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2',3'-0-Ethylideneuridine (35). (a). Perchloric acid (0.1 ml, 
70 %) was added to a stirred suspension of uridine (2.44 g, 10 mmol) 
in acetonitrile (10 ml) and acetaldehyde (5 ml) at room temperature. 
After 45 min a clear solution resulted and the solvents were re
moved in vacuo leaving 4 g of an oily solid. The latter was ex
tracted several times with hot chloroform in order to remove 
aldehyde polymers leaving 1.9 g (70%) of crystalline 35. Re-
crystallization from ethanol gave 1.50 g (56%) of 35 with mp 
194-196° unchanged upon recrystallization (reported30 mp 194-
195 °); X™?H 260 nm U 9900). 

(b). A solution of uridine (244 mg, 1 mmol) and 4 (0.49 g, 3 
mmol) in DMF (1 ml) was kept at room temperature for 10 min. 
Solid sodium borohydride (300 mg) was added portionwise (froth
ing), and the semisolid mass was then diluted with chloroform, 

We have recently described in some detail our 
studies on the reactions of 2-acetoxyisobutyryl 

chloride (la)5 with a variety of vicinal diols including 
uridine.l In essence, our conclusions were that simple 
cis vicinal diols react with 1 to rapidly form trans 
chloroacetates via intermediate acetoxonium ions, while 
trans diols give complex mixtures of predominantly 
nonchlorinated products. The reaction of uridine with 
la, however, gave principally 3'-Oacetyl-2'-chloro-2'-
deoxyuridine derivatives, the overall cis stereochemistry 
being a consequence of participation of the C2 carbonyl 
group of the uracil ring with the initial 2',3'-0-acetoxo-
nium ion. While intervention of JV3,3 '-cyclonucleosides 
has been suggested several times to explain anomalous 
reactions of purine nucleosides,6 it is generally thought 
that there is little tendency for the purine ring to par
ticipate in reactions at C2' or C8'. Accordingly, it was 
of interest to examine the reactions of the vicinal diol 
function of purine nucleosides with 1. The results of 
our studies with adenosine are described in this paper. 

Treatment of a suspension of adenosine (2) and 3-4 

(1) For part I, see S. Greenberg and J. G. Moffatt, /. Amer. Chem. 
Soc, 95, 4016 (1973). 

(2) This work has been briefly reported; see Abstracts, 158th Na
tional Meeting of the American Chemical Society, New York, N. Y., 
Sept 1969, No. CARB14. 

(3) Syntex Postdoctoral Fellow, 1968-1970. 
(4) Syntex Postdoctoral Fellow, 1965-1967. 
(5) The reactions of reagents of this type were first described by 

A. R. Mattocks, /. Chem. Soc, 1918, 4840 (1964). 
(6) (a) A. P. Martinez, W. W. Lee, and L. Goodman, /. Org. Chem., 

31, 3263 (1966); (b) E. J. Reist, D. F. Calkins, and L. Goodman, 
ibid., 31, 2538 (1967). 

washed three times with aqueous bicarbonate and then water, dried, 
and evaporated leaving 370 mg of a syrup. This was treated for 
1 hr with methanol-concentrated ammonium hydroxide (1:1, 
4 ml) and then evaporated to dryness. The residue was separated 
into four bands by preparative tic using chloroform-methanol (9:1). 
The slower bands corresponded to uridine and 2'-chloro-2'-deoxy-
uridine while elution of the next band gave 43 mg (16%) of 35 
which spontaneously crystallized. Recrystallization from methyl
ene chloride gave 30 mg of a diastereomeric mixture of 35 with 
mp 183-185°. The nmr spectrum of the major isomer corre
sponded to that above while the minor isomer was readily dis
tinguished by the appearance of d-H as a doublet (Jw = 2 
Hz) at 6.32 ppm and of C6H as a doublet (75,6 = 8 Hz) at 7.86 
ppm. 

molar equiv of la in acetonitrile at 80° led to the forma
tion of a homogeneous solution within 1 hr. Following 
removal of water-soluble by-products by a simple 
partitioning procedure, a crude reaction product that 
was predominantly a single uv-absorbing spot by tic 
was obtained in high yield. The aqueous phase was 
found to contain about 20% adenine resulting from 
the acidic reaction conditions. Essentially identical 
results were obtained in reactions at 37° for 12-16 
hr, but under these conditions a clear solution was not 
obtained since adenine (once again 20%) precipitated 
as the adenosine reacted. Direct crystallization of 
the crude product gave a homogeneous compound in 
20% yield, and while the mother liquors were still 
predominantly material with the same tic behavior, 
further crystallization could not be achieved. By 
analytical and spectroscopic means the crystalline 
product was shown to be a single diastereoisomer of 
9-[2-0-acetyl-3-chloro-3-deoxy-5-0-(2,5,5-trimethyl-l,3-
dioxolan-4-on-2-yl)-0-D-xylofuranosyl]adenine (4a), the 
nature of the 5' substituent being apparent from both 
its infrared (1810 cm -1) and nmr (methyl singlets at 
1.44, 1.47, and 1.72 ppm) spectra as previously dis
cussed.1 The mother liquors were predominantly the 
same material but as a diastereomeric mixture due to 
the chiral dioxolanone grouping. Treatment of the 
crude reaction product prior to crystallization of 4a with 
0.1 TV" methanolic hydrogen chloride rapidly removed 
the 5 ' substituent and led to the isolation of crystal
line 9-(2-0-acetyl-3-chloro-3-deoxy-/°-D-xylofuranosyi)-
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Table I. Nmr Chemical Shifts at 100 MHz (DMSO-rf.) 

Compd 

4a 

4b 

6a 
6b 
7a 

7b' 

8a 

8b 

9 
10 

11 

13c 

14 

C1-H 

6.15(d) 

6.17(d) 

6.10(d) 
6.10(d) 
5.87(d) 

5.90(d) 

6.51(d) 

6.45(d) 

6.21 (s) 
6.50(d) 

6.09(d) 

6.26 (t) 
5.86(d) 

C 2H 

5.80 (dd) 

5.93 (dd) 

5.78 (dd) 
5.90 (dd) 
4.81 (m) 
(dd with 

D2O) 
4.95 (dd) 

4.79 (dd) 

4.81 (dd) 

4.44(d) 
5.15 (dd) 

5.64 (dd) 

2.45 (dt) 
4.59 (m) 

C3-H 

4.91 (dd) 

4.91 (dd) 

4.86 (dd) 
5.86 (dd) 
4.50(m) 

4.60 (dd) 

4.59 (ddd)6 

4.60 (ddd) 

4.22(d) 
5.84 (dd) 

4.63 (m) 

2.08 (dt) 
1.91 (ddd) 
2.28 (ddd) 

C4-H 

4.60(m) 

4.54(m) 

4.92 (dt) 
4.37 (dt) 
4.50 (m) 

4.40 (dt) 

3.8 (m) 

3.78 (m) 

4.21 (t) 
4.3 (m) 

4.27 (m) 

4.17 (m) 
4.36 (m) 

Cg'aH Cj'bH 

3.94 (m) 

3.93 (m) 

3.75 (dd) 
3.79 (dd) 
3.76 (dd) 

4.79(d) 

3.80 (m) 

3.78 (m) 

3.55(d) 
4.55 (m) 

3.8 (brm) 

3.53 (dd) 3.70 (dd) 
3.60 (m) 

C2H and 
C8H" 

8.15,8.23 

8.18,8.28 

8.14,8.27 
8 .16,8 .32 
8.17,8.26 

8.24,8.36 

8.26,8.37 

8.17,8.38 

8.16,8.33 
8.18,8.29 

7 .98,8 .30 

8.20,8.41 
8 .13,8 .34 

Other 

2.08 (s, 3, OAc), 1.72 (s, 3, MeCO,), 
1.44, 1.47 (s, 3, CMe2), 7.34 (s, 2, 
NH2 

2.10 (s, 3, OAc), 1.73 (s, 3, MeCO,), 
1.47, 1.58 (s, 3, CMe2), 7.36 (s, 2, 
NH2) 

5.33 (t, 1, C5-OH), 7.32 (s, 2, NH2) 
5.40 (t, 1, C6-OH), 7.35 (s, 2, NH2) 
6.36 (d, 1, C2-OH), 5.30 (t, 1, C5-OH), 

7.23 (br s, 2, NH2) 

6.42(d, 1, C2-OH), 5.43 (t, 1, C5-OH), 
7.39 (s, 2, NH2) 

5.25 ( t , l , C6-OH), 6 .10 (d , l , C8-OH), 
7.31 (S1 2, NH1) 

5 . 2 4 ( U , C6-OH), 6 .16(d , l , C-OH), 
7.30 (s, 2, NH2) 

7.26 (s, 2, NH2), 5.05 (br s, 1, C6-OH) 
2.04 and 2.15 (s, 3, OAc), 7.35 (s, 2, 

NH2) 
1.45 (m, 18, CMe2), 1.63, 1.67, and 

1.79 (s, 3, MeCO3), 7.35 (s, 2, NH2) 
7.30 (s, 2, NH2) 
5.16(t, 1,C5-OH), 5.65 ( d , l , C2-OH), 

7.27 (s, 2, NH2) 

" Specific assignments have not been made. * Becoming dd, Z2-,,- = Z3-,4- = 7.5 Hz with D2O. 
D2O. 

! Sugar protons reported with added 

Table II. First-Order Coupling Constants 

Compd 

4a 
4b 
6a 
6b 
7a 
7b 
8a 
8b 
9 

10 
11 
13 
14 

Jv.v 

3 
3.5 
3.5 
4 
4 
4.5 
6.5 
6 
O 
6 
6 
5 
2.5 

Ji',3-

3 
3 
3.5 
4 
4 
4.5 
7.5 
7.5 
2.5 
6 
6 
7 

3 ,5 .5 

Jv, i' 

4.5 
5 
5 
5 

a 
4.5 
7.5 
7.5 
O 
6 

a 
7 
6 ,8 

Z4-,5-a 

a 
a 

5 
5 
4 
4.5 

a 
a 

5 
a 
a 

5 
a 

Ji'.b'b 

a 
a 

5 
5 
4 
4.5 

a 
a 

5 
a 
a 

4 
a 

Z6'»,s-b 

a 
a 
O 
O 
O 
O 

a 
a 
O 
a 
a 
12 
a 

Other 

Z5-H1OH = 5 H z 
Jf.OH = 5 Hz 
Z2-HiOH = 5 HZ, Z5-H1OH = 5 Hz 
Z2-H,OH = 5 Hz, Z6'H,OH = 5.5 Hz 
Z6-H,oH = 5 Hz, Z3-H,OH = 5.5 Hz 
Z,-OH = 5.5 Hz, Z6-,oH = 5 Hz 

ZS'H.OH = 5 Hz, Z6-H,OH = 5 Hz, 
Z3-,,3-b = 13 Hz 

" Unresolved. 

adenine (6a) in 60% yield. More prolonged treatment 
of 4a with methanolic hydrochloric acid led to sequential 
removal of the dioxolanone and acetyl groups giving 
crystalline 9-(3-chloro-3-deoxy-/3-D-xylofuranosyl)ad-
enine (7a) in 84% yield. The location of the 
chlorine function in these molecules was clearly es
tablished by nmr spectroscopy since the signals for 
C2-H in 4a and 6a were located roughly 0.9 ppm down-
field of those due to C3-H. The deacetylated com
pound 7a, however, showed an upfield shift of 1.0 
ppm for C2-H, this signal then being close to that of 
C3-H (Table I). The spectrum of 7a in DMSO-rf« 
clearly showed the presence of both a primary and a 
secondary hydroxyl group and the latter was specifi
cally located at C2- since it was strongly coupled to 
C2-H. All the assignments for sugar protons have 
been confirmed by spin-decoupling studies. The 3'-
chloro function was assigned the xylo configuration be
cause of the ease with which 4a, 6a, or 7a could be 
converted into 9-(2,3-anhydro-/3-D-ribofuranosyl)ade-

nine (9) upon treatment with sodium methoxide. Thus 
treatment of pure 4a with methanolic sodium methoxide 
gave crystalline 9 in a yield of 76%. The latter com
pound has been previously described via a seven-step 
synthesis from 9-(/3-D-xylofuranosyl)adenine.r The 
epoxide obtained from 4a had the same broad decom
position point described previously,7 and its nature was 
clear from its elemental analysis and nmr spectrum. 
Typical of other 2',3'-anhydronucleosides prepared in 
our work,8 the values of Jr12- and of Z3',*' equal 0 for 
9 (Table II). A number of reactions of 9 will be de
scribed in a forthcoming paper.9 

Treatment of the crude mother liquors from crystal
lization of 4a with 10 %methanolic ammonium hydroxide 
at room temperature quite rapidly removed both the 
acetyl and dioxolanone groups and led to extensive 

(7) A. Benitez, O. P. Crews, L. Goodman, and B. R. Baker, J. Org. 
Chem., 25, 1946 (1960). 

(8) A. F. Russell, T. C. Jain, and J. G. Moffatt, manuscript in 
preparation. 

(9) A. F. Russell and J. G. Moffatt, manuscript in preparation. 
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formation of 7a and 9 together with much smaller 
amounts of adenosine and a spot of intermediate 
mobility10 (Scheme I). Crystallization of the crude 
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product from methanol removed almost all of the latter 
substance in pure form in a yield of 7 %. This com
pound was an analytically pure chlorodeoxyadenosine 
to which we assign the structure 9-(2-chloro-2-deoxy-
/3-D-arabinofuranosyl)adenine (8a). The chloro func
tion was assigned to the 2' position since the nmr 
spectrum of 8a in DMSO-^6 shows the presence of both 
a primary (C6') and a secondary (C3-) hydroxyl group, 
the latter being coupled to C3-H. As expected, addi
tion of D2O to the sample caused collapse of the signal 
due to C3'H from an eight-line to a four-line pattern. 
In addition, acetylation of 8a gave a crystalline di-
acetate (10) in which the signals due to C3H and C5-H 
were shifted downfield by 1.32 and 0.75 ppm, respec
tively, while that of C2-H was only slightly deshielded. 
The D-arabino configuration is assigned on the basis 
of the essentially complete conversion of 8a to 9 upon 
treatment with hot sodium methoxide. In addition, 
the relatively large value of Jv,v (6.5 Hz) is indicative 
of a cis arrangement of CrH and C2-H.11 The large 
value of Jr,v (7.5 Hz) is also reminiscent of that shown 
by 2'-C-methyladenosine, a nucleoside forced into an 

(10) Epoxide formation from 4a with ammonium hydroxide or meth
anols ammonia is quite slow: treatment of pure 7a with methanol-
concentrated NH4OH (4:1) requiring roughly 4 days for 50% con
version to 9. 

(11) See, e.g., T. D. Inch in Annu. Rev. NMR (Nucl. Magn. Resonance) 
Spectrosc, 2, 35 (1969). 

unusual conformation by the presence of a fairly 
large substituent at C2- in the arabino configuration.12 

A preparation of both the a and /3 anomers of 8a has 
previously been reported by Vargha and Kuszmann13 

via condensation reactions of a suitable derivative of 
2-chloro-2-deoxy-D-arabinofuranose. The reported 
melting point of 8a, however, was some 20° lower than 
that we report and the product had a positive [<*]D 
while we have found a negative value. It seems likely 
that the substance isolated by the Hungarian workers 
was contaminated with the a anomer. A preparation 
of the 2'-fluoro analog of 8 has also been described 
starting with the fluorosugar.14 

The formation of 4a and 5a from 1 and 2 as above 
is consistent with the proposed mechanism of the re
action of 1 with cis vicinal diols.1 Thus, the key 
intermediate from la and 2 will be the acetoxonium 
ion 3 which, in the expected absence of participation 
by the purine ring, will be opened by chloride ion from 
the fi face of the sugar at either C3' or C2' giving 4a and 
5a, respectively. From our results it is clear that attack 
at C3' is preferred, probably on steric grounds, by a 
factor of roughly 10. 

Since, for other purposes,9 we were interested in a 
facile preparation of reasonable quantities of the ribo 
epoxide (9), it was desirable to directly convert the 
crude reaction product from la and 2 (i.e., 4a and 5a) 
rather than having to isolate a single diastereoisomer 
of 4a first. Treatment of the crude product with so
dium methoxide at 0° for 2 days did, indeed, lead to 
direct crystallization of relatively pure 9. By recrystal-
lization and ultimate chromatography of final mother 
liquors pure 9 was isolated in 67% yield. It is inter
esting to note that while sodium methoxide at 0° ef
ficiently converts the 3'-chloronucleoside (7a) to the 
epoxide (9), the 2'-chloro compound (8a) remains inert. 
Because of the low solubility of 8a in methanol, care 
must be taken to avoid cocrystallization of 8a and 9 
particularly once the mixture becomes enriched in the 
former. Accordingly, there is a practical advantage 
in preparing 9 by a two-stage process in which crude 
4a and 5a are treated first with methanolic ammonium 
hydroxide as above leading to almost complete removal 
of the 2'-chloro compound (8a). Subsequent treatment 
of the mother liquors with sodium methoxide at 0° 
then completes the conversion of 7a to 9, which can 
be isolated by crystallization in 53% yield. While, 
as mentioned above, pure 8a could be converted into 9 
in high yield with sodium methoxide in refluxing 
methanol, such treatment of the crude reaction product 
from 1 and 2 led to extensive darkening of the reaction. 
This is probably due to decomposition of some reduc
ing sugar corresponding to the 20 % of adenine known 
to be produced in the reaction. 

One of our objectives in the present work was the 
development of facile syntheses of deoxynucleosides 
through hydrogenolysis of the corresponding halo-
genated compounds. We have, however, been gen
erally unsuccessful in the catalytic hydrogenolysis 
of chloro sugar nucleosides and felt that the corre-

(12) S. R. Jenkins, B. Arison, and E. Walton, / . Org. Chem., 33, 
2490 (1968). 

(13) L. Vargha and J. Kuszmann, Justus Liebigs Ann. Chem., 684, 
231 (1965). 

(14) J. A. Wright, N. F. Taylor, and J. J. Fox, J. Org. Chem., 34, 
2632 (1969). 
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sponding bromo or iodo derivatives would be more 
suitable. Our early attempts to react nucleosides 
with la in the presence of a large excess of bromide 
ions were largely unsatisfactory. There was un
doubtedly formation of the desired bromonucleosides, 
but always some of the chloro compounds were also 
present and it was usually difficult to isolate pure com
pounds from the mixtures in satisfactory yields. We 
accordingly prefer to use purified 2-acetoxyisobutyryl 
bromide (lb) as the reagent for preparing bromosugar 
nucleosides such as 4b. Various attempts to convert 
2-acetoxyisobutyric acid15 to the acyl bromide (lb) 
by reaction with thionyl bromide or phosphorus tri-
bromide proved difficult due to codistillation of reagent 
by-products. The preparation of pure lb was readily 
achieved by reaction of the acyl chloride (la) with 
anhydrous lithium bromide in ethyl acetate. After 
removal of the precipitated sodium chloride and dis
tillation, pure lb was obtained in 63% yield. It is 
difficult to distinguish between la and lb by infrared 
spectroscopy, but a convenient confirmation of purity 
can be made from their nmr spectra, the gem-dimethyl 
group of lb resonating at 1.59 ppm while that of la 
is at 1.61 ppm. 

In general, the reactions of the acyl bromide (lb) 
with adenosine were similar to those using la. The 
bromide was, however, much more reactive, adeno
sine undergoing complete reaction within 30 min at 
room temperature in acetonitrile, only 2-3 % adenine 
being produced under these mild conditions. Ex
amination of the crude product from this reaction 
by tic showed two major spots in a ratio of roughly 
5:1, the minor, less polar product being formed in 
smaller amounts in reactions conducted under more 
dilute conditions. The minor product was isolated 
in crystalline form by chromatography on silicic acid. 
Its nmr spectrum and elemental analysis showed this 
compound to be 2',3',5'-tris-0-(2,5,5-trimethyl-l,3-di-
oxolan-4-on-2-yl)adenosine (11), and brief treatment 

Me O O Me 
Me. O-Y V o 

Me 1 /M 
0 O 
11 

Me 

Me 

with sodium methoxide regenerated adenosine quanti
tatively. The formation of 11 seems to be less preva
lent during reactions with the acyl chloride (la) but 
becomes the exclusive reaction when adenosine is 
reacted with lb in dimethylformamide. We do not 
see an immediate explanation for this striking solvent 
effect. Direct crystallization of the crude reaction 
product without removal of 11 gave a single dioxol-
anone diastereomer of 9-[2-0-acetyl-3-bromo-3-deoxy-
5-0-(2,5,5-trimethyl-l,3-dioxolan-4-on-2-yl)-/3-D-xylo-
furanosyljadenine (4b) in a yield of 33%. The nmr 
spectrum of 4b was very similar to that of 4a and treat
ment with 0.1 iV methanolic hydrogen chloride rapidly 

(15) R. Anschiitz and O. Motschmann, Ann., 392, 100 (1912). 

removed the dioxolanone group giving crystalline 6b in 
87% yield. The latter compound could also be ob
tained from the crude reaction product by similar treat
ment. The xylo configuration was confirmed by con
version of 6b into 9 in 72% yield upon brief treatment 
with sodium methoxide. 

Treatment of the crude product from adenosine 
and lb with methanolic ammonium hydroxide rapidly 
removed the acetyl and dioxolanone groups, but, 
unlike the chloro series, it was not possible to selec
tively remove the 2'-bromo isomer (8b) by crystal
lization since the epoxide (9) tended to cocrystallize. 
Pure 8b was, however, isolated by preparative tic and 
could be converted to the epoxide (9) by brief treat
ment with sodium methoxide. 

Catalytic hydrogenolysis of 4b using a palladium 
catalyst led to quite rapid disappearance of the starting 
material but unexpectedly led to the formation of two 
deoxynucleosides in equal amounts. These compounds 
were isolated in crystalline form by preparative tic 
and proved to be 3'-deoxyadenosine (14)16 and 2 ' ,3 ' -
dideoxyadenosine (13)17 in yields of 46 and 40%, re
spectively. These compounds had physical properties 
identical with those described previously for samples 
prepared by other routes, and the structures were 
clearly confirmed by nmr spectroscopy. The forma
tion of the dideoxynucleoside 13 was unexpected and 
is presumably a consequence of an initial, palladium 
catalyzed, trans elimination reaction of the bromide and 
acetyl groups giving an intermediate 2',3'-olefin (12) 
which is concomitantly reduced giving 13. A similar 
elimination followed by reduction has been observed 
during hydrogenolysis of a 2'-bromo-2'-deoxy-3'-
O-methanesulfonyluridine derivative, but in that case 
the elimination is cis in nature.18 

R O C H 2 / 0 - . Ad 

12 

HOOrL^O^ Ad HOCH2^O 

13 

In support of the above mechanism it was shown 
that in the absence of the 2'-0-acetyl function the 
formation of dideoxynucleosides does not occur. 
Thus hydrogenolysis of 9-(3-bromo-3-deoxy-/3-D-xylo-
furanosyl)adenine (7b) under similar conditions to 
those above gives 14 as the sole product with no trace 
of 13. In this way crystalline 3'-deoxyadenosine 
was obtained in 78% yield. In a forthcoming pub
lication further methods for effecting elimination reac
tions of haloacetates such as 4 will be described.19 

(16) (a) W. W. Lee, A. Benitez, C. D. Anderson, L. Goodman, 
and B. R. Baker, J. Amer. Chem. Soc, 83, 1906 (1961); (b) E. Walton, 
F. W. Holly, G. E. Boxer, R. F. Nutt, and S. R. Jenkins, / . Med. 
Chem., 8, 659 (1965). 

(17) (a) M. J. Robins, J. R. McCarthy, and R. K. Robins, Bio
chemistry, S, 224 (1966); (b) G. L. Tong, W. W. Lee, and L. Goodman, 
J. Org. Chem., 30, 2854 (1965). 

(18) Y. Furukawa, Y. Yoshioka, K. Imai, and M. Honjo, Chem. 
Pharm. Bull, 18, 554 (1970). 

(19) I. D. Jenkins, A. F. Russell, T. C. Jain, J. P. H. Verheyden, 
and J. G. Moffatt, unpublished results. 
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From the above results it is clear that the reactions 

of purine nucleosides such as adenosine with 2-acetoxy-
isobutyryl halides provides a convenient route to 
3'-bromo-3'-deoxy-/3-D-xylofuranosyl analogs which 
can be subsequently converted into 3'-deoxy-, 2',3'-
dideoxy-, and 2',3'-anhydronucleosides. In particular, 
it might be noted that sequential reaction of simple 
cis vicinal diols with la or lb followed by base treat
ment provides a particularly facile route for the prepa
ration of epoxides with overall retention of configura
tion. Such a sequence might well find considerable 
utility in organic synthesis. 

Experimental Section 
General Methods. The general methods used were similar to 

those described in the preceding paper.1 

2-Acetoxyisobutyryl Bromide (lb). Lithium bromide (86.6 g, 1 
mol) was dried in vacuo at 150° for 1 hr and then added in a drybox 
to anhydrous ethyl acetate (300 ml). The mixture was heated until 
the solid had dissolved and 2-acetoxyisobutyryl chloride (132 g, 
0.80 mol) was added. The mixture was heated briefly under reflux, 
cooled, and filtered in the drybox. The solvent was evaporated 
in vacuo and the residue distilled giving 105.6 g (63 %) of lb with 
bp 75-77° (12 mm): n25D 1.4530; J W (film) 1825, 1805, 1750 
cm"1; nmr (CDCl3) 1.59 (s, 6, CMe2), 2.12 ppm (s, 3, OAc). 

Anal. Calcd for C6H9O3Br (209.04): C, 34.47; H, 4.34; Br, 
38.23. Found: C, 34.56; H, 4.45; Br, 38.13. 

9-[2-0-Acetyl-3-chloro-3-deoxy-5-0-(2,5,5-trimethyl-l,3-dioxolan-
4-on-2-yl)-/3-D-xylofuranosyl]adenine (4a). A suspension of adeno
sine (13.35 g, 50 mmol) in a solution of la (33.0 g, 200 mmol) in dry 
acetonitrile (500 ml) was stirred and heated at 80° for 1 hr. The 
resulting clear solution was cooled and evaporated in vacuo leaving 
a residue that was dissolved in ethyl acetate and washed several 
times with 10% aqueous sodium bicarbonate and then with water. 
The aqueous phase was found to contain 21 % of adenine. Evapora
tion of the dried (MgSO4) organic phase left 24.1 g of crude solid 
product that was predominantly one spot on tic using chloroform-
methanol (9:1). Crystallization of this material from methanol 
gave 4.66 g (20%) of a single diastereoisomer of 4a with mp 172-
174°. Recrystallization from ethanol raised the mp to 173.5-
174.5°: Xmax 259 nm (t 15,000); [<*]D -30.8° (c 0.1, dioxane); 
ORD negative Cotton effect [*]"72 -6300°, [S]258 0°, [*]239 15,600°; 
Kma* (KBr) 1810, 1760 cm"1. 

Anal. Calcd for Ci8H22N6O7Cl (455.86): C, 47.42; H, 4.86; 
N, 15.36; Cl, 7.78. Found: C, 47.40; H, 5.11; N, 15.31; Cl, 
7.73. 

The mother liquors from the above crystallization were mainly a 
diastereomeric mixture of 4a but no further crystals could be ob
tained. A comparable reaction occurred at 37° during 16 hr. 

9-(2-Chloro-2-deoxy-/3-D-arabinofuranosyl)adenine (8a). The 
mother liquors from the crystallization of 4a were evaporated to a 
syrup that was dissolved in methanol (90 ml) and treated for 48 hr at 
room temperature with concentrated ammonium hydroxide (10 
ml). The solvent was then evaporated and the residue crystallized 
from methanol at 0° giving 1.0 g (7 %) of 8a with mp 245-247 ° dec 
(reported13 mp 225°); M\0H 259 nm (e 15,100); M23D -10.5° 
(c 0.25, DMSO) (reported13 [C*]2°D 16.4° in Py-H2O). 

Anal. Calcd for CiOH12N5OsCl (285.70): C, 42.04; H, 4.23; 
N, 24.51; Cl, 12.41. Found: C, 41.99; H, 4.16; N, 24.60; Cl, 
12.68. 

Acetylation of 8a (100 mg) with acetic anhydride in pyridine 
followed by removal of a little S/S'.A'Mriacetyl derivative (X"a'°

H 

271 nm) by preparative tic using chloroform-methanol (9:1) gave 
90 mg (70%) of 10 with mp 145-146° from ethanol: X^0H 259 nm 
(e 15,000). 

Anal. Calcd for CnH16N6O5Cl (369.77): C, 45.47; H, 4.36; 
N, 18.94. Found: C, 45.40; H, 4.46; N, 18.84. 

9-(2-0-Acetyl-3-chloro-3-deoxy-/3-D-xylofuranosyl)adenine (6a). 
The crude product obtained from adenosine and la (1.0 g, con
taining 1.55 mmol of nucleoside by uv) was dissolved in 0.1 N 
methanolic hydrogen chloride and stored at room temperature for 
1 hr. The solvent was then evaporated and the residue coevaporated 
with methanol twice. The final solid residue was washed twice with 
ether and purified by preparative tic using two developments with 
chloroform-methanol (9:1). Elution of the major band gave 360 
mg of a homogeneous foam that was crystallized from ethanol 

giving 305 mg (60%) of 6a with mp 202-203°: CX
0H 258 nm (e 

15,700); [a]23D -1.4° (c 1.0, pyridine). 
Anal. Calcd for C12Hi4N6O4Cl (327.76): C, 43.97; H, 4.31; N, 

21.37. Found: C, 43.99; H, 4.47; N, 21.17. 
9-(3-Chloro-3-deoxy-0-D-xylofuranosyl)adenine (7a). A solution 

of 4a (2.28 g, 5 mmol) and concentrated hydrochloric acid (1 ml) 
in methanol (99 ml) was kept at room temperature for 8 days, at 
which time tic (chloroform-methanol, 85 :15) showed completion of 
the reaction. Silver carbonate (5 g) was added and the mixture was 
stirred for 3 hr and then filtered. Evaporation of the filtrates gave 
1.47 g of a syrup with an Rt very similar to 9. Crystallization from 
acetone-ethyl acetate gave 1.22 g (84%) of 7a with mp 194-196°: 
XlfH 259 nm (e 15,200); M23D -31.6° (c 0.14, MeOH); ORD 
(MeOH) negative Cotton effect [*]Sr

7, -2700°, [*]247 0°, [*]g8 900°. 
Anal. Calcd for CiOH12N6O3Cl (285.70): C, 42.04; H, 4.23; N, 

24.51; Cl, 12.41. Found: C, 42.21; H1 4.35; N, 24.69; Cl, 12.26. 
Treatment of 8a (100 mg) in 0.4 M methanolic sodium methoxide 

(4 ml) under reflux for 1 hr led to direct crystallization of pure 9 
(63 mg, 72%) identical with that below. 

9-[2-0-Acetyl-3-bromo-3-deoxy-5-0-(2,5,5-trimethyl-l,3-dioxolan-
4-on-2-yl)-(3-D-xylofuranosyl]adenine (4b). A mixture of adenosine 
(13.35 g, 50 mmol) and lb (31.3 g, 150 mmol) in acetonitrile (150 ml) 
was stirred at room temperature. A homogeneous solution was 
obtained after 20 min and after 45 min the solvent was largely 
evaporated. The residue was dissolved in ethyl acetate, washed 
carefully with aqueous sodium bicarbonate and water, dried, and 
evaporated leaving 27.5 g of a foam containing two major and 
several very minor products by tic (CHCl3-MeOH, 85:15). The 
aqueous extracts contained 2.7 % of adenine. Crystallization of the 
product from methanol gave 8.21 g (33%) of 4b with mp 169-172°, 
which was raised to 171-172° upon recrystallization from ethanol: 
Xdio„»e 2 5 g n m ( e J 5 2 0 0 ) . „mai ( K B r ) 1 8 1 0 j 1 7 5 5 c m - i . [a]23D 

-11.5° (c 2.5, dioxane); ORD (MeOH) negative Cotton effect 
[*&„ -4000°, [*]258 0°, [*]& 6900°. 

Anal. Calcd for C18H22N6O7Br (500.32): C, 43.21; H, 4.43; N, 
14.00. Found: C, 43.24; H, 4.56; N, 14.18. 

A portion of the evaporated mother liquors from crystallization 
of 4b above (5 g) was chromatographed on silicic acid using chloro
form-methanol (92:8) in order to separate the two principal uv-
absorbing products. In this way the chromatographically homo
geneous, less polar product (1.55 g, 19% from adenosine) was ob
tained and shown by nmr to be a mixture of diastereomeric adeno
sine^',3 ',5'-trisdioxolanones (11). Crystallization from ether gave 
0.59 g of a mixture enriched to about 70% purity with a single 
isomer and further crystallization from ethanol gave an essentially 
pure isomer with mp 145.5-146.5° (see below). 

The more polar product (2.80 g, 44% from adenosine) proved to 
be a mixture of dioxolanone diastereomers of 4b and 5b in a ratio 
of roughly 3:2 by nmr after acidic hydrolysis of the 5' substituent. 

9-(2,3-Anhydro-/3-D-ribofuranosyl)adenine (9). (a) Via the ChIo-
ronucleosides. The crude product from reaction of adenosine and 
la (5.0 g, containing 7.76 mmol of nucleoside) was dissolved in 2 M 
methanolic sodium methoxide (20 ml) and kept at 0 ° for 48 hr. 
The resulting crystalline residue was collected and washed with cold 
methanol giving 1.3 g of cream colored solid that was chromato
graphically pure but contained some inorganic salts. Crystalliza
tion from water gave 0.65 g of pure 9. The mother liquors were 
combined with the original filtrate, neutralized with acetic acid, and 
evaporated to a syrup that was dissolved in water. Repeated ex
traction with ethyl acetate removed most of the 9 and 8a. By crys
tallization from methanol and preparative tic of the mother liquors 
using three developments with chloroform-methanol (85:15), a 
further 0.65 g (total yield 1.30 g, 67%) of crystalline 9 was obtained 
in addition to 200 mg (7 %) of 8a. Pure 9 decomposed slowly above 
180° without actual melting: X^e°H 258 nm (e 14,700); [a]23D 
-21.8° (c 0.2, H2O), (reported7 dec above 180°, [<*]D -18.3°); 
ORD (MeOH) negative Cotton effect [*]"r2 -950°, [*]26i 0°, 
[*]£, 3700°. 

Anal. Calcd for C10Hi1N5O3 (249.23): C, 48.19; H, 4.45; N, 
28.10. Found: C, 48.04; H, 4.38; N, 28.06. 

In a separate experiment the mother liquors from crystallization 
of 8a were treated with methanolic sodium methoxide (60 ml of 1 M) 
at 0° for 24 hr. The crystalline residue was washed with methanol 
giving 5.26 g (53 %) of 9 which was shown by tic to be at least 95 % 
pure by tic and contaminated with a little adenosine. Recrystalliza
tion from water gave the pure epoxide identical with that above. 

(b) Via the Bromonucleosides. The crude product from reaction 
of adenosine (2.76 g, 10 mmol) and lb as above was treated for 30 
min at room temperature with methanolic sodium methoxide (20 
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ml of 1 M). The mixture was then neutralized with acetic acid and 
upon storage 1.98 g (80%) of essentially pure 9 was obtained. 

In a separate experiment the mother liquors from crystallization 
of 4b above were treated for 24 hr at 23° with methanol (90 ml) and 
concentrated ammonium hydroxide (10 ml). The resulting crystals 
(2.45 g) proved to be a mixture of 9, 7b, and a little adenosine. 
The crystals and evaporated mother liquors were accordingly 
treated overnight with methanolic sodium methoxide (50 ml of 1.3 
M) giving 7.06 g (57% from adenosine and 84% after correction for 
the 4b isolated) of 9 contaminated with only a trace of adenosine. 

9-(2-Bromo-2-deoxy-(3-D-ara'binofuranosyl)adenine (8b). The 
crystalline product obtained from a reaction treated with meth
anolic ammonium hydroxide as in b above was purified by pre
parative tic using chloroform-methanol (85:15) giving three bands. 
The fastest, major band was the epoxide 9 and the slowest band was 
adenosine. Elution of the middle band followed by crystallization 
from methanol gave homogeneous 8b with mp 215-216°: X"°?H 

259 nm (e 14,800); W23D -24.7° (c 0.5, DMSO). 
Anal. Calcd for Q0H12N5O8Br (330.15): C, 36.38; H, 3.66; N, 

21.21; Br, 24.21. Found: C, 36.31; H, 3.72; N, 20.92; Br, 
23.98. 

9-(2-0-Acetyl-3-bromo-3-deoxy-(3-D-xylofuranosyl)adenine (6b). 
A solution of 4b (200 mg, 0.4 mmol) in 0.2 TV methanolic hydrogen 
chloride was kept at room temperature for 30 min. Pyridine (0.3 
ml) was then added and the solution was evaporated in vacuo almost 
to dryness. The residue was dissolved in water (10 ml) containing 
2 ml of saturated aqueous sodium bicarbonate and extracted three 
times with ethyl acetate. The extracts were dried (MgSO4) and 
evaporated leaving 170 mg of a white froth. Crystallization from 
methanol gave 130 mg (87 %) of 6b contaminated with about 5 % of 
7b. Complete removal of this minor impurity by crystallization 
was difficult but was achieved by two crystallizations from methanol 
giving 6b with mp 206-207°: X£,0H 260 nm (e 15,900); [a]23D 
10.4° (c 0.24, pyridine). 

Anal. Calcd for C12H14N6O1Br (372.19): C, 38.72; H, 3.79; N, 
18.82; Br, 21.47. Found: C, 38.74; H, 4.19; N, 18.98; Br, 21.26. 

Treatment of 6b with 0.2 N methanolic sodium methoxide at 
room temperature for 30 min followed by neutralization with acetic 
acid, evaporation, and crystallization from ethanol gave 2',3'-
anhydroadenosine (9) identical with that above in 72% yield. 

9-(3'-Bromo-3'-deoxy-(3-D-xylofuranosyl)adenine (7b). Concen
trated hydrochloric acid (1.0 ml) was added to a suspension of 4b 
(2.50 g, 5 mmol) in methanol (99 ml), and the resulting solution was 
stored at room temperature for 8 days at which point tic (chloro
form-methanol, 85:15) showed complete reaction. Silver carbon
ate (5 g) was added and the mixture was stirred for 2 hr and then 
filtered. Evaporation of the filtrate and crystallization from metha
nol gave 1.20 g (73%) of 7b with mp 131-133°: X^°H 259 nm (e 

14,400); [a]2SD -26.4° (c 0.15, MeOH); ORD negative Cotton 
effect, [*&„ -3800°, [*]252 0°, [*]& 1800°. 

Anal. CaICdTOrC1OH12N5O3Br(SSO-IS): C, 36.38; H, 3.66; N, 
21.21; Br,24.21. Found: C, 36.12; H, 4.10; N, 21.31; Br, 23.98. 

2 ',3',5 '-Tris-0-(2,5,S-trimethyl-l,3-dioxolan-4-on-2-yl)adenosine 
(11). Adenosine (267 mg, 1 mmol) and lb (836 mg, 4 mmol) were 
stirred in anhydrous DMF at room temperature for 1 hr and the 
solvent was then evaporated in vacuo. The residue was dissolved in 
ethyl acetate, washed well with aqueous sodium bicarbonate and 
water, dried, and evaporated leaving a foam that was predominantly 
one large spot. A center cut of this material was obtained by pre
parative tic using chloroform-methanol (85:15) and very slowly 
gave a crystalline product with mp 145-147° from chloroform-
hexane. This product appears to be a relatively pure diastereo-
isomer of 11. Brief treatment of this substance, or its noncrystalline 
precursor, with methanolic sodium methoxide gave only adenosine: 
X^X

0H 259 nm U 14,900); [a]"D -22.3° (c 0.1, CHCl3); ORD 
(MeOH) negative Cotton effect, [*]?„ -4500°, [*]258 0°, [*]^2 2900°, 
[*]240O°. 

Anal. Calcd for C28H37N5O13 (651.62): C, 51.61; H, 5.72; N, 
10.75. Found: C, 51.89; H, 5.62; N, 10.91. 

3-Deoxyadenosine (14). A solution of 7b (250 mg) in methanol 
(50 ml) was shaken overnight in an atmosphere of hydrogen in the 
presence of 5 % palladium on barium sulfate catalyst (100 mg)20 and 
triethylamine (0.1 ml). After removal of the catalyst tic showed the 
presence of a single spot identical with 14. Evaporation of the 
solvent and crystallization from methanol gave 100 mg of pure 14. 
Preparative tic of the mother liquors and crystallization from metha
nol gave a further 53 mg (total yield 153 mg; 78%) of 14 with mp 
225-226° (reported18 mp 224-225°): X^1 258 nm (« 15,100); 
M28D -45.8° (c 0.6, H2O). 

Hydrogenolysis of 4b. A solution of 4b (250 mg, 0.5 mmol) in 
methanol (50 ml) containing triethylamine (0.1 ml) and 10% 
palladium on carbon catalyst (100 mg) was vigorously stirred in an 
atmosphere of hydrogen for 2.5 hr. After removal of the catalyst 
and evaporation of the solvent the residue was treated for 1 hr with 
methanolic sodium methoxide and then neutralized. Preparative 
tic of the residue using chloroform-methanol (85:15) gave two 
intense bands. Elution of the slower band followed by crystalliza
tion from 2-propanol gave 58 mg(46%)of 3'-deoxyadenosine with 
mp 225-226° and in all ways identical with that above. Elution of 
the faster band followed by crystallization from ethanol gave 47 mg 
(40%) of 2',3'-dideoxyadenosine with mp 188-189° (reported17' 
mp 184-186°, 182.5-185° "*). 

(20) Similar results were obtained using 10% palladium on charcoal 
catalyst. 
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