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structure V for the crystalline material. The non- 
crystalline material was tentatively assigned VI on the 
basis of itq uv and nmr spectra but its elemental analy- 
sis was poor. i lna l .  Calcd for C35H4jO10S: C, 
65.71; €I, 7.09; S, 2.19. Pound: C, 64.31; H ,  7.33; 
T, 1.88. 

I n  a similar manner X was treated with CH2S2 and 
the crude product mas treated with SaH-11eI. -Again 
two major products were formed and these were separa- 
ted arid purified by alumina chromatography to give an 
11% yield of a crystalline material and a 39% yield of a 
noricryitalline material. The two crystalline com- 
pounds obtained from I1 and X were identical in every 
rehpect including elemental analyses ( A  rial. Calcd for 
C3jH45010S: C, 63.71; H, 7.09; S, 2.19. Found: C, 
66.04; H, 7.16; S, 2.44), mixture melting point, and 
ir arid iimr spectra; the two noncrystalline compounds 
were identical by ir spectra. 

Sirice both X and I1 are converted to identical de- 
rivatives the stereochemistry of the sugar moieties of 
the two compounds must be identical arid X must be 
0-demethyldecarbamoylnovobiocin (VII) . 
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Growth inhibitory effects are shown by a variety of 
adenosine analogs in which either the ribose portion or 
the purine ring skeleton is modified.* The inhibition 
appears in many instances to be related to the tendency 
for the adeonosine analog to become converted in vivo 
to  a nucleoside 3‘-phosphate by adenosine kinase ac- 
ti011.~-~ I n  addition to  adenosine derivatives two ino- 
sine derivatives, 7-deaza-j and 8-aza-9-deazainosines‘j 
(the 6-hydroxypurine analogs of tubercidin and formy- 
cin, respectively), are also inhibitory to mammalian and 
bacterial systems arid it has been suggested2 that these 
effects may be associated with enzymatic conversion 
of these analogs to their ribonucleotides. Support 
for this possibility is provided by recent evidence’J for 
the existence in niammaliaii cells of iriosirie kinase. 
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The present report describes the synthesis of some 5’- 
substituted inosine derivatives, including 3’-amino- 
and 5’-mercapto-5’-deoxyinosines (4 and 8, respec- 
tively) which are potentially capable of becoming phos- 
phorylated a t  the 5’ substituent by an iriosirie 17’ a a s e  
and which might, therefore, exert growth inhibitory 
effects. 

Treatment of 3’-0-(p-tolylsulfonyl)-2’,3’-O-iso- 
propylideneiriosine (1) with sodium azide in dimethyl 
sulfoxide furnished the 3’-azido nucleoside 2 in good 
yield (Scheme I ) ;  a minor product was 2’,3’-O-iso- 
propylidene-3,3’-cycloinosiiie (9). ,j’-Azido4’-deoxy- 
inosine (3) could be readily obtained by acidic cleavage 
of the isopropylidene group of 2. Catalytic hydroge- 
nation of 3 with Rariey nickel resulted in essentially 
complete conversion to 5’-amino-5’-deoxyinosirie (4) 
which, as expected for an alkylamine. reacted with 
ninhydrin arid migrated as a cation upon paper electro- 
phoresis a t  neutral pH. The nucleoside 4 was con- 
veniently obtained also by hydrogenation of 2 followed 
by acidic treatment of the resulting 5’-amino-2’,3’-0- 
isopropylidene-5’-deoxyinosine which was riot isolated. 
This latter nucleoside could not be obtained by direct 
amiriation of either 1 or 5. 

Conversion of the tosyl derivative 1 to 3’-iodo-5’- 
deoxy-2’,3’-0-isopropylideneinosine (5 )  with S a 1  
in acetone a t  100” was reported by Levine and Tipsong 
but identification of the product was inadequate. 
Holmes and Robins’O detected the cyclonucleoside 9 
among products formed under the conditione of Levine 
and Tipson and did not report isolation of the 5’-iodo- 
substituted nucleoside 5 .  Treatment of 1 with S a 1  in 
refluxing acetone furnished the nucleoside 5 in high 
yield. Removal of the isopropylidene group of 5 
occurred smoothly a t  p H  2 to give 3’-iodo-;i’-deoxyino- 
sine (6). The iodo derivative could be converted to 
the corresponding 5’-thiocyanato derivative with so- 
dium thiocyanate and to the 5’-mercapto derivative (7) 
with S a S H .  Acidic treatment of 7 furnished 5’-mer- 
capto-5’-deoxyinosine (8) in small yield, and paper 
chromatography indicated that this was due to exteii- 
sive concomitant fission of the glycosidic bond. The 
blocked nucleoside 7 mas totally converted to hypo- 
xanthine by acidic conditions which had no effect on 
the glycosidic bond of 2’,3’-O-isopropylideiieiriosiiie 

Holmes and Robins’O have shown that the tosyl 
derivative 1 is converted to 2’,3’-O-isopropylidene- 
3,s’-cycloinosine (9) in refluxing dioxane. In the 
present studies, this intramolecular reaction tended to 
accompany bimolecular displacement reactions a t  
C-5’ of 1 and 5, as noted above for the conversion of 1 
to 2. Attempts to prepare 5’-cyaiio-5’-deoxy-2’,3’-0- 
isopropylideneinosine by reaction of 1 or 5 with S a C S  
were unsuccessful, as judged by ir spectroscopy of the 
reaction products, and in some instances yielded princi- 
pally the cycloriucleoside 9. That formation of 9 ib 
promoted by basic coiiditioris was confirmed by the 
finding that 5 is converted to 9 at room temperature by 
SH,OH; the ease of cyclonucleoside formation is pre- 
sumably related to electron availability a t  S - 3  in the 
monoanion of 5 as illustrated by structure 12. 

(10). 
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(10) \Yah  co1ir'el.tcti t o  - -  
t t i ( '  coi re5poridiiig 5'-O-(p-iiit roberizeiieuulfoii?.1) tleriv~i- 
I I L C  (11) .  \Vheii treated \\it11 SaS? in DSISO at rooiii 
t cmpcruture xiucleowJe 11 iuidrm ent complete reactioii 
\\ i t h i i i  5 miii :md the 3'-aztdo derivative 2 was izolatctl  
111 high J iclltl. T'ridrr the same conditioiib the p-tolu- 
c21ie5ulfori? 1 derivative 1 did riot react. Iii the  present 

le- of i iucIco~~dc- the p-riitrobenxeiic.- 
\iilfoii? 1 gri)up mu? be of ~ i d e r  usefulnebs than tiit, 
p-t oluciie\ulfoii;r 1 group iriazmuch :15 it eiihancei re- 
act i \  it] at v-:' without fayoring :~,3 ' -cgclonucleo~i~l~ 
ii)im:itioii over bimoleculur displacenierit 

. I t  a concentration of 1 1-1i.U the .i'-deoxyinobiiic 
cic1riv:ittr.e- 4. 6. ant1 8 irilitbited multiplication of 
I ,>lihY inoust' 1) niphimxi w l l i  by 30%; after 38 hr  a i i t l  
tlic :'-deos\ iiio4iie 3 iriliibitctl hg 200%;. 1 - d e r  thc~-c 
voiiditioii5 (j-riiel.captopuriIie \v:i- tenfold mure iiihihi- 
tory t1l:Lll 4.1) 

ir spec41 ra \ v c ~ w  tieteriiiiiied i r i  KBr disks i i ~  ;I l ' ~ ~ ~ k i ~ i - I ~ ~ l i i i i ~ i ~  
LSiB spec.t1.ophi)tonieter. Alirroanalyses wei'e p ~ ~ i ~ f i ) i ~ i i e d  I ) > .  
111.. .4. Beriihardt, IUulheini, Germany, on samples dried in Z Y I ~ ' ~  

at SOo for 8 hr over P,O:,. The valiies were withiii 5~0.4 '  IJ f  
theoreticd. 
i ised dii,ectly. .\lerC>O and .\IeCOEt were dist illrd a f t e r  tit.>.iiig 
(Ii iaCO8).  AIelting poiiits (t*ori,ected) were d ~ t c ~ i ~ i i i i i i e d  oil  :I 
Kofler mivro hot stage. 

5'-0-Tosyl-2',3'-0-isopropylideneinosine (1 ) \v:is p r ( , l ) ~ ~ r c ~ l  11). 
the method of Levhe  aiid Tipsori.Q It ciystalliseti f i .oi i i  \ fe( f I r  
If& as white flakes, mp l~15-l~16° (lit.9 lS5-lSCi"). I11 0.01 .I/ 
lIC1 it showed A,,,;,, 249 nip ( c  10,910) arid 229 nip ( e  I - j , : ~ l~J :  
i i i  0.01 Jl XaOEI, A,,,, 2.53 m p  ( c  11,410) and 228 nip 1 e  I . i , l . i O ) .  
It exhibited covalent sulfonate absorption at 8.5 p I 2  a i r t i  r i o  

1:eageiit grade pyridine was stored i ) v e ~  (:a 

absorption at 2.8 (free OH) or at 9.8 p (SO,-). .Inal. J C L ~ I I ~ ~ S , -  

5'-Iodo-5'-deoxy-2',3'-O-isopropylideneinosine ( 5 1. To < I  

soliitiori of 1 18 0 g, dricti :it 80" (0 1 mm) ovw I'J Id  fi)r IO h i  ) i t 1  

dr\  AIc2C0 (400 nil). N : I ~  :ititled Sa1 (20 0 g) :md thc Ini\tiiri 

07s) C, H, X, S. 



\v:ts rcsfluscd fur 8 lir uiider :tiili~.droua cuiitlitiuiis. \\'it11 shorter 
rcyirtiuil timos cwnversion !vas incomplctc as shoivii by the 
persist elice of absorptioii at 220 xnp iii the product drw to the 
tlJSyl fiiiictioii. Fodiiim tosylate (3.1 g, theoretical 3.11 g)  was 
removed by filtratioii. NarSOa (3 ml of l0S)i aqueous solutiou) 
~ V B S  added t o  the acetotie solution aiid solvetit was removed under 
i,edriced pressure at  :30°, leaviiig a paste which was shaken with 
:I inistiire of II,O (150 ml) aiid EtOAc (400 nil). The  HzO was 
saturated with XaC1 aiid agaiii extracted (EtOAc). The  ethyl 
acetate was conrentrated t o  ca. 60 ml and chilled overnight tu 
j,ield fitie iieedles of prodlict 13.20 g), mp 194-193°. The ma- 
terial was homogeiieoiis on paper chromatograms ~solveiits 
A, B, and C )  arid was used directly for subsequent experiments. 
The  mot her liqiiors gave an  additional 0.4 g, nip 183-18To dec; 
total yield 77"'(. Crystallization from l IeOH-H20 gave white 
iieedles, mp 197-1!18" dec. d n a i .  (C13111jIS,04.CI-13011~0.3- 
IJ!O) C, I f ,  s, I. 

CI i~ys~a l l i~a t i~~ i i  froin l IeuCO gave :tiihycirciiis niaterial as 
fiite needles: nip 20:3-204" dec; i i i  U.01 IlC1, A,,,,, 248 I I I ~  

( e  12,1e50) atid A,,,;,, mp ( e  27.50); iii 0.01 -11 S a O H ,  A,,,,, 25Y 
m p  i a  13,100) aiid i l l  223 m p  ( e  2066). i lnal.  (CI3H~JN404j  
C, T I ,  S. 

5'-Mercapto-~'-deoxy-2',3'-O-isopropylideneinosine (7).--To 
it stirred solution of SaSH (6.0 g )  in MeOH (500 ml) and H2O 
(100 ml) x n s  added 5 (2.0 g) a t  room temperature. HrS  was 
hubbled in for 20 min. The flask was stoppered and the mixture 
stirred a t  4' for 72 hr. Volatiles were removed in o'cccuo and the 
gum was dissolved in ice-rold H 2 0  (170 ml) containing p-mer- 
captoethanol (2.0 ml) and acidified with 6 S AcOH to p H  4.5. 
The  suspension was concentrated to  half-volume under reduced 
pt'essure and the precipitate was collected by  centrifugatiori and 
washed with cold aqlieous 0.03 J I  p-mercaptoethanol. The  prod- 
uct was dissolved in 0.05 JI SH,OH (17.7 ml) containing mer- 
c~aptoethanul (0.05 LIT), the soliitioii was freed of insolubles, and 
the pH was adjristed to  4..i to give product (980 mg), mp 199- 
200" dec as a white amurphoiis solid. This material was homo- 
geneoils on  paper chromatugrams in solvents A, B, and C. 
\'ac.iirim concentratioii of the mother liqiiors to 40 ml gave further 
prodiict (330 nip) which contained ca. 37;  of 5. A suspension of 
this pruduct in 0.03 J f  p-mereaptoethanol (30 ml)  as adjusted 
to  pII 7.0 with XI-ILlH and extracted (EtOAc, two 15-ml 
portiotis). The pH of the aqlieoiis phase was adjusted to 4.5 to 
give a second C N J ~  (220 mg) of product, nip 204-205' dec, which 
was chlomatographically homogeneous. The combined product 
(1.2 g )  was dissolved i i i  1.2 1. of boiling 0.05 aqueous p- 
rnercaptoethanol and the solution was concentrated uiider re- 
ciiiced pressiire to ea. 80 ml. The white microcrystals were 
washed (EtOH atid lIe2CO) to give 0.96 g of the monohydrate: 

-233' dec; in 0.01 J I  HCI, A,,,, 248 mp ( e  11,600) and 
Ami,> 220 nip (2980); in 0.01 J I  SaOH,  A m n r  23:3 mp (€12,220) arid 
A,,,, 226 nip (E 3976). Anal. (C ,3H16N408 .H20)  C, H, S, S. 

5'-Mercapto-S'-deoxyinosine (8).-.1 suspension of 7 (200 mg) 
in aqueous 2.f1~; .IcOH (100 nil) containing 1 ml of p-mercapto- 
cthanol \viis heated wider rc4nx for 30 min. The resulting solri- 
tion xas  immediately rooled to  5'. Chromatography in i-PrOH- 
S I~~OH-I - I IO  ( i o :  5:23) showed two major iiv-absorbing spots 
with Iii values 0.47 and 0.20 which corresponded to  starting 
material and prudiict, respectively; a minor spot of R f  0.38 
correspoiided to hypoxarithiiie. The solvent was removed from 
the reactioii mixtiire at 0.1 mm (finally at  20'). The  residual 
giim was dissolved in 10 ml of a mixture of i-PrOH-KH40H-H20- 
H8CH2CH20H (700: 100: 190: lo) ,  ceiitrifiiged from traces of 
insoluble material, and applied to a 2.5 X 7 3  ern column of 
cellulose powder (Whatmail standard grade). The  column was 
developed with the same solveiit mixtiire and fractions (11-12 
nil) were collected. Chromatography (solvent B) showed that 
fracticiiis i36-50 rotitaiiied most of the desired material ( K r  0.2) 
:tiid also coritaiiied a miall amount of a compoiient ( I f f  0.5) 
which was presiiniably startiiig material. Fractions with this 
conrpositioii from four siich cdiimiis were combined and evapo- 
i,ated to dryness in z'uczio. The residual giim was triturated 
several times with E tOH and solvent was removed in z~acuo to 
give the crude mercapto compound as a semisolid. This was 
dissolved iii ca. 0.1 ml of water, p-mercaptoethanol was added, 
arid after siiccessive additions arid evaporatioiis of E tOH a 
white am~irphoiis powder was ohtaiiied; this was rollected and 
washed 111e2C0, two 3-ml port ions) to yield criide material 
(1.50 mg), mp 194-196" dec. This material was aborit 93c& pure 
as jiidged b>- paper chi,omatography iti solvent B. Crystalliza- 
tiuii frum I-I,O (ca. 0.5 ml) aiid E tOH (ea. 10 ml) in the presence 

of ~-mercaptoetliaiiol gave :i ~iiicroerystalliiic solid ( T O  nig j :  
nip 216-217" dec; iii 0.01 :U HCI, A,,,,, 24% nip ( e  11,740), 
Arr,iu 219 mp ( e  2884); iii 0.1 aV NaOII, A,nax 233 nip ( e  12, i i0) ,  
A,,,ili 2223 nip ( e  3709). -Inal. (C10H12X,0&.2H20) C, S,  S; 
I I :  calcd, 3.00; foluid, 4.34. 

When the reaction time was increased to 1 hr the major prodiivt 
was hypoxanthine. Under similar conditiolis 2',3'-O-isoprop,~~l- 
ideneiiiosiiie ( 1 0 )  even after 2 hr uf reaction gave iiiosiiie as the 
otily iiv-absorbing material in additioii tu 3-10';t of startiiig 
material. 

5'-Thiocyanato-5'-deoxy-2',3'-O-isopropy~ideneinosine.~To :t 
solution of sodium thiocyanate (820 mg) in 50 ml of AleCOXt 
WRF: added 5 (420 mg), and the mixture was refluxed for 8 hr. 
Solvent was removed a t  30" under redured pressure, and the 
brown residue was dissolved in H20 (40 ml) arid extrac.ted into 
EtOAc (three 100-ml portions). The EtOAc was washed with 
SanSOa (two 10-ml port,ions) theii HZO and evaporated to 
The residual solid (210.0 mg) yielded 80 mg of a microrr 
solid, mp 185-186", from hleOH-H2O. Two crystallizatiuiis 
from E tOH then gave the product (60 nip) as (nolorless needles: 
mp 189-190"; in 0.01 .I2 HCI, A,,,, 249 mp ( B  12,280) and A,,,,,, 
220 mp ( e  3072); in 0.01 '12 KaOH, A,,, 251 mp ( e  13,520) aiid 
Ant in  220 mp ( e  9768). I r  absorptiori due to the thiocyaiiate 
gronp was present at  4.6,5 p. Anal. (CI~HI;S;O~S)  C, H,  N, 8.  

5'-Iodo-5'-deoxyinosine (6).--X suspension of 5.8 g of 5 in 500 
ml of HC1, pH 2,  was stirred in a bath at 7G8O0 for 1.75 hr. 
The resulting solution was concentrated under reduced pressure 
to  ca. 80 ml and the crystalline precipitate was collected and 
washed (H20, Me2CO) to  yield 4 g of product. The mother liquor 
was neutralized (BH4OH) and concentrated to  give an additional 
0.5 g of product (total yield, %yo). Paper chromatography in 
systems A, B, and C showed only one spot. For analysis the 
product was obtained from EtOH-H20 ( 9 : l )  as white needles: 
mp 190" dee; in 0.01 AY HCI, Amax 248 mp ( e  11,960) and A,,i,, 
221 mp ( e  3443); in 0.01 S NaOH, A,,, 253 mp ( e  13,371), 
A m i n  228 mp ( e  5265). Anal. (ClaH,11K404) C, H,  I, S. 

5'-Azido-5'-deoxy-2',3'-O-isopropylideneinosine (2).--A mix- 
ture of 1 (7 g, 15.2 mmoles) and KaSa (7 g, 108 mmoles) in 35 
ml of anhydrous DMSO was stirred for 20 min in a bath a t  90- 
100". Paper chromatography in n-BuOH-AcOH-H20 (5 : 2:  3 )  
showed tha t  ea. 80% of the  starting material had been coiiverted 
to 2 and ea. 20%, to 9. The reaction mixture was diluted with 
H2O (100 ml) and extracted with CHC13 (350 ml). Evaporation 
of CHCI, arid trituration of the residue with a small volume ( i f  

H20 yielded 3.8 g (73%) of crystalline product which showed otily 
one spot on paper chromatography in systems -4, B, C. Crystal- 
lization from H20 gave white prisms, mp 222" dec. The product 
showed strong absorption a t  4.73 p corresponding to the azid(i 
function. At p H  4 Amax was 248 mp and Ami, was 223 mp;  
a t  pH 11, A,,, was 233 mp and A,,, was 223 mp. dna2. (C13H1,- 
SiO4.0.5H2O) C, H, N. 

5'-Azido-5'-de'oxyinosine (3).--h mixture of 2 (3.6 g)  arid 400 
ml of HC1, pH 2,  was heated under stirring iri a bath at  TO-80" 
for 1.5 hr. The solution was evaporated to dryness in eacito 
(finally at 0.1 mm), the residue was dissolved (HtO), and trares 
of HC1 were neutralized with SHIOH.  Removal of H 2 0  gave 
a gum which formed a white solid (2 g, 65c0 yield) after several 
additions and evaporat,ions of CHC13. This material showed a 
single spot on paper chromatography in systems A, B, and C 
and was used directly for t,he preparat,ion of 5'-amino-5 -deoxy- 
inosine (4). Attempts to  crystallize the product failed. I t  
separated as a gelat,inous precipitate upon cooling its solution in 
hot ethanol. iifter two such purificatiorls it had mp 161' dec 
(prior softening). At pH 4, A,,, was 248 mp, Amiu 223 mp; 
a t  p H  11, A,,, was 253 mp, Ami,  225 mp. Anal. ( C I O H l l ~ i ~ 4 )  
C, H, N. 

5'-Arnino-5'-deoxyinosine (4). (a) From 3.-Compound 3 
(3 g )  was dissolved in 100 ml of boiling H20. Heating was dis- 
continued and Raney nickel W2 (from ea. 4 g of Si-A1 alloy) 
\vas added. When S? evolution ceased hydrogenation was 
carried out a t  a pressure of ca. 2.8 kg/cm2. The mixture was 
warmed t o  dissolve precipitated amine and was filtered from 
catalyst. Cooling gave 2.2 g (75.5%) of white needles which were 
washed (HzO, EtOH). Paper chromatography of this product 
in systems B and C showed a single uv-absorbing spot which gave 
a positive ninhydrin spray test. After recrystallization from 
H20 i t  had mp 179' dec; at  pH 4, A,,, 248 mM ( e  12,200), A m i n  

219 mp ( e  11.50); a t  pH 11, Amlax 233 mp ( e  13,200), Ami,  224 mp 
( e  2800). Anal. (CloHJJ j04 .H,0)  C, H, S. 

(b) From 2.-Compound 2 (1 g )  was dissolved in 20 nil of 



Acylations of Sonie 2-Amino-6-halo- 
and 2-Amino-6-alkylthiopuriiies' 

r .  1 lie present work is u coiltinuation of :L study of' 
acylntiori of p u r i ~ i e s ' ~ ~  which involves the preparation 
of derivatives of possible valuc in cancer chemotherapy. 
Included in the current work are cwboxylate deriv:r- 
t ivos of 2--aminopurine-(i-t h iow and of 2--amiiio-(i- 
chloropurine, both of which i t i  thc free state have 
t umor-inhibitory 

The 2-amino group in purines is lcriowri to react with 
hoth aliplintic :md :iroiii:itic :ziihydrides6--Y to  yield the 
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