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Note 

Reaction of l-(2,3-0-isopropylidene-j?-D-ribofuranosyl) 
uracil with excess thionyl chloride Formation of 
bis[l-(2,3-0-isopropylidene-P-D-ribofuranosyl) uracil] 5’-sulfite 
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Recently the 9-(5-chloro-5-deoxy-j?-D-nbofuranosyl) analogs of adenme and 
hypoxanthme have been employed m the syntheses of dmucleosrde phosphates’ 
These chloro compounds were conveniently prepared by the actton of excess thtonyl 
chlonde on 9-(2,3-0-rsopropyhdene-j?-D-nbofuranosyl)ademne and 9-(2,3-O-rso- 
propyhdene-/?-D-ribofuranosyl)hypoxanthme The subJect of this report deals with 
reactron of the pynmrdme nucleosrde l-(2,3-O-rsopropyhdene-/3-D-nbofuranosyl)- 
uracrl (1) wtth excess thronyl chlonde 

When 1 was treated with excess thronyl chloride for 16 h at room temperature, 
three products were isolated bis[l-(2,3-O-isopropyl~dene-~-D-r~bofuranosyl)urac~l] 
5’-sulfite (2) m 28% yreld, 1-(5-chloro-5-deoxy-2,3-U-rsopropyhdene-j3-D-nbo- 
furanosyl)uracrl (3) m 4 5% yreld, and I-j?-D-nbofuranosyluracrl (4) m 50% yreld 

Formatron of 2 was unexpected, as the purme nucleoside denvatrves prevrously 
mentroned undergo facrle chlormatron with excess thronyl chlonde at room tempera- 
ture’ A search of the literature pertinent to tlus SUbJeCt reveaIed that certain alcohok 
(ethanol’, amyl alcohol’, fatty alcohols3) are not easily chlormated by excess thronyl 
chlonde but are converted mto the respectrve brs(sulfites) Others (methanol*, 
secondary, and tertrary alcohols3) undergo facile chlormatron with excess thronyl 
chlorrde and the brs(sulfites) can be obtamed only If a hmrtmg quantrty IS employed2 
A recent example was reported by May and Karser4, where a hmrtmg quantrty of 
thtonyl chlonde was used to suppress chlormatton m the syntheses of b&p-mtro- 
phenyl)sulfite 

The differences m product formation with thronyl chlonde between the pm-me 
nucleosrdes g-(2,3- 0-rsopropyhdene-@-D-nbofuranosyl)ademne or g-(2,3- O-ISO- 
propyhdene-/?-D-nbofuranosyl)hypoxanthme and the pynmrdme nucleosrde 1 are 
presumably due to the properties of the respective nucleostde bases One drfference IS 
that 9-j?-D-rrbofuranosyladenme (pK, = 3 5)5 and 9-B-D-nbofuranosylhypoxanthme 
@K, = 1 2)5 are more readrly protonated than l-/?-D-nbofuranosyluracrl (PK, of 

*To whom mqmnes should be dlrected 
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uracrl = -3 38)6 As Darzens’ found that excess thronyl chlonde m the presence of 
tertrary base facrhtated for-matron of chlorides,, It was thought that the more basrc 
nature of adenosme and mosme could be responsrble for enhanced for-matron of the 
chloro derrvatrve When this postulate was tested by addrtron of an equrmolar 
quantrty of 9-(5-O-acetyi-2,3-O-lsopropyhdene-P-D-nbofuranosyl)adenlnes to the 
reactron mrxture of thxonyl chlonde and 1, the ratro of products 2, 3, and 4 was 
unaltered Treatment of 1 with excess thronyl chlorrde and pyndme afforded an 
Intractable mixture wrth no apparent for-matron of 2, 3, or 4 

2 

9 /o 
CMe2 

lb 

A second drfference in the propertres of these nucleosrde bases IS that certain 
uracrl nucleosrdes readrly form anhydronucleosrdes through the aoxygen atom of the 
uracrl rmg The possrbrhty of formahon of the mtramolecular sulfite mtermedrate lb 
cannot be ruled out, however, no evrdence of thrs type of compound was found 
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Reactlon of the mtermedlate chlorosulfite la with 1 can explam formatlon of 
the bls(sulfite) 2, whereas mtramolecular rearrangement* of la can afford the chloro 
compound 3 When the bls(sulfite) 2 was treated wth excess thlonyl chlonde m 
which 2 eqmvalents of hydrogen chlonde gas had been dissolved, no chloro com- 
pound could be detected T’hls suggested that the bls(sulfite) 2 does not act as an 
mtermedlate m the formatlon of compound 3 When 1 was treated with ten times the 
amount of thlonyl chlonde used m the previous experiments, the amount of 2 Isolated 
was decreased slightly, to 22 6% The yield of the chloro compound 3 under these 
condltlons remamed unchanged 

The lsopropyhdene moieties of compound 2 were readdy removed by the actlon 
of 88% formic acid to afford bls(l-p-D-nbofuranosyluracll) 5’-sulfite (5) This reaction 
proceeded urlthout detectable cleavage of the glycosyl or sulfite bonds Treatment of 2 
urlth 0 1~ sodmm hydroxide at 100” caused sclsslon of the sulfite bonds and formation 
of l-(2,3-O-lsopropyhdene-fl-D-nbofuranosyl)uracd (1) 

It was concluded from this study that the reaction of excess thlonyl chloride 
with pnmary hydroxyl groups of nucleosldes may not provide the desired chloro 
compounds as maJor products, but instead yield bls(sulfites) 

EXPERIMENTAL. 

General - Physical propertles of these compounds were determmed with the 
followmg instruments Thomas-Hoover apparatus (m p uncorrected); Cary 51 u v 
spectrometer (u v spectra), Hltachl Perkm-Elmer R20A Hrgh Resolution n m r 
spectrometer (n m r sodium 4,4-dlmethyl-4-sllapentane-1-sulfonate) Elemental 
analyses were performed by Galbralth Laboratones, Inc , Knoxville, TeM Chromato- 
graphy was conducted on Cellulose F t 1 c plates (Brmkman) and compounds were 
detected with a Mmerohte (UVS 11) short-wavelength lamp Thlonyl chlonde 
utlhzed m this study was freshly dlstdled from hnseed 011 

Bzs[I-(2,3-O-zsopropyIzdene-P_D-rzboftcrazzosy~zzraczl] S-sulfite (2) - 1-(2,3-0- 
Isopropyhdene-p-D-nbofuranosyl)uraclll* (1,2 84g, 10 mmole) wasdlssolvedm thlonyl 
chlonde (10 ml) and kept for 16 h at - 25” with exclusion of moisture Excess thlonyl 
chlonde was removed under dimmlshed pressure below 25” and the remammg traces 
were removed by evaporation of benzene from the residue The latter was taken up m 
dlchloromethane (25 ml), cooled, and an Ice-cold mixture of trrethylamme (2 ml) and 
ethanol (5 ml) was added. Thus well shaken mixture was kept for 10 mm at 0” and then 
evaporated zn zmcuo to dryness The residue was agam taken up m dxchloromethane 
(25 ml) and washed with water (15 ml, 3 times) The aqueous layer (A) contamed 
l-/3-D-nbofuranosyluracll(4) and was utlhzed m the lsolatlon of 4 

The orgamc layer was dned (MgSO,) filtered, and evaporated 11~ uacuo to 
dryness The residue was fractlonally crystalhzed from an excess (- 100 ml) of bolhng 
water to yield 875 mg (28 3%) of 2, m p 195” (softened - 130a), u v , l.gi 258 5 nm 

*For a dlscusslon of the mechamsm of reactlon of thlonyl chlonde with alcohols, see Ref 9 
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(E 19,730), AZ1 259 nm (E 14,950), R, (butanol saturated with water) 0 82, (4 I 5 
butanol-acetlc acid-water) 0 89, n m r (MetSO-&) 6 11 5 (s, 2, l-NH), 7 7 (d, 2, 
J 5,6 8 Hz, 6-CH), 5 85 (s, 2, H-l’), 5 7 (d, 2, 5-CH), 5 1 (d, 2, J2 ,3 5 Hz, H-2’), 
4 8 (d, 2, H-3’), 4 2 (s, 6, H-4’, H-5’) 

Anal Calc. for C24H32N4013S C, 46 74, H, 5 23, N, 9 08, S, 5 19 Found 
C, 46 94, H, 4 80, N, 8 94, S, 4 86 

1-(5-ChIoro-5-deoxy-2,3-O-zsopropyI~dene-P_D-rzbofuranosy~ztraczl (3) - The 
mother hquor from the filtration of 2 was concentrated to low volume (- 15 ml), 
cooled, and the resultant pale-yellow crystals were filtered and recrystalhzed from 
water to yield 136 mg (4 5%) of 3, m p 167” (reported” 175-177”, also” 180-181”), 
RF (4 1 5 butanol-acetlc acid-water) 0 85 

AnaZ Calc for C12H&lN205 C, 47 61, H, 4 99, Cl, 11 71, N, 9 25 Found 
C, 4748, H, 504, CI, 11 90, N, 9 13 

I-P-D-RzbofzzranosyZzrlraczZ (4) - The filtrate from the crystalhzatlon of 3 was 
combined with the aqueous extract (A) and evaporated zn wczzo to dryness The 
residue was crystalhzed from methanol contammg a trace of water to afford 1 2 g 
(50%) of 4, m p 162-163” This product was ldentlcal with authentic 1-/3-D-nbo- 
furanosyluracll by mlxed m p and by R, values m several solvent systems 

Formatzon of compounds 2, 3, and 4 zurtlz tenfold dzlutzon of thronyl cJzZorzde - 
Compound 1 (2 84 g, 10 mmole) was dissolved m thIony1 chlonde (100 ml) and the 
reactxon mixture was kept for 16 h at -25” The solutron was treated accordmg to the 
previous procedures to yield 700 mg (22 6%) of 2, 130 mg (4 5%) of 3, and 500 mg 
of undme Compound 1 was detected m the reaction mixture by t 1 c , but was not 
Isolated 

Bzs(l-/l?-D-rzbofirranosyZzzraczZ) S’szzijte (5) - Bls[l-(2,3-O-lsopropyhdene-P-D- 
nbofuranosyl)uracd] 5’-sulfite (2, 154 mg, 0 25 mmole) was dissolved m 88% formic 
acid (1 0 ml) and kept for 5 h at -25” III a stoppered flask The formic acid was 
removed under dlmmlshed pressure, water (2 ml) was added to the residue, and the 
mixture was again evaporated zn taczzo to dryness Tls process was repeated twice, 
and the residue obtamed was tnturated with acetone, fihered, and dned to afford 
125 mg (93%) of 5 Recrystalhzed from a mixture of water and acetone, the product 
had m p 200”, R, (butanol saturated with water) 0 05, (4 1 5 butanol-acetlc acid- 
water) 0 23, u v Iz 259 nm (E 17820), lpH” 260 nm (E 14486) 

Anal Calc for C18HZ2N4013S C, 40 45, H, 4 14, N, 10.48, S, 5 99. Found 
C, 40 23, H, 3 90; N, 10 24, S, 5 75 

Aikalzne JzydroZyszs of 2 formatzon of I-(2,3-0-zsopropyldezze-J3-D-rzbofuranosyZ)- 
uraczZ(1) - To 0.1~ sodmm hydroxide (10 ml) was added 2 (154 mg, 0 25 mmole) 
and the solution was refluxed for 3 h The reaction mixture was evaporated zn taczto 
to a volume of 2 ml and then the pH of the solution was adJusted to 6 by the dropwlse 
adltlon of dilute acetlc acid whde the temperature of the solution was mamtamed at 
O-5”. The solution was kept for 1 h at 0” and then the sohd (100 mg) that separated was 
filtered off and dned An addmona 15 mg of 1 could be obtamed by concentration 
of the titrate, total yield of 1 110 mg (81%), m p and m m p. 161-162”, havmg the 



same 22, values as an authentic sample l2 of l-(2,3-O-lsopropyhdene-@I-rlbofurano- 

syl)uracll (1) 
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