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(0.04 mole) of diethanolamine in 125 ml of 2-ethoxyethanol was
refluxed for 18 hr. The hot reaction mixture was treated with
charcoal, diluted with 50 ml of EtOH, and filtered. The hot
filtrate was adjusted to pH 1 by addition of ethanolic HCl. The
acidic solution was then chilled and the resulting precipitate was
collected by filtration and air dried. The yield of IlIa, isolated
as a dihydrochloride salt, was 2.1 g (309 yield), mp 205° dec.
An analytical sample was obtained by recrystallization from
absolute EtOH, mp 205° dec. 4dnal. (CiHsN:O:-2HCI-H:0)
C, H, N, Cl.
9-[Bis(g-chloroethyl)aminoethyljadenine (Ia).. -A finely
powdered suspension of 1.79 g (0.005 mole) of IIIa-2HCI-H;O
and 150 ml of SOCl: was heated on the steam bath for 1 hr. Excess
SOCI; 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
(684 yield) of analytically pure dihydrochloride salt of Ia,
mp 177-179°, ABS¥ 260 mp (e 15,000). Anal. (CyHClNg-2HCL-
H.0) C, H, C], N.
9-[Bis(g-hydroxyethyl)aminoethylhypoxanthine (IIIc).—A
solution of 2.97 g (0.01 mole) of 6-methylthio-9-[bis(3-hydroxy-
ethylaminoethyljpurine® (IIIb), 10 m! of 309, H.0,, 10 ml of
concentrated HCI, and 100 ml of H.O was heated on the steam
bath for 3 hr. The unreacted H,O> was then decomposed by the
slow addition of 10 g of MnQO.. After permitting to stand over-
night, the solid was filtered and the filtrate was evaporated to
dryness. The resulting yellow syrupy residue was covered with
100 ml of 953¢. EtOH, heated to boiling, and allowed to cool
slowly. The white crystalline product I1le, on cooling, separated
as the analytically pure monohydrochloride salt, mp 124-126°.
Anal. (CxJ‘.[nN,sOs'HCI‘HQO) C, H, N.
9-[Bis(g-chloroethyl)aminoethyl]hypoxanthine (Ib).-—A fine
suspension of 1.60 g (0.005 mole) of ITlc-HCl-H,O in 150 ml of
S0CI; was refluxed for 6 hr. During this time a complete solu-
tion was obtained, followed by the precipitation of crystalline
solids. The reaction mixture was evaporated to dryness and the
residue was recrystallized from 40 ml of absolute EtOH to give
1.40 g (75% yield) of analytically pure Ib-2HCI, mp 205° dec,
A0 950 mu (e 11,300).  Anal. (CyHuCLNO-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 230 ml of 2-ethoxyethanol was refluxed for
18 hr. The red solution was evaporated in vacuo on a steam bath.
The resulting red residue was covered with 75 ml of absolute
I2tOH and allowed to stand overnight at 5°. The light tan solid
was collected, washed with cold FtOH, and air dried to give 11.1 g
(71¢ vield) of crude product, mp 157-159°.  An analytical sample
of IIId was obtained by recrystallization from absolute EtOH;
mp 161-162°. Anal. (Ci:H20Ne0:3) C, H, N.
9-[Bis(8-hydroxyethyl)aminoethyl]guanine (Ille).—A solution
of 6.24 g (0.02 mole) of ITId, 20 ml of 305 H:0,, and 200 ml of
glacial AcOH was stirred at room temperature for 24 hr. The
resulting light yellow solution was added to 1 1. of Me,CO 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
I2tOH for 30 min and the resulting hygroscopie 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
Ly filtration. The process was repeated three times. The result-
ing aqueous filtrate was evaporated to dryness and the residue
was recrystallized from absolute EtOH to give 2.1 g (379, yield)
of I11e, mp 192-194° dee. Anal. (CuH;sN:0;-H-0) C, H, N.
9-[Bis(B-chloroethyl)aminoethyl]guanine (Ic).—A finely
divided suspension of 1.50 g (0.005 mole) of IIIe-H:O in 200 ml
of SOCI; 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 product was covered with 100 ml of absolute EtOH,
heated to reflux, and then again evaporated to dryness. The
crude product was recrystallized from 50 ml of absolute EtOH
to give 1.10 g (82¢ yield) of analytically pure Ic-HCI, mp 218~
220° dec, NE0% 253 mu (e 11,000), AZQ 269 mu (e 8200).  Anal.
(CnH1sCLNO-HCD C, H, N.
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Mannich-type reactions employing  bis{2-chloro-
ethyl)amine have been used to prepare a number of
nitrogen mustards derived from acetophenones,b
acetylenic carbinols,® natural products,®® coumarins,®
thiophenes,®® benzimidazoles,* and cyclic ketones.™
During the course of our initial studies in this area, con-
densing 1 mole of formaldehyde with 2 moles of bis(2-
chloroethyl)amine was found to yield a new quaternary
ammonium salt, shown to be 1,4-bis{2-chloroethyl)-1,4-
diazabicyelo[2.2.1]heptane diperchlorate (I1a).!* The
new heterocyclic compound IIa demonstrated signifi-

CH.CH.X
|
e : oY
(XCH.CH,)NH — [ 2
N
T
CH.CH,X
la, X = (1 Mo, X = (LY =10,
b X = Br b X =Y = By
¢ X=F (X =F:Y =010,

cant activity against the Walker 256 carcinoma.* To
provide further examples of this new heteroeyclie sys-
tem 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 In-¢ and I1la-I
with 379 formalin at room temperature led to quater-
nary ammonium salts Ila-¢ and IVa-h (Table 1) in
good yields. Generally, reaction was complete within
24 hr, but the less reactive® fluoro derivative Ic required
144 hr. Attempted condensation with the relatively
poor nucleophile N-{2-chloroethyl-3,5-bis(triflucro-
methyl)benzyljamine 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 XXIV: G. R. Pettit, D. O, Fessler. and J. A, Settepuni, J. Ory.
Chem., in press.

(2) To whom inquiries should be addressed at Arizona State University.

(3) (a) G.R.DPettitand J. A. Settepani, J. Med. Pharm. Chem., 5, 206 (1962);
(by W. Werner and M. Muhlstadt, Justus Liebigs .Ann, Chem., 693, 197 (1966);
(¢) G. R. Pettit and B. J. Danley, Can, J. Chem., 46, 792 (1968); (d) G. R.
Pettit and J. A. Settepani, J. Org. Chem,, 27, 1714 (1962}; (¢) R, C. Elderfield
and A. C. Menta, J. Med, Chem., 10, 622 (1967); (f) G. R. Revaunkar and
S. Siddappa, Monatsh. Chem., 98, 169 (1067); () W. Werner, J. Prakt. Chem.,
37, 154 (1968).

(4) (a) G. R. Pettit and J. A, Settepani, Chem. Ind. (London), 1805 (1964);
(b) H. Béhme and H. Orth, Arch. Pharm., 300, 148 (1967).

(3) G. R. Pettit, J. A. Settepani, and R. A, Hill, Car. J. Chem., 43, 1792
(1065).
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Tasre I
R,
CH,0 -
RNHCH,CH,Cl -0, m 210,
T
I R
v
Compd Yield. Deec pt,
v R % °C Formula®
a C:H; 63 292-294 CsH1sCL:N:O
b D'_CHICHZ 81¢ 271-273 C1sHwCl:N:O.
c PhCH:CH: 902 256-257.5 CauHuCLN:O,
d 3,4,5-(Me0):C:H:CH,CH: 90%  255-256.5 CaHeClN:O1
e PhCHs 619  191-193%  CisHaClN:Os
f m-CIC:H.CH: 63%  233-235 C1sHaCLN:Os
g 3,5-(Me0)CcH:CH: 87¢ 188-189 C2Ha2ClaN:On:
h 3,4,5-(Me0)C:H.CH, 79¢ 178~180 CaHuClLN:Ow

e Calculated as the chloride salt. ° Lit.¢» 192°. ¢ All com-
pounds were analyzed for C, H, Cl, N. Analytical results were
within 0.39, of the calculated values.

Biological evaluations are being performed under
auspices of the Cancer Chemotherapy National Service
Center. Results available at present indicate that
chloroethyl derivative I1a and bromoethyl derivative
ITb are the most active of the series, completely inhibit-
ing growth of Walker 256 (subcutaneous) carcinoma in
random-bred albino rats at dose levels of 23 and 50
mg/kg, respectively.! By comparison, the ethyl deriv-
ative I'Va and quaternary salts IVf-h (investigated as
chlorides) were considerably less active, demonstrating
only slight activity at relatively high dose levels.

The greater activity displayed by haloethyl deriva-
tives ITa,b might be explicable in terms of the diazabi-
cyclo[2.2.1]heptane ring chemistry. Béhme and Orth
have reported® that basic hydrolysis of salt IIa pro-
duced formaldehyde and 1,4-bis(2-chloroethyl)pipera~

zine (V), a potential alkylating agent. When evaluated
CI'HZCHZCI
- N
ma 2L [
1
CH.CH.CI

as described above, the maleate salt of piperazine V gave
approximately 6197 inhibition of tumor growth at a
dose level of 150 mg/kg. Perhaps the activity of Ila
may be due in part to in vivo formation of piperazine V.

Experimental Section

Melting points were recorded employing a Kofler melting point
apparatus. Purity of analytical samples (eolorless) was confirmed
by tle on silica gel HF: (E. Merck, A. G. Darmstadt) spread on
microscope slides. Chromatograms were performed with the top
layer of a BuOH-H.O-HOAc (4:5:1) mixture as solvent and
developed with I.. Microanalytical data were provided by
Dr. A. Bernhardt, Max-Planck Institut, Miilheim, Germany.
Ir spectra were determined in KBr by Miss K. Reimer (Arizona
State University) and Dr. R. A. Hill (University of Maine).
Pmr spectra were recorded in D;O (TMS external standard) with
a Varian A-60. The secondary 2-haloethylamines were prepared
employing a previously described procedure:” N-(2-chloroethyl)-
2.cyclopentylethylamine hydrochloride, mp 245-246°, vn.x 2750
(broad, NH.*) em™! [Anal. (CsH1,CLN) C, H, Cl, N]; N-(2-

(6) In each case, the substance was given intraperitoneally in saline solution
for 5 days following tumor transplant. Evaluation of tumor growth was made
on the tenth day.

(7) G. R. Pettit, 8. K. Gufta, and P. A, Whitehouse, J. Med. Chem., 10,
692 (1967).
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chloroethyl)-2-phenylethylamine hydrochloride, mp 193.5-194.5°,
vmax 2790 (broad, NH.*) and 1605 (weak) em™%, pmr & 7.5 (s, 5
aromatic protons) and 4.1-3.0 (overlapping A,B; patterns, 8§ pro-
tons) [Anal. (CioHsClN) C, H, CIl].

The N-substituted 2-chloroethylamines were stored as their
stable HCI salts and converted to the free bases as described for
N-(2-chloroethyl)ethylamine.

N-(2-Chloroethyl)ethylamine (Illa).—The HCI salt of IIIa
(1.44 g) was added to an ice-cold 109; KOH solution (7 ml) and
the resulting mixture was quickly extracted (Et,0, three 10-ml
portions). The combined Et;O extract was dried and concen-
trated at reduced pressure without heating to yield free base IIIa
as a mobile oil.

1,4-Diethyl-1,4-diazabicyclo{2.2.1]heptane Diperchlorate (IVa).
—A solution of N-(2-chloroethyl)ethylamine (0.01 mole), 37%
formalin (2 ml), and 959; EtOH (3 ml) was stirred at room
temperature 24 hr, Treatment of the colorless solution with 709,
HCIO4 (0.8 ml) followed by chilling (ice bath) led to a crystalline
solid (1.03 g, 63%) decomposing at 200-230°. Three recrystal-
lizations from 959 EtOH afforded a pure sample as colorless
plates: dec pt 292-294°,

1,4-Bis(2-bromoethyl)-1,4-diazabicyclo[2.2.1]heptane Dibro-
mide (IIb).—Bis(2-bromoethyl)amine (0.008 mole) was left at
room temperature in formalin-EtOH solution for 10 hr. After
cooling, the salt which depesited was collected (2.3 g, 59%),
dee pt 168-171°. A portion was recrystallized three times from
aqueous EtOH for analysis, providing colorless plates: dec pt
178.5-179.5°. Anal. (CoH,sBrsN:-H,0) C, H, Br, N.

1,4-Bis(2-fluoroethyl)-1,4-diazabicyclo({2.2.1]heptane Diper-
chlorate.—To a solution of bis(2-fluoroethyl)amine hydrochloride
(0.720 g, 0.005 ml)® in EtOH (10 ml) was added NaOH (0.2 g,
0.005 ml) in H:O (3 ml) followed by 379 formaldehyde (2 ml).
After 6 days at room temperature, acidification with 709, HCIO,
(0.5 ml), dilution with EtOH (2 ml), chilling, and filtration
afforded a colorless solid (0.55 g, 559, dec pt 210-214). Two
recrystallizations from aqueous EtOH followed by two from H,0
produced an analytical sample, dec pt 223.5-225°. Anal.
(CeH,5CLN:04) C, H, Cl, F, N,

1,4-Diazabicyclo{2.2.1]heptanes (Table I). General Procedure.
~—A solution composed of N-[2-chloroethyl-2-(3,4,5-trimethoxy-
phenyl)lethylamine (0.014 mole), 379 formalin (3.2 ml), and
959, EtOH (6.6 ml) was allowed to stand at room temperature
24 hr. The solution was concentrated at reduced pressure to
an o1l which was dried by addition and evaporation of PhH (three
50-ml portions). Upon trituration with dry Et;O the oil solidified
and crystallized as needles (3.5 g, 909%) from EtOH-Et,0;
dec pt 215-220°. Treating a solution of the dichloride salt
(0.5 g) in H:0 (3 ml) with 709 HClO4 (0.1 ml) yielded a colorless
solid which crystallized from aqueous EtOH (0.47 g). Three
recrystallizations from aqueous EtOH afforded a pure sample of
IVd as colorless needles, dec pt 255-256.5°.
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XXXII.
2’,3’-Dehydro-53-trifluoromethyl-2"-deoxyuridine

Fluorinated Pyrimidines. Syntheses of

and 5-Trifluoromethyluridine!
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A numter of fluorinated pyrimidines and their nucleo-
side derivatives have been synthesized in this labora-
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