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123-124 °C (from ethyl acetate); 'H NMR (Me2SO-d6) S 6.72 (s, 
1, H-4), 3.85 [s, 2, CH2N(CH2CH2C1)2], 3.67 (t, 4, CH2C1), 2.90 
[t, 4, N(Ctf2CH2Cl)2]. Anal. (C9H14N40C12) C, H, N. 

Ethyl l-(2,3,4,6-Tetra- 0-acetyl-/?-D-glucopyranosyl)-3-
[[bis(2-chloroethyl)amino]methyl]pyrazole-5-carboxylate 
(12a). A solution of 5a (0.56 g, 1 mmol) in dry acetone (20 mL) 
was treated with bis(2-chloroethyl)amine (0.28 g, 2 mmol) recently 
liberated from the hydrochloride, and the whole was allowed to 
stand at room temperature for 24 h. The solvent was removed 
and the residue extracted with ether. The ether was evaporated 
to give a syrup, which was purified by preparative TLC using ethyl 
acetate-petroleum ether (1:1). Elution of the major band gave 
0.44 g (70%) of 12a as a homogeneous syrup: [a]25

D -6° (c 0.52, 
chloroform); !H NMR (CDC13) 5 6.96 (s, 1, H-4), 6.55 (d, 1, JVi, 
= 9 Hz, H-l'), 3.85 [s, 2, CH2N(CH2CH2C1)2], 3.60 (t, 4, Cff2Cl), 
2.98 [t, 4, N(Cff2CH2Cl)2]. Anal. ( C M H J B N A A , ) C, H, N. 

Ethyl l-(2,3,4-Tri-0-acetyl-£-D-ribopyranosyl)-3-[[bis-
(2-chloroethyl)amino]methyl]pyrazole-5-carboxylate (12c). 
By a method identical with that described for 12a, 5c (0.30 g, 0.75 
mmol) and bis(2-chloroethyl)amine (0.21 g, 1.50 mmol) led to 12c 
(0.28 g, 82%) as a homogeneous syrup: [a]26

D -4° (c 0.5, chlo
roform); :H NMR (CDC13) b 6.96 (s, 1, H-4), 6.75 (d, 1, Jvv = 9 
Hz, H-l'), 3.85 [s, 2, Cff2N(CH2CH2Cl)2], 3.60 (t, 4, CH2C1), 3.03 
[t, 4, N(CH,CHsCl)il. Anal. (CMH31N309C12) C, H, N. 

Ethyl l-(2,3,5-Tri-0-acetyl-/3-D-ribofuranosyl)-3-[[bis(2-
chloroethyl)amino]methyl]pyrazole-5-carboxylate (12d). By 
a procedure identical with that described for 12a and 12c, 5d (0.49 
g, 1 mmol) and bis(2-chloroethyl)amine (0.28 g, 2 mmol) gave 12d 
(0.44 g, 80%) as a homogeneous syrup: [a]25

D -32° (c 0.65, 
chloroform); lM NMR (CDC13) 8 6.96 (s, 1, H-4), 7.04 (d, 2, JVi, 
= 2 Hz), 3.90 [s, 2, Ctf2N(CH2CH2Cl)2], 3.62 (t, 4, Cff2Cl), 3.10 
[t, 4, N(Ctf2CH2Cl)2]. Anal. (C22H31N309C12) C, H, N. 

l-(2,3,4,6-Tetra-0-acetyl-/3-D-glucopyranosyl)-3-[[bis(2-
chloroethyl)amino]methyl]pyrazole-5-carboxamide (13a). 
A solution of 7a (0.51 g, 1 mmol) in dry acetone (20 mL) was 
treated with bis(2-chloroethyl)amine (0.28 g, 2 mmol) freshly 
liberated from its hydrochloride and allowed to stand at room 
temperature for 24 h. The solvent was removed, the residue was 
treated with ethyl acetate and filtered, and the filtrate was 
evaporated to give a syrup, which was purified by TLC using ethyl 
acetate-petroleum ether (9:1). Elution of the major band afforded 
13a (0.39 g, 65%) as a homogeneous syrup: [a]25

D -17.5° (c 0.5, 
chloroform); *H NMR (CDC13) 5 6.83 (s, 1, H-4), 6.68 (d, 1, Jvv 

= 9 Hz, H-l'), 3.88 [s, 2, Ctf2N(CH2CH2Cl)2], 3.55 (t, 4, Cff2Cl), 
3.10 [t, 4, N(Cff2CH2Cl)2]. Anal. (C23H32NA0C12) C, H, N. 

l-(2,3,4-Tri-0-acetyl-/S-D-ribopyranosyl)-3-[[bis(2-
chloroethyl)amino]methyl]pyrazole-5-carboxamide (13c). 
By a procedure identical with that described for 13a, 7c (0.17 g, 
0.37 mmol) and bis(2-chloroethyl)amine (0.11 g, 0.75 mmol) led 
to 13c (0.10 g, 50%) as a homogeneous syrup: [a]2b

D -12.5° (c 

All analogues of naturally occurring purine and pyri-
midine bases and nucleosides currently in clinical use for 

0.5, chloroform); *H NMR (CDC13) <5 6.86 (s, 1, H-4), 6.64 (d, 1, 
JV2, = 9 Hz, H-l'), 3.98 [s, 2, CrY2N(CH2CH2Cl)2], 3.68 (t, 4, 
CH2C1), 3.05 [t, 4, N(CH2CH2C1)2]. Anal. (C^H^AC! ; . ) C, H, 
N. 

l-(2,3,5-Tri-0-acetyl-/?-D-ribofuranosyl)-3-[[bis(2-
chloroethyl)amino]methyl]pyrazole-5-carboxamide (13d). 
By a procedure identical with that described for 13a and 13c, 7d 
(0.17 g, 0.37 mmol) and bis(2-chloroethyl)amine (0.11 g, 0.75 mmol) 
led to 13d (0.12 g, 60%) as a homogeneous syrup: [a]\ -10° 
(c 0.6, chloroform); JH NMR (CDC13) 5 6.85 (s, 1, H-4), 7.02 (d, 
1, JV2. = 2 Hz, H-l'), 3.98 [s, 2, Ctf2N(CH2CH2Cl)2], 3.70 (t, 4, 
Ctf2Cl), 3.09 [t, 4, N(Ctf2CH2Cl)2]. Anal. (CaoH^AC^-lAcOEt) 
C, H, N. 
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cancer chemotherapy must be converted to their respective 
nucleotides to exert their cytostatic or cytotoxic effects. 

2'-0-Acyl-6-thioinosine Cyclic 3\5'-Phosphates as Prodrugs of Thioinosinic Acid1 

Rich B. Meyer, Jr.,* Thomas E. Stone, 
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A series of 2'-0-acyl derivatives of 6-thioinosine cyclic 3',5'-phosphate (6-HS-cRMP) were prepared and examined 
for their cytotoxic effects on S49 mouse lymphoma cells which were deficient in hypoxanthine-guanine phos-
phoribosyltransferase (HGPRTase). Cytotoxicity increased with the lipophilicity of the acyl group to a lowest EC50 
of 65 MM for the 2'-0-palmityl derivative. Addition of a mutation in the gene for cAMP-dependent protein kinase 
to the HGPRTase-deficient cell line confers resistance to 2'-0-butyryl-cAMP but not to 2'-0-butyryl-6-HS-cRMP, 
indicating that the latter does not exert its toxic effect via activation of protein kinase. The time course of cell 
kill by 2'-0-palmityl-6-HS-cRMP resembled that of 6-mercaptopurine and not that of cyclic AMP in these cells. 
The data suggest that the intact cyclic nucleotides are penetrating the cells and being converted, by phosphodiesterase 
action and deacylation, to the first toxic metabolite of 6-mercaptopurine, thioinosinic acid. 
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Furthermore, almost all other such analogues which have 
shown antineoplastic activity must be similarly trans
formed. The "fraudulent" nucleotides which the cell 
synthesizes from the purines, pyrimidines, or nucleosides 
act at various sites: enzymes of de novo purine and py-
rimidine nucleotide synthesis may be inhibited by nu
cleoside 5'-phosphate analogues; other nucleotide analogues 
may act by metabolism to the 5'-triphosphates, which may 
be incorporated into DNA or RNA, or may inhibit nucleic 
acid polymerases. 

The antileukemia drug 6-mercaptopurine (6-MP) is 
among the most interesting of all these analogues due to 
the multiplicity of its metabolic transformations and sites 
of action. First, and most importantly, it must be con
verted by hypoxanthine-guanine phosphoribosyltrans-
ferase (EC 2.4.2.8, HGPRTase) to 6-thioinosinic acid 
(6-HS-RMP) in order to exert any cytotoxic effects. This 
nucleotide inhibits IMP dehydrogenase and adenylo
succinate synthetase, and, more importantly, 6-HS-RMP 
(and its S-methyl derivative) is a potent allosteric feedback 
inhibitor of the first committed step in purine nucleotide 
synthesis, phosphoribosyl pyrophosphate:glutamine am-
idotransferase.2 Furthermore, the delayed cytotoxicity of 
6-MP is a result of its incorporation into DNA as a 
thioguanine nucleotide, a process mediated by several 
enzymes.3,4 

The lack of HGPRTase or a markedly reduced affinity 
of that enzyme for 6-MP renders leukemia cells resistant 
to 6-MP.5"7 Direct administration of 6-HS-RMP could 
overcome this resistance, but 5'-nucleotides do not pen
etrate cell membranes. The development of new anti
cancer drugs based on inhibitors of nucleotide synthesis 
is hindered by this same problem. Even if a nucleotide 
were found that could inhibit nucleotide biosynthetic 
enzymes, it must currently be administered as the base 
(which must be intracellularly phosphoribosylated) or the 
nucleoside (which must be phosphorylated) to be able to 
penetrate cell membranes. Thus, the design of such 
compounds is restricted to close structural analogues of 
natural compounds. 

We are interested in the design and evaluation of 
prodrugs of preformed nucleotides for two reasons: (a) 
such compounds might bypass resistance mechanisms to 
known anticancer drugs, such as 6-MP, and (b) they may 
provide directions for useful modifications to new nu
cleotide analogues (whose base or nucleoside would not be 
expected to be intracellularly activated) which would be 
clinically efficatious. 

In this paper, we describe two nucleotide modifications: 
(a) removal of one of the phosphate charges by cyclization 
of the 5'-phosphate to the 3'-OH and (b) addition of a 
removable lipophilic group to the compounds by acylation 
of the 2'-OH with carboxylic acids of various chain lengths. 
The critical event in intracellular "activation" of these 
compounds is cleavage of the cyclic phosphate by cyclic 
nucleotide phosphodiesterase to regenerate the active 
5'-phosphate; the 2'-0-acyl group, if not enzymatically 
removed before cyclic phosphate cleavage, would certainly 
be chemically labile after liberation of the 3'-OH.8 

The nucleotide selected for modifications in this study 
was 6-thioinosine cyclic 3',5'-phosphate (6-HS-cRMP) 
because it is known to be a phosphodiesterase substrate9 

and because 6-MP-resistant strains of the S49 lymphoma 
cells used in these studies are readily available. These are 
very deficient in HGPRTase. Additionally, these cells have 
a well-documented response to adenosine cyclic 3',5'-
phosphate (cAMP), and this allowed an evaluation of 
whether the cytotoxic action of the cyclic nucleotides was 

Table I. Cytotoxicity of 2'-0-Acyl-6-thioinosine Cyclic 
3',5'-Phosphates 

R 

H 
COCH3 
CO(CH2)2CH3 

COCH(CH3)2 
COC(CH3)3 
CO(CH2)4CH3 
CO(CH2)10CH3 
CO(CH2)l4CH3 
CO(CH2)20CH3 

controls 

isobutyric acid 
hexanoic acid 
docecanoic acid 
palmitic acid 
6-MP 
6-thioinosine 

s 

HO 

wild type 

200c 

210, 220 
137 

23 
33 
10, 20 
10, 10 

6 

8 
0.25 

OR 

ECS0, MM° 

HGPRTase mutants6 

>1000(2) 
655 ± 41 (3) 
426 ± 86(4) 
479 ± 174 (4) 
237 ± 100 (3) 
210 ± 62 (4) 
109 ± 71 (3) 

65 ± 12 (6) 
120, 190 

NEat 1000d 

>1000 
NEat 100d 

500 
>1000 

400 
0 The EC50 is the concentration giving 50% inhibition of 

growth as described under the Experimental Section. 
Values are expressed as the mean of all determinations 
plus or minus standard error (number of determinations). 
Individual results are given where only one or two deter
minations were made. b Selected for resistance to 1 ^M 
6-thioinosine (see Experimental Section). c Forty per
cent inhibition at this value. d No effect at this value. 

due to their acting as cAMP analogues or thioinosinic acid 
prodrugs. 

Results and Discussion 
Preparation of 2-O-Acyl-6-thioinosine Cyclic 3',-

5'-Phosphates. The synthesis of 6-HS-cRMP on a large 
scale was accomplished by direct sulfhydrolysis of 
adenosine cyclic 3',5'-phosphate as previously described.10,11 

The 2'-OH was acylated with the carboxylic anhydrides 
in pyridine with 4-(dimethylamino)pyridine added to 
facilitate the reaction.12 Some deacylation was observed 
when Dowex 50 (H+) was used to regenerate the free acids 
of the acylated nucleotides; deacylation was also observed 
on prolonged storage of the compounds. Before the 
compounds were tested in cell culture, their purity was 
examined on reverse-phase LC using the eluants described 
under the Experimental Section. In all cases, 6-HS-cRMP 
was the sole impurity, normally comprising <5% of the 
product. Since the effect of this compound was minimal 
on the cells (see Table I) and since it is produced in any 
case by acyl cleavage in the media (see below), it was not 
deemed necessary to further purify the products. The :H 
NMR of all compounds showed an apparent singlet at 8 
6.0 for the anomeric proton, indicating the cyclic 3',5'-
phosphate was intact.9,13 A 1-ppm downfield shift (to 
about 5 5.0) was observed for the 2' proton (which appeared 
as a doublet) in all acylated derivatives as compared to 
6-HS-cRMP, indicating the position of acylation. All new 
derivatives gave a Xmax in alcohol of 321 nm, indicating that 
the mercaptopurine base was unchanged. Small samples 
of each compound were purified by preparative LC for 
elemental analysis. Despite several repeat determinations, 
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Figure 1. Cytotoxicity of 2'-0-palmityl-6-HS-cRMP on S49 cells 
deficient in hypoxanthine-guanine phosphoribosyltransferase 
activity. 

values obtained for some samples were unpredictably 
variable. 

Cytotoxicity of the Acylated 6-HS-cRMP Deriva
tives. The nucleotides were examined for their ability to 
inhibit the growth of S49 murine lymphoma cells in 
culture. In order to preclude the possibility of extracellular 
metabolites being the actual cytotoxic agents, the cells used 
for most of the assays were deficient in HGPRTase. The 
results are given in Table I. Cytotoxicity is expressed as 
EC50, the concentration at which 50% inhibition of growth 
after 72 h of the test cultures compared to the control is 
observed. The values were obtained by plotting percent 
growth inhibition against the concentration of drug. A 
typical growth-inhibition curve, for 2'-0-palmityl-6-HS-
cRMP, is shown in Figure 1. 

Appropriate controls were examined to determine 
whether extracellular breakdown was responsible for the 
production of cytotoxic metabolites. The EC50 values of 
6-mercaptopurine and thioinosine were over 400 nM in the 
HGPRTase-deficient mutants. Solubility limited the 
testing of some of the carboxylic acid controls, but all 
possessed EC50 values well above the 6-HS-cRMP de
rivative acylated with that acid. The EC50 values of 
mercaptopurine and thioinosine were below 10 nM with 
the wild-type cells. 

As shown in Table I, simple removal of one negative 
charge from thioinosinic acid by formation of the cyclic 
phosphate has a minimal effect on apparent cell pene
tration, as judged by cytotoxicity. Montgomery originally 
prepared 6-HS-cRMP and found little activity in 
HGPRTase-deficient cells, presumably due to extracellular 
breakdown.14 Nevertheless, other workers have found that 
this modification yields compounds active in tumor strains 
resistant to the parent nucleoside. These include 6-
MeS-cRMP,15"17 6-HS-cRMP,16"18 and 9-(/3-D-arabino-
furanosyl)adenine cyclic 3',5'-phosphate.18 Concentrations 
used in these experiments were relatively high, however. 

Addition of lipophilicity to the prodrugs gives a marked 
enhancement in their cytotoxicity. A progressively in
creasing effect is observed as the number of carbons in the 
acid esterified to the 2'-hydroxyl is increased from 2 to 16, 
with the maximum effect being observed with 2'-0-pal-
mityl-6-HS-cRMP (EC50 = 65 ^M, or about 15% of the 
concentration of the parent unacylated compound). The 
weaker activity of the analogue with the C22 side chain may 
be due to its poor solubility or other physical factors. 

Degradation of Drugs under Incubation Condi-
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tions. To test the effects of the media and horse serum 
on the modified nucleotides used in this study, 2'-0-
palmityl-6-HS-cRMP was incubated with media and serum 
under conditions identical with the cytotoxicity studies, 
except that cells were excluded. After 3 days, 20% of the 
original acylated cyclic nucleotide remained unchanged. 
Approximately 40% of the original drug was found as 
6-thioinosine, the product of deacylation, phosphodi
esterase action, and dephosphorylation. The remainder 
of the drug was found as 6-HS-cRMP (30-40%) and 6-
HS-RMP (10%). The 6-HS-cRMP peak was obscured by 
a component of the incubation mixture and, therefore, 
difficult to accurately determine. No 6-MP was found. It 
is unlikely, therefore, that the extracellular metabolites 
play an important role in the cytotoxicity of these com
pounds. 

Effect of the Cyclic Nucleotides on cAMP-Re-
sistant Cells. The S49 mouse lymphoma cells used in this 
study are well characterized with respect to their response 
to cAMP: they undergo growth arrest19 and ultimately 
cytolysis20 in the presence of exogenous A^,2'-0-di-
butyryl-cAMP and 8-Br-cAMP. This effect is thought to 
be mediated by a cAMP-dependent protein kinase.21 A 
cell line deficient in protein kinase will not be killed by 
cAMP or an analogue acting as cAMP, Such a mutant 
which also lacked HGPRTase was examined for its sus
ceptibility to 2'-0-butyryl-cAMP and to 2'-0-butyryl-6-
HS-cRMP. The former compound showed little or no 
effect at 1 mM, whereas the latter possessed an EC50 of 
250 juM. Conversely, the mutant lacking HGPRTase but 
containing cAMP-dependent protein kinase was com
pletely killed by 1 mM 2'-0-butyryl-cAMP. 

Substantial interest has arisen in the possibility of 
exploitation of the cell-growth modulating effect of cAMP 
itself in anticancer chemotherapy. Since 6-HS-cRMP can 
stimulate cAMP-dependent protein kinase,9 it was nec
essary to show that these compounds were not acting as 
cAMP analogues via protein kinase. The inhibition of 
growth of several tumor cell lines by cAMP analogues has 
been demonstrated.22,23 In our mutants, loss of protein 
kinase confers resistance to cAMP but not to the acylated 
6-HS-cRMP derivatives. It therefore appears that the 
prodrugs are acting by conversion to thioinosinic acid. 

Time Course of 6-HS-cRMP Toxicity vs. cAMP 
Toxicity. The cytotoxic effect of cAMP on S49 cells 
discussed above is not manifested until after the first 24 
h following exposure to cAMP analogues.20 Exposure of 
wild-type cells to 6-mercaptopurine, however, causes rapid 
inhibition of cell growth. The HGPRTase-deficient S49 
mutants were given either iV^'-O-dibutyryl-cAMP (500 
nM) plus 200 MM theophylline or 2'-0-palmityl-6-HS-
cRMP (500 nM), and the number of cells surviving was 
counted after 20 and 49 h. As can be seen in Figure 2, the 
time courses of cell kill by these two agents are dramat
ically different. These data are also consistent with the 
interpretation that the mercaptopurine nucleotides are not 
acting as cAMP analogues via protein kinase but rather 
via conversion to thioinosinic acid. 

Role of Phosphodiesterase. Since 6-HS-cRMP is a 
phosphodiesterase substrate,9 it was of interest to de
termine whether phosphodiesterase action was rate lim
iting in the expression of the cytotoxic effects. When 
HGPRTase S49 cells were incubated with varying con
centrations of 2'-0-palmityl-6-HS-cRMP in the presence 
of either 100 MM theophylline or 50 MM 4-(3-butoxy-4-
methoxybenzyl)-2-imidazolone, however, no protection of 
cell viability was observed. The effect of 2'-0-palmityl-
6-HS-cRMP on a strain of cells which lacked HGPRTase, 
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Figure 2. Comparison of time dependence of HGPRTase-de-
ficient S49 cell kill by 0.5 mM 2'-0-palmityl-6-HS-cRMP (O) and 
0.5 mM N«,2'-0-dibutyryl-cAMP plus 0.2 mM theophylline (•) 
with growth in the absence of drug (•). 

lacked protein kinase, and was very deficient in phos
phodiesterase was examined as another probe of the role 
of phosphodiesterase. No difference, however, was seen 
in the growth inhibition of this strain by 2'-0-palmityl-
6-HS-cRMP and the growth inhibition of a similar strain 
with normal phosphodiesterase levels. These data amplify 
an expected result in the use of nucleotides as che-
motherapeutic agents: the rate-limiting step is most likely 
the penetration of the cell membrane by the nucleotide 
and not subsequent enzymatic processes. 

It seems reasonable to conclude that (a) the acylated 
cyclic nucleotides are entering the cells intact, (b) they are 
not exerting their action by acting as cAMP analogues, and 
(c) that additional lipophilicity in the form of the 2'-0-acyl 
group facilitates the cell penetration. These results may 
be of use in the treatment of neoplasms which have become 
refractory to mercaptopurine due to modification of 
HGPRTase and in the utilization of nucleotides of various 
types directly as anticancer agents. 

Experimental Sect ion 
6-HS-cRMP was prepared either by direct sulfhydrolysis of 

cAMP or sulfhydrolysis of A^-methoxyadenosine cyclic 3',5'-
phosphate as previously described.1011 Evaporations were 
performed with a rotary evaporator under high vacuum with a 
bath temperature of <50 °C. Dodecanoic, palmitic, and docosanoic 
anhydride were prepared by the method of Bleyberg and Ullrich.24 

Hexanoic anhydride was purchased from ICN Life Sciences, 
Cleveland, Ohio, and other anhydrides were purchased from 
Aldrich Chemical Co., Milwaukee, Wis. Thin-layer chroma
tography was performed on EM silica gel 60 F-254 glass-backed 
plates, and the spots were visualized either by ultraviolet light 
or by iodine vapor. Liquid chromatography (LC) was conducted 
with an Altex Model 100 pump, operating at 2 mL/min, fitted 
with an Altex Model 153 detector monitoring absorbance at 320 
nm, unless otherwise specified. An Altex 4.6 X 250 mm re
verse-phase (Lichrosorb C18) column was used for all assays. The 
retention time of 6-HS-cRMP was 5.4 min using 100:1 H20-AcOH 
as eluant. 

Synthesis of Acylated 6-HS-cRMP Analogues with C2-C6 
Acyl Groups. To a solution of 1.2 g (3.3 mmol) of 6-HS-

cRMP-H20 in 50 mL of iV,iV-dimethylformamide was added 25 
mL of dry toluene. The bulk of the toluene was removed in vacuo, 
and to this solution was added 10 mmol of acid anhydride, 2 mL 
of pyridine, and 20 mg of 4-(dimethylamino)pyridine. The mixture 
was warmed on a steam bath until TLC or LC indicated that the 
reaction was complete, at which time 1 mL of water was added. 
After the mixture was left standing for 1 h at room temperature, 
the bulk of the solvent was removed in vacuo and 25 mL of water 
was added and removed in vacuo. The residue was dissolved in 
a minimum of water-methanol (1:1) and was eluted through a 
40-mL column of Dowex-50-X8 (hydrogen form) until the eluant 
did not absorb at 320 nm. The bulk of the methanol in the eluant 
was removed in vacuo, and the remaining solution was lyophilized 
to yield the 2'-0-acylated derivatives. 

Synthesis of Acylated 6-HS-cRMP Analogues with C^-C^ 
Acyl Groups. To a solution of 1.2 g (3.3 mmol) of 6-HS-cRMP 
in 50 mL of iV,iV-dimethylformamide was added 25 mL of dry 
toluene. The bulk of the toluene was removed in vacuo, and to 
this solution was added 10 mmol of acid anhydride, 2 mL of 
pyridine, and 20 mg of 4-(dimethylamino) pyridine. The mixture 
was warmed on a steam bath until TLC or LC indicated that the 
reaction was complete (4-18 h), at which time 1 mL of water was 
added. After the mixture was left standing for 1 h at room 
temperature, the bulk of the solvent was removed in vacuo and 
25 mL of water was twice added and then removed in vacuo. The 
residue was dissolved in a minimum of 1:1 methanol-chloroform, 
and this solution was eluted with the same solvent mixture through 
a 40-mL column of Dowex 50W-X8 (hydrogen form) until the 
eluant did not absorb at 320 nm. The collected eluant was 
evaporated in vacuo, and the residue was sonicated in 75 mL of 
hot hexane and filtered through Celite, which was washed with 
an additional 50 mL of hot hexane. The Celite and the gummy 
solid collected upon it were stirred in 75 mL of hot methanol-
chloroform (1:1) and filtered, and the Celite was washed with 50 
mL of additional hot methanol-chloroform. The filtrate was 
evaporated in vacuo, and the residue was triturated with 2-
propanol-ethyl ether-hexane (1:10:10) to yield the 2'-0-acylated 
derivatives of 6-HS-cRMP as light yellow solids. 

All products contained minor amounts (<5%) of 6-HS-cRMP 
(deacylation by Dowex 50) as the sole contaminate as judged by 
LC, except for the 2'-0-acetate, which contained about 20% 
starting material. Since the starting material did not interfere 
with the test results (see Table I), they were used as such in the 
cell culture experiments. For analysis, small samples were purified 
on an Altex Lichrosorb C18 10 X 250 mm preparative LC column, 
using the solvent given below as eluants. For all new compounds, 
the following spectral data were obtained: NMR (Me2SO-d6) 8 
8.2 (s, 1, purine), 8.5 (s, 1, purine), 6.0-6.1 (s, 1, H-l'), 5.6 (d, 1, 
H-2'); UV \max (MeOH) 321 nm. 

The following compounds were obtained by these methods 
[2'-0-substituent, yield, LC eluant (H20-MeOH-AcOH, v/v), 
retention time in minutes]: CO(CH2)2CH3, 83%, 80:20:1, 9.2 [Anal. 
(C14H17N407PS-H20) C, H, N]; COCH(CH3)2, 90%, 80:20:1, 4.6 
[Anal. (C14H17N407PS-H20) C, H; N: calcd, 12.90; found, 11.32]; 
COC(CH3)3) 67%, 80:20:1, 9.9 [Anal. (Cl6H19N407PS-H20) H, N; 
C: calcd, 40.18; found, 37.34]; CO(CH2)4CH3, 91%, 80:20:1, 28.0 
[Anal. (C16H21N407PS-H20) C, N; H: calcd, 5.24; found, 4.63]; 
CO(CH2)10CH3, 93%, 40:40:1, 5.4 [Anal. (C22H33N407PS-1.5H20) 
C, H; N: calcd, 10.08; found, 8.87]; CO(CH2)14CH3, 95%, 30:70:1, 
9.0 [Anal. (C26H4iN40-PS-H20) C, H, N]; CO(CH2)20CH3, 87%, 
10:90:1, 3.0 [Anal. (C32H63N4O7PS-0.75H2O) C, H, N], 

Cultured Cells. The growth characteristics, methods for 
maintenance, and lymphocytic properties of the wild-type mouse 
T cell lymphoma cell line, S49, have been described previously.25,26 

Growth-Rate Experiments. The experiments to determine 
the relative growth inhibitory and toxic effects of the 2'-0-acylated 
6-HS-cRMP derivatives were conducted in Falcon multiwell (24 
wells) tissue-culture plates. Selected agents in small volumes (5-50 
ML) of 30 mM NaHC03 were pipetted under sterile conditions 
into each well, followed by the addition of 10° cells in 1.00 mL 
of complete Dulbecco's modified Eagles medium. To assure 
asynchronous and exponential growth, cells were previously grown 
for 24 h in a 75-cm2 flask. Prior to use, cells were centrifuged 
and resuspended in old medium at a concentration of 105 cell/mL. 

After 72 h growth at 37 °C, cells in each well were thoroughly 
mixed with a Pasteur pipet and counted in a Coulter counter 
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Model ZB1. After subtraction of the initial cell density from the 
final cell density, the number of cells in the wells containing drug 
was plotted as a fraction of the number of cells in wells lacking 
the drug. After 72 h, the number of cells in control wells typically 
increased 16- to 25-fold (4 to 4.5 doublings). Less than 10% 
relative growth was equivalent to complete cytolysis as periodically 
monitored by Trypan blue exclusion on a hemocytometer. 

Cell Line Mutant Selection. S49 cells in complete medium 
at a density of 10e/mL were exposed to 1.5 mg/mL iV-methyl-
N'-nitro-iV-nitrosoguanidine (MNNG) for 3 h. After centrifugation 
to remove the MNNG, the cells were resuspended in complete 
medium and grown for 10 days to allow for phenotypic expression. 
Technics for S49 clonal selections using mouse embryo fibroblast 
feeder layers and semisolid agarose have been described previ
ously.27"29 For selections, 15 mL of selective medium without cells 
was allowed to harden over the mouse embryo fibroblasts before 
10 mL of cells in selective medium at a cell density of 106/mL 
was layered on top. Appropriate control plates in nonselective 
complete medium containing 500-1000 cells were used to monitor 
cloning efficiency. 

HGPRTase cells were selected for resistance to 1 ^M 6-
thioinosine. Cells lacking cyclic AMP-dependent protein kinase 
and very deficient in cyclic nucleotide phosphodiesterase were 
generous gifts from Drs. H. R. Bourne and P. Coffino. The 
isolation and characteristics of these clones has been reported by 
Bourne et al.30 Cells deficient in both HGPRTase and protein 
kinase were thioguanine-resistant clones derived from strain Air 
as described by Bourne et al.30 HGPRTase-deficient clones were 
also obtained by the method described above from the strain which 
lacked protein kinase and was very deficient in phosphodiesterase 
(strain Blr30). 

Degradation of 2'-0-Palmityl-6-HS-cRMP. A solution of 
0.5 mM 2'-0-palmityl-6-HS-cRMP in Dulbecco's modified Eagles 
medium containing 10% heat-inactivated horse serum was in
cubated for 3 days at 37 °C. Aliquots were removed and diluted 
5:1 with methanol and then filtered through a 0.45-Mm membrane 
filter. Portions (20 pL) of the filtrate were examined on re
verse-phase LC. The mercaptopurine-containing compounds were 
monitored at 320 nm. The flow rate was 4 mL/min and the 
detector sensitivity was 0.04 absorbance unit full scale. Unchanged 
starting material was determined using 30:70:1 H20-metha-
nol-acetic acid (v/v) as eluant. Deacylated metabolites were 
determined in separate runs using 100:1 H20-acetic acid as eluant. 
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