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was stirred at room temmperature for I hr, heated at refux for
10 hr, and cooled. The ester hydrochloride (145 g, 967, mp
145.8-146.7°) obtained by filtration was used withaut further
purification in the preparation of 7.
3-(Undecanoyloxy )propyltrimethylammonium Iodide (7).

Compound 11 (25.0 g, 0.081 mole) was treated with 150 ml nf
10¢; aqueous Na,CQOy, and the mixture was extracted with CgH,
(five 100-ml portions). Removal of the CyHs by distillation under
reduced presstire aflorded the oily Hguid free bhase of 110 The
latter was dissolved in 200 ml of Me,CO, 34.6 g (0.244 mole) of
Mel was added, and the mixture was heated at reflux for 12 hv,
The product, obtained by filtration, was recrystallized four times
(MexCO); vield 15.1 g (45%), mp 127.0-127.4".

Evaluation of Insect-Repellent Activity.--Repellency agninst
Aerdes aegypti mosquitoes was evaluated hy Mr. I. H. Gilbert and
Mr. H. K. Gouck of the Entomology Research Division, T, S,
Department of Agriculture, Gainesville, Fla.'? IFemale .ledes
aegypti mosquitoes, 7-8 days old, were confined in small cylin-
drical cages (4 X 12 ¢cm). Thessides of the cages were clear plastic;
one end was covered with gauze and the other end was fitted with
1 plastic slide closure.  Mosquitoes in stoek cages were immoa-
bilized by a low temperature, and six females were placed in each
small cage. The cages were then held in 4 warm room for at least
1 hir to permit the mosquitoes to recover hefore tests were begun,
Tests were made by placing the end of the eage equipped with the
slide fn contact with a treated arvea on a human arm and open-
ing the shde to give the mosquitoes direct necess ta the
treated skin for a period of 1 min. Treated ureas of the skin were
sprayed with water every hour to simulate the wetting which wauld
occur under sweating conditions; the water was applied with an
atomizer to provide wetting but no runoff. In each test perind
(¢f. Table II) cages of mosquitoes were exposed to untreated
areus of the skin to provide checks on the percentage of mtos-
quitoes biting.
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Substitution at position 9 of a number of purines
often provided compounds with interesting antitumor
activity.  That this activity does not result from the
in rivo dealkylation of the 9-substituted derivatives to
the parent purines is illustrated by the confirmed activ-
ity of 9-(tetrahydrofur-2-vl)adenine against (a755.%

£13 This investigation was supnorted i part by the Cancer Chemotherapy
Natianal Serviee Ceuter, National Cancer lnstitute of the National Institutes
of Health, Public Health Service, Coutract 1’H-43-01-04; and in part by research
arant (Y -4008(C3) from the National Cancer lustiture, of the National lusti-
tutes of Health, Public Health Service.

(3) Taken in nart from the M.8. thesis af Jaines D, Westover, snhimitted tn
the Departinent of Chemistry, Arvizona State University, Tempe, Ariz, 108G1.

(3 R. K. Rohius, J. Med. Chem., 7, 186, (1964).

(4) W. A. Bowles, I, H. Schueider, I.. R. Lewis, anvd R. K. Robins, ibid., 6,
471 (1.
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A number of 9-substituted purines were found to
inhibit nucleoside cleavage, thus potentiating the anti-
tmor Activity of compounds sueh as thioguanosine.*
Il the aren of purine nitrogen mustard derivatives,
9-[ bis({ g-chlorocthyDaminopropytJhypoxanthine  wis
found to be netive ngainst Fhrlich aseites SC3HIED and
several other experimental tumors In mice”  Shnee
9-13-chlorocthyhadenine was reported to inhibit the
prowth ol the C'1300 experimental tumor® and since i
nunmber of  G-S-substituted  Y-ig-hvdroxvethybi- and
U-{3-chlorvethyhpurines are active aguinst Ca7da, solid
Friend virus leukemin, and cell eulture testing systems,”
naturally oceurving purines bearing 2 9-bis(3-chloro-
ethyhaminoethyl moiety should be studied.  In eon-
neetion with our previous work i this aren,* ' synthesis
of compounds of this type was mvestigated,

The present investigation includes the preparation of
O9-hisg-chlorocthyvbiuninocthyl derivatives of adenine
(%, hvpoxanthine (Ih), and guanme (Ie).

(I‘H_,(‘H‘,A\'(('H CH.CLy
R NN

TJJ
R,

. R =H; R.= NH,
b. Ry=H; R.=OH
. Ry=NH. R.=0OH

Treatment of 9-(3-chloroethyl)adenine (IIa) with
diethanolamine in refluxing 2-ethoxyethanol, followed
by reaction of the resulting solution with anhydrous
HCT gave the dihydrochloride salt of 9-[his(8-hydroxy-
ethyDaminoethyl]adenine (IIla). Subsequent treat-
ment of I1Ta with SOCL: under reflux conditions yielded
the desired Ta.

CHOH (1 CH.CH,N(CH (H.OH),

R, N

.\'\ N
R,
[Ia. R,=H; R.=XH, Ila, R, =H: R, = NH,
b. R,=NH.: R,=SCH b, R =H: R,=SCH
e R=H; R.=0H
d. B, = NH. R, =SCH
¢. Ry=NH.: R,=0H

Chreful treatuent of 6-methytthio-4-[bis(3-hydroxy-
cthyhaminoethyl]purine® (I1IIh) with dilute aqueous
H.0s and HCT yielded the hydrochloride salt of the
corresponding hypoxanthine derivative IIIc. Treat-
ment of IITe with ROCLy gave Ib, isolated as a dihydro-
chloride salt.

(2} G AL Lelage and 1. G, Junga, Cancer Res,, 23, 739 (1063).

5) H. H. Lin and C. C. Price, J. Org. Chem., 26, 2G6 (1961).

{7) R.J. Rutman, 1. R Lewis, 8 Buckuer, . (', Price, I, Ldewellyn, nud
. Owen, Cancer Res. (Suppl), 22, 470 {1962},

(8) ) J. H. Lister and G. M. Thuamis, J. Chen. Soc., 327 (1060); i1y 2.
Enstein and . M. Thnmis, Biockem. Pharmacol., 11, 743 (1062).

(9) D. E. O'Brieu. J. D. Westaover, R. K. Robinus. and C. C. Cheng. J. Med.
Chem., 8, 182 (1067,

(10) H. C. Kaprel, R. H. Sjringer, R. K. Rohins, ¥, H. Schueidee, aund
. (", Cheng, J. Org. Chem., 27, 2173 (1962).

111) H. C. Kopnel, R. H. Speinger, G. D). Daves, Jr.,
S Phaon. Set., 52, 81 (1963),

awd C. CL Chivag,
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Tasre 1
ANTITUMOR TEST RESULTS OF 9-SUBSTITUTED DERIVATIVES OF NATURALLY OCCURRING PURINES®

CH,CHX

RIYN IlI
g e
R,

Dose,?
mg/kg
200.0

S180 L1210

0.89

R CaT735
NH: OH
0.52
NH. C1
0.43

0.09

0.33

0.31
N(CH.CH:0H). 1.46

NH:
. N(CH.CH:C]):

NH,

o

0.21 2.04
1.69

0.60

1.39

1.08

OH
Cl
N(CH.CH:Cl):

43.8
75.0
200.0
32.0

0.40
1.50

OH
OH
OH

o

1.03

OH NH: N(CH,CH:Cl): 50.0

2 The biological testing was performed by the sereening contractors of the Cancer Chemotherapy National Service Center. Ca755

LZ

Test/control
WA wC

Cell culture

WM DA DL MP EDso® pug/ml

0.14
1.00

1.00

0.88

1.0 X 102 (KB)

1.31
1.37

2,19

1.12

1.017
0.00¢ 1.00
0.03 1.66
0.00°
0.34 1.40
0.00
1.28
0.34
1.16
0.70
0.94
1.34
1.0 X 102 (KB)
1.0 X 102 (H2)
1.0 X 102 (HR)

0.25

3.1 X 10 (KB)
1.00

Adenocarcinoma 755, 8180 = Sarcoma 180, L1210 = lymphoid leukemia L1210, LZ = delayed L1210, WA = Walker carcinosarcoma
256 (subcutaneous), WC = Walker 256 resistant to eytoxan, WM = Walker 256 (intramuscular), DA = Dunning leukemia (ascites),
DL = Dunning leukemia (solid), MP = L1210 resistant to 6-mercaptopurine, KB = human epidermoid carcinoma of the nasopharynx,

H2 = HEp 2 human epidermoid carcinoma, HR = HEp 2 resistant to 6-mercaptopurine. ° Below toxicity level. ¢ EDs,

the dose

that inhibits growth to 509 of control growth. ¢ Cures, 2/6. ¢ Cures, 7/7.

Diethanolamine in refluxing 2-ethoxyethanol con-
verted 2-amino-6-methylthio-9-(8-chloroethyl)purine®
(IIb) to 2-amino-6-methylthio-9-[bis(8-hydroxyethyl)-
aminoethyl]purine (IIId) in 719}, yield. Although the
hydrolysis of the methylthio group to the hydroxyl
group in the hypoxanthine series was smoothly carried
out by a mixture of H,O, and HCI, application of the
same reaction conditions to I1I1d resulted in the rupture
of the purine ring. The conversion of II11d to the ace-
tate salt of 9-{bis(8-hydroxyethyl)aminoethyl]guanine
(I1Ie) was eventually accomplished by the method of
Gerster and Robins,!? and the resulting hyvgroscopic
acetate salt of IIle was treated with a weakly basic
ion-exchange resin to afford the free base IIle. The
latter, upon treatment with SOCI,, yielded the desired
nitrogen mustard derivative of guanine Ic.

The antitumor screening results of these compounds
in a variety of animal test systems are listed in Table I.

(12) 1. ¥. Gerster and R. K, Rohins, J. Am. Chem, Soc., 87 3742 (1065).

Of the three target compounds, the adenine derivative
Ia was found to be active against leukemia 11210,
Carcinoma 755, Walker carcinosarcoma 256 (intra-
muscular), Walker 256 (subcutaneous), and leukemia
L1210 resistant to 6-mercaptopurine. The hypoxan-
thine derivative Ib was inhibitory agamst Walker 256
(intramuscular). The guanine derivative Ic¢ was only
tested against Walker 256 (subcutaneous) and was
found to be inactive. Among the intermediates synthe-
sized, 9-(8-chloroethyl)adenine (IIa) possessed activity
against both Carcinoma 755 and Walker 256 (subcu-
taneous),

Experimental Section1?

9-[Bis(8-hydroxyethyl)aminoethylladenine (IIla).—A solution
of 3.95 g (0.02 mole) of 9-(8-chloroethyl)adenine®s (IIa) and 4.2 g

(13) All melting points (corrected) were taken on a Thomas—Hoover melting
point apparatus. The uv absorption spectra were determined with a Beckman
DXK-2 spectrophotometer. Where analyvses are indicated only by symbols of
the elements, analytical results obtained for those elements were within %0.4%
of the theoretical values,
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(0.04 mole) of diethanolamine in 125 m! of 2-ethoxyvethanol was
refluxed for 18 hr. The hot reaction mixture was treated with
charcoal, diluted with 50 ml of FtOH, and filtered. The hot
filtrate was adjusted to pH 1 by addition of ethanolic IHCl. The
acidic solution was then chilled and the resulting precipitate was
collected by filtration and air dried. The yield of I1la, isolated
as a dihydrochloride salt, was 2.1 g (304 vield), mp 205° dec.
An analytical sample was obtained by recrvstallization from
absolute EtOH, mp 205° dec. Anal. (CuH;sN40:-2HCI-H0)
C, H, N, Cl
9-[Bis(3-chloroethyl)aminoethyl]adenine (Ia)--A finely
powdered suspension of 1.79 g (0.005 mole) of 1I1a-2HCIl-H.O
and 150 ml of SOCl; was heated on the steam bath for 1 hr. Iixcess
SOCl; was then removed from the reaction mixture under reduced
pressure as heating was continued on the steam bath. The
residue was recrystallized from absolute EtOH to give 1.18 g
(689 yield) of analytically pure dihydrochloride salt of Ia,
mp 177-179°, Aeeo® 260 mpu (e 15,000). Anal. (ChHeClyNg-2HCL -
H.0) C, H, C], N.
9-[Bis(B-hydroxyethyl)aminoethyllhypoxanthine (IIIc).--\
solution of 2.97 g (0.01 mole) of 6-methylthio-9-[bis(8-hydroxy-
ethyl)aminoethyljpurine® (I1Ib), 10 ml of 309, H.0, 10 ml of
concentrated HCl, and 100 nil of H.O was heated on the steam
bath for 3 hr. The unreacted H.Os was then decomposed by the
slow addition of 10 g of MnOs.  After permitting to stand over-
night, the solid was filtered and the filtrate was evaporated to
dryness. The resulting vellow syrupy residue was covered with
100 ml of 95¢: EtOH, heated to boiling, and allowed to evol
slowly. The white erystalline product I1le, on cooling, separated
as the analytically pure monohydrochloride salt, mp 124-126°.
Anal. (Cal1nN:0;-HCI-H.O) C, H, N.
9-[Bis(B-chloroethyl)aminoethylJhypoxanthine (Ib).-—A fine
suspension of 1.60 g (0.005 mole) of IIlc-HCI-H.O in 150 ml of
SOC!L, was refluxed for 6 hr. During this time 21 complete solu-
tion was obtained, followed by the precipitation of ervstalline
solids. The reaction mixture was evaporated to dryness and the
residue was recrystallized from 40 ml of absolute EtOH to give
1.40 g (759 yield) of analytically pure Ib-2HCI, mp 205° dec.
AR20 250 mu (e 11,300).  Anal. (CuHuCLN;O-2HCH C, H,
Cl-, N.
2-Amino-6-methylthio-9-[bis(3-hydroxyethyl)aminoethyl -
purine (IIId).—A solution of 12.2 g (0.05 mole) of 2-amino-6-
methylthio-9-(8-chloroethyl)purine® and 10.5 g (0.1 mole) of
diethanolamine in 250 ml of 2-ethoxvethanol was refluxed for
18 hr. The red solution was evaporated #n vacuo on a steam bath.
The resulting red residue was covered with 75 ml of absolute
I:tOH and allowed to stand overnight at 5°. The light tan solid
was collected, washed with cold LtOH, and air dried to give 11.1 g
(719 vield) of crude product, mp 157-159°.  An analvtical sample
of IIId was obtained by recrystallization from absolute EtOH;
mp 161-162°. Anal. (Ci:H20N0.8) C, I, N.
9-[Bis(8-hydroxyethyl)aminoethyl]guanine (IIle).—A solution
of 6.24 g (0.02 mole) of I1Id, 20 ml of 30 H:0,, and 200 ml of
glaeial AcOH was stirred at room temperature for 24 hr. The
resulting light vellow solution was added to 1 1. of MesCO with
vigorous stirring. The mixture was then allowed to stand for
30 min and the supernatant liquid was separated by decantation.
The resulting white residue was stirred with 200 ml of absolute
144OH for 30 min and the resulting hygroseopic solid was collected
by rapid filtration. The solid was then dissolved in 100 ml of H.O
and the solution was stirred with 8 g of Amberlite IR-45 for
30 min. The weakly basic ion-exchange resin was then separated
by filtration. The process was repeated three times. The result-
ing aqueous filtrate was evaporated to dryness and the residue
was reerystallized from absolute FtOH to give 2.1 g (379 yield)
of Ille, mp 192-194° dec. Anal. (C.HsN303-H:0) C, H, N.
9-[Bis(B-chloroethyl )aminoethyljguanine (Ic).~A finely
divided suspension of 1.50 g (0.005 mole) of IITe-H-O in 200 ml
of SOCl; was refluxed for 5 hr. Although a complete solution was
not formed during this period, a definite change in the appearance
of the suspended solids was noted. The reaction mixture was
evaporated to dryness under reduced pressure. The resulting
off-white solid produet was covered with 100 ml of absolute IEtOH,
heated to reflux, and then again evaporated to dryness. The
crude product. was recrystallized from 50 ml of ahsolute EtOH
to give 1.10 g (62¢; vield) of analytically pure Ic-HCI, mp 218-
220° dec, AZ 253 mp (¢ 11,000), A222 260 mpu (¢ 82000,  Anal.
(CuH,sClLNO-HCD C, H, N.
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Mannich-type reactions employing  bis{2-chloro-
ethylamine have been used to prepare a number of
nitrogen mustards derived from acetophenones =t
acetylenic carbinols,* natural products,*d coumarins,™
thiophenes,”® benzimidazoles,® mud cyclie ketones.™
During the course of our initial studies in this area, con-
deusing 1 mole of formaldehyde with 2 moles of bis(2-
chloroethyl)amine was found to yield anew quatermary
ammonium salt, shown to be 1,4-bis(2-chloroethyl)-1,4-
diazabicyclo[2.2.1]heptane diperchlorate (IIa).!* The
new heterocyclic compound IIa demonstrated signifi-

(i‘H_‘(‘H_.A\'
+
I A oy
(XCHCH).NH —~ [ -
)
CH.CH.X
I X =(1 Ha X = CLY =10,
b, X=Br D, X=Y=RBr
¢ X=F e X=FY=Cl0,

cant activity against the Walker 256 carcinoma.t To
provide further examples of this new heteroeyclic sys-
ten for evaluation as possible cancer chemotherapeutic
agents and to determine the scope of the condensation
reaction, an analogous study was extended to several
N-alkyl- and N-benzyl-substituted 2-haloethylamines.

Treating ethanol solutions of amines Ia-c¢ and 1I1a-h
with 37¢% formalin at room temperature led to quater-
nary ammonium salts ITa-c¢ and IVa-h (Table I) i
good yields. Generally, reaction was complete within
24 hr, but the less reactive® fluoro derivative le required
144 hr. Attempted condensation with the relatively
poor nucleophile N-[2-chloroethyl-3,5-bis(trifluoro-
methyDbenzyilamine led only to recovery of starting
amine, even at extended reaction times.  Structures
assigned to each new compound were supported by pmr
studies.!

(1) Part XX1V: G. R. Petlit, D. C, Veassler. and J. A, Settepani, J. Org.
Chem., in press.
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Pettit and J. A. Settepaui, J. Ocg. Chem,, 27, 1714 (1062); (¢) R, C. Elderfield
and A, C. Menta, J. Med. Chkem., 10, 922 (1967); () G. R. Revankar and
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