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Uracil mustard (1)? and dopan (2).7 its -methyl
Lomolog, both have demonstrated antitumor activity in
animals and are usefnl i1 managing some forms of
eancer in mai.t®  Iluoropan (8),% the fluoro analog of
2, is reported to have had a dramatie clinical effect in o
ease of bone cancer. Thix result suggested that other
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fluoro mustards (z.c., those containing a 2-fluoroethiyl-
amiito group) of uracil be studied.

To provide the closest possible comparison with 3, we
have synthesized and screened 4 together with some
other related mustards,  Also meluded are some com-
poutlds in which the chlorine of a 2-chloroethylamine
has been replaced by a sulfonyloxy gronp which re-
semblex a halogen atom in some of its chemical proper-
ties.”  The results are reported herein.

I'or the synthesiz of 3-{(2-chloreethyl) (2-fluoroethyl)-
amino Juracil (4) the scheme in Chart I (5-11) was con-
sidered.  These conversions have been nseful in pre-
paring other chlorofluoro mustards.'=*  The nse of
blocking groups on the pyrimidine nitrogens seemed
necessary.  The benzyl (series b)), benzhydryl (series ¢).
and trityl (series d) were considered to be the potentially
most useful bloeking groups whose suitability would de-
pend o their stability to reaetion conditions und ease of
removal i the late stages of the synthesis,  Little in-
formation is directly available on this point.® The
scheme i1 Chart I which differs from that used by
Dubicki, ¢f al..' to prepare fluoropan, offered the double
advantage that some light may be shed on nseful techni-
ques for blocking the uracil nitrogen atoms aid that the
blocked intermediates might be useful i thie synthesis
of the bisfluoro mustard, 17.
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1.3-Dibengyl-H-nitronracil (5b) was readily prepared
i good vield by the reaction of benzyl bromide with the
disodium =alt of S-nitronracil i DM The nitro
group was reduced easily with zine and ammonium
chloride in methanol to afford the amine 6b.  This was
converted to the benzyloxycarbouyvl derivative, 7h,
whose sodium salt was fluoroethyvlated to afford the
fluoro mustard 8b.  Removal of the benzyloxycarbonyl
group with HBr in acetie acid afforded the fluoroethyl-
amine 9b in high vield, indicating that the beuzyvl
groups were not affected.?®  Hydroxyethylation fol-
lowed by treatment with phosphoryl chloride afforded
the chlorofluoro mustard 11bh.  Sec Table I for a smm-
maiy of the physical properties of these componnds.

The benzyl groups on 11b were not susceptible to
hydrogenolysis under mild conditions.  More drastic
hydrogenolysix conditions were tried, with 10b ax the
model; one benzyl group could be removed, but not the
secold.  Likewixe, tor 15b, ouly one benzyl group could
be removed.  The products appeared to be the 3-benzyl
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B-azarracil and irs ribosples was saecessfully removed by hydrogenolysis a
50° in LCOH aver Pil-( by M. Prystas and F. Sorm, yhid., 27, 1578 (1362),
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bereraeyelic eompeomeds, J. AL Mant@anery anrd . J. Thomas, Jo Oy
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o Hunnu pouhne was osnatly =tow ml dilbentt, and (he bezbydyy b erongs

was ool sgificantiy betver,
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TasLe I

UraciL FLuoro MUSTARDS AND INTERMEDIATES
Chromatography®

Comudl Mp., °C Yieid,* ¢, Solvent? Solvent Ri Tormuia Analyses

5b 147.5-148.0 71 M A 0.91 CissN304 C, I, N

BIY 91-92 54 A A 0.93 CaH2sN304-0.2C;H; C,H N

ad 139-141 79 (92) E d CpHaN;04- CH;0, C HN

6b 181-183 64 Cs C 0.24 CisHiN;0;- HCI C H N

6¢ 118-120 60 DS D 0.95 CgoHQaNaOg'HCl C, H

6d 148-149 (138-140) (83) A E 0.22 CpHgN30, - C.HO C,N;H/

7a 239-240 (29) A C 0.41 C.H\1 N3Oy C H

7h 139.0-139.5 61(79) DS A 0.82 CieHasN 304 C, H N

7d 142-143 (135-136) 25 (82) F TC 0.61 CsoHso N304 CiH10 C, H,N

8b 119.5-120.0 64 (98) A A 0.95 CipsH26FN5O, CHF

Da >300 56 We B 0.64 CeHsFN;0; C,H N F

ol 188-191 90 i A 0.94 CyHxFN,0.-Br G, ILN,F

He 169.5-170. 5 (36) AT C 0.38 CooTT FaN,O. - TRy C H, N F#
10 164-165 (149-151) (80) AT C 0.67 Cy I FNLOy C, 11, N T
10h 126-128 (90) DF C 0.43 C 1 FN;0;- TICI C,HF

10e 141-142 67 A C 0.32 CuHF3N3O0;- HCH C,HNF

4 148.5-149 .5 50 EP C 0.40 C,H, CIFN;0, C, H,CLF
11b 62.5-63.0 (96) A C 0.11 CyHyCIFN,0, C, HCLF
13x9 165.5-166.0 (21) C T™M 0.24 CyxHy1N;304-0.67CHCl; C, N, Cl
14b 165-173 81 A C 0.56 Ci;HsFN305- HCL C HF
15b 102-103 (53) DS CoHa; N304 C,H N
15d 163.5-164.0 (30) DS TE 0.42 CysHauN;04:0.67CH,Cla C, 0, N, C
16a 125-127 19 f TN 0.91 CooHa N 3058, C,H,N.8
17b 0Oil 47 h TC 0.48¢ C2HysFoN;0, C,HF
18d 148149 85 (88) T TF 0.36 CalN,O68 C M8
10d 118-119 02 F TF 0.59 CisHgN306S C, 11,8

Melting points and yields are for analytical samples. Corresponding values enclosed in parentheses are for other samples that are
homogeneons, but less purified, and snitable for nse in the next step. ? Solvents used for erystallizations are A, EtOH; C, CHCl;; D,
CH,CL; E, EtOAc; F, Et,0; M, MeOH; P, petrolenm ether 30-60°; 8, Skellysolve B; T, tolnene; W, H;O; and CS for CHCl;-Skelly-
solve B, ete. ¢ Chromatography solvent systems are those in ref 14. ¢ Decomposed during chromatography. ¢ Precipitated from
H,0 by adjusting aqiieous solution of 9a-HBr to pH 5 with NH/OH. / Not recrystallized: 9b- HBr was washed with Et,O; 16a was
triturated with H,O and toluene. ¢ 13x Denotes 1-trityl-3-[bis(2-hydroxyethyl)aminoluracil, the N* isomer of 13d. * The analytical
sample was obtalied by thick layer chromatography on a silica gel plate, CHCl; as solvent.  © By multiple development nunder condi-
tions where 16b had R; 0.20. 7 H: caled, 5.98; found, 5.33. *F: caled, 16.3; found, 15.9. ¢F: caled, 8.75; found, 8.23.

derivatives 14b and 13b, for their nmr spectra showed the tosylated to give 16a, which, however, could not be
C-6 proton split into a doublet by coupling with the N-1 converted to 17a. Parallel experiments in the benzyl
proton. On the basis of these results, it seems that the  series demonstrated that the conversion of 15b through
preparation of 4 could not be achieved through the use 16b to 17b proceeded smoothly. It was apparent that
of benzyl blocking groups. blocking of the uracil ring was necessary. Use of the
The benzhydryl series was examined briefly; 5¢ and trityl blocking group posed problems at two points.
6c were prepared in the same way as their benzyl First, synthesis of the bishydroxyethylamine 15d was
analogs. The benzhydryl series was abandoned when difficult. Hydroxyethylation of 6d did not take place
attempts to remove both benzyhydryl groups of 6e to under the conditions tried. Only a low yield of 15d
give 6a failed. could be obtained by the tritylation of 15a. Second, the
By using the trityl blocking groups, the sequence  bis(2-hydroxyethyl)amine 15d could be converted only
5d — 6d — 7d — 8d was carried out in a manner similar  to the monosulfonyloxy derivatives 18d and 19d, in con-
to the benzyl series. The trityl groups proved to be trast to the ready formation of the bistosyvloxy deriva-
quite labile. Partial loss of trityl groups occurred when tives 16a and 16b.
the nitro compound 5d was heated or recrystallized from A few other 2-fluoroethylamines were prepared.
methanol; 5d was more stable in other solvents. For  Fluoroethylation of 5-(benzyloxycarbonylamino)uracil
good yields in the reduction of 5d to 6d, it was necessary (7a) afforded the tris(2-fluoroethyl) compound 8e, an
to replace part of the methanol in the solvent mixture  unanalyzed oil which was converted through 9e to 10e.
with 1,2-dimethoxyethane. The trity]l groups on the The mustard 4 and a number of the other possible
amine 6d were less labile; 6d could be recrystallized  alkylating agents were screened for antitumor activity
from ethanol. When the fluoro mustard 8d was treated by the Cancer Chemotherapy National Service Center
with HBr in acetic acid, all of the blocking groups were (CCNSC) according to its protocol.!! The results were
removed, and 35-(2-fluoroethylamino)uracil (9a) was  all negative, although 8b and 9a caused some reduction
the product. This was hydroxyethylated to 10a and in tumor growth in Sarcoma 180, and 16a caused some
treated with phosphoryl chloride to give 4. increase in survival time in leukemia I1.1210. The
The synthesis of the bisfluoro mustard 17a was ex-  other test systems and compounds tested were Walker
plored without success. All attempts to tosylate 5-{(2- 256 subcutaneous (4, 17b), Walker 236 intramuscular
hydroxyethyl)(2-fluoroethyl)amino Juracil (10a) failed.
5-(Bishydroxyethyl)aminouracil? (15a) was readily (11) Cancer Chemotherapy Rept., 26, 1 (1962).
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(16a),
carcinoma (8h), cell culture against KB cel
9h, 9e, 10b, 10e, and 14b).

A comparigon of 1-4 in Waller 256 carcnosarcoma is
interesting.  Componnd 1 is active,?2 but 4 is not; 2'9is
more active than 3. In general, the behavior ni the
fluaro mustards of uraeil follow that reported for other
fluoro mustards.'*1*  Thus, replacement of chlorine hy
fluorine often led 1o an inerease in toxicity withont
corresponding improvement in antitumor activity, at
least i the test svstemis that  have been  em-
ploved. 193 These animal test results, i general,
stand in contrast to the animal results and the dramatic
clinical effeet reported for flnoropan.®® It should be
noted, however, that the strueture reported for fuoro-
pau is nnder review by Larionov. '

Is (8b, 9a,

Experimental Section'*

1,3-Disubstituted 5-Nitrouracils (5).-For the preparation of
5b, this proceditre was used. To a stirred mixture of 31.4 ¢
(0.20 mole) of d-nitranracil in 400 ml of DIMP was ndded, over
a period of 10 min, the Nall (0.5 nmle) front 22.4 g of 5349, Nall
in oil.  The oil was removed prior to addition by wahhmg with
1530 ml of petrolenm ether (bp 30-60°). The mixtnre, protected
from moisture, was heated at 85-90° (balh temperature) and
stireed for 3 he. Benzyl bromide, 100 g (0.3% mole), was added
in one portion.  After 2 hr of heating and stirring, the solution
was evaporated to dryness. The residne was extracted with 700
ml of hot toluene which wans evaporated. The syvrupy residne
was crystallized to aftord 5b (see Table 1).

The above procedure was nsed ta prepare 5¢ from benzhydryl
bromide and 5d from tityl chloride.  Componnd 3¢ retained
tolnene even after chromatography an an alnmina column fol-
lowed by erystallization from alcohol (see Table 1). Before the
erystallization, it was an oil that rerained even niore tolnene.

5-Amino-1,3-disubstituted Uracils (6).-—This method was nsed
to prepare 6b. To a chilled, well-stirred mixture of 16.8 g (50
nimoles) of 5b, 25 g of NT1,CL, and 500 ml of absolnte MeOH was
added 30 g of Zn dust over a 10-min period. The mixture was
stitred for 1.5 hr in the cold and 1.5 hr at room temperature,
filrered 1111‘011gh Celite, and evaporated to dryness. The residue
was partitioned between 200 ml of 11,0 and 125 ml of CHCl,.
The latter was dried, concentrated to cq. 100 ml, dilited with
100 ml of Skellysolve I3, and treated with anhydrons HCL  The
mixture containing crystals was refrigerated for several honrs;
the white crystals were colleeted nnd washed with the solvent
ta attord 6b-1TCL  This procedire was nsed to prepave 6¢- HCI
and 6d. For 6d, the solvent mixture was 1,2-dimethoxyethane-
DAMIP-MeOFH (4:2:5), and the reaction was not cooled, althongh
considernble heat was evolved after the Zn addition. Attempts
to moderale the reaction gave lower vields of 6d.

5-(Benzyloxycarbonylamino)-1,3-disubstituted Uracils (7).
IFor 7b, the reaction of 2.18 g (7.1 mmoles) of the aminonracil
Gb W 11h 1.50 g (8.8 mmoles) of carbabenzyloxy chloride in 30 ml

(1 ’) (1) G. R, Pettit and R, L. Smill, Can, J.o Chem., 42, 472 (10684); (in)
Z. 1. Papanastassion, R, J. Bruni, . P, Fernandes, and P, L. Levins, J. Wed.
Chem., 9, 357 (1066); () I'. D, Popp, 1. V. Silver, aud D, W, Alwani, ibid.,
10, 481 (1067).

() I V. Larvbonov, " Caneer Chemotlierapy,”
WGH, p 2.

(1) Melting points were derernmined with 1be Visher-Johns apparatas and
are noL eprreeted,  Taper cliromatograims weye run hy the descending tech-
wetie on Whatman No. 1 paper except where specified. The solvent systeins
were AL o-BuOl saturated with HeO; B, Cslle-MeOH-H-0 (2:6:1); C, same
as 1 with Selileicher & Sehaell No. 2406 acetylated paper; D, 0.1 & HCl-
13tO11 (15:83); B, +-BuOH-MeCOLE-HCOOH-11:0 (4:3:1.5:1.5): F, 2 ¥
1C1=i-PrON (33:65). Thin layer chiromatograms were run on gilica gel HY
il Merek A, G.. Darmstadt) in the following salvent systems: TC, CHCl:
AL MeOll-110Ac 1:4; TN, same bur 1:9; TE., EtOAe-CHCL: (1:1):
TV, saoe e 1:6. Vor all ehromatograins, the spots were detected visually
by nliravielet light. A1l evuporations were earserd out in vecwo with a bath
temperaoire of less than 702, Anbydrons Mg®0y was used for drying solu-
Gons. Skellvsolve s a petralenm fraction with bp 60-68°, essentiaily
s-llexane,  Celite is a diatomaceous earth prolvel fromn Johns-Manville.
Where analyses are inlicate] only by symbols of the elements, analyticai
restits abstasned for those elevients were willin =#:0.45% of the 1beor@icat

Pergamon Press, Oxford,

vabies,

lenkemia Ll’]O (8h, 9a, 19d, 20d), Lewis lung

Vol.

af CILCL and & ml of pyridine by the nsnal merthod® afforded
the prodnet in good yield. T a similar way, 7d wax prepared,

For the preparation of 7a, a slvent mixture of pyridine mul
DAMSO was nsed. Liven =o, abont 507 7 of the starting, insoluble
6a wax recovered. A low \1e1<1 200 of 7a was obtained: N
2068 nm T 67405, NILT 271 (50400, A0 088 (67401,

L\-Benzylox; carbonyl-N-(2-fluoroethyl)amino|-1,3-disub-
stituted Uracils (8).—I"or 8b, the publixhied procednres employ-
ing 11.6 g (26 mmolex1 of 7b and 11.6 g (01.5 mmales) of 2-bronio-
f-finaroethane atforded the flnoraerhylamine prodiet. The =ame
procednre was used to prepare 8d in X347 vield ax a nonerystalline
naterial whose infraved =pectrmm wax free of N-11 absarption of
the starting material; 8d was mmmediately nsed in the nexi
step without fnrther eharacterization, The same procedure was
nsed ta ohtain che tris(2-finoroethylinracil 8e in S88¢7 vield as n
homogencons oil: £ 0.30 (salvent A), Mol 271 mu (e 71601,
NET AT gT120), XEY o7y (70703 This was also n=ed -
mediately in the next reaction.

5-(2-Fluoroethylamino juracils 19).- 1'01’ 9a, a nuxture af X.40
g (101 mmolesi of 8d and 150 ml of 3297 HBr in glacial 1HHOAe
wax stirred for 60 min at room temperature, dilnted with 1 1.
of 1160, and stirred 30 min more. The crystalline precipitate
was washed thoronghly with Et.0) and dried to atford 9a-IIBr.
This =alt wa~ dissolved in TLO (t5 ml/g), filtered, niud adjusted 1o
pIL 5 with N1TLOT to atford the free hase 9a: 220, 260 mu (e 6070
207 (<h, 51800 AT 085 (77500, 292 (3230); AN 002 (s6101.

By the above procedire, 1,3-dibenzyl-5-(2-flnvorthiylamine -
nraeil hydrobromide (9b-1TBr) was obtained from 8b, analyti-
eally pure, after tritaration with 1260, From 8e, the trisf2-Hnoro-
cthybhimacil 9e was obtained in the spme way.

5-[(2-Fluoroethyl)(2-hydroxyethyl)amino]uracils (10).- -'the
preparation of 10a wag carried ont in the nsnal manner; 0.77 ¢
(4.9 mmoles) nf 9a and 1.92 g (44 mnioles) of ethylene oxide in
20 ml of glacial HOAe gave, after 22 hr at roont temperatire,
the homogeneons, erystalline prodnet 10a.  Compounds 10b and
10e were similarly preparved. For the hydroxyethylation of 6b
1a 15b, the solvent was 007, agqueons HOAe.
5-i(2-Chloroethyl)(2-fluoroethyl)amino]uracils (11). ~For the
synchesiz af 11a, the 1TCL salt from 0.30 g (1.3% mmoles) of 10a
wus treated with 5.0 ml of POCL for 4 hr by the literatare pro-
cednred 1o give the pradnet.  The smne method (reaction time,
30 min) was n=ed to prepare 11b.
3-Benzyl-5-{(2-fluoroethy!)(2-hydroxyethyl)amino|uracil (14b).
A stirred mixtre of 0,50 g (1,15 mmoles) of 1he dibenzylnracil
(10b-1TCLY, 0.5 g af 307, Pd-C) 25 ml of 6 .V TTICL and 20 ml of
2-dimethoxyvethane was hvdrogenated at 80-84° (1 aim) for
4 hroand wt raom temperatire avernight,  The catalyst was
removed, il the salntion was evaporated.  The residite was
cryst: 1111/((1 to afford 14: A ’()’ mp Ce 6300); N 233 (sl
02075, 300 <h, umn AT03 (FO30); ¢ LST doublet (-6
pracon, J = 5 ep=y LSO donbler (\ 1 pmlon, J o= 5 epsu dn-
creasing the hydrogenolysis time at 75° 1o several honrs or
703 kg/em? ne 75° did not remove the segond blocking gronp.
lefluxing 14 in 1By and glacial TTOAc¢ had little effect, as did
treaninent with Na in lignid N1,

IIvdrogenaly=i= af A-[biz(2-hydroxyethyDamino]-1,3-dibenzyi-
nrneil (15b) a1 room temperatre for 3 hre at 1 atm in 2-methoxy-
ethanol with thne same eatalyst also gave the B-benzyl devivative
13b, mp 165-t75° nat completely characterized, hut whose
nmr =pecsiin also shows the C-6 proton at r 1.85 as o donblet,
Jo= 3 eps.

Altempted hydrogenoly=i= of 11b with Pd-C gave wostly re-
covered 11b.  With 6¢, neither hyvdrogenolysis over Pd-C nor
treatment with HBr=HOA¢ conld remove the benzhydryl gronps
conipletety.

1,3-Ditrityl-5-|bis(2-hydroxyethyl)amino]uracil (15d).-—Treat-
ment of 2,15 g (10 mmoles) of 5-[bis(2-hydroxyethyl)amino]-
nracil (15a) with 20 moles of Nall and 5.58 g (20 mrmoles) of
trityl chloride in 30 ml of DMF by the procedure nsed for the
preparation of 5d afforded a mixtnre that was partitioned between
200 ml of CH.Cle and 150 ml of T1.0O. Concentration of the
CTILCl: layer to 50 ml afforded 1.05 g (219%) of the monotrityl
derivative, 1- 11i‘\'l 5-[bis(2-hydroxyethyl)aminojuracil (13x, the
N-1 isomer of 13d). ‘The strncture assignnmient rested on the
b =pectrun which <howed the protons on both N-3 (7 1.00)
and (-6 (7 2,491 ax sharp singlels; not eonpled with each other.
Monoalkylation at N-1 wax in accord with previons 1aucil
alkyvlation result= under =imilar eemditions.'®  The mother lignor

A

SA AL 1 Marvuez and W, WL Lee, Jo Oy, Cheon,, 30, 317 (1065).
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was diluted with an equal volnme of petroleum ether, to afford
2.12 g (309,) of the crude 15d in two crops, mp 161-162 and 158.5—
159.5°, identical by infrared spectra and thin layer chromatog-
raphy. A portion was chromatographed on a thick Inyer plate
of silica gel, developing with EtOA«-CHCl; (1:1) to afford 15d
that was crystallized once for the analytical sample.

1,3-Ditrityl-5-[(2-hydroxyethyl)(2-mesyloxyethyl Jamino|uracil
(18).—A 1.04-g (9.1 mmoles) portion of MeSO,Cl was added to a
cold (-10°), stirred solntion of 2.00 g (2.86 mmoles) of the bis-
hydroxyethylaminonracil 158d. The solution was stirred for 2
hr at 2°, then partitioned between 200 ml of toluene and 300 ml
of H,O. The organic layer was washed with two 200-ml portions
of Hy0, dried, concentrated to ca. 20 ml, then diluted with an
equal volume of petroleum ether to atford 1.95 g (88%%) of 18.

In a similar way, 19 was prepated from 15d and p-toluene-
snlfonyl chloride. The same procedure, when applied to 15a aud
15b, gave the bistosyl derivatives 16a and 16b, respectively.

1,3-Dibenzyl-5-|bis(2-fluoroethyl)amino]uracil (17b).—By the
literature procedure,® a mixture of 5.0 g of anhydrous KF and
500 g (7.1 mmoles) of 1,3-dibenzyl-3-[bis(2-tosyloxyethyl)-
aminojuracil (16b) in 7.5 g of N-methyl-2-pyrrolidone was
heated at 160-175° for 40 min to afford 2.69 g (969,) of crude
17b which was purified by plate chromatography.

Acknowledgment.—We are indebted to Mr. Os-
borne P. Crews, Jr., and his staff for the large-scale
preparation of many intermediates and to Dr. Peter
Lim and his staff for the spectra and paper chroma-
tography.

XXII.
amino-3-pyrimidinecarboxaldehydes and

Pyrimidines. 2,4-Diamino-6-aryl-

Related Compounds!

DagrreLL E. O'Briex, Louls T. WeinsTock, axp C. C. CHENG
Midwest Research Institute, Kansas City, Missouri 64110
Receied September 30, 1967

The synthesis and antitumor evaluation of a number
of 2,4-diamino-6-arylaminopyrimidines bearing various

functions substituted at position 5 of the pyrimidine
moiety (I) have been reported from our laboratories in

N H
A N
N \(}Y
NX
NH,
I

H,N

recent years.2—* Among these compounds, the 6-(halo-
gen-substituted anilino)pyrimidines with a 5-nitroso
group demonstrated interesting activity against Adeno-
carcinoma 755 tumor system.? For the retention of
biological activity, available information indicates that
substitution at position 5 is restricted to a particular
size (comparable to -N=0) and its electronic effect
(electron withdrawing). This is illustrated by the fact
that the corresponding 5-cyano? and 5-nitro* derivatives
possess similar biological activity but the 5-ethyl,
5-bromo, and 5-carbamoyl derivatives were inactive.?

(1) This investigation was supported by the Cancer Chemotherapy
National Service Center, National Cancer Institute, National Institutes of
Health, Public Health Service. Contract PH-43-65-94.

(2) D. E. O'Brien, F. Baiocchi, R. K. Robing, and C. C. Clieng, J. Med.
Pharm. Chem., 6, 1085 (1962).

(3) D. E. O’'Brien, F. Baioechi, R. K. Robins, and C. C. Cheng, ibid.,
6, 467 (1963).

(4) D. E. O'Brien, C. C. Cheng, and W. Pfleiderer, ibid., 9, 573 (1966),
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As a continuation of this study, synthesis of the corre-
sponding 5-carboxaldehyde derivatives was iuitiated.

A search in the literature reveualed that 3-pyrimidine-
carboxaldehydes may be prepared by ozoualysis of
ethylenic groups,® by hydrolysis of nitromethyl groups,®
and by proper conversion of eyano,” carboxy,® trichloro-
hydroxyethyl,® and hydroxymethyl*® groups. Lormyl
groups have also been introduced directly by acylation
reactions, '3 and by the Reimer-Tiemann reaction.*
Recently, it was reported by Klstzer and Herberz that
2-amino-4,6-dichloro-5-pyrimidinecarboxaldehyde (IIa)
was prepared in good yield from 2-amino-4,6-pyrimi-
dinediol by a modified Vilsmeier-Haacl synthesis, '
This material was therefore used as the starting material
for the present investigation.

When Ila was stirred with ethanolic ammonia at
room temperature, 2,4-diamino-6-chloro-5-pyrimidine-
carboxaldehyde (IIb) was obtained in good yield.
Treatment of the intermediate IIb with 2 equiv of a sub-
stituted aniline in refluxing ethanol vicelded the anils of
2,4-diamino-6-(substituted  anilino)-5-pyrimidine-car-
boxaldehyde (III), with characteristic ultraviolet ab-
sorption maxima in the 350-360-mu region at pH 1
and 11. The desired 2,4-diamino-6-(substituted ani-
lino)-5-pyrimidinecarboxaldehydes (IV) were readily
obtained by acid hydrolysisof IIIin0.1 N HCL. These
products do not possess any ultraviolet absorption
maxima above 340 my in either pH 1 and 11.
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These 5-pyrimidinecarboxaldehydes (IV) displayed
no significant anticancer activity against leukemia
11210 and Walker carcinosarcoma 236.

(5) (a) H. Kondo and M. Yanai, J. Pharm. Soc. Japan, 8T, 747 (1937):
(b) E. Ochiai and M. Yanali, 1bid., 68, 397 (1938).
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(16) A similar preparation of 4,6-dichloro-3-pyrimidinecarboxaldehyde
by the reaction of 4,6-dihydroxypyrimidine with a mixture of plosgene
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