are uncorrected. 

2- Hy&oxy4/?-hycfrox~rhyIam.bwpyrimkGw (I) 

A soln of cytosine (O-5 g, 4.5 mmoks) in DMF (SO ml) containing ethylene oxide (05 g, 
11.3 mmoks) was m&a&rally shaken in a stoppered bottle at 60-70” for 40 hr. The soln was 
evaporated to dryness under reduoed press and two lots of xykne (2 x 35 ml) were added and 
evaporated. The residual solid was extracted thrice with chf (3 x 30 ml) and the insolubk material 

‘The compounds reported arc being tested for anti-viral activity. Results of these tests will be 
reported by Dr. 0. P. Babbar. 

’ P. A. Levcm, L. W. Bass and H. S. Simms, J. Biol. Chem. 70,229 (1926). 
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T~sur 3.-DATA rxou NMR SHCIM 

Methylenc proton signals* 

Compound 

Chemical 
shilt No. of 
(7) protons ShW 

2-Hydroxy4morpholinopyrimidinc 6.11 a Single prak 
hydrochloride (XI) 

2Chloro4bis-8_hydroxy&ylamino- 620 a Threcpeaks.ccntrepeakcon- 
pyrimidine (lII) sidcrably larger than other 

two. 
4-Bis-/?-hydroxycthylamino-2-mcrcapto- 6.16 a Singk peak 

pyrimidine (VII) 
l-&Hydroxyethyl-S-oxo-idaxolidino- 5.74 4 

[ 1.2<)-pyrimidine hydrochloride (IV) 
Five peaks. antrc peak very 
much larger than others. 

6.05 2 Broad single peak 
6.2 2 Complex pattern with two 

I-j?-Chlorocthyl-S-oxo-imidazolidin* 
prominent peaks. 

5.74 4 
[1.2c] pyrimidine hydrochloride (VI) 

Five peaks, antrc peak very 
much larger than others. 

6-05 4 Single peak 

l In every spectrum two mctbinc protons showed up as two doublets around 2, 2 f 015 and 
3.55 f Olor (J, a c/s). 

crystaUizcd from 95% EtOH, yield, 0423 g (61 ‘A, m.p. 234-236”. (Found: C, 46.77; H, 6.13; 
N, 26.88. C,H,N,O, requires: C. 4646; H, 580; N, 27*10x.) 

4+Chloroethylambw-~hydroxypyrimWu hydroddorrih (II) 

Compound I (@350 g) was suspended in a soln of THF (25 ml) containing SOCl, (16 ml) and the 
mixture rclluxcd with stirring for 48 hr. At the end of this period, the solvent and excess SCCl, 
were removed under reduced press. The residue on crystallization from EtOH+thcr gave the product 
(@342 g (74’%))). m.p. 223” (softens at 197”). For ekmcntal analysis a sample was ra+a&cd 
from dry MeOH. (Found: C, 3448; li, 440; N, 1967. C&C&N,0 requires: C, 34.29; H, 
4.26; N, 2000%) 

2-Chlor&brz-wydroxyethympm (III) 

Dicthanolamine (5.56 g, OG53 mole) in EtOH (60 ml) was added dropwisc to an iaakd aud 
stirred soln of 2,4dichloropyrimidinc (8 g, 0953 mole) and Et,N (5.35 g, 0453 mok) in EtOH 
(100 ml). After the addition was ccmpktc (ea. 110 min). the soln was left at room tcmp overnight. 
EtOH was then removed under redocod press and 4 portions of bcnxcnc (50 ml) were added to the 
residue and evaporated. The residue so obtained was repeatedly cxtredcd with ether and aystallkcd 
from A&Et, yield, 6.52 g (56.4, m.p. 109-110”. (Found: C, U53; H, 580; N. 19-U; Cl, 1678. 
C,H,,CfN,O,rquircs: C, 44.13; H, 5.51; N, 19.31: Cl, 16.32x.) 

A mixture of 2,4dimcrcaptopyrimidlne (2 g. 0913 mole) and diethanokminc (4 g, 038 mok) 
washcatcdonastcambathfor48hr. TbebrowngumM,obtaincdwa,taLcnupinEtOH(Uml) 
and the soln scratched and left overnight at room temp. The separated solid was hltacd, was&d 
with iacold EtOH and rcuystallircd from hot EtOH, yield, I.13 g (4O.A. m.p. 182-184”. (Found: 
C. 45.01; H, 6.19; N. 19.85. C,H,,N.O,S requires: C, 44-65; H, 6G4; N, 19.53x.) 

1 -&Hudroxyerhy~-~x~~ol~[ 1.2c~yim~ifbw hy&ochlori& (IV) 

(a) From 2&ro4bi&h$roxycrhy&m&w pyllmldtu. A soln of ZJlloroQbis-/I-hydroxy- 
ethylaminopyrimidinc (1 g.) in cone. HCI (4 ml) was heated on a steam bath for 18 hr. The acid was 
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evaporated ofT on the steam bath in an open dish and 5 portions of water (5 x 15 ml) were sue- 
cessively added to the residue and evaporated to dryness. Recrystallization of the resulting solid 
from EtOH atTordcd @63 g (63ya of the hydrochloride m.p. 244-246”. (Found: C. W39; H. 
5.66; N, 19.09; Cl. 15.89. C,HItCIN,Ol rquircs: C, 44.13; H, 5.51; N. 19.31; Cl, 16.32x.) 

(b) From 4-bfs$-hydroxyethyhamino-2-mercaptopyrimidine. A soln of 4-bis-P_hydroxycthylamino- 
2-mcrcapto pyrimidine (@29 g. 1.3 mmoks) and chloroacctic acid (a13 g, 1.3 mmok-s) in water (7 ml) 
was rdluxed for 80 min. Cont. HCI (2.3 ml) was added and the rcfluxing continued for a further 
2 hr. The soln was then evaporated to dryness and the resulting sticky solid trituratcd with ether 
IO yield a solid. Razrystallization from EtOH yielded the hydrochloride (0.148 g, 507’ m.p. and 
mixed m.p. with product obtained by method (a), 244-246’. IR spectra of both products were 
superimposable. (Found: C, 44500; H, 5.39; N. 1907. C,H,,CIN,O, requires: C. 44.13; H. 
5.51; N. 19.31 %.) 

1 -B_ Hydroxyrthyl-S-oxo-imlda2ol&Sno[ 1.2clp)rlmidinr (v) 

A soln of the hydrochloride IV in water was treated with an excess of Ambcrtitt IR 400 (OH- 
form). The soln of the free base so obtained was evaporated lo dryness under red& press and 
the residue crystallized from MeOH-A&Et, m.p. 2tW201”. (Found: C. 52.76; H, 640; N, 23.31. 
C,H,,N,O, rquircs: C, 53+03; H, 6X)6; N. 23*20x.) 

2-&Iuyl~rc(lpfo_46i(-P_hydroxye~hy(amlnop (VIII) 

4-Bis-&hydroxycthylamino-2mcrcaptopyrimidine (I ~13 g. 5.2 mmola) was dissolved in water 
( 10 ml) containing NaOH (@4 g) and a soln of bcnzyl chloride (072 g. 5.3 mmoks) in EtOH (25 ml) 
added portionwise with stirring and the mixture heated at 60-70” for 2 hr. Most of the EtOH was 
rcmovcd under reduced press and the queous soln kept in a refrigerator overnight. The separated 
solid was filtcrcd and crystallized from acetone-hcxane, yield 1.37 g (86yJ. m.p. 106106”. (Found: 
C, 58.91; H, 6.34; N, 14.12. CILH,,N,O,S rquircs: C, 59.02; H, 6.23; N. 13.77x.) 

2-&ruylnurcapl&morplrolinop)7im~i~ (x) 

This pyrimidinc was prepared in 82% yield by treating 2-mcrcapto4morpholinopyrimidine 
with bcnzyl chloride as described for the prrparation of VIII. m.p. 117-118”. (Found: C, 6343; 
H, 6.26; N, 1464. CI,HI,N,OS rquircs: C, 62.72; H, 5.92; N, 14.63x.) 

2-Hydra.@-morpholinopyrimidine hydrochkvide (Xl) 

2-Bcnzylmucaptc+4-morpholinopyrimidine (0.322 g) was added to WIT. HCI (2-S ml) and the 
mixture gently rcfluxcd 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 MeOH-A&E1 gave the 
hydrochloride (@I6 g (66yd), m.p. 24&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, 19.12. C,HIICINIOt rquircs: C. 44.13; H, 5.51; N, 19.32x.) 

I -~-CIJorcrc~hyl-~~x~~i&zofidi~~1.2clp)rimtiine hyckochloride (VI) 

(a) From 2-chloro4bir-8_hy&oxye/hylamino pyrimidine. A soln of 2chloro4bh-B_hydroxy- 
cthylaminopyrimidinc (0.3 g) and !XXl, (0.8 ml) in chf (25 ml) was allowed lo stand a1 room lemp 
for 24 hr. The solvent and excess SOCI, were removed under reduced press (water pump). The 
hygroscopic solid thus obtained was crystallized twice from McOH-AcOE1 lo give the hydrochloride. 
yield @I9 g (62%). m.p. 224-225”. (Found: C. 41.10; H. 5.10; N. 17.96. C,HllCltNIO rquiru: 
C, 4068; H. 4.65; N, 17.79x.) 

(b) From 2-bmzylmrrcrrpr&b&-r_B-hy~oxyefhylo~p~i~d~. A soln of 2 ~I~ptOe 
his-/?-hydroxyc~hylaminopyrimidinc (0.5 g) and SOCl, (1 ml) in chf (25 ml) was allowed lo stand 
at room tcmp for 24 hr and worked up as in (a), yield @22J3 g (65 “A, m.p. and mixed m.p. with product 
from 2chloro4bis-,%hydroxycthylaminopyrimidine, 224-225”. IR spectra of both products were 
superimposable. (Found: C, 41.02; H, 5.02; N. 17.79. C,H,,Cl,N,O rquircs: C. 4068; H, 
4.65; N, 17.79x.) 
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