
Purine Thioglycosicles. I.  S-Glycosides of 6-,Mercaptot)uriiie’ 

‘The preparatioii of :t serieb of S-glycosides of 6-inercaptcip\ii itie ih tlewrilml. Two iui i teh ~ J E  ;.ii~lie>i. \\ci’(, 
einployed, the reaction of a 6-halogeiiopuririe with a thioglycose derivat ive, mid the reactioii of ~i-rnei,c.aptopitriii(, 
wit,h a halogerioacylat,ed sugar, followed by  deacylation. Thioglycoside coiifiguratioris were a 4 g n e d  by aiialogy 
with known alkyl and aryl thioglyco3ides. 6-P111iri)-l 
@-I)-gl\icothiopyranoside is hydrolyzed in acid solution, and iii iieiit,r:tl sollit ion by a previoiisly riiirecogriized 
thioglycosidase which is widely distributed iii plant and :tiiimal tissiies. Several other piuiiiyl thioglycoside. 
also are substrates for this enzyme. 

The puriiie thioglycosides are readily oxidized to >iilfones. 

Tlie present studies, involving the iynthesi\ :tiid 

biochemical properties of purine thioglycosides, 11 ere 
uridertakeii as part of n program concerned with thc 
presentation of 6-mercaptopurine (6-111’) in modified 
or maslied forms. The purine thioglycosides describetl 
i I i  this paper have reduced toyicity compared with 
the aglycone; moreover, the aglycone can be liberated 
either chemically or enzymatically. The prepara- 
tion of 6-puriiiyl P-r,-glucothiopyraiioside (111’G) 
(Schernc. I, T-) resulted in the detection of R previously 
unrecognized thioglycosidase, I\ idely distributed ill 
plant :tnd animal tissues including tumor<, which cat ii- 
lyzed the hydrolysis of several members of the seriei.? 
llembers of thi5 serie5 5140 serve as substrates for myro- 
sin, the thioglycosidase of the mustard plant, and for 
alnioiid emulsion. * 

The A-glucuronide of fGA\1l’ also I 
vicx of the wide distribution of uroni 
in nature and the reported high glucuronidase activity 
of certain tumors.3 This compound, however, was not 

tbstrate for bacterial p-glucuronida~e :tlthough it 
:i moderately good substrate for the m:mimali:iii 

1 1 1  vicn of the e : t ~  with which A\Il’G caii liberate 
(i-SIP it is difficult to determine the extent to which it, 
I J ~ I .  sc ,  po~\essci  antitumor activity. When the drug 
i- :tdminiitered orally, splitting is extensive due to the 
high thioglyco&htse activity of intestinal iecretion-, 
:ind i t i  :ictivity and toxicity re-emble those of free 
(;-AI 1’. This difficulty may not be overcome unequivo- 
(~t l ly  by giving the drug by the intrapcritonenl rout(’, 
siiico it could reach the intestinal tract 2 I’a biliary 

rc>tiori or by the ingestion of excreted drug (it is 
rapidly cleared by the kidney4). Hornever. 31Ki 
1 1 ; ~ ~  4giiihc:iiit :Liltiturnor activity :rlitl low toxicity 
\\ hen glvcll p2‘renter:tlIy j-’ 

( I )  (a )  T h e  aiitliors conducted the  major par t  of this research a t  T h e  \\-ell- 
corne Research Lal’oratories as  a part of a program in Cancer Chemotheraps. 
(1,) T h e  aiitliors w i d i  tu acknovledpe their indebtedness t o  Samuel Blackrnan 
for analyses. t i )  LGiwar[l Rresnick for lielp with enzyme kinetics, and t o  
(;rrtrride 1%. lilion for advice. suneestions, and help in many ways. (c) T h e  
aenior aiitiior is the  recipient of Career Scientist .\ward (1-260) of the  X e n .  
\ .<Irk liealtii Research Council and of a grant from t h e  Piational Science 
l~oiiririation (CB-3210). 

Ililcliinirs, S c i e n c e ,  130, 4N (1959): (1,) I. Goodm 
Ilitchines, F e d .  f’ror., 14, 219 (1955); (c) I. Goodman. ibid. ,  18, 236 (1959). 

( 3 )  \V. 1 1 .  lislinian, .I. .J. Anlyan, and E. Gordon, Cancer Res. ,  7, 808 
(I 51 1 7 ) .  

( + j  (;. II. Hiichinirh. J .  I<. k’outs, 1’. S.  l’I~ili1,s. and S.  S. Sternl>rrg, I’m-. 

( 5 )  I ) .  .\. (’larke and G. li .  IIitcIiings, ibid. ,  2,  2 8 i  (1958). 
(6)  G. 13ielier and I. Giiodman. i / , id,,  2, 280 (1058). 

(2) (a) I. Goodman, -1. 13. Fouts, E. I3resnick. 

. Cn,ii,er / { e , < . ,  2 ,  307 (1958). 
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SCHEME I1 
GENERAL ~IETHODS FOR THE SYNTHESIS OF THIOGLYCOSIDEF 

N concd H +  
RiSII + RpCO --+ RpCH(SRi)% + RpCSRi 

HCI mercaptal HgClz [O] 

acetoglycosyl 

halide 
RSH + Ag+ --e R8Ag __ --f RSG 

OH- 
RSIl + acetoglycosyl halide + RSG 

RCl + NaSG + RSG 

Ion-exchange resins were helpful in some cases, 
but these were frequently found to catalyze thiogly- 
coside hydrolysis. Purifications by cellulose column 
chromatography or by continuous countercurrent ex- 
traction procedures mere used successfully. But  the 
most useful procedure for removal of traces of 6-NP 
with a minimum of loss of thioglycoside was the mer- 
captide precipitation method. 6-JIP forms insoluble 
salts with Ag+, Cuzi, Zn2*, PbZf, and other cations. 
Treatment of aqueous or ethanolic solutions of purine 
thioglycosides uTith PbOz or HgO effectively removed 
6-MP residues. Because of its solubility properties, 
however, Iead diacetate was found the most suitable 
reagent for removing traces of 6-MP by mercaptide 
formation. 

For the preparation of thiosugars the method of 
Schneider, et a1.,13 involving the condensation of 
acetoglycosyl halides with ethyl xanthogenate was 
satisfactory. However, the thioacetyl methodI4 was 
most versatile and resulted in the highest yields of 
desired intermediate sugars. 

(13) W. Sohneider. R Gllie. and K. Eisfeld, Be?., 61, 1244 (1928). 
(14) (a) hl. Gehrke and IT. Kohler, Ybzd ~ 64, 2696 (1931), (b) bI. Eerny, 

J. Vrkof. and J Stanck, Chem. Lz4v 82, 311 (1958). 
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Figure 1 .-Acid-cat alyzed hydrolysis of 6-purinyl p-D-gluco- 
thiopyranoside (V)  and 6-purinyl 8-n-glucothiopyranuronide 
amide (XXIV) at 2 3 " ;  concentration, 2.30 X 10-2 pmoleiml. 

The thioglycosides prepared in the present series 
mere optically active, and configuration was assigned 
by analogy with known alkyl and aryl thioglycosides.'j 

I n  contrast to the alkyl and aryl thio glycoside^^^^^^-" 
the 6-purinyl thioglycosides undergo facile acid-cata- 
lyzed or enzyme-catalyzed hydrolysis (Figures 1 and 
2 ) .  The purine thioglycosides are readily oxidized 
to  form sulfones and may be converted to stable acyl 
derivatives (Scheme 111). 

(15) C. B. Purves, J .  Am.  Chem. Soc., 61, 3619 (1929). 
(16) I. Goodman, J. R. Fouts,  and G. H. Hitchings, Fed. Proc. ,  17, 232 

(1958) 
i l i )  11.. W. Pigman, J. Rer. 9at l .  Bur. Std.. 26, 1 9 i  (1941). 
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of LIPG by hog liver thioglycosidase. 
Hog liver thioglycosidase was pnrified by (NH4)aSOA fractiona- 
t i o n  of LlerCO powder. The preparation used was a dialyzed 
holiition of the 20-555 (of satiiration) fractioii. Reaction flasks 
c~ititai~ii~ig 10 mg of enzyme protein in  1 ml, 40 mg of MPG ( 6  
pniole .ml) i n  ciirve A or 20 mg of AIPG ( 3  pmole ,ml)  in  ciirve €3, 
:tiid 20 nil of acetate buffer (0.1 mole), pH .>.& were inciibated 
a t  :<So. Parallel flasks coiitairiing boiled enzyme d i i t io i i  were 
carried as control.. hliqiiots (2.0 ml) were withdrawn a t  5-min 
iiitervals, diliited to 10 ml with absoliite EtOH, centrifuged, and 
read o i l  the spectrciphotometer at 323 mp. 

Experimental Section 
General.-IIelting points were determined 011 the Kofler 

micro melting point apparatus and are reported iincorrected. 
1-v at)sorptio~i spectra were determined on  the Beckmaii D.U., 
the 13erkmaii recording, arid the Cary Model 11 spectrophotom- 
eters. Radioactivity was measiued by the infinitely thin plating 
technique using an iiiternal gas flow counter. Counting wa' 
uoiitinued for times sufficient to give a probable error 110 greater 
than 105;. Yo coincidence corrections were required. Where 
analyses are indicated only by symbols of the elements, analytical 

1 I 
H OAc 

x 

reaiilts olitaitied Foi. tlioie eleniellr- \vei't> withit) h0.4' of ilir 
1 heoretipal v:tliieh. 

Purine Thioglycosides.lb 6-Purinyl b-i)-Glucothiopyranoside 
( V )  (Method C)  (Schemes I and II).--O-AIP rnotiohydrate I19 

(7.5 g, 0.44 mole) was dissolved in 600 ml of conrentrated S I 1 , O I l  
(28(.;) at 25'. To thic solritioii was added a soliition coiitainiiig 
180 g (0.49 mole) of 2,:3,4,6-tetra-O-a( .l-ol-u-glilcopyrall(l*~l 
chloride (III)20 i l l  500 ml of absolute OH. ;\ 13' rise i r i  

temperat.rire of the reactiori mixt\ire was rioted within 1.i niirl. 
The mixture was allowed to staiid f o r  I 7  h i .  at 25' arid filtered, 

washed with 03[  ; EtOII. dinliiltaneorlh 
lat.ion took place yielding 87 g of impiire 

product,. -1 cecot ipitate ( 2 5  g )  formed it i  the fil 
10 niiii after fil . This rnaterial, a white, 
odorless solid, wa* piire \,*'hydrate. It. has nip 15 
[aIz2ii -363" i c  I ,  pyi'iditrel; thr I I V  ab~orptioti spec.ti,a art. 
-liowii i t i  Table I. 

V forms ,itable hydrat,es with from 1 t~ 6 moles of I l 2 0 .  1 1  
is hygroscopic in t.he anhydroiis form. The cryatallirie solid ir 
readily soluble in H20, lIAIF, glacial h c O H ,  XeOH, atid pyridine. 
It is very slightly soluble in dioxane, liitidine, and dimethyl- 
aniline. I t  may be recrystallized from absolute LIeOtI, i-PrOli, 
or from 9;icL EtOH, brit undergoes partial hydr 
recrystallization from H20:  yield of hydrst,e, after r 
tiori from MeOFI, 30 g (:Bc '<) .  

.4nal. Calcd for Cl1HIIXIO&3. l..ilTdj: C, :38.7; 11, .i.O2: 
X, 16.4. Fouiid: C, 3 9 . 0 :  II, 4.85; T, 16.6. 

Method D-l.---l-Acet~lthio-~,3,4,6-retra-0-:~cetyl-~-~-gli ic~~~- 
pyranose (VIII)l4 ( 1  g, 0.0025 mole) was dissolved iii 20 nil of 
absolut,e AIeO1-I. To this solution was added a solution of  O.:W 
g (0.0025 mole) of 6-chloropurine (VI)zl  in 25 ml of alisoliile 
MeOH. The mixtiire was filtered and left a t  23" for 16 hr. The 

emoved by filtration and the filtrate was cuti- 
i i p  I'n U I L C I I O .  The syrup was ireat,ed with 2.i 
t,OII. The EtOH-iiisoliible precipitat,e way 

The prodiirt, 6-piirinyl P-n-gliicothio- separated by filtratioii. 

(18) (a) 0. H. Hitchingn. G. 1 3 .  Elion, and I. Goodman, I3ritisli Patents 
836,686 (19601, 838,820 (1060). 838.821 (1960). 913,348 (1962): (11) U. S .  
Patent 3,050,617 (1962): i c )  <;. 11.  Hitrliings and I. Goodman, U. S. I'ateril 
3,074,929 (1963). 

411 (1962). 
( 1 Y )  G .  13. I;lion, I:. 1311rKil and G ,  H, Hitciiinrs, J .  A m .  Ciicm. S w . ,  74, 

(20) E. Pacsu, Ber., 61, 1.508 (1928). 
(21) A .  Bendich, P. .J. Russell, and J. J. For ,  J .  Am.  Chem. Soc. ,  76. 6Ui3 

!1954). 
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pyranoside, was identical with an aiithentic sample of V pre- 
vioiibly prepared by method C. 

Method D-2.-Sodiiim thiogliicose dihydrate ( VII)2z ( 3  g, 0.02 
mole) was dissolved iii 40 ml of H20z3 a t  room temperature. To 
this soliition was added a solution of 3 g (0.02 mole) of 6-chloro- 
piirine ( V I )  in 20 ml of absolute EtOH. The clear soliition was 
stirred for 2 hr at 23'. The precipitate which formed wab re- 
moved by filtration and washed with 5 cc of cold H20,  yielding 
5.4 g of dry prodiict. A hecoiid crop weighiiig 1.3 g (total yield, 
9 2 S )  was obtained from the filtrate after standing at  0" for 3 
days. The iiv absorption characteristics were identical w-ith 
those of an authentic sample of V prepared by method C (from 

The Synthesis of 6-Purinyl p-o-Glucothiopyranoside Labeled 
with a5S ( V )  (Scheme I).-For metabolic studies 1 I P G  was 
synthesized with 3:s at  the glycosyl-purine bridge. Reactions 
involved in this synthesis are essentially those described in 
method 11-2 and are summarized i n  Scheme I. 

1 - [ W] Acetylthio-2,3,4,6-tetra-O-acetyl-p-~-g~ucopyranose 
(VIII).-"5S-Thioacetic acid ( IX)  (Volk Chemical Co.) (570 mg, 
specific activity 2.1 mCi/mmole) was distilled in vacuo into a 
solution made from 0.8 g (0 .035 g-atom) of ?;a and 67 ml of 
absolute EtOH. To this soliition TTas added 2 ml of unlabeled 
thioacetic acid making a total of 0.034 mole. To the ethanolic 
solutioii was added 12.0 g (0 .032;  mole) of 2,3,4,6-tetra-O-acetyl- 
a-o-glucopyraiiosyl chloride (111). The mixtiire was heated 
iirider refliix for 1 hr with magnetic st,irring. *4fter cooling to 
0" the NaCl was removed by filt,ration. H2O (150 ml) was added 
to the filtrate which was then kept at  4" for 20 hr. The product 
(YIII) ,  a whit,e cryst,allirie solid, was washed (H,O) and dried; 
mp 12O0, lit.14t) mp 12l0,  yield 9 g ( 6 7 5 )  (8.3 X l o4  cpm/ 
pmole). 

Sodium l-P-~-Glucopyranosyl[~~S] thiol (VII).-vIII (9 g, 
0.022 mole) was dissolved in  50 ml of absoliite EtOH. To this, 
after cooling to Oo, was added a cold solution (0') made from 0.77 
g (0.054 g-atom) of Na arid 70 ml of absolute EtOH. A copioiis 
precipitate formed a t  once. .4fter standing 2 hr at 25', the solid 
sodium thioglucose (VII)  was cnollected filtration and washed 
with absolute EtOH; yield 4.0 g (8  ) (2.96 X 10j cpm/ 
pmole). 

thiogliicose ( I S )  (4.0 g, 0.183 mole) was treated with 3.4.; g 
(0.01% mole) of 6-chloropurine (T-I) ilsing the method described 
for V (11-2); yield 2.6 g ( 4 3 5 ) .  Uv absorption curves aiid paper 
chromatography demonstrated purity above 99%; activity, 
2.1 x IO5 cpm/Mmole. 

6-Purinyl 2',3',4',6'-Tetra-0-acetyl-~-~-glucothiopyranos~de 
(IV).-6-Puriny1 p-o-gl~lcothiopyraiioside monohydrate (Y) ( 10 
g, 0 .030  mole) was divsolved in 100 ml of pyridine and 35 ml 
(0.317 mole) of Ac?O was added. The temperature of the mixture 
reached 53" within 30 min, then retlirned to room temperature. 
.4fter 2 hr a t  25",  the react,ion mixture was poured into H20 
(300 ml) with stirring. A copious white precipitate was formed; 
yield 11.0 g (ZC-$), Atl::H 286 mp ( e  14.7 X lo3), mp 102-104'. 

6-Purinyl 2',3',4',6'-Tetra-O-acetyl-p-~-glucothiopyranos~de 
Sulfone ( X )  (Scheme HI).-IV (2  g, 0.004 mole) was dissolved 
in  51) ml of glacial AcOH. To this solution was added 40 ml 
(0.01 mole) of 4 9  aqueous KMn04. After stirring 3 hr at 25' 
the brown soliition was decolorized by adding 25 m10.3 JI  Sa2S03. 
The sollition was concentrated to 10 ml and chilled. The pre- 
cipitate formed was recryst,allized from 1IeOH: yield 1 g (48yc) 
of white crystals, 284 mp ( e  13.0 X lo3) ,  mp 173-175". 

Anal .  Calrd for Cl!,H,,Xj,OllS: C, 44.5; H, 4.31; S, 6.25.  
Foiind: C, 44.9; H, 4.14; S, 6.10. 

When X was heated at  100' with 0.1 -\- HC1 for 10 min, 
hypoxanthine was formed. V treated in the same manner liber- 
ates chiefly 6-1IP as the aglycone. 

X (100 mg) was dissolved in  13 ml of absolute EtOH saturated 
with anhydrous NH,. After 16 hr a t  2 5 O ,  the ammoniacal 
solution was concentrated in z~acuo t,o 5 ml. A white crystalline 
product was obt#ained; uv, A,,, 236 aiid 290 mp in HzO. These 
peaks shifted showing rapid decomposition to hypoxanthine. 

6-1lP). -inal. (C11H14N,O&3.3HpO) h'. 

[35S]6-Purinyl 8-o-Glucothiopyranoside (V).-Sodium 

Anal .  (CioHdT4OsS.H-D) C ,  H, h'. 

Hydrolysis to hypoxaiithiiie is accelerat,ed when S was dis- 
solved ill 0.1 .V ?rTaOII (Scheme 111). 

6-Purinyl P-D-glucothiopyranoside (V)  may be oxidized readily 
to the sulfone XI and to purine 6-sulfonic acid ( X I I )  (Scheme 
111). 1IPG (5 g)  was dissolved in a solut,ion containing 2 ml of 
concentrated ",OH in HzO ( i 5  ml). To this was added 50 ml 
of 30% H,OZ. After 20 hr at. 2.5" the solution was concentrated 
in vacuo to 30 ml. Crystallization occurred after standing at 0" 
for 1 hr: yield 1 g of colorless needles ( lSc,). The IIV absorptiou 
spectritm was nearly identical with that, of V but its nieltitig 
point was 170-1i2", Rr 0.66 ( ~ - P ~ O H - ( ~ H ~ , ) Z S O ~ - H , O ,  5:5:90)) 
A;ffhi" 280 mp ( E  15.9 X lo3). 

Anal. Calcd for C11H1J4O7S.HpO: X, 15.4. Found: N, 
15.5. 

An identical prodiict x i s  obtained using benzoyl peroxide as 
the oxidizing agent. XI is imstable in HuO, dilute acid, aiid alkali 
and is cleaved to hypoxanthine and pnriiie-6-sulfotiic acid. 
As by-products of the oxidation of V, the hydrolysis products 

XI1 atid hypoxanthine ( X I I I )  (Scheme 111) were formed. 
Puriiie-B-?;ulfonic acid,Z4 isolated in the benzoyl peroxide or 

peracetic acid oxidation of RIPG, was converted to a cyclo- 
hexvlamine salt: mp 230-231"; A,,, pH 1 26,j mp ( e  8.13 X 
103j, PH 11 273 m p i e  7 . 3 3  x 1 0 ~ ) .  

Anal .  Calcd for C I I H ~ - S ; O ~ S :  C. 44.2: €1. 3.69: S. 23.4. 
I ,  , ,  

Found: 
6-Purinyl m-L-Arabinothiopyranoside (XIV).-6-3IP moil- 

hydrate (7 .75 g, 0.046 mole) wai dissolved in 1.50 ml of liquid 
XH,. To this soliition was added 15 g (0.051 mole) of l-chloro- 
2,3,4-tri-O-acetyl-p-~-arabinopyranosyl chloridez5 while stirring. 
The NH, was alloiyed to distil a t  23" (about 1 hr). The viscous 
residue was dissolved in 150 ml of absolute 1IeOH and the solu- 
tion was filtered. The filtrate was concentrated to a syrup in 
vucuo, and NH4C1 was removed by sublimation a t  50" (0.1 mm). 
The viscous residue was dissolved in 25 ml of absolute EtOH 
and left, a t  0" for 16 hr. A copious deposit of crystals formed but 
was found to be a mixture of thioglycoside with 6-1lP. Removal 
of the 6-hIP was effected by treating an aqiieous solution of the 
mixture wit,h Rohm arid Haas weak-base ion-exchange resin 
XE-162; AL!xi." 280 mp ( e  14.0 X lo3), mp 113-113'. XIY 
was also prepared by reaction of 6-3IP with 2,3,4-tri-O-actyl- 
p-L-arabinopyranosyl chloride as described for V (method C). 

6-Purinyl 0-n-Galactothiopyranoside (XV).-6-lIP nioiio- 
hydrate ( 3  g, 0.029 mole) was treated with 12 g (0 .038 mole) of 
2,3,4,6-tetra-O-acetyl-a-o-galactopyraiiosyl chloridez6 as de- 
scribed for IT (method C ) ;  recrystallized from AIeOH; yield 
2.8 g (297;); A,,a, pH 1 280 mp, pH i . O  280 mp ( e  13.5 X lo3), 
pH 11 283 mp; mp 143-1.50" dec. Anal. ( C I ~ H ~ ~ ? ; ~ O ~ S . H ~ O )  
S. 

Method D.-Sodium thiogalactose (XXVJ) ( 2 . 5 0  g, 0.0114 
mole) was dissolved in 20 ml of H20. The aqueous solution was 
added to a solution of 1.77 g (0.0114 mole) of 6-chloropurine in 
.io ml of absolute EtOH. After 48 hr a t  25' the color had changed 
from light yellow to amber. Upon adding 1\le2C0 ( 5  ml) a 
white precipit,ate was formed. The solid was removed by filtra- 
tion and the filtrate was concentrated to dryness in mcuo. The 
solid residiie was extracted with hot, MeOH (three 3-ml portions). 
To the 1IeOH solution was added h,Ie?CO (15  nil). After 8 hr 
a t  0" the white crystalline product was collected arid recrystal- 
lized (AIeOH); yield 1.7 g (4,jC;C). Uv bpectra and chromatog- 
raphy demonstrated that the product, identical with S V  above, 
was free of 6-hLIP aiid 6-chloropuriiie. 

6-Purinyl P-n-Mannothiopyranoside (XVI).--G-lIP mono- 
hydrate ( 1  g, 0.0059 mole) was treated with 1.8 g (0.0049 mole) 
of 2,3,4,6-tetra-O-arety1-m-~-mannopyranosy1 chloride27 as d e  
scribed for T' (methods C or U) ;  280 mp ( e  15.0 x lo3),  
yield 0.6 g (SO%), mp 282-28:". Anal. (C11H14N40&.HaO) S. 

6-Purinyl a-L-Rhamnothiopyranoside (XVII).-6-lIP mono- 
hydrate ( 5  g, 0.029 mole) was treated with 9 g (0.029 mole) of 
2,3,4-tri-O-acet~yl-a-~-rhamnopyranosyl chloride** as described 
for V (method C);  yield 2.1 g (22%);  A,,, 282 mp in HzO, 280 
mp at, pH 11; [ C X ] ~ ~ D  -172' (c  1, pyridine); mp 165-liOo 
dec. -4 nul. ( CllH1,N401Y. HaO) N. 

C, 44.4; H, 3:13; N, 23.3. ' 

Anal .  (CioHtzNj,OB.HuO) C, H, S. 

(22) Sodium thioglucose was prepared by the method of 11. Gehrke, Be?., 
61, 1244 (1928), and was also purchased from the  Schering Corp. 

(23) I n  the condeneation of 6-chloropurine with sodium thioglucose, 
formamide ivaz found to be an  excellent solvent. I t  has the  advantage of 
good solubility for both reactants and avoids the  hydrolytic cleavage associ- 
ated with aqueous solutionr. 

(24) I. L. Doerr, I. IVempen, D. -1. Clarke, and J. J. Fox, J .  Org .  Chem.,  

( 2 5 )  D. H. I3rauns, J .  Am.  Chem. Sac., 46, 1484 (1924). 
(26) H. Skraup and R. Iirernann, Jlonatnh.. 22, 379 (1901). 
(27) D. 13. Bauns, J .  4m.  Chem. Soc.,  44, 401 (1922). 
(28) H. Ohle, \V. Marecek, and \V. Uourjau, Be?., 62, 833 (1922). 

26, 3401 (1961). 
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Sodium 6-Mercaptopurine (XVIII).--A-lZP monohydrate 
; mole) was suspended in H2O (100 nil). To thi-: 

siispeti>ioii was added a soliltion of 20 g ( 0 ~ 3  mole) of ?;a011 i l l  

I I , O  (100 rnl). i2fter filtration the soliitioii vas  concentrated 
t,ii 73 nil in ~ a c u o  :tiid chilled t o  0'. The solution beranie iiearly 
solid with cry>tals in 1 hr. To re( tallize, the d i d  w w  tliz- 
,xrlve:l i t 1  (;(IO nil of 95 Et011 by heating to the b iling poiiit. 
A gummy insoluble re due was removed by filtration arid the 
filtrate was chilled to 3" for 16 hr. The prodiict (11, ?;a+) 
vrystallizetl ns white needles atid was washed (935,  Et011 ). 
It, does riot melt biit tiims yelliiw t i t :i00"; yield <IO(,;. T v  :it)- 
sorption wits identical with that, of 6-11P at any given pFI. . \nu/ .  
(CjlIBx4SSa. 2I Iz0)  s. 

6-Purinyl p-wRibothiopyranoside (XIX).--6-?rIP nioiiii- 

hydrate 2.95 g, 0.017 mole) was treated with 5.0 g (0.017 ITillle) 
of 'L,:~,4-tl.i-O-acetyl-oc-u-r.ibop~ra1i(~syl chloride (XXIX) :IC. 

described for S I V ;  after recrystallization (MeOH), yield 1.0 g 
I I 9 %  1. A:'.!.'" 280 niu ( E  15.5 X lo3) ,  nip 106-109". Anal. (Cw- 
ll12Y444S.H20) N.  ' 

6-Purinyl 2,3,4-Tri-O-acetyl-p-u-ribothiopyranoside (XX). 
2'.:l.~-Tri-O-acetT.l-a-D-ribo~~-rario~-l chloride ( X S I X )  (1 g. , ,  I "  

0.00:3 mole) was tiissolved iti 25 ml of 1)lIF. To this solution was 
added O.!) g (0.004 mole) of the wdium salt, of 6-11P (YT'III ). 
The niixtiire WIS heated oil the steam bath for 3 hr with stirritig. 
'I'lit. sillvetit was removed in wacilo 011 the steani bath. The black 
t,r?sidiie was disolved in CIIC1, and the CHCh &-as 
100-nil port  ions of cold H20J two 100-nil portions of 
two 200-riiI poitiotis 1I2O). After drying the CI 

)> 1 tie solvent was remcived b\- distillation in raccio. 
1 p  was dissolved in absohite EtOII and decolorized with 
. After adding anhydroiin pentane to iric.ipient. c-lolldi- 

The thioglycwide 
Ilizatioti from E;tOII-- 
( e  J- j .2  X 103), mp ; ! I - -  

6-Purinyl p-D-Xylothiopyranoside (XXI).--Uhing the procedliri: 
described for V (method D-2), 6-chlorop~irine (1.6 g, 0.010 Inole) 
w:ts t reated with 2 g (0.010 mille) of sodirlm thio-D-sylose which 
W:I> prepared from 2,3,4-t,ri-O-acet~-l-a-u-xSlop3-ranosgl chloridezG 
I I J ~  a i i  adapt,at,iori of the method of Gehrke rind Kohler;14:' 
x'811 7 I ,] After continllolis extraction with 
cttiyl acetate t o  remove 6-?r1PJ the yield wris 1.3 g (2-5<;;) ,  r i i p  

15:;--187". 
Purinyl Hepta-O-acetyl-/3-D-thiolactoside (XXII).--I-TII~II-  
-Ihei,t:t-O-acet,yl-p-n-lactose ( S X v I I )  ( 5  g, 0.007% mole) 

\v:L. treated wit,h 1.1 g (0.0071 mole) of 6-chloroplirine iisirig the 
I i r o i d r l r e  for V (11-1); yield 2.5 g (43!;), mp 122-124'. XSII  
w:is also prepared by method C: (Scheme 11) from hepta-0- 
:ii,etyl-a-D-lactosyl chloride29 and 6-1IP; A::,':" 280 mp ( E  13.2 X 

6-Purinyl-p-n-glucothiofuranosiduronic Acid Amide (XXIII, 
Scheme IV).--6-MP monohydratc i 5 g, 0.029 mole) was (lis- 
-111ved in 200 ml uf liquid XH3. l-Chloro-2,5-di-O-acetyI-a-~- 
~ ~ l l ~ ~ l J f l ~ ~ l l ~ l ~ l i ~ J ~ : ~ ~ ~ ~ ~ I l ~  ( X x X I I )  (8  g, 0.020 mole) was added to thr 
NII i  soliitiiii~. The product was isolated as the amide, iising 
the procedure described for 1'; yield 3.2 g (32(;5), mp 188--190°, 
~ f > '  280 m p .  . t MIL. (CllHI3Xj6O6S. T120) S. 

as left, at .jo for 18 hr. 

S2'. r l t ~ a i .  (CIOH18 

,,,,,1 -80 nip ( E  16.1 x 103). 

9naZ. (Ci,H1zS,O,S) C, 11, N. 

1 0 3 ) .   AWL^. ( G ~ I L K ~ O ~ ~ S )  ?;. 

I 1  OH 
XXIV 

prepared from mei hy1 1 J2,:3)4-i etr:z-0-acet?-lgliicop~r~ii~~iroii:~ te."] 
The product, isolated as the amide, was recrystallized from i\IeC)I1: 
yield 1.8 g (lsri), X ~ ~ ~ ~ ' ' '  280 nip, nip 205-207". Ancti. ( C ~ l H i r  

Carbohydrate Intermediates. l-S-Acetyl-2,3,4,6-tetra-0- 
acetyl-p-D-galactopyranose (XXVj.--2,:l,4,6-Tetra-O-acetyl-cY-u- 
galactopyranosyl chloridez6 (10 g, 0.027 mole) was dissolved 
in i-PrOH (30  ml). This w:is added t,o a solutioti made from 
0.621 g (0.027 g-atom) of Nn arid 2.03 g (0.027 mole) ( i f  

thioacetic acid in ,i-PrOII (,50 nil). The mixture was refliixed O I I  

the steam bath for  I hr, cooled, and filtered to remove Sa('1. 
Water was added to t,he alcoholic filtrate until cloudy. 0 1 1  

standing a t  0" for  48 hr, a rnixtureof oil with crystals had formed. 
The mixture was recrystallized from absolute hIe0H; yield 
2.8 g (E%) ,  mp 114-11.5". 

Sodium Thiogalactose (XXVI).~~-l-Acetglthic,-",S,4,G-teir:1-0- 
:tcetyl-~-D-galactop~-rmiose (IS\.) (7.20 g, 0.076 mole) W:L. 
tlihholved in 30 r i l l  of abwliite 1IeOII. To this soliitiori \v : i~  
added a soliilioii made f N J m  (1.41 g (0.076 g-atom) of Sa and nil 
of absolute IIeOIT. After 1 hr at 25", 25 ml of  absolrite I:! 0 1 1  
was added. The white rr?.stalline product which formed i t i -  

stantaneously xas  filt ered and washed (?.IezCO); yield 3.3:: g 
( X i y / i ) ,  mp 172-17.5" dec.. dnal. (CsHl10jSNa.0.dCzI150H) C, 11. 

1-S-Acetylhepta-0-acetyl-p-D-lactose (XXVII).-Using a pro- 
cedure similar to that  described by Gehrke and K ~ h l e r l ~ ~  for 
monosaccharides, 1 :3 g (0.198 mole) of hepta-0-acetyl-a-u- 
laatosyl chloride, prepared by the met,hod of Hudson and K i ~ n z , * ~  
was added to it sollition made from 0.j8 g (0.023 g-atom) of 
Sa, 50 ml of absolute IStOH, and l.T g (0.025 mole) of t,liio- 
acetic acid. The mixtiire was heated iinder reflux on the sl,e:im 

NS0sY.HzO) N. 

Anal. \CI,Hzz01"S) C, I € .  

(30) (a) l leti iyl  1,2,S,4-tetra-O-acetyl-fi-D-glucopyranuronate wax JtIu- 

(b) W-. F. Coei)el ai111 
(c) K.-C'. Tso i i  anrl \ .  Sr l ic-  

plied courtesy of Corn Products Co., Chicago, Ill. 
I:. €I. Rahers, J .  B i d .  C/re?n., 111, 347 (1935). 
i t i : i n ,  .I. Am. ChPni. S u  i... 74. 5605 (1<452). 
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bath for 2 hr with protection from atmospheric moisture. The 
NaCl was removed by filtration and HzO was added to the filtrate 
until turbitidity appeared. An amber oil formed within 20 min, 
which, on scratching, crystallized. The crystals were washed 
(H20) and recrystallized from 50% EtOH; mp 87-89', yield 
11.4 g (83%). Anal .  (C28H38018S.H20) C, H. 

2,3,4-Tri-0-acetyl-a-~-ribopyranosyl Chloride (XXIX).- 
1,2,3,4-Tetra~-acetyl-a-~-ribopyranose~~ waa converted to 
X X I X  by an adaptation of the PacsugO procedure, yield Slcl,, 
mp 93-95", lit.31 mp 9 5 O .  Anal .  (C11HlsO$1) C, H. 

l-Chloro-2,5-d~-~-acety~-cr-~-g~ucofururono~actone (XXXII).- 
1,2,3-Tr~-0-acety~-a-D-g~ucofururono~actone30c (XXXI)  (83 g, 
0.28 mole) was dissolved in 500 ml of CHCh (U.S.P.) and 44 g 
(0.23 mole) of Ticla was added slowly with stirring. After 
stirring for 3.5 hr a t  2j0, the solution was poured into 2 1. of ice 
water. The  CHCL layer was washed (5% NaHC03, H,O), 
dried (Na2S04), decolorized with charcoal, and concentrated to 
a syrup in vacuo a t  50". The syrup was dissolved in anhydrous 
ether and a fine white crystalline product precipitated, yield 
20 g (26%), mp 152-157", [cY]~'D +240° ( c  2.0, CHC13). Anal .  
(CioHiiO7Cl) C, H. 

Goebel and Babers30b prepared X X X I I  by a different method 
and reported mp 107.5-108.5" and [ O ~ ] ~ O D  95.5' (c 1.257, CHC13). 

(31) H.  Zinner, Chem. Ber., 83, 153 (1950). 

It is possible that this large discrepancy in melting point and 
optical rotation represents two stereoisomers, although the 
optical rotation of XXXII  reported here is close to that of 
the analogous l-bromo-2,4-d~-~-acety~-cr-~-g~ucofuriirono~actone, 

(a) Acid Catalysis 
(Figure 1 ).-Stock solutions were prepared to contain 0.23 
pmole of thioglycosides/ml in H20. One milliliter of stock solu- 
tion was diluted to 10.0 ml with appropriate buffers. Periodic 
readings of uv absorption were recorded a t  280 mp and 325 mp. 
Decreased absorbance a t  280 mp with simultaneous increase a t  
323 mp demonstrated hydrolysis of the thioglycoside with libera- 
tion of 6 3 1 P  in solutions with pH values below 5. Products of 
hydrolysis were further identified by paper chromatography. 
The thioglycosides here described were stable a t  neutral and 
alkaline pH values, but were readily hydrolyzed in dilute acid. 

(b)  Enzyme Catalysis.-Hydrolysis of purine thioglycosides is 
catalyzed by a wide variety of mammalian thioglycosidase.2a 
The action of hog liver thioglycosidase on 11PG is illustrated 
in Figure 2. 

[a Iz5D +236", mp 138-130'. 
Hydrolysis of 6-Purinyl thio glycoside^.^^ 

(32) Details concerning the  kinetics of hydrolysis, the  preparation, and 
the  properties of mammaliad and other thioglycosidases will appear in a sub- 
sequent publication. 
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Syntheses are described for the preparation of substituted hydroxylaminopurines, the related methoxyamino, 
methylhydroxylamino, methylhydrazino, and methylmercapto derivatives, and some ribonucleosides thereof. 
These compounds were tested against L1210 mouse leukemia. Two compounds, 6-methoxyaminopuririe and 
2-hydroxylamino-6-methylmercaptopurine, were active against the parent L1210 line but not against a subline 
resistant to 6-mercaptopurine, suggesting that they may be converted to active nucleotides by a mechanism 
similar to that of 6-mercaptopurine. 

The marked inhibition of several mouse leukemias 
by &hydroxylamino-9-/3-D-ribofuranosylpurine,* its 2- 
amino derivative,a and 2,6-dihydroxylaminopurine 
and its ribosyl derivative4 indicates that hydroxyl- 
amino derivatives of purines or their nucleosides are 
worthy of further investigation as potential chemo- 
therapeutic agents. We now report the synthesis and 
biological activity of other substituted hydroxyl- 
aminopurines as well as related methoxyamino, methyl- 
hydroxylamino, and methylhydrazino derivatives and 
their nucleosides. 

Reaction of 8-methylthi~purine~ (I) with ethanolic 
(1) This investigation was supported b y  funds from t h e  National Cancer 

Insti tute (Grant No. CA 08748), T h e  Atomic Energy Commission (Contract 
No. AT[30-1?,910), and  aided by Grant  No. T-128F from the  American 
Cancer Society, Grant T45, a n  Ethel A. Shaffer Memorial Grant for Cancer 
Research from t h e  American Cancer Society, and U. S. Public Health 
Service Fellowship No. 1-F3-CA-32,812 (M. R. D.). 

(2) (a) A. Giner-Sorolla, L. Medrek, and A. Bendich, 150th National 
Meeting of t h e  American Chemical Society, Atlantic City, N. J.. Sept 1965, 
p 5P; (b) A. Giner-Sorolla, Calenica Acta, 19, 97 (1966); (0) 4. Giner- 
Sorolla, L. Medrek, and A. Bendich, J .  M e d .  Chem., 9,  143 (1966); (d) J. 
H. Burchenal, J. J. Fox, A. Giner-Sorolla, and A. Bendich, X I t h  Congress 
of t h e  International Society of Hematology, Sydney, Australia, 1966, p 227; 
(e) J. H. Burchenal, M. Dollinger, J. Butterbaugh, D. Stoll, and A. Giner- 
Sorolla, Biochem. Pharmacol., 16, 423 (1967). 

(3) A. Ginw-Sorolla, S. A. O'Bryant, J. H. Burchenal, and A. Bendich, 
Biochemistry, 6 ,  3057 (1966). 

(4) (a) A. Giner-Sorolla, C .  Nanos, M. R. Dollinger. J. H.  Burchenal, and 
A. Bendich, J .  Med.  Chem., 11, 52 (1968); (b) hI. R. Dollinger, J. H. 
Burchenal, and A. Giner-Sorolla, in preparation. 

( 5 )  D. J. Brown and S. F. Xason, J .  Chem. Soc., 682 (1957). 

hydroxylamine in the presence of a catalytic amount of 
chloride ions3 led to S-hydroxylaminopurine (11) 
(Table I). When 2-fluoro-6-mercaptopurine6 (111) 
was treated with the hydroxylamine solution, substitu- 
tion of the 2-fluor0 was accompanied by hydrolysis of 
the mercapto group, leading to the known7 2-hydrox- 
ylamino - 6- hydroxypurine (IV) . When 2 -fluor0 - 6 - 
methylthiopurine (V) was similarly treated, 2-hydroxyl- 
amino-6-methylthiopurine (VI) was obtained, even in 
the presence of a catalytic amount of chloride ions. 
This behavior contrasts with the ease of replacement 
of a 6-thiomethyl group by hydroxylamino when the 
Cf is substituted by SH,.3 

Upon reaction with hydroxylamine in the presence 
of chloride ions, 2,6-dichloropurine* (VII) afforded 2- 
chloro-6-hydroxylaminopurine (VIII). This is anal- 
ogous to the reported conversion of VI1 to 2-chloro- 
6-aminopurine upon aminolysis. 

(6) J. A. Montgomery and K. Hewson, J .  Am.  Chem. Soc.. 82 ,  463 (1960). 
(7) 2-Hydroxylarnino-6-hydroxypurine has been described recently by 

J. F. Gerster and R. K. Robins [ J .  Ow.  Chem., 31, 3258 (1966)) who prepared 
i t  from 2-fluoro-6-hydroxypurine. 

(8) (a) J. A. Montgom'ery, J .  A m .  Chem. Soc.. '78, 1928 (1956); (b) G. B. 
Elion and G. H. Hitchings, {bid. ,  78, 3508 (1956): (0) A. G. Beaman and 
R. K. Robins. J .  A p p l .  Chem., 12, 432 (1962). 

(9) (a) J. A. Montgomery and L. Holum, J .  A m .  Chem. Soc., '79, 2185 
(1957); (b) G. B. Brown and  V. S. Weliky, J .  Orp. Chem., 23, 125 (1958); 
(0) S. R. Breshears, S. S. Wang. 8. G. Bechtholt, and D. E .  Christensen, J .  
A m .  Chem. Soc., 81, 3789 (1959). 


