
2-Acyloxyisobutyryl Halides. 8 

and the residue was triturated with ether (500 ml) giving a fine 
precipitate that was collected by centrifugation, washed with ether, 
and dried in vacuo (26 9). The somewhat colored residue was 
dissolved in hot methanol, treated with charcoal (3 g), filtered, 
concentrated, and allowed to crystallize giving 19.11 g of pure 
product. The mother liquors were evaporated to dryness and 
applied in chloroform to a column containing 250 g of silicic acid. 
Elution of the column with chloroform containing 5 and 10% 
methanol in chloroform gave a further 10.7 g of crude material 
that was recrystallized from methanol giving 6.49 g of pure product 
(total yield 25.6 g, 57%) with mp 155-156": NMR (CDC13) 
0.8-2.45 (m, 78, CHis  and CHis), 3.90 (dd, 1, Jgem = 12 Hz, J4,pa 

5.30 (t, 4, J = 5 Hz, CH&H=C), 5.35 (br s, 1, C31H), 5.83 (d, 1, 

8.15 (d, 1, CsH), 8.45 and 9.95 ppm (br s, 1, "2); mass spectrum 
(70 eV) m/e  865 (M+, free base), 545 (M - RCO), 527 (m/e  545 
- H20), 322 (RCO). Anal. C, H, N. See Table I for other data. 

2,2'-Anhydro-l-[3'-0-acetyl-5'-0-(4-methylbicyclo[2.2.2]- 
oct-2-ene-l-carbonyl)-~-D-arabinofuranosyl]cyt0~~ne Hy- 
drochloride (3c). 4-Methylbicyclo[ 2,2.2]oct-2-ene-l-carbonyl 
chloride (2c, from 700 mg of the acid, 4.2 mmol)14 and 1 (250 mg, 
0.82 mmol) were stirred together in dimethylacetamide (15 ml) 
a t  room temperature for 7 days giving a clear solution. Most of 
the solvent was removed under high vacuum and the residue was 
triturated with ether giving a crystalline residue. Recrystallization 
from chloroform gave 308 mg (83%) of 3c with mp 231-235" dec: 
NMR (MenSO-ds) 1.12 (s, 3, CHd, 1.2-1.9 (m, 8, CH2's), 2.11 (s, 

1, J 4 , 5 ' b  = 5 Hz, CpbHt, 4.61 (ddd, 1, J.y,4' = 4 Hz, C4,H), 5.39 (dd, 
1, J2',3$ = 1 Hz, CB~H), 5.75 (dd, 1, J l 8 , 2 ,  = 6 Hz, Cz,H), 5.98 and 
6.15 (d, 1, J = 8 Hz, vinyl H's), 6.58 (d, I, G H ) ,  6.74 (d, 1, 55,6 
= 7.5 Hz, C5H), 8.33 (d, 1, C&), 9.5 and 9.9 ppm (br s, 1, "2). 
Anal. C, H, N. See Table I for other data. 
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= 5 Hz, C5maH), 4.24 (dd, 1, J4,58b = 4 Hz, Cg'bH), 4.47 (m, 1, Cq'H), 

J1$,2 '  = 6 Hz, CpH), 6.93 (d, 1, C1' H), 7.12 (d, 1, J5,6 = 7 Hz, C5H), 

3, OAC), 4.09 (dd, 1, J em = 12 Hz, J4',5~~ = 5 Hz, CsaH), 4.21 (dd, 
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Reactions of 2-Acyloxyisobutyryl Halides with Nucleosides. &la Synthesis and 
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Previous papers in this series have described efficient syntheses of 3'-O-acyl and 3',5'-di-O-acyl derivatives of 
2,2'-anhydro-l-(/3-~-arabinofuranosyl)cgtosine hydrochloride (1, 3). It has now been shown that the 2,2'-anhydro 
linkage in 1 and 3 can be selectively and efficiently cleaved by treatment with a mixture of pyridine and methanol 
giving the corresponding 3I-O-acyl and 3',5'-di-O-acyl derivatives of 1-6-Darabinofuranosylcytosine (2,4). The selective 
hydrolysis of the more soluble derivatives can also be achieved using either aqueous pyridine or a mixture of sodium 
carbonate and sodium bicarbonate in aqueous dioxane. Using the above procedures 3'-O-acyl araC's and 3',5'-di-O-acyl 
araC's with saturated or unsaturated ester groups containing from 2 to 22 carbon atoms have been prepared, and 
these substances have been evaluated for cytotoxicity and antiviral activity in tissue culture and for antitumor activity 
against L1210 leukemia in mice. Many of the compounds show high anti-11210 activity relative to araC itself. 

1-P-D-Arabinofuranosylcytosine (araC) is a nucleoside 
analo ue possessing substantial anti le~kemic,~ anti-DNA 

clinical use against viral infections has met with mixed 

success: araC has proved to be a valuable agent for the 
treatment of acute  leukemia^.^ AraC, however, suffers 

deaminase, and its very short (12 min) half-life in man7 
viral, f and immunosuppressive5 properties. While its rapid deamination and deactivation in vivo by cytidine 
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necessitates the use of complex, repetitive dosage schedules 
or continuous intravenous infusion.3 

An approach to resolving the problems accompanying 
the short biological half-life of araC was suggested by work 
on the synthesis of various 5'-esters of araC.8 Certain of 
these compounds, which could be prepared by direct, 
selective acylation of the primary 5'-hydroxyl group of araC 
hydrochloride,s were shown to have dramatically altered 
antileukemic activities as compared to araC In 
particular, certain of the less soluble 5'-esters were found 
to have prolonged activity against L1210 leukemia in mice 
since they were not substrates for cytidine deaminase and, 
hence, served as depot forms of araC itself.8 As a result, 
a single administration of the drug showed the same ac- 
tivity as multiple injections or a continuous infusion of 
araC. A few 2'- and 3'-monoesters of araC have also been 
prepared,l* but these syntheses have required the use of 
blocked intermediates followed by chromatographic 
separation of isomers and the yields of pure products were 
very low (2-5%). Montgomery and Thomas" have de- 
scribed the synthesis of the 3',5'-di-O-butyryl, 2',3',5'- 
tri-0-butyryl- and 2',3',S'-N4-tetrabutyryl derivatives of 
araC and shown that the two former compounds showed 
moderate activity a ainst L1210 leukemia while the in- 

We have made the same observation with 2',3',5'-N4- 
tetraacetyl araC. On the other hand, it has recently been 
reported12 that longer chain (C14-Cz2) N4-acyl derivatives 
of araC are effective agents against LIZ10 leukemia in 
mice. In the present paper we present details of our work 
leading to efficient syntheses of some 37 3'-O-acyl and 
3',5'-di-O-acyl derivatives of araC and a survey of their 
cytotoxic, antiviral, and antileukemic properties. Some 
aspects of this work have been summarized previously,12 
and further details of the biological work will be presented 
at  a later date. 

Chemical Synthesis. In several earlier papers in this 
s e r i e ~ ~ * * l ~ . ~ ~  we have described efficient specific syntheses 
of 2,2'-anhydro-l-(3'-O-acyl-~-~-arabinofuranosyl)cytosine 
hydrochlorides (3'-0-acyl cycloC's, 1) and 2,2'-anhydro- 
l-(3',5'-di-0-acyl-3-~-arabinofuranosyl)cytosine hydro- 
chlorides (3',5'-di-O-acyl cycloc's, 3) in which the acyl 
groups were saturated or unsaturated fatty acids con- 
taining from 2 to 22 carbon atoms. These compounds 
generally exhibited cytotoxicity against HeLa cells in tissue 
culture and also had activity against DNA viruses and 
against L1210 leukemia in mice.Ia l i  The degree of an- 
tiviral and antitumor activity was, however, strongly in- 
fluenced by the length and nature of the acyl groups, 
antiviral activity generally being maximal with Cs-C] 2 acyl 
groups while optimal antileukemic activity required 
somewhat larger acyl functions. Even modest changes in 
the nature of the acyl groups sometimes led to striking 
variations in biological response. 

There has also been considerable recent interest in the 
antileukemic properties of 2,2'-anhydro-l-(P-~-arabino- 
furanosy1)cytosine hydrochloride (cycloc) itself (for leading 
references see ref 15). This compound is inert to the action 
of cytidine deaminase16 but is gradually converted under 
physiological conditions to araC, thus providing a slow 
release of the latter, which is presumably the active 
species." Our objective was to find a method for the 
selective cleavage of the 2,2'-anhydro linkage in 1 and 3 
in order to give the corresponding S'-O-acyl araC's (2) and 
3',5'-di-O-acyl araC's (41, respectively. 

I t  is well known that the 2,Z'-anhydro linkage in cycloC 
is extremely stable under acidic conditions, deacetylation 
of 3'-O-acetyl cycloC with methanolic hydrogen chloride 

troduction of the N 4g -butyryl function led to inactivation. 

Mof fa t t  et a l .  

I o=c 7 

3 

'3 
1 

3 = C R  
4 

at room temperature for several days providing a high-yield 
synthesis of cycloC.14 CycloC is, however, very sensitive 
to alkaline hydrolysis, and Doerr and Foxls have shown 
that neutralization of cycloC hydrochloride to its free base 
form is accompanied by spontaneous hydrolysis to araC. 
It has been demonstrated in several studies that incubation 
of cycloC hydrochloride in buffer solutions at physiological 
pH's leads to a gradual cleavage to araC.17-19 While this 
type of buffered hydrolysis would ideally accomplish the 
selective cleavage of the 2,2'-anhydro linkage without 
affecting the ester groups, the very low solubilities of the 
longer chain acyl derivatives (1, 3) in both aqueous and 
nonaqueous solvents seriously limit this approach. In the 
case of the shorter chain 3'-O-acyl cycloc's (e.g., the 3'- 
0-octanoyl derivative 1, R = C7Hlj) it was possible to 
obtain a dilute homogeneous solution of the nucleoside in 
a mixture of dioxane and aqueous carbonate buffer (pH 
-9.2). After several hours at room temperature crystalline 
1-(3-O-octanoyl-~-n-arabinofuranosyl)cytosine was isolated 
by chromatography on silicic acid in 55% yield. 

The above method was not readily suited for use with 
the less soluble, higher acyl homologues of 1 and 3. It was, 
however, shown that the desired selective cleavage of the 
2,2'-anhydro linkage in either the 3'-monoesters 1 or the 
3',5'-diesters 3 of cycloC could be achieved by heating in 
a 1:l mixture of pyridine and methanol a t  75-80' for 16 
h. Under these conditions the higher acyl homologues are 
initially insoluble but dissolve giving a clear solution during 
the first few hours of the reaction. Completion of the 
hydrolysis can be judged by thin-layer chromatography 
using 1-butanol-acetic acid-water (5:2:3), 15-2070 
methanol in chloroform, or acetonitrile-0.1 M ammonium 
chloride (9:1), the arabinoside (2, 4) in each case being less 
polar than the starting material (1, 3). Such TLC ex- 
amination showed the presence of a highly polar by- 
product in each reaction, and this compound was shown 
by paper chromatography, paper electrophoresis, and 
ultraviolet spectroscopy to be N-methylpyridinium 
chloride (6). Since opening of the anhydronucleoside does 
not occur in methanol under acidic conditions, the first 
step is presumably formation of an equilibrium concen- 
tration of the free base followed by addition of methanol 
a t  Cz giving either 5a or 5b. Subsequent dealkylation of 
either of these species then gives the observed 3I-O-acyl 
arabinoside and 6. We have not made any effort to dis- 
tinguish between 5a and 5b at  this time. 
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It  is also possible to effect the cleavage of the 2,2'- 
anhydro linkage by heating with aqueous pyridine, this 
procedure having the advantage that all the by-products 
are volatile. While this approach was used successfully to 
convert 3'-O-acetyl cycloC (1, R = CH3) into 3I-O-acetyl 
araC (2, R = CH3) in a yield of 9270, the very low solubility 
of the higher acyl homologues of 1 and 3 makes the use 
of pyridine-methanol generally preferable. The latter 
method has been used for the preparation of most of the 
araC derivatives used in this work as summarized in Table 
I. In some cases pure crystalline esters of cycloC (1, 3) 
were used in the pyridine-methanol reactions, while on 
other occasions the crude product arising from reaction 
of cytidine with the 2-acyloxyisobutyryl chloride15 or from 
diacylation of cycloC itselfla was used directly. Since the 
latter method gives generally satisfactory overall yields of 
the 3'-acyl or 3',5'-diacyl araC's (2,4) starting from cytidine 
or cycloc, it makes these interesting compounds readily 
available. 

In a few cases the free base forms of the acylated araC's 
were not readily obtained in crystalline form, although 
their NMR spectra indicated the presence of a single 
compound (e.g.,2, R = C6HjCH2, CHs(CH2)2CH=CH;4, 
R = CH3, C7H15, C6H5CH2). On those occasions the 
compounds were isolated in the form of their readily 
crystalline hydrochlorides (purification method C in the 
Experimental Section) and the yields reported in Table 
I refer to crystalline products. A number of other esters 
were also converted to salt forms in order to examine the 
effect of increasing their solubility in water upon their 
biological properties (see later). 

In order to permit a direct comparison of the biological 
activities of the present 3'-O-acyl araC's with the 5'-O-acyl 
isomers described by others,8 we have also prepared a few 
of the latter compounds. Thus, using the synthetic route 
developed by Gish et al.8a araC hydrochloride was acylated 
using 1.1 equiv of decanoyl, palmitoyl, and behenoyl 
chlorides in dimethylacetamide giving the crystalline 5'- 
esters 7a-c in yields of 34, 94, and 61%. Comments on 
the biological activities of these compounds will be found 
later. 

All of the compounds prepared in this work have been 
characterized by the usual analytical and spectroscopic 
means. Several of the very long chain (C18-C22) diesters 
(4) were not sufficiently soluble to give good NMR spectra 
without time averaging, but with these exceptions the other 

0 
I I  

RCOCH2 

compounds gave readily interpretable spectra which clearly 
confirmed chemical homogeneity. The spectra of all 
compounds within a given series were very similar and 
representative examples are to be found in the Experi- 
mental Section. It was previously noted that the C j  
protons in mono- and diesters of cycloC i l ,  3)la Id  were 
magnetically nonequivalent. These protons in the 3'-esters 
of araC were, on the other hand, magnetically equivalent 
and appeared as doublets at 3.61 f 0.2 ppm. As might be 
expected, free rotation about the C1-C; bond was inhibited 
by 5'-ester functions, and hence the 5' protons in the 
diesters 4 showed magnetic nonequivalence although the 
spectra in that region were less well resolved due to 
overlapping of the C2, Cq, and C j  protons. As in the case 
of the esters of cycloC (1, 3),la l5 mass spectroscopy was 
also of some diagnostic value. Even the higher diesters 
showed small molecular ions accompanied by stepwise 
fragmentation of the este; groups. As was the case with 
the 3'-O-acyl cycloc's (l)," the spectra of 3'-O-acyl araC's 
(2) also showed very small peaks corresponding to the 
molecular ions for the corresponding diesters and their acyl 
fragmentation products. Similarly, the spectra of com- 
pletely pure diesters 4 showed mincte peaks corresponding 
to the corresponding triesters. Since we could detect no 
trace of impurities in the spectral samples. we attribute 
these additional peaks to intermolecular thermal trans- 
esterifications taking place in the ion source. Similar 
transesterifications have grevioiisly been documented w.th 
other nucleoside esters.*O Other features of the spectra 
were largely what would be expected from simple cytosine 
nucleosides and included intense peaks at m / c  112 (B t 
2H) and 151 (B + 41).*l 

Biological Evaluation. The compounds described in 
this paper have all been examined for cytotoxicity against 
HeLa cells, antiviral activity against the IHD strain of 
vaccinia virus and the HF strain of Herpes simplex virus, 
and antineoplastic activity against L1210 leukemia in mice. 
The procedures used for these studies have been outlined 
in an earlier paper15 and the results are summarized in 
Table I. As was the case with the various esters of cy- 
c ~ o C , ~ ~ , ~ ~  none of the present compounds showed any 
significant antibacterial or antifungal activity. 

In general, all of the cornpounds showed rather corn- 
parable cytotoxicity against HeLa cells with the exception 
of the very long chain (c16-c22) saturated and, to a lesser 
degree, unsaturated diesters, which were markedly less 
active. This reduced activity with the long-chain diesters 
is similar to what we have encountered p r e v i ~ u s l y ~ ~ J ~  and 
is presumably due to the very low solubilities of those 
compounds in the tissue culture media. Typical of araC 
 derivative^,^ the various esters were inactive against RNA 
viruses but showed substantial activity against DNA vi- 
ruses. The 3'-monoesters 2 generally showed higher ac- 
tivity than did the 3',5'-diesters 4, and typically vaccinia 
virus was somewhat more sensitive than Herpes As was 
the case with the esters of cycloC,la%l5 the introduction of 
short (c2-C~) acyl groups led to a reduction of activity 
relative to the parent nucleoside (araC). In the 3'- 
monoester series maximal activity against vaccinia virus 
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ha:, achieved with the CH-C~J acyl derivatives, all of which 
h w e d  comparable effects to araC itself on a micromolar 
hasis. Against Herpes virus maximum effectiveness was 
s h m n  by ?'-undecanoyl araC. The behavior of the 3(,- 
.">'-diester$ was roughly comparable, maximum zctivity 
Imng found with the CS-C~I  esters, although these 
awnpound3 were generally somewhat less active than were 
1 he ? -inmoesters. In both series the very long chain 
katurd! ed eFters showed a dramatic reduction in activity, 
i i i i (  e again almost certainly related to their lack of solu- 

\r vcda the case with the 3'-esters of cycloC reported 
p r twml \  ,' ' solubilized preparations of a number of 3'-acyl 
ard". were also prepared and will be described a t  a later 
date 4s expected, these solubilized preparations had only 
, I  : I i c f t i t t h t  effect on the antiviral properties of the shorter 
h h t i i o  ( u p  t r )  C l l )  esters, activities being increased by 
b o  fiiefold. On the other hand, the much less soluble 
imgei chain derivatives showed substantially increased 

3 ~ - f o l c I ~  'ictivities. For example, the ED50 values for 
+)it  ibiii~eci preparations of the 3'-myristoyl and 3'-behenoyl 

I' derivatives were 0.01 and 3.0 pM while the nonsol- 
I t i e c t  islaterials showed d u e s  of 0.18 and >30 pM, 

o shows the effects of the various compounds 
T tiir rcd5ing the life span of mice infected with L1210 

'eukt-rnin Ln each case the compound was administered 
'i., A -ingle intraperitoneal injection 24 h after introduction 
I f r h i  Ieukemic cells. Under these conditions araC itself 

i hJOOr1) effective drug, mainly due to its very short 
iticilcgical half life. As can be seen from Table I, the in- 

it  tion 01 short (el € 6 )  esters at either c.3 or at c3 and 
>ti  to <)til) modest increases in activity relative to araC. 
1): r Teases in the size of the acyl groups, however, 
t i  c o n )  pounds showing high antileukemic activity and 

q u m t  long-term (30 day) survivors. As in the 
),ipers, the numbers in parentheses indicate the 

11 animals in the test group that were still alive 

i n  ; t b n L a r a i ,  [he  more active 3 -0-acyl araC's (2) are 
effective than are their 3'-O-acyl cycloC 

The overall patterns of activity are, 
ependent upon the precise nature of the 
is interesting to note, for example, that 

1 2 ~ - - c ! t - ~ ~ n o ~ l  araC 12. R = CgHlg) is much more active at 
l:wi & ) ~ P s  than i s  its 3'-0-nonanoyl analogue 2 (R = CaHl.;), 

i n  tht> t i sue  culture medium. 

1: 5 k  1 t i  I he termination of the experiment. 

er series the intermediate chain length 

( 1 1 ( + r i  p wrie5 showed high activity at low doses. 
1 1 '  l e ~ i  if the low solubilities of many of the compounds 

( I U -  media. we hale prepared salts of several 
it,!tive examples. Most frequently we have pre- 
~ t "  wadi15 crystalline hydrochlorides, but in some 

%.iv b~ h a ~ e  also studied nitrate. sulfate, phosphate, 
)X~I!~I :~ , -.iicc~nate, arid citrate salts and have compared the 

:ictivitie.s of the5e salt forms with those of the 

MiJ#:atl Pi '1 

free bases. In most cases the sdlts showed WeLa .C;I 
cytotoxicities very close to those of the free bases Sin1 
ilarly, the antiviral activities of most of the salts examined 
were roughly equal to, or slightly less than (perhaps 
one-half or one-third), those of the correspundilig tree hac .  
A notable exception was the hydrochloride of 'i'-eruco\ 1 
araC, which showed ED50 values of 0.38 and 120 &kl 
against vaccinia and Herpes viruses while the comparable. 
values for the free base were 1; r! m d  >';(I ,%I Tkl\ 
suggests that the low activity of the tree bast. mas, indeed 
due to its very low solubility in the tissue culture mediuw 
and that this effect was counteracted by forming the 
somewhat more soluble salt. Increased solubihts did l i ( 3 :  

however, appear to have any beneficial effec I u p x i  :i L 

activity against 1,1210 leukemia. !r. each caw i t e  hd\ - 
examined, the activity of the salt was somewhat lower t h m  
that of the free base, particularly s i t h  the shorter chaiii 
esters. In the case of the long-chain <: -eructi\i -iraC h, 
drochloride, the salt showed essentially the  same high 
activity as the free base, but in n c  e &as Otli '  <,I thr 5nIts 
found to be superior It would dppear t h ~  
solubility is not in itself the d 1 witing l<i( 
maintenance of effective in vivt dr1.g ' i w i .  

Finally, i t  was 01 interest to  C i i r ~ ~ ~ l v  coinpare the tilo- 
logical activities of several 3 - t x s i v ~ .  d r d '  a i th  their 
5'-O-acyl counterparts. As wia. n: tioned e;ullier, \ ery IOU 
yield syntheses of the 2 ' 4 -  and -(:-henmi I ,  Ijalinrtirjl, 
and stearoyl derivatives of ara have heen previous11 
reportedlo and it has been stated th,it the biologicit1 d( ~ 

tivities of these compounds are iii)T cumparable to t h e  
5'-e~ters.*~ We have prepared the 5 -( 1-decanoyl, palmito) i. 
and behenoyl derivatives of araC 1 ?a- e) and their activities 
are outlined in Table I. 

It can be seen from Table 1 that \vith respect tr, aitivird 
activity the 3'-decanayl and palniitoyl esters are roughl! 
twice as active as their 'i'-counterparts against both 
vaccinia and Herpes i iruses The c' , -behen+ 1 e,ter is, 
however, distinct!> more anti\ irdl than the C -ester, 
probably suggesting that it hap greater solubility in the 
tissue culture medium. In support o f  this, ii solubilized 
preparation of :<'-beheno>! araC' shows d tc-rif ;dd iiicreasu 
in activity while a comparable solubilization ( i t  the -es !m 
leads to only a twofold increase With r q x x t  t o  dilt i  

L1210 activity, careful dose response curt  e> hate i w e ~  
determined for both series of c tmpomch di!d ~he i i i  
erapeutic indices iCI, defineci the ratio (,I +he  C L J ~  
producing maximum % ILS to t 
have been determined. For the 
ILS?O, ILS,,,,, and I'! were a i  f i  
(5 mg/kg, 150 mg, kg, 30). 3 - p d  
3'-behenoyl araC 12, 2000, 1000 
for the 5'-esters were: 5 -decanoyi 
5'-palmitoyl maC ( 2 ,  1 j0,  
500). From ihe above it 
the above cases the chem 
is superior to that ( 4  its 

The synthetic methods desmtwu 111 this paper a m  in 
its precursors'" make a wide range of S'-esters and 
3',5'-diesters of cyclo(3 and araC readily available These 
compounds show an interesting range of biologicai ,i~ 

tivities and provide interesting series for structure activity 
relationships. In future papers we will consider the effects 
of different dosage regimens and modes of administration 
as well as the results of tests with other tumor 



2-Acyloxyisobutyryl Halides. 8 

General Synthetic Methods Used for Preparation of 2 and 
4. 1-(3-O-Myristoyl-~-~-arabinofuranosyl)cystosine (2, R = 
C13H27) (Purification Method A). A suspension of 2,2'- 
anhydro-l-(3'-0-myristoyl-~-~-arabinofuranosyl)cytosine hy- 
drochloride (1, R = C13H27, 22.0 g, 46.6 mmol)15 in a mixture of 
pyridine (110 ml) and methanol (110 ml) was stirred at  80' for 
16 h. An evaporated aliquot of the clear solution was examined 
by TLC using 1-butanol-acetic acid-water (5:2:3) which showed 
the starting material to be gone with formation of a new, somewhat 
less polar spot and a spot near the origin. The solvents were 
evaporated in vacuo and the residue was coevaporated with 
methanol. The oily residue was dissolved in warm 1-butanol (350 
ml) and washed twice with water (250 ml). The butanol solution 
was dried (MgS04) and concentrated in vacuo until crystallization 
started. The solid was redissolved and cooled giving 16.5 g (78%) 
of pure 2 (R = C13H27) with mp 174-176'. Alternatively, the 
product could be readily crystallized from ethanol: NMR 
(MezSO-ds) 0.83 (t, 3, CH3), 1.24 (s, 20, CHz's), 1.53 (m, 2, 
COCHZCH~), 2.33 (t, 2, COCH2), 3.61 (d, 1,J4,5 = 5 Hz, C5H2), 
3.88 (dt, J 3 , 4  = 2 Hz, C4H) 4.06 (m, 1, C2H), 4.95 (dd, 1, 52,s = 
2 Hz, C3H), 5.69 (d, 1,556 = 7.5 Hz, C5H), 5.96 (d, 1, J1.2 = 3.5 
Hz, ClH), 7.15 (br s, 2, NHz), 7.61 ppm (d, 1, C&); mass spectrum 
(70 eV) m/e 453 (M'), 242 (M' - RCO), 226 (R - RC02), 663 
(small, diester). Anal. C, H, N. See Table I for other data. 

A sample of 2 (R = C13H27, 2.27 g, 5 mmol) was dissolved in 
methanol (50 ml) and methanolic hydrogen chloride (5.5 mmol) 
was added. After evaporation of the solvent the residue was 
crystallized from ethanol giving 1.79 g (73%) of the hydrochloride 
with mp 179-181": A,,, (MeOH) 213 nm (e 9200), 283 (13700). 
Anal. C, H, N. 

l-(3-O-Arachidyl-~-~-arabinofuranosyl)cytosine (2, R = 
C19H39) (Purification Method B). (a) From Purif ied 1 (R 
= C19H39). A suspension of pure 1 (R = C19H39, 3.0 g, 5.4 mmol) 
in pyridine (50 ml) and methanol (50 ml) was stirred overnight 
a t  80' leading to  complete reaction as judged by TLC using 
1-butanol-acetic acid-water (5:23). The solvents were evaporated 
in vacuo and a solution of the oily residue in chloroform was 
applied to a column containing 200 g of silicic acid. The column 
was eluted with chloroform containing 5,10, and 15% methanol, 
the fractions being examined by TLC using chloroform-methanol 
(4:l). Evaporation of the pooled product fractions followed by 
crystallization from methanol gave 2.04 g (71%) of 2 (R = C19H39) 
with mp 177-179'. An analytical sample had mp 177.5-178.5': 
NMR (MezSO-ds) 0.84 (t, 3, CH3), 1.24 (s, 32, CH2's), 1.5 (m, 2, 
COCH~CHZ), 2.34 (t, 2, CH2), 3.63 (d with D20, 2, J 4 , 5  = 5 Hz, 
CjHz), 3.89 (dt, 1, 5 3 , 4  = 2 Hz, C4H), 4.06 (m, 1, C2H), 4.94 (dd, 

1, J 1 , 2  = 3.5 Hz, ClH), 7.08 (br s, 2, NH2), 7.60 ppm (d, 1, C@); 
mass spectrum (70 eV) m/e 537 (M'), 427 (M' - cytosine), 295 
(M' - RCO), 151 (base + 41),21 112 (base + 2H). Anal. C, H, 
N. See Table I for other data. 

(b) Without Purification of 1. Cytidine (13.6 g, 56 mmol) 
was added to a solution of crude 2-arachidoyloxyisobutyryl 
chloride (223 mmol)15 in acetonitrile (280 ml) and the resulting 
suspension was stirred at  60' for 16 h at  which point TLC using 
1-butanol-acetic acid-water (5:2:3) showed the reaction to  be 
complete. Most of the acetonitrile was removed in vacuo and the 
residue was added to ether (1 1. ) giving crude 1 (R = c&39,30.3 
g) as a white solid that was collected, washed with ether, and dried 
in vacuo. This material was suspended in pyridine (500 ml) and 
methanol (500 ml) and stirred at  80' for 16 h. The solvents were 
evaporated in vacuo and the residue was chromatographed on 
a column of silicic acid (1 kg) as in (a) above. Crystallization of 
the pooled product fractions from ethanol gave 16.28 g (54% from 
cytidine) of 2 (R = C19H39) identical with that above. 

l-(3,5-Di-0-octanoyl-~-~-arabinofuranosyl)cytosine Hy- 
drochloride (4, R = CYH15) (Purification Method C). A 
mixture of 2,2'-anhydro-l-(~-~-arabinofuranosyl)cytosine hy- 
drochloride (2.62 g, 10 mmol) and octanoyl chloride (6.48 g, 40 
mmol) in dimethylacetamide (50 mi) was stirred at  37' for 16 h 
at  which point TLC using acetonitrile41 M ammonium chloride 
(9:l) showed the reaction to be complete. Ether (500 ml) was 
added and the precipitate was collected by centrifugation, washed 
with ether, and dried in vacuo giving 6.8 g of crude 3 (R = C7H15). 
This material was directly stirred a t  80' for 16 h with pyridine 
(100 ml) and methanol (100 ml). The solvents were evaporated 

1, J 2 , 3  = 1.5 Hz, C3H), 5.67 (d, 1, J5,6 = 7.5 Hz, C5H), 5.96 (d, 
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and the residue was chromatographed on a column of silicic acid 
(500 g) using 5 and 10% methanol in chloroform. The pure 
product fractions were evaporated leaving 4.21 g (85%) of TLC 
and NMR homogeneous product that could not be obtained in 
crystalline form. It was dissolved in methanol and after addition 
of methanolic hydrogen chloride (9.5 mmol) the solvent was 
evaporated and the residue was crystallized from ethyl acetate 
giving 3.19 g (60% from cycloC) of 4 (R = C7H15) with mp 
153-155': NMR (Me2SO-d6) 0.86 (t, 6, CH3), 1.25 (s, 16, CHz's), 
1.5 (m, 4, COCH2CH2), 2.31 (t, 4, COCHz), 4.2 (m, 4, C2,H, Cd,H, 
C5"2), 5.00 (m, 1, QH), 6.02 (d, 1,51,,2, = 3.5 Hz, C1,H), 6.21 (d, 
1, 55$ = 7.5 Hz, C5H), 7.87 (d, 1, CsH), 8.90 and 9.91 ppm (br 
s, 1, "2). The spectrum of the free base in CDC13 was similar 
except that the C5, protons were then well resolved from C2,H and 
C4,H and appeared at  4.20 (dd, 1, J,,, = 12 Hz, J4,,5,a = 5 Hz, 
C5,,H) and 4.32 ppm (dd, 1, J4',5'b = 3.5 Hz, C5,bH). The C5H and 
C6H signals also showed the expected shifts to 5.66 and 7.49 ppm, 
respectively; mass spectrum (free base, 70 eV) m/e 621 (small, 
triester), 495 (M'), 477 (M+ - HzO), 385 (M' -base), 368 (M' 
- RCO), 352 (M+- RC02), 344 (m/e 352 - HzO), 151 (base + 41):l 
127 (RCO), 112 (B + 2H). Anal. C, H, N. See Table I for other 
data. 

l-(3-O-Acetyl-~-~-arabinofuranosyl)cytosine (2, R = CH3). 
(a) Using Aqueous Pyridine. A solution of pure 1 (R = Me, 
1.0 g, 3.3 mmol) in water (7.5 ml) and pyridine (15 ml) was heated 
at  60' for 20 h and then evaporated to dryness. The residue was 
coevaporated several times in vacuo with methanol-chloroform 
(1:l) and then crystallized from ethanol-acetone giving 684 mg 
(73%) of 2 (R = CH3) with mp 208-210'. Preparative TLC of 
the mother liquors wing chloroform-methanol (7:2) gave a further 
182 mg (total yield 92%) of crystalline product: NMR (Me2sO-d~) 
2.08 (s, 3, OAC), 3.63 (d, 2, 54,,5. = 5.5 Hz, C ~ S H ~ ) ,  4.00 (dt, J 3 , 4 '  
= 2.5 Hz, C4,H), 4.20 (dd, 1, J1 ' ,2 '  = 4 Hz, Jz',~' = 2 Hz, C2,H), 4.97 
(dd, 1, C3'H), 5.94 (d, 1, Ci'H), 6.18 (d, 1,55,6 = 8 Hz, CsH), 8.00 
(d, 1, CsH), 8.82 and 9.83 ppm (br s, 1, "2). Anal. C, H, N. 
See Table I for other data. 
(b) Using Pyridine-Methanol. A solution of 1 (R = CH3, 

3.59 g, 11.8 mmol) in methanol (50 ml) and pyridine (50 ml) was 
heated at  80' for 16 h and then evaporated to dryness. The 
residue was coevaporated twice with methanol-chloroform (1:l) 
and crystallized from ethanol-acetone giving 2.15 g (64%) of 2 
(R = CH3) identical with that from (a) above. The mother liquors 
were not further purified. 

l-(3-0-Octanoyl-~-D-arabinofuranosyl)cytos~ne (2, R = 
C7H15). (a) Using Pyridine-Methanol. Cytidine (243.8 g, 1 
mol) was added to a solution of 2-octanoyloxyisobutyryl chloride 
(622 g, 2.5 mol) and the mixture was stirred at 37" for 3 h. The 
mixture was then filtered and the white solid was washed with 
ether and dried in vacuo giving 216 g of 1 (R = C7H15) that was 
homogeneous by TLC using 1-butanol-acetic acid-water (5:2:3). 
This material was added to pyridine (2 1.) and methanol (2 1.) and 
stirred at  80' for 16 h. Examination by TLC showed the hy- 
drolysis to be incomplete and the reaction was continued for a 
further 24 h before evaporation to dryness. The residue was 
coevaporated twice with methanol (250 ml), dissolved in warm 
1-butanol (500 ml), and washed twice with saturated aqueous 
sodium chloride (250 ml), dried (MgSOd), and somewhat con- 
centrated in vacuo. The resulting crystals were washed with 
butanol and ether and dried in vacuo giving 118 g (57% from 
cytidine) of 2 (R = C7H15) in three crops with mp 180-182'. 
Further product could be isolated from the mother liquors by 
chromatography on a column of silicic acid (ten parts by weight) 
using 5,10, and 15% methanol in chloroform: NMR (MezSO-d6) 
0.86 (t, 3, CH3), 1.25 (s, 8, CHis) ,  1.5 (m, 2, COCH~CHZ), 2.34 
(t, 2, COCH2), 3.60 (d, 1,54',5' = 5.5 Hz, Cg'H2), 3.88 (dt, 1, J3' ,4,  
= 2 Hz, C4,H), 4.04 (dd, 1, J1,,2' = 3.5 Hz, J2 ' , 3 ,  = 2 Hz, QH), 4.94 
(dd, 1, C3'H), 5.67 (d, 1, J5,6 = 7.5 Hz, C5H), 5.96 (d, 1, QH), 7.56 
ppm (d, 1, C6H). Anal. C, H, N. See Table I for further data. 

(b) Using Sodium Carbonate-Sodium Bicarbonate. A 
solution of 1 (R = C7H15, 388 mg, 1 mmol) in water (15 ml) and 
dioxane (10 ml) containing sodium carbonate (150 mg) and sodium 
bicarbonate (200 mg) was kept a t  room temperature for 2 h and 
then evaporated to dryness. The residue was coevaporated twice 
with ethanol and then extracted three times with hot ethanol (10 
ml). The extracts were evaporated and purified by preparative 
TLC using chloroform-methanol (3:l) and crystallized from 
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ethanol giving 204 mg (55%) of 2 (R = C7H15) identical with that 
from (a) above. 

1 - (5- O-Behenoyl-fl-~-arabinof uranosy1)cytosine (7c) 
(Purification Method D). A mixture of araC hydrochloride (6.46 
g, 23 mmol) and behenoyl chloride (from 10 g, 29 m o l ,  of behenic 
acid and 14 g of thionyl chloride at 50' for 2 h followed by 
evacuation at  50' under high vacuum) in dimethylacetamide (125 
ml) was stirred at  40' for 16 h. The solvent was then evaporated 
in vacuo and the residue was dissolved in hot ethyl acetate (125 
ml) and filtered. Addition of ether (125 ml) to  the filtrate gave 
a white precipitate that was collected and stirred with saturated 
aqueous sodium bicarbonate (200 ml) until gas evolution ceased. 
The precipitate was then collected, washed with water, and dried 
giving 12.1 g of crude product. Crystallization from ethanol gave 
10.62 g (81%) of 7c that was contaminated with a trace of a highly 
nonpolar product that could not be removed by recrystallization. 
Accordingly, the product was dissolved in hot methanol, added 
to silicic acid (100 g), and evaporated to dryness. The residue 
was added to the top of a column containing fresh silicic acid (1 
kg) packed in chloroform and the column was eluted with 
chloroform-methanol (19:l) to remove the impurity and then with 
4:l to remove the product. Crystallization from methanol then 
gave 8.01 g (61%) of pure 7c with mp 200-201': too insoluble 
for NMR. 
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