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Abstract: (Z) and (E)-2-(purin-9-yl/ pyrimidin-1-yl)ethylen-1-ylphosphonic acid 10-18 were synthetized by
Michael addition of heterocyclic base with the diethylethynylphosphonate and deprotection of the acyclic nucleoside
phosphonate with bromotrimethylsilane. © 1998 Elsevier Science Ltd. All rights reserved.

Most of the nucleoside analogues showing antiviral activity need to be phosphorylated to the

corresponding triphosphates before exerting their biological effects. In an effort to circumvent the first

have an «,B-unsaturated phosphonic acid moiety as the phosphate mimic.’
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alogues of acyclic nucleoside phosphonic acids have been synmetlse but very few
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Some trans-

alkenylphosphonic acid nucleoside analogues are endowed with anti-retrovirus and anti-herpesvirus
activity.ﬂ Therefore, acyclic nucleotide analogues containing the alkenylphosphonyl group as the
phosphate mimic may be considered as potentially effective antiviral agents.

In view of these observations, we initiated the synthesis of a nouvel serie of ethenylphosphonic acid

analogues of nucleosides. In these phosphonate derivatives the phosphorus atom is attached to the

FUuUaiviqle

C

heterocyclic base via an enamine (N-C=C.P) bond, thus forming a linkage which is not susceptible to
; 2223 Ml fareantio . 1ot 1. [T TSRS TUC NS I % CR,
hydrolysis by esterases ine iormation o1 sucn nitrogen-carvoinl VOIS i8S Ovtailied ol a Conjugate
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adm[lon o1 muf[llul]c[lona] nirogenous nucieopnues to carbon-caroon triple bonds (iviichael reaction).

These reactions usually involve a basic catalysis and several methods using anionic activation have been

applied. =

In this paper, we present the results obtained when Michael donors, namely the pyrimidines [U, T, C, 5-

FU, 5-BrU, 5-(HOCH,;)U, 5-IU] and purines (A, N-AcG) are reacted with a phosphonate Michael

26 - . .
acceptor” using basic catalysis.
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(i) : { tBuOK, CH3CN or DMF, 18-crown-6] or [ K2CO3. DMEF| (if) : a) (H3C)3SiBr. DMFE: b) HyO
¢ Phosphonates derivatives 1-8 :
BH Ad&xixxe N-Acguanine Umcil Thymine Cytosine S-Fluorouracil  5-Bromouracil  5-Hydroxymethyluracil
A la 2a 3a 4a Sa 6a - 8a
L ib 2o 3b 4b S5b 6b 7b 3b
o Phosphonic acid derivatives 10-17 :
BH Adenine N-Acguanme Uracil Thymine Cytosine S5-Fluorouracil ~ 5-Bromouracil  S5-Hydroxymethyluracil
VA 10a 11a 12a 13a 14a 15a - 17a
F 10b 11b 12b 13b 14b 15b 16b 17b
Scheme 1
Phase Transfer Catalysis (PTC) is one of the most efficient and widespread technique for anionic
. 2730 \
activation. We have recently reported that Solid-Liquid Phase Transfer Catalysis {(SLPTC), using
potassium tert-butoxide as base, 18-crown-6 as catalyst, CH;CN or DMF as solvent, was an efficient

method for the preparation of acyclonucleoside analogues. So, the alkylation of purines or pyrimidines
bases with the methyl propiolate (H-C=C-CO,Me) was accomplished by application of Solid-Liquid Phase
Transfer Catalysis to Mlchael type addition and gave a very interesting result.31 However, the use of these
conditions for preparation of ethylenylphosphonate derivatives 1-5 led to two isomers (Z and E) in
moderate overall yield in approximate Z/F >1 ratio (Table 1). These results suggest that the reaction can
undergo a retro-Mlchael addition reactlon Durmg the synthesis of diethylethylenylphosphonates 1-5, side

e N ) \Y'I\T‘

proaucts (N1/N3 or N1/N4 bis alkylated) were noticed for thymine and cytosine.
ese inconveniences, the reaction was carried out with potassium carbonate as base and
DMF as solvent. This process gave the two isomers (Z and £) in good overall yield (Table 2). All isomers
synthetized were separated by chromatography on silica gel. Todinaton of uracil derivatives 3a and 3b has
beeen effected using iodine monochloride in dichloromethan to provide the 5-iodouracil derivatives 9a and
9b in good yield.

The position of alkylation (N-1, N-9) parallels that reported for related pyrimidine and purines
Michael-type additions to several Michael acceptors ** %,

2

>

Tablel: Yield and {Z/£) ratio of compounds 1 o § obtained with SLCTP conditions
N° Heterocyclic base Ratic Z/E Yield (%)
1 Adenine 82 35
2 N-Acetylguanine 6/4 35
3 Uracil 5/5 36
4 Thymine 6/4 32
5 Cytosine 6/4 41
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Table 2. Yield and (Z/E) ratio of compounds 1 to 9 obtained with K,CO5 /DMF

N° Heterocyclic base Ratio (Z/E) Yield (%)
1 Adenine 8/2 70
2 N-Acetylguanine 8/2 67
3 Uracil 2/8 76
4 Thymine 2/8 81
5 Cytosine 2/8 72
6 5-Fluorouracil 2/8 66
7 5-Bromouracil E only 83
8 5-Hydroxymethyhuracil 2/8 64
9a 5-lodouracil Z 92

b 5-lodouracii E 92

From the results described in Table 1 and 2, we conclude that the overall yield increase and the isomer
ratio (Z/E) depended upon the reaction conditions. The £ isomer becomes major for pyrimidine analogues
when K;CO3/DMF conditions were used, however the Z/E ratio for purines analogues remains unchanged.
Confirmation of the isomeric structure of these products was based on ' H-N.M.R. spectra. The large
coupling constante of frans proton-phosphorus versus cis proton-phosphorus provides a simple
determination of structure. Indeed, the Z-isomer was characterised by the ’J|P, B-CH-CP] coupling
constants amounting to 41-43 Hz, but in E-isomer this coupling constants decreased to 17 Hz. It would be
expected that the significant diamagnetic anisotropy of the phosphonate group would lead to a greater

deshielding of the vinyl "H-2" in the £ isomers than in Z isomers (Table 3 ).

Table 3 : Shift (ppm) of H; in compounds 1-9.

N° 1 2 3 4 5 6 7 8 9

form z £ Z E z E Z E z E Y4 K Y4 £ Z K Z E

8(Hp) |7.74|7901803|827|731(771(733|7721745[788[733(768| - |[765|734]774(743]761

{ppim)

The deprotection of acetyl group of 2a and 2b was achieved using MeOH /HCL?' Treatment of (Z) or
(E) diethylphosphonate acyclonucleosides 1a, b to 9a, b in anhydrous DMF with TMS-bromide (Scheme
1) was followed by evaporation to dryness, and the remaining residue was dissolved in H,O. Further
addition of acetone gave a quantitative yield of crystalline acids 10a, b to 18a, b (see experimental). The
structure of these compounds was established by 250 MHz proton NMR and characterized by the usual
physical methods. We have ascertained that the acid isomer forms (Z and E) do not interconvert under the

conditions of their formation.

Biological activity:

These compounds were evaluated for their activities against human immunodeficiency virus type 1
(HIV-1 (Illg) and HIV-2 (ROD) in human T-lymphocyte (CEM) cells, and against herpes simplex virus
type 1 (HSV-1)(strain KOS), thymidine kinase-deficient (TK ) HSV-1 (strain B2006), herpes simplex virus
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type 2 (HSV-2) (strain G), vaccinia virus and vesicular stomatitis virus® “° in human embryonic skin-
muscle (ESM) fibroblasts according to previously established procedure. Virus-induced cytopathocity was
used as antiviral parameter to estimate the antiviral potential of the test compounds. No antiviral activity
was observed at concentrations up to 100-200ug/ml (data not shown). Most of the compounds showed no
toxicity for the host cells at the concentration up to 200 pg/ml. Two compounds, namely 15a and 18b
proved to be toxic to CEM cells, at a 50% cytotoxic concentration (CC50) of 13 and 76 pg/ml,
respectively.

EXPERIMENTAL

'"H-NMR spectra were recorded in a Bruker AC 250 and AM 300 spectrometer in DMSO-d6. Chemical
shifis (5) are quoted in parts per million relative to tetramethylsilane set at 0.0 ppm as internal reference.
The signals are described as: s, singlet; d, doublet; t, triplet; dd, double doublet; m, multiplet.

UV  spectra were recorded with CARY 219 spectrophotometer in MeOH for esters derivatices and in
Water for acids derivativses. (Precoated) (EK-Fps4) silica gel plates were used for TLC. Column
chromatography was performed on Merck silica gel (230-400 mesh)

Mass spectra were performed on a JEOL JMS DX 300. Flemental analyses were carried out by the
"service de microanalyses du CNRS, division de Vernaison France.”

I- (Z) and (E)-DIETHYL-2-(PURIN-9-YL/PYRIMIDIN-{-YL)ETHYLEN-1-YL PHOSPHONATES 1-9:
General procedure

Method A:

A mixture of heterocyclic base (7.40 mmol), potassium tert-butoxide (720 mg, 6.43 mmol) and 18-
crown-6 (326 mg, 1.23 mmol) in acetonitrile (150 ml) was stirred at room temperature for 15 min. Diethyl
ethynylphosphonate (1.44 g, 8.89 mmol) was then added and the solution was kept for 2-40 hours at room
temperature. The solid was filtered off and the filtrate was evaporated. The residue was chromatographed
on a silica gel column with the eluent system: CHyCly/MeOH.

Method B:

A mixture of heterocylic base (7.40 mmol), KoCO3 (511 mg, 3.7 mmol) in DMF (100 ml) was stirred at
room temperature for 15 min. Diethyl ethynylphosphonate (1.44 g, 8.89 mmol) was then added and the
solution was kept for 4-24 hours at room temperature. Work-up of the mixture was the same as described
in method A.

(Z)-diethyl-2-(adenyl-9-yl)ethylen-1-ylphosphonate ~ 1a and (E)-diethyl-2-(adenyl-9-yl)ethylen-1i-
vlphosphonate ib:
: Yield = 56%; mp: 178-180 °C [CH)Cly/Ether]; R¢: 0.58 (CHClp/MeOH : 80/20);, 'H-NMR & :
890 (s 1H, H-8); 8.23 (s, 1H, H-2');7.74 (dd,1H, H-2, J 1=11.92Hz, J; p=42.28Hz); 7.55 (Brs, 2H,
NHp); 5.80 (dd., 1H, H-1,J 2=11.92Hz, J; p~8 70Hz ); 4.04 (qd, 4H, 20CH2, JcH,-p-8.02Hz, IcH,-
CH, 7.06Hz) ; 1.20 (t, 6H, ZCHz, JCH,-CH,=7-06Hz); UV : Amax=245 nm (8-10800 ), 282 nm
(£=2600); M.S. (FAB>0): 298 [MH]"'. Anal. calcd. for C;1HgN5sO3P, 1/8 H0 : C, 44.11; H, 5.47; N,
23.38. Found : C, 44.12; H, 5.60; N, 23.20.
b : Yield = 14%; mp: 175-177 °C [CH,Cly/Ether]; R¢: 0.54 (CHpClp/MeOH : 80/20); "H-NMR 5 :
8.61 (s, IH, H-8); 827 (s, 1H, H-2'); 7.53 (Brs, 2H, NHp); 7.90 (dd, 1H, H-2. I |=15.62Hz,
Jp p~17.46Hz);, 6.91 (dd., 1H, H-1, Jj 2=15.62Hz, Iy ,=12.93Hz); 4.05 (qd, 4H, 20CHy, ICH,-
p-8.25Hz, JCH,-CH,=7.05Hz); 1.28 (t, 6H, 2CH;, ICH,-CH,=7.05Hz); UV : Apnax=239 nm (e=13000),
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285 nm (e=1900); M.S. (FAB>O): 298 [MH]". Anal calcd. for C|jHgN503P : C, 44.45; H, 5.43; N,
23.56. Found: C, 44.51; H, 5.54; N, 23.42.

(Z)-diethyl-2-(2-N-acetylguanin-9-yl)ethylen- [-ylphosphonate 2a and (E)-diethyl-2-(2-N-acetylguanin-
9-yl) ethylen-1-ylphosphonate 2b ;

2a : Yield = 54%; mp: 222-224 °C [ CHyCly/Ether]; R¢: 0.37 (CHClp/MeOH : 90/10); 'H-NMR 5 :
11.78 (Brs, 1H, NH-Ac), 11.14 (Brs, 1H, NH-3);9.16 (s, 1H, H-8'); 8.03 (d.d,1H, H-2, J; 1=11.90Hz,
12, p=42.03Hz); 5.77 (dd., 1H, H-1, J1 2=11.90Hz, J; p=8 74Hz); 4.08 (qd, 4H, 20CHj>, JCH’ p=8.39Hz,
JCH2 CH—/ 07Hz); 2.21 (s, 3H, L,ﬁ3), 1.22 (t, 6H, 2CH;, JCH CH“/U/HZ), Uuv: A.max—lenm
(8—13000) M.S. (FAB>0): 356 [MH]". Anal. calcd. for C13H13N5()5P C,4395;H,5.11;N, 19.71.
Found: C,43.74; H, 5.27 ; N, 19.57.

2b : Yield = 13%; mp: 200-204 °C (CHCly/Ether]; R¢: 0.33 (CHpClp/MeOH : 90/10); 1H-NMR &:
12.09 (Brs, 1H, NH-Ac), 11.65 (Brs, 1H, NH-3); 9.72 ( s, 1H, H-8'); 8.27 (dd,1H, H-2, J» 1=15.79Hz,
Jo p=17.41Hz); 7.13 (dd., 1H, H-1, Jj 5=15.79Hz, J; p——1149Hz) 4.10 (qd 4H, 20CH2, ICH,-
p=8.65Hz , JCH,-CH,=7.08Hz); 2. 29 (s 3H, CH3); 1.26 (1, 6H, 2CH;, JcH,-CH,~7-08Hz); uv:
Amax=302 nm (£=16800); M.S. (FAB>0): 356 [MH]". Anal. calcd. for C13HgN5OsP : C, 43.95; H,
5.11; N, 19.71. Found: C, 43.84; H, 5.22; N, 19.63.

(Z)-diethyl-2-(uracil-1-yl)ethylen-1-ylphosphonate  3a  and  (E)-diethyl-2-(uracil-1-yl)ethylen-1-
vlphosphonate 3b:
¢ Yield = 15%; mp: 102-103°C [CH2Cly / Ether]; R¢: 0.40 (CH7Clh/MeOH : 90/10); H NMR 6 :

il f.A tnm 1H m-l_'l\ 7.84 I:l TH H.A' T =R nm.b\ 7.31 Idrl 1H H-2 J4 1=11.18Hz 15 =42 74

AFr S, LKk, PVAATS S, LIL, LIV , JH.y T O.VULLL) 15k, AT L, "l T i 1010s, l P L i

Hz), 5. 77 (d, 1H, H—5' Ist 6'“8 06Hz); 5.76 (dd., 1H, H-l J10= ll 18Hz, J) p—9 24Hz); 4.01 (qd, 4H,
20CHy, Jcy,-p=8.16Hz, JCH -CH,~7.05Hz); 1.22 (t, 6H, 2CH3, JCH,-CH;=7-05Hz). UV: Aax=273
nm (£=14400); M.S. (FAB>0): 275 [MH]'; Anal. calcd. for C|0H15N205P /10 HyO : C, 43.52; H,
5.55; N, 10.15; Found: C, 43.49; H, 5.60 ; N, 10.36.

3b : Yield = 61%; mp: 120-122 °C [CH2C12/Ether] R¢: 0.36 (CHyClp/MeOH : 90/10); '"H-NMR § :
11.72 ( Brs, 1H, NH-3); 814 (d, 1H, H-6", J¢.5=8.27Hz); 7.71 (dd, 1H, H-2, J =15.97Hz,
Jp p=18.29Hz); 6.13 (dd., 1H, H-1, Jj 2=15.97Hz, I} ,=10.60Hz ); 5.83 (d, 1H, Hs', J5' 6-w827Hz) 4.00
(qd 4H, 20CH,, JCHz_p—S 13Hz , JCH;-CH(70 Hz); 1.24 (t, 6H, 2CH;, JCH;-CI[; =7.06Hz); UV:
Amax=278nm (e=20100); M.S. (FAB>0): 275 [MH]"; Anal. caled. for CjgH5N2OsP, 1/4 HyO: C.
43.09; H, 5.61; N, 10.05. Found: C, 43.13; H, 5.53; N, 9..98.

(Z)-diethyl-2-(thymin-1-yl)ethylen-1-ylphosphonate ~ 4a and (E)-diethyl-2-(thymin-1-yl)ethylen-I-
viphosphonate 4b :

a : Yield = 16%; mp: 99-101 °C [CH,Cly/Ether]; R¢:0.48 (CHyCly/MeOH : 90/10); 'H-NMR 5 :
11.70 (Brs, 1H, NH-3);7.83 (s, IH, H-6'); 7.33 (dd, 1H, H-2, Jp |=11.34Hz, J p=42.18Hz); 5.67 (dd..
IH, H-1, J} »=11.34Hz, J| 5=9.08Hz); 4.00 (qd, 4H, 20CH>, JCH -p=7.51Hz JCH -CH,=7-05Hz); 1.79
(s, 3H, CH3) 1.22 (t, 6H, 2CH3, JCH,-CH,=7.05Hz); UV : ?\,max——279nm(a—l4200),M S. (FAB>0): 289
[MH]™; Anal. caled. for Cy1H}7N205P, 1/3 HyO : C, 44.90; H, 6.05; N, 9.52. Found: C, 44.86; H. 5.97;
N,941.

4b : Yield = 65%; mp: 155 - 157 °C [CHyCly/Ether]; R¢: 0.45 (CHClp/MeOH : 90/10); '"H-NMR &
11.73 (Brs, 1H, NH-3);8.06 (s, 1H, H-6'); 7.72 (dd, 1H, H-2, J |=15.94Hz, J; p~18.26Hz); 6.05 (dd.,
IH, H-1, }; n—]ﬁ 94Hz, I ..—IO 67Hz ); 3.99 fnd 4H, 7()(‘“0 Tﬂnz n=_8. O4H7 IFI‘I -CH,4 =7.03Hz).

.84 (s, 3H, CHy): 1.24 (t, 611 2CH,, JCH,-CH;=7. 03Hz); UV : xmax—z"/s nm (£=15000); M.S. (FAB>0).
289 [MH]'. Anal. caled. for C;jHy7N,O5P: C,45.84:H, 5.94 ; N, 9.72. Found: C, 45.60; H, 5.86; N,
9.80.
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(Z)-diethyl-2-(cytosyl-1-yl)ethylen-1-ylphosphonate  Sa  and  (E)-diethyl-2-(cytosyl-1-yhethylen- |-

yiphosphonate Sb :

Sa @ Yield = 14%;,mp. 177-179 °C [CHCip/Ether]; Ry: 0.44 (CH,Cly/MeOH : 80/20); '1i-NMR 6 :

7 8 (d 1 H.g' Ty cvx7 4R 7 80 (D FEE AN Y 748 fdd 10 HLLY 1. 11 I00E,
i, iEE, EETV ¥6°-5 71.NUKALL ), fLT7 QaxD, L, SEiINLEf, 80 (uuL g, 1L, JZ‘] F1.O7KL7,

Jr p 43.03Hz); 5.82 (d 1H. H-5', Jg0 T A8 ) 553 (dd., 11 -1 1, n_n 39Hz 1, p;q_l“é ). 3.97
(qd JH. 70(”') l(‘!!,_p 3291z . I¢ H,-CH; =7.05Hz); 1.20 (t, bH 7LHz J(H-Y=CH;*7()5”Z) [SAY
Zanas 287 um (e=16000); M.S. (FAB -0), ’)74[MH]+ Anal. caled. for C gl gN3O4P. HyO : C.41.24

1L 0.23: N 1443, Found: C, 40.98; H, 6.59; N, 14.21.
Sh:Yield = 58%; mp: 216-218 “C [CHCly/Ether]: Re: 0.39 (CHClp/MeOl1 : 80/20); "H-NMR &
8§03 (d. TH. H-6" . Jg_ 3¢ 7,()‘")“2)' 7.88 (dd. 1H, H-2.J5 1=16.13Hz, J5 p-18.23H2): 7.73 (Brs. 2H. 4-

RIfI_v. & D 4.1 11y TF o3 e £ 1mrT ¥ 1y AT AL £ gy 21 XET YT OB X .S ~ rvil oz s
INI12). 2.%6 (aa.. i ti-i. by 2 =16.1311z. Jp pThtoobiz ) o8y (d, 1L 11-57, J3 ‘6 /.D‘JHZ): 299 (gd.
A 2 A devr 0y R 10V, 706112y P24 (1 61 2CH A, Sesis i T 085 iy DIV
PE. —SONed R .,thzl: O.avraed JL‘lz_k"‘ LEREAYE B V4 2N AL, R lj, JL-ll_‘z'L'i} [ARACAY I B ' 25 N )y
Lmax=296nm (=10200); M.S. (FAB-0) 274 IM!!I* Anal. caled. for CygHieN3O4P, 1/2 HhO :
max \ Js t ) a Hod, for Lpiiieiv3iagt, ol L

42.36: H, 6.07; N, 14.89. Found: C, 42.56; H, 5.99: N, 14.88.

(Z)-diethyl-2-(5-fluorouracil-1-ylethylen- I-yIphosphonate 6a and (E)-diethyl-2-(5-fluorouractl-1-vl
ethvlen- {-yviphosphonate 6b :

6a : Yield = 13%: mp: 143-145°C |[CH,Cly/Ether]; R¢ : 0.52 (CHyClp/MeOH : 90/10); 'H-NMR
(DMSO-do)o : 12.24 ( Brs 1H, Nii-3); 8.43 (d. ih, H-6', Jgp=7.13Hz); 7.33 (dd, iH, Ii-2
15 1 VE3QH Bs 6o d2 10 A 572 (dd 11 V) 3y A= 11 23080, | LR NOII, A\ 2 0Q a4 AL ML
.IJ I LI B A B T oN Jl‘ll L AT V0 S iU i rr=1_J ‘l 1 1. 071}/, Jlsl) [SPATA I Py N J.Jﬂll'll. iR ._.\l\_ll_)
bevy =7, )va fevs vy 7042y 123 (t 6H 2CH frss roar =7 042 IV EMaODY - ) =IRA
JCHA- Uz, JCp,-Cliy 7. 04Hz); 1.25 (1, 6K, 2CH;, Jop -1y~ 7-04H2) UV (MeOH) & 2 (-2
nm (244300) M.S. (FAB-0): 203 [MH]". Anal. caled. for C1oH | 4FN20sP : €, 41.10; H. 4.83;N. 9.59

()h : uld = 53%; mp. I86-I88 “C |CHyCly/Ether]; Rp: 0.49 (CHyCla/MeOLH : 90/10); lII-NMR o
1225 (Brs. 1L NH-3); 854 (d, I1H, H-6', Jg.p=7.1811z); 7.68 (dd, 1H, H-2. Jp |=15.94He,
Jo p-16.10Hz);  6.09 (dd., 1H, H-1, 1} 2=15.94Hz, J) ,=10.16Hz); 3.99 (qd, 4H. 2()’CH2. JCHs-
p 8.08Hz | JCeH2-CH3™/. O-’le); I.24 (v, 6H, 2CH3, JCH,-CH,™ 7 04HZ), UVE Ay =280 nm (e=16900);
M.S. (FAB™-0): 293 [Mi]'. Anal calcd. for CyglijyFN>OsiP €. 41.10; H, 4.83; N, 9.3 Found: C.
41100 H, 489N, 9 .58,

tF)-diethyl-2-(5-bromouracil-1-yl)ethylen- I -yIphosphonare 7h :

Yield 1 83%; mp: 137-139°C [CHaCly/Ether]; Ry 0.54 (CHCl/MeOlH : 90/10); 'H-NMR 6 12.13
(Brs IH. NH-3); 8.57 (s, 1H, H-6"); 7.65 (dd, 1H, H-2, J5 1=15.93Hz, J; p=16.29Hz); 6.13 (dd.. 1. H-

. Jy 2=15.93He, Jl ,~10 4iHz); 4.02 (qd, 4H, 20CH;,, J([h_]) 7. ‘)le JCH-;-CHg—-’, 04Hz): 1.23 (1.
()l[ 2CH;5. ICH,- CH;~ 7.04Hz), UV 507294 nm(a—‘)‘i()()) M.S. (FAB>-0): 354 [MH]™. Anal. calcd
jor C wiiHBrN205i’, /10 HyO €, 33.84: 1, 4.03; N, 7.89. Found: C, 33.81;ii, 4.12; N, 7.65.

(Z)-diethyl-2-(5-hydroxymethyluracil-1-yl)ethylen- I -ylphosphonate 8a and  (E)-diethyl-2-(3-
hvdroxymetinvluracil-1-yl) ethylen-1-ylphosphonate 8b

8a : Yield = 13%: mp: 133-135°C [CHyCly/Ether]; Ry : 0.36 (CH»Clo/MeOH : 90/10), |H-NMR o
11,70 (Brs, TH, NH-3): 7.81 (s, IH, H-6"); 7.34 (dd,1H, H-2, J3 =11.20Hz, J» p=41.97Hz); 5.72 (dd.,
PH. H-1 3y 2=11.20Hz. Jy ,=9.44Hz ): 5.13 (4, II*Al3 Oll{’ J()H_CHf%.f)?l’lz);‘ul}nt (d, ?j!{,‘Chf_i_z, J‘CH}-
o1 49912y 4.04 (qd. HIL 20CH»,. J(‘Hz_pz7.48]'lz, JCHg—Cl13':7-05117-); 122 (v 6HL 2CH; -

Cil, 70507y UV 0 20276 nme (6=20800); M.S. (FAB-0): 305 [MH]"  Aunal caled. tor

=N -f)Y D 1Y 1711 :1"-!\1 O71 K d- 0 172 851011 5 a0 N Q 2Q
N LR VR IPA Y ¢ TR =R £ 45,11, J.05] .ol VOURHG, U, O J 0, My JUT N T 00T,

8b : Yield  S1%:mp: 154157 crf!w Iy/Ether]; Ry 0.32 (CH;\C!;/M@OH'QO, "H-NMR 6
177 (Brs FH, NH-3); 7.99 (s. 1H, H-6'); 774((1(! lll H 2, )5 1=15.96Hz, 17 =18. 2.)“1!) 6.10 (dd.,

TH. H-1. ) >=15.96Hz, 1 s 10.49Hz); 5.0 (t, TH, OH, J¢yjy. (“,~—D 03Hz) , 4. l()(d 2H , CH>, J(H:-
O™ ‘703“1) 4.03 (qd, 411 20CHy, JCH,-p~7.86Hz JC“T(H3-7 05Hz); 1.24 (1, 6H, 2CHS3, J(_‘Hg-
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CH:=7-05Hz): UV 2,;3x=283 nm (£=22800); M.S.(FAB>-0) 305 [MH]". Anal caled. for
CriHpIN20gP: C, 43.43: H, 5.63; N. 9.21. Found: C, 43.31: 11, 5.64; N, 9.09,

(Z)-diethvl-2-(5-iodouracil-1-yl)ethylen-1-viphosphonate  9a  and  (E)-diethyl-2-(5-10douracil-1-v1)
ethylen-{-viphosphonate 9b ; '

A solution of 3a (or 3b) (200 mg. 0.73mmol) and IC! (0.95 mmol) in CiipCly (100 ml) was refluxed for
2 hours. The reaction mixture was then diluted with 10 ml of dichloromethane and discoloured with
NalSO3 (2% in water). The organic layer was washed with water, dried over anhydrous MgSO . filired
and concentrated. the residue was chromatographed on silica gel column with the ethyl acetate ‘hexane
(30°70) to give 9a (or 9b).

9a : Yield = 02°: mp: 168-170°C [CH,Clyp/Ether]; Ry : 0.59 (CHyCl2/MeOl1 - 90/10 ); 'H-NMR 6
1200 (Brs. TH. NH-3): 8.48 (d, 1L H-6"); 743 (dd, TH, H-2, J5 j=11.23Hz, Jy p=42.25Hz2); 6.18 (dd..
M. H-1. 0y 2211232 Iy n—‘)’ll{/ ). 4.01 (qd. 4H, 20CH». JC!!? p=7. 99Hz . J(*”\_(*H:7 03Hz):
1.23 (1. 6t 2CHS3, J(lh-([l =7.05Hz); UV © Apmax=301 nm (£=11630); M.S. (FAB-0): 101 IMH] "
Anal caled. for C 10”;4!N903P C,30.02: H, 3.53; N, 7.00 . Found: C, 30.05; H, 3.6]; N. 6.83.

9b & Yield = ‘~)7°o mp; 220-222 “C (CHyCly/Ether]: Ry: 0.56 (CH2Clp/MeOH : 90/10); '"H-NMR 6
12.05 (Brs. 1H. -3): 859 (d. 1H. H-6"): 7.6 (dd. 1H. H-2, J» |=15.92Hz, J; p=16.03Hz). 6.29 (dd..
TH 11, Jy o iS iz, p”'iO 34Hz): 4.03 (qd. 4H, 20CH,, JCH,-p=745Hz L ICH,-C1iy 7.05H2):
.24 (L 6H, 2CH5, IO ,.CH 7. 05H2): UV 2 2igiax=303 nm (2=12750); M.S. (FAB-0): 401 [MH] . Anal.
caled. for € 4IN2O5P - €. 30.02: H, 3.53; N, 7.00. Found: C, 29.84; I1, 3.57; N, 6.74.

Ny
}

1
I

- (Z) and (£)-2-( PURIN-9-YL /PYRIMIDIN-1-YL )ETHYLEN-1-YL. PIHIOSPHONIC ACID 10-18:
General procedure
The Z (or £) diethyl ester (0.67 mmol ) was dissolved in DMF (15 ml ) and treated with
bromotrimethylsilane (0.7 ml , 5.39 mmol ). The reaction mixture was heated at 70 °C overnight and was
concentrated  under vaccum. The residue was then treated with 10 ml of water and free acid was

nractndatad by addieiaa A0 o catana
Prinipitaivu vy auuniun ul acelunc,

(£)-2-fadenin-9-yl)ethvien-1-ylphosphonic acid 10a |

Yicld : 70 %; mp:198-200 °C [H,0] (decompose); R¢: 0.58 (Isopropanol/NH;OH/H,0 : 3/1/1); H-
NMR 6 :9.09 (s, 1H. H-8'): 8.22 (s, 111, H-2'); 7.51 (Brs, 2H, 6-NH»); 7.49 (dd, 1H, H-2, Jy j=11.92Hz.
Jo p-27.12Hz); 5.79(dd.. IH, H-1.J| »=11.92Hz, ] p=7-29Hz ); UV : M max=251 nm (e=13100); M.S.
(FAB<0): 242 [MH]" Anal. calcd. for C+HIgNsO3P, HoO: C,32.44; H, 3.89; N, 27.02. Found: C, 32.27:
H.3.93; N, 26.85.

(£)-2-(adenin-9-yl)ethylen-1-yvIphosphonic acid 10b :

Yield - 68 ° »u nip -~ 250 °C |Hz(}} (uu,uunpuan,;, R & 29 “SGi)i’ﬁ])Shu{/NH4G=UHQO . 3/1/1); H-NMR
o :8.63(s. IH, H-8);8.25 (s, 1}, H-2'); 7.55 (Brs, 2H, 6-NH3); 7.73 (dd, 1H, H-2, Jp =] p= 16.05Hz):
6.89 (dd.. I1H, H-1, J] »=16.05Hz, J, . 1LS4HZ) UV: & 1ngy=257 nm (£=12600); M.S. (FAB<0): 242

[MH]". Anal. calcd. for C7N8N5O~P' . 34.87; H, 3.34; N, 29.04. Found: C, 34.97; H, 3.48; N, 28.89

(Z)-2-(2-N-acetylguanin-1-yl)ethylen- -y phosphonic acid 11a : |
Yield : 89%: mp>250 °C [H,O] (decompose); R¢: 0.41 (Isopropanol/NH4OH/H,O : 3/1 ) H-NMR 6
0901 (s. TH. H-8'); 7.84 (dd.1H, H-2, J5 - 11.49Hz, Jy p—77 52Hz); 5.62 (dd., 11 H- l J = 1149z

1y p=7-81Hz). 221 (s, 3U, CH3); UV: % max =298 nm (¢=19800); M.S. (FAB<0) : 29 [M i}, Anal.
caled. for CgHygNsOsP L i/4 HpO @ €, 35.60; H, 3.48; N, 23.06. Found: T, 35.52; H, “.53. N, 23.2]

(E)-2-(2-N-acetylguanin-1-yl) ethylen-1-viphosphonic acid 11b : \

Yield : 83 % mp-250 °C [H20] (decompose); Rp: 0.37 (Isopropanol/NH4OH/H>0 : 3/1/71); "H-NMR
& 0 9.54 (s, 1H, H-8'); 8.10 (dd, 1H, H-2, 12,1315.86111, Jy p- 10.09Hz); 6.86 (dd.. IH. H-1.
J] »=15.86Hz, J!_}):9v37l~lz); 2.09(s, 3H, ClHlz); UV . 2.!,‘1_2»;:303 nm (g=21100); M.S. (FAB<0): 298
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[MH]". Anal calcd. for CoHjgN35OsP .2/3 HyO @ C, 34.73; H. 3.67; N, 22.50. Found: C, 34.91: H. 3.49;
N.22.43.

(Z2)-2-(uracil-1-ylethylen- | -viphosphonic acid 12a :

Yiejld 0 78 % mp: 205-207°C [HyO/Acetone] (decompose), Re 0.43 (Isopropanol/NH;OH'H-0)
3 EDCH-NMR 6 @ 1158 (Brs. 1H, NH-3): 7.79 (d, 1H, H-6', Jg_5=7.59Hz); 7.27 (dd. 1H. H-2
by 1HA2Hz Ja p 27.2412)0 5.69 (dd.. TH, H-1, Ty 211421y, Jip 7.69Hz): 5.73 (d. 1HL H-5.
15067539 Hz), UV 0 & g 274 nm (e=14250); M.S. (FAB<0): 217 [MH]". Anal. caled. for CoH7N>O5P
cCU33.04: HU3.23: N 12,84, Found: C, 33.21; H, 3,42, N, 12.62.

(E)-2-(uracil-1-vly ethyvien-1- \Iplmsplzom'( acid 12b:

Yielld D81 %er mp: 228-230 °C [HyO/Acetone] (decompose); Ry: 0.39 (Isopropanol/NH OH/H0
5L H-NMR o : [11.066 (Brs. lll. NH-3);  8.12(d, 1L H-60". Jg.5 7.67Hz); 7.60 (dd. 1. H-2.
121 15.92Hz 3y p-15.77Hz): 6.06 (dd.. 1H, H-1, J| 5=15.92Hz, J) p=9.3411z); 5.77 (d. 1H. 115"
150 =7.67Hz); UV: K278 nm (£=20100); M.S. (FAB-0): 217 [MH]". Anal. calcd. for CaH7N>O5P.
17 H20: C.32.66: H, 3.33: N, 12.69. Found: C,32.61; H, 3.49, N, 12.48.

(Z)-2-(Thymin-1-vl)ethylen-1-yiphosphonic acid 13a :

YicI(‘l 275 %: mp; 224-226°C |HpO/Acetone] (decompose): Rp 0.47 (Isopropanol/NH,OH/HA()
39 H-NMR 6 @ 1163 (Brs, 1H, NH-3); 7.81 (s, 11, H-6"); 7.21 (dd, 1H, H-2.J> ; 11.31Hz. J> p
2T 10HZ): 5,64 (dd.. TH. H-1. Jy 5=11.31Hz, J| ,-7.83Hz): UV: 2pp=281 nm (e=17100); M.S.
(FAB "0): 231 [MH]". Anal caled. for C7HgN,OsP . 1/2 HyO : C, 34.87: H, 4.18; N, 11.62. Found: C.
34020 H 431 N 1THAS.

(E)-2-(Thymin-1-yhethvien-1-yviphosphonic acid 13b :

Ylel(l 73 %:; mp: 210-212°C [H>O/Acetone] (decompose), Ry 0.42 (Isopropanol/NH,OH/H,O0 :
301 TENMR 8 0 11,65 (Brs, 1H. NII-3); 8.04 (s, 1H, H-6'); 7.60 (dd, 1H, H-2, J5 ;=15.94Hz, J, p=
17.62Hz).  6.02 (dd.. 11 H-1. J} »=15.94Hz, Jl’],-'f=9.43l-lz); UV: A pax=285 nm (e=16050); M.S.
(FAB 0) 231 [MH]". Anal. caled. for C7HHgNO5P 0 C,36.22: H. 3.91; N, 12.07. Found: C, 36.08; H,
3.99:N. 12.28.

(Z£)-2-(cvtosin-1-ylethyvien-1-viphosphonic acid 14a

Yield : 88 % mp -2507C [H70] (decompose); Ry :0.27 (Isopropanol/NHLOH/H,0 2 3/1/1); H NMR o

7.90 (d, 1L -6 L o s=7.19Hz); 7.57 (Brs, 2H, 4-NHp); 7.55 (dd,1H, H-2, Jp |=11.88Hz
Jy» p 27.39Hz); 5.80 (dd HHLH-1, 71 2=11.88Hz, J) ,=7.82H7). 5.54 (d, 1H, H-5, J5 =7 "19Hz): UV
7omax 282 nm o (e=15630); M.S. (FAB 0); 218 [MHFr Anal. caled. for CgHgN304P. 13 H0 0 C.
32.30:H, 3.91; N, 18.83. Found: C, 32.19; H:,3.96; N, 18.54.

(E)-2-(cyrosin-1-yvijethylen-1-yiphosphonic acid 14b : l

Yield © 79 %:op-250°C [Hy0] (decompose); Ry : 0.39 (Isopropanol/NH,OH/H,0 : 3/1/1): H-NMR
8,02 (d, 1H, H-6',Jg_5=7.22Hz), 7.76 (dd, 1H, H-2, J5 |-16.08Hz, I> p=16.25Hz): 7.65 (Brs. 2H. 4-
NHp). 5.89 (dd., 1H, H-1, J| »=16.08Hz, J|[)—102|HL), 5.85 (d, IH, H-5", J5 ¢=7.22Hz). UV :
max=28%9nm  (e=13200); M S. (FAB>0): 218 [MH]™. Anal. caled. for CgHigN304P | 3/4 HyO : C. 31 73
H. 4. 15:N, 18.22. Found: C, 31.27; H, 4.26; N, 18.09,

(Z2)-2~(5-fluorouracil-1-ylethylen-{-yiphosphonic acid 15a :

Yield © 79 %: mp: 198-201°C [HyO/Acetone | (decompose); Re: 0.50 (Isopropanol/NH;OH/H,0 -
V0 HNMR 32796 (d. TH, H-6', Jgup 6.45Hz); 7.29 (dd, 1H, 11-2, J3 |=11.09Hz, J3 p~ 27.18Hz):
52 (dd. L -1, 3y o 11.09Hz, J| - 7.36Hz); UV: Apaa-282 nm (£216800); M.S. (FAB 0): 235
{MH]|". Anal. calcd. for (bllbl NaOsP - ( 30.52: H, 2.56; N, 11.87. Found: C, 30.73; H, 2.39: N_ 12,10

e L)
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(£)-2-(5-fluorouracil-1-yDethylen-1-yiphosphonic acid 15b :
| Yield @ 82 % mp:241-243 [HoO/Acetone] (decompose): Ry 0.47 (Isopropano/NH OH/H>0 = 3711,
H-NMR O o 0 8.040d. 1L 0" Jg_: 0.-101Hz): 741 (dd. 11, T-2, Jo 1-dp p-15.79Hz): 581 (dd., L
H-1. 31 27 15.79Hz, Jp p=9.07Hz); UV: & jax-286 nm o (e=16000); M.S (FAB-0): 235 [MH]". Anal.
caled. for CeHgFN>OsP, 1/5 HyO - C, 30.07; H, 2.69; N, 11.69. Found: C, 30.10: H.2.85, N. 11.91.

(E)-2-(5-bromouracil-1-v1) ethylen-1-yviphosphonic acid 16b :

Yield 86 %; mp: 238-240 °C [HyO/Acetone] (decompose), Ry : 0.52 (IsopropanolV/NH,OH/HAO ¢
37171): H NMR &6: 841 (s, IH, H-6'): 7.59 (dd, I H, H-2, 15 1=15.93Hz, J3 p= 16.85Hz). 6.32 (dd.. 1.
H-1. 0y 27 15.93Hz, J ,=9.36Hz); UV @ 295 nm (s—l3400), M.S. (FAB<0): 296 [MH]". Anal.
caled. for C()HﬁBINZOS{ 2/5 HhO : C,23.69; H,2.25; N, 9.21. Found: C, 23.38; H, 2.38; N, 9.29.

(Z/-.?—(5—/1)'dro.\‘vnrel/n'lumc'il I-vhethylen-1-ylphosphonic acid 173 ;

Yn.l(l 78 Y. mp: 232-235 °C [HoO/Acetone] (decompose); Ry : 0.36 (Isopropanol/NH;OH/H,0 ¢
RIS DX H-NMRO 7.65 (s, 1H. 1H-0"): 7.24 (dd, 1H, H-2, J3 |- 10.99Hz, J; P-27.05Hz); 5. 58 (dd.. 11 H-
L Jy 2 10.99Hz, Jy p=742Hz): 451 (s, 2H, CH2): UV 1 Ayay=277 nm (£=17300); M.S. (FAB- 0): 247
[MH]}". Anal. caled. for C7HgN-OgP, HyO : C, Jl 59, H, 4.17; N, 10.53. Found: C, 31.73; H,3.92: N.
10.67.

(£)-2-(5-hydroxymetinluracil-1-ylj ethylen-1-yiphosphonic acid 17b :

Yield : 80 %o:mp 250 C [I10/Acetone] (decompose); Rg: 0.31 (Isopropanol/NH;OH/H>0 : 371 1)
H NMR (D20) 6 : 7.84 (s, It H-6' ); 7.50 (dd,1H, H-2, 12" Jz’p 15.84Hz); 5.89 (dd., 1H, H-1.
J1 2=15.84Hz. Jy ,=9.26Hz). 4.67 (s, 2H, CH2); UV 1 hpyuy =280 nm (£=15800); M.S. (FAB<0): 247
[MH]". Anal. caled. for CqHgN2OgP | 3/5H20 0 C, 32,47, H, 3.97; N, 10.82. Found: C, 32.22; H. 3.89;

N. 10.89.

(£)-2-(S-iodouracil-1-yl)yethyvien- I-ylphosphonic acid 18a :

Yu.ld 83 %:; wmp: 189-191°C [HpO/Acetone] (decompose); Rp: 0.57 (Isopropanol/NH,OH/H0 ¢
37171y, - -NMR (D20) 6: 8.22 (d, 1H, H-6'); 7.19 (dd,I1H, H-2, Jy 1=11.48Hz, J; p=27. 5]Hl) 5.73 (dd..
TH. H-1, 0y 2=11.48Hz. 1} - 7.64Hz ), UV: Amax=282 nm (2-13‘)00) M.S. (FAB<0): 343 [MH]".
Anal. caled. for L(,H(,lNzU5!’ /71120 :C, 20.79; H, 1.83; N, 8.08. Found: C, 20.88; H, 1.78; N,7,()l.

(E)-2-(3-lodovractf-1-vl) ethylen-[-yiphosphonic acid 18b :

Yick}i 277 %; mp: 215-217 “C [HpO/Acetone] (decompose); Ry 0.53 (Isopropanol/NH,OH/H-O ¢
3/171). "H-NMR  (D20) o : 8359 (s, IH, H-6"); 7.59 (dd,IH, H-2, J» j=15.87Hz, J p 16.35Hz). 6.10
(dd.. 1H, H-1,Jy 9=15.87Hz, J| ,=9.25Hz ); UV: k=287 nm (£=12700); M.S. (FAB<0): 343 [M1i]-.

ll 1IaA

Anal caled. for CgHgIN2O5P - €. 2095, H, 1.76; N, 8.14. Found: C, 21.06. H, 1.64; N, 8.26.
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