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T.4BLE 1 
INDOLE DERIVATIVES 

Nu. H. 
I H 
I1 H 

I11 H 

11- CHaO 
T CHaO 

TI CHBO 

TI1 H 
VI11 H 
I X  H 

NO. R 

x 
5-COCOCHNZ 
3-COCOCH2Br 

3-COCOCHzOSO&Ha 

3-COCOCHKS 
3-COCOCH2Br 

3-COCOCHzOS02CH3 

8-COCHK;, 
2-COCH2Br 
2-COCH20S02CH3 

I 
H 

hI.p., "e. Formula, yo calcd. 

148-150 dec. CllH;N302 N : 19.71 
148-149 Cl1HsBr?jO2 Br : 30.04 

197-198 Ci2HllN068 S: 11 40 

150 dec. C12HgN303 E: 17.3.5 
177-178 C12H10BrN03 Br: 26.99 

205-206 dec. CI3H13N0& S: 10.31 

166-167 dec. C10H7~30 N :  22 69 
130-131 CloH6BrN0 Br: 33.56 
148-150 C ~ I H ~ ~ N O I S  S: 12.66 

Infrared, f i - - - -  ----- 
54 found N H  S E N  C=O ROS02CH3 

19.52 3 . 0 8 s  4 . 7 0 s  6 . 3 0 s  . . .  
30.29 3 .075  , . .  5 . 8 0 ~  . . .  

6.25  s 
1 1 . 1 6 3 . 0 6 s  . . .  5 .78m 7 . 3 8 s  

6 . 2 9 s  8.58s 
17.54 3 . 1 0 s  4 . 7 2 s  6 . 4 2 s  . . .  
27.20 3 . 0 5 s  , . . 5 . 8 2 ~ -  . . .  

. . . 6.30  s? , , . 
1 0 . 7 0 3 . 1 0 s  . . .  5 , 8 0 w  7 .39s  

. . . 6.37  s? 8 . 6 0 s  
22.51 3 . 0 7 s  4 . 7 7 s  6 .05 ,  , . .  
33.36 3 . 0 2 s  , . . 6 . 0 9 s  . . .  
12.62 2 . 9 8 s  . . .  5 . 9 8 s  7 .45s  

8 .55  s 

TABLE I1 
MCCIC ACID DERIVATIVES 

RO H H OK. 

Xco-c--c-c-c-cox 

H RO OR H 

I I i  I 
I I 1  I 

Infrared, p ----- % /a 7- 
C' 

X m p . ,  o c .  Formula calcd. found N Z X  c=o Roso2cna 
X CHIC0 CHK2 180-181 dec. C16H&4010 s: 13.14 12.95 4.72 s 5.72 s . . .  
X I  CH3C0 CH2Br 164-1 66 C1QH20Br2010 Br : 30.04 30.08 , . .  5.75  s . . .  

. . .  5 .75s  7 . 3 5 s  
8 .35  s 

XI1 CHSCO CHzOSOzCHa 193-194 Ci6H26O1&2 s: 11.41 11.31 

XI11 H CHNz 163-165 dec. C ~ H I O S ~ O ,  N : 21.72 21.30 4.72 s 6.20 s . . .  

cedures.'g In  addition compounds 1-111 were screened 
for in vitro cytostatic activity on He-La cell cultures. 
Results for the indoles are shown in Table 111. All 
compounds were inactive in vivo at near-toxic doses. 
In v i t ~ o  cytostatic activity was 
bronio ketone I1 a t  1 g./nil. 

TABLE 111 
In Vivo AND in Vitro h C T I V l T Y  OF 

Tumor He-La ka,o X 
inhib. inhib., 10-4 hf 

No. T/C y/ml. sec.-l ("C.) 

I 0 10 2 . 3 ( 2 0 )  
I1 0 1 8 .9 (20)  

I11 0 10 9 . 0 ( 5 0 )  
I V  0 . .  
V 0 . .  
VI 0 . .  
VI1 0 . .  
\TI1 0 . . 
I X  0 . .  

shown only by the 

I N D O L E  L)XRIVATIVES 

50% T 
with 
nitro- 

kg,os X benzyl- 
10-4 M pyridine, 

sec.-1 ("(2.) 10-4 .Tf 
410 (20) < O .  01 
KO re- 0 .81  

action 
3 .3 (50)  0.07 

0.01 
1 .10  

<o, 01 
<0.01 

2.30 
0.33 

The bromo ketone VI11 was found to have a weak 
muscle relaxant activity a t  the 300-mg./kg. dose level, 
but this did not justify further tests. 

(19) J. Leiter, 13. J. Abbot,  end S. A. Scheperta, Cancer Res. ,  26, 207 
(1Y65). 

The mucic acid derivatives are shown on Table IV. 
Compounds X and XI1 had a limited activity on 5180 
(TIC is 0.73 and 0.66, respectively, which is usually 
regarded as not statistically significant on this tumor) 
and no activity on L1210 at  toxic levels (250 mg./kg.). 
Vargha, et aZ.,'5 reported on average activity of T / C  = 
0.5 for XI11 on the Yoshida, Ehrlich ascites, and Guerin 
tumors at  100 mg./kg. In  our test on 5180 and L1210 
the compound was inactive in doses as high as 250 nig.,' 
kg. 

TABLE I V  
In Vivo AKD in Vitro ACTIV~TI' OF RIrrcrc ACID DERIVATIVES 

Tumor kH,O X 
inhib. 10-4 M 

NO. T/C aec.-1 ("C.) 

X 0 .73  0 . 9  (20) 
29.0  (66) 

X I  0 2 . 7  (50) 
XI1 0.66 7 . 8  (5) 

92.0 (20) 
XI11 0.50 280.0(20) 

ks,03 X 
10-4 .ii 

0 9 (20) 
29.0 (66) 
2 8 (50) 
3 7 (50) 

200 0 (20) 

see.  -1 ("C.) 

50% T 
v i t h  

nitro- 
bencyl- 
pyridine, 
10-4 M 
0.02 

0 . 2 5  
0.12 

0.11 

In  Vitro Alkylating Activity.-The search for cyto- 
static agents is still very empirical. To put it on a 
more secure basis, comparison of biological activity 
and alkylating potency is desirable. I n  biological 
alkylations oxygen-, nitrogen-, and sulfur-containing 
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Reaction Rate Measurements. Diazo Ketones. Hydrolysis. 
-The substance (1 mmole) was dissolved in 10 ml. of dioxane 
and placed into an erlenmeyer flask equipped with a side arm 
(leading to  a gas buret) and a separatorg funnel with a pressure- 
equalizing connection. Sulfuric acid (9.5 ml. of 147, w./w., 13 
mmoles, final concentration 3 S) was run in within 1-2 sec., 
with rapid magnetic stirring. The temperature of the solution 
was kept, constant within +lo, and the evolved Nz was plotted 
against time. 

Thiosulfate.-The reaction was run as in the hydrolysis 
experiments, but 10 mmoles of Na&0~.5HeO/mmole of 
diazo group, dissolved in 3 ml. of water, was added prior to  the 
addition of the acid. The very fine precipitate of thiosulfate dis- 
solved immediately on addition of the acid. The evolved Xz was 
measured as a function of time. 

Hydrolysis.-Since no Br- could be detected 
on reaction with water, the hydrolysis was run in the presence of 
KaOH. The substance (0.5 mmole for difunctional compounds 
or 1 mmole) was dissolved in 10 ml. of tetrahydrofuran, and 10 ml. 
of  0.1 S NaOH and 20 ml. of water were added. Six to eight 
identical samples were prepared and were kept in the same con- 
stant temperature bath, being titrated with 0.1 S HC1 against 
methyl orange after suitable time intervals. 

Bromo Ketones. 

Thiosulfate.-The substance (0.5 or 1 niniole) in 3 nil. of ace- 
tone and 10 ml. of 0.1 S Na2S203 was kept a t  constant tenipera- 
ture, and each sample was titrated with standard iodine solution 
using starch indicator. 

Mesyloxy Ketones. Hydrolysis was measured in the same way 
as in the case of the bromo ketones. 

Thiosulfate was measured as with bromo ketones, but acetone 
or acetic acid was used as the solvent. 

Calculations.-All the reaction rate data fitted a first-order 
plot well. The rate constants were calculated from half-times, 
according to  the equation k = ( In  Z ) / t l / ? .  
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The 9-(8-deoxy-p-D-ribofuranosides) of adenine, %,6-diaminopurine, purine, purine-6-thiol, B-methylamino- 
purine, 6-ethylaminopurine, and 6-dimethylaminopurine have been synthesized in order to compare their properties 
in certain biological systems. 

3'-Deoxyadenosiiie (cordycepin) , l  an inhibitor of the 
growth of KB cells in culture,' B. subtiZis,2 an avian 
tubercle bacillus,2 and Ehrlich ascites carcinoma3 in 
mice, has more recently been shown4 to be a potent 
iiihibitor of RNA synthesis. 

In a recent communication5 we reported a brief 
description of a synthesis of 3'-deoxyadenosine. This 
synthetic scheme was designed to permit the synthesis 
of large amounts of 3'-deoxyadenosine as well as to 
supply a synthetic approach to analogs of 3'-deoxy- 
adenosine which might have interesting biological 
properties. 

The present paper describes the detailed experi- 
mental procedure for this synthesis of 3'-deoxyadeno- 
sine as well as the synthesis of 3'-deoxyadenosine-8- 
C14 by minor modifications of these procedures. In 
addition, six new related purine 3'-deoxynucleosides 
have been prepared to permit a comparison of some of 
their biological properties with those of cordycepin. 

It is l t n o ~ n ~ ~ ~ ~  that 3'-deoxyaderiosine is metabolized 

(1) E. A.  Iiacaka, E. L. Ijulaney, C. 0. Gitteriiian, H. B. Woodruff, and 
I<. Folkers, Biochem. B i o p h y s .  R e s .  C o m m u n . ,  14,  452 (1964). 

(2) K. G. Cunningham, S. -1. Hutchinson, W ,  Xfanson, and F. S. Spring, 
J .  Chem. Soc., 2299 (1951). 

(3) D. 1'. Jagger, N. RI.  Kredich, and A .  .I. Gaurino, Cancer R e s . ,  21, 
116 (1961). 

(4) (a) H. Klenow and S. Frederickson, Abstracts, the VIth International 
Congress of Biochemistry, New York, pi. Y., July 1964, p. 66; (b) H. T. Shi- 
peura and C .  N. Gordon, J .  Bid.  Chem..  240, 806 (1965). 

( 5 )  E. Walton, R. F. N u t t ,  S. R .  Jenkins, and F. W, Holly, J .  i lm .  Cliem. 
S o r . ,  86, 2952 (1964). 

(6) (a) H. Klenow, Biochem. B i o p h y s .  A c t a ,  76, 347 (1963). (b) G. Kein- 
baiim, J. C .  Cory, R. J. Suhadolnik, P. 3Ieyers, and 11. A .  Rich, ref. 4a, 
Abstract No. IV-195. p.  343. ( c )  Studies of the effects of structural modi- 
fications on the activity of variously substituted purines as inhibitors and 

via deamination to 3'-deoxyiiiosine. 3'-Deoxyiriosine 
is riot an inhibitor of cell growth nor is it an inhibitor 
of R S A  synthesis. It seemed desirable, therefore, to 
bynthesize compounds which would not be inactivated 
by dean~inat ioi i~~ and which might retain the inhibitory 
properties of 3'-deoxyadenosine. I t  has been re- 
ported6*" that, although 2'deoxyadenosine is deaniiii- 
ated by adenosine deaminase, A-S-methyl-2'-deoxy- 
adenosine is not a substrate for this enzyme; moreover, 
it is actually an inhibitor of adenosine deaminase. On 
the other hand, it has been demonstrated that 6-methyl- 
aminopuririe is deniethylaniiriated to hypoxanthine 
and methylamine by both bacterialg" and manmla- 
liansb,c cells, and that 6-dimethylaminopurine is re- 
sistant to a similar enzymatic degradation. Informa- 
tion concerning the stability of 6-ethylaminopurine in 
these systems does not appear to be available. In the 
light of these findings, 6-methylamino-, 6-dimethyl- 
amino-, and B-ethylaniino-9-(3-deoxy-p-~-ribofuran- 
osy1)purine (4, 5,  and 6) were synthesized. Both 
the 6-K-methyl arid 6-S-ethyl derivatives retain a pro- 
ton on  the 6-nitrogen of the adenine moiety, a desirable 
feature if the biological activity of 3'-deoxyadeiiosine 
depends on hydrogen bonding with enzymes at this 
position. The similarity of the dimethyl derivative 

substrates of adenosine deaminase have been reported. See, for example, 
H. J. Schaeffer and R. Vince, J .  N e d .  Chem., 8, 33 (1965), as well as G .  4. 
LePage and I. G. .Tunga, Cancer Res.. 26, 46 (1965). 

( 7 )  A.  Coddington and 31. Bagger-Sorensen, Biochim. B i o p h y s .  A c t a ,  73, 
598 (1963). 

(8) ( a )  C. H. Reny, J .  Biol. Chem., 236, 2999 (1961); (b)  D. E. Duggan 
and E. Titus,  Biorhim. Biophys. A c t a ,  66, 273 (1062); (c) C.  E. Jamison, J .  
W. Huff. and .\I. P. Gordon. Cancer Res. ,  22, 1256 (lY62). 


