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Alternative Method C.--A cold (0') mixture of 5.6 g (0.022 
mole) of D-phenylalanine methyl ester hydrochloride and 2.2 g 
(0.022 mole) of Et3N in i 5  ml of DMF was filtered, and to  the 
filtrate was added 9 g (0.022 mole) of 0-acet,yl-N-carbobenzoxy- 
serine p-nitrophenyl ester.lO The solution was kept 2 days at, 
23' aiid evaporated to an oil which was taken up in EtOAc. 
This solution was washed wit'h HZO, 5%, NaHCOs solution, and 
dilute HC1, then dried and evaporated to a solid. The product, 
0-acet yl-N-carbobeiI~ox~ser~l-o-phe~i~lala~iii ie methyl ester was 
recrystallized from EtOA4c-petroleum ether, 7.3 g (77% j) mp 

Anal. Calcd for C?3H&\;20i: C, 62.43; H, 3.93; S, 6.33. 
Found: C, 62.44; H,  5.96; S, 6.32. 

The methyl ester and 0-acetj-1 groiips were removed using an 
excess of 2 A\- SaOH in JIeOH affording carbobenzoxyser?-l-D- 
phenylalanine in 725; ?-ield, mp 137-139". 

Method D.-To a cold ( 5 " )  solution of 7.9 g (0.03 mole) of 
carbobenzosyhydrox~proliiie in 150 ml of MeCN was added 3 g 
of Et3X and 7.5 g (0.03 mole) of Woodward's5 reagent K. The 
mixture was stirred 1 hr a t  3', and 5 g (0.03 mole) of D-valine 
methyl eater hydrochloride and 3 g of Et3S were added. The 
mixture was stirred 48 hr at 2.7'. The solvent was evaporated, 
the residue was taken up in EtOAc, and the solution was washed 
with H20, 5cI; SaHC03 solution, and dilute €IC1 and dried. 
Evaporation of the solvent left, an oil which would not crystallize: 
yield 8.4 g (74% j. 

Anal. Calcd for ClaH2&20~.H20: C, 5i.35: H, 7.12; S, 
7.06. Found: C, 57.28; H, 7.00; S, 6.63. 

Hydrolysis of the above methyl ester with KaOH in XeOH 

132-1:33", [ a I z 3 D  +4.4 ( C  2, DJ IF) .  

(IO) E. D. Xicolaides and €1. A .  DeWald, G. S. Patent 3,164,614 (1965). 

gave carbobeiizoxyhydroxypr~lyl-D-valiiie in SO',: yield, mp 

Method E.-To a cold (7") solution of 6 g (0.0238 mole) of 
carbobenzoxy-D-serine hydrazide in 50 ml of glacial HOAc and 
30 ml of 1 i\- HC1 was added over 15 min, 1.7 g (0.025 mole) of 
NaXO? in 5 ml of HZO. After an additional 5 min, the solution 
was diluted with 200 ml of ice-Hs0 and extracted with cold 
(-3') EtOAc. The EtOAc solution was washed with ice-H20 
several times and with cold 5% NanC03 solution until neutral 
and dried. To this filtered solution a t  0" was added a cold (0")  
mixture of 5.5 g (0.024 mole) of D-phenylalanine met,hj-l ester 
hydrochloride and 2.5 g of Et3S in 50 ml of DMF. The solution 
was kept 24 hr a t  5' and washed with 5% NaHCOa soln- 
tioii, and dilute HCl then dried and the solvent was evaporated. 
Et20-cyclohexane was added producing a colorless solid, 4.5 g 
(46%), mp 77-78'. 

Anal. Calcd for CalH2aN206: C, 62.99; H, 6.04; ?;, 7.00. 
Found: C, 62.73; H, 6.23; IT, 6.93. 

The methyl ester was removed in the usual manner giving 
cnrbobenzoxy-D-ser?-l-D-phenylalanine, mp 138-139 '. 
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Fifty-two l-alkyl-4-amirio-6-(5-1iitro-2-furylj-lH-pyrazolo[3,4-cl]p~rimidiiie derivatives were prepared and 
were found to possess excellent antibacterial activity. The most active compound was the 4-bis(2-hydroxy- 
propy1)amino-1-methyl derivntive, which showed an oral EDSO of about 2 mg/kg against Staphylococcus aureus 
infections in mice. 

In  a previous paper in this serieT2 i t  was shown that  
the attachment of a condensed pyrimidine ring system 
a t  the 2 position of the nitrofuran ring would give com- 
pounds possessing exceptional antibacterial activity. 
That paper described the antibacterial activity of 
numerous 4-amino-2-(3-nitro-2-fur\-l)quinazoline de- 
rivatives. The present paper is concerned with the 
synthesis and biological evaluation of derivatives of an- 
other condensed pyrimidine system, 1-alkyl-4-amino- 
6- (5-nitro-2-furyl) -1 H-p yrazolo [3,4-d ]pyrimidine. 

Chemistry.-The excellent procedure of Taylor and 
Borror3 for condensing nitriles with 5-amino-4-cyano- 
pyrazoles (1) in the presence of base to yield 6-substi- 
tuted 4-aminopyrazolo [3,4-d]pyrimidines (2) was 
adapted to include the reaction of 2-furonitrile with 1. 
The desired nitrofuran derivatives were then prepared 
by mixed-acid nitration of 2. Unfortunately, this 
short synthesis mas not applicable to the preparation of 
4-substituted amino derivatives. These compounds 

( 1 )  For  the previous paper in this series see 13. R Snyder, Jr . ,  J .  M e d .  

(2)  M. .I. Burch ,  ~ h i r i . .  9, 408 (1966). 
(31 E. C. Taylor and A .  L. Borror, J .  O r g .  Chem., 26, 49Gi (1961). 

Cliem., 10, 737 (1967). 

were prepared with little difficulty, however, by the 
synthesis devised by Cheng and  robin^.^ The reac- 
tions are summarized in Scheme I .  

Thus, aminocyanopj-razole (1) was acylated with 
2-furoyl chloride to give amide 3 which was cyclized in 
hot , alkaline, peroxide solution to pyrazolopyrimi- 
dinorie (4). Mixed-acid nitration of 4 gave the nitro- 
fury1 derivative 5 in excellent yield. The assignment 
of the keto form to the oxygen function in position 4 
of compounds 4 and 5, rather than the frequently 
reported tautomeric hydroxy form, mas based on the 
observation that carbonyl absorption occurred at  
1650-1670 cm-l in the infrared. Chlorination of 5 
with PCl, in POC1, gave the 4-chloro compounds 6. 
Displacement of the chlorine atom in 6 with a variety 
of amines proceeded smoothly in D M F  solution to give 
the amino derivatives 10-46, 49-55, and 58 listed in 
Table I. Displacement of the halogen in 6 with am- 
monia in aqueous DMF gave 7-9, identical by mixture 
melting points and infrared spectra with those obtained 
by the nitration of 2. 

Biological Screening Results.-The in vitro and 
(4) C. C. Cheng and R. I<. Robins, rbzd., 23, 191 (lY58). 
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L ) /  LZUO ailtibacterial Imperties were deteriiiiiied usirig 
the methods described previously:) The d a h  obtained 
011 5-58 are summarized in Table I. The effects of 
substitutions a t  three positions in the pyrazolop,yrimi- 
dine ring systeni m r e  investigated. In general, 

R 

0 - N  i1,kJ-R K 

z i i  I 11'0 activitj agaiiist Sfuplq locwcus  u i i i e u ~  iiifwtioiis 
111 mice n a b  grcatcst when R J\ ;ii metlij.1. The :ic- 

tivit y decreased ~1 ith incrcasiiig chaiii length. The 
bubstitution of alkj.1 gruups for hydrogen at R1 caused 
a signifcarit decrease i r i  both in ~ i f i ~ ~  and z n  t i ~ o  anti- 
bacterial activity. 911 pyrazolop) rimidiiies containing 
:I chlorine atom or a hydroxyl group at  R 2  were in- 
x t i v e  in zico a t  the drug levels teqted. .lctivit> was 
found only when an amino or :I Rub~tituted-amino 
group was introduced a t  R2. Xotcn orthy activitj 
\vas found when the hydroxj eth) larnino group w a s  
introduced at RZ. Substitutioii of a meth) 1 group for 
11) drogeii o i l  the kij dros! 1 carhiri ca tom enhanced the 
:ictivit\ 'The activit? i i icrcwd further by thc  
iritroductioi~ of the bis ) t l r o s ~  >ilk\ 1) amino grou 1) 
:tt 11'. T l i u ~ .  tlic most :icti\ e c o i i i ~ ~ ~ ~ i i d  prep:ired 111 

i his writ15 I\ :is t he 4-h~(L'-hydrtix~ propj 1):miiio-1- 
incthj 1 :iiialog 39 ~i-hich \ho\\ (it1 :HI EDjo  of :bout 
L' nigikg. 

Other sigriihc:iiitl~ active coiiipouiids it1 this seiics 
were 10, 12, 14, 27, 28, 30, 32, 35, 36, 40, 42, 43, 45, 
47, 51, 52, arid 58. The following compounds in 
Tltble I, when subjected to  toxicopathological evalua- 
tion iii two dog5 for a period of 30 d a ~ - s  at a perornl 

I 1 1. I~ t lmo \\ 1 C ~ i t \  ~ r l i l i 5  I - ( o e i i - o i i  .I l l e i l  C l e m  6 , b l i  

ri 
G 

( los~~ge level of :ipprcixiniatclj. 40 iiig,'lig clail)., elicited 
110 sigiis of toxicosis: 7, 19, 22, 33, 35, 36, 39, :uid 43. 
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\Vlieii the exotherliiic react ioii had ceased, the aolutioiL was 
refluxed for 1 hr, and solveiita were evaporated in vacuo 011 a 
steam bath. The residue was crystallized from EtOAc-MeOH 
(5: 2 )  (charcoal) t ( J  give the product as colorless needles meking 
at l.i!)-160", yield 49.5 g. The filtrate was chromatographed 
over Al& t.o give 66 g of product after evaporat,ioii of the .sohen(,. 
The t8(~t,al yield was 113.5 g (855;). Recrystallizat.ioii from EtOAc: 
r:iihed the riielt,ing point to 163-165.5". 

;lnd. Calcd for C6IrbX4: C, 52.92; 11, 5.92; ?;, 41.15. 
Foilrid: C, 32.88: 11, 5.96: K ,  41.33. 

5-Amino-4-cyano-1 -propylpyrazole ( I d )  was prepared fi,oni 
PrNHNH2* in 365;, yield by the met,hod described for IC. The 
chromatographed material was recrystallized from i-PrOH 
(charcoa!) to give the product as colorless needles melt'ing at  
1 39-16O". 

;lnal. Calcd for CiHlON4: C, 55.98; H, 6.71; N, 37.31. 
E'ouiid: C, 36.03; H, 6.60; N, 37.15. 

5-Amino-4-cyano-3-ethyl-l-methylpyrazole (le).-To 110 g 
(0.74 mole) ( J f  ethylethc~x~methylenenialoiioriitrile~ iu $50 nil of 
:tbbolute EtOH was added slowly through the condenser 34.3 g 
(0.75 mole) of lIeNHNI-T2. Wheii the exothermic reaction had 
ceased, the solution was refluxed for 3 hr, then stripped of solveiits 
in cacuo on a steam bath. The crystalline residue was boiled 
for 15 min n-ith charcoal in a minimum of CeHs, filtered, and 
cooled, and the filtrate was diluted with t,wo volumes of petroleum 
et,her t o  give t,he product as colorless needles melting at' 84.5- 
86", yield 103 g (94%). 

A n a / .  Calcd for C;T-TloPIT4: C, 55.98; H, 6.71; PIT, 37.31. 
Found: C, 55.98; H, 6.44; S, 37.36. 

4-Amino-l-ethyI-6-( 2-furyl)-lH-pyrazoI0[3,4-d]pyrimidine 
(2a).-A solution of 66 g (0.7 mole) of 2-furonitrile, 96 g (0.7 
mole) of IC, and 70 g (1.3 moles) of NaOlIe  in 1.5 1. of i-PrOH 
was refluxed for 48 hr. The solvents were removed in vacuo on 
a steam bath and the residue was slurried with 1 kg of ice-H*O. 
The crude product was filtered, washed thoroughly with H20, 
and dried at, 6.5". Recrystallization from i-PrOH (charcoal) 
gave the product as colorless platelets. Other derivatives of 2 
were prepared from the appropriate 5-amiiio-4-cyanop~-razole. 

4-Amino-l-ethyl-6-( 5-nitro-2-furyl)-lH-pyrazoIo [3,4-d] py- 
rimidine (7).-Compound 2a (25 g)  was pulverized and added in 
portions with stirring to 230 mi of concentrated H2SOa below 
10". The temperature was lowered to -5' by means of an ice- 
salt bath aiid kept below lo", while 50 ml of concentrated HNOI 
in 50 ml of conceiitrat,ed H2S04 was added dropwise during 15 min. 
Stirring was then continued in the cold for 1 hr. The mixture 
was poured over 1 kg of ice, neutralized n i th  209; SaOH, and 
diluted with H20 to a filial volume of 3 1. The crude product' 
was filtered, washed thoroughly iv-ith HyO to remove traces of 
Xa2S04, and air dried on the funnel. Recrystallization from 
UAIF (charcoal) gave the product as yellow needles. Com- 
pounds 8 and 9 were prepared from the appropriate 2. 

N-(4-Cyano-l-methyl-5-pyrazolyI)-2-furamide (.%).-TO a 
solution of 91 g (0.74 mole) of l b  in 300 ml of pyridine was added 
cautiously with stirring, 101 g (0.74 mole) of 2-furoyl chloride. 
After the solution was heated on a steam bath for 1 hr, it was 
poured into 1 1. of ice-HnO arid allowed to stand overnight. The 
crude product was filtered, washed with cold HzO, and dried 
a t  65". This material was used without further purification. 
Recrystallization of a sample from aqueous MeOH (charcoal) 
gave the product, as large, colorless needles. Compounds 3b-e 
were prepared from the appropriate 5-amino-4-cyanopyrazole. 

6 4  2-Furyl)-l -methyl-1H-pyrazolo [3,4-d] pyrimidin-4(5H)-one 
(4a).-To a warm (35-45') solution of 62 g of NaOH in 2700 ml 

(9) L. Niclioli, P. J .  Tarsio, and H. I3lolim, U. S. Patent  2,824,121: Cliem. 
..ibetr., 63, i i ~ o o i  (195s). 

of II2O was added cautiously with stirriiig, 230 ml of 30';; I1202. 
This was followed by the addition of 243 g (1.13 moles) of 3a 
in small portions during about, 1 hr. A few milliliters of EtOAc 
was added periodically to control frothing. The solutiori was 
theii heated 011 a steam bath uiider reflux for 20 hr, chilled, 
and iieutralized cautiously wit.h AcOH. Frot,hing was controlled 
agniii by the addition of EtOAc. The solids were filtered, washed 
with cold HzO, arid dried a t  65' to give 167 g of crude product. 
The pulverized, crude product was stirred for 1 5  miii in 500 ml 
of NeCN and filtered, and the residue was dried at 65". This 
separation process was repeated until an infrared spectrum of t,he 
residual solids showed an absence of nitrile absorption at  2350 
cm-l. Evaporation of the bIeCS washings gave 29 g of re- 
covered 3a. The 4a thus obtained was used withotit further 
purification. Recrystallization of a sample from ilIeSOa (char- 
coal) gave the product as colorless needles. Compounds 4b-e 
were prepared from the appropriate 3. 

1 -Methyl-&( 5-nitro-2-furyl)-lH-pyrazolo[3,4-d]pyrimidin- 
4(5H)-one (5a).-To 300 ml of coiicentrated I-12SOa kept below 
20" was added 101 g (0.47 mole) of 4a in small portioiis with 
stirriiig. A solution of 50 ml of concentrated HNOa in 50 nil of 
concentrated HzS04 was added dropwise at 25-30". The mixture 
was stirred at  25-30" for 1 hr following the addition and poured 
over 2 kg of ice. The excess acid was neutralized by the careful 
addition of 20y0 NaOH wit,h cooling. The crude product was 
filtered, washed thoroughly with HzO, and dried at  56". Re- 
crystallization from aqueous DlIF (charcoal) gave 5a as yellow 
needles. Compounds 5b-e were prepared from the appropriate 4. 

4-Chloro-1 -methyl-6-( 5-nitro-2-furyl)-lH-pyrazolo [3,4-d] - 
pyrimidine (6a).-To a suspension of 52 g (0.25 mole) of PClj 
in 300 ml of POC1, was added 65 g (0.25 mole) of 5a. The result- 
ing suspension was refluxed with stirring for 3 hr, after which time 
solution was complete. The cooled solution was diluted with 
500 ml of petroleum ether and filtered. After washing with 
petroleum ether and air drying on the funnel, the crude product 
was used without further purification. Recrystallization of a 
sample from aqueous Dl IF  (charcoal) gave 6a as light yellow 
needles. Compounds 6b-e were prepared from the appropriate 5. 

l-Methyl-4-methyIamino-6-( 5-nitro-2-furyl)-lH-pyrazolo- 
[3,4-d]pyrimidine (lo).-To a mixture of 42 g (0.15 mole) of 6a 
in 350 ml of DMF was added 25 g (0.32 mole) of 40% aqueous 
l I eSHz .  The mixture was stirred for 15 min, heated on a steam 
bath for 15 min, cooled, and diluted with 400 ml of H2O. The 
crude solid was filtered and recrystallized from aqueous DMF 
(charcoal) from which the product separated as yellow needles. 
The remaining compounds in Table I were prepared from the 
appropriate 6 and amine. Other recrystallizatiou solvents used 
iiicluded alcohols arid AIeCS. 

Acetylated Derivatives.-Compouiids 43, 44, and 22 were re- 
fluxed in Ac20 for a few hours to give, after queiichiiig oil ice aiid 
recrystallization from AIeOH, compouiids 47, 48, aiid 57, 
rebpectively. A monoacetylated derivative of 22 (56 )  was 
prepared by refluxing 22 in excess AcC1-ilcOH solution. The 
position of the acetyl group was assigned arbitrarily. 
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