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SYNTHESIS AND BIOLOGICAL FPROPERTIES
OF 9-(2,4-DIHYDROXYBUTYL)ADENINE AND GUANINE:
NEW ANALOGUES OF 92-1(2,Z-DIHYDROXYPROFYL)ADENINE
(DHFA) AND 92— (Z-HYDROXYETHOXYMETHYL )GUANINE (ACYCLOVIR)

N4 ¥ .
Jiri Zemlicdka

Department nof Chemistry, Michigan Cancer Foundation and
Department of Internal Medicine, Wayne State University
School of Medicine, Detroit, Michigan 48201

ABSTRACT: New analogues of antiviral agents 2-(Z,3-dirhy-—
droxypropyl)adenine {(DHPA,lal) and 79— (2-hydroxyethoxymethyl)
guanine (acyclovir, 1lb) - compounds 1ic and id were prepared
and their bioclagical activity was investigated. Racemic
1,2,4-butanstriol (2} was converted to the corresponding
benzylidene derivative (3a}) by acetalation with benzalde-—
hyde and triethyl orthotormate. Acetal 3a and p-toluene—
sulfonyl chloride in pyridine gave the corresponding p-tol-
uenasul fonate 3b. Alkylation of adenine Sa via sodium salt
ot Sa with 3b in dimethylformamide or in the presence of
tetra-n—butylammonium fluoride in tetrahydrofuran gave in-—
termediate 6a. Reaction of 2-amino—é&-chloropurine (Sh)
with Zb effected by K5C03 in dimethylsul foxide gave
compound &b and a smalier amount of 7—alkylated proguct 7.
A similar transformation catalyzed by tetra-n—-butylammonium
fluoride afforded only intermediate Sb. Acid-catalyzed de-—
protection (hydrolysis) of 6b and é6a gave the title com—
pounds 1lc and id. The S—enantiomer of lc was deaminated
with adenosine deaminase. 0Our results argue against the
presence of a methyl group-binding site of adenosine deami-~
nase. Compounds 1lc and ld exhibited little or no activity
in antiviral assays with several DNA and RNA viruses.

The synthesis and biological studies of analogues of
antiviral agents DHFA (i1a) and acyclovir (1b) have been a
subject of several recent investigations 1,2, Compounds 1a

and 1b are considered to be nucleoside analogues where the
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former rezembles the "pottom” O --Cs'--Lx portion ano
the latier the “top” U; ---0--iy -5 part ot the ribo-
fwranose in adenosine and guanosine, respectively. A view
has also been expressed, based on an X-ray study, that the
hydroxymethyl function of 1la could mimic the same morety 1in
adenosine™. It was also shown? that replacement of oxygen
—0— with the —-CHOH- function in inorganic pyrophosphate
led to a derivative with biological activity. In that con-—
text, compound 1d and lc can be considered "“hydroxymethyli-—
dene" analogues ot acyclovir (lb) and the respective ade-
nine derivative le. In addition, diol 1lc may alseo be viewed
as a homologue of DHPA (la). A recent preliminary report5
described briefly 4 —0O-benzyl derivatives of lc
and 1d and 2 ' —keto analogues 1f and 1g. These circum—
stances have prompted us to report on our studies af the
synthesis and biological activity of compounds lg and 1id.
Synthesis. Our approach to analogues lc and id is
based on alkylation of a suitable heterocyclic base with a
protected derivative of 1,2,4-butanetriol (2). The synthe-
sis commenced with the known® benzyliidene derivative Ja
which was obtained by an improved procedure. Acetalation of
racemic triol 2 with benzaldehyde in the presence aof tri-—
ethyl orthoformate and HC1 in d1methy14ormamide7 (DMF )
gave Za in S50 — 70% yield depending on the work up of the
reaction mixture (Scheme 1). The retractive index and boil-
ing point ot Za agreed with the described values®, The
only signal reported previously in the NMR spectrum of Za

was Ho.  Ouwr NMR studies showed that the product is a
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mixtwre consisting of ca. 904 of 3a and 104 of the dioxo-
lane derivative 4. This is 1n agreement with the iitera-
ture data® (90 - 95% of Za) based on methylation, deace-—
talation and subsequent periodate oxidation. Thus, in addi-
tion to a sharp singlet at § 5.49 belonging to the Hp ot
compound Za (cis isomer8) two singlets ot the H, pro-

tons at g 9.89 and 5.75 belonging to cis and trans iso—
mers® of dioxolane 4 were observed. The assignment of
relevant signals of 3a was made possible by deuterium ex-—
change and spin—decoupling experiments.

Furification of crude Za was achieved previously via
the corresponding p-phenylazobenzoyl derivative® in only
26% vield. Fortunately, we were atble to avoid this time-
consuming and i1netficient procedure. Thus, a mixture ot
acetals Za and 4 (9:1) was reacted with p—-toluenesulfonyl
chloride in pyridine to give the desired p-toluenesultonate
b which crystallized from ether free from dioxolane isomer
(NMK) 1n almost BOW yield. The NMR spectrum of Ib (dioxane
morety?) was strikingly ditferent from that of 3Za. Thus,
the signals of Hg, Hy and 4-CH, appeared as a cluster of
multiplets at 6 4.08 and the differentiation of Hy protons
(multiplet at § 1.5%) became much less pronounced.

Compound Ib was used for alkylation of the appropriate
bases, adenine (5a) and Z2-amino—-6—chlaropurine {(Sb). The
latter derivative was used as a precursor of the guanine
residue because previous attempts to alkylate guanine or
N-acetylguanine directly gave poor results?. Two methods

were Bxamined: (1) alkylation with Ib via alkali metal
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salts 1°:11 of base Sa or Sb and (ii) alkylation cataly—
zed by fluoride ion 1n THFLZ, The former method was su-—-
perior in both cases. Thus, reaction of the sodium salt

of Sa with 3b in DMF at 115 — 1259°C for 40 min. gave in-
termediate a 1n 574 yield whereas refluxing of both compo—
nents with tetra—-n-butylammonium fiuoride (TBAF} in tetra-
hydroturan (THF) Ffor 12 h gave 6a in only 164 yield. In the
case of Sb milder conditions for alkylation were sought be—
cause of the presence of a reactive chlorine atom. Thus,
compound 5b was smoothly alkylated with 3b in the presence
of KZCOz in DMSOLS at 80 — 1009C for 1.5 h to give
intermediate 6b in 494 yield accompanied by the N7—alky—
lated product, 7 (11% vyield). Again, although the reaction
mediated by TBAF in THF (refiux for 15 h) did not iead to
any significant alkylation at N-7, it was less effective
atfording, derivative &b, in only 1?2%Z yield after an exten—
sive chromatographic puritication. An attempt to alkviate
ob with p—toluenesulfonate Zb using the hexamethyldisila-
zang — Hg(CN) = method!? was not successful probably be-—
cause of a lower reactivity ot 3b under such canditions.

The latter compound was recovered unchanged in almost gquan-—

titative vield +rom the reaction mixture.

The structures of &a, &b and 7 were confirmed by spec-—
tral (NMR and UY) data. The pattern of NMR signals of the
dioxane portion ot 4a, &b and 7 was strikingly similar to
that of the p—-toluenesulfonate 3b. Thus, Hg, Hg and
4-CH:» ot the dioxane portion appeared at § 4.2 — 4.3 as

clusters of multiplets and two Hp protons as a multiplet
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at ca. § 1.7. As expected from an analogy with the cor-—
responding 9—a1ky1—6~ch10ropur1n9513, the N7-isomer ya
exhibited a bathochromic shitt of the long-wavelength UV
absaorption maximum relative to the N7-isomer 6&b.
Deacetalation of both intermediates 6a and 6b was ac—
complished by acid hydrolysis. Compound éa was hydro-
lyzed in 80% acetic acid at 1009C for 1 h to give 9-(2,
4—-di hydroxybutyl)adenine (lc) i1n BOX vield. It is of in-
terest that the deblocking of 4&a was accompanied by a par-—
tial acetylation as indicated by thin—-layer chromatography
(TL.C). Ammonolysis of the crude product led to compound
lc. More vigorous conditions were used for the hydrolysis
of &b in order to remove simultaneously the &6—chlaro tunc—
tionlS., TThus,intermediate 6b was refluxed in 0.1 M HCI
for S h to give guanine derivative 1ld in 604 vield. The
structures of lc and 1d were confirmed by UV spectra which
corresponded to 9~methyladenine16 and Q—methylguanine17,

respectively.

Biological Activity. Compound lg was a substrate for

adenosine deaminaselB, By contrast, the corresponding
methylene analogue 1h and S—-DHPA (1a) were not deaminated
but they acted as weak inhibitors 19,20, In vivo, haow-
ever, deamination of la was observedZl, It was there-—

fore of interest to examine the behavior of compound lc to-
ward adenosine deaminase. We have found that one enantiom-
er of the racemic mixture lc was readily deaminated

(5 % 107> M ic, 1 mg enzymesmL, 379G, 24 h)22 to the

corresponding hypoxanthine derivative 11 as shown by UV
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spectra. The circular dichroism (CD) spectrum of the un-
changed enantiomer of 1lc exhibited a negative Cotton effect
at 260 nm indicating that the S-isomer was deaminated
whereas the R-enantiomer remained unchanged. The CD spec—
trum of a related (lower homologue) R—-isomer of DHFA (1a)
also exhibited a negative Cotton effectll at 258 nm. We
can thus conclude that replacement of the ether oxygen
function of le with the —-CHOH- moiety of a definite (5)
configuration is compatible with substrate requirements of
adenosine deaminase. Previously23, inhibition ot adeno
sine deaminase with 5-(Z-hydroxypropyl)adenine (13j) was in-—
terpreted in terms of a hypothetical relationship of the

2 -hydroxy group to a similar function of adenosine. In
order to explain a tighter binding of the S—-isomer of 13
relative to that of 9-(2-hydroxyethyl)adenine, a methyl
group-binding site of adenosine deaminase was prnpnsed23.
Our results have led to an alternative and simpler explana-—
tion. Thus, attachment of a hydroxymethyl group to the
methyl function of 13 afforded an active substrate (com-
pound lc). Previous substitutions of this methyl function
invariably caused a loss of inhibitory potency23. in no
case was substrate activity observed. It 15 also important
to recognize that the (5') hydroxymethyl group of nucleo-
si1des (adenosing) 1s necessary for maintaining a good sub-
strate activityl®:24, 1t is then likely that 1j is a
"shortened" analogue of 1lc. In such a case the Z —hydroxy
group of 13 resembles a similar function of ic. The meth-—

yl—-binding site of adenosine deaminase need not be postu-
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lated and compound 1j can be viewed as an analogue of the
“top" of the ribofuranose portion of adenosine.

Compounds lc and ld were tested as potential antiviral
agents against the following viruses in cell cultures: In-—-
fluenza A, Parainfluenza 3, Coxsackie A-21, Equine Rhino-
virus, Herpes Simplex 1 (HSV 1), Herpes Simplex 2 (HSV 2),
Vaccinia and Vesicular Stomatitis Virus (V5V). Protection
of cells from viral cytopathology was i1nvestigated with
HEV—-1, HSV-2 and V5VY. Compound 1c was also tested in virus
cultures of Rift Valley Fever, Venezuelan Equine Encephal-
itis, Pichinde, Yellow Fever, Sandfly Fever and Japanese
Encephalitis. The only measurable activity was found in
VSV assay where compound 1d decreased the viral cytopatho-
genicity by 30X at 2.8 x 107% M. The results with ic
argue against the view® that antiviral activity of DHPA
can be explained in terms of analogy with the "top"
ribofuranose portion of adenosine. It is also obvious that
replacement of the ether oxygen of acyclovir (1) with a
CHOH function does not lead to an active compound in con-
trast to the situation found in substrates for adenosine
deaminase lic and jle. Interestingly, 9-(3,4-dihydroxy-—
butyll)guanine which 1s isomeric with ld is an active anti-
viral agent.25

Experimental Section

General FProcedures. Alli solvents and starting materials

were of the highest available purity or they were purified
as specified. Dimethylformamide (DMF) and dimethylsul+¥$-

oxide (DMS0) were stored over Linde molecular sieves (4A).
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Tetrahydrofuran (THF) was distilled from sodium and it was
kept over a sodium ribbon. Thin—-layer chromatography (TLD)
was performed on 6 x 2 cm precoated aluminum sheets of sil
ica gel &C Fgga (Merck) in the following solvents: §; —
benzene — ethyl acetate, ?:1; 55 - benzene — ethyl acetate,
4:1; 5z — dichloromethane - methanol, 9:1; 54 — dichlo-
romethane - methanol, ?3:5 and Sz - Z2-propancl -~ NHa0H

- water, 7:1:2. For preparative TLC loose layerSZb of
silica gel, kKieselgel &0 (70 - 400 mesh ASTM, Merck) con-
taining 1% of fluorescent i1ndicator (Lumilux Grun Z5 Super)
or 2 mm thick, 20 x 20 cm, precoated silica gel GF lavers
(Analtech) were used. Fieselgel 60 without indicator was
used +or column chromatography. FPaper electrophoresis was
performed at 159C on a flat plate (Savant). Melting
points were determined by using a Thomas—-Hoover apparatus
and they are uncorrected. UV spectra were obtainea with a
Beckman Model 25 or Perkin Elmer Lambda 5 spectrophotometer.
NMR spectra were determined with an FX-100 Fourier trans-—
form NMR spectrometer (JEOL). Tetramethylsilane was used
as an internal reference. Circular dichroism (CD) spectra
were run by using a JASCO optical rotatory dispersion re-—
corder, Model ORD/UV-5 in a CD moditication $5-10 (Sproul
Scientific).

4-Hydroxymethyl —2-phenyl—1,3-digxane (Za). 1,2,4-Buta—

netriol (2, 7.07 g, 0.067 mol) was made anhydrous by eva-
poration with DMF (15 mL? 1n vacuo (oil pump) at room temp-—
erature (rotary evaporator, Dry lce condenser). The residue

was dissolved in DMF (20 mL), triethyl orthoformate (12.6
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mL, 0.08 mol), benzaldehyde (8.1 mol, 0.08 mol) and & M HC1
in DMF (0.02 mL, 0.012 mol) were added with magnetic stir-—
ring. A mildly exothermic reaction ensued and the clear
solution was kept for 17 h at room temperature. TLC (5¢)
showed one major UV-absorbing and HCl1O04-positive spot ac-—
companied by a faster moving impurity. Another portion of
6 M HCL in DMF (0.4 mi, V.024 mol) was added and the solu-
tion was kept +for 7 hh at room temperature. Ammonia in me-—
thanol (saturated at 09, 10 mL) was then added with stir-
ring and the mixture was evaporated. The residue was parti-—
tioned hetween benzene (100 ml) and water (2 x 30 ml), the
organic layer was dried (MgS,) and evaporated (finally at
608C and .05 mm Hg). The crude product was chromatographed
on a silica gel column (70 g, 8 x S cm) in benzene (&00 mL}
foliowed by solvent S; (400 mb) and S- (1 L). The fractions
containing Za were pooled and evaporated to give a pale yel-
low oi1l, uniform on TLC (S5y and S53), 7.5 g (358%), n§.1.5353.
Distillation gave &6.73 g (5Z%) of 3a, bp. 130-1320C/0.05 mm
Hg, n321.53m; 1it.® bp.146°C/0.2 mm Hg, n206 1.5354. NMR
(CDC1z) §, 7.37 (m, 5, CgH5»,5.49 (s, 1, Hz), 4.25 (g, 1,
Hg)y 3.90 (m, 2, Hg + Hg), 3.58 (¢, 2, 4-CHp), 2.59 (&, 1,
OH), 1.78 (sextet, 1, Hs), 1.36 (apparent d of d, 1, Hg).
This product caontained 94 of compound 4:6, 5.8%9 (s, Hz’
cis—-isomer), 5.75 (s, Ho, trans isomer), 2.06 (m, 4-CH3.
Mass spectrum (m/e) 194 (M) .

2-Phenyl-4-(p-toluenesul fonvioxvimethyl—-1,3—dioxane (3b).

A mixture of compound 3a (1.94 g, 9.01 mol), p—toluenesul-

fonyl chloride (2.1 g, ©.011 mol) and pyridine (3 ml) was
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magnetically stirred for 3 h at room temperature. TLC
(81) showed a single UV-absorbing and HClO4-positive
spot. Methanol (2 mL) was added and the solution was eva-
porated. The residue was partitioned between dichilorome-—
thane (100 mL) and saturated aqueous NaHCOz (30 miL). The
organic portion was washed with water (30 mi}), it was dried
(Mg504) and evaporated. The resultant sirup was crystal-
lized from ether (25 mL, OPC) to give compound 3b, &6.16 g
(77%}, mp. 75 — 76°PC, homogeneous on TLC (5y). NMR (CDCiz)
5y, 7.78 and 7.27 {(two d, p—toluenesulfonyl overlapped with
7.34, m, CgHg, total 9 protons), 5.44 (s,1,Hz), 4.08
(cluster of m, 5, Hg + Hg + 4-CH3), 2.40 (s, 3,CHz), 1.39
(m, Z,Hg). Mass spectrum (m/e) 3F48 (M). Anal. Calcd. for
CigHo0055: C,62.05; H,5.7%; §,9.20. found: C,62.05; H,5.84;
5,2.20. Compound 3Ib 1s of limited stability; it decomposes
during storage to give benzaldehyde ana p-toluenesulfonic
acid.

Acetal 3a which was purified only by distillation (724
yield, n§31.5345, content of isomer 4 was (1%) gave 54%
vield of tosylate 3b, mp. 76 - 78YPC, homogeneous on TLC
(5y).

F-(Z2,4-0-Benzylidene-2,4-dinhvdroxyl)butvladenine (6a). A.

Alkylation ot Adenine (S5a) with p-Toluenesul fonate 3b Lising

MaH in DMF. A mixture of adenine (3a, 2.35 g, 17.4 mmol?,
NaH (30% oil dispersion, 0.84 g, 17.4 mmol) and DMF (100
mi.) was magnetically stirred for 1 h at room temperature
and 30 min. at S0PC., After cooling compound 3b (5.22 g,

15 mmaol: was added and the mixture was heated at 115 -
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1259C for 40 min. The clear red-brown solution was eva-
porated and the solid residue was extracted with dichloro—
methane (400 mlL) in a Soxhlet apparatus for 7 h. TLC (Sy)
showed disappearance of Jb and (S3z) formation of a new
major UV absorbing spot. The solvent was evaporated, the
solid residue was mixed with silica gel (10 g), dichloro-
methane (500 ml) was added and the suspension was put on
the top of the silica gel column (S0 g, 1?2 x 2.5 cm). Elu-
tion started with dichloromethane (600 mlL) and it was con-
tinued with 1% methanol in dichloromethane (12 L). The ma-
Jjor UW-absorhing fraction was evaporated and the solid re-
sidue was washed with ether (10 mbL} to give compound ba,
2.48 g (57%4), homogeneous on TLC (53), mp. 191 — 1920C, uv
(ethanol) max 261 nm (¢ 14 100), NMR (CDClzx) 5, B.38 (s, 1,
Hg-purine), 7.94 (s, i, Hp—puriner, 7.37 (s, 5, CgxHg), &.08
{broad s, 2, NH2), 5.47 (s, 1, H3), 4.30 (cluster of m, 5,
Hgq + Hg + exocyclic CH), 1.70 (m, 2, Hg). Mass spectrum
(m/e) 311 (M. Anal. Calcd. for CigHy7NgO5: C, 61.727 H,
5.505 N, 22.50. Found: C, 61.71i3 H, 5.39; N, 22.28.

B. Using Tetra-n-butylammonium Flupride (TBAF) in THF,

A mixture of adenine (Sa .16 g, 1.2 mmol), compound 3b
(0.35 g, 1 mmol) and 1 M TBAF in THF (5 mL, S5 mmpl) was re—
fluxed with magnetic stirring in THF (10 mbL) for S h. A
white precipitate of adenine p-toluenesulfonate was fil-—
tered off, it was washed with THF (2 ml) and dried, 0.25 g
(0.69 mmol, i.e. 304 conversion to éa). This product was
compbined waith the filtrate, triethylamine (0.14 mL, 1 mmol?

was added and the reflux was continued for 7 hy 0.2 g (0.35
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mmal} of adenine toluenesulfonate was obtained (454 conver-—
sion). The filtrate was evaporated, the residue was parti-
tioned between saturated aqueous NaHCOzx (10 ml) and di-—
chloromethane (10 mbL), the organic laver was washed with
water (10 mbL) and dried (MgS504). The salvent was evapo-
rated and the residus was stirred with Dowex S0 WX4 (200 —
400 mesh, 2 g wet weight, K* form) in 50%Z ethanol {20 mL)
+or 1 h at room temperature. The resin was filtered off,
it was washed with ethanol (20 mL), the filtrate was eva-
porated and the resultant sirup was dissolved in dichioro-
methane (5 mbL). The insoluble precipitate was filtered off,
the filtrate was evaporated and the residue was chromato-—
graphed on a single silica gel lavyer {(Analtech) in solvent
Sz. The major W absorbing band was eluted with the same
salvent, the eluate was evaporated and the resultant sirup
was stirred with water (5 mlL}) to give compound 6a, 51 mg
(16%); mp. 188 - 191°C, identical /mp., TLC (Sz), NMR

and mass spectra/ with the product prepared by method A.

?-(2,4-0—Benzvlidene-2,4-dihydroxv)butyl-2-amino—-é6—-chlorg—

puring (&b). A. Alkvliation of Z-Amino—-&4—chlgoropurine (3b)

with p-Toluenesulfonate b Using K-COx 1n DMSO. A mix—

ture of Z-amino-4-chloropurine (3b, 0.43 g, 2.7 mmol), com—
pound Zb (0.95 g, 2.7 mmol) and K-COz (freshly dried,

9.41 g, = mmol}) in DM50 (20 mL) was heated at 80 - 1000C
(bath temperature) for 1.3 h with magnetic stirring. The
reaction was toliowed by TLL 1n solvents 5y (disappearance
of 3b) and Sz (formation of 4b). After cooling, the solu-

tion was evaporated (oil pump), the residue was washed with
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dichloromethane (3 x 25 mbL)}, the insoiuble material was fil-—
tered off and the filtrate was evaporated. The crude pro—-
duct was chromatographed on a single loose layer of silica
gel (35 x 15 cm) in solvent §4. After the tirst develop-—
ment, the top 1/2 of the laver was removed up to the sol-
vent front, the layer was restored with a fresh silica gel
and the chromatography was continued in the same solvent
(total of S developments). The two major UV-absorbing bands
were eluted with solvent S=z. The slower moving zone afford-
ed, atter evaporation of the eluate, compound 7 (0.1 g,
114y, homogeneous on TLC (S4), mp. 183 - 1839C, UV (etha-
noly max 221 and 221 nm (€5 300 and 23 500), shoulder 254
nm (€3 700). NMR (CDz3S50CD=z) § 4 B.33 (5, 1, Hz-purinej,
7.33 (s, G, CgxHy), 5.50 (s, 1, Hp), ca. 4.1 (poorly re—
solved m, 5, Hgy + Hy + 4-CH,), 1.64 (poorly resolved m, 2,

Hs). Anal. Calcd for CygH;7ClINg05: C, 55.413 H, 4.94; (i,

)

ot
le]

2: N, 20.20, Found: C, 55.37; H, 5.063 Cl, 10.46; N,

M

S.

[N

O,
The faster moving band afforded a sirup which crystal-

iized after andition of ether (15 mL) to give compound bb

(0. 46% g, 49%), homogeneous on TLC (54), mp. 148-130°C, WV

(ethanol) max 310, 248 and 223 nm (€7 500, § 200 and

27 J00). NMR (CDClz) 5, 7.89 (s, 1, Hz-purine), 7.38

tmy, Sy CgH=ly S5.46 (s, 1, H3), 5.27 (broad s, 2, MNH3}, 4.23

(cluster of m, S, Hg + Hg+ 4-CHo), 1.68 (m, 2, Hg). Anal.

Calcd. for CygHy7CINsD3: €, 55.41: H, 4.94; L1, 10.22; N,

20.20. Found: C, 535.37; H, 4.83; Cl1, 10.413 N, Z20.14.

B. Using TBAF in THF. The procedure for synthesis of
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compound 63 (method B) was followed with some modifica-—
tions. A mixture of 2—-amino—é6-chloropurine (Sb, V.17 g,i
mmol), compound Zb (0.3 g, ©.% mmol) and TBAF (5 mmol) was
refluxed in THF (15 mL) for 1S5 h. The clear solution was
evaporated and the residue was stirred with Dowex SO (Na't,
% g, wet weight) in S0XL ethanol (25 mb) for 1 h. fhe resin
was tiltered off, 1t was washed with ethanol (10 mL) and
dichloromethane (10 mbL). The filtrate was evaporated and
the crude product was chromatographed on a single layer of
silica gel (Analtech? in solvent Sz. The major UV absorb-
ing band of &b was rechromatographed in solvent S4 (devel-
oped three times) and then again in 5z. The relevant band
was warked up as described in Method A to give compound &b
(&6 mg, 19%), homogeneous on TLU (S4), in solvent S5z a
trace of faster moving contaminant was detected, mp. 147 -
1492C, identical mp., NMR, TLC (53) and mass spectra

with a sample prepared by method A.

Attempted Alkyiation of Z-Amino—-b6-—chloropurine (Sb) with

p-foluenesul fonate 3b Using Hexamethyldisilazane — Hg(CN) -~

Method. the general procedurel? was followed on a 0.9 mmol
scale of Sb and 3b. The mixture was evaporated, the residue
was washed with dichloromethane, the solids were filtered
off and the filtrate was evaporated to give compound 3b
{(97%4) identical (TLUC, Sy} with an authentic sample.

?-4{2,4-Dihydroxybutylladenine (ic). A solution of compound

ba (1.56 g, S mmol) in BOL acetic acid (20 mL) was heated
on a steam bath for 1 h., TLC (53z) showed a complete disap-

pearance aof &a. The clear solution was diluted with water
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(50 mt.}, 1t was extracted with petroleum ether (3 x 20mL),
the organic phase was washed with water (20 miL) and the
combined aqueocus portions were evaporated to give a solid
which was crystallized from 704 ethannl (&40 ml), 9.74 g
(6&6%) of lc, mp.228 — Z299C. Recrystallization afforded
0.53 g (48%), mp.229 - 230PC. UV (0.01 M NapHPO4,pH7) max
259 nm ¢ ¢ 14 F00), (0,01 M HC1) 259 nm ( € 14 Q00). NMR
(CD=50CD= + D-H 6§, B.16 (5, 1, Hg—adenine), B.08 (s, 1,
Ho—adenine), 4.15 (m, 1) and 3.54 (apparent t, 4, Hy ', Hz’
and Hg '), 1.34 (m, 2, Hz'). Mass spectrum (m/e) 223 (M).
Anal. Caled for CoHyzNgO~. 1/8HL0: ©, 47.935 H, 5.923: N,
31.06. Found: C,48.10; H, 6.03; Ny30.94. Compound ic ob-
tained by evaporation aof the combined mother ligquors was
contaminated (TLC in Sz by a faster moving component,
possibly an O—-acetyl derivative. This product was stirred
with conc. NHzOH (&0 mb) for 146 h at room temperature to
give a TLC (53) homogeneous compound which was crystal-
lized as described above to give Q.39 g (354, total yield
83%) of lc, mp. 228 - 2290C,

2—(2,4-Dihydroxybutyllguanine (id). A solution of compound

6 (B.32 g, 0.92 mmol) was refluxed in 0.1 M HC1 (15 mb)
for S h. The mixture was evaporated and the residue was co-~
evaporated with water (10 mL) whereupon it was stirred with
Dowex 1 (acetate, & g, wet weight) in water (20 mL) for 1
h. The resin was filtered off, it was thoroughly washed
with water (1 L) and the filtrate was evaporated. The re-
sidue was crystallized from water (7mL) to give 0.15g (6374

of id, homogeneous on TLC (S5g5), mp. 247 — 2489C, UV max
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(0.01 M NauHPOg4,pH 7)) 250 nm ( e 12 700}, shouider 270 nm

( ¢ @ 300}, (0,01 M HC1) 277 and 254 nm ( € 8 000 and

12 100). NMR (CDzSOCD3 + Da0) §, 7.6% (s, 1, Ho—purine),
3.92 and 3.54 (two m partly overlapped with HDO signal, H;-,
Ho- and Hg-), 1.52 (poorly resolved m, 2, H3z'). Mass spec-—
trum (m/e) 232 (M). Anal. Calcd. for CgHjzNg0z.1.25 Ho0:
C,41.29; H,5.97; N,26.76. Found: C, 41.363 H, 35.7Z; N,
26.79.

Deamination of 9—(2,4-Dihydroxybutylladenine (ic) with

Adenosineg Deaminase. A solution o+ compound ic (0.5 mg,
2.2pmol)  and adenosine deaminase (Type 11, Sigma, 0.4 mg)
in 0.05 M NaoHPUg (0.4 ml, pH 7.6) was incubated at 3700
for 24 h. The whole mixture was applied on a strip of What-
man * MM paper which was developed in solvent S5. The spots
ot product 11 UV max 249 nm) and lc (faster moving, UV max
257 nm) were eiuted with 0.01 M HCI (3 mL each?}. uv spec-—
trophotometry of the eiuates established that deamination
of one enantiomer of 1c was essentially gquantitative (the
ratio of 1i and 1lc was 0.94). In another experiment (1 mg
of 1ic), the products were separated by paper electrophore-—
sis on Whatman 2 MM paper (10 VY/cm, 4h) in 1 M acetic acid
and preducts 11 and lc were eiuted with water. The mobili-—
ty ot deaminated product 1li was ©.18 of compound jic. CD
spectrum of the eluate containing unreacted ic exhibited a
negative Cotton effect at 260 nm.
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