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Diazo, Bronio, and Mesyloxy Ketones as Biological Alkylating Agents"1 
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Thirteen diazo, bronio, and met hanesulfonoxy ketones and diketones vveresynlhetized from 3-iudolylgh'oxylic acid, 
indole-2-carboxylic acid, and mucic acid. Their in vitro alkylating activity was assessed by measurements of 
hydrolysis rate, reaction with thiosulfate and nitrobenzylpyridine. In vivo antitumor activity was investigated and 
compared with in vitro results. No practical cytostatic activity was found. 

Partly due to some dissatisfaction with the practical 
cytostatic activity of nitrogen mustards, an increasing 
number of investigations deal with "nonclassical" 
alkylating agents. These are represented by methane-
sulfonates, halo ketones, diazo ketones, and nitroso-
methylamines, i.e., compounds generally capable of 
furnishing carbonium ions. The results are encourag
ing. 

On the other hand, the activity of a cytostatic group 
may be greatly influenced by the carrier molecule. 
This concept, introduced first by lug,2 is being exploited 
lo a great extent, with special emphasis on carrier 
molecules not cell alien. However, little attention 
has been paid to the preparation of series of compounds 
with varying alkylating groups bu t identical carriers.3 

There are few papers dealing with indole as a carrier 
molecule. Klderfield and Wood4 described indole 
mustards and Diugiud, el al..°a dealt with similar 
compounds, but without publishing pharmacological 
data . Only Goodman and DeGraw5 b describe indole 
mustards together with their pharmacology. 

A number of contradictory papers deal with the ac
tivity of serotonin and indolic acids on malignant cells. 
Pukhalskaya"* -0 claims an inhibitory action of sero
tonin base on various tumors {e.g., 9 7 % "1 10 nig. kg. on 
•Jensen sarcoma). A ray a, et al..7 on the other hand, 
stab1 that serotonin accelerates the rate of growth of 
Fhrlich ascites tumor, while .Jenkins8 disclaims any 
effect in the same system. Moreover, Scott9 describes 
the inhibitory action of serotonin antagonists on ascites 
tumors. Kthyl 3-indolylacetate is highly toxic for 
Fhrlich ascites, while the corresponding acid prolongs 
the in vitro survival of these cells.10 The situation is 
very confusing; one may say only tha t there is ac-

(1 ) (a) Presen ted a t the 148th N a t i o n a l M e e t i n g of the Amer i can C h e m i 
cal Socie ty . Chicago, 111., Sep t , 1961. (b) T o w h o m all c o m m u n i c a t i o n s 
.should lie addressed . 

(2) 11. R. I ng , Trans. Faraday Sue., 39, 372 (194:!;. 
Oil H. C. Klderfield, R . N . P r a s a d , a n d T . -K. Liau. ./. Or,,. Chem.. 27, 573 

(1962). 
(-0 It. Klderfield and 3. H . W o o d , ./. Org. Chem., 27, 2463 (1982,1. 
1*5) (a) L. I. D iug iud , K. D a w s o n , a n d C. L. T h o m a s , A b s t r a c t s of Papers , 

115th N a t i o n a l M e e t i n g of the Amer ican Chemica l Society , N e w York , 
N. V., Sept . liXi-'i. p. 1 2 - 0 : (b) .1. D e G r a w and h. G o o d m a n , ./. Med. Chem., 
7, 2l: i (196 1). 

(Ill (a) K. C P u k h a l s k a y a . M . F. Pe t ruva , and G. P. M e n s h i k o v , Bi/ul. 
liksperirn. Biol, i Med.. 50, 105 ( I 9 6 0 ) : Cancer Chernotheray Abstr., 2, 35 
( 1 9 6 1 ; : Chem. Abstr., 55, 13657 (1961! : (b! E. C. P u k h a l s k a y a , Vestn. Akad. 
Med. Sauk S'.SS'ff., 1 2 , 6 1 (19150); (e) K. ('. P u k h a l s k a y a , A b s t r a c t s of 
Palters. Y l l l t h I n t e r n a t i o n a l Cancer Congress , M o s c o w ; Aledgiz P u b -
lishing House . 19H2, p. 335 : Cancer Chemotherapy Ahstr.. 3 , 3068 (1962). 

(7) II. Araya , A. N 'akagawa, a n d T. M u n a k a t a , Folia Pharmacol. Japan. 
68, 138 f]96L>i: Cancer CI,emotheraj>;, Abstr., 3, 1393 (1962: . 

(81 S. G. J e n k i n s . It. Zeppa, i m d (', (.;. Thom[ison , Sunt. Forum, I S . 7 1 
(19B2) : Cancer Chemoti.erapu Abstr.. 4, 35 (1963). 

(ill K. C. Sco t t , . In/ i . .V. 5'. Acad. See, 103, 285 i li)63). 
(10) It, I) . Schul tz and 1). N o r m a n , Xatore, 198, 553 (1963). 

tivity of some kind shown by indole compounds on 
malignant cells. 

Carbohydrate carriers were used extensively in 
cancer chemotherapy.1 1"1 3 Diazo ketones derived 
from aldaric acids are known from the work of Wolf-
rom' 4 and Vargha,15 and hexitol mesylates are well 
known and used clinically. 

Synthesis.—We undertook to synthetize a series of 
diazo, bromo, and mesyloxy ketones derived from in
dole and 5-methoxyindoIe. The properties of tliese 
compounds are shown in Table I. 

Although the compounds are mostly new, (heir syn
thesis was carried out by conventional methods. The 
acid chlorides were treated with diazomethane, and the 
diazo ketones so obtained decomposed with HBr or 
methanesulfonic acid in aprotic solvents. The amount 
of acid used is very critical, since an excess leads to the 
formation of intractable tars. 

The 1,8-disubst ituted 2,7-dioxo-3,4,5,6-galactotetra-
acetoxyoctane derivatives, listed in Table I I , were 
prepared from tetraaeetylmucie acid16 through the 
acid chloride.17 The known141,8-bisdiazo compound X 
is obtained easily and reacts smoothly wilh H B r and 
methanesulfonic acid. 

The deacelylation of ihis compound proved lo be 
more difficult. The standard procedure18 with 0 . 1 % 
sodium methoxide in methanol suspension gave un
changed starting material only. With higher concen
trations (1%) deacelylation occurred but failed again 
in larger batches. Finally, the method chosen con
sisted in adding ihe acetoxydiazo ketone slowly to a 
stirred 0 .33% XaOCH 3 solution, giving the diazo ketone 
XI I I in a reasonable yield. However, no bronio or 
mesyloxy ketone could be obtained from this com
pound by the standard procedures. The at tempted de
acelylation of the bromo and mesyloxy compounds XI 
and XI I was equally unsuccessful. 

In vivo Cytostatic Activity. -All the compounds were 
tested for an I humor activity on Sarcoma 180 and 
lymphatic leukemia 1,1210 by standard CCXSO pro-

,11) 1., Vargita, <j. 1'ehO, and S. l .endvai , .tela Cliim. Aeait. Sri. Hunt].. 
19, 307 (1959) ; Chem. Ahstr., 64, 3212 (1960). 

( 12) K. J. Re i s t . R. R. Spencer , M . E. Wa in . I. ( i , t u n g a , 1,. G o o d m a n , and 
B. R. Baker , J. Org. Chem., 26, 2821 (1961). 

(13) (al T. N o g r a d y . ibid., 26 , 4177 (1961); (b) K. M . Vagi , V. W. A d a m -
kicwicz, anil T. N o g r a d y , C'un. J. Chem.. 40, 1049 (1962). 

(14) Al. L. Wolfrom, S. W. W a i s b r o t , and R. L. Brown, J. Am. Chem. 
Soc, 64, 2329 (1942). 

(15) L. Va rgha , L. 'I 'oldy, O. Feher, 'P. H o r v a t h , E . Kasz t re ine r , J. Kusz-
m a n . and S. L e n d v a i . Acta I'ltysiot, Acad. Sei. Hung., 19, 305 (1961); Chem. 
M.st.c. 60, 9791 l'196-ll, 

.16) M. Ade lman and .1. (1. Beckeur idge, Can. .1. lies., 24B , 297 (19 Hij. 
17) O. D i e l s a n d P. Loflund, Ber., 47, 2351 (1911). 
18) I,. Vargha , personal c o m m u n i c a t i o n ; <•/. also ref. 15. 
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TABLE I 

INDOLE DERIVATIVES 

I 
H 

No. 

I 
I I 

I I I 

IV 
V 

VI 

VII 
VII I 
IX 

K 

H 
H 

H 

CH 3 0 
CH 3 0 

CH 3 0 

H 
H 
H 

X 

3-C0C0CHN 2 

3-COCOCH2Br 

3-C0C0CH 2 0S0 2 CH 3 

3-COCOCHNT
2 

3-COCOCH2Br 

3-COCOCH2OS02CH3 

2-COCHN2 

2-COCH2Br 
2-COCH2OS02CH3 

M.p„ °C. 

148-150 dec. 
148-149 

197-198 

150 dec. 
177-178 

205-206 dec 

166-167 dec 
130-131 
148-150 

Formula 

C„H,N,0 2 

C n H 8 BrN0 2 

C12H,iN06S 

C l 2H9N303 

C12H10BrNO3 

C13H13N06S 

C10H,N3O 
C10H8BrNO 
CnHuNOiS 

N : 
Br: 

S: 

N : 
Br: 

S: 

N : 
Br: 
S: 

% calcd. 

19.71 
30.04 

11.40 

17.35 
26.99 

10.31 

22.69 
33.56 
12.66 

% found 

19.52 
30.29 

11.16 

17.54 
27.20 

10.70 

22.51 
33.36 
12.62 

NH 

3.08 s 
3.07 s 

3.06 s 

3.10 s 
3.05 s 

3 . 1 0 s 

3.07 s 
3.02 s 
2 . 9 8 s 

Infrared, M 
N = N C = 0 

4.70 s 

4.72 s 

4.77 s 

6.30 s 
5.80 w 
6.25 s 
5 .78m 
6.29 s 
6.42 s 
5.82 w 
6.30 s? 
0.80 w 
6.37 s? 
6.05 m 
6.09 s 
5.98 s 

ROSO2CH3 

7 . 3 8 s 
8 .58s 

7.39 s 
8 .60s 

7.45 s 
8.55 s 

No. 

X 
XI 
XII 

R 

CH3CO 
CH3CO 
CH3CO 

X I I I H 

CHN2 

CH2Br 
CH2OS02CH s 

CHN2 

TABLE II 

Mucic ACID DERIVATIVES 

RO H H OR 

XCO-

M.p., °C. 

180-181 dec. 
164-166 
193-194 

163-165 dec. 

-C C—C— 

I I 
H RO OR 

Formula 

C16H18N4O10 

Ci6H2oBr2Oio 

CisHajOieSj 

CSH10N4O6 

-c—cox 
I 

H 

X : 
Br: 
S: 

% 
calcd. 

13.14 
30.04 
11.41 

N : 21.72 

found 

12.95 
30.08 
11.31 

21.30 

N = N 
4.72 s 

4.72 s 

Infrared, /* 
C = 0 

5.72 S 
5.75 s 
5.75 s 

6 .20s 

ROSOsCHi 

7.35 s 
8.35 s 

cedures.19 In addition compounds I-III were screened 
for in vitro cytostatic activity on He-La cell cultures. 
Results for the indoles are shown in Table III. All 
compounds were inactive in vivo at near-toxic doses. 
In vitro cytostatic activity was shown only by the 
bromo ketone II at 1 g./ml. 

In Vivo 

No. 

t—
i 

I I 

I I I 
IV 
V 
VI 
VII 
VIII 
IX 

AND in 

Tumor 
inhib. 
T/C 

0 
0 

0 
0 
0 
0 
0 
0 
0 

Vitro 

He-La 
inhib., 
7/ml, 

10 
1 

10 

TABLE I I I 

ACTIVITY OF 

*H2O X 
lO-* M 

sec.-i ("CO 

2.3(20) 
8 .9(20) 

9 .0 (50) 

INDOLE DERIVATIVES 

*s2o, X 
io-< M 

sec.-i CC.) 

410(20) 
No re

action 
3.3 (50) 

507c T 
with 
nitro-

benzyl-
pyridine, 
10 "« M 

<0.01 
0.81 

0.07 
0.01 
1.10 

<0 .01 
<0 .01 

2.30 
0.33 

The mucic acid derivatives are shown on Table IV. 
Compounds X and XII had a limited activity on S180 
(T/C 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 al.,n reported on average activity of T/C = 
0.5 for XIII on the Yoshida, Ehrlich ascites, and Guerin 
tumors at 100 mg./kg. In our test on S180 and L1210 
the compound was inactive in doses as high as 250 mg./ 
kg. 

TABLE IV 

In Vivo AND in Vitro ACTIVITY OF MUCIC ACID DERIVATIVES 

No. 

X 

XI 
XII 

Tumor 
inhib. 
T/C 

0.73 

0 
0.66 

*H20 X 
1 0 ' 4 M 

sec.-> CC.) 

0 .9 (20) 
29 .0(66) 
2 .7 (50) 
7 .8 (5 ) 

92 .0(20) 

fcs2o3 X 
10 -« M 

sec.-1 C O 

0.9 (20) 
29 .0(66) 

2 .8(50) 
3.7 (50) 

50% T 
with 

nitro-
benzyl-
pyridine 
10"4 M 

0.02 

0.25 
0.12 

X I I I 0.50 280.0(20) 200.0(20) 0.11 

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

(19) J. Leiter, B. J. Abbot, and S. A. Schepartz, Cancer Res., 25, 207 
(1965). 

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. In biological 
alkylations oxygen-, nitrogen-, and sulfur-containing 
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functional groups of proteins and DXA are involved. 
Compounds reacting by an Sx'2 mechanism will react 
fast and are likely to be "mopped up" in irrelevant 
reactions on their way to the target cells. In Sxl 
reactions the rate-determining step is the slow ioniza
tion. Compounds reacting in this way will bo able 
to diffuse with relatively little change and react 
mainly in the malignant cell. Therefore, the relative 
reactivity of potential cytotoxic agents with various 
nucleophiles and with water can be utilized to predict 
their possible in rino fate. These ideas were reviewed 
recently by Ross20 and by Warwick.-1 

A well-studied example22 is the following hydrolysis of 
a diazo ketone. The hydroniuni ion catalyzed pre-

KCOCHXj + H ; tO- T ^ KCOCU.N, -r H,() 

RCOCH..N- ^ K C O C H r + X, 

UOOCH.,- + H,<> >• liCOC'tPOH + H 

equilibrium prolonation will furnish the diazonium ion. 
which then decomposes in the rate-determining step to 
a carbonium ion. This is followed by a fast reaction 
with any nucleophile, in this case water. The reac
tion is usually pseudo first order and follows the Al 
mechanism of Ingold. 

We determined hydrolysis rates and rates of reaction 
with thiosulfate for compounds I—III and X - X I I I 
only. X-Alkylation was measured on all compounds, 
using the method of Epstein.23 The data obtained for 
nitrogen do not represent direct reaction rates, bill 
simply concentrations which give a o0% transmit tance 
at 06O ni/ii of the dye formed with 4-(4-nitrobenzyl)-
pyridine. 

The results for indoles are .summarized in Table I I I . 
As already mentioned, none of the compounds show in 
riio activity. All the diazo ketones react poorly with 
the pyridine derivative (X-alkylation), while the bromo 
ketones are active in this respect. The diazo ketone 
1 reacts at a markedly fast rate with thiosulfate (S-
alkylation) but hydrolyzes very slowly. 

The mucic acid derivatives in Table IV give more 
significant results. Here again, the bromo ketone is 
the most active as an X-alkylating agent, but a very 
poor S- and O-alkylator. The acetylated diazo ketone 
and mesyloxy ketone are moderately active in even-
respect. The deacetylated diazo ketone, however, 
shows a very high rate of reaction with both water and 
thiosulfate, in the order of 10 '~- moles 1. sec. and is the 
only compound showing reasonable biological activity 
in some tumors. This seems to indicate that diazo 
ketones are primarily OH and HH reagents. The 
environment of the functional group is crucial, and 
elect ron donor groups seem to be important . 

It is realized that a much more extensive series of 
compounds would be necessary to make any general 
statements. Also, the role of stereochemical factors 
ought to be investigated in the same way as has been 
done for other carbohydrate cytostatics. 

(20) W. ( ' . .T. Ross, ' -Biological Alky la t ing A g e n t s , " R u t t e n v o r t h ami 
Co. , London , 1902. 

(21) G. P. Warwick , Camrr Res., 23 , 131.1 (,19o:t). 
(22) 11. D a h n and II. Gold, Heir. Chim. Ada. 46, 98:i ( l » 6 S j . 
(2:0 J. Kpstein, H. W. R o s e n t h a l , anil R. ,T. Ess, Anal. Chrm.. 27, 14:1,1 

< 11155). 

Experimental 

All melt inn points were taken in capillaries in a. (lallenkamp 
aluminum block and are corrected. Infrared spectra were re
corded on a Beckman I l ' -S instrument in KBr disks. Analyses 
were performed by Dr. (". Daessle, ^Montreal. 

Indole-2-carbonyl Chloride. Indole-2-carbox\ lie acid i 1.0(1 g.) 
was suspended in 20 ml. of dry ether and 20 ml. of acetyl chlo
ride, and 2.25 g. of PCI. was added. The acid dissolved at room 
temperature in 10 min. The solution was refluxed for 1 In-, and 
evaporated under reduced pressure, leaving 1.7.") g. ( 0 7 ' , ) of 
yellow crystals. Hecryslallized from heptane, it melted at 107 
10S°. iKermack, <t al.:" and Matell--' do not give a definite 
melting point. i 

Diazo Ketones I, IV, and VII. The appropriate indolyl-
glyoxylyl chlorides21''-7 or indole-2-carbonyl chloride were finely 
ground and added as solids to an ethereal solution of 4 moles of 
diazomethane at 0° with stirring. The solids dissolved immedi
ately with brisk X-j evolution, and the diazo ketones crystallized 
overnight in yields of 0o, OS, and "">',', respectively. I and I'V 
were erystallized from methanol Wider. ATI from dioxane water.-:' 

Bromo Ketones II, V, and VIII. The diazo ketones were 
suspended in ether and cooled to 0°. and dry HBr gas was bubbled 
in very slowly unlil the X2 evolution ceased. The pl l was 
checked from time to time and not allowed to fall below i. 
The red solution was treated with Xorit and evaporated at r 
temperature under reduced pressure. The crude products were 
recrystallized from benzene (IT) or benzene-petroleum ether i \ 
and VIII'). Melds were 00, 61, and 7 0 ' , , respectively. All the 
compounds are light sensitive. 

Methanesulfonates III and IX. The diazo ketones were 
dissolved in dry ether (1:50 and 20 vol.) and the calculated 
amount of methanesulfonic acid, diluted with 2(1 vol. of dry 
ether, was added rapidly. Gas evolution was vigorous and 
immediate. The solution was left at room temperature, and 
some dark precipitate, formed initially, was removed by treat
ment with Xorit and filtration. The clear yellow solution de
posited crystals in the case of 111 in a yield of 4 5 ' , , which was 
recrystallized from 1-butanol. IX was obtained by precipitation 
with petroleum ether in a yield of 4.V,. It was recrystallized 
from benzene. Both compounds are light sensitive. 

Methanesulfonate VI was prepared as described above, in 20 
vol. of dioxane. being kept at room temperature for '•> lir. The 
crystallization was completed by precipitation with petroleum 
ether, and 1 he dark compound was recrystallized from toluene; 
yield .SO' , . 

l,8-I)ibromo-2,7-dioxo-3,4,5,6-galactotetraacetoxy octane 
(Xli. -To ii solution of 1.7 g. of the l,S-bisdiazo derivative11 in 
17 ml. of dioxane was added O.oO ml. of 48'7 aqueous HBr. 
There was a vigorous gas evolution at room temperature. The 
solution was heated for •"> min. on the steam bath and evaporated 
under reduced pressure. The solid residue was suspended in 
water, filtered, washed with water and methanol, and finally 
recrystallized from 1-butanol. The yield was 1.S0 g. (X4. lr', )• 

l,8-Dimethanesulfonoxy-2,7-dioxo-3,4,5,6-galactotetraacet-
oxyoctane (XIIi. To a solution of 1.7 g. of bisdiazo compound 
in 17 ml. of dioxane was added a solution of 0.00 ml. of methane
sulfonic acid in 2 nil. of dioxane. The solution was healed on the 
steam bath for iiO min. and diluted with water. The precipitated 
crystals were filtered off, washed with water, .and recrystallized 
from 2-pentanone: yield 1.00 g. (74 .1 ' , i. 

l,8-Bisdiazo-2,7-dioxo-3,4,5,6-galactotetrahydroxyoctane 
(XIII).- To a stirred solution of 4 ml. of 2 r , sodium rnethoxide 
and 20 nil. of dry methanol, 1.0 g. of the finely powdered tetra
acetate X was added in portions over 10 min. The suspension 
was stirred at room temperature for '.){) min. more, filtered, and 
washed with mellianol. Colorless crystals (O.oo g., oS.O' , i were 
obtained, m.i>. 10o lO.Vdec. The melting point was unchanged 
after recrystallization from water. 

(24) W. O. Ke rmack . W. U. Perk in . and R. Rol . inson, ./. (!l,em. Stir.. 
1602 (19211. 

(25) T h e d i azoke tone 1 is m e n t i o n e d by T. L ingus a n d 11. i l e l l m a n n 
lAugeir. Chtrn., 69, 97 (1957)] w i t h o u t phys ica l d a t a , and V I I by M. Mate l l 
lArkir Keini, 10, 17!) (19,1(1)1 «Uli a wide mel t ing r ange . 

(2o: VI V.. S,»eeter and W. ( ' . An thony . J. Am. Chen,. ,sV., 76, (i2l)S 
19.11 > 

12"; .]. A. t ' .allantviie, C. It. I l a r r e t l . K .1. S. Peer, I;. (1. Pojmiaiio. K. 
Clarke , S. Kardley . ]!. 1-i. . lennimis, and A. l ioln-rtson. ./. Vhi-m. . W . , 2222 
i 19.17''. 
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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 separatory funnel with a pressure-
equalizing connection. Sulfuric acid (9.5 ml. of 14% w./w., 13 
mmoles, final concentration 3 N) was run in within 1-2 sec , 
with rapid magnetic stirring. The temperature of the solution 
was kept constant within ± 1 ° , and the evolved N2 was plotted 
against time. 

Thiosulfate.—The reaction was run as in the hydrolysis 
experiments, but 10 mmoles of Na2S203-5H20/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 N2 was 
measured as a function of time. 

Bromo Ketones. Hydrolysis.—Since no B r " could be detected 
on reaction with water, the hydrolysis was run in the presence of 
NaOH. The substance (0.5 mmole for difunctional compounds 
or 1 mmole) was dissolved in 10 ml. of tetrahydrofuran, and 10 ml. 
of 0.1 A* 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 ti trated with 0.1 AT HC1 against 
methyl orange after suitable time intervals. 

3'-Deoxyadenosine (cordycepin),1 an inhibitor of the 
growth of KB cells in culture,1 B. subtilis,2 an avian 
tubercle bacillus,2 and Ehrlich ascites carcinoma8 in 
mice, has more recently been shown4 to be a potent 
inhibitor 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 known6a,b that 3'-deoxyadenosine is metabolized 

(1) E. A. Kaczka, E. L. Dulaney, C. O. Gittennan, H. B. Woodruff, and 
K. Folkers, Biochem. Biophys. Res. Commun., 14, 452 (1964). 

(2) K. G. Cunningham, S. A. Hutchinson, W. Manson, and F. S. Spring, 
J. Ckem. Soc.,2299 (1951). 

(3) D. V. Jagger, N. M. Kredich, and A. J. Gaurino, Cancer Res., 21, 
216 (1961). 

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

(5) E. Walton, R. F. Nutt, S. R. Jenkins, and F. W. Holly, J. Am. Chem. 
Soc, 86, 29,52 (1964). 

(6) (a) H. Klenow, Biochem. Biophys. Acta, 76, 347 (1963). (b) G. Wein-
baum, J. C. Cory, R. J. Suhadolnik, P. Meyers, and M. A. Rich, ref. 4a, 
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Thiosulfate.—The substance (0.5 or 1 mmole) in 5 ml. of ace
tone and 10 ml. of 0.1 N Na2S203 was kept at constant tempera
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via deamination to 3'-deoxyinosine. 3'-Deoxyinosine 
is not an inhibitor of cell growth nor is it an inhibitor 
of RNA synthesis. It seemed desirable, therefore, to 
synthesize compounds which would not be inactivated 
by deamination60 and which might retain the inhibitory 
properties of 3'-deoxyadenosine. It has been re
ported6*'7 that, although 2'deoxyadenosine is deamin-
ated by adenosine deaminase, 6-N-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-
aminopurine is demethylaminated to hypoxanthine 
and methylamine by both bacterial82 and mamma-
lian8b,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 6-ethylamino-9-(3-deoxy-/3-D-ribofuran-
osyl)purine (4, 5, and 6) were synthesized. Both 
the 6-N-methyl and 6-X-ethyl derivatives retain a pro
ton on the 6-nitrogen of the adenine moiety, a desirable 
feature if the biological activity of 3'-deoxyadenosine 
depends on hydrogen bonding with enzymes at this 
position. The similarity of the dimethyl derivative 
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The 9-(3-deoxy-|3-D-ribofuranosides) of adenine, 2,6-diaminopurine, purine, purine-6-thiol, 6-methylamino-
purine, 6-ethylaminopurine, and 6-dimethylaminopurine have been synthesized in order to compare their properties 
in certain biological svstems. 


