


l \ h y  1969 NOTES 54 1 

RI 
NHs 

"? 

h " 2  

h-H? 

OH 
OH 
OH 

OH 

R2 
H 

H 

H 
H 

H 
H 
H 

.4NTITr?JOR TEST 

s 
OH 

C1 

N(CH2CHgOH) 2 

S(CHnCHCU2 

OH 
c 1  
ZJ(CHCHC1) 1 

NHz N(CHCHLX)z 

TABLE I 
[IESrLTS O F  n-STBSTITCTED DERIV.4TIVES OF S A T U R  iLLT OCCC-RRIXG P r R I N E S a  

Dose,b 
mgike 
200.0 
25.0 
46.0 
23.0 
23.0 
12.5 
11.5 
6.2 
5.7 
5.0 
3.1 

75.0 
23.0 
14.0 

8.4 
7.5 
3.0 
3 . i  
l3.3 
2.3 
2.0 
1.3 
1.0 
0.8 
0.6 
0.5 
0.3 
0.13 
0.06 
0.03 
0.02 

10.0 

43.8 
i 5 . 0  

32.0 
2nn.n 

50.0 

-- Testlcontrol . Cell culture 
Cai55 5180 

0.52 

0.43 

0.09 

0.33 

0.31 

1.46 

0.21 
0.74 

0.60 

0.40 
1.50 

L1210 
0.89 

2.04 
1.69 

1.34 

1.39 

1.08 

1.03 

LZ 1Y.i 

0.14 

0.64 

@.TI 

1.20 

1.31 
1.37 

1.12 

0 . w  

0.00' 

0.00 

0.34 

1.00 

1.16 
0.10 
0.94 
1.34 

1.00 

1.00 

0.88 

2.19 

1.11 

l . n l d  
i .no 

0.03 1.66 

0.34 1.40 

n.51 1.28 

1.0 X 102 (KB) 
1.0 X 109 (H2) 
1.0 X 102 (HR)  

0.25 

3.1 X 10 (KB) 

a The biological testing was performed by the screening contractors of the Cancer Chemotherapy National Service Center. Ca755 = 
hdenocarcinoma 755, S180 = Sarcoma 180, L1210 = lymphoid leukemia L1210, LZ = delayed L1210, W-4 = Walker carcinosarcoma 
256 (subcutaneous), WC = l4'alker 256 resistant to cytosan, WM = Walker 256 (intramuscular)] DA = Dunning leukemia (ascites), 
D L  = Dunning leukemia (solid), RIP = L1210 resistant to 6-mercaptopurine, KB = human epidermoid carcinoma of the nasopharynx, 
H2 = H E p  2 human epidermoid carcinoma, HR = H E p  2 resistant to 6-mercaptopurine. * Below toxicity level. ED,o = the dose 
that inhibits growth to 50% of control growth. Cures, 2/6. e Cures, 717. 

Diethanolamine in refluxing 2-ethoxyethanol con- 
verted 2-amino-6-methylthio-9-(p-chloroethgl)purine~ 
(IIb) to 2-amino-6-methylthio-9-[bis(p-hydroxyethyl)- 
aminoethyllpurine (IIId) in 7lcZ yield. Although the 
hydrolysis of the methylthio group to the hydroxyl 
group in the hypoxanthine series was smoothly carried 
out by a mixture of H202 and HC1, application of the 
same reaction conditions to I I Id  resulted in the rupture 
of the purinp ring. The conversion of I I Id  to the ace- 
tate salt of 9-[bis(~-hydroxyethy1)arninoethyl]guanine 
(IIIe) was eventually accomplished by the method of 
Gerster and Robins,I2 and the resulting hygroscopic 
acetate salt of I I Ie  was treated with a weakly basic 
ion-exchange resin to afford the free base IIIe.  The 
latter, upon treatment with SOCl,, 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) ,I. 1 ,  Gerstpr and K. R. Hohin-, J .  .Im. Chem. Sac., 87 3732 (1965). 

Of the three target compounds, the adenine derivative 
I a  was found to be active against leukemia L1210, 
Carcinoma 755, Walker carcinosarcoma 256 (intra- 
muscular), Walker 256 (subcutaneous), and leukemia 
L1210 resistant to 6-mercaptopurine. The hypoxan- 
thine derivative I b  mas inhibitory against 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-(@-chloroethyl)adenine (IIa) possessed activity 
against both Carcinoma 755 and Walker 256 (subcu- 
taneous). 

Experimental Sectionla 

9- [Bis(p-hydroxyethyl)aminoethyl]adenine (IIIa).--4 solution 
of 3.95 g (0.02 mole) of 9-(@chloroethyl)adenineea ( I Ia )  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 
DK-2 spectrophotometer. Where analyses are indicated only b y  symbols of 
the elements, analytical resiilts ohtained for tho.se dements were within *0.4% 
of the  thporetical valiies. 



(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. Ikcess 
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 reqriiro(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:trtiiig 
aniiiie, weii :it extended reactioii t i n i t s  Ytrucatui 
assigned to  each iicm coinpound ~i-crc' supported hy 1x1 
studies.' 
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