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ABSTRACT

Disclosed is a process for preparing a carbonucleoside of formula 1 and
intermediates for use therein. The process involves the step of reacting a
compound of formula 2 with a compound of formula 3 under Mitsunob'u?-type
reaction conditions to obtain a compound of formula 4, wherein PG is a protecting

group. The compound of formula 4 is deprotected to form the compound of formula
1, as shown below.
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PROCESS FOR THE SYNTHESIS OF CARBONUCLEOSIDE AND
INTERMEDIATES FOR USE THEREIN

TECHNICAL FIELD

[0001] This specification relates to a process for synthesis of carbonucleoside

and intermediates for use therein.

BACKGROUND

[0002] Entecavir (structural formula 1, shown below) is an anti-viral
compound used in the treatment of hepatitis B infections in humans. It is marketed

under the trade name "Baraclude"*, as oral tablets and solutions.

O
NH
/
NH,
1
[0003] Prior art methods of making entecavir involve protection of hydroxy!|

and hydroxymethyl groups on a cyclopentane starting material with silyl protecting
groups; while chemical reaction and derivatization of other groups to form the
entecavir molecule are conducted. The silyl protecting groups are removed by

hydrolysis in a final or close to final synthetic process step.

[0004] Canadian Patent Application No. 2,705,953 discloses a process for
preparation of entecavir and similar carbonucleoside compounds, which avoids the

use of such silyl protecting groups.

* Trade-mark |
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[0005] In the preparation of carbonucleosides, coupling using guanine can be
challenging and can lead to carbonucleosides having different stereochemistry.
Moreover, use of guanine in forming carbonucleosides can lead to undesired side-
products, such as, coupling of the guanine at the N2, N7 or O6 position rather than
at the N9 position. These side products can be difficult to isolate and purify from
the N9 product. This is addressed to some extent by using a guanine derivative
that has a halide, such as chlorine or iodine, at the O6-position, to obtain an
intermediate carbonucleoside. This intermediate carbonucleoside is further reacted
to obtain the guanine based carbonucleoside. However, such a procedure does not
avoid coupling at the N2 or N7 position. Furthermore, additional processing steps

are required to obtain the desired product.

[0006] Therefore, there is a need in the art for a process for preparation of
guanine based carbonucleoside that can lead to higher selectivity in coupling
guanine at the N9 position and can also be stereoselective. In addition, there is a
need in the art for a process that avoids use of protecting groups requiring different
conditions for deprotection. Hence, there is a need in the art for a process where a

final global deprotection can be performed in a single step.

SUMMARY OF THE INVENTION

[0007] In one aspect, the specification relates to a process for preparing a

compound of formula 1, the process containing the steps of:

- reacting a compound of formula 2 with a compound of formula 3 under

Mitsunobu-type reaction condition to obtain a compound of formula 4;
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NHPG

wherein PG is a protecting group;
- deprotecting the compound of formula 4 to obtain the compound of

formula 1

OPG O

Ny

[0008] In another aspect, the specification relates to a compound of

formula 4’:
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NHBocC

[0009] In a further aspect, the specification relates to a compound of
formula 3":
OBn
N
a8
N )\
H N NHBoC
3[

DETAILED DESCRIPTION

[0010] As noted above, the specification relates to a process for preparing a

compound of formula 1, the process containing the steps of:

- reacting a compound of formula 2 with a compound of formula 3 under

Mitsunobu-type reaction condition to obtain a compound of formula 4;
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NHPG

NHPG

PGO =

wherein PG is a protecting group;

- deprotecting the compound of formula 4 to obtain the compound of

formula 1

OPG O

T

N

f
N

NHPG

(0011] Compounds of formula 2 are disclosed in Canadian Patent Application
No. 2,705,953, The compound of formula 3 can be obtained by protection of the
oxygen atom at the 6-position of guanine followed by reacting with an amine
protecting group to protect the N2-position to form the compound of formula 3.

[0012] The protecting groups in the process for obtaining the compound of
formula 4 are not particularly limited. In one embodiment, for example and without

limitation, each of the protecting groups selected for the compounds of formula 2
and 3 are the same or different and are acid labile protecting groups. An acid labile
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protecting group allows deprotection of the functional group by using an acid. By
using acid labile protecting groups, a single one-pot deprotection step can be
performed, preferably near the end of the synthesis to obtain the compound of

formula 1.

[0013] The protecting groups for protecting the oxygen atoms in the
compounds of formula 2 and 3 are not particularly limited and would be recognized
by a person of skill in the art as being suitable for protection of a ~OH substituent
on an alkyl or ringed system. Moreover, such protecting groups can be removed
(deprotection) using methods known to a person of skill in the art. Examples of
suitable protecting groups can be found in Greene and Wuts, Greene's Protecting
Groups in Organic Synthesis, 4" Edition, October 30, 2006, ISBN: 978-
0471697541. In one embodiment, for example and without limitation, the
protecting group is acetyl, benzoyl, benzyl, B-methoxyethoxymethyl ether (MEM),
dimethoxytrityl (DMT), methoxytrityl (MMT), trityl, methoxymethyl ether (MOM), p-
methoxybenzyl ether (PMB), pivaloyl (Piv) or tetrahydropyrany! (THP). In another
embodiment, the protecting group used for protecting the two hydroxy! groups in
the compound of formula 2 is an aldehyde or a ketone. Using an aldehyde or a
Ketone can lead to formation of an acetal or ketal, which can be subsequently
cleaved by using an acid. This procedure allows for a single protecting group for
the two hydroxyl groups in the compound of formula 2. In a further embodiment,
the aldehyde used for protecting the two hydroxyl groups in the compound of
formula 2 is benzaldehyde. In a still further embodiment, the protecting group on

the oxygen atom in the compound of formula 3 is benzyl.

[0014] The protecting group used for protecting the amine at the 2-position
(N2) in guanine is not particularly limited and would be recognized by a person of
skill in the art as being suitable for protection of a -NH, substituent on an alky! or
ringed system. Moreover, such protecting groups can be removed (deprotection)
using methods known to a person of skiil in the art. Examples of suitable

protecting groups can be found in the latest edition of Greene and Wuts, Greene's
Protecting Groups in Organic Synthesis, 4" Edition, October 30, 2006, ISBN: 978-

6
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0471697541. In one embodiment, for example and without limitation, the
protecting group is tert-butyloxycarbonyl (BOC), tosyl (Ts) or a silyl based

protecting groups, such as, for example and without limitation, trimethylsilyl.

[0015] The compounds of formula 2 and 3 are reacted under Mitsunobu-type
reaction conditions. A Mitsunobu reaction allows conversion of an alcohol into a
different functional group, while undergoing inversion of stereochemistry.
Therefore, the new functional group has the opposite stereochemistry to the

stereochemistry of the alcohol. The reaction can involve use of a phosphine, such

as an aryl phosphine or an alkyl phosphine, along with an azo-based compound in
an appropriate solvent and reaction conditions.

[0016] The phosphine used for the Mitsunobu-type reaction is not particularly

limited, and can be for example and without limitation, an alkyl phosphine or an
aryl phosphine, as noted above. In one embodiment, for example and without

limitation, the phosphine is triphenyl phosphine (PPhs) or trimethylphosphine
(PMe3).

[0017] Azo based compounds used in Mitsunobu-type reactions are not
particularly limited. In one embodiment, the azo-based compound is, for example
and without limitation, diethylazodicarboxylate (DEAD), diisopropylazodicarboxylate
(DIAD), di-t-butylazodicarboxylate, 2-(phenylazo)pyridine (azpy), di-p-
chlorobenzylazodicarboxylate (DCAD) or 1,1’-(azodicarboxyl)dipiperidine (ADDP).

[0018] In another embodiment of the Mitsunobu-type reaction, a phosphorane
vlide is utilized rather than a phosphine and azo-based compound. The
phosphorane ylide is not particularly limited. In one embodiment, for example and

without limitation, the phosphorane ylide is (cyanomethylene)trimethy!

phosphorane or tributylphosphorane.

[0019] The solvent used for the Mitsunobu-type reaction is not particularly

limited. In one embodiment, for example and without limitation, the solvent used
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for the Mitsunobu-type reaction is tetrahydrofuran, acetonitrile, dichloromethane,

toluene, or a mixture thereof.

[0020] The temperature for carrying out the Mitsunobu-type reaction is also
not particularly limited. In one embodiment, for example and without limitation,
the temperature used for the Mitsunobu-type reaction is room temperature. In
another embodiment, for example and without limitation, the reaction is carried out
by refluxing the solvent. In further embodiment, for example and without
limitation, the reaction is carried out by heating up to about 120°C, and all
temperatures between room temperature and 120°C. In a further embodiment, for
example and without limitation, the reaction is carried out by cooling the reaction
up to about -20°C and all temperature between room temperature and -20°C. The
reaction temperature would depend upon the reagent used and the desired

conditions.

[0021] The sequence of addition of the reagents for carrying out the
Mitsunobu-type reaction is not particularly limited and should be known or can be
determined by a person of skill in the art. In one embodiment, for example and
without limitation, the compounds of formula 2 and 3 and the phosphine are

dissolved in the solvent, followed by addition of the azo-based compound.

[0022] Using the process, as disclosed herein, can lead to a higher yield of the

intermediate compound of formula 4 compared to when an unprotected N2-guanine

has been used. The intermediate compound of formula 4 can then be deprotected,
optionally, in a single step using a one-pot process to obtain the compound of
formula 1. This can also lead to higher overall yield. Moreover, use of the
compound of formula 3 can lead to higher regioselectivity of N9 versus N2, N7 or
06, which can improve the purity profile of compounds obtained in the process for
preparing the compound of formula 1. Still further, use of the Mitsunobu type
reaction conditions allows for inversion of stereochemistry, and hence control of the

stereochemistry of the final product obtained.
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Examples

[0023] The following examples are illustrative and non-limiting and represent
specific embodiments of the present invention.

[0024] Example 1: Preparation of tert-Butyl-6-(benzyloxy)-9-((4aR,6S,7aS)-
5-methylene-2-phenylhexahydrocyclopentafd][1,3]dioxin-6-yl)-9H-purin-2-
vlcarbamate (4")

[0025] To a round bottom flask was added 2 (250 mg, 1.08 mmol, 1 equiv), 3
(441 mg, 1.30 mmol, 1.2 equiv), triphenylphosphine (370 mg, 1.40 mmol, 1.3
equiv), and tetrahydrofuran (6 mL). The resulting suspension was stirred at room
temperature for 10 min and diisopropyl azodicarboxylate (283 mg, 1.40 mmol, 1.3
equiv) was added dropwise over 10 min. Stirring was continued for an additional 30
min and then the reaction mixture was concentrated to dryness. The crude product
was purified by flash column chromatography using 35% ethyl acetate/heptane to
afford 465 mg of 3 as a white solid (78%). 1H NMR (300 MHz, CDClI5) & 7.77 (s,
1H), 7.54 (m, 4H), 7.30 (m, 6H), 7.27 (s, 1H), 5.86 (s, 1H), 5.60 (s, 2H), 5.50
(brd, 1H, J = 9.5 Hz), 4.91 (m, 2H), 4.61 (m, 2H), 4.18 (t, 1H, J = 10.6 Hz), 2.66
(brt, 1H, 8.6 Hz), 2.33-2.59 (m, 2H), 1.55 (s, 9H).

OBn
OBn
N IL PPhg, DIAD, THF % HE
hy OC

L

\[/O /]\NHBoc I

Ph YO

2 3" Ph 4’
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[0026] Example 2: Preparation of 2-Amino-1 ,9-dihydro-9-((1 S, 3R, 4S)-4-
hydroxy-3-(hydroxymethyl)-2-methylenecyclopentyl)-6H-purin-6-one (1)
[0027] To a round bottom flask was added 3 (450 mg, 0.81 mmol, 1 equiv),

dichloromethane (10 mL), and 2N aq HCI (5 mL). The resulting biphasic solution
was stirred at room temperature over 18 h. The layers were separated and the

aqueous layer was washed with dichloromethane (2x2 mL). To the aqueous layer
was added charcoal (100 mg) and the mixture was stirred for 10 min and then
filtered. 3N aq NaOH was added dropwise to the aqueous layer to a pH of 7-8. The
resulting suspension was stirred at room temperature for 45 min, filtered, and
washed with water (2 mL) to afford 120 mg of 4 as a white solid (50%), purity:
>99.8%. 1H NMR (300 MHz, DMSO-d6) & 10.57 (s, 1H), 7.67 (s, 1H), 6.42 (s, 2H),
>.36 (t, 3H, J = 8.4 Hz), 5.10 (s, 1H), 4.88 (d, 1H, J = 2.9 Hz), 4.85 (t, 1H, J = 5.1
Hz), 4.56 (s, 1H), 4.23 (s, 1H), 3.53 (t, 2H, J = 6.1 Hz), 2.50 (s, 1H).

OBn

N 0
g 4
" N’;< 1.2N 3 ﬁNH
% 2N aq HCI, DCM NN _{

NRBoc 2 3N ag NaOH

O 0O :
Ph
4’ 1

[0028] Example 3: Preparation of 6-(Benzyloxy)-9-((4aR,6S,7aS)-5-
methylene-z-phenylhexahydrocyclopenta[d][1,3]dioxin-6—yl)-N-(trimethylsilyl)-9H-

purin-2-amine (6)

[0029] To a round bottom flask was added 2 (700 mg, 3.01 mmol, 1 equiv), 5
(1.22 g, 3.16 mmol, 1.05 equiv), triphenylphosphine (1.03 g, 3.92 mmol, 1.3
equiv), and tetrahydrofuran (18 mL). The resulting suspension was stirred at room
temperature for 10 min and diisopropyl azodicarboxylate (790 mg, 3.92 mmol, 1.3

equiv) was added dropwise over 10 min. Stirring was continued for an additional 2

10

CA 2730622 2017-09-21



h and then the reaction mixture was concentrated to dryness. The crude product
was purified by flash column chromatography using 50% ethyl acetate/heptane to
afford 540 mg of 6 as a white solid (34%). 1H NMR (300 MHz, CDCI3) 6 7.58 (s,
1H), 7.50 (m, 4H), 7.40 (m, 6H), 5.66 (s, 1H), 5.56 (s, 2H), 5.46 (brd, 1H, ] = 9.9
Hz), 4.95 (t, 1H, J = 2.5 Hz), 4.75 (t, 1H, J = 1.9 Hz), 4.65 (m, 2H), 4.24 (m, 1H),
4,05 (t, 1H, J = 9.9 Hz), 2.68 (m, 1H), 2.47 (m, 2H), 0.31 (s, 9H).

OBn
(/ N
OBn N / A N
PPh-, DIAD, THF N—
| =N > . NHTMS
PR

N~ "NHTMS -

2 5 Ph 6

[0030] Example 4: Preparation of 2-Amino-1 ,9-dihydro-9-((1 S, 3R, 45)-4-
hydroxy-3-(hydroxymethyl)-2-methylenecyclopentyl)-6H-purin-6-one (1)

[0031] To a round bottom flask was added 6 (470 mg, 0.89 mmol, 1 equiv),
dichloromethane (7 mL), and 2N aq HCI (5 mL). The resulting biphasic solution was

stirred at room temperature over 18 h. The layers were separated and the aqueous
layer was washed with dichloromethane (2x3 mL). To the aqueous layer was added
charcoal (50 mg) and the mixture was stirred for 2 h and then filtered. 3N aqg NaOH
was added dropwise to the aqueous layer to a pH of 7-8. The resulting suspension
was stirred at room temperature for 1 h, filtered, and washed with water (2 mL) to
afford 230 mg of 4 as a white solid (88%), purity: >99.8%. 1H NMR (300 MHz,
DMS0O-d6) 0 10.57 (s, 1H), 7.67 (s, 1H), 6.42 (s, 2H), 5.36 (t, 3H, J = 8.4 H2),
5.10 (s, 1H), 4.88 (d, 1H, J = 2.9 Hz), 4.85 (t, 1H, J = 5.1 Hz), 4.56 (s, 1H), 4.23

11
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(s, 1H), 3.53 (t, 2H, J = 6.1 Hz), 2.50 (s, 1H).
OBn

N 1. 2N aq HCI, DCM
NHTMS 2. 3N ag NaOH

05
\T/f
Ph
6

12

CA 2730622 2017-09-21

P



CLAIMS:

1. A process for preparing a compound of formula 1, the process comprising the

steps of:

1) reacting a compound of formula 2 with a compound of formula 3 under

Mitsunobu-type reaction condition to obtain a compound of formula 4;

OPG

NHPG

wherein each PG is a protecting group and is the same or different;

i) deprotecting the compound of formula 4 to obtain the compound of

formula 1

NHPG

PGO

13
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2. The process according to claim 1, wherein the Mitsunobu type reaction

condition comprises an alkyl phosphine or an aryl phosphine, and an azo-based

compound.

3. The process according to claim 2, wherein the alkyl phosphine is PMes.

4, The process according to claim 2, wherein the aryl phosphine is PPhs.

5. The process according to any one of claims 2 to 4, wherein the azo based

compound is diethylazodicarboxylate (DEAD), diisopropylazodicarboxylate (DIAD),
di-t-butylazodicarboxylate, 2-(phenylazo)pyridine (azpy), di-p-
chlorobenzylazodicarboxylate (DCAD) or 1,1’-(azodicarboxyl)dipiperidine (ADDP).

6. The process according to any one of claims 2 to 4, wherein the azo based

compound is diisopropylazodicarboxylate (DIAD).

7. The process according to claim 1, wherein the Mitsunobu type reaction

condition comprises a phosphorane vylide.

8. The process according to claim 7, wherein the phosphorane ylide is

(cyanomethylene)trimethy! phosphorane or tributylphosphorane,

9. The process according to any one of claims 1 to 8, wherein solvent for the
Mitsunobu type reaction is tetrahydrofuran, acetonitrile, dichloromethane, toluene,

or a mixture thereof.

10. The process according to any one of claims 1 to 8, wherein solvent for the

Mitsunobu type reaction is tetrahydrofuran.

11. The process according to any one of claims 1 to 10, wherein the Mitsunobu

type reaction is carried out at room temperature.

12. The process according to any one of claims 1 to 11, wherein the protecting

groups on the compound of formula 2 and 3 are acid labile protecting groups.

14
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13. The process according to any one of claims 1 to 12, wherein each protecting
group present on the oxygen atom in the compound of formula 2, independently, is
acetyl, benzoyl, benzyl, B-methoxyethoxymethyl ether (MEM), dimethoxytrityl
(DMT), methoxytrityl (MMT), trityl, methoxymethyl ether (MOM), p-methoxybenzy!
ether (PMB), pivaloyl (Piv) or tetrahydropyrany! (THP).

14. The process according to any one of claims 1 to 12, wherein the protecting
group used for protecting the two oxygen atoms in the compound of formula 2 is an

aldehyde or a ketone acetal.

15. The process according to claim 14, wherein the aldehyde acetal is

benzaldehyde acetal.

16. The process according to any one of claims 1 to 15, wherein the protecting
group on the oxygen atom in the compound of formula 3 is acetyl, benzoyl, benzyl,
B-methoxyethoxymethyl ether (MEM), dimethoxytrityl (DMT), methoxytrityl (MMT),
trityl, methoxymethyl ether (MOM), p-methoxybenzyl ether (PMB), pivaloyl (Piv) or
tetrahydropyranyl (THP).

17. The process according to claim 16, wherein the protecting group on the

oxygen atom in the compound of formula 3 is benzyl.

18. The process according to any one of claims 1 to 17, wherein the protecting
group on the nitrogen atom in the compound of formula 3 is tert-butyloxycarbony!
(BOC), tosyl (Ts) or a silyl based protecting group.

19. The process according to any one of claims 1 to 17, wherein the protecting
group on the nitrogen atom in the compound of formula 3 is tert-butyloxycarbony!
(BOC).

20. The process according to any one of claims 1 to 19, wherein step (ii) of the
process for deprotecting the compound of formula 4 is carried out in a one pot

DrOCess.

15
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21. The process according to any one of ciaims 1 to 19, wherein step (ii) of the

process for deprotecting the compound of formula 4 is carried out as a multi-step

Drocess.

22. The compound of formula 3:

OPG
N

XN
S Ps
TN

3

NHPG

wherein PG is a protecting group,

wherein the protecting group on the nitrogen atom in the compound of
formula 3 is tert-butyloxycarbonyl| (BOC), tosyl (Ts) or a silyl based protecting

group; and

the protecting group on the oxygen atom is acetyl, benzoyl, benzyl, B-
methoxyethoxymethyl ether (MEM), dimethoxytrityl (DMT), methoxytrityl (MMT),
trityl, methoxymethyl ether (MOM), p-methoxybenzyl ether (PMB), pivaloyl (Piv) or

tetrahydropyranyl! (THP).

23. The compound of formula 4°:

16
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NHBoc

24. The compound of formula 3":

25. The compound of formula 6:

17
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NHTMS

26. The compound of formula 5:

OBn
N \N
A
A N/ NHTMS
TMS
S
18
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NHPG

NHFPG
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