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NOVEL PROCESS FOR ACYCLIC PHOSPHONATE NUCLEOTIDE
ANALOGS
FIELD OF THE INVENTION

The present invention provides a novél process for the preparation of

5  acyclic phosphonate nucleotide analogs using novel intermediates.
BACKGROUND OF THE INVENTION
Acycfic nuieoside phosphonates (ANPs) represent a class of nucleotide

analogues in which a phosphonate group is linked to the alkyl side chain of
various purines and pyrimidines. This class of nucleoside analogues possesses
10  broad-spectrum antiviral activity, together with a high‘level of selectivity in vitro
and in . vivo. Among them adefovir chemically 9-(2-
phosphonylmethoxyethyl)adenine and its ester derivatives (described in U. S.
Patent No. 4,808,716), tenofovir chemically (R)-9-(2-phosphonomethoxypropyl)
adenine and its ester derivatives (described in U. S. Patent No. 5,922,695) are
15  having potent and selective activity against HIV and other retroviruses such as
retro-, herpes- and hepadnaviruses.
Tenofovir disoproxil is represented by the following structure of formula 1:

NH,
N
N
LY
N N 9 0]
o_ _P
K/ ~1~0" 07 C(CH,), ——
0__0

20
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These compounds are normally prepared by the esterification of

phosphonic acid of formula 3:

NH,
D
kN/ N Icl) e 3
O\/P\—OH
OH

5  wherein R' is alkyl or H;
with an appropriate halide to obtain the compounds such as those shown in '
formula 2 and 3.
It has been found that introduction of groups. such as
isopropyloxycarbonyloxy methyl or pivalloyloxy methyl group to phosphonic acid
10 compounds of formula 3 for the preparation of the phosphonic acid bis ester
compounds such as tenofovir disoproxil of formula 1 or adefovir dipivoxil of
" formula 2 is associated with the problem of alkylation of N*-amine group to form
corresponding N-alkylated impuritiés. Excess use of alkylating agents leads to
the formation of N*-alkylated impurity. Similarly the use of lower quantities of
5 alkylating agents leads to lower yields of products like tenofovir disoproxil and
adefovir dipivoxil and formation of higher amounts of the corresponding mono
ester impuritjes.
- In an effort to solve the above said problems, we have succeeded in
finding protecting agents that are advantageous in that a) the said protecting
20 agents can successfully protect amino group and at the same time da not form

esters with phosphonic acid group of the compound of formuia
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b) when the amine group is once protected with these protecting groups, then
desired esterification can be carried out; and c) then the said protecting group
can be removed under conditions that does not hydrolyse or solvolyse the ester
groups.

5 SUMMARY OF THE INVENTION

In accordance with the present invention, there is provided a process for

preparing the compound of formufa I

NH,
N N\
I .
N N o __ T -
_OR,
O\/‘,’ .
OR,

wherein R, is C; to C3-alkyl or H; and R; is H or R-C(0)-OCH,- wherein R is
10 C, to Cg -alkyl or C4 to C; -alkoxide; provided both the R, are not H;
or a pharmaceutically acceptable salt thereof:
which comprises:
a) reacting the compound of formula l:

NH,

15
wherein R, is same as defined above

with an acetal of formula Iil:

wherein R; is independently Cq to Cg-alkyl or —H, wherein the said alkyl is
20 unsubstituted or is substituted with 1 or 2 halo, cyano, nitro;
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5
b)

10

15
c)
d)

Rs is H or C; to Cg-alkyl, wherein the said alkyl is unsubstituted or is
substituted with 1 or 2 halo, cyano, nitro;

Rsis Cy to Cg-alkyl, wherein the said alkyl is unsubstituted or is substituted
with 1 or 2 halo, cyano, nitro;

to obtain the compound of formula IV:

x
/RS
NZ N
R3
N~ ™~
LY
N~ N Q
O _P-OH —— \Ys
OH
R

wherein Ry, Rs and R, are same as defined above;

reacting the compound of formula [V with the compound of formula V:
R-C(0)-0O-CHz-Y

wherein R is same as defined above, Y is a leaving group to form protected

compound of formula VI:

AR
' 3
N7 N
R3
N~ N -
o . - :
7 N o)
N ) \\ /ORZ
H/O\/P\
OR,
R1

wherein Ry, Ry, Rs and R, are same as defined above;

deprotecting the compound of formula VI to form the compound of formula I;
and '

optionally converting the compound of formula | to a pharmaceutically

acceptable salt.

PCT/IN2005/000247
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The compounds of formula IV and VI are novel and form part of the
invention.

DETAILED DESCRIPTION OF THE INVENTION

5 In accordance with the present invention, there is provided a process for
preparing the compound of formula I: -

NH,
N
L > ]
N~ N O
_OR,
OLF
OR
R, 2

wherein R, is C4 to C; -alkyl or H; and R; is H or R-C(0)-OCH,- wherein R is

C, to Cg -alkyl or C; to ‘Cs -alkoxide; provided both the R, are not H; or a
10 pharmaceutically acceptable salt thereof using novel intermediates.

The process of the inverition is described herein under.

The compound of formula Il:

NH, -
N
NT
L LY o
N~ N Q T
K(O\/P\—OH
OH
R']
15 wherein R, is same as defined for formula I

is reacted with an acetal of formutla Il

Rs R4

\

/N OR5 _________ “|
R, OR,

wherein Rs is independently C, fo Ce-alkyl or —H, wherein the said alkyl is
unsubstituted or is substituted with 1 or 2 halo, cyano, nitro;
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10

15

20

R4 is H or Cq to Cs-alkyl, wherein the said alkyl is unsubstituted or is
substituted with 1 or 2 halo, cyano, nitro;

Rsis C; to Cs-alkyl, wherein the said alkyl js unsubstituted or is substituted
with 1 or 2 halo, 6yano, nitro;

to obtain the compound of formula IV:

wherein R, is as defined for formula I; Ry and R, are as defined for formula Iil.

The réaction of the compound of formula Il with an acetal of formula Ill is
carried out in any inert solvent. Preferably the reaction is carried out in N,N-
d‘imethylformamide. '

The reaction may be carried out at befow the boiﬁng temperature of the
s'olvent used, preferably at 20°C to boiling temperature of the solvent used.

The compound of formula IV obtained above can be used directly in the
next step; or can be isolated from the reaction mass and then used in the next
step.

The compound of formula IV is reacted with the compound Qf formula V:

R-C(0)-O-CHyY ~  ceeeemenV/
wherein R is same as defined for formula l, Y is a‘leaving group

to obtain protected compound of formula Vi:

X x
NZ N
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wherein Ry and R; are as defined for formuta |, and R; and R, are as defined
for formula HI.

Preferably R is isopropoxy- or tert-butyl, and the leaving group Y is halo
or sulfonyloxy. Preferable halo group is chloro or bromo and more preferable
halo grdUp is chloro.

Preferably the sulfonyloxy group is methane sulfonyloxy, benzene
sulfonyloxy, o, m or p-toluene sulfonyloxy or m-nitrobenzene suffonyfoxy group.

Preferably both the R, groups are R-C(O)-OCH;-.

Preferably, more than two moles of the compounds of formula V are
used per mole of the compounds of formula IV to obtain the compound VI,
wherein both the R, groups are R-C(O)-OCH, -, more preferably, 3 to 15 moles,
still more preferably 3 to 10 moles of the compounds of formula V are used per
mole of the compound of formula IV.

The reaction may be carried out in any suitable solvent and may be
carried out at 10°C to boiling temperature of the solvent used. Preferable solvent

is selected from ester solvents such as ethyl acetate, methyl acetate, isopropyl

. acetate, tert-butyl acetate,' ethyl formate and methyl formate; N,N-dimethyl

formamide; N,N-dimethylacetamide; dimethyl sulfoxide; cyclic amide solvents
such as N-methyl-2-pyrrolidinone; dioxane; tetrahydrofuran; ketonic solvents
such as acetone, diethyl ketone, methyl ethyl ketone, methyl isobutyl ketone and
methyl propyl ketone; chlorinated hydrocarbon splvents such as methylene
chloride, 6hloroform, carbon tetrachloride and ethylene dichloride; hydrocarbon 4
solvents such as benzene, toluene, xylene, hexane and cyclohexane; and ether
solvents such as diethyl ether, diisopropyl ether and tert-butyl methyl ether.
More preferable solvent is selected from N-methyl-2-pyrrolidinone, N,N-
dimethylformamide, N,N-dimethylacetamide and tetrahydrofuran. Most
preferable solvent is N-methyl*—Z—pyrrdlidinone or N,N-dimethylformamidé.

The reaction is preferably carried out in the presence of a base such as
an amine base.

The compound of formula VI may preferably be crystallized from the
reaction mass or the compound of formula VI may be used directly in the next
step.

The compound df formula VI'is subjected to deprotection to obtain the

compound of formula |.

PCT/IN2005/000247
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The deprotection may be carried out using for example carboxylic acids
such as formic acid, acetic acid or sulfonic acids such as methane sulfonic acid,
toluene sulfonic acid, water or a mixture thereof. The reagent used for
deprotection is not critical so far as phosphonic ester group is not hydrolysed or
solvolysed.

The compound of formula | is optionally converted to the
pharmaceutically acceptable salts by known methods.

R; in the formulae Ill and IV are preferably independently C4 to Cg-alkyl,
more preferabfy methyl or ethyl and still more preferably methyl.

Ry in‘the formulae {lI, IV and VI are preferably -H.

Rs in the formula Il is preferably methyl or ethyl.

R1in the formulae [, 11, IV and VI are preferably methyl or H. ‘

If Ry is alkyl, the compound of formula I, IV, VI and | are represent
enantiomers and mixture of enantiomers and come under the scope of the
invention. .

The preferred compounds of formula | prepared according to the present
invention are the compéunds of formula | wherein R is isopropoxy or tert-butyl

andRiisHor rhethyl. Preferable compounds of formula | are-

_i) (R)-9-(2-phosphonomethoxypropyl) adenine bis(isopropyloxycarbonyloxy

methyl) ester (tenofovir disoproxil) and o
i) 9-(2-phosphonylmethoxyethyl)adenine di(pivaloyloxymethyl) ester (adefovir
dipivoxil).

The preferred compounds of formula IV are the compounds of formula IV
wherein R, is methyl or H; R; is methyl or ethyl, and R4 is H. ‘

Preferable compounds of formula VI are the compounds of formula VI
wherein R; is methyl or ethyl, R, is H, R, is H or methyl and R is isopropoxy or
tert-butyl.

The invention will now be further described by the following examples, which is

illustrative rather than limiting.

Example 1
Step-l. :
(R)-9-(2-phosphonomethoxypropyl)adenine (14 gm) is dissolved in
dimethylformamide (60 ml) and dimethylformamide dimethylacetal (21 gm) is

PCT/IN2005/000247
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added slowly at 25 — 30°C for 10 minutes. The temperature is raised to 55°C and
maintained for 3 hours at 50 — 55°C. Then the solvent is distilled under vacuum
at 75 -~ 80°C to give 20 gm of (R)-N*-Dimethylaminomethyledino-9-(2-

phosphonomethoxypropyl)adenine as residue.

Step-ll:
To the mixture of (R)-N*-Dimethylaminomethyledino-9-(2-phosphono

methoxypropyl)adenine (20 gm), N-methyl-2-pyrrolidinone (80 ml) and triethyl

amine (20 ml), chloromethyl-2-propyl carbonate (30 gm) is added slowly at 25 —
30°C for 30 minutes, the temperature is raised to '60°C and maintained for 4
hours at 55 — 60°C. Then the reaction mass is cooled to 25 — 30°C. Ethyl acetate
(260 ml) is added and stirred for 20 minutes at 25 — 30°C. Filtered the salts on
hi-flo bed and washed the ethyl acetate layer with water (140 ml), then washed
with 10% sodium chloride (100 ml} and then the resulting organic layer is
distilled under vacuum to give 20 gm of (R)-N*-Dimethylaminomethyledino-9-(2-
phosphono methoxypropyl) adenine bis(isopropyloxycarbonyloxymethyl) ester.

(R)-N*-Dimethylaminomethyledino-9-(2-phosphonomethoxypropyl)
adenine bis(isopropyloxycarbonyloxymethyl) ester (10 gm) is added to 80%
acetic acid (80 ml) at 25 — 30°C, the temperature is raised to 50 — 55°C and
mainfained for 3 hours at the same temperatufe. Then acetic acid is distilled
under vacuum at 70°C. Water (40 ml) and éthyl acetate (130 ml) are added to
the residue, pH of the solution is adjusted to 7.0 with triethylamine and then
separated the fayers. The resulting organic layer is washed with 10% sodium
chloride solution (35 ml) and distilled under a vacuum to give 8 gm of tenofovir
disoproxil (HPLC Purity: 99.2%).

Step-1V: ,
Tenofovir disoproxil (2.5 gm) is dissolved in isopropyl alcohol (12.5 ml),

fumaric acid (0.6 gm) is added at 25 - 30°C and then the temperature is raised to

45°C, maintained for 20 minutes. The reaction mass is cooled to 25 — 30°C and

_stirred for 1 hour at the same temperature and again mass is. cooled to 0 — 5°C,

stirred for 1 hour at 0 — 5°C. Filtered the material, washed with isopropy! alcohol

PCT/IN2005/000247
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(2 ml) and finally washed with hexane to give 2.4 gm of tenofovir disoproxil
fumarate (HPLC Purity: 99.8%).

Example 2

9-(2-Phosphonomethoxyethyl)adenine (20 gm) is dissolved in dimethyl
formamide (80 ml) and dimethylformamide dimethylacetal (30 gm) is added
slowly at 25 — 30°C for 10 minutes. The temperature is raised to 55°C and
maintained for 3 hours at 50 — 55°C. Then the solvent is distilled under vacuum
at 75 — 80°C to give 28 gm of N*dimethylaminomethyledino-9-(2-phosphono

methoxyethyl) adenine as residue.

Step-Hi:
To the mixture of N“-dimethylaminomethyledino~9—(2-phosphonométhoxy

ethyl) adenine (25 gm), N-methyl-2-pyrrolidinone (100 ml) and triethylamine (38
gam), chlbromethyl pivalate (57 gm) is added sIoWIy at 25 — 30°C for 30 minutes,
the temperature is raised to 45°C and maintained for 19 hours at 40 — 45°C.
Then the reaction mass is cooled to 25 — 30°C and filtered the salts on hi-flo
bed. To the reaction mass ethyl acetate (300 ml) is added and stirred for 20
minutes at 25 — 30°C. The ethyl acetate layer is washed with water (175 ml) and
then washed with 10% sodium chloride solution (125 ml). The resuiting organic
layer is distilled under vacuum to give 30 gm of N*-dimethylaminomethyledino-9-
(2-phosphonomethoxy ethyl)adinine di(pivaloyloxymethyl) ester.

Step-lll: )
N“-Dimethylaminomethyledin0‘-9—(2—phosphon‘omethoxy ethyl) adinine
di(pivaloy.lbxymethyl) ester (10.5 gm) is added to 80% acetic acid (80 ml) at 25 —
30°C, the temperature is raised to 50 — 55°C and maintained for 3 hours at the
same temperature. Then acetic acid is distilled under vacuum at 70°C. Water
(50 ml) and ethyl acetate (150 ml) are added to the residue, pH of the solution is
adjusted to 7.5 with triethylamine and then separated the layers. The resulting
organic layer is washed with 10% sodium chloride solution (50 mi), distilled

10
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under vacuum and the residue obtained is crystallized from acetone/diisopropyl
ether to give 8 gm of adefovir dipivoxil (HPLC Purity: 99.6%).

11
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We claim:

1. A process for preparation of the compound of formula I:

NH,
N XN
LY S

N N 0O

Il_OR,
N+
R, OR,
5 wherein Ry is C4 to C;-alkyl or H; and R; is H or R-C(O)-OCH.- wherein R is

C, to Cg -alkyl or C; to Cs -alkoxide; provided both the R, are not H;
or a pharmaceutically acceptable salt thereof:
which comprises:
a) reacting the compound of formula Il
10

wherein R, is same as defined above

with an acétal of formula Il

T 15 wherein Rsis ihdependently C4to Cgalkyl or ~H, wherein the said alkyl is
unsubstituted or is substifuted with 1 or 2 halo, cyano, nitro;

R4 is H or C, fo Ce-alkyl, wherein the said alkyl is unsubstituted or is
substituted with 1 or 2 halo, cyano, nitro;

12
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Rs is Cq to Cealkyl, wherein the said alkyl is unsubstituted or is
substituted with 1 or 2 halo, cyano, nitro;
to obtain the compound of formula JV:

AR
N N
R3
N™ X
L Ly
N~ N Q
K(OVP\—OH e v
OH
R1
5 wherein Ry, R; and R, are same as defined above;

b) reacting the compound of formula 1V with the compound of formula V:
R-C(0)-O-CHx-Y e \Y;

10 wherein R is same as defined above, Y is a leaving group to form
protected compound of formula VI:

4
R,
N7 N
R3
NT
| D — Vi -
Z N o)
N \\ /ORZ
%/O\/P\
OR,
R‘l

wherein'R1, R,, Ra and R4 are same as defined above;
c) deprotecting the compound of formuta VI to form the compodnd of
15 formula [; and
d) optionally converting the compound of formula | to a pharmaceutically
acceptable salt.
2. The process as claimed in claim 1, wherein Rs is independently C, to Cs -
alkyl.

13
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The process as claimed in claim 2, wherein R; is methyl or ethyl.

4. The process as claimed in claim 3, wherein R is methyl.

The process as claimed in claim 1, wherein Ry is H; R is methyl or ethyl and
Ry is methyl or H.
The process as claimed in claim 5, wherein Rs is methyl and R4 is methyl.

7. The process as claimed in claim 1, wherein the reaction in step(a) is carried

.10.
11.
12.
13.
14.
15.

16.

17.
18.

19.

out in an inert solvent.

The process as claimed in claim 7, wherein the solvent is N, N-dimethyl
formamide.

The process as claimed in claim 1, wherein the reaction in step (a) is carried
out at below the boiling temperature of the solvent used.

The brocess‘as claimed in claim 9, wherein the reaction is carried out at
20°C to boiling temperature of the solvent used.

The process as claimed in claim 1, wherein the R in formula V is isopropoxy-
or tert-butyl, and the Ieavihg group Y is halo or sulfonyloxy.

The process as claimed in claim 11, wherein the halo group is chloro or
bromo. , ) '
The process as claimed in claim 12, wherein the halo group is chloro.

The process as claimed in claim 12, wherein the sulfonyloxy group is
‘methane sulfonyloxy, benzene sulfonyloxy, o, m or p-toluene sulfonyloxy or
m-nitrobenzene sulfonyloxy group.

-Thé process as claimed in claim 1, wherein both the R, groups in formula VI
are R-C(0)-OCHy-.

The process as c‘:laimedtin claim 1, wherein the reaction in step (b), more
than two moles of the compounds of formula V are used per mole of the
compounds of formula IV to obtain the compound VI.

The process as claimed in claim 16, wherein 3 to 15 moles of the
compounds of formula V are used per mole of the compounds of formulé V.
The process as claimed in claim 17, wheréin 3 to 10 moles of the
compounds of formula V are used per mole of the compounds of formula IV.
The process as claimed in claim 1, whérein the reaction in step (b) is carried
out in a suitable solvent and is carried out at 10°C to boiling temperature of

. the solvent used.

14
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20.

The process as claimed in claim 19, wherein the solvent is selected from
ester solvents such as ethyl acetate, methyl acetate, isopropyl acetate, tert-
butyl acetate ethyl formate and methyl formate; N,N-dimethylformamide;
N,N'-dimethylacetamide; dimethyl sulfoxide; cyclic amide solvents such as N-
methyl-2-pyrrolidinone; dioxane; tetrahydrofuran; ketonic solvents such as
acetone, diethyl ketone, methyl ethyl ketone, methyl isobutyl ketone and
methyl propyl ketone; chlorinated hydrocarbon solvents such as methylene
chloride, chloroform, carbon tetrachloride and ethylene dichloride;
hydrocarbon solvents such as benzene, toluene,  xylene, hexane ‘and

cyclohexane; and ether solvents such as diethyl efcher, diisopropyl ether and

~ tert-butyl methyl ether.

21.

22.

23.

24.
25.

26.

27.

28.

The process as claimed in claim 20, wherein the solvent is selected from N-

methyl-2-pyrrolidinone, N,N-dimethylformamide, N,N-dimethylhacetamide and

tetrahydrofuran.

The process as claimed in.claim 21, wherein the solvent is N-methyl-2-

pyrrolidinone or N,N-dimethylformamide.

The pi“ocess as claimed in claim 1, wherein thé reaction in step (b) is carried

out in presence of a base.

The process as claimed in claim 23, wherein the base is an amine base.

The process as claimed in claim 1, wherein the ‘deprotection in step (c) is .

carried out using carboxylic acids such as formic acid, acetic acid or sulfonic

acids such as methane sulfonic acid, toluene sulfonic acid, water or a

mixture thereof. ,

The process as claimed in claim 1, wherein the compounds of formula |

prepared are the compounds of formula | wherein R is isopropoxy or tert-

butyl and R, is H or methyl.

The process as claimed in claim 26, wherein the compound of formula 1 is

i) (R)-Q-(Z-phosphonomethoxypropyl) adenine bis(isopropyloxycarbonyloxy
methyl) ester (tenofovir disoproxil) or

ii) 9-(2-phosphonylmethoxyethyl)adenine = di(pivaloyloxymethyl) ester
(adefovir dipivoxil).

Compound of formula [V;

15

PCT/IN2005/000247
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R4
PN
N7 N
l?3
N XN
\
LD
N N 9
K(O\/P{—OH --------- W
OH
R,

wherein Ry is Cq to C; -alkyl or H; Rjis independently C, to Cs-alkyl or —H,
wherein the said alkyl-is unsubstituted or is substituted with 1 or 2 halo,
5 cyano, nitro; and R, is H or C; to Cs-alkyl, wherein the said alkyl is
unsubstituted or is substituted with 1 or 2 halo, cyano, ‘ﬁitro.
29. The compound as claimed in claim 28, wherein R, is methyl or H; R; is
methyl of ethyl; and R, is H .
30. (R)—N‘*—Dimethylaminomethyledino-9~(2-phosphonorﬁethoxypropyl) adenine.
10 31 N4—dimethyléminbmethy]edino-é-@—phospbonomethokyethyl) adeﬁihe. ‘
32. Compound of formula VI:

N\
)I R
NT N\ ‘
B/
| L~ N> 0

wherein R, is C4 to C; -alkyl or H; R, is H or R—C(O)-OCHg- wherein R is C4
to Cs -alkyl or Cy to Cs -alkoxide; provided both the R, are not H; Rs is
15 independently C4to Cs-alkyl or —H, wherein the said alkyl js unsubstituted or
is substituted with 1 or 2 halo, cyano, nitro; and R, is H or C; to Ce-alkyl,
wherein the said alkyl is unsubstituted or is substituted with 1 or 2 halo,

cyano, nitro.

16
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33. The compound as claimed in claim 31, wherein R; is methyl or ethyl, R, is H,
R+ is H or methyl and R is isopropoxy or tert-butyl.
34. (R)-N*-Dimethylaminomethyledino-9-(2-phosphonomethoxypropyl)adenine
bis(isopropyloxycarbonyloxymethyl) ester.
5  35. N*-dimethylaminomethyledino-9-(2-phosphonomethoxyethyl)adinine
di(pivaloyloxymethyl) ester. '
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