
(0.04 mole) of diethanolamine in 125 nil of 2-ethosyethanol was 
refluxed for 18 hr. The hot reaction mixt,ure was treated with 
charcoal, diluted with 50 ml of EtOH, and filtered. The hot 
filtrate was adjusted to pH 1 tiy addition of ethanolic IICI. The 
acidic solution was then chilled and the resulting precipitate W : L ~  

rollected hy filtrat,ion and air dried. The yield of ILIa, isolated 
:ts a dihydrochloride salt, was 2.1 g (30';) yield), mp 205' dec. 
An analytical sample was obtained by recrystallization from 
:tbsolute EtOH, mp 205" dec. :lnu/. !C~IH~SSBO?.L)FICI.HIO! 
C, H, s, c1. 

9- [His(@-chloroethyl)aminoethyl]adenine (Ia j.- finely 
powdered suspension of 1.79 g (0.005 mole) of IIIa.2WCl.H20 
:md I030 ml of SOCl2 was heated on the steam bath for 1 hr. 1 k ~ ~ s  
SOCL was then removed from the reaction mixture under reduced 
pressure as heating was continued 011 the steam )lath. Tlie 
residue was recrystallized from absolute EtOH to give 1.18 g 
(68' i ,  yield) of analytically pure dihydroehloride salt of Ia, 
nlp 177--17'3 ', 260 mp ( e  15,000). rial. ( C I ~ H I G C ~ I S G . ? H C ~ '  
H?O) C ,  H, CI, S .  

9-[His(p-hydroxyethyl)arninoethyl]hypoxanthine (IIIc).- .i 
solution of 2.97 g (0.01 mole) of 6-niethrIthio-g-[bis(p-hvdro\\-- 
ethyl)aminoetI~y~purine$ (IIIh), 10 ml i f  30(;  Hdh, 10 nil ;)i 
c*onccntrated HCI, and 100 nil of H,O \vas heated on the steam 
Imth for Y hr. The unreacted € 1 2 0 3  was then cieromposed by the 
slow addition of 10 g of lInO?. After permitting to stand over- 
night, the solid was filtered and tlie filtrate  vas evaporated t o  
dryness. Tlie resulting yellow syrupy residue was (*overed wit 11 

EtOH, heated to Imiling, and allowed to c,ool 
ite crystalline produc,t IIIc, 011 ( d i n g ,  separated 

as I he aiialytically pure monohydrochloride salt, mp 124-126 '. 

9-[Kis(p-chloroethyl)aminoethyl]hypoxanthine (Ib).- -.I fine 
suspension of 3.60 g (0.005 mole) of I I I c ~ H C I ~ H 2 0  in I50 ml of 
SOC12 was refluxed for 6 111.. Iluring this time :I complete solu- 
tion was obtained, followed hy the precipitation of cr 
solids. The reaction mixture \vas rvaporated t o  dryness and the 
residue was recrystallized from 40 nil of ahsolute EtOH to  give 
1.40 g (75:;; yield) of analytically pure 11).2HC1, nip 2003" dec. 

. t ? i < ~ l .  (CiiN,7S~03.HCI.H20) C, H, S. 

820 A,,, 250 ~ i i p  ( e  11,300). - . i d .  (CiiHi5C12S,O.2HCl~ C, €3. 
Cl-, s. 

2-Amino-6-methylthio-9- [bis(p-hydroxyethyl)aminoethyl]- 
purine (IIId).--A solution of 12.2 g (0.05 mole) of 2-amino-6- 
rnethylthio-9-(p-chloroethyl)purineg and 10.5 g (0.1 mole) of 
diethanolamine in 250 ml of 2-ethosyethanol was refluxed for 
18 hr. The red solution was evaporated in vacuo on a steam bath. 
The resulting red residue was covered with 75 mi of absolute 
I.:tO€f and allowed to  stand overnight at 5'. The light tan solid 
was collected, washed with cold KtOH, antl air dried to give 11.1 g 
(714'; yield) of crude product, nip 337--159". . i n  analytical sample 
of I I Id  was obtained I)y recrystallization from absolute EtOH; 
mp 161---162 '. Anal. (C12HxX~O?'Cj) C, H, S .  

is@-hydroxyethyl)aminoethyl]guanine (IIIe j:- -.1 aolutiuii 
g (0.02 mole) of IIId, 20 ml of 30:;) H?On, and 200 ml of 
AcOH was stirred :it room temperature for 24 hr. The 

resulting light yellow solution was added 10 1 1. of MerCO with 
vigorous stirring. The mixture was i hen allo\ved to stand for 
30 min antl the supernatant liquid was separated by decantation. 
The resulting white residue was stirred with 200 ml of a1)solute 
b:tOH for 30 min and the resulting hygroacqic solid was collected 
11y rapid filtration. The solid was then dissolved in 100 ml of H2O 
m d  the solution was stirred with H g of Amherlite IR-45 for 
:10 miri. The weakly basic ion-exchange resin was then separated 
I)y filtration. The process wad repeated t,hree times. The result- 
ing aqueous filtrate was evaporated to dryness and the residue 
was recrj-stallized from absolute EtOH to give 2.1 g (37%; yield) 
of  IIIe, nip 192-194" dec. .Irzal. ( C ~ ~ H I ~ \ - G O ~ . H ~ O )  C ,  H, S. 

9-[~is(p-chloroethpl)aminoethyl]guanine (IC): - A  finely 
divided suspension of 1.50 g (0.005 mole) of IIIe.HZ0 in 200 mi 
of  HOCl? way reHused for 5 hr. Although a complete solution was 
l l<J t  formed during this period, a definite change in the appearance 
[Jf t h e  suspended solids m-as noted. The reaction mixture was 
clvaporated to dryness under reduced pressure. The resulting 
off-white solid product was covered with 100 ml of absolute EtOH. 
heated t o  reflux, and then again evaporated to dryness. The 
crude product. was recrystallized from 50 ml of absolute EtOH 
t o  give 1.10 g (62:; yield) of analytically pure Ic.HC1, mp 21S-- 
220" dec, 1%; 253 mp i c  l l>OOO) ,  A",: 269 mp ( E  8200). . 4 r f ( i / .  
( C ~ I H ~ , C I ~ N ~ O . H C I )  C, €1, S. 

Acknowledgment.-- The authors wish to express their 

Antineoplastic Agents. ?ill. 
I, 2-l)iaz&icyclo[2.2. I] heptanes 

cant activity against' the \J~all<er 25ti carciiioina.4 To 
provide further examples of this 1 1 ~ ~ ~  1ieteroc:yclic sys- 
tem for evaluation possible cmicer chen~othcr~t,eutic. 
agents and to deterniinct the scope of the coiic1eiis:itioii 
reaction, an aiialogous study was rxterided to xc\-c.r:il 
S-alkyl- and S-beiizyl-substitutetl 2-lislortliSlaiiiiii~~s. 

Treating ethaiiol solutions of iuiiiiics I:t- c and I I Ia  1 1  

wit'h 37yc formnliii a t  room temperature led to qu:itvr- 
nary arnnioniuiii salts Ha-c a i i t l  IYa-h iTal)ltl I j  i i i  

good yielcls. (hieraIlj+! reaction was completc witliiii 
24 hr, but thc less react'ive5 fluoro derivative IC reqiiiro(l 
1-14 hr. httcmptetl codellsation with tlie relatively 
poor riucleophile S- [2-chloroethyl-3, Ei-bis(trifluoro- 
riiet~hyl)benx~-l]aiiiiiie led only to recovery of st:trtirig 
aniiiie, cveii :it extended reactioii t i n i t s  Ytrucatui 
assigned to  each iicm compound ~i-crc' supported hy 1x1 
studies.' 
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( 2 )  T o  whom inquiries should be iiddiciied ;at .$rizona State Universitj-. 
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TABLE I 
E ,  

RNHCH2CH2C1 % 2c104- 
I11 R 

Iv 
Cornpd Yield Dec [it, 

I V  R % "C E ormulac 
a CaHs GJ 292-294 CvHiaCl*SPOB 

b D C H ~ C H I  81a 271-273 ClBHaC1di.On 

c PhCHCHz SOa 236-257 3 CnH*aClnN*O, 

e PhCHs 61' lql-193b CIoHuClzS?Os 
f m-ClCaHhCHt GX" 233-233 CivH&leNaOt 
g 3,5-(hleO)LhHsCH~ 8 7  188-189 C~~HaL!12N~O~> 
h 3,4.5-(MeO)sC6HCH~ ;Sa 178-180 C S . H & I J ~ ~ O , ~  

d 3.4,3-(,\Ie0)aCaHnCHlCHl 90a 255-23fl 3 CwHaClAnOu 

Q Calculated as the chloride salt. Lit.4b 192'. c All com- 
Analytical results were pounds were analyzed for C, H, C1, S. 

within 0.37, of the calculated values. 

Biological evaluations are being performed under 
auspices of the Cancer Chemotherapy n'ational Service 
Center. Results available a t  present indicate that 
chloroethyl derivative I Ia  and bromoethyl derivative 
IIb are the most active of the series, completely inhibit- 
ing growth of Walker 256 (subcutaneous) carcinoma in 
random-bred albino rats a t  dose levels of 23 and 50 
mg,'kg, respectively.6 By comparison, the ethyl deriv- 
ative IVa and quaternary salts IVf-h (investigated as 
chlorides) were considerably less active, demonstrating 
only slight activity a t  relatively high dose levels. 

The greater activity displayed by haloethyl deriva- 
tives IIa,b might be explicable in terms of the diazabi- 
cyclo[2.2.l]heptane ring chemistry. Bohme and Orth 
have reported4b that basic hydrolysis of salt I Ia  pro- 
duced formaldehyde and 1,4-bis(2-chloroethyl)pipera- 
zine (V), a potential alkylating agent. When evaluated 

CHJCH2Cl 

CH~CH,CI 

as described above, the maleate salt of piperazine V gave 
approximately 61% inhibition of tumor growth at a 
dose level of 150 mg kg. Perhaps the activity of I Ia  
may be due in part to in vivo formation of piperazine V. 

Experimental Section 

hlelting points were recorded employing a Kofler melting point 
apparatus. Purity of analytical samples (colorless) was confirmed 
by tlc on silica gel HF2,a (E. RIerck, -4. G. Darmstadt) spread on 
microscope slides. Chromatograms R ere performed with the top 
layer of a BUOH-H~O-HOAC (4: 5 :  1) mixture as solvent and 
developed with 1 2 .  RIicroanalytical data were provided by 
Dr. A. Bernhardt, Max-Planck Institut, Rlulheim, Germany. 
I r  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 DzO (TLIS external standard) with 
a Varian 8-60. The secondary 2-haloethylamines were prepared 
employing a previously described procedure:' N-(2-chloroethyl)- 
2-cyclopentylethylarnine hydrochloride, mp 245-246", vmsx 2750 
(broad, SH2+) cm-1 [Anal .  (CsHiQC12S) C, H, C1, K]; N-(2- 

(6) In each case, the substance was given intraperitoneally in saline solution 
for 3 days following tumor transplant. Evaluation of tumor growth was made 
on the tenth day. 

( 7 )  G .  R.  Pett i t ,  S. K. Gufta. and P .  A. Whitehouse, J .  Med.  Chem., 10, 
692 (1967). 

chloroethyl)-2-phenylethylamine hydrochloride, mp 193.5-194.5 ', 
vmex 2790 (broad, SH2+) and 1605 (weak) em-', pmr 6 7.5 (s, 5 
aromatic protons) and 4.1-3.0 (overlapping A2Bz patterns, 8 pro- 
tons) [Anal .  (CIOHI~CIZ?;) C, H, Cl]. 

The ?;-substituted 2-chloroethylamines were stored as their 
stable HC1 salts and converted to the free bases as described for 
I-( 2-chloroethy1)ethylamine. 

N-(2-Chloroethyl)ethylamine (IIIa).-The HC1 salt of IIIa 
(1.44 g) was added to an ice-cold 10% KOH solution (7 ml) and 
the resulting mixture was quickly extracted (EtzO, three 10-ml 
portions). The combined Et20 extract was dried and concen- 
trated at reduced pressure without heating to yield free base 111s. 
as a mobile oil. 
1,4-Diethyl-1,4-diazabicyclo[2.2.l]heptane Diperchlorate (IVa). 

--h solution of ?;-(2-chloroethyl)ethylamine (0.01 mole j, 37% 
formalin (2 ml), and 9 5 5  EtOH (3  mlj was stirred at room 
temperature 24 hr. Treatment of the colorless solution with 70% 
HClOl (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 95yc EtOH afforded a pure sample as colorless 
plates: dec pt 292-294'. 

1,4-His(2-bromoethyl)-1,4-diazabicyclo[2.2.l]heptane Dibro- 
mide (IIb).-Bis(2-bromoethyl jamine (0.008 mole) was left a t  
room temperature in formalin-EtOH solution for 10 hr. After 
cooling, the salt which deposited was collected (2.3 g, 59c0), 
dec pt 168-171 '. .A portion was recrystallized three times from 
aqueous EtOH for analysis, providing colorless plates: dec p t  
178.5-179.5". Anal .  (C9Hl8Br4X2.H2O) C, H, Br, S.  

1,4-Ris(2-fluoroethyl)-1,4-diazabicyclo[2.2,l]heptane Diper- 
chlorate.-To a solution of bis(2-fluoroet hy1)amine hydrochloride 
(0.720 g, 0.005 m1)8 in EtOH (10 ml) was added SaOH (0.2 g, 
0.005 ml) in H20 (3  ml) followed by 37y0 formaldehyde (2 ml). 
After 6 days at room temperature, acidification with 70% HClOa 
(0.5 ml), dilution with EtOH (2 mlj, chilling, and filtration 
afforded a colorless solid (0.55 g, 55%, dec pt 210-214). Two 
recrystallizations from aqueous EtOH followed by two from H20 
produced an analytical sample, dec p t  223.5-225". Anal .  

1,4-Diazabicyclo[2.2.l]heptanes (Table I). General Procedure. 
--h solution composed of S- [2-chloroethyl-2-(3,4,5-trimethoxy- 
pheny1)lethylamine (0.014 mole), 37'5 formalin (3.2 ml), and 
95% EtOH (6.6 ml) was allowed to stand at room temperature 
24 hr. The solution was concentrated a t  reduced pressure to 
an oil which was dried by addition and evaporation of PhH (three 
50-ml portions). Upon trituration u i th  dry Et20 the oil solidified 
and crystallized as needles (3.5 g, 90%) from EtOH-EtzO; 
dec pt 215-220". Treating a solution of the dichloride salt 
(0.5 g )  in H?O (3 mlj with 70% 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 255-2565'. 
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(CgHigC12S204) C, H, C1, F, S. 

18) G. R. Pett i t  and R L. Smith,  Can. J. Chem., 42, 572 (1964). 
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Anumber of fluorinated pyrimidines and their nucleo- 
side derivatives have been synthesized in this labora- 
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