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Thivteen disza, brome aud methavesulfonexy ketones and diketones were synthetized from 3-indolylglvoxylic ueid,
indole-2-carboxylic acid, und mueie acid. Their 1n zitro alkylating activity was nssessed Dy measurements of

hiydrolysis rate, reaction with thiosulfate nnd nirrobenzylpyridine.

compared with 1n witro resulta.

Partly due to some dissatisfaction with the practical
eytostatic activily of nitrogen mustards, an increasing
number of iuvestigations deal with ‘“nonclassical”
alkvlating agents. These are represented by methane-
sulfonntes, halo ketones, diazo ketones, and nitroso-
methylamines, ze., compouuds 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.
Thix concept, introdueed first by Ing.* is beiug exploited
to a great extent, with special emphasis on carrier
molecules not cell alien,  However, little attention
lias been paid to the preparation of series of compounds
with varying alkylating groups but identical carriers.?

There are few papers dealing with indole ns a carrier
molecule.  Elderfield aud Wood* described indole
mnstards and Diugiud, ef al.*® dealt with similar
compounds, but without publishing pharmacological
datn. Ouly Goodman and DeGraw™ describe indole
nustards together with their pliarmacology.

A munber of contradictory papers deal with the ne-
{ivity of serotonin and indolic acids on malignant cells.
Puklialskaya®™ ™ claims an inhibitory action of sero-
to1il bise on various tumors {e.g., 975 1t 10 1mng. kg, on
Jensen sarcoma).  Araya, et al.,' on the other hand,
state that serotonin accelerates the rate of growth of
Inlinlieh uscites tumor, while Jenking® disclaiims any
offect in the same system.  Moreover, Scott? describes
tlie inhibitory action of serotonin antagonists on ascites
tumors,  Ethyl 3-indolyvlacetate 12 highly toxic for
Ichirlich aseites, while the corresponding acid prolongs
the i eitro survival of these cells.®  The sitnation is
very confusing; oue may say only that there is ac-
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In vivo antitinmor activity was investigated aud

No practical cytostatie netivity was found.

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

Carbohydrate carriers were used extensively in
cancer  chemotherapy.'=1%  Diazo ketones derived
from aldaric acids are known from the work of Wolf-
rom' and Vargha,'® and hexitol mesviates are well
knowi and used clinically.

Synthesis.—We undertook to synthetize a series of
diazo, bronio, and mesyvloxy ketones derived from in-
dole and 5-methoxyiudole. The properties of these
compoutids are shown in Table 1.

Although the compounds are mostly new, their =yvu-
thesis was carried ont by conventional methods.  The
acid clilorides were treated with diazoniethane, and the
dinzo ketones so obtained deconmiposed with HBr or
niethanesulfonic acid in aprotic solvents.  The nnount
of acid nsed 1= very eritical, since an excess leads to the
formation of intractable tars.

The 1 8-disubstituted 2,7-dioxo-3,4,5,6-galactotetrn-
acetoxyoctane derivatives, listed in Table IT, were
prepared from tetrancetylmucie acid' through the
acid ehiloride.'™  The known' 1,8-bisdiazo compound X
is obtained casily aud reacts smoothly with HBr and
niethanesulfonic aeid.

The deacetylation of this compound proved to be
more diffienlt.  The standard procedure'™ with 0.1%
sodimm methoxide i1 methanol suspension gave -
changed starting matertal only.  With higher concen-
trations (19) deacetylation occurred but failed again
e larger batelies, inally, the method chosen con-
sisted in adding the acetoxydiazo ketone slowly to n
stirred 0.335% NaOCH, solution, giving the diazo ketone
NIIT 11 o rensonable vield. However, 1o bromo or
mesyloxy ketone could be obtained from this cow-
pound by the standard procedures.  The attetupted de-
acetylation of the bromo and mesyloxy compounds XI
and X1IT wag equally unsuccessful.

In vivo Cytostatic Activity.-—All the compoundx were
tested for antitumor activity on Sarcoma 180 aud
Ivinplintic lenkemin 11210 by strndard CONSC pro-
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19, 107 (1909 Chewe, Aksie,, 84, 32132 (1460,

19 I3, J. Reist, R. R, 8perccer, M. E. Watn, L. GG, Jraga, L. Ceedman, anl
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No. R

I H

II H

IIT H

v CH,;O

v CH;O

VI CH,0

VII H

VIII H

IX H

No. R
X CH,CO
X1 CH;CO
XII CH,CO
XI1II H

cedures.!?

X
3-COCOCHN,
3-COCOCH;Br

3-COCOCH,080,CH;

3-COCOCHN,
3-COCOCH:Br

3-COCOCH.080:CH;

2-COCHN:;
2-COCH:Br
2-COCH,080,CH,

X
CHN:
CHQBI‘
CH,080,CH;

CHN,

B1oLoGICAL ALKYLATING AGENTS

TaBLe I

InpoLE DERIVATIVES

peey
N

H
M.p., °C. Formula % caled.
148-150 dec. C;HN;0, N: 19.71
148-149 Cu,HsBrNO, Br: 30.04
197-198 CpH, NOS  S: 11.40
150 dec. C1:HoN;0; N: 17.33
177-178 C.H,(BrNO; Br: 26.99
205-206 dec. C;H3NOS S: 10.31
166-167 dec. C;0H/N;0 N: 22.69
130-131 ClngBI‘NO Br: 33.56
148—150 CllH11N04S S.' 12.66
Tasre 1T
Mucie Acip DERIVATIVES
LT
|
XCO—F_‘(IJ_] —«—F—COX
H RO OR H
)
M.p., °C. Formula caled.
180-181 dec. CleHlsN4010 N H 13.14
164-166 C1sHyBr,0y4 Br: 30.04
193-194 C1sH250165; S 11.41
163-165 dec. CgH10N4Oe N . 21.72

In addition conipounds I-IIT were screened
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Infrared, u
Y tound NH N=N C=0 ROSO0:CH3s
19.52 3.08s 4.70s 6.30s
30.29 3.07s 5.80 w
6.25s
11.16 3.06s 5.78m 7.38s
6.29 s 8.58 s
17.54 3.10s 4.72s 6.42s
27.20 3.05s 5.82w
6.30 s?
10.70 3.10s 5.80w 7.39s
6.37 s? 8.60 s
22.51 3.07s 4.77s 6.05m
33.36 3.02s 6.09 s
12.62 2.98s 5.98 s 7.45s
8.55s
7 Infrared, u —-—
found N= C==0 ROSO:CH3
12.95 4.72s 5.72s
30.08 5.75 8
11.31 5.758 7.35s
8.358
21.30 4.72s 6.20 s

The mucic acid derivatives are shown on Table IV,

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 wvitro cytostatic activity was shown ouly by the
bronio ketone IT at 1 g./nil.

TasrLe III
In Vivo anp in Vitro Acrivity oF INDOLE DERIVATIVES
50% T
with

nitro-

Tumor He-La kH,0 X kg,05 X benzyl-

inhib. inhib., 10-¢ M 10-4 M pyridine,

No. T/C v/ml. sec.~! (°C.) sec.”1 (°C.) 10-¢ M
I 0 10 2.3 (20) 410 (20) <0.01
II 0 1 8.9 (20) No re- 0.81

action

III 0 10 9.0 (50) 3.3 (50) 0.07
v 0 0.01
\Y% 0 1.10
VI 0 <0.01
VII 0 <0.01
VIl 0 2.30
19:¢ 0 0.33

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
(1465).

Compounds X and XIT 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.,'s reported on average activity of T/C =
0.5 for XIIT on the Yoshida, Ehrlich ascites, and Guerin
tuniors at 100 mg./kg. In our test on S180 and L1210
the compound was inactive in doses as high as 250 mg./
kg.

TasLe IV
In Vivo ARD in Vitro Activiry or Mucre Acip DERIVATIVES
50% T
with
nitro-
Tumor kE,0 X kg,0, X benzyl-
inhib. 10—+ M 10-¢ M pyridine,
No. T/C sec. =1 (°C.) sec. ™ (°C.) 10+ M
X 0.73 0.9 (20) 0.9 (20) 0.02
29.0 (66) 29.0 (66)
X1 0 2.7 (50) 2.8 (50) 0.25
XII 0.66 7.8(5) 3.7 (50) 0.12
92.0 (20)
XIII 0.50 280.0 (20) 200.0 (20) 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. In biological
alkylations oxygen-, nitrogen-, and sulfur-containing
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functional groups of proteins and DNA are involved.
Compounds reacting by an Sx2 wechanism will react
fast aud are likely to be “mopped up’ in irrelevant
reactions on thelr way to the target cells. In Sx1
reactions the rate-determining step 1= the slow lonizi-
tion.  Cowpounds reacting in this way will be able
to diffuse with relatively little change aud react
uninly i the malignant cell.  Therefore, the relative
redactivity of potential cytotoxic agents with varions
uucleophiles aud with water ean be utilized 1o predict
their possible /n vivo fate. These ideas were reviewed
recently by Ross™ aud by Warwick.”

A well-studied example* ix the following hydrolysiz of
a diazo ketoue. The hydroninm ion catalyzed pre-

HCOCHN: 4+ Hi0" == RCOCH.N: + H.O

RCOCHN: —> NCOCH.® -+ Na
RGOCH.* + H.0) —> NCOCH.OH + H-

cquilibrium protounation will furmsh the diazonium ion,
which then deconmiposes in the rate-deteruining step to
1 carbonium ion. This is followed by a fast reaction
with any nucleophile, 1 this case water. The reac-
tion ts usually pseudo first order and follows the Al
mechantsm of Tugold.

We deterniiied hydrolysis rtes and rates of reaction
with thiosulfate for compounds I-1T and X-XTIT
only. N-Alkylation was measured ou all compounds.
using the method of Epstein.®'  The data obtained for
nitrogen do uotl vepresent direct reaction rates, but
simply concentrations which give a 509, trausmittance
at 560 my of the dye formed with 4-(4-nitrobenzyl)-
pyridie.

The results for indoles are sununarized i Table 11
Ax already mentioned, noue of the componnds show 7
vivo activity.  All the dinzo ketoues react poorly with
the pyridine derivative (N-alkylation), while the bromo
ketones are active in this respect. The diazo ketone
I reacts at a markedly fast rate with thiosulfate (8-
alkylation) but hyvdrolvzes very <lowly.

The nmeie acid derivatives in Table IV give more
significant results.  Here agaiu, the bromo ketone is
the most active as an N-alkvlating agent, but a very
poor 8- and O-alkylator. The acetyvlated dinzo ketoue
and mesyloxy ketone ave moderadely active i every
respect.  The deacetylated diazo ketone, however.
shows a very high rate of reaction with bofh water and
thiosulfate, i1 the order of 1072 nmoles 1 see. and is the
only comipound showing reasonable biological activity
in some twmors,  This =eem= to indicate that dinzo
ketones wre prinarily OH and SH reagents. The
cnvironment of the tunctional gronp i1s crneial, and
cleetron donor groups scein to be nnportant.

It s realized that a much more extensive serics of
compountds would be necessary to make any geueral
statements.,  Also, the role of stereoclhiemical factors
ought to be investigated in the samne way as has been
domne for other carbohydrate cytostatics.

G100 W OO T Rasa, Y Budogieal Alkylatie Agents,” DBintetwaetly aod
Cre, Tomdan, 196G,
(41) G. I Warwick, Cawcer Res., 28, 1314 {193},
L Dahn and W Gadd, Hele, Choe. Acta, 46, 483 (10G3
3y L Bpstein, R W, Resentleal, and R.J. Ess, leel. Chewe, 2T, 14357
1957,
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Experimental

All melting prints were tuken in capillarvies in o Callenkanp
aluminum block aud are corrected.  Tulvared spectra were re-
carded «n o Beckiman I-8 mstrument in KBr disks.  Analyses
were performed by Dr. C. Daessle, NMantreal.

Indole-2-carbonyl Chloride,— Indole-2-cirhuxylic weid (Lt gl
was suspended i1 20wl of dev echer and 20wl of acetyl ehla-
ride, and 2,20 g of PCL was added. The acid digscdved at veaom
tempergture i 10 win. The sadution was vefluxed foe 1 hro and
evaparafed under reduced pressuve, leaving 170 g (U7 (3 ol
vellow ervstals, Necrvstallized from heptane, 1t mehed :a 107
1052, (Kermack, of ol 2Cand Matell® da nar give o definiie
melting pant.

Diazo Ketones I, IV, and VIL. "The appraprinie indalvl-
glyexylyl ehlovides®™ = c indede-2-carbany] ehlaride were finely
ground and added as sadids teoan ethereal solution of 4 maoles of
dinzamethane at 0° with stirring.  The solids dissolved tmmedi-
wlely with brisk Ny evoluticn, and the diaza ketanes crvstallized
cvernight in vields of 93, 08, and 7377 respectively. [ and TV
were ervgtallized frconmethanal svater, VI from dioxane-wiier,

Bromo Ketones II, V. and VIIL- - The dinze Letanes were
suspended i ether and creded ra 17, and dey HBy gas was Imbihled
e veey slawly until the Ny evadntion ceased. The pll owis
checked from thime tec e and nat allewed te fall helew 4,
The ved sauticar was teented witlh Narit and evaporated at racan
temperature wnder redaved pressure. The crnde pradinets were
recrystallized fromm benzene (TT1 ca henzene-petrulemn erher <3
and VITTE Yields were 96, 61, and 700, vespectively, Al ilie
componnds are light sensitive,

Methanesulfonates III and IX.--The diwza Ketemes were
dissalved in dvev ether €140 and 20 valy and the ealeulated
amcamt of werhanesulfonie acid, diluted with 20 yvolo ol diy
ether, was wdded wapidly. Gug evalutical was vigarans and
imediate.  The sdution was left at voom temperature, and
scme dark precipitice, formed nitially, wis removed hy et -
went with Navit and filicdion. The elear vellow salution de-
pasited cryvstals in the ease «f 111 o vield of 45¢, which was
recrystallized from T-hntanal. TX wius abtained hy precipitation
with petrddemnn ether in n vield of 45¢0, Tt was recrvstallized
from henzene.  Bah ccanpounds ave light sensitive.

Methanesulfonate VI was prepaved ns tleseribed ahave, in b
vol. of dioxane. heing kept at racan temperatire for 23 he. The
ervstallization was completed hy precipitation with petralenm
erher, wnd the davk compeamnd was recrystallized from tolnene;
vield S0¢, .

1,8-Dibromo-2,7-dioxo-3,4,5,6-galactotetraacetoxyoctan ¢
(XL ~To a salution of 1.7 g «f the 1,8-bisdinza derivative’ in
17wl of dicnine was added 0.50 ml of 48¢¢ aqueous HB3r,
There wis o vigaraus gns evalution at ream temperature.  The
saletion was heated for 3 min. cu the stenm hath and evaporated
under vedueed pressure. The sadid vesidue was suspended in
water, filtered, wuashed with water and methanal, and finally
veerystallized fraan 1-butanal. The yield was 1RO g (8410 1

1,8-Dimethanesulfonoxy-2,7-dioxo-3,4,5,6-galactotetraacet-

oxyoctane (XIT: To u solution of 1.7 g af bisdinza econponund
i 17l of dioxae was added a sadution of 0.66 il of metlane-
sulfunie acid in 2ol of diceane. The salution was heated an the
stesnn hath far 30 min sand diluted with water. The precipivated
ervstuls were filtered off, washed with water, and recryvsiallized
fraan 2-pentanane: vield 1G6 g (TH 100

1,8-Bisdiazo-2,7-dioxo-3,4,5,6-galactotetrahydroxyoctane
(XTI, Ta o stirred sadution of 4 ml of 277 sadimn methaxide
wnd 20 b o dey methandd, 1.0 g0 of the finely powdered teirie-
weetite Nowis sdded o peoticas aver TEmin. The suspensiin
witg stitred wl rocad tetperature for 0 min. meoe, filtered, wand
washed with metunel. Calealess eryvatals (0.5 g, AN07  were
abtained, w.p. 16 1637 dees The welting paint was nrelenged
after recrvstallization fran wider.

() W O, Kergaek., W. I Perkiw, awl R, Ruliwson, S, Chene Sae.
1602 (1a21¢.

2 Tle disgzaketeme | s menticoed [ . Lighs and M. flelhiname
l.tugew. Chene., 69, 97 (195711 witlont pliysical data, and VII Ly AL Matell
| Aekde Kewd, 10, 179 (10761] witle o wide 1aelting range.
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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 149, w./w., 13
mmoles, final concentration 3 §) was run in within 1-2 sec.,
with rapid magnetic stirring. The temperature of the solution
was kept constant within ==1°, and the evolved N, was plotted
against time.

Thiosulfate.—The reaction was run as in the hydrolysis
experiments, but 10 mmoles of Na;8:0;-5H,0/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 thie acid. The evolved N; was
measured as a function of time.

Bromo Ketones, Hydrolysis.—Since no Br~ could be detected
on reaction with water, the hydrolvsis 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 N NaOH and 20 ml. of water were added. Six to eight
identical samples were prepared aud were kept in the same con-
stant teniperature bath, being titrated with 0.1 ¥ HCI against
methy! orange after suitable time intervals.

PURINE 3’-DE0OXYNUCLEOSIDES
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Thiosulfate.—The substance (0.5 or 1 nmmiole) in d nil. of ace-
tone and 10 ml. of 0.1 N Na.S;0; was kept at constant tempera-
ture, and each sample was titrated with standard iodine solution
using starch indicator.

Mesyloxy Ketones. Hydrolysis was measured in the sunie way
as in the case of the bronio ketones.

Thiosulfate was nmeasured as with bronio 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 froni half-tinies,
according to the equation k¥ = (1n 2)/t1,.
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Purine 3’-Deoxynucleosides
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The 9-(3-deoxy-g-p-ribofuranosides) of adenine, 2,6-diaminopurine, purine, purine-6-thiol, 6-methylamino-
purine, 6-ethylaminopurine, and 6-dimethylaminopurine have been synthesized in order to conipare their properties

in certain biological svstems.

3’-Deoxyadenosine (cordycepin),! au inhibitor of the
growth of IXB cells in culture,! B. subtilis,? an avian
tubercle bacillug,? and Ehrlich aseites carcinoma?® in
inice, has niore recently been sliown* to be a potent
tnhibitor of RN A synthesis,

I a recent comniunication® we reported a brief
description of a synthesis of 3’-deoxyadenosine. This
syuthetic schenie was designed to perniit 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-
meutal procedure for this synthesis of 3’-deoxyadeno-
sine as well as the syuthesis of 3’-deoxyadenosine-8-
C by miinor modifications of these procedures. Iu
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 known®®P that 3’-deoxyadenosine is metabolized

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

(2) K. G. Cunninghain, 8. A. Hutchinson, W. Manson, and F. S. Spring,
J. Chem. 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 VIth 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).

(3) E. Walton, R. F. Nutt, S. R. Jenkins, and F. W, Holly, J. 4m. Clhem.
Soc., 86, 2952 (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,
Abstract No. IV-195, p. 343. (e) Studies of tle effects of struectural modi-
fications on the activity of variously substituted purines as inhibitors and

vie deamination to 3’-deoxyinosinie. 3’-Deoxyinosiue
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
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