
2.00 g. (8.61 mmoles) of the &keto ester (SSII), 0.49 g. 
(!J.OO niinolrs) of sodium iiiet,hoside, 0.70 g. ( 10.0 nimolrs) 
i l f  thiourea, and 10 nil. of absolute ethanol was heated under 
rrfliix with stirring for 7 hr. The xnixtrire was evaporated in 
i~nc'uo at 50-60", the red residue was dissolved in 15 ml. of 
water and the solution heated at 70-80' for 10 min. After 
treatment, with Norit the hot solution was filtered, the filtratr 
c~hilled ai111 :tdjiistrd to  p H  4 with fiM hydrochlorir arid. A 
grttnin\~ inatc.rial 1)reripitatrd which rrystallised on standing 
to yicalll O.!JO I?;. (437;) of crystallin(: solid, m.p. 144-147'; 

:$ ,20  :3.27 (SH), 5.!U iC-=O), 6.12 (C=C), 6.$2 (py- 
t i ( '  ring), 8.41 (C=S), 0.50 arid !).ti2 (C-0-C): 

11 . T i  (ol(>fiiiic CH) .  On paper chromatography i l l  solvrnt B, 
t h r  ( - o i i i ~ ) o r i i i d  inoved as a singlc spot with Rid 1.65. 

.I!itri.  C a l d  for Ct,,H16S?OJS: C, 49.1. H, 6.59. P, 13.1. 
F'ountl: C, 49.7; H, 6.8!); S, I2.(i.  

6-. I wt~J-2-thio~cracil ( X I X ) .  A inixtiire of 18.0 g. (77 .5  
inniolvs) of the P-keto ester ( X S I I ) ,  !).go g. (0.183 mole) 
of d i u m  methoside, 11.8 g. (0.155 mole) of thiourea, and 90 
inl. of ahsolute ethanol n-as stirred for 14 hr. at room trni- 
pcmtiirr. The solution was heated under rrfltis for t i  hr .  and 
tw~poratcrl in aaruo.  Katc r  ('10 ml.)  was addrd to the resi- 
tliic, the solrition filtwed and the filtrate adjiipted to pH 3 
with 6.1.I h\,tlrochloric arid. The acid solution W H S  hrated 011 
the stcttrn bath for 30 min., during which time cr>~stallixation 
hegan. Aftrr rhilling the mixtiirr, 8.50 g (51 c ; , )  of prodiivt 
\ \as olitainetl with m.p. 274-2763' der.:  this prodrict \v:ts 
iticnticnl \vit,h that prepared froin S V I I I .  

Prcvioiisl>., l)y heating a inistiire of 0.20 p. 10.82 imnolc) 
of thts tlirth~~1krta.l (Si 'III), 5 drops of 6Ilr hydrorhloric 

1 5  1111. of water a t  70-80 for 30 Inin., n yellou-, 
prodiict, 0.14 g. (!Uyo), m.p. 278-280" t l c v . ,  had 

iiod. This was rerrystallizcd from 35 ml. of ljoiling 
Lvittcr with the aid of Norit to yield 0.060 g. (58r,,) of solid, 
m.p.  278-2880' dec.; A:,:$) 3.78 anti 3.22 ( N H ) ,  5 5 . ! ) I  (thio- 
iirncil : m t i  Iit~to~ie C-0), 6.15 (C=C), ii.-IO-(i.50 (pyrimi- 
dine ring), 8.57 (C=S),  1 1 . i O  (olefinic CH) ; h ~ n ~ ! y ~ , n , , ~  2 i 2  ( e  

2 6 i  ( e  14,700). On 
ant1 H, thv prodrict 

inovc:tl :is :t singlc spot with R.~ , I  1.14 and 1.46, respcactivel>r. 
. Inul .  Calcd. for CsH6S20,S: C, 12.3; H, 3.54: S, 18.8. 

Foiind: C, 42.5; H: 3.64; X. 18.!). 

" P I  260 ( e  13!400)I x 
:itogr:il)hy in solvcri 

6-.1c.el$icrnci.l (SX) .  -4. Prom fi-(1,1-dr'pthor!jrlhyl)-d- 
thioltraci l  (XVIII) .  A stirrpil .wspension of 0.22 g. (0.r)o 
nunole) of the diethylketal (SVI I I ) ,  0.43 g. (4.5 mmolex) 
of rhloroacetic acid, and 5 nil. of water was heated under re- 
flux for 6 hr. The solution was chilled, causihg the precipita- 
t>ion of 0.094 g. (68'7r) of product, m.p. 259-260' dec. Thifi 
was recrystallized from 5 ml. of hot) water, yielding 0.080 g. 
(58y0) of solid, m.p. 265~266" der. (lit.20 m.p 2555-260" 

3.00 and 3.19 ( S H ) ;  5.82 and 5.03 (uracil and 
0). 6.10 (C=C), 11.50 (olefinic C H ) ;  

2!6 ( e  6,600) ; Afn~,~~,, 295 ( e  5,400). On paper chroinatog- 
raph!. in solvents A and B, the compound moved :is a single 
spot with It,{ 0.97 and 0.92, respectively. 

.Inal. Calrd. for CsHsN?03: C, 46.6; H, 3.92. Foiirid: C ,  
46.5; H, 4.05. 

In the same manner, the t'reatnient of 7.0 g. of 6-aretyl-2- 
thiouracil (XIX)  with a solution of 13.6 g. of chloroacetir 
arid in 130 ml. of water heated at reflux for 5 hr. gave 4.0 
g. (6:30&) of 6-aret-yluraril (SX), 1n.p. 264-265' tiec., with 
infrared spectrum and paprr chromatographic hrhavior 
identicd to those of the analytical sample. 

13. Froin 2-nmino-fi-acetyl-Q(3H)-pyrimidinone (XXII I )  . 
To a stirrrd mixture of 2.00 g. (13.0 mmoles) of the amino- 
p>~imidinonr! (XXII I ) ,  10 nil. of 6 J I  hydrochloric acid, 5 
i n l .  of roncd. snlfuric arid, and 15 ml. of water a t  room t,rm- 
pPratur(: was added dropwise a solution of 8.58 g. ( 5 2  mmoles) 
of sodiiim nitritr in I O  ml. of water ovcr a period of 10 min. 
Th(> iiiixt\irr was stirred at room temperature 1.5 hr. and 
rhillrd to yicld 1.40 g. (697;) of crystalline 6-aretyluracil 
(IS), m.p. 257-260" dec., which was identical with the 
analj~tiral  sample in  infrared spectrum and paper chromato- 
graphic behavior. 

.4 clinoiulcdgmcnt. 'The authors are indebtled to 
Tlr. l'eter T,im for iiit'erpretatmioii of t'he iufrared 
spcrtru and to his staff for the paper chromatog- 
raphy. They also wish t,o t,haiik Mr. 0. 1). Creivs 
aiid his st,aff for the large-scale preparation of 
rertain intermediates. 

h1ESl,U PARK,  C.4LIF. 
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[C~lSTltIB~l'I(JS YH(lM TIIE 1 ) I V I h I O s s  01,' Tl EOI'R(1TBIS CHEhfISTHY AS11 fi>SI'ERIMEST.II. (:H&.MOTHER.IPY, S L O A S -  
l<F,TTERING INSTITITTI3 t'OR CASCER ItESE.\RC'A; SI,OAS-~<ETTERISG I)IVISIOS OF C!)RSEIL VSIVERSITY . \ h D I C A L  COI,I,EGE] 

Thiation of Nucleosides. 111. Oxidation of 6-A/Iercaptopurines1 

l l3 I8  I,. 1)01q;I<I<, I .  \\7Elll'h;S, l . )OS.4l~i~ a. CLAILKK, i\Nr) JACK q J .  FOX 

li'occiucrl J~rii inrg 5, 1,061 

Syntheses of the disrilfides of C i - i i i ~ ~ r c . a ~ ~ t o p r i r i i i ~ ~ ~  0-t Iiioguaiiitic~, 6-thioiriosi~ic:, : ~ n d  6-t~hioguaiiosiiic from the corresponding 
incrcaptnns arc described. Cleavage of the P- -S t~ontl i n  tht. disnlfide of 6-mercaptopurine and &thioguanine by aqueous 
alkali yields purine-6-sulfinate and 2-aniinopiirinc-(i-siilfiii:it(, rcqxlctivrly. These sulfinates also result from oxidation of t h e  
niercaptopurines Fvith :dkalinr iodine solution, whilr t h(, cwwsponding sulfoiiates result from osidation of the parent mer- 
captans or  sulfinntvs with nlkaliiir permang:tnatr. The siiifonatw are :tlso prcparod by the dircrt replacement of the chlorine 
atoni in fi-c,hlorol)itriric :md 2-amino-(i-c~hloropurirlc! resptrrtivcsly by 111r:~ns of sodium sulfitv. The, srilfinatc~s are iiseful in 
v:trioiis synt1icsc.s sinw tho O-siilfili:tt,c ran 1)t .  rc.plac:rd by :I chloro, hydrogcw, or hydroxyl \\-ith rc,lativcJ easc. The shifts 
in t,he t i l t r i~vinl i~t  spc*rtr:t of thr  bis(6-piirinyl) disulfidrs a r i d  thclir iiiirlmsidi~s atid the influc~nc~e of the sulfinates and sul- 
fonates on the PI<* v:tliic,s of thc imidaxolc. dissociation, :trv iliscwsscd. A prdiininxry rrport. of thv t,ffects of the disulfides, 
siilfinatc~s, :inti siilfonntcs on tr:rnsplantahlc nioiisc tiiinor, 8:trcoma 180, is givcw. 

I11 hactcri:il and iiiam~ii:tliail systtwis? 6-nwr- of (i-iiiarc,~iptoi)iIi.iiic, iising nii(:robiological systems3 
captopurine (0-MI') has been shown to inhilit) :ind enzyme preparationsJ4 h a w  indicated that 
de nouo synthesis of nuc:leic acid, presumahlg in thc form of its ribonucleotide, 6-mercaptopurine 
through blockiiig the conversion of inosinic acid into inhibits the normal enzyniic conversions of ino- 
other purinc. Similarly, recent sinic acid. The cwmplete metabolic mechanism i n  
iii\wtig!.at ioiis i n t o  thc mrrhanism of thc. act ion mammals of thc 6-mcrc:Lptopurines (6-mercapto- 
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purine or G-thioguanine) has not yr t  been eluci- 
(luted. It appears, however, that biological oxidation 
might play a sigiiificant role, since stiidies5f6 of the 
ultimate fate of 6-mercaptopurine-S-35 have re- 
sulted in the isolation of 6-thiouric acid (together 
with sulfate and other as yet uncharacterixed deg- 
radation products) in the urine of treated mice 
and humans. 6-Thiouric acid has also been isolated 
in tissues from mice treated with 6-thioguanine.' 
In  view of the established anti-tumor activity of 6- 
m e r c a p t ~ p u r i n e , ~ ~ ~  thioguaniiie,1° and thioguano- 
sine", it woultl bc of interest to test their disul- 
fides, sulfinates, and sulfonates. The availability 
of analogs of 6-mercaptopurines in which the oxi- 
dation state of sulfur has been modified, may con- 
tribute to the overall knowledge of the metabolism 
of 6-mercaptopurine and thioguanine. 

The oxidation products of 6-mercaptopurines 
thus far reported are the disulfide of G-mercapto- 
purine12 and a number of 6-methylsulfonylpurine~.~~ 
S o  G-mercaptopurine niicleoside with a higher osi- 
dation state of sulfur has been prepared. This report 
deals with the synthesis of some of the oxidation 
products of 6-mercaptopurine and G-thioguanine 
(TG), i.~., the disulfides, the G-sulfinntes, and G-  
sulfonates. The facile synthesis of the ribonucleo- 
sides of G-mercaptopurine (G-mercapto-0-/3-r+ribo- 
furanosyl purine) and 6-thioguanine (2-amino-6- 
mercapto-9-p-D-ribofuranosylpurine) haye been de- 

(1) This investigation was supported in part by funds 
from the National C:tncer Institute, IYational Institutes of 
Health, Public Health Service (Grant KO. CY-3190), the 
Ann Dickler League, and the American Cancer Society. 
A preliminary account appears in the Abstracts of the 
137th iZmerican Chemical Society Meeting, Cleveland, Ohio, 
April 1060, p.  8X. 

(2) G.  €3. Elion, R. Singer, and G. H. Hitchinys, J .  Bzol. 
Chem., 204, 35 (1053). 

(3) M. E. Balis, I). H. Lcvin, G. B. Brown, G. B. Elion, 
and G. H. Hitvhings, Arch. Bzorhtm. Biophys., 71, 358 
(1957). 

(4) ,4. Hainpton, 11. H. LIaguire, J. AI.  Griffiths, A h t r .  
4th Intl. Cong. Biochem., p. 40 (Vienna, 1958); A Hanipton, 
I'ederatzon Proc., 19, 310 (1960); J. S. Saker, D. J. Hutchi- 
son, and E. h l .  Balis, J .  Bzol. Chem., 235, 429 (1060). 

( 5 )  G. R .  Elion, S. Bieber and G. H. Hitchings, I n n .  
1' 

(6) L. Hamilton and G. B. Elion, Ann. S. Y. Acad. Sci., 
60,  304 (1954). 

(7)  E. C. &Zoore and G. A .  LePage, Cancer Research, 18, 
1075 (1!358). 

(8) I). A. Clarke, F. S. Philips, S. S. Sternberg, and C. C .  
Ptock, Ann. S. 1'. dcarl .  Sci., 60, 235 (1954). 
(9) 1). A .  Clarke, F. S. Philips, R. S. Sternberg, C. C .  

Stock. G. B. Elion, and G H. Hitchings, Cancer Research, 

I'. r lcad.  SCZ.. 60, 297 (1954). 

13, 593 (1953). 
(10) F. S. Philins, S. S. Stcrnherg, I,. 1). Hamilton, and 

1). A. Clarke, Cnn-cw, 9, 1092 (1956). 
(1 1) J. J. Fox, 1. \Ycmpen, A .  Hampton, and I. L .  Doerr, 

J .  Ani. Cheru. Soc., 80, 1680 (1958). 
(12) G. H. Hitchings and G. B. Elion, U. S. Patent 

2,697,709 (Dec. 21, 1954). This compound has also been 
prepared by 1)r. M a x  Hoffer of Hoffmann-LaRoche (un- 
pu1)lished data). 

(13) C. W. Noell and R.  K.  Robins, J. i im.  Chem. Soc., 
81, 5907 (1959). 

SH S-S 

I II 

Figure 1 

(a )  R1 = R, = H 

(c)  R, = H, R2 = 9-p-ribofuranosyl-D 
(d)  Rt = XH2, R2 = 9-P-o-ribofumiiosyl 

( I ) )  RI = NH2, R2 H 

scribed in a previous paper in this series." The 
disulfides of these nucleosides are also reported in 
this present paper. 

,4s shown in Fig. 1, the disulfidesl4 of G-mercapto- 
purine (IIa), and 6-thioguanine (IIb) were pre- 
pared by the rapid oxidat'ion of the corresponding 
mercapt'an by iodine in a phosphate buffer, pH 
7.6, according to a procedure of Miller, Roblin, 
and Astwood. l 5  In a similar manner, the disulfides14 
of G-thioinosine (IIc) and 6-t,hioguanosine (IId) 
were easily prepared. The in~t~ahility of t,he S-S 
bond of the disulfides to acid or base w:is determincd 
by ultraviolet ahsorption studies in N hydrochloric 
acid16 or Ai sodium hydroxide which demonstrated 
the formation of mercaptan equivalent to a t  least 
joyo of the disulfide used. The presence of mercap- 
tan indicated, of course, the rupture of the disulfide 
linkage. 

The mechanism most coinmonly proposed for the 
eleawge of a sulfur-sulfur bond i n  aqueous alkali 
is the nucleophilic displacement of n thioanion from 
the disulfide b y  an hydroxyl ioii (Equation 1). 
This reacbtion would give rise t,o ;t mercaptan 
and a sulfenic acid. The sulfeiiic acid, liowever, has 
iiever been isolated from such a disulfide cleavage ; 
its existence has been iiiferrcd from the formation 
of sulfinic and sulfonic acids i i i  such rtactioii mix- 
t u r e ~ . ~ ~ ~ ~ ~  According to :L number of investiga- 
tors17-?" sulfinic and sulfonic acids may arise from 

(14) Thc corrcct nomenclature for tlic disulfidcs of G- 
nlcrcaptopnrine, 6-lhiogianine, (j-thioinoFinP, :md G-thio- 
guanosine is respectively: his( ti-purinyl) disulfide, his( 2- 
aniino-6-purinyl) disulfide, tjis(D-P-~-rit)ofurarlos).l-6- 
purinyl) disulfide, :tnd I)is('l-aiuiiio-0-~-n-rit)ofilranos~l-~- 
purinyl) disulfitlc. 

(15(a) \V. H. A I i l l w ,  I<. 0. ltnl)lin, tJr., and 1;:. B.  Ast- 
ivood, J .  Am.  C'hem. Soc., 67, 3'201 (1945). ( t i )  As tiescrihetl 
in the previous paper of this series, an adaptation of this 
procedure has heen applied to the  preparation of disulfides 
from t w o  4-thiopyrimidirie nuc leodrs ,  namely, 4-thiouri- 
dine and 4-thiothyniidin~. IJ. J. Fox, I) .  Van Praag, 1. 
Wempen, I .  I,. lloerr, I,. Chrong, ,J. E. linnll, M. L. Icidinoff, 
A .  Bendich, and G .  H. Brnivn, J .  . l / t i .  ('hem. SOC., 81, 1 %  
(195W.l 

(1G) KO attempt was made to  sttidy the effect of acid on 
the  disulfides of the  purine nucleosides I e w i s e  of the acid 
lnl,ility of the  glycosyl bond. 

f17) N. Kharasch, S. J. Potempa, :ind H. L. \Vehrnicister, 
Chem. Revs., 39, 269 (1946). 

(18) A. J. Pnrkcr and ?;. Iiharasch, Chein. Reus., 59, 583 
(1959). 

(19) X. Iiharasch, W. Icing, and T. C. Bruice, J .  Am. _ .  
Chkm: SOC., 77, 931 (1955). 

Chem., 14, 921 (1949). 
(20) E. L. Cwr, G. E. P. Smith, Jr., and G. Alligcr, J .  Org. 
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Figure 2 

t’ht: disproportionation of the corresponding sul- 
fenic and sulfinic acids. Carr and co-workers20 ob- 
served that alkali cleavage of 2-benzothiazolyl 
disulfide gave a 75.5% recovery of mercaptan coii- 
sistent with the following equations: 
2I16-S11+4OH---- ,2RSO-+zIt6-+IL~r,o (11 

2 RSO- + RYOZ- + RS- (2)  

2 RS--81t + 4 OH- + RS0,- + 2 RS- + 2H2O ( 3 )  

Accordingly, oiic would expect the mercaptan 
to he the niajor product, of such a rea(~tioii, and 
indeed, the reaction of 013- with the disulfide of 
6-mercaptopuriiie (reaction Fig. 2 )  was found 
to give an instantaiieous conversion of the disul- 
fide to the thiopurine (G-mercaptopurine) and 
purine-Ci-siilfiiiate. KO other product could he de- 
t cctcd. The yield of the G-mercaptopurine isolated 
from tjhc cleavage reaction was 80 =t 5yc, Xvhile the 
amount of the sulfinic acid derivative formed \vas 
found to be 20 i 5%; these Tralues npprai‘ to be i n  
fair agreement with those postulated by the above 
equation.<. 

The rwct  ion niixturc resulting from tlie alkaliiic 
c*lea\.agc of the disulfides was found t o  be very 
susccptible to oxitlatioii, and in fact, as shonn 
i n  iwctioii I3 (Fig. 2 j ,  the :dditioii of oxygcii to 
such an :ilkaline solution over a period of tnenty- 
four hours2? resulted in the quantitative conversion 
to thc cwxsponding sulfinic acid tlcrivatii-es, ie., 
purine-6-sulfinate and 2-aminopuriiie-(i-sulfinate, 
respectively. If the cleavage mechanism proposed 
by Carr is accepted, it n-ould appear that the nier- 
captide anion was converted completely t,o the 
sulfinwte under t h c w  react ion conditions. When thci 
parent thiopurines, $mercaptopurine and G-thio- 
guanint., were sitbjected to the conditions of th r  
disulfide oxitJ:rtioii (reaction €3, I’ig. 2 ) .  tlwy Tverc 
oxidized t o  the siilfinate to  only a small extent (cn. 
13yc). 1;ailurr of the thiopurines themselves to  hc 
oxidized to the same extent as the disulfides wts 
surprising sinco on the h ie i s  of the abnve eqiiatjo11s, 

(21) Sese Experiinental for ditta. on this reaction. 
( 2 2 )  If the reaction mixture were allowed to stand niore 

t,haii twenty-four hours, trace amounts of hj,poxanthine antl 
~~u~ i r i c~ - f i - s r i l fonn t r  n-ere detected by pnpcr electrophoresis. 

I HO*O_ 4 
GI L q r -  

a series, R = H 
b series, R = XH2 

Figure 3 

oxidation of the mercaptide ion would be presumed 
to  have occurred. These findings suggest the pos- 
sible presence of hitherto undetect’ed int,er- 
mediate(s) in this disulfide cleavage reaction. 

Although the mercaptans do not seem susceptible 
to oxidation in conccntratcd basic so!utions, it has 
been previously reported” that 6-mercaptopurine, 
G-thioguanine, antl their respective nucleosides, on 
standing iii dilute alkaline solution (3-5 X I O-.5 .1 / )  
for ninety-sis hours, denmistrate a conversion of 
liet ter than 60% (measured spectrophotonietrirally) 
of the original compounds to new siihstanws. 
Repetition of tlie previous expcrimcnt, using 6- 
mercaptopurine, has now confirmed the suspicion 
that  the iiew compouiid formed is indeed purine-6- 
sulfinwte. (See lcig. $1 and I;’,xpcrirnental j .  

A s  seen iii Fig. 3 (and as previously discussed), 
6-mercaptopurine and thioguaniiie (I) may be oxi- 
dized ivith iodiiie in a phosphate buffer (pH 7.(ij 
to their respcvtive disulfides (I  I )  in 80% yield. 
I’~rriiie-C,-sulfinatt: and 2-amiiiopurine-6-sulfinate 
(111) were ohtained either from the treatment of 
the corresponding disulfide in alkalhie solution 
with oxygt’n, or by the oxidation of the mcrcap- 
tans (I) \vith two molcs of iodine in excxs sodium 
hydroxide. Roth methods gwrt yields of over 80$7 
of the sulfinic derivatives. Oxidation of the sul- 
fiiiates (111) ivit h alkaliiic permariganate yieldctl 
the corresponding purine-6-sulfonate and %amino- 
purine-&sulfonate (IT’). These sulfonates (IT’) werc 
also obtained directly from &mercaptopurine and 
thioguanine (I) by treatment n i th  alkaline pcr- 
niaiigaimtc. I t  is of intcrcst t o  iiole that iiudcr 
cach of thc oxidation conditions described, o~ily 
siilfiiiate (111) or sulfollate (I17j derivatives arc 
obtaincd rather than misturw of thcw oxidittioil 
prodiicts. On the other hand, treatment of ti- 
mercaptopurinc with hydrogen peroxide, under t h 
:iikaliiie condit inns described above, gave :i mist iir(’ 
of sulfinatC, sulfonatc, and tract: amounts of }I!,- 

posanthine. The sulfonates (IV) c*ould also I W  1 ) ~ -  
p:ared by trcatniciil’ of 6 - c h l o r o ~ ~ ~ u ~ i t 1 c ~ ~  or 2-ainitil1- 

(23) A.  Bendich, P. J. Russell, Jr., and J. J. Fox, J .  -1m. 
Chem. Soc., 76, 6073 (1054). 



~ - ( ~ h l ~ r o p u r i i ~ e ~ ~ , ~ ~  (V) with sodium sulfite. T h s  
niethod is similar to t'hat used by ElionZ6 in the 
preparation of 8-hydroxy-6-mercaptopurine-2-sul- 
fonate. 

Chemical properties. Ultraviolet studies showed 
that the disulfide linkage in all the purinyl-6-di- 
sulfides (11) is unstable to base or acid as previously 
discussed. The lability of the disulfide linkage to 
base or acid is consistent, with t,he properties ex- 
hibited by aromatic disulfides17 and heterocyclic 
disulfides.20 

Hydrolysis studies showed that t'he sulfinate 
aiid sulfonate groups are very labile to acid. For 
example, purine-6-sulfinate (IIIa) and 2-amino- 
purine-Bsulfinate (IIIb) in O.1N hydrochloric acid 
are immediately converted to hypoxanthine and 
guaniiie, respectively, in 95-100% yields. Similarly 
the sulfonates (IV) are also hydrolyzed in aqueous 
acid to t8heir respective 6-hydroxy compounds, al- 
though a t  a somewhat slower rate than the sul- 
filiate deriwtives. 

Decomposition of the sulfinates (lII), occurred i i i  

Y8-100% forniic acid, yielding purine and 2-amino- 
purine, respectively. By a similar method, H ~ f f e r ~ ~  
reported the desulfiiiation of 4,5,G-t riaminopyrimi- 
dine-2-sulfinic acid. 

Attempts to prepare the sulfinyl chloride or sul- 
fonyl chloride of the above sulfinates or sulfoiiat'es 
with thioiiyl chloride have failed thus far. In  the 
case of the sulfinates (111), treat'ment' with thionyl 
chloride gave the respect'ive 6-chloro derivat'ives, 
that is, fkhloropurine and 2-arnino-6-chloropurine. 
A similar t8reatmeritj of the G-sulfonates (ITT) wit'h 
thioiiyl chloride resulted only iii receovery of t'he 
starting material. It was also noted that 6-chloro- 
puriiies have a greater stability to dilute aqueous 
acid than either the sulfinates (111) or sulfonates 
(IV) (acid hydrolysis in a11 vases giving 6-hydroxy- 
purines). 

Spectra properties. At p H  4.3 (neutral species) the 
disulfides of A-mercaptopurine and its nucleoside, 
thioniosine (see sect'ion A and R of Fig. 4) both 
exhibit a hypsochromic shift' (ca. 33 mp) in t'hc 
positioii of the ultraviolet absorption maximum 
from that, of their parent thiopurines, 6-mer- 
captopurine11,28 and t h i o i n ~ s i n e ~ ~ ~ ~ ~  (also pH 
4.5, neutral species). Ail essentially similar re- 
latioiiship is observed when B-metjhylmercapto- 

~ - ~. 

(24) British Patent 767,216 ( J l~n .  30, 195i); C'herrc. .lDstr., 
51, 14796 (1957). 

( 2 5 )  G. U. Ilaves, Jr., C. JV. Soell, It. K. Robins, H. C. 
Zioppel, and A. G. Beanian, J .  A m .  Chem. Soc., 82 ,  2633 
( 1 060) . 

(26) G. B. Elion, S. Mueller, and G. H. Hitcliings, J .  -4nz. 
Chem. Soc., 81, 3042 (1959). 

( 2 7 )  11. Hofler, Jiibiica T'olume Dedicated to Ertd Burrell, 
Basle, 1046, p. 428. 

(28) G. B. Elion, E. Burgi, arid C;. H. Hitchings, J .  Arr~. 
Chem.  Soc., 74, 411 (1952). 

(29) ,J. -4. Johnson. .Jr., ruitl T-I. .J. Tholn:m, ,J .  : ~ ? I L .  Ch~rrt .  
,$or., 78, 38C,R (19.56). 

Fig. 4. Cltrnviolet alisorptiori spvctra :it pH 4..5 
(neut'ral species) of pwiiiyl disulfides :tnd their respertivc, 
nierraptnns. A. (--) 6-mercaptopurint~ disulfide; (- - -) 
6-merraptopurine. €3. (--) thioiriisine disulfide; (- - -) thio- 
inosiiie. C. (--) thiogiiani~ie disulfide. Tjiie to the ( :strc~i i lc$ 

insolubility of this coinpourid estirlc-tioii v:iliies caould not  tw 
deterininpd; the curve shown represents :in :whit rary imigri- 
nient. (- - -) thioguanine. I ). (----) thiogii:inoxiricJ tlisiilfidv; 
(- - - ) thiogu:tnosincs 

piuiiic'81;io aiid its ril)oiiiic,lcoside;~l arc cwnpnred 
spectrally to  G-mcrc.aptopuriiie atid thioinosine. 
Similarly, a hypsoocahromic shift (ca.  20 mp) caii 
hc obschrved i i i  thc comparisoiis of the absorption 
maxima (iic.utra1 s p e c k )  of t hioguaiiiiie disulfide 1's. 
thioguaiiiiie11j32 aiid thxt of thioguaiiosine di- 
sulfid~ (scc section C and 11 of I ig .  4) t's. thio- 
guaiiosiiic.ll =Igaiii, it should \)(> iioted that i i i  thew 
caws, the hypsochromic shift is similar to that oh- 
served for 2-nmiiio-(i-metliylmcr.c.:lptopuriii~,~~ us 
compart:d to  thioguaiiiiie. 111 th(1 caw of thc ti- 
alkyl-mcrc.aptopuriiie~, the hgpsoc+hromic* shift has 
beeii attributed 1)y other iiivestigators3", aa, : i4  to the 
absciiw of the thione form in these cwnipouiids. Thc 
similarity of the hypsocahromica shift cxhihited by thc 
G-puriiiyl disulfidcs t o  that of the. li-alkylmcrcapto- 
puriiiw is t o  he exptxhtrd siiiw thv ahseiire of the 
thiolic form is uncyuivoc~ul i l l  both thew cmcs. 
Thcsc present obsc.rvatioiis \vould furiiish f i u ? h t ~  
evidence., thwrfore, that (i-mcrc.aptopuiiiic., thio- 
guaiiiiic., and their rcspccativc iiurlcosides;. poswss 

(30) G .  B. Elion in Il'he Chemistryl and Biology of Purines, 
A Ciba Foundation Symposium, J. and A. Churchill, T,td., 
Londoii, 1957, pp. 46-8. 

(31) A .  Hampt,on, J. J. Uirncle, A. E. l l o o r e  and (+. 13. 

i i i e t h y l m e r r a ~ ~ t o - ~ ~ - ~ - ~ - ~ i l i o f u r ~ ~ i ~ i ~ ~ ~ ~ ~ ~ i r i ~ ~ ~  \vas wppl i td  I J ~  
1)r. A .  Hainl)ton of the Slonri-Iiettering Instiliite. T I I ( ~  i l l t  K I -  

violet spectra of this coinpourid \vas similar to that of t l i c b  

disulfide of t,hioinosirie ( p H  4.5, rims. 291 m p ,  iiiin. :11 2-10 

(3'2) G. R .  Elion, 11.. H. Lnrige, arid G.  FI. Hitching?, 

nro\vn, J .  - I? tL .  Che?/L. SOU., 78, 5695 (I<I50). A S:IiII1)If; (J f  (i- 

nip) . 

J .  i lni .  Chem. SOC., 78, 217 (1956,. 
(33) G. B. Elion, I. Goodman, JV. H. Laiigr, ii11t1 G .  € 1 .  

Hitcllings, J .  Ani. Chenz. SOC., 81', 1808 (195!)): 

(1957). 
(34) D. J. Bronii and P. F. ;\lason, J .  C 'he? i / .  Soc.. G8% 

( 3 5 )  4. Albert a i d  I). J. Bro\\-n, J .  ( ' h P / / c .  Soc,., L'(l t i0 
( 1H.54). 

(:l(i) TT. F. \J., T:iyIor, J .  f ' h ~ ~ t i ,  S o c . ,  (1918). 
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puriiies, (i-hydroxypurines, and 6-mercaptopurines. 
It is interesting to note the effect of different sub- 
stitumts iii the &position 011 the imidazole dis- 
sociatioil of puriiie and 2-aminopurine. With t,he 
exccptioii of 2-amiiio-(j-chloropurine, all of the 6- 
substituted purines in Table I already exist in a 
moiioaiiioriic form before the imidazole dissociation 
occurs, and therefore, removal of a proton from the 
imidazole moiety involws dissociation from an 
anion. comparisoii of the PI<, values of these 
purinyl moiioanioiis (see Tahlr I) r~v ra l s  the de- 
rreasiiig hisicity of thwc hetcroq~cles cluc to the 
dc(w:witig mesomeric~ c+fwt (+AI) of t he iir’ga- 
tivc,ly (Lhargrci group 0- > S- >> SO2- >SO:,-. *\fur-  
thrr exaniination of the data iii  Tablc 1 demolistrates 
that the preseiiccl of 0-, S-, SO2- exerts an acid- 
uwtkeniiig effect on thc acidic* imidazole dissocia- 
tion as indicated by the highrr pK,, mliiw of thrst 
(i-substitutrd purincs. It is t o  lw noted that the 
SO2- group shoivs oiily :i small arid-\wakening 



TABLE I 

os THE ACIDIC D1ssoc1.4~" COSSTAKTS OF PURIXE A N D  
~(l!dlJAR1.iO.K OF THE EFFECT OF UIFFEREKT 6-sUBSTITtiESTS 

2-1~MISOPURIKE 

PIC, Imidazole Dissociation 

Purine 
Hypoxanthine 
6-LIercaptopririne 
Purine-Bsulfinate 
Purine-&sulfonate 
2- Aminopurine 
(ilianine 
2-A niino-6-rnercaptopuriiie 
2-ilminopurine-6-sulfinate 
2-Aminopurine-6-sulfonate 
2-Amino-6-chloropurine 

' Potentiometrically determined. Spectrophotometrically 
detrrmined values (10.05) .  The basic dissociation is 
3.80 (10 .01 ) .  A basic dissociation (pK, = 1. i9  f 0.05) 
has been determined spectrally for this compound. 

effect as compared t,o the 0- and S- substituent. 
In contraFt, the SOa- group in purine has an 
:~cid-strengtheiiiilg38 effect as indicated hy a PI<, 
value l o w r  than that of pnrino (8.92) due probably 
to the greater inductivc effect (-1) of the sulfoiiate 
group as 1's. the sulfinate funrtiou. On the other 
hand, 2-amiuopurine-6-sulfoiiate has a p K ,  value 
(9.95) almost identical wit'h that  of 2-aminopurine 
j9.!13). This apparent lack of an acid-strcngthening 
effect on the 2-amiiiopurine moiet]y, due to the 
presence of t,he SO3- group, was not, anticipated. 

In the case of 2-amino-G-chloropurine, the spec- 
trophotometrically measured pK, values of 1.79 
(basic dissociation) and 9.15 (acidic dissociation, see 
Table I) are lower than t'he corresponding PI<, 
Tralues (9.93 and 3.80 respectively) for %amino- 
purine. This lowering of the pK, values reflects the 
usual base-weakening and acid-strengthening prop- 
erties of a chloro-group. 

Screening studies.  I n  a preliminary study of tu- 
mor-inhibitory capacity using the transplantable 
mouse tumor, Sarcoma 180, a comparison of 6- 
mercaptopurine derivatives, that is, 6-mercnpto- 
purine disulfide, thioinosine, and thioinosine di- 
sulfide 2's. 6-mercaptopurine, was made on a molar 
basis. The disulfide of 6-mercaptopurine was 
found to be too toxic to evaluate. The disulfide of 
thioinosine was found to have a greater activity 
than &mercaptopurine. This was provocative 
since the 9-p-D-ribofuranosyl derivative (thio- 
inosine) was without activity. On the other hand, 
a similar comparison of the ant'itumor activit'y of 
t hioguaiiine derivat,ives us. thioguanine on a molar 
basis revealed the disulfide of thioguanine to be a 
more potent inhibitor of 5-180 and also to be less 

(38) It has been noted that  the presence of a SUI- sub- 
stituent in benzoic acid and phenol causes an increase of acid 
strength. Both these cases involve dissociation from a mono- 
anion. See H. C. Brown, D. H. RlcDaniel, and 0. Haflinger 
in Detevnination of Organic Structure by Physical Methods, 
E. A. Britude and F. C. Nachod, eds., Academic Press, Inc., 
h'cw Yorlr, 1055, pp. 585-6. 

toxic than thioguaiiiiie. Whcreas, thiog~aii(isiii(~ 
proved to be equally as active as thioguaniiie, t h  
disulfide of thioguanosine proved to be a more 
potent inhibitor than either thioguanosine or thio- 
guanine on a molar basis. It is conceivable that the 
disulfides may serve as a '(reservoir" dose of the ac- 
tive antimetabolite. I n  preliminary studies, purine- 
6-sulfinate or -sulfonate and 2-aminopurine-6-sul- 
finate or -sulfonate were not inhibitors of S-180. 

EXPERIMENTAL3' 

Disulfde of &mercaptopurine ( I Ia ) .  6-Mercaptopurine 
(Is) (5.0 g., 0.033 mole) xas dissolved in 3 1. of warm phos- 
phate b~ffer ,~O pH 7.6, the solution filtered gravimetrically, 
and cooled to 33".41 To the stirred solution was added, over 
a period of 5 min., 30 nil. (0.016 mole) of aqueous N iodine 
solution (containing sodium iodide in the proportion of 
2 parts of sodium iodide, to 1 part  iodine by weight). 
The precipitate of short yellow needles was filtered i n m e -  
diately, washed thoroughly with water to remove traces of 
buffer, and triturated with ether-alcohol until powdery. 
After drying in vacuo a t  IOO",  4.0 g. (80%) of tho disulfide 
\vas obtainrd, n1.p. 245' (eff.). Recrystallization from S55i 
(~thanol yielded crcani-colored riecdles. Ultraviolet atisorp- 
tioil data:  a t  p H  3-5, mitsiinuiii a t  289 nip, AM(,,lax) 25,(;00: 
inininium a t  237 mp, A Y ( ~ ~ ~ )  6,000. (See Fig. 4.) 

In ,V hydrochloric acid, 6-mercaptopurine disulfide 
(concn., 3 x 10-5 $1) decomposed over a pcriod of 24 hr.  
t o  give an amount of G-mercuptopuriiie equivalent to 7 s  yo 
of the disulfide used, as measured by the ultraviolrt absorp- 
tion maximum at 325 mp. In  N sodium hydroxide, I I a  de- 
composed immediately, affording a solution whose ultra- 
violet spectra revealed one absorption maximum a t  310 mp 
(due to 6-mercaptopurine) and a sccond unexpected maxi- 
mum a t  342 mp, having an O.D. ca. one-half that, at 310 nip. 
The structure of the substance responsible for the latter 
maximum is unknown and is not observed spectrally in the 
more concentrated basic solutions (0.1-0.5 111) used for the 
oyidation of the disulfide. This observation may be an 
indication that  the mechanism of disulfide cleavage in dilute 
solutions differs from that  which occurs in concentrated 
solutions. 

ilnal. Calcd. for CloHeNsSz.II~O: C, 37.51; H, 2.50; N, 
35.00; S, 20.00; 0, 5.03. Found: C, 37.40; H, 2.97; N, 
35.20; S, 20.35; 0, 5.07. 

lieaction of disulf ide (11s) with base Icnder nitroqen. When 
the disulfide of 6-mercaptopurine was dissolved in dilute 
sodium hydrovide under an atmosphere of nitrogen, i t  was 
converted essentially instantaneously to a mixture consisting 
of 80 5 5% of 6-mercaptopurine and 20 f 570 purine-6- 
sulfinate as previously discussed. 
4 suspension of 0.5 g. (1.56 X mole) of I Ia  in 25 ml. 

of water (previously boiled and cooled by a stream of nitro- 
prn) WRS trmted, under a continuous atmosphere of nitrogen, 
with a 6.8 molar excess of sodium hydroxidr. Thesolution 

(30) Alelting poirits \\ere determined by the capillary 
method and are uncorrected, Analyses w r e  performed by 
the  Schwarzkopf Rlicroanalytical Laboratory and by the 
Spang Microanalytical Laboratory. Paper chromatogranis 
were run by the ascending method using Schlcicher and 
Schuell No. 597 paper in tn-o systems: butanol-water 
(86: 14) and water saturated with butanol. 

(40) Phosphate buffer, pH 7.5-7.6 was prepared by dilu- 
tion of a mixture of 0.2M dibasic sodium phosphate (560 
1111.) and 0.2M monobasic sodium phosphate (320 ml.) t o  
4 1. with water. 

(41) The  tempcrature of the buffered solution a t  the time 
of addition of the aqueous A' iodine solution was found to 
be critical for isolation of pure disulfides. 



which forinetl within a fen  minutes m i s  atiidifkd with .Y 11>.- 
drochloric acid to pH 7 .  The precipitated ti-incrcaptoi,uriiIt., 
which was isolated, represented a Ti ' ) : ,  yield atid was 
spectrophotometricaill~ atid chroiiiat,ographicaIly idmtical 
with an authentic satiiple of 6-inercaptopiiririe. The filtrate 
\vas nn:tljwd, to  drtrrmino the itmount of residual G- 
iiiercapto],iiriiie and the yicbld of I."iririe-O-sulfiIiate formed in 
tlic rexctioii, in the follo\virig wiig: the filtrate was diluted 
to 100 r i i l .  \\ i t11 \v:tt(Br : t i id :iliquots \vt:re rcJiilovcd i'rotii this 
stork soliitioii for iiltr:iviolct, sl)ei:tr:il analysis. 'The ultra- 
vio1t.t spertr:i :tt pH 4.3  rt'vraltd t\vo maxinia, on[' at  276 
iiip vcirrespoiitliirg to a yirlti of 19(,; purine-ti-srtlfinate, the 
othiLr ni : i \ i t i i i i tn  :it 322 inp corrtssporiding to 5% r r d r i a l  
(j-iiierc:Lp~~~~)lirilll~. The total arrioiirit of ti-iriercaptopiirine 
rcw)vcwd from t hi: disitlfitici elt~:rvagr \v:ts 825;. Corifiriiiation 
of this yield of piiriiit,-(i-siiltn:itc \v:ts ncconiplishrd hy siib- 
jrcting an :tliqiiot of t hv  :il)ove stock soliition to ionophorctic- 
iiiigration in  bic:r~hoii:itt,-earbonlLtc buffw, pH !i.4. Aftrr 
80 min. :it 7.50 volts aiicl 17-19 niilliamps., the paper was 
dried and vie\vcd u n d u  iiltrnviolet light. Two spots cor- 
rrsponding t,o thosc of purr 6-mc~raptop11rine and. piirinr- 
6-siilfinatc vcr r  ok)served. Thc siilfinnte-coiitaining spot ~ v n s  
rslutrd with portions of water totaling 7 nil. ( a  blank from 
the ionophorctic p:ip(xr wts prt,p:trrd in a similar way) and 
the yield of piiritic.-~i-siilfin:it[' ivas found to bc 17'v (spcctro- 
I)hototnctricnll!- ( l ( , t i ~ i x i i t t ( d  : i t  S i f  m p ) .  

f)isir/jirlc 0.f ti-liii'oyituniric, (111)). 'I'\vo gr:inis (0.0012 ~ i i o l ( ~ , i  

of ~-aiiiiti~i-~j-irii~r(~:t~)t(i~iitriii~~ i I t ) )  \v:is tlissolvcd with 1ie:iting 
iii :I solutioii wrisistiiig of 2 I. uf 1ilicisphatr bufier ( p H  i . ( j )  
: t n ( I  1.5 I .  oi \ \ :L t [B! . .  '1 '11~ suliitiori \vris filtcwd gravi- 
tiietricaliy : i i i ( I  I ~ o u ~ ~ ~ I I  1 1 )  :Ma.  '1.1) tlic siirrrci s:olr1lioli K I S  

:iddcd, dropwist,, 1 1  .-I i i i l .  (0.000ti inole) of aii aqueous .Y 
iotliiic soliitiori. T1ier.c. oc.c*urred : t u  iiiiiiicdi:ittj pr(>cipitatioii 
of a nliitc. solicl which gradiially k c a i n c  yellow upon the 
ntlditioii of tliv final atiioiiiit of the iodinr solution. Yield of 
disiilfide w:is 1.85 g. (!tU?i), 1ii.p. > 300". The solubility of 
the compoitiitl proved to I)e so poor that  no rerr)~staIlizatioti 
coultl IJC r:trric.d o u t ,  nor m y  qiiantitativt: slxctrophoto- 
inctric ni(xsiirt~nients inade. The qualitative iiltraviolrt 
:illsorption sp(>rtr;t a t  pII 4.5 faxhibits a nia.sinii tm a t  3 2 2  
nip aittl a minimuin at, 280 nip, (See Fig. 4.) 

Iri .Y sodiuni Iiytlroside, l6 th(. disulfide decoinposcd to 
give i t  solution having :I niasimiiiii a t  322 nip atid a shoiildcr 
a t  21iS nip. 011 trc:ttmc!nt Ivith .Y 1ij.droc.hloric a d ,  IT\) 
clccoinposctd to givca a soliition having m:ixinia :it 347 m u  
and 257 n i ~ .  l'hiis, in h t h  hasic, arid acidic solutions, tliio- 
guanine disulfide a1)pwrs to yicld thioguanine :IS t,hc major 
1)roduct. 

Ann!. C':tlcd. for ( ' , , , I i ~ S ~ u Y ~ :  C, Fi6.17; 11) 2.41; S,  .[2.1-l; 
S,  19.29. Found: C, X5.(;7; I f ,  2.82; 9, 41.06; 8, l!J.24. 

/)isuIJide of fi-tiizoi,rusiiie (IIc). Svveri granis (0.025 ~nole)  
of (i-thioiitosine (IC) \viis dissolved i n  1.4 1. of warm p1iosph:ite 
buffer, pII 7.6, the solution was filtered gravimetrically and 
coolcd t o  24'. T o  the stirred solution >\-as added, dropwise, 
33.4 ml. (0.012 mole) of ,2' iodine. The addition reqriired 
5 min. during which time n colorless gel prcxipitatccl. Aifter 
r:tpid filtrn tioii, thrl solid was iwshrd with witrr  to ruiiovc 
(xxcess biifl'cr, and thc spongy whitc iirotliict was tritiirritcti 
ivith an cth(~r-alroliol mixtiire until pondcry. Tli( .  yidtl of 
crude disiilfide, driocl in unciio a t  GOo for 4 lir., vas 7.0 g., 
m , p  115" (eff.). Thi, product could be rcwystallized from 
!)5cx :tlcohol :tnd yielded white ~icwllcs which, aftrr drying 
i n  uacilo at  loo0, weighed 6.0 g., (S5:&), m.p. 205" (c,ff .) .  
I:ltraviolet absorption data:  a t  pfI :3-5, iiia\.iniiiiii at 200 
tiip, 30,000; minilnuin a t  237 nip, A \ I ( , , , , , ,  ,5770. 
(Sce Fig. 4.) 

I n  A' sodium liytlroxitle, the disulfide of t hioinosinc de- 
coniposcd iniinediat~ely, affording a sollition whose ultra- 
violet absorption spectra revealed two niaxiriia, onr  a t  312 
111p (rliie t o  thioinosinc) and one :it 355 nip (due to  an irn- 
known componrnt : SOP discussion of similar phenomenon 
olistTrvcd for the disiiltide of (i-merr:iptoplirinc). 

. l nu l .  (':i!t*d. for C:2,,Hc!SdX&: 
s, 11.:13. l ~ o l l l i d :  C', 42.18: 11, 4.( 

I ) i f i i i ( f i d ~  0' 6-thioguanosine (IId). l'hioaii:iltc,siiic, (IC!) 
(4 .0  g., I).UI;34 niolk.) was dissolved with hwting i n  3 I .  of 
phosphate hiffer,  pH 7.6 .  The rwulting solution wis tiltrred 
gravimetrically, cooled to 24-27", and with stirring, 12 nil. 
(0.00ti7 mole) of a 11' iodine soliition was adtletl dropwisc. 
The addition required about 5 min., during which time a 
colorless, gel-like precipitate formcd. Aftrr inirnediutc: fil- 
tratioii, the precipitate 1v:is wash(d with m t c r  i iu t i l  all 
traces of the. huffer soliition were rt~nroved. 'Yhc~ whit(, solid 
was then triturated with :tleohol, fin:illv tvashcd \vith cxthw, 
and dried in vacuo a t  80" for 3 hr. Ihr ing  drying, thr  color 
of the solid chmgtd  to n pale yc'llow. l'hc j.ield of crude 
disulfide was 3.18g. ( 7 ! ) % ) ,  ii1.p. ?US" (rff .)  withsonirslirink- 
irig a t  187". The product could b r  rccr!~stallizcd from 120 
nil. of p>,ridine b ~ .  the addition of 600 nil. of dry c ~ t h i ~ r .  
The yield of recr~~stallizcd hydrntrd protlric*t \v:ts :3.0 g. 
( i 5 5 ; ) ,  n1.p. 205-210" (efT.1. Ultraviolet atisorptiori d:it:i: 
a t  pH 4.(ij maximum :it 322 nip, AM(,,,, 22,100; miniinrim :it 
275 nip, A ~ c ~ ~ i ~ j  5920. (dce Fig. 4.) 

I n  A- sodiuiii hydroxidc,l6 the disulfide of tliiogitiiiiosine 
decomposctl immrdiatriy t,o givc. a solrition whirh pos. 
ii1tr:iviolet absorption niasinia a t  252 m p  anti 3 1!).5 m 
:~slioiildtr at 2 i O  mp. The overall sptbctral p:ittt:rn \vas sinii- 
lar to that  of thioguanosine. The rccovrry of thiogu:itiosiiie 
(inensured ~pectro~~hotoinctricnlly) accoitnted for ea. 80:; 
of thr  disulfide used. 

.L/iuI. C:tlcti. for  C.",H2,S1008~:2.H?O: C, : < i . g I j :  lI* 4.4:3; 
S,  22.15; S, 10.14. F I I I I I I ~ :  C, 37.88; H, 4.0.$; A', 22. l ( j ;  
d,  ! ) .ST .  

?'/if sgnthrsis qi' p t r i i i e - 6  si i /Jri( i fc  (I1I:t) or %tr,/iii ,opicrinc- 
6-sri/jirinft: ( I I I b I .  A .  Irk t / i c  a c f i c n  o.c?/yeri 011 prri, irq/l 
tlisrr&las (11). 1 .  Prcr.i,ie 6'-s/rifin:rtt. (Il lr i) .  E'oiir gr:iins 
(0.013 niole) of I I n  \vas sitsp(wdcd in 200 inl. of \\:itc,r :{r i t l  
:teratrd :vith ox,vgc.ti for 10 nii r i .  A 7-fold n i o h r  e ice36 of :L 
2.Y sodium hyilroxitlv solution \\-as addrd anti :t sloiv st ieani 
of os\'gnn \vas p:tssrd through the bright, yellon Solliti(J1l ;it 

room teniprratiire for 24 hr. lhiting this t i i i i c t ;  t h r  rolor  
f:tded to i t  pale yrllon~. I'rogwss of the re:ic.tion \vas Eollowrtl 
~i'ec.trophotomc.tric~HlI!, by the ;ippearnnce of :t i i w  pwlc :it.  

275 n l p  and the concurrent disappwr;tii(,v of til? 1111 rcaptaii 
peak :tt :320 inp. 'I11i~ r ion i i i i~ tu r t~  \vas e v a p o r a t d  i J i  

vacito to  half-voliimt,, or until precipitation occurred, mid t h i ,  
pH  was :idjitsted to  8 \vith gliicinl acrtic acid. The sill 
was rrnioved tiy filtratioii end nashtsd sequentially with 85' 
alcohol, absolute alcohol, and ether. ,4 yi:.ld of !I0 
purine-6-sodium sillfinate ( I I I L ~ ) ~ ~  was olitnineti as long 
i iecd l r~a ;  the product has no definite in( ltiiig point, tlecc 
sition bcgins cu. 175'. I3 .stallizatiori \ v : ~  acac.onip 
1)). reprwipit:ition frotii a diitin h!.c!ro\-itf(i snliit io i i  us ing 
glac.i:il :tccLtica :tiaid. l ' apc~ c~hroinatogral)h>. s t i o \ v c d  tht' 
preseiw(: of oiilj. one siilistanw. Tlit, piwit>. c,f 1II:i i v a h  

ronfirnicd liy siil)jecting it to ioiioi)horctic niigrati,)ii i r i  

bicarhonat~,-carhotinti, Iiiiffcr, pH 0.4. .%ftc>r 80 iiiiri.  :it i Z ( 1  
volts and 1i--I1) niilli:tnip., only on(' si)ot \v:is oI)sei~vi~d 
under ultraviolet light, aiiodic migration +14 7 ( s n i :  Ultra- 
violet absorption data: a t  pH 4-6 

.Lnnl. C':111ad. for  (::,II:S,SO?S:l.HnO: C,', 2'i.70: I f ,  3.24: 
S, 24.!J<i; S, 14.27. Foiintl: V j  27.22; H, 2.29; N, 25.13; 
s, 14.44. 

2 .  &.I i , , i ' r io~ ic i ine-6-s i i l~nnte ( IIIIi). A procedure, siniihr 
to  that, drscritjd ahovc: for thi. sjxthrsis of 1II:i \vas carrictl 
oiit on I Ih  :tnd affordctl nn  BOf;; yicltl of IIIt), ni.j).  mi. 
210" dcc. Papc9r t,hrotii:itogr:iph!. revcalctl no rontaiiiiii:iiii. 
In order to  confirm its purity, I l Ih  was siibjectrd to ioiio- 
phorctic migration. Aftc,r 150 ni in .  (750 volts, 17-19 niilli- 
i m p . ) ,  only one spot was observed under ultriiviolet liglit, 

(43) Storage of the sulfiriate derivatives lias l i cwi  1 ' n u i i c I  
inadvisable due to  the tendenvy of t.liese sii1)stanc.c.s to dc- 
compose to thc sulfonate and to corresponding G-hytlrosy- 
iiiirine. 

.~~ ~~ ~ ~- 



aiiodic migration, + 18.3 cm. Ultraviolet, at)sorption data: 
a t  pH 5-7 (monoanionic species), iiiasiiiium a t  322 mp 
. 4 ~ ( ~ ~ ~ )  GO30; miriimiun at 276 inp, A41cmin) 990. 

:lnu/. Calcd. for C:,H4X5SOrNa .HSO: C, 26.09; H, 2.20; 
S ,  30.43; 8, 1;3.<1:3. Foiind: C, 26.1!); H, 2.32; S, 29.77; 
s, 13.50. 

B. V i a  the action of iodine on 6-ncei~cuptopurine ( I ) .  One 
gram of In or Ib was dissolved iii a 10-fold molar excess of 
A' sodiiini hydrositle. To this was added aii amoiint, of 
aqueous .Y iodine solrit,iori (1.9 mmoles/mmole of coni- 
pound), slightly less thaii the theoretical quantity required. 
The product was isolatd in  :r manner similar to that 
outlined in niethod A. A yield of 80',L of I I Ia  or 85% of 
IIIh was obtained. The products, I I Ia  or I I Ib ,  were spec- 
trally :ind iorio~~1iorc~tic:iIly identical \I-ith those derived 
by method A .  

?'he ,synthesis ql' pii,.irie-fi-sii!fonute ( I  V:i) or 2-aniinopiirine- 
fi-sii(fonatP ( IVI)) .  A .  V i a  the action. of alkaline potassiu?n 
permanguncite ou h'-)iie/,raptopItrines (I) .  I .  I'ioine-6-sul- 
fonate ( IVa j. ( ) IN '  grain (0.0065 mole) of Ia \vas dissolved 

of 0.5.\ potassium hydroxide solution 
soliition of 0.01:3J1 potassium perinan- 

ganate \vas add(~1,  dropwise. Thr, reaction niisturr: \vas 
allowed to st:inti 0.5 hr. Any excess pottissiuin perniarigariate 
was then drstroj.ed by :tddition of a soliitiori of potassium 
biuulfitcb. l'hc. prwil)itnted niangaiiese diosid(, was rcwoved 
tly filtration throiigli :I (:elite pad and washed thoroughly 
with water. l ' h c .  pH of the colorless filtrate \vas d j u s t e d  to 
$1 with gIw4;il :iwtic> wit1 aiid the solutiori twiporatrtl to cn. 
15 nil. The p H  w x s  brought to 7.9 with 2.1' :icetic wid.  The 
srilfonatc, ( IT'a) prwipitated :IS whit(' cwt)e-like cqpst,als and, 
after (shilling for  1 hr., \v:ts filtertd and \vttshed sequentially 
with 855; a l ~ ) h o l ,  :ilwhol, :ind finally et,her. A yield of 85[ j ;  
was ohtairicd, 111.1). >:Woo. l<ecrystallization was acconi- 
p1ishc.d 1)). rc,l)rc,c,ipit:Ltioii froin a .Y potassium hydroside 
solution with t l i l i i t c .  :ic*rtic* :wid. T h e  Xf values of the siilfo- 
ii:ito (1V:r) : r i i t l  siilfiii:ttca (1II:i) \ v ( w  i t lwticd in a11 paper 

tcLiils tricxci aiid. thrrc4ore, t h e  purity 
j w:is c.v:ilii:itc~l I J ~ .  ionophorrtir inigra- 

tion iri  l ) i c ~ r l ) ~ ~ i r : ~ t i ~ - ( ~ : i r l i o i i ~ i t ~ ~  I)rtH'c.r, pH !1.4. -4ftf.r 80 min. 
at 750 volts :i i id I i - l ! )  ni i l lkni~). ,  onl>, oiic' spot was ob- 
srrved iindrr iiltriiviol~~t light, anodic niigratiori, + 18.0 
mi. A pur(: saiii~)l(~ of I)iiriiic.-ti-sulfiii:ite (1II:t j riiii coricur- 
reritly with IVa g;ivc' i i i i  :iiiodic migration of +14.i ( ~ n .  
Ultraviolet absorptiori dtita: at  pH 4 4  (nronoaiiionic spe- 
ries), masimuiii :it 275 11111, AMr,,,,,,, !)540: ~ninimum :it 228 
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Fig. 9. Variation of 6-mercaptopurine ultraviolet i r b -  

sorption spectra with time at pH 11.9. A. pH 11.9 a t  0 hr. 
B. pH 11.9 after standing 19 hr. C. pH 11.9 after standing 40 
hr. r). pH 1.2 after standing 40 hr. a t  pH 11.9. 

afl'ording n yield of 81 % of IVa or 78% of IVb. These prod 
ucts were identical in all rt:spects to those prepared directly 
from the thiopiirinrs. 

C. Via the action of sodium siiljite on 6'-chloropurines (V).  
One-half grain of Va was added to 15 ml. of an aqueous 
solution coiitaining a molar equivalent of sodium sulfite. 
The reaction mixture was heated to 80" for 0.5 hr. On cooling 
crystallintr piirinc-ti-sodium sulfonrrtc precipitated, yield 
85cG.. A similar procedure was used for the preparation of 
2-amiiiol)iiriiic~-6-sulfoii:tte (IVhj from 2-amino-6-rhloro- 
purine (Vh)  r s c q t  t,tiat it \vas necessary to heat the rtwtioii 
mixture a t  80-85" for 2 hr. A small ainount of unchanged 
starting material was filtered arid tho filtrate concmtrated 
to half-volume. On cooling, crystalline 2-aminopurine-6- 
sodium sulfonate precipitated, yield 507,. The sulfonates 
( IV) were spectrally and electropliorrtically identical with 
those prepared by other niclthods descri1x.d above. 

Replacrnzent reactions o,f the fi-sulfinute qroup. A.  lieplace- 
nient by hydroxy(. Piiririe-(i-sulfiriate ( I I I a )  or 2-arninopurine- 
G-sulfinate (1111,) arc convcrtcd iminediiitely in 0.IAT 
hydrochloric, acid solutions t.o 1iypos:irithinc : i d  giianinc 
respectivrly in qiiantitativc >.irlds. 

h?/drogen. IIIa or 1111) were hoated on :I 

steam bath with forniic arid (98-1005;) iinti l  rio Inore sulfur 
dioxide was rvolvetl. The rsress formic acid was evaporated 
in z)acuo affording a good yield of purine of 2-aminopurinr. 
The identity of the products was confirmed by spectrophoto- 
metric and paper chromatographic methods. 

C .  Replacement by  chlorine. One-half gram of I I Ia  or 11111 
(dried n t  80" in z " x o j  \vas treated dropwise with 5 nil. 
of thionyl chloride keeping the tcwprriiture below 50". 
The reaction niixtcirc. \v:is :illowctd to st,:ind overnight :it 
room teniper:itiiro. 'I%(* ~ l l o \ ~  protliirt \v:is filterc~l : r i i t l  

ivashwl ivith csthw. llrcrj ?alliaation 1 ~ : ~ s  :~c,coiiil)lishc,ti 1i j .  
dissolviiig the compound 3 ( [ 1 1 ( ' 0 1 1 S  ~ l l l l l l l ~ J l l ~ ~ l  :l11(1 

filtering. Evaporation of th iiiiiiioiii:i alt'ordrtl ii gootl 
yield of 6-chloropurine (Va)  of 3-amiiio-(i-chloroi)iiriiie (Vb)":' 
which were identical spectrally, arialgticallv and chromato- 
graphically with authentic samples of these substances. 

Thr instnbilit!/ qf fi-m,ercaptop?trine in  0.01 9 sodiiinr h?/-  
r l r o . d e .  Thc gr:itliral osichtioii of thc thiol group of (j- 

R .  Keplncet/irnt 

(43) Ultraviolet absorption data: in A- h l  drochloric acid 
(monocationic species), maximum a t  317 mp,  AM(^^^^^) 7640: 
a t  pH 11 (monoanionic specks), maxima at 308 mfi, and 27 t 
nip 6670 and 4080. The  spectral d:rt:t iit pT-T 11 \\PI(' 

similar to that  reported by C. \I-. Noell rf 0 1 .  (see Rrf. 18).  



nir:rcilytopuriiie in dilute (3-5 X l O - 5 i l f )  solutious in 0.01,V 
sodium hydroxide WRS followed spectrophotometrically. 
A atork solution was prepared by dissolving 13.4 mg. of 
(j-iiicrcaptol)iirine in 25 nil. of water containing 2 drops of 
1O.Y sodium hydroxide. -4 50-lambda aliquot of this stock 
solritioii W:LS added to 5 inl. of O.Ol,V sodium hydroxide 
( p H  1 I .9), The solutioii \vas covered to prevent evaporation 
:inti the ii1tr:iviolet al-isorptioli spectra \vas determined at 
i i i t c n d s  as indicated in Fig. 9. Curve A (0 time) s h o w  the 
ultraviolet spectra of &mercaptopurine in 0.01N sodium 
Iiytlroxide. Ciirvr, R (19 hr.) shows the spectra resulting 
f r o i i i  the, prt i ; t l  oxidation of &mercaptopurine, while curve 
C(10 hr.) tlemonstratc~s that almost complete conversion to 
1"iririe-Ci-siilfinute has occurred. Using the final absorption at 
280 nip (curve C), the amount of sulfinate present was 
r:ilruluted to be equivalent to 9870 of the original niercap- 
t: i i i .  AckMic,ntion of the O.01.\- sodium hydroxide solution 
:it the end of 40 hr.  afforded hxpoxnnthine (curve D, maxi- 
i i i i i i i i  at 247 nip) equivalent to 90% of the original 6-mer- 
c.;tptopuririr. A small amount of unoxidiaed 6-mercaptopurine 
> ( i l l  :t1ipcarc.d to lie present its indicated by the small inaxi- 
inuni  a t  325 nip. Ovcr the same period of time, convereion of 
(i-mcrc,iLptopiirine to its sulfinate derivative also was found 
to orcur a t  pH 0.4 (bic.arbonate-carbonate buffer) to about the 
M I I ~  cstcnt us in the case of the more basic pH. In  contrast 
however, 6-niercnptopurine treated with N sodium hy-, 
droside (same conditions of concentration and time) 
tlrinonstrated :t reduction of only 30% in the original quan- 
tity of mcrcaptan. 

Electrophoretic ezperinienls. All st.udies were made using 
:in E. C. electrophoresis a p p a r a t ~ i s . ~ ~  Whatman 3.1211 puper 
~vatp employed. Carboiiate-hicsrbonate hiiflw, pH 0.4 
\vas prepared hy dilut>ion of a mixture of 200 nil. of a 0.2J1 
sodium c a r h n a t e  solution and 800 ml. of :t 0.2.11 sodiuni 
bicarbonate soliition to 4 liters with water. 

Specliophotomc.iric s ~ u d i e s .  Ultraviolet :tlisorption d:it:i 
were determined with :i Car! recording sl".ctrophotoiiietc.r. 
model 11, using I)utt"ers ant1 tec.hiiiques previousl). ti(,- 
~cribed.45>~6 Solutions of the disulfides (11) for spertrophoto- 
metric determinations were prepared in alcohol-water mis- 
tures (85: 15) in which I1 were found t o  have greatrr stahility 
than in water alone. Aliquots of these stock solutions were 
then measured at varioiia pH values. 
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7 L ' h c h  pronounced antitumor activity displayed by two eth~l-2-chloroethylai:iirio:tl~yla~iiino derivativte of acridine led to 
t II(: s\mthrsis of fiftwn quinoline and acridine analogs of this type for studies of their structrire-activit!. relationships com- 
I):,irwl \vi t  ti t hoscl of th(1 correspoiiding bis( 2-chloroethyl) forms. Sisteen other alkylating agents which incorI)or:ttcid a vxripty 
I , ]  iiiot1itic:itioiis both i i i  t h e  si&> ( S 1 i : i i n  : ind i n  the qiiinoline or avridine uiirlcws wwe dso  propwed, 

' I ' h c h  i i i i t iul  phase? of this program was coiicheriied 
piiniarily \ v i t h  thc syithesis of bis(2-chloroethy1)- 
miiiioalkyl de i i \ ra t i \w of ~-amiiioc~uiiioliiie aiid 
!)-aminoac:ridiire whivh usually coiitaiiied methyl, 
rhloro, or met hoxy groups us additional iiuc*lear 
substitueiits. In tests,3 in which the prolongation of 
h t i n 4 i x I  time of mice hcaring ascites tumors served 
i ih :I rt.itc~rioii of  :Iiitituiiior :irti\ity, it was found 
t 1i;ti t h(1 h~tlt.oc.hlo~,i(l(~,~ of' t hti propyl-, mcthyl- 
I)utyl-. xi id  1iosyl;uniiro t l~ r i \ - : i t i \~ s  \ v c w  highly 
:Ic.ti\rc a t  niolai, t los;ag~ t h t  approximated thosc 
wquiretl lei, i i i t  rogeii niustard itself. This is i i i  

sti,ikirig caoiitrast to the alkyl-type nit,rogen nilis- 
ttirds of' 1)t~nziniid:uolc and certain aryl-type iiitro- 
geii t i i i i h t  : i i& \vliicli \rcre affective only at molar 

levels thut \ ~ e r c  u t  l w u t  ten times greater thuii thosc 
iieeded for nitrogen mustard. 3 

The cwreiit serit.5 of his(l-,-c.hloi.c)ethJ.l) dcriva- 
tives of quiiioliiie aiid ac~ridine iiicludes seyeral 
iiucleur variants uiid a Yariety of cwmpouiids modi- 
fied in the side chaiu. Among the latter are u liis(2- 
bromoethyl) analog, two hydrazines, :in A\7-oxidc, 
and sonit' aryl-type iiitrogen mustards aiid ethyl- 
cw.+iiiiies. St1ver:il Inoiio '-c.hloroc.thylumiilo deriv- 
xti1.w ~ve re  also p r q x w ~ i .  l'oui.. d(i i , i \xt  ives of 
ncridiiie ([), i i i  \vhich I< \v:t,q ('€I:jC"H2 ~ alitl ? L  

\vas 2 or 3 ,  aiid iii whirh 1I \viis C k I , $  - or (>H:jC~I-I?- 
CH,-- aiid I L  \vas 3 ,  displayed outstaiicliiig activity 
against ascitcs tumors at molar levels that were 
olily slight Iy gi*entt:r t hun  1 hose l , i q r i i r c d  f o r  1 lit1 

corrcspoiidiiig "bib" h t i w t  ureb. ( )illy i~ioder~itc 
activity was apparciit whcii R was (CH3),CH-: 


