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of KEH (20 ml., 0.05 mole) in 1-butanol was added, and the 
LIIBK was evaporated a t  reduced pressure (wat,er pump) at, 
40" on the rotary evaporator to give 5.5 g. (38%) of white crystals 
after drying in vacuo (P&); [ c Y ] ~ ~ D  +229" (c  1.02, water). 
B direct comparison of the 1i.m.r. spectrum of this specimen 
with the n.m.r. spectrum of pure potassium 6-[( +)-a-phenoxy- 
pr~pionaniido]penicillanate~~ indicated essential optical purity. 

Anal. Calcd. for C18HP1KN20jS.H?O: C, 49.75: H, 5.33. 
Found: C, 49.40: H, 5.18. 

Bis( 6-phenylmercaptoacetamidopenicillanyl ) Disulfide ( 14).- 
To 105 mg. (0.25 mmole) of potassium 6-(phenylniercaptoacet- 
amido)thiopenicillanate dissolved in 10 ml. of water was added 
concentrated HC1 to pH 2.5. The solution was layered a-ith 10 
ml. of ether and treated with 2 nil. of 0.1 -\- iodine in ether. The 
ether was washed ait,h 2 7  aqueous SaHC03  solution and finally 
with water and dried (1IgSOd). The ether was evaporated and 
the residue was dried in vuczm (0.1 mm.) for 17 hr. to yield TO mg. 
(75%) of amorphous solid. See Table I for analysis and proper- 
ties. The major infrared absorptions (in cm.-l) in KBr were 
a broad absorption near 3370 (includes the amide KH),  179s 
(@-lactam carbonyl), 1731 and 1715 (penicillaiiic acid disulfide 

carboiiyl), 1685 (amide carbonyl), and 740 and 6Y0 (nionosub- 
stit'uted phenyl). The n n r .  spectrum of a solution of the di- 
sulfide in CDCla had absorption peaks which were assigned as  
follows: a doublet of spacing 9 c.p.s. a t  6 7.59 due to the amide 
proton which is coupled to the C-6 proton, a singlet a t  7.36 due 
to  the 5 aroniatic protons, a quartet centered at 5.84 ascribed to  
the C-6 proton which is coupled to the amide proton ( J  = 9 
c.P.s.) and to  the C-5 proton ( J  = 4.5 c.P.s.), the C-5 proton gave 
rise to a doublet of spacing 4.5 c.p.s. a t  5.55, a singlet a t  4.37 
due to the C-3 proton, a singlet a t  3.68 from the protons of the 
methylene group, and singlets at 1.60 and 1.51 due to the gem- 
dimethyl protons. 
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The antiviral activity displayed by a number of 2-( a-hydroxybenzy1)benzimidazoles (HBB) and several 
plirines has initiated t,he synthesis of some 8-( a-hydroxybenzy1)purines. These compounds were prepared by 
the cyclization of 4-amino-5-(acetylmandelamino)pyrimidines which were in turn prepared by the reaction of 
4,5-dianiinopyrimidiiies with acetylmandelgl chloride. Preliminary testing results of these diaza analogs of 
HBB against, Sarcoma 180 and KB cell culture are reported. 8-( 0-Hydroxybenzy1)purine was found to be in- 
active against type 1 and 2 polio virus i n  vitro. 

The interesting biological activity of 2-( a-hydroxy- 
benzyl) benzimidazole (HBB, I), which suppretses 
poliomyelitis virus infection in mice, was firqt de- 
scribed in 195ELZ Later, Tanini, et u Z . , ~  reported that 
HBB and its 6-chloro derivative showed selective in- 

H 
I 

hibition against type 2 polio virus. Recently, O'Sulli- 
van and Wallis4 showed that 1-alkyl-substituted HBB 
compounds had powerful activity in  tissue culture 
against types 1, 2 ,  and 3 polio virus and possessed 
protection to ERIC cells against the cytopathogenicity 
of entero viruses. Compounds of this type have been 
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shown to inhibit the synthesis of virus-directed RNA 
polynierase,j of viral RSA,E and viral coat protein.fia 

1Iuch light has been cast on structure-activity rela- 
tionships in  this series of c ~ i i i p o u i i d s . ~ ~ ~ J ~ ~  Hydrogen 
bonding and metal chelation have also been investi- 
gated. From the jnforniatiori available at present, it 
appears that the a-hydroxybenzyl moiety in I is not 
only of fundaiiierital importance but rather specific 
for the virus inhibitory action of HBB. %Hydroxy- 
methyl and 2-( a-hydroxyethyl) derivatives of benz- 
imidazole, for instance, were i~iact ive.~ The corre- 
sponding '-benzoyl and 2-benzyl derivatives were less 
active with little selectivity of ac t io~ i .~  The fact that  
2-(o-hydroxybenzyl)henziniidazole (11) possesses simi- 
lar antiviral activities but the isomeric p-hydroxy 
derivative failed to do so9 indicated that t'he exis- 
tence of intramolecular hydrogen bonding and/or steric 

plays an important role iii this type of 
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TABLE I11 
PRELIMINARY ANTIC.WCER TESTING RESULTS OF SOME 8-( WHYDROXYBENZY L)PURINES~ 

R2 

H 

CHa 

KH? 

CHIS 

OH 

YH 

H 

H 

CH38 

KHz 

NSC 
NO. 

80599 

82268 

83675 

82449 

85786 

85787 

84584 

82269 

83676 

87095 

Dose, 
mg /kg 

500 0 
125 0 
100 0 

500 0 
400 0 

500 0 
250 0 
200 0 

500 0 
250 0 
200 0 

500 0 
400 0 

250 0 
200 0 

500 0 
125 0 
63 0 
50 0 

500 0 
100 0 
50 0 
40 0 

500 0 
500 0 
400 0 

500 0 
125 0 
100 0 

SI80 

(Toxic) 
1 .29  

0.62 

(Toxic) 
1.20 

(Toxic) 
0 .95  

0.61 

0.80 

(Toxic) 
(Toxic) 

1.14 

(Toxic) 
(Toxic) 

0.57 

0 .40  
0.97 

(Tosic) 
0.72 

L1210 Ca755 

0.94 0 82 

1.07 0.99 

KB cell culture 
Slope" EDso, y/mLd 

. . .  >1 .0  x 102 

. . .  > 1 . 0  x 1 0 2  

1 .05  1.06 
>1 .u  x 102 

0.95 1.04 

0 .97  

0.97 

. . .  >1.0  x 102 

. . .  >1.0 x 102 

- 0.43 1.1 x 102 

1.09 
-1.10 2 .6  X 10' 

1.12 1 .05  

1 ,09  (Toxic) 

0.96 

-1.10 2 . 5  x 10' 

-0.56 6 . 6  X 10' 

801 

a The biological testing was performed by the screening contractors of the Cancer Chemotherapy National Service Center. S180 = 
change of response for each one-log change Sarcoma 180, L1210 = lymphoid leukemia L1210, Ca75.5 = Adenocarcinoma 755. 

of dose. d EDSo is the dose that inhibits growth to 50% of control growth. 
c Slope: 

culture observation. It was also observed that re- 
feeding the cultures on the third day with fresh medium 
containing each of these two purine analogs caused the 
toxicity to be greatly enhanced. This was true for all 
levels and even at the 50 p J 1  concentrations. 

I t  alq)ears that the purine analog Va has no antiviral 
wtivity against the polio viruses. This has been deter- 
miried in simultaneous tests in which HBB has again 
been demonstrated to exert a pronounced effect on this 
RNA virus. Whether the absence of antiviral activity 
of Va will carry over to  other RNA viruses is yet to be 
determined. Also, the antiviral activity of compound 
Va against DSA viruses remains to be examined. It is 
recognized that the failure of compound Va in tissue cul- 
ture tests for antiviral activity does not prevent it or its 
metabolic breakdown products from being active in vivo. 

Experimental Section26 
General Preparation of 4-Amino-5-( acetylmandelamido)pyrim- 

idines (VIII, Table 11). A. VIIIa, b, d, and f-i.-A mixture of 
5 g. of the corresponding 4,5-diaminopyrimidine in 150 ml. of 
dry pyridine was warmed to 60-70" while solution resulted. 
The source of heat was removed and an equimolar amount of 
acetylmandelyl chloride20 was added dropwise over a period of 
20-30 min. (The heat generated from the reaction kept the 
temperature of the mixture just below boiling.) After the addi- 
tion, the reaction mixture was allowed to stir for 4 hr. The 
solvent was removed in U ~ C U O  and the resulting syrup was trit- 
urated with cold water until a solid formed. 

The crude product was then separated by filtration and re- 
crystallized. I n  some cases, when the hydrochloride salt of the 

(26) .111 melting points (corrected) mere taken on a Thomas-Hoover 
The  ultraviolet absorption spectra vere  deter- melting point apparatus. 

mined n i t h  a Reckman DK-2. 




