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The synthesis of a number of alkyl analogs of tubercidin has been accomplished via 4,6-dichloro-5-(2,2-di-

ethoxyethyl)pyrimidine (9).
L1210.

Tubercidin (4-amino-7-g-b-ribofuranosyl-7H-pyrrolo-
[2,3-d]pyrimidine, 1), an antibiotic analog®? of adeno-
sine in which N-7 has been replaced by a carbon atom,

NH;

1,X=CH
2,X=N

is also related to 4-aminopyrazolo[3,4-d]pyrimidine
(4-APP) ribonucleoside (2},4% in which N-7 and C-8
have been inverted. Since both these structures have
shown a high degree of biologic activity,5~8 and tuber-
cidin has shown significant auticancer activity in ex-
perimental animal systems,®® it would appear that N-7
is not a requirement for activity. Furthermore, both
9-alkylpurines'® and  1-alkylpyrazolo[3,4-d]pyrimi-
dines®! are known to have anticancer activity, and cer-
tain 9-alkylpurines inhibit the growth of cells resistant
to 6-mercaptopurine.'? Thus it seemed desirable to
prepare and evaluate the biologie activity of a series of
7-alkylpyrrolo[2,3-d Jpyrimidine analogs (3) of tuber-
cidin.

Davoll’s procedure!® for the synthesis of 4-amino-
7H-pyrrolo[2,3-d]pyrimidine (3, R = H), the aglycon
of tubercidin, involves ring closure to a 4-aminopyrim-
idine and cauuot be used to make the 4-alkylamino-
pyrimidines needed to prepare the desired 7-alkyl-
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Although somewhat cytotoxic, these analogs showed no activity agaiust leukemia
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pyrrolo[2,3-d]pyrimidines (3).1* The acetal function of
5-(2,2-diethoxyethyl)-4,6-dihydroxypyrimidine, which
could be prepared by a modification of Davoll’s ring-
closure procedure, is not compatible with the chlo-
rodehydroxylation procedures that would have to
be used to couvert it to 4,6-dichloro-5-(2,2-diethoxy-
ethyl)pyrimidine, which could be used to prepare the
requisite  4-alkylaminopyrimidine intermediates. It
was, therefore, necessary to devise a reaction sequence
in which the aldehyde function could be introduced
after the chlorodehydroxylation step.

5-Allyl-4,6-dihydroxypyrimidine (6), prepared by
the reaction of formamidine acetate (4) with diethyl
allylmalonate (5), was converted to 3-allyl-4,6-dichloro-
pyrimidine (7) by treatmenut with POCl; and diethyl-
aniline (Scheme I). The 5-allyl-4,6-dichloropyrimidine
(7) was ozonized at —75° and the resultant ozonide
was reduced with sodium thiosulfate to the desired
4,6-dichloropyrimidine-3-acetaldehyde (10). Since re-
action of the acetaldehyde (10) with benzylamine
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(14) Recently the methylation of 4-chloro-7H-pyrrolo}2.3-d|pyrimidine
was described.1®
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gave a complex reaction nixture from which no pure
product could be isolated, 10 wuas converted to its
acetal, 4,6-dichloro-5-(2,2-dicthoxyethyl) pyrimidine (9),
which eould be purified by careful vacuum distilla-
tian.  The acetal 9 reacted smoothly with anines
i ethanol svlutian to give the desired 4-alkylaminm-6-
chloro=5-(2,2-dicthaxyethyDpyrimidines (8), which ey-
clized to the 4-chloro-7-alkyl-7H-pyrrolo{2,3-d Jpyrimi-
dines (11} on treatment with dilute HCl in dioxane
solution.  Amination of the chloropyrrolo[2,3-d [py-
rimidines 11, which as expected was nre difficult than
the amination of 9-alkyl-6-chlarupurines, gave the
tubereidin analogs 3.

Biological Data.——The cytotoxicity of the tubereidin
analogs (3) is given in Table I. In the same system
tubereidin itself showed an EDj of 0.002 wmole/l.
Novue of these compounds shawed auy siguificant ac-
tivity ngainst leukemia 1.1210,

TaBLe I

Comnpd 3 LD, p ¢

a 124
L 45
¢ 25
d 152

« The BEDss values are the levels of whibitor required to hibit
the growth of cells to 30% of untreated controls as determined by
eolony formation counts.

Experimental Section

The nlaviolet spertra were letermined with a Cary Model 14
speetrbphotonieter in nqueons soltion.  The infrared spectra
were deterntined in KBr disks with a Perkin-Elmer Mndel 521
spertrophutometer.  The pmr spectra were determined in CDCly
solution with a Varian A-60A spectrometer using MesSi as an
ternal referenie. The nielting poinrs reported were determined
with a Mel-Temp melting pvint apparatus.

5-Allyl-4,6-dihydroxypyrimidine (6).—Formamidine acetate
(10.4 g, 0.1 mole) was added to a eold suspension of NaOCHj;
(1.2 g, 0.3 mole) in absolute ethanol (100 ml) and the mixture
was stirred at 5° for 10 min before diethyl allylmahinate (18 mnl,
0.1 mole) was ndded. The resulting 1eaction mixture was stirred
at rbom tewiperature for 18 hr.  The addition vf concentrated
11CL (25 ml, 0.3 mble) to the cold reaetivn solution precipitated
e ernde prodnet, which was collected by filtrativn and washed
with ethanol and water before it was air-dried aund recrystallized
rom water (600-800 ml of bailing water/11) g) to give the pure
prodict in two rrops; yield, 7.5 g (5447); mp 258-260°; Mnax
g (e X 1073): pll 1, 239 (13.5); pH 7, 257 (11.0): pH 13,
257 (8.3); e, tuem T 3430 (NH, OH), 2010, 2850, 2770 (CH),
2020 (neidie H), 1650, 1630, 1580 (C==0, C==C, C==N).

Anal, Caled for GiHeN.Ow: C, 24; H, 5.80: N, 1841
Fomml: C, 35.02; H, 5.32; N, 841,

5-Allyl-4,6-dichloropyrimidine (7).—An anhydrous mixture of
Lo-dihydroxy-5-allylpyrimidine (8.8 g, 38 mmolex) and freshly
distilled POCL (50 ml) was heated to reflux with coutinuous
stiring.  After epuplete sohition was etfected, a solution of di-
ethylaniline (12.6 ml) in POClz (19 ml) was added dropwise tu
the gently refluxing sulution over a period of 1 hr. The reaction
solution was refluxed a total of 4 hr before it was conceutrated
from 50 to 30 ml by distillation in vacvo [bp 32° (15-10 mm)].
The concemtrate was ponred with contbous stirring into ice—
water (500 ml) and the resnlting mixture was extracted with ether
GO wl in three portions). The combined ether extracts was
wixhell three tunes with cold water and then successively (cold
NaHCO; sohution, H.Q, saturated NaCl) before it was dried
(Mgn0y). The ether sulntion was evaporated to dryness in vacuo
aml the residue wax distilled in vacio [bp 70-78° (0.8 mm)].
The distillate was vedistilled to give the pure produet as a color-
s oily yield, 0.8 g (O0G): bp T4--76° (0.8 mm1); Nax 11 Ny
Te X O™ plb L, 259 (5.4); pHl 7. 15, 258 (5.5); e, i1 em™Y
SUNU, 3010, 2050, 2025 (CIF), 1640, 1590 (Cs==C),

Val. 10

4-Alkylamino-6-chloro-5-(2,2-diethoxyethyl)pyrimidines (&).
A solution of 4,6-dichloro-5-diethoxyethylpyrimidine (20 unuobes)
ir absolute ethanol (25 ml) mntaining 2 mokie cquiv of the ap-
propriate ambie’” was heated at S0° for 2 ta 4 hr. The cencticn
solution was evaporated to dryness (n cargo and the nsichn wis
triturated wirlt benzene, The suntine hydrochlovide that precipi-
tated was remavid by filtration aid the fihvate wax evaporaced
to dryness o ovacwo. Fritention of the benzene vesidne with
ligroin dissolved the produet whirh was freet] frow the anmrphias
tnzolbles by filtration throngh dry Celite,  Ivaparation of the
fittrate to dryiess gave the 4-alkyluninopyrimtidine ax an ail i
a 77080 viehl. Stwe thin layer chromatography hdieaned
only irace conCuubnts i all rases; the prodinei was ased i
the next step widiont further purifiemion. The beagyl and 3-
hydrxymethylevelopentyl componnds were alo clinmeterized
by their uliraviolei aud ufrared spewtia.,

4,6-Dichloro-5-(2,2-diethoxyethyl)pyrimidine (9). -A wmixtire
of 4.6-dichloropyrimidinyl-5-aretaldehvde (19 g, 0.1 uohs wanl
NILCT (340 mg, 0.0 mole) in absohe ethanol 1130 mil; was
refluxed for 3.5 hr.  Afrer tranent with Narit, 1he reaction
sulution was rvaporiind to drviess in ramo. The rnsidie was
tissolved i1 CHCL; sl the solution was extractied with water,
drivd (MgRO, ), mnl evaporated 1a drviess,  The resuliing enule
prodint was distilled 7 vacno, using a <hort-path tlixtilladon ap-
praratns, 1o give esseirtially pure produet: yvield, 23.7 g (o0 5
bp HHO-120° (0 mmt, Thin layer chromatography nsing bee
zene-ethyl aceiate (901 as the ehinnt showed a (e al startig
aldehyde ax thee only convaminant,  Althongh vedisvilliion
resulted i the forntation oof additional aldehyide, a samphe ot the
aalyiieally pure material was obtatued; hp 120° (05 A,
e te X MO8 pil 1, 7 250 (5.2 phb 15 o, il
crr”l 2080, 2030, 2000=2880 1 CHEL P40, ISES 0 L) ¢ LN,
110, 6o (COC),

Anal. Caled for CHCLNLO, G 405.030; H 53880 N,
Found: C, 45.50; H, H.48; N, 10.52,

4,6-Dichloropyrimidine-5-acetaldehyde (10).--A sohltion of
freshly distilled 4,6-dichloro-5-allylpyrimidine (53 g, 028 mole)
in techuiral meihinol (410 wml methanol plus Tl of water) was
stirred a1t —78° until crystallization o the pyrimiline wias
complete (30-40 min).  The resnlting mixture wis ozonized ul
—75% using a Welsbach ozouizer set at 60 v aud 7.5 psi fo
eliver 4007 ozone at a vate bt 1o L, Alter the theoretival
ambnut of ozoue had passell thronghb the reavtion mixtury, ithe
system wax flushed with ey nirrogen for 20 min. Nal {163 ¢)
and glavial acetic aenl (168 mb) were addel simulimwonsty jo the
cold reartion mixinre und the temperatine was allowed o winm
up Jo 20° with continnons stirring over 1 20-30-min period,  So-
divm vhioxnfave solntion (67 ¢/100 ml of HaO3 (175200 ml 1 was
added o thie reaeiion mixtnre until it becanm colindess. "Fhe
resulting emmnlsicar was dilnter] with water (666 vilj and expractid
with ether (400 il The cohl aqurons Inver was extracted with
fresh ether (ithrece 230-m11 portions) before the pooled erher ex-
tracts were washed smreessively Drold 1RO (three 300-ml por-
i), pxeess NaHCO,, 11O, satmeated NaClo Afver 1the ether
sohtiton had bern dricd (Mgs0,), it wax evaporated ro lryness
in vacro,  The senixolid residne erystallized after triturminn
with hgroin and the wsuliing chromatographivally homogenrons
prodiet was collecied by filtrarion, washerl, and dried in eacuo
over Pat); aoul NaOH o vield, 32 g (3977): wmp 82-84°. An aua-
btieally pure samphs was pbtaiml by yeerystathizavion of 1 sample
of this produet (1 g} from Hgroin (50 mljy; mp 84-s6°. Thin
Iayer chromatography using brnzene—sthyl acetatie (901 ax
the vluem showpd a stugle spot: Ay g (e X 10785 pll
b 70208 (0.23 pH 1S 330 (100 o, by e 3, 5070, 2055, 2925,
2850 (CHY), TTES 7C= Oy, 1350, 1220 (Ceenn(?) (hraN DL

Anal. Cahd for Col,CENLO: C, 3773, 1 200 N, 6T
Found: €, 37.90; H, 2.27; N, 14.64.

7-Alkyl-4-chloro-7TH-pyrrolo|2,3-]pyrimidines (11).- ‘I'oc a

solution of the 4-alkylamino-6-chloro-5-diethoxyethylpyrimidime
(20 mmmoles) in dioxaue (1200l specirograde) was milded 30l
of 1% HCL The reaciion solmion was allawed to stand s
room temperature for 24 hr beforr it was neutralizmd with an
excess of concentraed NTLO (5 ml) and evaporated 1o dryness
in vacuo., Thye residne was dissolved in ethanol mid evaporatel
to dryness iy racro before it was pariitioned between beuzenr
{CHCL for 11d) amlb watir, After dryving (MgROy), 1the henzene

L) Dicordee G coasesve The asine, Vol evqcy sl St v aledin -
ryvelopentylamine wich 1 notae cquiy of Loty tanoe
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TapLE II
Data on ComMrounDps 3
Compd Yield,® Recrystn y o H, % — N, %
3 %% solvent Mp. °C Caled Found Caled Found Caled Found
a 37° Benzene 137-138 59.23 59.35 6.22 6.42 34.57 34.49
b 30 Ethanol 177-179 69.61 69.56 5.40 5.9 24.908 25.25
4 58 Acetone 169 65.31 65.23 6.98 6.79 27.70 27.79
d 31 Acetone 160-162 62.04 61.87 6.95 7.01 24.12 23.92
a Analytically pure material, * In addition a 16%, yield of the hydrochloride salt of 3a was obtained.
TasLe III
ULTRAVIOLET AND INFRARED SPECTRA OF TUBERCIDIN ANALOGS
g, cm L -
Compd ————Amax, My (€ X 1078)———— C=C, C=N
3 0.1 N HC1 pH 7 NH streteh CH stretch NH bend streteh CH bend
a 230 (24 .4) 224 sh 3400, 3320, 2980, 2930, 1645 1590, 1550, 1470, 1450, 940 d,
275.5(9.4) 273 (9.1) 3140 2860 1503 900, 790
b 230 (27.4) 3410, 3300, 3020, 2920, 1645 1590, 1550, 1475, 943, 900,
274 (10.4) 272 (10.6) 3080 2850 1510 795
¢ 231 (27.0) 228 (17.6) 3340, 3160 2950, 2865 1650 1590, 1550, 1470, 940, 895,
276 (9.4) 275(9.3) 1505 790
d 231 (27.0) 225 sh 3380,9 3320, 2950, 2870 1650 1590, 1550, 1473, 1010,2 950,
275 (9.4) 273 (9.4) 31409 1505 900, 795
a NII and OH stretch. ?» OH bend.

ayer was evaporated to dryness in vacuo and the residue was
dissolved in ligruin (ethanol for 11d). The amorphous insolubles
were removed by filtration through dry Celite and the filtrate
was evaporated to dryness in vacuo to give the pyrrolopyrimidine
asan oil in 60-1009 yield. Thin layer chromatography indicated
the presence of only trace impurities. The pmr spectrum con-
firmed the pyrrolo[2,3-d]pyrimidine structure and, therefore, the
product was used as an intermediate without further purification.
The ultraviolet, iufrared, and pmr spectra of 1la, ¢, and d were
all very similar, with the expected differences, to the spectra of
11b (vide infra).

On concentration of the ligroin solution, the 4-chloro-7-benzyl-
7H-pyrrolo(2,3-d]pyrimidine (11b) crystallized. The ecrystals
were collected by filtration, washed with ligroin, and dried ¢n vacuo
to give the pure product in 55% yield; mp 66—67°; Amax In mu
(e X 1073): pH 1, 226 (26.6), 273 broad (4.3); ethanol, 224
(28.2), 272 (4.8); pH 7, 13, 226 (27.2), 273 broad (4.4); o, in
em™t, 3100-2000 (CH), 1575, 1540, and 1500 (C=C, C=N),
915 d, 845, and 710 d (ring CH deformation); 8, in ppm, 8.6
(Hy), 7.2 d (Hs), 6.6 d (Hs), 5.4 (benzyl CH,), 7.2 m (phenyl H).
H; and Hes appear as an AB pair (8 — 8) = 36 cps and J5.6 =
3.7 cps.

Anal. Caled for ClaHmCu\?a: C, 6407, H, 414, N, 17.24,
Found: C, 64.01; H, 4.16; N, 17.21,

7-Alkyl-4-amino-7H-pyrrolo[2,3-d]pyrimidines (3).—A solu
tion of the 4-chloro-7-alkyl-7TH-pyrrolo{2,3-d]pyrimidine in
ethanol saturated at 5° with NH; (100 ml/20 mmoles) was
sealed in a glass-lined Parr bomb aud heated at 100-110° for
18 hr. The reaction solution was evaporated to dryness and the
oily residue was triturated with ligroin to remove impurities.
The insoluble solid was washed with water and recrystallized
from the appropriate solvent to give the pure aminopyrrolo-
pyrimidine (Table II). Compounds 3b aud 3¢ were washed with
water and recrystallized (Table II) to give the pure compounds;
3a was dissolved in CHCl;, and the CHCI; solution was extracted
with water before evaporation to dryness. The residue was
recrystallized to give pure product. Compound 3d was dissolved
in acetone, and the acetone solution was filtered before evapora-
tion to dryness. The residue was recrystallized to give pure
product. Ultraviolet and infrared data for 3a-d are given In
Table I1I.
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