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of the gam in hot +-PrOH, then cooling gave an anlorphoas =olid
that was collected by centrifugatiorc and immediately dried ovec
POy in vacuo; yield, 1.00 g (649;), of white =olid that gradaally
decontposes over 130° withoat melting. Two moce precipita-

Mixed Bifunctionality. II.

N= Br

tives feomr hot 2-Protl by cooling gave 0.7 g (42¢) with no
definite melting point; tle on polyamide with EtOH showed one
spot. Nee Table V fuc additional data and other compouds
prepared i this way.

Relation of Antitumor Activity to

Structure in Alkylating Agents Derived from Polynuclear Aromatic Hydrocarbons'

Rrcuanrn M. Prck, Anna P, O’CoNNELL, AND Hucn J. CreEcH

The Imstitute for Cancer Rescarch, Philadelphin, Peapsylvanin 19111

Necelved Lugsst 18, 164

[nvestigativig of the »atitaimnr propectes of a vacely of pulyiaclear aromatic hydrocarboa derivatives ¢oo-
tainiug a single alkylatiog faletion have beelc continaed.  The existence of 1 parallelismi betweerc the carciun-
genic and carciuostatic poteatialities of several aidhiracene mad benzarthracene moieties is indicated from
studies with their 8 and N mustard derivatives.  Varivaz halomethyl aromatie hydeocarbons have also beea
fuund 1 he highly effective ingalust aseites tumoes lw rwiee,

Auntitnmor activity due to mixed bifunetionality has
been showu to oceur when a earrier” group embodying
an aeridine (or related) nuelens or an anthracene (or
related) nucleus is  convalently joined, preferably
through a basic side chain, with a 2-chloroethyvlamine or
i 2-chloroethyl sulfide alkylating function.*—4

Independent variation of each of these two strnctural
features has already led to distinet new classes of
antitunior agents. Further variations of the “ecarier’
portion have been made and, as shown i Table I, this
feature when combined with a situple alkylating fune-
tion as its complement has given agents with properties
superior i many respects to any we have ever tested.

Two synthetic routes to the hydroxy precursors of
the mustards in Table IT were found to be superior to
those previouslty employved.* In the first (method A in
the Experinienal Section), the anil formed from the
aromatic  aldehyde and 2-(2-aminoethylthio)ethanol

i1 Suppurterl by Research Grants ("A-02955, CA-06927, and FR-05539
frian 1lie Natioral Institutes of Health, U. 8. Pablic Health Service, and by
w1 appropriation from the Commonwealth f Pennsylvania.

+2) (a) R. K. Preston, R. M. Peck, L. R. Breuninger, A. J. Miller, and
U, I. Creechi. J. Med, Chem. T, 471 (1964); (19 R. M. Peck, E. R. Breuninger,
v T Miller, winl X T, Creech, 042, T, 480 (1964},

3y R. M. Leck, A. P. O'Connell, arut H. J, Creecl, ibol., 8, 217 {1966:.
(x R. 3. Peck. AP O'Connell, and 11. J. Creecl, 744/d., 10, 37 (1967}

was redueed with LiIBH,. In the second (method B),
the 1odomethyl derivatives, available from the corre-
spouding anthragquinones by the method of Badger and
Pleree,® ou reaction with the side chain gave the pre-
cursor i one step.  [n spite of generally poor vields and
sometimes difficult i=olations, thix was, iIn sone cases.
the most convenient syuthesis; often the cholee of
route was dictated by the accessibility of intermediates.
Where two lsomers are theoretically possible in the
svuthesis of the lodomethylanthracenes, the position
ol the side chain as determined by that of the iodo-
methyl group ix tabulated as being at the wieso position
not adjacent to the substituent tu the outer ring. This
counclusion is not rigorously proved but is deduced
from two lines of evidence both of which harmonize
with the obvious rationale of sterie hindrance: (1
Sandiu and Fieser proved? that the iodoniethy] group so
mitroduced occupies the 7-position of benz[a]anthra-
cene and (2) in contrast to the eight anthraguinones
successfully subjected to the conditions of synthesis in
this laboratory (not all of these are reported herein),
only  14-dimethyvlanthraquinoue, where there is o

i5) G, M. Badger snd R 8. Pierce, J, Chenm. Soe., 2314 (150).
) R, B. Sandin and L. I'. Fieser, ./. Amer. Chem. Soc., 62, 3098 (1940).
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TasLe I
HALOMETHYL AROMATIC HYDROCARBONS

— Antitumor activity® —

Range, umol/kg Degree Mp. °C Formula®
A. Monofunctional
4-Chloromethyl-1-methylnaphthalenes 60-300 2.0 CiH 1, Cl
10-Chloromethyl-9-methylphenanthrene? 35-300 2.3 155.5-156.5 CieH15Cl1
9-Chloromethylanthracene® 1-125 2.1 142-144 C;HuCl
10-Chloromethyl-9-methylanthracene’ 4-100 2.4 193-197 dec CisH,5Cl1
10-Iodomethyl-9-methylanthracenes 20-300 2.6 Dec CeH sl
7-Chloromethylbenz{a]anthracenet 0.8-20 2.0 190-192, s 185 CigHi5Cl
7-Chloromethyl-12-methylbenz(a]anthracenet 2-175 2.2 144-147 CyHi:Cl
7-Iodomethyl-12-methylbenz (a] anthracene’ 20-350 2.3 Dec CyHysI
1-Chloromethylpyrene* 0.8-35 2.3 138-142 dec C;H; Cl
B. Bifunctional

1,4-Bis(chloromethyl)benzenes Inactive; toxic at 100 CsH;Cl,
3,6-Bis(chloromethyl)durenes 50-180 2.3 C12H,6Cly
a,a’-2,3,5,6-Hexachloro-p-xylenes Inactive; toxic at 30 CsH,Clg
9,10-Bis(chloromethyl)anthracenes 0.3-30 2.4 CisH1:Clo

2 See section on biological resilts. ® Although all of these compounds have been reported in the literature, erystallization to con-
stant composition was carried out on all the compounds in part A apart from the first compound (commercially available) and the un-
stable iodomethyl derivatives. In part B, the first three were commercial products and used directly. The last commercial product
was found to be impure and was crystallized three times from benzene. < Commercially available. ¢8. Hauptmann, Chem. Ber.,
93, 2604 (1960). ¢ W. T. Hunter, et al.,, J. Org. Chem., 21, 1512 (1956). 7 J. L. Adelfang and G. H. Daub, J. Amer. Chem. Soc., 80,
1405 (1958). ¢ G. M. Badger and R. S. Pierce, J. Chem. Soc., 2314 (1950). * Although this compound was described by Badger and
Cook, 1b7d., 802 (1939), we found that the action of dry ethanolic hydrogen chloride on the methylol gave a cleaner product. »J.
Pataki, R, Wlos, and Y. Cho, J. Med. Chem., 11, 1083 (1968). 7 W. E. Bachmann and M. Carmack, J. Amer. Chem. Soc., 63, 2494

(1941).

TasLe I
Derivarives oF RCH;NHCH,CH,SCH,CH,Cl-HCI
——Antitumor activity®*—— Yield,

R Range, umol/kg Degree % Mp, °C Formula”
9-Anthryl 40-150 2.5 41 185-187 Ci¢HyCINS - HCI
9-Phenanthryl 60-275 2.4 Eh) 140-140.5 C¢HyCINS-HCl
10-Methyl-9-anthryle 1.6-90 2.6 58 194-196.5 CoH2CINS-HCI
10-Ethyl-9-anthryld 80-500 2.1 70 183-185 dec CyH2CINS-HCI
4,10-Dimethyl-9-anthryl® 30-180 2.1 76 180-192 dec CyHouCINS-HCVl
4-Fluoro-10-methyl-9-anthryl 1-15 2.3 86 207-209 CyHy CIFNS -HCl
4-Chloro-10-methyl-9-anthryl 2.5-100 2.3 62 194-195.5 CyHCLNS-HClv
7-Benz[a]anthryl 12-160 2.5 79 195-197 CyuHxCINS-HCI
12-Methyl-7-benz [a]anthryl 5-250 2.6 61 183-186 dec CoHxCINS - HCI

@ See section on biological results. ¢ All compounds were aualyzed for C, H, 8, Cl. ¢ By methods I and II. In the course of the
animal tests it was found that the two samples of this compound, apparently chemically identical, gave differing antitumor results.
We could find no rationale for this discrepancy. ¢ By methods I and II. ¢By methods II and 1II. 7 C: caled, 63.94; found,
64.39, 64.37. ¢ Cl: caled, 25.65; found, 24.84, 24.95.

blocking group adjacent to both meso positions, failed The alcohols corresponding to the nitrogen mustards

to yield a methyliodomethylanthracene. in Table III were synthesized from these halomethyl
Replacement of OH by CI to produce the compounds compounds by condensation with the necessary 2-

in Table II was carried out by the method routinely used [(w-aminoalkyl)ethylamino Jethanol.

in the past, 7.e., excess SOCl; as a solvent at 5-30° .

{method I in the Experimental Section). Where the Experimental Section

termiual ring(s) carried an alkyl substituent however, Melting points were taken in open capillary tubes in a Hersh-

only intractable tars were obtained, and two other berg apparatus using total immersion thermometers and are
methods were found to yield clean products. Method reported as uncorrected values. Where analyses are indicated

II consisted of a slight molar exc f Cl, in dioxane only by symbols of the eflements, analytical resu!ts obtained for
ted o 8 N excess of SOCL, 0 these elements were within £0.49 of the theoretical values.

. ] . 7
solutlon'on the steam cone and method III, sqcpessful 2-[2-((9-Anthrylmethyl)amino] ethylthio] ethanol (Method A).
only with certain hydroxyethyl sulfides, utilized a  —A mixture of 4.12 g (0.02 mol) of 9-anthraldehyde and 2.7 g

large excess of 12 N HCI as a solvent and dilution after {0.022 mol) of 2-(2-aminoethylthio)ethanol in 20 ml of EtOH was
standing overnight. refluxed gently for 2 hr, diluted with hexane, covled overnight,

) s and filtered. The product was recrystallized from EtOH-H,0O
Two of the unstable iodomethyl hydrocarbons not (.0 " 670 o the product in Table IV (79%). This was dis-

of analytical purity®® and a variety of col.‘respondir}g solved in 50 ml of warm CeHe and added iu portions over a
chloromethyl compounds (Table I) were included in period of 0.5 hr to a stirred solution of 1 g of LiBH, iu 1 . of dry
the antitumor screen. For comparison with these un-~ Et:0. The resulting suspension was stirred for an additional 3.5

fallv hr and decomposed with ice and AcOH. The aqueous layer was
expectedly potent compounds, four commereially — gr tE SRR E T Vield 1.9 g of product. Further

available bis(chloromethyl) hydrocarbons were tested. extraction of the Et;0 with 100 ml of 209, AcOH gave au addi-
tional 0.25 g. The combined product was reprecipitated from
(7) W. T. Hunter, J. 8. Buck, F. W. Gubitz, and C. H. Bolen, J. Org. solution in dilute AcOH in the presence of a little petroleum

Chem., 81, 1512 (1956). ether (bp 30-60°) to give 2.1 g of the product in Table V.
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Taprs 111
Derivarivis oF RCHNH(CHL) N (CoHACHCHLCH 21O

Ancitinor artivity®

Range,
R wuml kg Deurve
9-Anthryl, n = 5 N1 20
10-Methyl-9-archiyt, o = 2 [ %--%0) to
10-Methyl-9-anthryl, n = 3 310 202
7-Benz{a]anthryl, n = 3 G-10a 1Y
12-Methyl-7-betza]awthiyl, n = 3 520 203

+ See section on biological resalts. * Aaalvzed fur C, 1[, N, CL

from EtOH was rubbed with fresh dry Et,0 tu give a tan powdee with analydeal cesulcs,

21.60; found: C, 64.06; H, 6.83; N, 5.24; CI, 20.30.

TaBLe IV
ANiL INTERMeDIATES
RCH=NCH,CH,SCH,CH.,OH

Yield

R v Mp., *C Turnuda”
O-Authryl Ta 97-0R.5 Cral i NOS
9-Phenanthryl 50 H1-92 Cr1,H,aNOS
10-Methyl-9-anthryl 75 109-110 CpHaNOS
10-Ethyl-9-anthryl i 01, 5-92.5 CyllnNOS
7-Betwlalauthryl X2 103.5-105.5 CypHay NOS

» Compoauds were aualyzed tor C, I, 8,

2.({2-[(4-Chloro-10-methyl-9-anthrylmethyl jamino]ethylthio]-
ethanol (Method B).—Following the methnd of Badger and
Pierce,® 10 g of 1-chloroanthraquincae wa= added ¢ portions to
a stirred solation of 70 ml of 3 ./ ethereal MeMgl and 120 ml
of Cels. The solution was heated 1 hr at geutle reflax, stored
overnight at 3°, and added slowly to a stirred wixtare of 120 ml
of 559 HI and 400 ml of MeOH maiitaived at —5° t» —10° i«
a cooling bath, The mixtare wa= diluted with 500 ml of AcOH
and allowed to stand 4 hr at —20°, wherenpou the precipitate
was removed and washed with ice—water and a little petroleum
ether. The crude product after overnight air dryiag at 5°
weighed 9.6 g. A 2.4-g portion was added to a stirred, cooled
mixtare of 3 g of 2-(2-aniinoethylthio)ethacol in 10 nil of CeHy
and 5 ml of EtOH. After the solid had dissolved, the mixtare
wis stirred in an ice bath for 45 min, at room temperature for 1
hr, then partitioned (H,O-Et.(), aud separated, and the organic
layer was washed (H,O )and thenextracted with two 15-ml portions
of 5 N AcOH. The combined extract= were made alkaline in the
presence of a small amount of CyHg-petroleam ether and then
cooled overnight to give 1.0 g of erade prodaet.  Crystallization
from Cg¢Hepetroleun ether gave (.80 g of prodaer (Table V1.

If the chloromethyl hydrocarbon was utilized, 10 solvent was
ased aud the reaction was cacried oat at 70-90°,

Except where footnntes specify aic exvepuon, the following
method, 1, was the means of synthesis of all the compoands in
Table 1I. The oualy variatiou in conditiots for those compounds
m Table I1T was that the overidght ceaciinog peclod was carried
oat at room temperatire.

N-[2-(2-Chloroethylthio ethyl]-10-methyl-9-anthracenemeth-
ylamine Hydrochloride.-—To 60 ml of stirred SOCl: covled iu au
ice bath was added, in portions, 3.1 g of 2-[2-[(10-methy]-9-
anthrylmethyl)amino]ethylthiolethanol (Table V). After soln-
tiva was complete, the flask was stored vvernight at abont 5°
ard at room temperature for 4 hr; thew volatile material was
removed at water pump vacuum. The residue was decomposed
with 5-10 ml of EtOH, from which the product crystallized.
Solveut was again removed in vacwo, the product was stirred
with more EtOH, ether wasadded, a1 the product was filtered and
washed (Et,0) to yield 2.8 g, mp 193--194 dec. Recrystallization
(EtOH-Et,0) gave 2.1 g of the product in Table II.

Method IT was devised for compounds uustable to the above
conditions. It was also applied to a resynthesis of the above
compound, as follows. To a solution of 5.55 g of 2-[2-[(10-
methyl-9-anthrylmethyl)aminolethylthio]etharwol in pure dry
dinxane was added a solution of 2.5 g (25Y molar excess) of
ROCL in 25 ml of dioxane, with stirring.  The solution was im-
mediately heated on the steamn cone, and crystals soon began to
form. Although the mass becanie quite thick, heating was con-
tinaed 20 min; then volatile material was removed 7 racio.

Yield,
N Ny i Foyrinla”
7S 147- 152 CapleCIN,-2HCL-0, 75110
S0 1665 169 dew CoHyCIN,-2HCL- 0. 5H.0
NG 135 1os e CyHaCIN, - 2HCL H.0O
TG 162 - 165 CoeHayCIN: - 2HCL- 0 5HLO
[Ow 50 6% (\17E131C1:\, 2HCT

¢ Thix peoduct resisted erystallization; the e(hereal precipitate
Caded: C) 65.95; H, 677 N, 53.70: CL

The residae wus fileeced froa ErOH-EGO (0 give 6.5 g of produet,
Cry=tallization +12tOH-EGO) gave 5.5 g (8507), mp 200-201°.

7-Chloromethyl-12-methylbenz{a] anthracene.5—Tou 20 ml of
SOCL, stirred w an ire bath, was added 700 mg of 7-methoxy-
methyl-12-methylbeoz[«]anthracene.® The solation was allowed
to staid 2 hr at 0° wnd 1 hr at room temperature and then coa-
centrated 7 wecno. The rexidue was decomposed with EtQH,
again takea to dryness, and filtered from fresh EtOH to give 0.60
g, mp 138-140.5°. Recrystallization from CsHeEtOH gave
0.45 g (637) o the produet iic Table T

Biological Results and Discussion

The Ehrlich axcites tumor in ICR Swiss miee has been
used in this Iiboratary for inany years for the quantita-
tive assay of the anttumor activities of a variety of
bifunetional and monofunetional alkylating agents.
The procedures, which have been deseribed in detail in
previous publiciticas, >4 involve compuarisons of the
survival times of the trepted and the control tumor-
bearing niice.  The experiments were terninated at the
end of o period eqal to three times the nican survived
time of the controls ncorder to conserve =puce in our
animal colora. wond becanse it has been omr experieniee
that mice surviving to this point (usually 45-50 days)
seldomt showed recarrence of timor when held for much
louger periods,

Compounds e characterized by two values - the
effective dosuge rmmge and the degree of antitumor
activity.  Our criterta for activity arve stringent
require o miidimm 30 increase (a relative degree ol
1.8) in mean survival time over that of the control
aminals. The “degree” figure given in Tables |
through 11 cons1=t< of the average of two nuininuim
values of 1.8 tan st the lowest effective dosage and onr
at the maximien effeetive dosage, where concomitant
toxieity 1s the luniting fuetor) and of the higher values
found at 3-8 intermediate dosages.  Stuee 5.0 1= the
maximut value vignifyving that all the mice were ahve
at three times the mean survival time of the controls;,
a Ydegree” fipure of 2.2 205 denotes n highly effective
compound. wd 1.8-2.1 indieates a nwoderately active
LLE.

T 1961 we ihiseovered that compounds with a single
alkylating functon displayed potent antitumor ne-
tivity provided tlua the molecule contained certain
polyeyelic  aromatic  components.  This  activating
property wax at {irst apparently limited to the acri-
dines,® but was Liter extended to several other heter-
evelie aromaties®* und recently to polyuuclear hydro-

18 Also prepareed vl
11, 1083 (1968).

e R.M. Prek. 1t
f1uBl e

Puaraki, R. Wioe, and Y. Clio, /. ed, Chon

IN. Preston, wnil H. I, Creeelr, /. Ory. Chepr., 26, 13100
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TaBLE V
Hyproxy PRECURSORs OF MUSTARDS
Yield,
R Method? % Mp, °C Formula Analyses
A, From Table II: RCH.NHCH.CH,SCH.CH,OH
O-Anthryl A 42 111.5-113 CiHaNOS C,H, S
9-Phenanthry] A 36 68.5-70.5 CisHy NOS C,H S
10-Methyl-9-anthryl B 42 185-186.5 CHxNOS-HCH C H, 8§, Cl
10-Ethyl-9-anthryl A 36 105-106 CuHNOS C,H N, 8
4,10-Dimethyl-9-aithryl B 52 84.5-86 CyHasNOSe C,H,N, 8
4-Fluoro-10-methyl-9-anthryl B 41 113-114.5 CyHnFNOS C HS
4-Chloro-10-methyl-9-anthryl B 29 79-80 CyH»CINOS C,4H, s, Cl
7-Beuz{alanthryl A 25 112-113 Ca3HasNOS C,H,N,8
12-AMethyl-7-benz{a}anthryl Be 47 74-76 CoH3:NOS C, H,S
B. From Table 1II: RCH,NH(CH.).N(C;H;)CH.CH,OH

9-Anthrvl, n = 3 B 69 188.5-190 CaHasN,0-2HCI C,H, N, Cl
10-Methyl-9-antheyl, n = 2 B 20 123-127 dec Cy2HysN,0-2HCL- 0. 5H,0 C,H/N, CV
10-Methyl-9-anthryl, n = 3 B¢ 25 165-166.5 CaH3N0-2HI CA H,N, I»
7-Benz(alauthrvl, n = 3 B 43 230-233 dec CaeH3oN:0-2HCI C, H, N, C
12-Methyl-7-benz{alanthryl, n = 3 B 23 158-162 CyHaN.0-2HI C,t H N I

2 See Experimental Section; method B1 utilized the chloromethyl hydrocarbon at 70-90° without solvent.
¢ The hydrochloride was also prepared, mp 174-177°, and analyzed for C, H, 8, Cl. ¢C:
cipitated as the hydriodide from AcOH extracts and recrystallized from EtOH-H,0O, mp 137.5-139°.
¢ Also prepared by reaction of 3-(10-methyl-9-anthrylmethyl)amino-1-chloropropanet with excess ethyl-
found: C, 44.73; I, 42.33.

found: H, 7.95;
aminoethanol.
I, 3%.31, 38.21.

Cl, 16.42.
" Caled: C, 45.57; I, 41.82;

carbons;* in these studies, the alkylating function
consisted of a 2-chloroethylamine or a 2-chloroethyl
sulfide.

In addition to the sulfur mustards, which are in-
jected in animals as homogenized suspensions, where a
substantial partial solubility nevertheless exists, data
ou $ soluble nitrogen mustard derivatives and on 13
haloniethy] hydrocarbons, whose suspensions contain
essentially no dissolved material, are given (Tables I
and III).

The length of the side chain and the nature of the
aniine joining the arylalkyl portion of the molecule to
the mustard moiety were found to be important. As
was the general case with the structures studied to date,
compounds containing a ‘“‘propyl”’ side chain dis-
played antitunior activity at lower dosage levels than
those with the “ethyl” side chain. The latter were
considerably less toxic than the propyl analogs, how-
ever, with the result that a more favorable therapeutic
index waz shown by the ethyl series of N. and S-
mustards.

This suggested the use of the side chain in Table I1
for evaluating the structure-activity relationships of
various condensed polynuclear hydrocarbons. An
impressive illustration of a large biological effect due to
a small alteration in chemical structure is shown by the
first, third, and fourth compounds in which the meso
substituent changes from H to Me to Et.

Although an additional Cl or F substituent at the
4-position of the anthracene nucleus had little in-
fluence on the antitumor activity of the S mustard
derivative, a Me in this position caused a significant
decrease in activity. Enlargement of the condensed
ring system by one benzenoid nucleus resulted in the
lowering of the dosage needed to demonstrate activity
(lines 8 and 1). A Me at the other meso position had a
less pronounced effect in the S mustard of benz[a]-
anthracene than of anthracene in causing increased
antitumor effectiveness (lines 9 and 3). These data
confirm and extend the previous observations* with

b Also by method A.
caled, 66.80: found, 67.48. ¢First pre-
f Caled: H, 7.48; Cl, 16.94;

i Caled: C, 49.40; 1, 38.68; found: C, 48.82, 49.03;

several polycyelic hydrocarbou derivatives containing
the “propyl” side chain and again indicate the existence
of a parallelism between the carcinogenic and carcino-
static potentialities of the aromatic hydrocarbon
moieties.

The antitumor activities of the N mustard derivatives
of several polvnuclear aromatic hydrocarbons are
listed in Table III. Since these compounds, in con-
trast to their correspondiug sulfur mustards, have
appreciable solubilities in agueous media, they were
administered to the mice as solutions in saline. Com-
parisons of the dosage ranges of the two types of mus-
tards show that the N mustards are toxic at much
lower dosage levels than the 8 mustards which exhibit
superior therapeutic indices. The iniportance of a Me
on the other meso position of anthracene and of benz-
[a]anthracene is again evident since this substitution
results in an appreciably greater degree of antitumor
activity at a somewhat lower dosage level and over a
broader dosage range. The length of the alkyl side
chain is of significance, with the “ethyl” form showing
lower activity than the “propy]” form, but a higher
therapeutic index.

Table I lists alkylating derivatives which have es-
sentially no solubility in H,O; the high potency of a
number of these compounds appears remarkable in the
light of this property. All of these compounds have
been described in the literature; it was found, however,
that exhaustive recrystallization of the products was
usually necessary to obtain a sample that was pure by
the criteria of both elementary composition and biologi-
cal activity. The procedure used to obtain the fourth
compound in particular at first gave samples displaying
greater potency than that listed in the table. The pres-
ence of a second CH,Cl as an impurity was suspected;
this led to the testing of the extremely potent final
compound in Table I, a bifunctional alkylating agent.
An indication pertinent to the great importauce of
geometric configuration of the aromatic moiety is
given by the comparative biologic properties of three



2NN NOTES
CH.Cl CHC
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other p-bis(chloromethyl) models.  All may be rep-
resented by I; the simple benzene derivative (I,
R = H) is inactive but the durene derivative (I,
R = CHj) Las enough steric resemblance to the highly
active II to impart activity to the simple beuzene ring.
In the hexacliloro compound (I, R = Cl) the bulky
halogen atoms have an equivocal effeet; the trend 1o
higher toxicity may mask any latent autitumor activity,

Two additional poiuts of iuterest coucerniug the
properties of the compounds in Table T avise: (1)
the ICH, derivatives are less active biologically than
the corresponding CICH, hydrocarbons under the
testing conditions, although much wmore reactive
chemically as alkylating agents; (2) the CICH, cou-
pounds of Table I (A) as well as the last compound
in Tuble I (B) show strong activity es. the 8-37 ascites
tumor, agaiust which N mustards including HN2, have
never shown more than borderline activity (a “‘degree”
of 1.5 to 1.8). The S niustards in Table II are also
much niore active as a group i this test than any
N mustards ever tested in this laboratory, an indieation

Vol 15

that « wider spectriimn of activity may be realized i
this arca.

When our wnitial studies demonstrared the exceptional
antitwimor activity of sonte of our wmonniunetional
alkylating agents, we postulated that rhix behavior was
actually following a bifunetional pattern in which eross-
lnkage wax being aceomplished throngh the reaetivity
of the monnfunctional mustard moiety combined with
the aetion vt the polyeyelie eontponents of thesc agents.
This belief hax beercsupported by the work of Lerman'™
aml of Boyland and  Green,'t among  others, wh
present  evidence  for  intercalation ot comparable
moleties into the DNA helix. Further support s
cotte from the dizcovery, by a large nunibet of workers,
of =trong mutagenic activity of our monofuncetion:d
witrogen mmstard derivatives of polvnuclear hetero-
evehies o various organisnmis; Ames and WhitHeld’s
work® reviews svme of these. It has aiso been found
that nwonofunctional 8§ mustards derived from poly-
muelear hydrocarbons possess mutagenic frame <hift
activity i Newospora™ comparable with that of the
N nuustard -heteroevelie armnatie combination.
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6-(5-Nitro-2-furyl)-as-triazine-3,5(2H,4H)-dione
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In u previous note from this laboratory, Hayes?
reported the svnthesis and antibacterial activity
of 6-(5-nitro-2-furyl)-as-triazine-3,5(2H,4H)-dione (I).
Since I was also exereted to a significant extent in the
urine of the mouse, rat, and monkey, the compound was
of interest us a potential urinary tract antibacterial
agent. Oun this basis, the structure of I was modified
at positions 2 through 5 in an attempt to enhance
biologic activity.

Most of the compounds reported herein were pre-
pared by modifications of the general as-triazine-3,5-
dione synthesis used by Hayes to prepare I. The

{1) For the previous paper in this series see M. R. Synder, Jr., and L. 1.
Banjamin, J. Med. Chem,, 18, 164 (1970).
2y I. Hayes, ibid., 7. 819 (1964).

ON l l /N\NH
0 0 )
H
1

remaining compounds were prepared by 1odificaticas
of the procedures reviewed by Erickson.® Table I
sumniarizes the compounds prepared.

Compounds 15-36 were sereened for urinary tract ac-
tivity by measuring the per cent of the oral dose excreted
in rat urine followiug a 24-hr collection period using
both autibacterial (Escherichia coli) and uv spectro-
metric assay techniques. These data are stunmarized in
Table II. Using I as a standard, it can be seen from
the data in Table IT that uone of the analogs of T wax
excreted as well as the parent compound in the urme
of rats. The most active analog prepared was the
3-thio compound, 29, which showed about one-half the
urinary excretion of I. Comipounds 17, 21, 22, 24, and
28 were excreted significantly in the urine as measured
by uv assay but not by antibacterial assay, an observa-

3) J. G. Erickson in The "Chemistry nf Heterocyelic Compounds,”

A, Weissberger, Eil., Interscience Publishers, Ine.. New York. N. Y.
1956, Chapter 2.
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