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Continuing the search for antitumor and antibacterial pyrrolo[3,2-d]pyrimidines [4, 7], 
we have now synthesized some new 4- and 7-substituted pyrrolo[3,2-d]pyrimidines and studied 
their biological activity. 

Bromination of the pyrrolo[3,2-d]pyrimidines (Ia-c) with bromine in acetic acid afforded 
the 7-bromo derivatives (IIa-c), and nitration of (Is) and (Ib) with nitric acid gave the 
7-nitro derivatives (IIIa, b). 

OH H OH H OH H 
a ,b 

ia-c /a-c I/,rZH4 �9 H/O, Ni/Ra 

a:  R:~:H ~ x m 

OH H 

~,b 

The structures of (IIa, b) and (IIIa, b) were proved by their PMR spectra (Table i). 
The choice between the two possible positions for the substituent X in these compounds (struc- 
tures A and B) was made by comparing the experimental value of the chemical shift of the 
proton in the five-membered ring with the values calculated for the expected structures. 

H ~I H 

A B 

X = B r ,  N O  2 

The value of the chemical shift was calculated by an additive method: C7H(C6H) = 6Ho + 
Zortho, where 6Ho is the chemical shift of the C6H or CTH proton in the unsubstituted pyrrolo- 
pyrimidine, and Zorth o is the change in 6Ho following introduction of the substituent X into 
the five--membered ring. The increments Zorth o were obtained from the benzene series: For 
the bromine atom, Zorth o = 0.18 ppm, and for the nitro group, it is 0.95 ppm [2]. 

The calculated values for the chemical shifts 6H for the five-membered ring in (IIa, b) 
and (IIIa, b) are also shown in Table i. 

It will be seen from Table 1 that the chemical shifts of the five-membered ring proton 
in these pyrrolo[3,2-d]pyrimidines are in good agreement with the 6H values calculated for 
structure A. It should be noted that the differences in the experimental and calculated 
values for the chemical shifts ~H, which are 0.14 ppm for (IIb) and 0.15 ppm for (IIIa), are 
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TABLE i. PMR Spectra of (la, b), (lla, b), and (Ilia, b) 

Compound " 

l a  

Ib 
l la  
l ib 

Ilia 
lllb 

Experimental Values of chemical 
shifm, ppm 

6C,H or 
6C,--CH~ 6C7H 

6,35 
6,35 

6C6H 

7,34 
7,46 
7,53 
7,50 
8,44 
8,47 

!Calculated values of 
chemical shifts, pPm 

for structure for structure 
A B 

7,77 
2,39 
7,84 
2,33 
8,05 
2,48 

7,52 
7,64 
8,29 
8,41 

6,52 
6,53 
7,30 
7,30 

Note. The PMR spectra of (Ia), (IIa), and (Ilia) were ob- 
tained in DMSO-d~, and of (Ib), (Ilb), and (IIIb), in D~-dT. 

evidently due to the fact that the increments used were for the benzene series. These dif- 
ferences, however, do not prevent an unambiguous choice being made between structures A and 
B. 

The nitro compounds (IIIa~ b) were reduced with hydrazine hydrate in the presence of 
Raney nickel to the 7-aminopyrrolopyrimidines (IVa, b). 

Reaction of the 4-chloro-pyrrolo [3,2-d]pyrimidines (Va, b) with thiourea followed by 
treatment of the resulting thiouronium salt with sodium hydroxide solution gave the 4-mer- 
eaptopyrrolopyrimidines (VIa~ b) and from these the thioethers (VIIa-e) were obtained. 

It should be emphasized that the alkylation of (VIc) with EtBr selectively affords the 
ethylthio derivative (VlIc), whereas the use of EtI in this reaction results in attack at 
two centers (SH and NH) with the formation of (VIII). 

/ SH H 

~a- e mY 

Va, Via: R=RI=H; Vb, VIb: R=Ph, RI-CHO; VIIa: R=R'=H, R"-----Et; Vllb: R=RIH, 
R"=CH~CH,OH, Vllc: R=Ph, RI----CHO, R"=E%; VIld: R=Ph, RI----CHO; R"=CH~Ph; 

Vile: R=RI=H, R =CH~Ph; Vlla, c: Hal=BE, VIl6 d, e: Hal----C1. 

Reaction of the aldehyde (VIb) with amines gave the Schiff's bases (IXa, b),which were 
then reduced with NaBH4 to the 4-mereapto-7-aminomethylpyrrolopyrimidines (Xa, b). 

The IR spectra of the Schiff's bases (IXa, b) showed absorption characteristic of C=N 
at 1645 cm -~, which was absent from the spectra of the reduced compounds (Xa, b). 

! SK  H 8 H  n 

z[ab xa,b 
/~3,2a: IR= Bu~ ~h,/b: ~=cyclohexen-l-ylethyl 

The yields, melting points, and elemental analyses of the compounds obtained are given 
in Table 2. 

The antimicrobial activity of the compounds prepared was studied in in V~tro experiments 
by the methods described in [3] against nine species of gram-positive and gram-negative bac- 
teria, three species of acid-resistant mycobacteria, and five species of pathogenic fungi. 

The test compounds were virtually inactive against gram-negative bacteria and pathogenic 
fungi, the minimum inhibitory concentrations being greater than 500 ~g/ml. 
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The greatest activity against gram-positive bacteria was shown by (VIId), which inhibited 
the growth of Staphylococcus aureus, Streptococcus hemolyticus, Corynebacterium diphtheriae, 
and anthracoid spores in concentrations of 2-3.9 ~g/ml. 

Compound (IXb) was moderately active against gram-positive bacteria. 

Compounds (IXa) and (Xa) displayed tuberculostatic activity. 

4-~x~-2-pheny~-7-(~-cyc~hexeny~)ethy~amin~methy~-3,4-dihydr~pyrr~[3,4-d]~pyrimidine has 
been found to inhibit strongly the enzyme dihydrofolate reductase [4]. Replacement of the hy- 
droxy group by mercapto in the pyrrolopyrimidine (Xb) resulted in a decrease in the antireduc- 
tase activity (Iso = I.i0 -s M). 

EXPERIMENTAL 

IR spectra were obtained on a Perkin-Elmer 457, and PMR spectra on a Varian XL-100, in- 
ternal standard TMS. 

4-Hydroxy-7-bromopyrrolo[3,2-d]pyrimidine (IIa). To a suspension of 1.6 g (0.012 mole) 
of (Ia) [6] in 20 ml of acetic acid was added a solution of 2.1 g (0.013 mole) of bromine in 
5 ml of acetic acid. Ten ml of water was then added, and the mixture stirred at 45~ until 
the color of the bromine had disappeared (~1.5 h). The mixture was then cooled, and the 
solid which separated was filtered off and washed with water and ethanol to give 2 g of (IIa). 

Compounds (Ilb) and (Ilc) were obtained similarly from (Ib) [i] and (Ic) [9]. 

4-Hydroxy-7-nitropyrrolo[3,2-d]pyrimidine (IIIa). To 6 ml of concentrated nitric acid 
(d = 1.5), cooled to 0~ was added portionwise with stirring 2 g of (Ia), the temperature 
of the mixture being kept at 0-5~ The mixture was stirred at this temperature for 30 min, 
then at 20-25~ for 30 min. The solution was poured onto ice, and kept for 16 h at 5-I0~ 
The solid which separated was filtered off and washed with water to give 2.1 g of (IIIa). 

Compound (IIIb) was obtained similarly. 

4-Hydroxy-7-aminopyrrolo[3,2-d]pyrimidine (IVa). To a suspension of 0.19 g of (Ilia) 
in 20 ml of isoamyl alcohol was added 1.5 ml of hydrazine hydrate and 1 g of Raney nickel. 
The mixture was heated at 75-85~ with stirring for 3 h, and filtered from the catalyst while 
still hot. The filtrate was cooled, and the precipitate filtered off to give 0.07 g of (IVa). 

IR spectrum, ~max, cm-1: 3360 (NH2). 

Similarly obtained was (IVb) (reaction time i0 min). IR spectrum, Vmax, cm-1: 3350 
cm -I (NH2). 

2-Phenyl-4-mercaptopyrrolo[3~2-d]pyrimidine-7-aldehyde (VIb). A mixture of 6.5 g (10.025 
mole) of (Vb) [5], 2 g (0.026 mole) of thiourea, and 150 ml of ethanol was boiled with stirring 
for 6 h. The solution was evaporated in vacuo, and the residue was dissolved in 150 ml of 
1 N NaOH. The resulting solution was neutralized to pH 6.0, and the solid which separated 
was filtered off and washed with water to give 5.5 g of (VIb). 

Similarly obtained from (Va) [8] was (Via). 

4-Ethylthiopyrrolo[3,2-d]pyrimidine (VIIa). To a solution of 0.3 g (0.002 mole) of 
(Via) in 6 ml of 2% NaOH was added 0.27 g (0.002 mole) of EtBr. The mixture was heated at 
40-46~ for i0 h, and the solid which separated on cooling was filtered off and washed with 

water to give 0.2 g of (VIIa). 

Similarly obtained were (VIIb-e). Reaction times for (IIIa, d), 3 and 1.5 h. PMR spec- 
trum of (Vllc) (CsDsN), 6, ppm: 1.45 and 3.48 (C2Hs); 8.52 (6-H); 7.4-9.0 (C6H5); 10.77 
(CHO). PMR spectrum of (VIId) (CsDsN), 6, ppm: 4.9 (CH2); 8.6 (6-H); 7.1-9.0 (C6H5); 10.5 

(CHO). 

Reaction of (VIb) with an excess of EtBr (3 mole) gave a mixture of (VIIc) and (VIII) 
(by TLC on Silufol UV-254 in chloroform). 

2-Phenyl-4-ethylthio-5-ethylpyrrolo[3,2-d]pyrimidine-7-aldehyde (VIII). To a solution 
of 1.5 g (0.006 mole) of (VIc) in 20 ml of 4% NaOH was added 2.2 g (0.014 mole) of EtI, and 
the mixture was heated with stirring at 70~ for 18 h. The solid which separated on eoolin Z 
was filtered off and washed with water, giving 1 g of (VIII). PMR spectrum (CDCIs), 6, ppm: 
1.57, 1.54 (CH3CH2); 3.54~ 4.50 (CH3CH~); 7.92 (6-H); 7.4-8.6 (C~Hs)~ 10.44 (CHO). 
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2-Phenyl-4-mercapto-7-n-butylaminomethylenepyrrolo[3,2-d]pyrimidine (IXa). A solution 
of 2 g (0.008 mole) of (VIb) and 1.2 g (0.016 mole) of n-butylamine in 60 ml of dry dioxane 
was heated with stirring for 12 h at 80~ The solvent was distilled off in vacuo, and the 
residue crystallized to give 1.4 g of (IXa). 

Similarly obtained was (IXb), heating being continued for 3 h at 80~ 

2-Phenyl-4-mercapto-7-n-butylaminomethylpyrrolo[3,2-d]pyrimidine (Xa). To a suspension 
of 1.3 g (0.004 mole) of (IXa) in 30 ml of dry methanol was added gradually 0.2 g (0.005 
mole) of NaBH4. The mixture was boiled for 2 h, and the solid which separated on cooling 
was filtered off and washed with water to give 0.8 g of (Xa)~ 

Similarly obtained was CXb), the mixture being boiled for 15 min. The compound (Xb) 
was isolated by diluting the reaction mixture with water. 
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