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precipitation was complete. The slurry wns filtered , 
arid the filter cake was waslied witlt cold beiizcne. 
Tlic crude product weiglicd 23.6 Gm. 

The product was recrystallized orice froiri an 
cthanol-ethyl acctate mixture, then twice from 
tctraliydrofuran. The pure rmtcrial consisted or 
shiny. golden flakes melting at 207- 209’. The  
yield was 12.8 Gin. 

dnd-Calcd. for CIPII:oClN302: C, 34.63; H, 
7.05; N ,  14. i1.  Found: C ,  54.93; H, 7.23; 
K, 14.41. 

N - (2 - Dialkylaminoethyl) - 2 - phenylacet- 
anilides.--l;rotn 0.020-0.0:30 Inole of substitutcd 
cthylet~ediat~iine hydrochloride was suspended in 
100-1.50 nil. of benzene. The appropriate acid 
chloride was added in 10-25L;h molar excess. The 

spension was stirred and heated under reflux 
-72 hr. The mixture was cooled and filtered. 

’l’lic rrudc product was recrystallized from the ap- 
propriate solvent (Table I) .  

In a f e w  instances the product was solublc in the 
benzene even after cooling. In thcse cases, an cqual 
volume of petroleuni ether was added to force 
the salt out of solution. 

It the crude hydrochloride salt was liquid and 
could not be induced to crystallize, it  was dissolved 
in dilute hydrochloric acid and neu tralized with 10?& 
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sodium hydroxide solution. The free base was 
extracted into ether. The  cthercal solution was 
clricd, i~nd  the ether was removed in vucuo. T h e  
residual haw w:ts converted to  the percliloratc salt 
b y  tlie met!iod 01 Caudle et ( i l .  (5). 
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Synthesis of 
4-Substituted-7 -methylpyrrolo[ 2,3-d]pyrimidines 

By RICHARD H. HAMMER 

The reactions of 4-chloro-7-methyl-7H-pyrrolo[2,3-d]pyrimidine (IV) with 
ethanolic ammonia, thiourea, and aqueous sodium sulfhydrate solution to give the 
4-amino (V) and 4-thione (VI) analogs are described. Ultraviolet data and pKa 

values for IV, V, and V I  are reported. 

UUERCIDIN (Ia), a natwally occurring nucleo- 
Tside in streptomyces species ( I .  2), has becn 
assigned thc structure 4 - a m i n o ~ ~ - ~ - ~ - i - i h o f u r -  
anosyl-iH-pyrr-olo L2,S-dIpyrirnidinc (i-deaza- 
adenosine) ( 3  -.5). It is a11 inhibitor of several 
tuinor systcins, not cross-resistant to  (i-mercapto- 
1)iiririe-resistant line tt~trlor systems (li), and ill- 
corpurated into 110th D N A  and RISA of niousc 
1ii)rot)Iasts arid sevcrul viruses (7 ,  xj.  l h r i n g  
structural elucidation shidics oi tu1)ercidin 
(I(/.), liyclrolysis of Ia to the aglycotie (Ib) arid 
i)-ribose was accomplishcd by refluxing ICL in 
1-3 N HC1 for 3 hr. (1). From these data the 
base ribose bond or Ia appears to be more resist- 
an t  to acid hydrolysis than a purine base- 
ribose bond. Subsequently, resistance of In 
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to enzymatic clcavage by 12. coli iiitcleoside 
phospliorylase was demonstrated while G-mer- 
captoInirinc ribinside was ohserved to be rapidly 
cleaved (9). Significance ol‘ the stabilit?. of tlie 
pyi-rolol”,:;~d]pyrimidine base-ribose bond in 
relation to drug distribution and cancer ctieiiio- 
therapy remains to 1x2 exl)lairietl. 

I<eceriL sluclics by Montgomery ant1 I Icwsoii 
(10, t l j  011 the cell culture cytot(ixieity or f i -  
iiiercaplol)ririiic and (i-i~iercat~tol,uri~ie~dcazat :III:I- 

logs suggests that  deaza structures such :is 6- 
iiiercal)to-i-dcazapurine (1 1-13) are not nir- 
tabolized by  the cells to the ribotide form and 
consequently are 300-500 times less active than 
(j~iiiercaT.’topurine which is readily converted to  
the ribotide. This raises the question as to  
whether antitumor activity for pyrrolo [ 2 , 3 - d ] -  
pyrimidine structures may be dependent on a 
qic1,stiturnt siicli :is i t  sugar groiip, cycloalkvl 
or allcyl gi-oiil) on the 7-nitrogcn (cor-respondi~ig 
to the %position of Ilurine). This is evident 
bv tlie fact that tuhercidin (It;) willi a B-rt- 
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ribose moiety on the 7-position is active while 
11, which is unsubstitiited, is inactive. Pyrrolo 
[2,3d]pyrimidinr structures with a methyl group 
on the 7-nitrogen and amino or inercapto groups 
at the 4-position (corresponding to  the &position 
o f  purine) are therefore of biological intereil 
and promptcd the described synthesis of 4-amino- 
7-methyl-iH-pyrrolo [2,3-d]pyrirnidine (I') and 
7 - methyl - SH - pyrrolo[2,3 - dlpyrimidine - 4- 
(3H) -thione (VI) from ~2-chloro-7H-pyrrolo [%,ad] 
pyrimidine (111). 
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additional product. 111.p. 118-120". 'Jlie conibiiied 
crops were recrystallized from methanol to give 
light tan crystals (117) .  Yield, 1.009 Gin. (62();), 
111.p. 126-127'. [Reported m.p. 130" (17).] v,:,\.., 
cm.-', 3050, 2880 (CH); 1615, 1580, 1530, 1,510 
(C-C, C=N). 

AnaZ.-Calcd. for C7H6ClNl: C, 50.18; H,  3.68; 
-U, 25.08. Found: C, 49.90; 15, 3.70; N, 24.84. 

4-Amino-7-methyl-7H-pyrrolo[2,3-d]pyrimidine 
(V).-To 0.20 Gni. o l  I\T in a Parr stainless steel 
bomb was added 10.0 nil. of ethanolic amnionin 
solution (prepared by saturating absolute ethanol 
a t  5' with ammonia). The  bomb was smled arid 
maintained a t  125-130" with stirring on a combina- 
tion hot plate-magnetic stirrer. The reported 
reaction temperature was obtaincd by simul- 
taneously Iic~atitig a beaker of mineral oil adjacent 
to the Parr bomb on the s x n c  hot plate. After 10 
hr., the mixture was cooled arid filtered 5 times to 
rcmovc decomposition material. The clear brown 
filtrate was evaporated t(J dryness yielding a brown 
crystalline residue which was recrystallized 2 times 
from hot water to give tan crystals (V). Yield, 
0.044 Gm. (25%), m.p. 807-208' dec. vmDx , 
CIII:-~, 3280, 3050, 2890 (KII, CII); 1640, 1580, 
1550 ( N H ,  C-C, C=N). 

,Anal.-cdlcd. for C7H8N4: C, 56.76; H, 5.40; 
h-, 37.82. Found: C? 56.75; H, 5.60; N, 37.61. 

7-Methyl-7H-pyrrolo[2,3-d]pyrimidine-4(3H)- 
thione (VI).--iZlelhod A .-To a solution of 0.30 

I 
R 

I 
H 

Ia, R=&n-Ribose I1 
Ib,R=H 

EXPERIMENTAL 

Melting points werc obtained 0 1 1  a Tho~nas- 
Hoover capillary melting point apparatus and are 
uncorrected. Tnfrared and ultraviolet analyses were 
recorded on Beckman IR-,5 and model DB spectro- 
photometers. Titrimetric p K a  values (14) were 
obtained on a Sargent titrator, model D, and spec- 
trophotometric pKa valnes (15) were obtaillecl using 
buffered solutions (16) verified with standard bulTer 
solutions on a Beckman cxpandrd scalc pH mctcr, 
inodel 76. Microanalyses were conducted by 
Galbraith Laboratories, Inc., Knoxville, 'l'enn. 

4-Chloro-7-methyl-7H-pyrroIo[Z,3-d]pyrimidine 
(IV) (17).-To a solution of 1.50 Gm. of crude 4- 
chIoro-'iH-pyrrolo[2,3-dJpyrirnidine (111) (12) in 
10.0 ml. of dimethylformnmide (dried over pctro- 
Ieurn ether extracted sodium hydride) cooled to 5' 
was added 0.492 Crn. of sodium hydride (represents 
0.492 GIJI. sodium hydride, 5075 dispersed in oil. 
prior to extraction with petroleum ether). Thc 
inixture was kept a t  room teniperaturc until :ill 
the hydrogen gas was libcrated (4.5 hr.). Thc 
reaction mixture was cooled to 5" :tiid 0.60 Gin. 
( J f  methyl iodide was added. -411 immediate tat] 
precipitate w a s  observcd with agitiition i l l  t l i i .  
ice-lxitli, and aftct stancling for  12 hr., 10.0 1 1 1 1 .  o f  
wiitrr was ;itldcd and cooled for a i l  ad(litioiia1 (i Iir. 
li'iltnition yielded l.lti Gin. o l  cr~itle t:+ii pr(~tluct.  
111.p. 1211- 122". 'Jhe filtratc gave 0.lMJ <:in. of  

CI CI 

I 
H 

I11 Iv 
r/ I 
J i 

S 

I 
( :H 

V v I 
S C l l C l l l C  1 

I 
CII. 

mp ( e )  
p€I 1.0' pH i . O  pII 1 3 . u  

271f 4.950\ 
111 222(20,2Ul))h 

1V 229(23,U50) 225(25;.580j 225(24,310) 2 .  0 P  
272( 4,550) 270( 3,980 1 271( 3,700) 

V" 229(21,710) 224(12,930) 5.25< 
274( 9,270) 27l( 9,130) 2$0( 8,810J 5 . 0 F  

\ 1  266( 6,530) 9 RSd (SH) 

'* pII 1.0 (0 .1  S HCI); pH 7.0 (phosphate buffer) ( 1 6 ) :  pII 13.0 (0.1 "d' NaOH). R t h a n d ,  absolule (13). Specti-o- 
TiLrimeLiic method (14). @ Repurtecl (4): Xnrar."."' ' 'Ic' 230 (-1, 2i5(10,3oo]; AI~I:%X:'.~' srO1l IlhoLomeCric method (1.5) 

373(Y ,400). 



Gin. of I \ .  iri 8.0 1111. of absolute ethanol was added 
0 . 2 2  Gni. of thiourea. After 5 min. of rcfluxing the 
A,,,,,. had shifted from 270 to 325 nip. Refluxing 
was continued for an additional 3 hr. a t  which time 
the h,,,. was still 325 Itlp, L-pon evaporation, the 
crude residue was recrystallized from methanol (48 
hr. a t  rooiii temperature) to give pale yellow needles 
(Vl). Yield, 0.154 Gm. (5276), m.p. 306-307" 
tlec. vmnT.,  ern.-', 3125, 3010, 2860 (CH); 1575, 
1530 (C-C, C = N ) .  

A1nnl.-Calrd. for C7H7N2S: C, 50.90; H, 4.24; 

Nethod B-'ro a solution of 0.20 Gm. of 1V in 
10.0 ml. of absolute ethanol was added 30.0 nil. 
of an  aqueous sodium sulfhydrate solution (2.0 iV). 
The solution was refluxed for 5 hr. at which time the 

The yellow 
solution was cooled and neutralized to a pH of 7 
with 1OYh acetic acid. After cooling overnight 
the reaction mixture was filtered to give 0.161 Gm. 
of a pale yellow rcsidue, m.p. 300-302". Ke- 
crystallization from methanol (48 hr. a t  room tem- 
perature) gavc pale yellow needles (\'I). Yield, 
0,Wi  Gm. (33%), m.p.  307-308' dec. vmaa., em.-', 
3130, 3000 (CH); 1575, 1545, 1530 (C=C, C=N). 
(Scheme I.) 

.InaZ.-Calcd. for C7H7NaS: C, 50.90; €1, 4.24; 
S, 25.44. Fo~iriil: C, 50.62; H, 4.27; N, 25.21. 

N, 25.44. Found: C, q51.08; H, 4.47; N, 25.20. 

had shifted from 271 to 319 nip. 

RESULTS A N D  DISCUSSION 

The intermediate compound 4~chloro-7H-pyrrolo. 
[2,:3-d]pyritnidinc (111) was prepared by a 5-step 
rcaction sequence from starting materials of cthyl- 
cy;rnoacetate and hroinoacetnl (12). Rcaction of 
I1 I with sodium hydride to  form the nucleopliile 
~tlicl subsequent reaction with methyl iodide gave 
the 4-~liloro-7-niethyl~7I~-pyrrolo[2,3-d]pyrimidit1e 
( I  I:) compound (17). Nuclcophilic displacement 
of the 4-chloro group of IV by reaction with eithcr 
thiourea (method .I ) or sodium sulfhydrate (method 
B )  gave $-1iiethyl-iH-pyrrolo[2,3-dlDyrimidine- 
4(3II)-thione (VI). Both reactions proceed 
smoothly a t  refux temperatures. Method A gave 
a yield of 52% of VI compared to 33% by method 
H. [nfrared stid ultraviolet curves of VI from 
methods A or B were superimposable a d  identical 
in every respect. Optimum conditions for syn- 
thesis of the 4-amino congener (V)  required heating 
I\: in  ethanolic ammonia for 10 lit-. at 125-130" in 
a stainless steel bomb. The reaction was also run 
at tcrnperaturcs of 105- 110" and 155-160". The 
higher tcinperaturc produced niore extensive de- 
coniposition and the lower temperature gave a lower 
yield than the 125 130" ruli.qe. Syntlicsis of the 
t.lnc.l-c;Lpto :mdogs of pyrrolo/2,3-d] pyrirnidincs 
c:m rcadily bc followed by a batliochroniic shift it1 
A,,,,,. from 2135-275 to 315- 3% nip as prcviorisly 
~(wiollstratcd duriug the sytitlicsis of I1 (13) aud as 
tlescrihcd here (Table I ) .  

Facile substitution of the 6-chloro xroup of G- 
ehloropurine and 6-chloro-9-substituted purines by 
nucleophilic groups has provided useful synthetic 
pathways leading to a variety of purine nucleosides 
and puririe analogs. Similarly, 4-chloropyrrolo- 
j?,,n-d] pyrimidine moieties. without a $-nitrogen 
substituciit, itrc uscful iiiterniediates which call be 
rcacted with ammonia (Is), alkyl aiiiines and 
thiourca (12, phosphonls prntasulfide (9). sodium 
sulfhydrate ai id  strdiu~ii Irirthoxide (131, and 

nlkyl ~nerc~ptans  (19) to give the corresponding 
4-substituted dcrivativcs. Even though nucleo- 
philic groups can be substituted in place of the 4- 
chloro group, on the basis of the conditions rcquircd 
for the aiiiiiiatioii reactions of 111, IV, and 6- 
chloro-purine compounds, the 4-chloro group 
appears to be more difficult to displace than the 
corresponding 6-chloro of purine compounds. Lewis 
et uZ. (20) reported the synthesis of G-aniiuo-9- 
(tetrahydro-2-fury1)purine by treating the 6-chloro 
precursor with methanolic ammonia at  room tem- 
perature for 48 lir. However, Hitchings et al. (18) re- 
ported that to replace the 4-chloro group of 111 
with an amino group it was necessary to heat 111 
in a stainless steel bomb a t  155-160" for 20 hr., 
and as reported here, coilversion of I V  to V required 
heating I\' in ethanolic ammonia for 10 hr. a t  12.5- 
130'. For the amination reactions, the reaction 
conditions indicate that the 4-chloro group of 
pyrrolo[2,3-d] pyrimidines is more difficult to displace 
than the corresponding 6-ehloro group of purines. 

The pKa values reported in Table I were 013- 
taincd by titrimctric (14) or spcctrophotomctric 
(15) methods. Due to its insolubility in aqueous 
perchloric acid, the pKa value for I V  was obtained 
spectrophotometrically. Replacement 01 the 4- 
chloro group of IV with an amino group (V) 
gavc an expected shift to a higher pKa which would 
normally occur when an electron~witliclrawi!i~ 
group (Cl) is replaced with an electron-donating 
group (KHp). Tubereidin ( l a )  has hcen reported 
to have a pKa of 5.3 (4). The pKa of the 4-amino- 
7-methyl analog (V) was found to  be 5.02. I'rovid- 
ing V has a favorable partition coefficient, it would 
be expected to produce high iritracellular coiiccil- 
trations. 'Hie ratio of unionized to ionized specics 
of V a t  a pH of 7.4 (plasma) would be 240/1 (pKa 
5.02) which should enhance its absorption acIoss 
cellular membranes. The pKa of the SH group of 
VI was found to be 9.35. The pKa value was not 
obtained for the pyrrolo nitrogen of VI .  

Screening of these compounds for antitumor 
properties is being conducted by the Cancer Chemo- 
therapy National Service Center and will be re- 
ported a t  a later datc. 
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