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SYNTHESIS OF SOME 6-METHYLIDENE,
9-PURINE ACYCLIC NUCLEOSIEDS WITH
EXPECTED ANTI-HIV ACTIVITY

Salah E!l - Kousy
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Menoufiya University, Shebin EI - Kom, EGYPT

ABSTRACT

Reaction })f 6 chloro, 9- (2- acetoxyethoxymthyl) pruine 1 with
ethyl cyanoacerar, malononitrile and diethyl malonate in presence of
Nall and DMF gave the corresponding 6- methylidene derivatives 2a-
¢. which were deprotected by trearment with methanolic ammonai to
give Ja-c. During the reaction of | with cyanoacetamide deacetylation
took place sponianeously to give the deprotected acyclic nucleoside 4.
Treatment of 2a with methyl iodide in presence of NaH and DMF

' yielded the N- methyl derivative 5 . NMR and mass spectra of the

synthesized compounds were discussed.

INTRODUCTION

There is a need for compounds that may be effective in the
therapy of acquired immunodificiency syndrome (AIDS). Some com-
pounds have been identified as having an inhibitory effect against

retroviruses particularly HIV. It is important to find compounds
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which are not expensive to prepare and with less prominent side ef-
fects. Therefore, I thought that acyclic nucleosides could realize

these characters.

It has been recently repo'rtedl that some acyclic nucleosides

showed a significant anti-HIV activty.

Although 6-alkylated purine nucleosieds have attracted much
attention with respect to their physiological activity 24 very few re-
ports have appearéd on the direct introduction of an alkyl group into
a pcffomed purine nucoeoside 37 Therefore, 1 aimed to prepare
some 6-methylidene -9-purine acyclic nucleosides through direct al-
kylation method. I had also the interest to prepare the N-methyl
derivative not only to compare its spectra with the other synthe-
sized compounds but also because of the expected antiviral activity

similar to N-mthylated copound reported by Chu et al 8 and Finala-
neder et al 7. ’

RESULTS AND DISCUSSION

Few numbers of 6-methylidene-9-purine nucleosides were ro-
ported 710 and théy were prepared by the nuclcofp_hilic' substitution
of 6-chloropuiﬁe ri"b'onuclebSides with ihe. sodium -salts of active
methylene compounds. I have applied the same route to prepare the
6-mthylidene-9-purine acyclic nucleosides 2a-c and 4. Ethyl cya-
noécetatc. malononitrile, a-cyanoacetamide and diethl rmalonatc

were used as active methylene compounds. The first step of the re-
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action was the formaton of the sodium salt of the active mcﬂiylcnc
compounds by wnsing sodium hydride. Cimethylsulfoxide, N,N-
dimethyl formamide and tetrahydrofuran were fested as solvents,
but I found that dimethiformamide is the best one. It couid be easly
removed and had a good dissolution sirength for the sodinm sait of
active methylene compounds. Treatment of &- chloro-9- (2-
acetoxythoxymethy!) purine (111 with the sodium salts of active
methyline compounds at room temperature led to the formation of 2
and 4. Elelvated tempcmiures (56 and 75 % C} kave also been
- tested but they diminished the yiclds. During the reaction of ] with
o-cyanoacetamid, the acetyl group was removed and the deprotect-
ed nucleoside 4 was obtained. This couid be indicated by absence of
the absorption of the ester carbony! group at 1734 cm! in IR spec-
_trum, absence of the singlet of COCH; at ~ 1;9 ppm in I H NMR
spectrum and absence of the peaks of 13 C NMR as & - 20.3 and 168
ppm of CH, and CO of the acetyl group, respectively. |

The acetyl group in compounds 2a-c couid be easly removed
by treatment with methanolic ammonia solution. Compounds 24
were assigned the 1H purinylidene structure due to the presence of
singlets at 12.8-15 for NH in their 'H NMR spectra. All these com-
pounds éxcept the malononitrile derivatives 2y and 3, showed
shifts at 13.5-15 ppn@ These last peaks occur in the region of
strongly hydrogen bondcd,protdns and this conﬁnméd the following

. stucture:
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These results are in agreement with the reported rsesults for
2(1H) quinolylidene compound !2 indicated by UV IR and H NMR
spectra.

In my trials to introduce an alky1 group at N I of 6-methylidene
purine derivatives, I have succeeded to prpare the N! methyl der-
vative 5 by using methy!l iodide in presence of sodium hydide. The
‘1H NMR spectrum of 3 is similar to that of the other dervatives ex-
cept the abscence of the peak of NH. |

Acety! group was splited off from J again by treatment with
methanolic anmmonia to give 6. |

Mass spectra of compounds 2a-c showed similar fragmenta-

tions of the acyclic parts of the compounds . Splitting of the frag-
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ments COCH CH2CH20 COCH3, OCH2CH20COCH3 and CH2
COCHZCHZOCOCH3 were recoded in each case.

EXPERIMENTAL

13 C NMR and 'H NMR spectra were recorded on a Brucker
AC 250 spectrometer. Mass spectra were recorded or varian MAT
211 A Spectrometer. IR spectra were recorded on perkin- Elmer
1720 FTIR spectrophotometer. Microanalyses were carried out by
microanalytical center at cairo university.

6-Chlro, 9-(2-acetoxyethoxy methtyl) purine ] was prepared

according to the methods of Robins et aill

Preparation of the 6-methylidene -9-puine acyclic nucleo-

sides 2a-c,4.
General procedure :

To an ice-cold solution of the appropriate active }mthylche
compound (25 mmol) in 15 ml 6f N,N’~dimthyl formamide were add-
ed portidnwise 60 % oil-immersed sodium hydride (0.64g, 16 mmol).
The resulting mixture was stitred at room temperature for lh. 6-
Chlro-9- (2-acetoxyethoxy methyl) purine 1 11(1.08g, 5 mmol)was
added and stirring was continued for 40 h at roo‘m temperatur. The
solvent was évaporated under reduced pressure at 1 Torr. The resi-
due was mixed with 100 ml of water. In case of matononitrile derva-

tive, it was necessary to adjust the pH of the aqueous work-up to 7
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with concentrated hydrochloric acid to effect precipiation. The crude
products were crystallized from dioxane to give 2, and 4 in 40-60
% yield.

6- (Carboethoxy, cyano methylidene), 1H, 9- (2-
acetoxyethoxymethyl) purine 2a. '

M.p. 215-217 °C.yield 0.8 g(60 %), 'H NMR (DMSO / TMS)
@ 1.92 (t, 3H J = 7.1 Hz, CHy), 1.95 (s, 3H, COCHj,),3.74
5 Hz, 3-H),.(t2HJ=4.5 Hz, 2’ -H), 409 (t2H, J = 4,5 Hz, 3' - H)
424 (q, 2H,J = 7.1 Hz, CH,),5.65 (s, 2H, 1-H), 8.53 (s,2H,2-H, 8-
H), 13.95 (s, 1H, NH). 13 C NMR (DMSO / TMS) § 14.20 (CHy),
20.35 (COCHy), 95.92 (CHp), 61.95 (= C<), 62.54, 66,97 (C-2', C-
3), 72.24 (C-17, 117.33 (CN), 122.25 (C-5), 142.64 (C-8), 144,77
(C-2), 146.29 (C-4), 194.22 (C-6), 168.06 (COCH;), 170.03
(COO). Ms (ED: m / z (%) = 347 (M+, 11.5) , 304 (0.77), 287
(1),260 (1.8), 244 (3.8),231 (6.9). IR (cm 1), 1738, 2206 -

C sHj7 N5 O 5 Caled. C,51.9, H, 4.9; N, 20.2
| Found C,51.5; H. 5.1; N, 20.0 %.
6- (Dicyanomethylidene), 1H, 9-(2-acetoixy ethoxyme-
thyl) purine Z_b. o |
| M.p. 220-221 °C, Yield 0.7 g (58%) 'H NMR 2 1.96 (s, 2H

COCH3), 3.50-3.74 (m,4H, 2H,3-H, 5.63 (s, 2H, 1'H), 8.28, 8.51
@ x s, 2H, 2-, 8-H), 12.88 (s, 1H, NH). 13C NMR (DMSO/ T™MS) 5
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20.37 (COCH3), 59.69 (=C ), 62.52, 66.96 (C-2', C-3), 72.51(C-
17, 116.3 (CN), 122.25 (C-25), 142.89 (C-8), 145.52 (C-2), 145.83
(C-4), 150.34 (C-6) 168.90 (CO CH3). MS (E): m/z (%) = 300
M7, 15.4), 240 (1) , 213 (7.7), 197 (23), 184 (32.3) . IR (Cm-1),
1734, 2212. -

C13 Hjp Ng O3 Calced. ¢, 52.0; E.4.0; N, 28.0
Found C,51.7; H, 4.2; N,27.8%

.6- (Dicarboethoxyt methylidene} IH, 9- (2 acetcxythox-
ymethyl) purine 2c.

“M.P. 108-111 °C yield 0.6g (40%) 'H NMR (DMSO/ TMS) 5
1.29 (t.6H. J=7.0 Hz. 2 x CH3),1.91 (s. 3H, COCH3), 3.75 (:, 2H. J,
= 4.5 H2, 2'H), 4.09 (¢, 2H., J= 4.5, 3°-H), 4.16-4.29 (4, 2 x
CH2), 5.73 (s, 2H., U'-H), 8.73, 8.92(2 x 5 2H, 2,-8-H). 14.80 {s.1H,
NH). 13CONMR (DMSO/ TMS) « 13.66 (CHs), 20.34 (OCNy),
61.49 (CH,), 62.85 (C-2), 67.19 (C.3"), 72.39 (C-17), 81.84 (=C ),
130.94 (C-5), 146.85 (C-8), 151.02 (C-2), 151.99 (C-4), 156.20 (C-
6), 167.99 (COCH,), 170,50 (COO). MS (EI) m/z (%) =394
(M™,1,2),322 (11) 307 (305), 291 (1.5) 277 (5). IR (Cm *1), 1734,

CpHy Ny 05 Caled C.51L8: H, 5.6:N, 142,

Found C,51.7,H,5.6: N, 14.1% .

190



Ssiah EL-KOUsy .ueseese -

6~ (Carboxamido, ‘cyanomethylidene) TH, 9- (2-hydroxyef
thoxymethyl) purine 4. '

M.p 225227 Cyield 0.62g (60 %), 'H NMR (DMSO / TMS) &
3.48-3.53 (m, 4H, 2-H,3-H), 4.65 (s, 1H, OH), 5.61 (s, 2H, 1-H),
7.03 (broad s, 2H, NH 5), 8.43, 8.84 (2xs, 2H, 2H8-H) , 14.97 s,
18, NH), 13C NMR (CMSO / T™S) & 59.75 70.84 (C-2', C-3),
62.26 (=C < ) 72.56 (C-1'), 119.06 (CN), 121.96 (C-5), 141.95 (C-
8), 144.35 (C-2), 145.66 (C-2), 149.22 (C-6), 170.40 (CO), MS: m/z
=276 (M*), IR (cm), 1631, 2196, 3250-3350.

C, HpNgOg Caled. C47.8,H, 44; N, 304
| Found C47.4; H, 43; N.302 % . _

preparation of 6- (Carboethoxy, cyéno methylidene) 1-

methyl, 9- (2-acetoxyethoxy methyl) purine J.

- To'a a sﬁrrcd ice-cold slovutionAof 22 (1.24 g, 5 mmol) in 20 mi
N,N-dimethlyformamide were added portionwise 60 % oil imm-
rersed sodium hydride (0.2 g, 5 mmol). The reaction ﬁxixmre was

i then stirred for h at foom_' tcmperature.' Methﬂ iodide (0.7g, 5 mmol -
was added to the reaction mikture and stirring was continued for
overnight at the same temperature. The solvent was evaporatedun-
der reduced pressure at | Torr. The residue Was,chromamgraphed
on sillica gel (50 g 0.04 - 0.063 mm) with CH.; OH/CH 5 Cl  (1-3

| %) to give 3, m.p _155—158 oc. yield 0.2g (17 %),_IH NMR (CDCI 3/ :
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TMS) & 1.30 (t, 3H, J = 7.0 Hz, CHy), 1.97 (s, 3H, COCH 4 ), 3.65-
~ 3.81 (m, 4H, 2-H, 3-H) , 3.91 (s, 3H, NCH 5 ), 4.20 (q, 2H, J = 7.2
Hz, CH 3) 5.65 (s, 2H, 1' -H), 8.48, 8.59 (2xs, 2H, 2-H, 8-H). B¢
NMR (CDCI 4 /'I’MS) & 13.90 (CH 5 ) , 20.37 (COCH 5 ), 43.40
(NCH 5),99,90 (CH , ), 61.93 (= C ), 62.54, 66.77.(C-2', C-3)
72.69 (C-1'), 116.99 (CN), 121.93 (C-5), 142.61 (C-8), 144.50 (C-
2), 146.99(C-4), 149.35 (C-6), 176.92 (CO CH 3), 170.21 (COO)
MS: m/z = 361 (M+) :
C ¢ H g N 5O Calcd; C, 53.2; H; 5.3; N, 194

Found C, 53.6; H, 5.0; N, 19.7 % .

Deprotection of the compounds 2a.c and 5 to give 3 5_¢
and 6.

In 20 ml of sarurated solution of ammonia gas in methanol
‘were suspended 1 mmol of the protected compound 2 5.¢ or 5- The
reaction mixture was stirred for overnight. The solvent was eva-

ported unedr reduced pressure and the residue was chromatogrphed
on silica gel (50 g 0.04 - 0.063 mm) with CH OH / CHCI 3 (10-15

%) to glvc teh deprotected compounds 2 2 a-c and 6 in 54-75 % yield.
6- (Carboethoxy, cyano methylidene) 1H, 9. (2-hydroxy
ethoxy methyl) purine 2 a. | -

M.p. 240-242 °C; yield 230 mg (80 %) 'H NMR (DMSO/

TMS)d 1.29 (t, 3H, J = 6.9 Hz, CH 5 ), 3.74-3.95 (m, 4H 2-H,3'-H),
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4.24 (q, 2H, T = 7.0 Hz , CH2), 4.56 (s, 1H , OH) , 5.65 (s,2H , 1" -
H), 8.50-8.62 (2 x s, 2H, 2-H, 8-H), 13.92 (s, 1H, NH), 13C NMR
(DMSO/TMS) & 14.15 (CH 5 ) 59.92 (CH 5), 61.80 (= C ),
62.50, 70.98 (C-2', C-3"), 72.68 (C-I) , 117.02 (CN), 121.93 (C-5),
142.46 (C-8) 144.71 (C-2,C-3), 146.92 (C-4), 149.35 (C-6), 170.13

(COO0).
C;3H 5N O, Caled. C, 511 H; 5.0; N, 23.0.

Found C, 50.7; H; 5.3; N; 22.8 %.

6- ( ‘Dicyanomthylidene) IH, 9- 7(2-hydr0xy ethoxymthyl)
purine 2 b. '

M.p. > 270 °C yield 155 mg (60 %) I'H NMR (DMSO / TMS)
& 3.52-3.69 (m, 4H, 2"-H, 3,-H, 4.59 (s, IH, OH), 5,63 (s, 2H, I;-H)
, 8.30, 8.61 (2 x s, 2H, 2-H, 8-H), 12.50 (s, IH, NH) 3¢ NMR

(DMSO / TMS) & 59.43 (=C ), 62.52, 66.83 (C-2', C-3") , 72.24
(C-1Y, 116.50 (CN) 121.90 (C-5), 142.56 (C-8), 145.30 (C-2),

145.85 (C-4), 150.43 (C-6).
C; HoNgO, Calcd. C,51.2; H; 3.9; N; 32.5.
Found C, 50.7: H: 3.8; N; 32.1. %.

6- (Dicarboethoxy methylidene) IH, 9-. (2-hydroxy ethox-
ymethyl) purine K

M.p. 150-154 °C, yield 158 mg (45 %). 'H NMR (DMSO /

193



Synthesis of some 6- methyllidene..........veeenen.

TMS)& 1.72 (t, 6H,J = 6.9 Hz, 2 x CH 5 ), 3.75-3.95 (m, 4H, 2"H,
3-H), 4.05-4.18 (m, 4H, 2 x CH 2 ) , 4.62 (s, IH OH), 5.70 (s, 2H,
I“H), 8.70-8.88 (2 x s, 2H; x-2 - H, 8 -H), 14.90 (s, IH, NH). 13 C
NMR (DMS / TMS) & 14.01 (CH 3 ) £51.00 (CH , ) , 62.10, 66.98
(C-2' C-3), 72.28 (C-1), 81.50 (= C ), 129.85 (C-5), 146.20 (C-8),
150.56 (C-2_), 152.00 (C-4), 155.78 (C-6), 170.23 (COO).

C,sHoN O ¢Caled C51.1; H; 5.7 N; 15.9.
Found C, 51.4; H; 5.5; N; 15.8 %.
6- (Carbethoxy, cyano mthylidene) 1-methyl, 9- (2-
hydroxy ethoxymethyl) purine §. ‘

M.p. 175 -177 °C yield, 159 mg (50 %) , 'H NMR (CDCI 4 /
TMS) & 1.28 (t, 3H,J = 7.1 Hz, CH 3 ), 3.61-3.79 (m, 4H, 2-H, 3-
H), 3.92 (s, 3H, NCH 3 ) 4.23 (q, 2H; ] = 7.0 Hz, CH 5 ) 4.59 (s, IH,
OH), 5.65 (s, 2H, I') , 8.45, (8.60 (2 x s, 2H, 2-H, 8-H), 13 C
NMR (CDCI 3 / TMS) o 14.01 (CH 5 ), 43.35 (NCH 5 ), 59.95.
(CH,), 61.80 (= C ), 62.54, 66.86 (C-2', C-3"), 72.20 (C-1"), 116.54
(CN) , 122.02 (C-5), 142.52 (C-8), 144.95 (C-2), 146.83 (C-4),

149.75 (C-6), 170.73 (COO).
C 14 H 17 N5 O 4 Caled C,52.7; H; 5.4; N, 21.9.
Found C, 52.2; H; 5.7; N; 21.7 %.
ACKNOWLEDGEMENT

Thanks for Dr. Erik B. Pedersen, Odense University for the

194



Sslah EL-KOUSY oo

NMR, Mass spectra and Laboatory facilities provided.
REFERENCES
1- Declerg, E. (1992) : AIDS Res. Human Retrovir 8 : 119 ..

2- Schebli, H.P., Hill, D.l., Bennett. Jr. L.L. (1967) : J.Boil. Chem.
242:1997.

3- Montgomery, J. A., Hewson, K., (1968) , J. Med Chem . 11:84.
4- Leonard, N.J., Bryant, J.D. (1979), J. Org. Chem. 44: 4612.

5- Christensen, L.F.; Cook; P.P , Robins, R.B.; Meyer Jr. RB.
(1977), J. Carbohydrates Nucl. Nucl. 4: 175.

6- Evans, B.Wol fenden, R. (1970), J. Amer. Chem. Soc. 92: 4751.
7- Hamamichi, N., Miyasaka, T.(1985) : T‘e’tr. Lett. 62: 4743.

8- Chu, C.K,, Cutter, s.J (1986) : J. Herterocyclic Chem. 23_ 289.
9- Finlander, P., Pedgrsen, E.B. (1985) : Arch. pharm, 318: 452

10- Miyasaka, T., Suemune, H.; Arakawa, K. (1978): Nucleic Acid

symposium Series No. J: 273. A
11- Robins, M.J.; Hatfield, P.w. (1982): can. J. chem. 60: 547.

12- Borror, A.L., Haeberer, A.F. (1965) : J. Org. Chem. 3Q: 243.

195



9= unaliica -7 Glayjgulsig gRel GAS
e illes Lad gigallg il s pasgdl
dpuifag| acliql olass Slugps
- gesdllals
Gl gl suh- ,-,mnag;- Lol o |

s — gl i

t_.l‘;wfgl(J,::uu.g,:ﬁn‘,.s\;.f..n_—r)—\—ws—-\:.\ulahm
posigall 230 Baelses J2Y1 Sl 5l Ja tsipllLly il gibas DS
51 5L ppil] it (asSS I el gy = azabossill S 35 o
] b Ll o g Ll SUS,H 030 o g Lepant £
5 saiaad] il e Y 3 e Ui oy Y Lpaal o hars Sl (oS3
waiss oo Y Slsll gaal clelis £ Bl Sy Lolab St dapanse Jlaiil
Tegans o gsind! FRALT 0S5 ells e Ly pupgeall syt a2 o Jiat]
-*:'»e’-‘-:“"”bﬁie’*hdfwﬂﬁwtbiéﬁa—gw’bleué‘&“
(LS ] Liakl] Lualiall ey cudish 1 aall

196



