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Iteactiori of 5’-deoxyuridine4 (1) with 1 equiv of 
thiocarbonyldiimidazole according to procedures previ- 
ously described5 gave directly 2,2’-anhydro-1-(5-deoxy- 
P-warabinosyl)uracil (2). Treatment of anhydro nu- 
cleoside 2 with alkali in dilute ethanol gave a fair 
yield of 1-(5-deoxy-P-D-arabinosyl)uracil (4). Proof 
of the arabinosyl configuration of 4 was obtained as 
follows. Acetylation of 4 gave the 2’,3’-diacetate (5)  
which, upon hydrogenation over 5% rhodium on alu- 
mina, afforded the 5,6-dihydro 2’,3’-diacetate (6). 
The nmr spectrum of 5 in Di\lSO-d6 showed T values 
for the 3’- arid 2’-acetoxy resonances at  7.88 and 8.01, 
respectively. In the dihydro nucleoside (6), the cor- 
responding resonances were centered at T 7.90. Cush- 
ley, et U Z . , ~  have demonstrated with acetylated furano- 
sylpyrimidine nucleosides bearing a cis relationship 
between the C 1 4 k  substituents that  the C,. acetoxy 
resonance is shifted to lower field when the anisotropic 
effect of the 5,6 double bond is removed. They showed, 
further, that in the corresponding Irans-C14&t nucleo- 
sides, an upfield shift for the C-2’ acetoxy signal occurs 
upon removal of the 5,6 double bond. The nmr sig- 
nals for the acetoxy resonances of nucleosides 5 arid 6 
are consistent only with a cis relationship between 
the aglycon and the C-2’ substituent. 

(4) I .  JVempen. I. I,. Doeii, 1, Kaplan, arid . J .  , I .  Fou, J .  A m .  Clirm. S o c ,  

( 5 )  J. J. Fox, N. Miller. and I. Wempen, J. .Wed. Chem., 9, 101 (1966); 
J J. Fox and I .  Wempen, Tetrahedron Letters. 643 (1965). 
(6) R. J. Cushley, K. -1. JVatanaLe, and J. J. Fox, J .  Am. Chem. Soc., 89, 

JU4 (1967). 

81, 1624 ( 1 ~ 6 0 ) .  

Benzoylation of 4 with an excess of benzoyl chloride 
in pyridine yielded the tribenzoate 7. That an excess 
of this reagent will benzoylate the aglycon as well as 
the sugar moiety had been rioted previously with thymi- 
dine and uridine.? Thiation of 7 according to  proce- 
dures previously employed? gave the 4-thio nucleoside 8 
which was isolated as a crude syrup and converted to  
j’-deoxy-awC (9) with alcoholic ammonia. 5’-De- 
oxy-am-C consumed 1 mole of metaperiodate per mole 
slowly (-40 hr) consistent with an a-trans-glycol 
system in 9. The ultraviolet absorption spectrum and 
the pKa (4.2) of 9 were similar to those for am-C. 

An interesting aspect of the reaction of 1 with thio- 
carbonyldiimidazole is noted when an excess of this 
reagent is used. Reaction of 1 with 1.5 moles of this 
reagent gave ca. 50% yield of 3 whose elemental analysis 
was consistent with a dinucleoside thionocarbonate.8 
The same dinucleoside thionocarbonate was obtained 
in near quantitative yield by reaction of 2 with 0.5 
equiv of thiocarbonyldiimidazole. Dinucleoside 3 is 
converted to  2 when refluxed in 50% methanol. In 
0.3 N NaOH 3 is rapidly converted to 4. These data 

(7)  .J. J .  Fox, D. Van Praag, I. Wempen, I. L. Doerr, L. Cheong, J. E. 
Knoll, &I. 1,. Eidinoff, .i. I3endicll, and G. B. Brown, ibid., 81, 1 i8  (1959). 

( 8 )  I t  should be noted tha t  the Ultraviolet absorption spectrum of 3 is 
yualitutiuely similar to  those for 2,3‘-anhydro nucleosides.’ However, this 
“similarity” is due t o  the contribution made by the thiono group to  the spec- 
trum. IIorton and Turnerlo have obserred selective u v  absorption a t  238 
and 274 mp for  1,2-0-isopropylidene-a-~-glucofuranose 5,6-thionocarbonate. 

(9) J. F. Codington. I. L. Doerr, and J. J. Fox, J .  Org. Chem., SO, 4 i 6  
(1965). 

(10) L). Hurton and I\’. X.  Turnrr.  I‘etrohedron Let ters ,  23331 (196.1). 





January 196s 

containing 5 g (0.V22 mole) of P2Sj was added 3 g (0.0095 mole) 
of 10. The solution was heated at  reflux temperature for 0.5 
hr, the pyridine was removed under vacuum, and the residue was 
treated with about 250 ml of H20.  Theyellow precipit,ate crys- 
tallized from EtOH in yellow needles (2.55 g, 81%): mp 233' 
dec: A::: 233, 327 mp; Amin 212, 258 mp. 

Anal. Calcd for C M H & ~ O ~ S :  C, 58.18; H, 4.24; N, 8.48; 
S, 9.70. Found: C, 38.02; H, 4.56; N, 8.41; S, 9.66. 

1-(5-Deoxy-p-~-arabinosyl)-4-thiouracil (12).-To 2 g of 11 
(0.006 mole) in 300 ml of 50% MeOH was added 30 ml of 1 S 
NaOH arid the mixture was stirred a t  60" for 5 min. The re- 
action mixture was cooled and passed through an Amberlite 
IIi-120 ( H  +) column. The eluate wad extracted with CHCl,, 
and the CHCla was discarded. The aqueous layer was concen- 
trated under vaciium t o  about, 13 ml, whereupon there separated 
1.16 g ( 7 8 5 )  of a pale yellow solid. A portion crystallized from 
EtO.lc yielded pale yellow needles u-hich melted at  202-202.5'. 
Thiii layer chromatography, BuOH-HzO (86 : 14) indicat#ed only 
oiie component ; A:%': 243, 332 mp; Ami, 276 mp. 

Ana/ .  Calcd for CQH,,N,O~S: C, 44.26; H, 4.92; &', 11.48. 
Foruid: C, 44.84: €1, 4.95; N, 11.45. 

1.(5-Deoxy-8-~-arabinosyl)uracil (4).-Compouiid 2 ( I  .!5 g, 
0,007 mole) was added to a stirred solution of 100 nil of 50 
1StOTT and 11 ml of 1 A \  NaOH. The solution was stirred for 
hr at room temperature, neutralized with 1 S HC1, and evapo- 
rated under vacuum. The residue was taken up in three 100-ml 
portions of hot l I e2C0 ,  the lIesCO was concentrated to dryness, 
and the residue wa: dissolved in hot Et,OH-EtOAc. After treat'- 
ment wit,h charcoal and filtrat,ion there precipit,ated microcryst.als 
(600 mg, :37%), nip 1,55-1.58', Az 262 mp, A",::: 231 mp (only one 
componeiit by tlc, XIeOH-CHC1, 4: 1). 

And. Calcd for CsHl2SrOj: C, 47.37; H, 5.26; S, 12.30. 
Found: C, 47.26; H, 3.16; N, 12.22. 

1-(5-Deoxy-2,3-di-0-acetyl-p-o-arabinosyl)uracil (5).-To 250 
mg of 4 was added 1 ml of dry pyridine and 3 ml of AcnO. The 
mixture was allowed to stand at room temperature for 72 hr and 
the flask coutents was evaporated under vacuum. NeOH was 
added twice and removed under vacuum each time. A recrystal- 
lization of the residue from H 2 0  afforded 140 mg of flat, shiny 
plates (mp 208-209O). A single componeiit was noted by means 
of thin layer chromatography. 

Anal. Calcd for C I ~ H ~ ~ N ~ O , :  C, 50.16; H, 4.82; X, 9.00. 
Found: C, 49.97; H, 5.15; S,  8.88. 

1 -( 5-Deoxy-2,3-di-O-acetyl-p-~-arabinosyl)-5,6-dihydrouracil 
(6).-The acetyl compound 5 (130 mg) was dissolved in 50 ml 
of EtOH, and about 30 mg of 5% rhodium-on-alumina catalyst 
and one drop of HC1 were added. The hydrogenation was carried 
out a t  atmospheric pressure for 12 hr. The catalyst was removed, 
the filtrate was concentrated to 5 ml under vacuum, and t'he 
resulting precipitate was recrvst,allized from hot, EtOH. The 
compound formed white needles, mp 182-183" (43 mg). The 
compound was honiogeno11s by t,hin layer chromatography 
(BuOH-H20, 86: 14) (visualized by means of 3InO4- spray). 

9 n d .  Calcd for C1,HIin',Oi: C, 49.84; H, 3.43; S, 8.95. 
Foluid: C, 49.,5.5; H, 3.67; N, 8.81. 

5'-Deoxytribenzoyl-l-p-~-arabinosy~uraci1 (7).-To 4.3 g 
(0.02 mole) of 4 in 150 ml of dry pyridine was added benzoyl 
chloride (11.2 g, 0.08 mole), and the mixture was allowed to stand 
for 24 hr a t  70". Half of the pyridine was removed under vacuum 
and the residual syrup was poured over a slurry of ice-HzO. 
The granular precipitate was removed and washed with EtsO. 
The crude compound thus obtained (6 g, 537c)  gave a single spot 
(tlc) (b1eOH-CHCl3 4: 1). A portion recrystallized from EtOH 
melted a t  223-224". 

Anal. Calcd for C J ~ H ~ ~ S ~ O ~ :  C, 66.66; H, 4.44; N, 3.19. 
Foiuid: C, 66.58; H, 4.45; K, 3.15. 

1-(5-Deoxy-p-~-arabinosyl)eytosine (9) .  (a) From 12.- 
Compound 12 (1.1 g, 0.0043 mole) was placed in a sealed tube 
with 200 ml of EtOH saturated with XH, a t  0". The vessel wab 
heated for 17 hr a t  100" and cooled, and the tube contents wab 
cunceiitrated under vacuum. The resulting residue was taken up 
in hot EtOH, decolorized with carbon, and filtered. A further 
recrystallizat,ion from H 2 0  yielded 920 mg (goy0) of material in 
white needles which melted at, 166-168" dec. Paper electro- 
phoresis (pH 7.0 borate buffer, 6 hr, 600 v )  indicates one spot 
which mipatme.* toward the cathode. Infrared, nmr, and tlc 
iiidicated t,hat t,he material is ideiitical wit,h the material described 
in preparation b below; spectral data: 280 mp ( e  
12,8U0), A,,,,, 241 nip ( E  1700); A::,' 272 nip ( E  SYOO), A,,i, a t  
248 m p  (E 3700), inflectioll a t  229 mp. 
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.4nal. Calcd for C B H I ~ N B O ~ . H ~ O :  C, 44.08; 11, 6.12; X, 17.14. 

Found: C, 44.27; H, 6.20; S, 17.42. 
Spectrophot(omet'rica1ly calculated pK, = 4.20 ( +0.05). 

Rot,at.ion shows [CY] 2 3 ~  + 114', and met.aperiodate consumpt,ion 
is complet,e over 40 hr consist,ent with an or-trans-glycol syst,em. 

(b )  From 7.-To a stirred mixture of 5.0 g (0.0093 mole) of 
7 in pyridine (150 ml) was added 9.2 g (0.041 mole) of P& and 
0.2 ml of H20. The mixture was heated a t  reflux temperature 
for 3 hr and the pyridine was reduced to half volume under 
vacuum. The residual syrup was poured into ice H20,  stirred 
for 1 hr, and extracted into CHC1,. The CHC1, was washed with 
H2O and dried (Na2S04). All attempts to crystallize the syrup 
obtained on t,he evaporation of the dried CHC13 solution failed. 
The crude syrup (8) was therefore used for the preparation of 9. 
The crude syrup (3.5 g)  was heated in a sealed tube at 100" for 
12 hr with 150 ml of EtOH saturat,ed at' 0" with S H , .  The 
tube content,s was brought t,o dryness under vacuum, t,aken up 
in HzO, and shaken with CHCla. The aqueorih layer was concen- 
trated to 10 ml and on cooling there was obt,ained 240 mg of 

tals. Fiirther concent,ration of the aqueoirs layer 
yielded an additional 200 mg of crystals. These t,wo fractioiih are 
identical in all re.3pects with the compowd obtained by method 
a ( a i d e  supra)  ir, nmr, tlc. However t,he former precipitate melh 
at, 189-192" while the recrystallized sample of the 1att.er melt,s 
at 166-168". 
Di( 2,3-0-isopropylideneuridylyl) 5'-+5'-Thionocarbonate (A) .  

-To 980 mg of 2',3'-0-isopropylideneuridine (0.003 mole) 
in 50 ml of dry toluene heated to 80" was added a solution of 
thiocarbonyldiimidazole (640 nig, 0.003 mole) in 20 ml of toluene. 
The reaction was stirred at reflux temperature for 4 hr. The 
yellow color faded and the reaction mixture was then cooled. 
The toluene was decanted and the insoluble residue was washed 
twice with EtZO. The residue was then recrystallized t'wice from 
EtOH to give white needles which decomposed slowly up to 
140°, A::: 260 nip ( C  12,900), Ami, 237 mp ( e  11,400). 

Anal. Calcd for CzjH30N4012S: C, 49.18: H, 4.92; S, 9.18; 
S, 3.24. Found: C, 48.68; H, 4.91; N, 9.71; S, 3.67. 
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In  general, there are two types of branched-chain 
carbohydrates-those where the branching involves 
one of the ring atoms and those having a branched side 
chain. As examples of nucleosides containing branched- 
chain sugars of the first type, we recently described' 
the synthesis and some biological effects of both 2'-C- 
methyladenosine (I) arid 3'-C-methyladensoine (11). 
Earlier, as a consequence of work on the naturally 
occurring branched-chain sugar noviose, we synthesized2 
methyl '2,3-0-isopropylidene-5,5-di-C-methyl-~-~-ribo- 
furanoside (111), a sugar which is examplary of branch- 
ing of the second type. In  view of the interesting 
biological properties of 2'- and 3'-C-methyladensosine, 
it seemed worthwhile to  convert I11 into the related 

(1) E. Kal ton ,  S. R .  Jenkins, R. F. Nu t t ,  11. Zimmerman, and F. W. 

(2)  E. Waiton, J .  0. Rodin. C. H. Stammer, F. W. Holly, and K. Folkers, 
Holly, J .  Am. Chem. Soc., 88, 4524 (1966). 

abid., 80, 5168 (1958). 


