I*I Innovation, Sciences et Innovation, Science and CA 3048768 A1 2018/07/12
Développement economique Canada Economic Development Canada
2n 3 048 768

Office de la Propriéte Intellectuelle du Canada Canadian Intellectual Property Office

12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
13) A1

(86) Date de depot PCT/PCT Filing Date: 2018/01/04 (51) Cl.Int./Int.Cl. CO07D 613/04(2006.01)
(87) Date publication PCT/PCT Publication Date: 2018/0/7/12 | (71) Demandeur/Applicant:
(85) Entree phase nationale/National Entry: 2019/06/27 . HOFFMANN-LA ROCHE AG, CH

o ST . D (72) Inventeurs/Inventors:
(86) N° demande PCT/PCT Application No.: EP 2018/050159 CHEN JUNLI CN:

(87) N° publication PCT/PCT Publication No.: 2018/127525 KONRATH, MANUEL, CH:
(30) Priorités/Priorities: 2017/01/06 (CN PCT/CN201/7/070437); MEIER, ROLAND, CH,;
2017/M11/21 (CN PCT/CN2017/112149) REN, YAN, CN;

WANG, XUEMEI, CN,;
XIONG, JING, CN,;
YU, JJANHUA, CN

(74) Agent: SMART & BIGGAR

(54) Titre : PROCEDE DE PREPARATION DE COMPOSES 5-AMINO-6H-THIAZOLO[4,5-D]PYRIMIDINE-2,7-DIONE A
SUBSTITUTION EN POSITION 3

(54) Title: PROCESS FOR THE PREPARATION OF 3-SUBSTITUTED 5-AMINO-6H-THIAZOLO[4,5-D]PYRIMIDINE-2,7-
DIONE COMPOUNDS

(1)

(57) Abrégée/Abstract:
The present invention relates to a process for synthesizing a compound of formula (1), R" is H or C, galkyl, R is H or hydroxy: or

pharmaceutically acceptable salt or diastereomer thereof, which is useful for prophylaxis and treatment of a viral disease In a patient
relating to hepatitis B infection or a disease caused by hepatitis B infection.

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca i+

50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca C anada



wo 20187127525 A1 IO 0O 0 0 0 A

CA 03048768 2015-06-277

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
12 July 2018 (12.07.2018)

(51) International Patent Classification:
CO7D 513/04 (2006.01)

(21) International Application Number:
PCT/EP2018/050159

(22) International Filing Date:
04 January 2018 (04.01.2018)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
PCT/CN2017/070437
06 January 2017 (06.01.2017) CN
PCT/CN2017/112149

21 November 2017 (21.11.2017) CN

(71) Applicant (for all designated States except US): F. HOFF-
MANN-LA ROCHE AG [CH/CH]; Grenzacherstrasse
124, 4070 Basel (CH).

(71) Applicant (for US only): HOFFMANN-LA ROCHE
INC. [US/US]; Overlook at Great Notch, 150 Clove Road,
8th Floor, Suite 8 - Legal Department, Little Falls, New Jer-
sey 07424 (US).

Inventors: CHEN, Junli; ¢/o Roche R&D Center (Chi-
na) Ltd, Building No. 5, Lane 720, Cailun Road, Shang-
hai 201203 (CN). KONRATH, Manuel; c/o F. Hoft-
mann-La Roche AG, Grenzacherstrasse 124, 4070 Basel
(CH). MEIER, Roland; c/o F. Hoftfmann-La Roche AG,
Grenzacherstrasse 124, 4070 Basel (CH). REN, Yan; ¢/o
Roche R&D Center (China) Ltd, Building No. 5, Lane 720,
Cailun Road, Shanghai 201203 (CN). WANG, Xuemei; ¢/
0 Roche R&D Center (China) Ltd, Building No. 5, Lane
720, Cailun Road, Shanghai 201203 (CN). XIONG, Jing;
¢/0 Roche R&D Center (China) Ltd, Building No. 5, Lane
720, Cailun Road, Shanghai 201203 (CN). YU, Jianhua;
¢/0 Roche R&D Center (China) Ltd, Building No. 5, Lane
720, Cailun Road, Shanghai 201203 (CN).

Agent: BERNARD, Guillaume; Grenzacherstrasse 124,
4070 Basel (CH).

(72)

(74)

(10) International Publication Number

WO 2018/1273525 Al

WIPO I PCT

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AQO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR, KW KZ, LA, LC,LK,LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

of inventorship (Rule 4.17(iv))

Published:
with international seavch report (Art. 21(3))

(54) Title: PROCESS FOR THE PREPARATION OF 3-SUBSTITUTED 5-AMINO-6H-THIAZOLO[4,5-d|[PYRIMIDINE-2,7-

DIONE COMPOUNDS

(57) Abstract: The present invention relates to a process for synthesizing a compound

R% of formula (I), RlisHor Ciealkyl; R%isHor hydroxy; or pharmaceutically acceptable
salt or diastereomer thereot, which 1s usetul for prophylaxis and treatment ot a viral

B infection.

(1)

disease 1n a patient relating to hepatitis B infection or a disease caused by hepatitis
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Process for the preparation of 3-substituted S-amino-6H-thiazolo[4,5-d|pyrimidine-2,7-

dione compounds

The present invention relates to a process for the preparation of a compound of formula (1a),

R2
NZ N2
/k | >:O
N
H,N” SN N
O O
-
1 OH
R
(1a),
particularly a compound of formula (1),
R2
(D,

wherein

R!is H or Ciealkyl;
R” is H or hydroxy;
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or pharmaceutically acceptable enantiomer or diastereomer thereof, which 1s useful for
prophylaxis and treatment of a viral disease 1n a patient relating to hepatitis B infection or a

disease caused by hepatitis B infection.

BACKGROUND OF THE INVENTION

The synthetic approach of compounds of formula (I) was disclosed in patent
WO02016091698, however it 1s not suitable for commercial process due to the following issues:

(a) the overall yield 1s very low (0.2-0.5%);

(b) column purification 1s needed for three of the intermediates , such as: (15)-1-
[(3aR,5S,6aR)-2,2-dimethyl-3a,5,6,6a-tetrahydrofuro[2,3-d][1,3]dioxo0l-5-yl]propan-1-ol,
[(3R,5S)-5-[(1S)-1-acetoxypropyl]-3-hydroxy-tetrahydrofuran-2-yl] acetate and [(2R,3R,5S)-5-
[(15)-1-acetoxypropyl]-2-(5-amino-2-oxo-thiazolo[4,5-d]pyrimidin-3-yl)tetrahydrofuran-3-yl]
acetate;

(¢) no efficient 1solation and purification method for final compound is available, current
process must reply on preparative HPLC to obtain qualified final compound due to the poor
crystalability of compounds of formula (I).

Based on the 1ssues above, one object of the invention therefore is to find an efficient
synthetic approach which can be applied on a technical scale.

Another aspect of the present invention relates to a novel process for the preparation of a

compound of the formula (XV) and/or compound (XVa):

(XV),
Q O
)Lo 5 ys O. OH
~~r', ”°&\fo
X N-_ _N
NH
2 (XVa),

wherein R' is H or Cy¢alkyl; R” is H or hydroxy; or pharmaceutically acceptable salt,

enantiomer or diastereomer thereof.
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Compound of formula (XV) and compound (XVa) are key intermediates in the synthesis
and manufacture of pharmaceutically active compound of formula (I) or compound of formula

(Ia) as described herein.

Due to the highly telescoped process toward the preparation of compound of formula (1),
direct 1solation of compound of formula (I) from reaction mixture gave no direct crystallization
as free from. Formation of the compound of formula (XV) proved to be a practice and efficient

method for compound purification and i1solation.

DETAILED DESCRIPTION OF THE INVENTION

DEFINITIONS

As used herem, the term “C_galkyl” signifies a saturated, linear- or branched chain alkyl
group containing 1 to 6, particularly 1 to 5 carbon atoms, for example methyl, ethyl, n-propyl,

isopropyl, n-butyl, isobutyl, rert-butyl and the like. Particular “C; galkyl” group i1s methyl or ethyl.

The term “halogen” signifies fluorine, chlorine, bromine or 10dine, particularly fluorme or

chlorine.

The term “enantiomer’ denotes two stereoisomers of a compound which are non-

superimposable mirror images of one another.

The term ““diastereomer’ denotes a stereoisomer with two or more centers of chirality and

whose molecules are not mirror images of one another.

The term “pharmaceutically acceptable salt” refers to conventional acid-addition salts or
base-addition salts that retain the biological effectiveness and properties of the compounds of
formula I and are formed from suitable non-toxic organic or inorganic acids or organic or
inorganic bases. Acid-addition salts include for example those derived from inorganic acids such
as hydrochloric acid, hydrobromic acid, hydroiodic acid, sulfuric acid, sultamic acid, phosphoric
acid and nitric acid, and those derived from organic acids such as p-toluenesulfonic acid,
salicylic acid, methanesulfonic acid, oxalic acid, succinic acid, citric acid, malic acid, lactic acid,
fumaric acid, and the like. Base-addition salts include those derived from ammonium, potassium,
sodium and, quaternary ammonium hydroxides, such as for example, tetramethyl ammonium
hydroxide. The chemical modification of a pharmaceutical compound into a salt 1s a technique

well known to pharmaceutical chemists in order to obtain improved physical and chemical
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stability, hygroscopicity, flowability and solubility of compounds. It 1s for example described in
Bastin R.J., et al., Organic Process Research & Development 2000, 4, 427-435; or in Ansel, H.,
et al., In: Pharmaceutical Dosage Forms and Drug Delivery Systems, 6th ed. (1995), pp. 196 and

1456-1457.

ABBREVIATION
MeCN Acetonitrile
API active pharmaceutical ingredient
BSA N,O-bis(trimethylsilyl)trifluoroacetamide
DBU 1,8-Diazabicyclo[5.4.0]Jundec-7-ene
DIPEA N,N-Disopropylethylamine
eq Equivalent
IPA Isopropanol
IPAc Isopropyl acetate

EtOAc or EA  ethyl acetate

MeCy2N N,N-dicyclohexylmethylamine

2-MeTHF 2-Methyltetrahydrofuran

MSA Methanesulfonic acid
MTBE Methyl tert-butyl ether
NMM N-methylmorpholine
TEA Triethylamine

TFA Trifluoroacetic acid

TMPH Tetramethyl piperidine hydride
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viv Volume ratio
wt. % Weight percentage

The present invention provides a process for preparing the compounds of formula (X) as

outlined in the scheme 1 and compounds of formula (I) as outlined in the scheme 2.

Scheme 1

O
0 Step a) o—" »4 Step b) 0
O— O "0 o— Y.
Ao 234 — — o P
O O

O OH *S. F O

(I ] (V)

Step ¢)

(V) (V)
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(Xl)

PCT/EP2018/050159

N R . Acid
‘” N N
OH Y OH NY
NH, NH,
(1) (XV)

wherein R' and R” are defined as above.
The synthesis comprises one or more of the following steps:

step a) the formation of compound (11I),

(I1II);

step b) the formation of compound (IV),

(IV);
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step ¢) the formation of the compound (V),

\\O
0—"
HO

il 0

HO (V);

step d) the formation of compound (VI),

\\0
O
N\ //

step €) the formation of compound (VII),

(VI);

(VII),

step f) the formation of compound (VIII),

\\O
O—"

step g) the formation of compound (1X),

(VIII);
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(X);

step 1) the formation of compound of formula (XII),

(XII);
wherein R' is H or Ciealkyl; R*is H or hydroxy;

step ) the formation of compound of formula (I) via the hydrolysis of compound of

formula (1),
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O

P °\/\

1 O S
R 0 \ =2

\/\< 7’ Z

\N
“, N~
OH
(D),

wherein R' is H or Ciealkyl; R*is H or hydroxy;

step k) the formation of compound of formula (XV),

(XV),

wherein R' is H or Cy¢alkyl; R” is H or hydroxy; the acid is selected from D-glutamic acid,
L-mandelic acid, 1-hydroxy-2-naphthoic acid, citric acid, 4-aminosalicylic acid, L-tartaric acid,
hippuric acid, malonic acid, glutaric acid, oxalic acid, fumaric acid, succinic acid, 4-
aminobenzoic acid, 2,5-dihydroxybenzoic acid, L-malic acid, salicylic acid, maleic acid,
(15,3R)-(-)-camphoric acid, pamoic acid, mucic acid, palmitic acid, oleic aicd and lactobionic

aicd;

step 1) the formation of compound of formula (I) via dissociation from compound of

formula (XV),

O

R1)X\% 0 Oys R
\/\< YN\I%\\N(
OH
\(

NH,

(D,

wherein R' is H or Cy¢alkyl; R” is H or hydroxy.
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Another embodiment of this invention 1s that compound of formula (Ia) can also be

synthesized in analogy to Scheme 1 with racemic starting material.
A detailed description of present invention of process steps 1s as following:

Step a) the formation of compound (III).

Compound (III) 1s synthesized in the presence of a suitable base in a suitable solvent with

sulfonating reagent.

The suitable solvent 1s selected from DCM, CHCls, benzene, THF, 2-MeTHF,

fluorobenzene, pyridine, toluene and xylene; particularly the suitable solvent is toluene.

The suitable base 1s selected from TEA, DIPEA, TMPH, MeCy,N, NMM, pyridine, K,COa,
Na,CO3 and Cs;COs; particularly the suitable base is pyridine.

The sulfonating reagent 1s selected from alkylsulfonic anhydride, alkylsulfonic chloride,
arylsulfonic anhydride and arylsultonic chloride, specifically selected from methanesulfonic

anhydride, 4-methylbenzenesulfonic anhydride and T1,0; particularly the sulfonating reagent 1s

T1,0.
The reaction 1s performed at -40 °C - 25 °C, particularly at 0°C - 10 °C.
Step b) the formation of compound (1V).
Compound (IV) 1s synthesized 1n a suitable solvent with reducing reagent.

The suitable solvent is selected from benzene, THF, 2-MeTHF, fluorobenzene, xylene and

toluene; particularly the solvent 1s toluene.

The reducing reagent 1s selected from sodmum borohydride, lithium borohydride, sodium

cyanoborohydride, triacetoxyborohydride and tetraalkyl ammonium borohydride (such as
nBusNBH,), LAH, Red-Al, hydrogenation with Pd/C and Raney Nickle; particularly the

reducing reagent 1s nBuyNBHa.
The reaction 1s performed at -20 °C - 100 °C, particularly at 65 °C - 75 °C.

In present invention, toluene 1s used as solvent for step a) in order to telescope step a) and
b). The procedure of addition of compound (1) in toluene solution into BuyNBH,4 solution 1s
designed so that it 1s easy to control the reaction temperature of step b) with higher yield and less

by-product.

Step ¢) the formation of the compound (V).
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Compound (V) 1s synthesized 1n the presence of a suitable acid and in a suitable solvent.

The suitable solvent 1s selected from water, a mixture of methanol and water, a mixture of
ethanol and water and a mixture of CAN and water; particularly the solvent i1s a mixture of

methanol and water.

The suitable acid 1s selected from HCI, H,SO4, H;PO4, MSA, TFA, HCOOH, acetic acid

and Lewis acid (such as 10dine), particularly the acid 1s H>SOs.
The reaction 1s performed at -5 °C - 50 °C, particularly at 5 °C - 15 °C.
Step d) the formation of compound (VI).

Compound (VI) 1s synthesized 1n the presence of a suitable base with a suitable acylating

reagent and catalyst in a suitable solvent.

The suitable acylating reagent 1s selected from alkylacyl anhydride, alkylacyl chloride,
arylacyl chloride, specifically selected from 1sobutyryl chloride, acetyl chloride, methylbenzoyl
chloride and benzoyl chloride; particularly the acylating reagent is benzoyl chloride. The amount

of acylating reagent 1s 1.0-2.0 eq., particularly 1.4-1.5 eq.

The suitable catalyst is selected from DMAP, MgC(Cl, and Bu,SnQO; particularly the catalyst
1s Bu,SnO. The amount of catalyst 1s 0.001-0.2 eq., particularly 0.05 eq.

In prior art (eg. Carbohydrate Research; 261 (1994); 149-156), pyridine is used as solvent
which 1s highly toxic and difficult to work up. DCM used in current step 1s more environment

benign and operation friendly for scale up.

Catalyst selection 1s very important in step d) to achieve high conversion as well as high
selectivity. If only a base, such as TEA, 1s presented 1n this step, the reaction would result in low
conversion and poor selectivity (desired: bis-protected byproduct = 11:1). Although DMAP as
catalyst could improve the conversion (>90%), poor selectivity (desired: bis-protected byproduct
= 3:2) 1s still expected. Surprisingly, Bu,SnO served as the catalyst 1s found to achieve almost
complete conversion with significantly increased selectivity (desired: bis-protected

byproduct >97:3).

The suitable solvent is selected from DCM, CHCls, THEF, 2-MeTHF, toluene and xylene;
particularly the solvent 1s DCM.

The suitable base 1s selected from TEA, DIPEA, NMM, pyridine, Na,CO; and K,;COs;
particularly the base 1s DCM.
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The reaction 1s performed at -20 °C- 45 °C, particularly at O °C - 10 °C.
Step e) the formation of compound (VII).

Compound (VII) 1s synthesized in the presence of a suitable sulfonating reagent and a

suitable base 1n a suitable solvent.

The sulfonating reagent 1s selected from alkylsulfonic anhydride, alkylsulfonic chloride,
arylsulfonic anhydride and arylsultonic chloride, specifically selected from methanesultonic
anhydride, 4-methylbenzenesulfonic anhydride, MsCl and T1,0; particularly the sulfonating
reagent 1s MsCl.

The suitable solvent 1s selected from DCM, CHCls, benzene, THF, 2-MeTHF,

fluorobenzene, pyridine and toluene; particularly the solvent is toluene.

The suitable base 1s selected from TEA, DIPEA, TMPH, MeCy,;N, NMM, pyridine, K,COa,
Na,CO3 and Cs;COs; particularly the suitable base 1s TEA.

The reaction 1s performed at -10°C - 25 °C, particularly at O °C -5 °C.
Step f) the formation of compound (VIII).

Compound (VIII) 1s synthesized in the presence of a suitable base in a suitable solvent.

The suitable base 1s selected from NaOH, KOH, MeONa, MeOK, t-BuOK and t-BuONa;
particularly the base 1s MeONa.

The suitable solvent 1s selected from a mixture of DCM and methanol, a mixture of DCM
and ethanol and a mixture of THF and methanol; particularly the solvent 1s a mixture of DCM

and methanol.
The reaction 1s performed at -10 °C - 25 °C, particularly at 10 °C - 15 °C.
Step g) the formation of compound (1X).

Compound of formula (IX) 1s synthesized in the presence of a suitable Grignard reagent

with a catalyst.

The Grignard reagent is selected from MeMgCl, MeMgBr and MeMgl; particularly the
Grignard reagent is MeMgCl. The Grignard reagent 1s added at -70 °C - 30 °C, particularly at -
5> °C-0°C.

The suitable catalyst is selected from CuCl, Cul and CuBr, particularly the catalyst 1s Cu(l,
with amount of 0.05-0.5eq., particularly of 0.05¢q.
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Step h) the formation of compound of formula (X).

Compound of formula (X) 1s synthesized in the presence of a suitable acylating reagent

with a suitable acid 1n a suitable solvent.

The suitable acylating reagent 1s selected from alkylacyl anhydride, alkylacyl chloride,

arylacyl chloride, specifically selected from AcCl, Ac,0O; particularly the acylating reagent is
ACQO.

The acid 1s selected from TtOH, MSA, TFA, H,SO, and a mixture ot AcOH and H>,SOx;
particularly the acid 1s a mixture of AcOH and H,SO,4, which 1s 1-10 wt.% H,SO4 in AcOH

solution, particularly 4 wt.% H>SO,41n AcOH solution.

The solvent 1s selected from DCM, CHCls, 2-MeTHF, toluene, IPAc and EtOAc;
particularly the solvent 1s EtOAc.

The reaction 1s performed at -10 °C - 50 °C, particularly at O °C - 40 °C.

In prior art (eg. US2016/0194350), this transforamtion was achieved via a two-step process.
First step 1s the protection of the unprotected secondary alcohol and the second step 1s a
deprotection of the bis-alcohol followed with in-situ protection with acetyl groups. DCM 1s used
as solvent 1n similar reactions but generates more impurities. EtOAc as the solvent used in step h)
of present invention could surprisingly address above 1ssue and results in cleaner reaction and

easy work-up.
Step 1) the formation of compound of formula (XII).

Compound of formula (XVI) is synthesized in the presence of a suitable acid in a suitable

solvent.

The suitable Lewis acid 1s selected from TMSOTTt and TMSI and HI, particularly the acid
1s TMSOTT, with the amount of 0.05-1.2eq., particularly 0.05¢q.

The suitable solvent 1s selected from DCM, CHCls, benzene, THF, 2-MeTHF,

fluorobenzene, xylene, 2,4-dioxane and toluene; particularly the solvent is toluene.

Step j) the formation of compound of formula (I) via the hydrolysis of compound of

formula (I).
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Compound of formula (I) 1s synthesized 1n the presence of a suitable base in a suitable

solvent with or without a phase transfer catalyst.

The suitable base 1s selected from NaOH, KOH, MeONa, MeOK, K,CO; and NH;.H»O:
particularly the base 1s K,CQOs.

The reaction 1s performed 1n the solvent selected from methanol, ethanol, a mixture of
methanol and ethanol, a mixture of THF and methanol, and a mixture of 2-MeTHF and methanol;
particularly the solvent 1s a mixture of 2-MeTHF and methanol. The ratio of mixture solvent is
selected from 1:1, 1:2, 1: 5, 1: 10, 10:1, 5:1 and 2:1, particularly the ratio of mixture solvent of 2-
MeTHF and methanol 1s 5:1.

The phase transfer catalyst is selected from PEG-200, PEG-400 and PEG-600; particularly
the phase transfer catalyst 1s PEG-400.

The reaction 1s performed at O °C - 45 °C, particularly at 25 °C - 35 °C.
Step k) the formation of compound of formula (XV).

Compound of formula (XV) 1s synthesized in the presence of a suitable acid 1n a suitable

organic solvent.

The suitable acid 1s selected from D-glutamic acid, L-mandelic acid, 1-hydroxy-2-
naphthoic acid, citric acid, 4-aminosalicylic acid, L-tartaric acid, hippuric acid, malonic acid,
glutaric acid, oxalic acid, fumaric acid, succinic acid, 4-aminobenzoic acid, 2,5-
dihydroxybenzoic acid, L-malic acid, salicylic acid, maleic acid, (1S,3R)-(-)-camphoric acid,
pamoic acid, mucic acid, palmitic acid, oleic aicd and lactobionic aicd; particularly the acid 1s
selected from 1-hydroxy-2-naphthoic acid, citric acid, 4-aminosalicylic acid, L-tartaric acid, 2,5-

dihydroxybenzoic acid; more particularly the acid 1s citric acid.

The suitable solvent 1s selected from MeOH, EtOH, n-propanol, IPA, MeCN, acetone, THF,
toluene; particularly the solvent 1s MeCN. In order to improve the purity of compound of formula

(XV), an additive can be added to the solvent, wherein the additive 1s water with volume ratio to

solvent (Vwater/ Vsolvent) O 0.005-0.015, particularly of 0.005.

Step k) 1s critical for the whole process in terms of purity improvement. In present

invention, step h), 1) and j) are telescoped without solid 1solation. Typical purity of crude
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compound of formula (I) 1s around 75-90%. Ditferent purification and 1solation methods were
tried. Direct crystallization of the crude compound of formula (I) was tried under various
conditions which either give no precipitation or precipitation with low yield. Silicone-gel column
purification to upgrade the crude compound purity to 90-95% followed with crystallization gives

acceptable yield but this process 1s unsuitable for technical scale manufacture. Finally, formation
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of compound of formula (XV) with carefully selected acid (such as citric acid) and solvent
system (such as water and CH3;CN, Vyaer/ VMecn =0.005) surprisingly gives an efficient and
reliable process for technical scale manufacture. The solvent system designed 1n step k) of

present invention gives high yield and good purge effect for impurities.

Step 1) the formation of compound of formula (I) via dissociation from compound of

formula (XV).

Compound of formula (I) 1n this step 1s synthesized via dissociation reaction in the

presence of a suitable base in a suitable solvent, followed by a recrystallization procedure.

The suitable base used in dissociation reaction 1s selected from Na,(COs, K,COsz, NaHCOQOx,

KHCO3, NaOH and KOH; particularly the base 1s Na,COs.

The suitable solvent used 1n dissociation reaction 1s selected from IPAc, EtOAc, MTBE.,

toluene, THF, 2-MeTHF; particularly the solvent i1s IPAc.

The recrystallization is performed in a suitable solvent at 20 °C -70 °C, particularly at

40 °C - 50 °C, for 2-48 hrs, particularly for 19 hrs.

The suitable solvent used in recrystallization procedure 1s a mixture of water and an
organic solvent, wherein the organic solvent is selected from MeOH, EtOH and n-propanol,
particularly the organic solvent 1s EtOH. The suitable weight percentage of organic solvent in

water (wt.%) 1s 0-30wt.%, particularly 7.8 wt.%.

In another embodiment, the suitable solvent used in recrystallization procedure 1s a mixture
of an polar organic solvent and a non-polar organic solvent; wherein the polar organic solvent 1s
selected from MeOH, EtOH, n-propanol and n-butanol; the non-polar organic solvent 1s selected
from n-heptane and n-hexane; particularly, the solvent used in recrystallization procedure 1s a
mixture of n-propanol and n-heptane. The suitable weight percentage of polar solvent in the

solvent mixture 1s 0-80 wt.%, particularly 60-75 wt.%, more particularly 60 wt.%.
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EXAMPLES

The invention will be more fully understood by reference to the following examples. They

should not, however, be construed as limiting the scope of the invention.

Example 1
[(3aR,5R,6S,6aR)-5-[(4R)-2,2-dimethyl-1,3-dioxolan-4-yl]-2,2-dimethyl-3a,5,6,6a-
tetrahydrofuro[2,3-d][1,3]dioxo0l-6-yl] trifluoromethanesulfonate (compound I11I)

O
O. /7
S F
//
O F
F

To a 1500 L glass-lined reactor was charged with (3aR,5S,6S,6aR)-5-[(4R)-2,2-dimethyl-
1,3-dioxolan-4-yl]-2,2-dimethyl-3a,5,6,6a-tetrahydrofuro[2,3-d][1,3]dioxol-6-0l (compound (II),
60.0 kg, 231 mol), toluene (600 L) and pyridine (36.4 kg, 460 mol) at 5 °C-15 °C. After cooled to
0 °C-10 °C, the reaction mixture was then charged with Tf,0 (78.0 kg, 276 mol) dropwise at 0
"C-10 °C over 2 hours and stirred at 0 °C-10 °C for another 4 hours. The reaction was then
quenched by adding water (180 L) at 0 °C-10 °C slowly. After phase separation, the organic
phase was washed with 10% AcOH (240 L, three times), sat. NaHCQO; (240 L, twice) and water
(180 L), dried with Na;SO4 (60 kg) for 4 hours. The solid was removed by vacuum filtration and
the wet cake was washed with toluene (30 L). The combined organic phase (solution A) was
used for next step without further purification.

Example 2
(3aR,535,6aR)-5-[(4R)-2,2-dimethyl-1,3-dioxolan-4-yl]-2,2-dimethyl-3a,5,6,6a-
tetrahydrofuro|2,3-d][1,3]dioxole (compound (1V))

el

To a 3000 L glass-lined reactor was charged with nBusNBH,4 (119 kg, 462 mol) and
toluene (240 L) at 5 °C-15 °C. After heated to 65 °C-75 °C, to the reaction mixture was then

added solution A from previous step dropwise while the reaction temperature was controlled at
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65 °C-75 °C. After addition, the reaction mixture was stirred at 65 °C-75 °C for 8 hours and then
cooled to 0 °C-10 °C, quenched by adding water (600 L) slowly while the mixture temperature
was controlled at 0 °C-10 °C. The resulting mixture was then stirred at 0 °C-10 °C for another
hour. After phase separation, the aqueous phase was extracted with 1:1 toluene/n-heptane (600 L,
twice). The combined organic phase was washed with 20% NaCl aqueous solution (200 L), then
concentrated to form an o1l (64.0 kg; 50.4 kg compound (IV) based on assay result) which was
used 1n next step without further purification.

Example 3
(1R)-1-[(3aR,535,6aR)-2,2-dimethyl-3a,5,6,6a-tetrahydrofuro[2,3-d][1,3]dioxol-5-yl]ethane-

1,2-diol (compound (V))
D
oO—"
HO 0O

HO
To a 3000 L glass-lined reactor was charged with (3aR,5S,6aR)-5-[(4R)-2,2-dimethyl-1,3-

dioxolan-4-yl]-2,2-dimethyl-3a,5,6,6a-tetrahydrofuro[2,3-d][1,3]dioxole (compound (IV), 64.0
kg crude, 50.4 kg by weight assay, 206 mol) and methanol (830 L) at 5 °C-15 °C. To the reaction
mixture was then added 0.8% aq. H,SO4 solution (224 L) while the reaction temperature was
controlled at 5 °C-15 °C. After addition, the reaction mixture was heated to 25 °C-30 °C and
stirred at this temperature for 16 hours, then cooled to 10 °C-20 °C and quenched by adding 2N
NaOH solution (~20 kg) to adjust to pH = 7-8. The reaction mixture was concentrated to remove
all the volatiles and to the left residue was charged with DCM (900 kg), and the resulting organic
solution was dried with Na;SO4 (250 kg) for 8 hours. The solid was removed by vacuum
filtration and the solution (34.1 kg compound (V) by weight assay) was used for next step

without further purification.

Example 4
[(2R)-2-[(3aR,55,6aR)-2,2-dimethyl-3a,5,6,6a-tetrahydrofuro| 2,3-d][1,3]dioxol-5-yl]-2-
hydroxy-ethyl] benzoate(compound (VI))
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To a 1500 L glass-lined reactor was charged with (1R)-1-[(3aR,5S,6aR)-2,2-dimethyl-
3a,5,6,6a-tetrahydrofuro[2,3-d][1,3]dioxol-5-yl]ethane-1,2-diol (compound (V), 63.9 kg by
weight assay, 313 mol) in DCM solution, TEA (47.5 kg, 318 mol) and Bu,;SnO (3.9 kg, 15.7 mol,
0.05 eq). After cooled to -10 °C-0 °C, the reaction mixture was then charged with BzCl (61.8 kg,
440 mol, 1.4 eq) dropwise at -10 °C-0 °C, then stirred at 0 °C-10 °C for 1 hour. The reaction was
quenched by adding water (50 L) at -10 °C-15 °C slowly, then neutralized with 2 N aq. HCI (~9
L) to adjust to pH = 6-7 at -10 "C-15 °C and stirred for 20 minutes. After phase separation, the
organic phase was washed with sat. NaHCO3 (100 L) and 20% NaCl (100 L). The resulting
organic phase was dried with Na,SOy4 (25 kg) for 8 hours. The reaction mixture was filtered
through a pad of celite (20 kg) and the organic solution was concentrated under vacuum to
remove all the volatile. The resulting crude mixture was suspended 1in EtOAc (128 L) and n-
heptane (512 L) at 15 °C-25 °C, then heated to 50 °C and stirred for 2 hours. The reaction mixture
was then cooled to 10 °C-20 °C over 2 hours and stir at this temperature for 1 hour. The

suspension was separated via centrifuge and the wet cake was dried 1n vacuum oven (30 mmHg,

50 °C) for 18 hours to afford compound (V) (66.5 kg, 69.0% yield).

Compound (VI): '"H NMR (400 MHz, DMSO) o ppm: 8.05-8.08 (m, 2H), 7.61 (m, 1H),
7.46 (m, 2H), 5.85 (d, J=3.60 Hz, 1H), 4.80 (t, /=4.20 Hz, 1H), 4.47-4.52 (dd, J = 11.40, 3.60
Hz, 1H), 4.32-4.39 (m, 2H), 4.21-4.26 (m, 1H), 2.53 (br.s., 1H), 2.11-2.17 (dd, J = 13.20, 4.50
Hz, 1H), 1.92-2.02 (m, 1H), 1.53 (s, 3H), 1.34 (s, 3H).

Example 5
[(2R)-2-[(3aR,55,6aR)-2,2-dimethyl-3a,5,6,6a-tetrahydrofuro[2,3-d][1,3]dioxol-5-yl]-2-
hydroxy-ethyl] benzoate (compound (VII))
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To a 300 L glass-lined reactor was charged with [(2R)-2-[(3aR,5S,6aR)-2,2-dimethyl-
3a,5,6,6a-tetrahydrofuro[2,3-d][1,3]dioxol-5-yl]-2-hydroxy-ethyl] benzoate(compound (VI), 23
kg, 81.1 mol), DCM (250 L), DMAP (198 g, 1.62 mol) and TEA (12.3 kg, 82.4 mol). After
cooled to 0 °C-5 °C, the reaction mixture was then charged with MsCl (11.2 kg, 97.8 mol) at O
°C-5 °C over 2 hours and stirred at 0 °C-5 °C for 1 hour. The reaction was then quenched by
adding water (50 kg) at 0 °C-10 °C. The reaction mixture was then charged with 1 N HC1 (~12 L)
to adjust to pH = 5-6 and stir for 20 minutes. After phase separation, the organic phase was
washed with sat. NaHCO; (50 L) and 20% NaCl (50 L). The resulting organic phase was dried
with Na,SOy4 (20 kg) for 2 hours. The solid was removed by vacuum filtration and the organic

solution was used 1n next step without further purification.

Example 6
(3aR,5S5,6aR)-2,2-dimethyl-5-[ (2S)-oxiran-2-yl]-3a,5,6,6a-tetrahydrofuro[ 2,3-d][1,3]dioxole

(compound (VIII))
Y
o—"
0 \/O O

To a 300 L glass-lined reactor was charged with MeOH (50 L) and NaOMe (9.8 kg, 181 mol).
After cooled to 5 °C-10 °C, the reaction mixture was charged with [(2R)-2-[(3aR,5S,6aR)-2,2-
dimethyl-3a,5,6,6a-tetrahydrofuro[2,3-d][ 1,3]dioxo0l-5-yl]-2-hydroxy-ethyl] benzoate (compound

(VII))in DCM solution from last step dropwise at 5 °C-10 °C. The reaction mixture was stirred at
10 °C-15 °C for 2 hours and then quenched by adding water (100 L). After phase separation, the
aqueous phase was extracted with DCM (50 L) and the combined organic phase was washed with
20% Na(Cl (50 L), and then concentrated under vacuum to remove all the volatile. The residual
was then purified by column chromatography to afford crude compound (VIII) (8.4 kg). The
crude compound (VIII) was then suspended in n-heptane (5 ). Vacuum filtration and the wet

cake was dried under vacuum for 8 hours to afford compound (VIII) (7.76 kg, 51% yield). The
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reaction time and temperature 1s critical for this step otherwise over reaction to form the methoxy

adduct of the epoxide would take place.

Compound (VIII): 'H NMR: (300 MHz, CDCls) o ppm: 5.87 (d, J = 3.76 Hz, 1H), 4.77 (t,
J=4.00Hz, 1H), 4.20-4.28 (m, 1H), 3.14-3.20 (m, 1H), 2.83-2.88 (m, 1H), 2.63 (dd, J = 5.00,
2.80 Hz, 1H), 2.09 (dd, J = 12.00, 4.00 Hz, 1H), 1.69-1.79 (m, 1H), 1.52 (s, 3H), 1.34 (s, 3H).

Example 7
(15)-1-[(3aR,55,6aR)-2,2-dimethyl-3a,5,6,6a-tetrahydrofuro| 2,3-d ][ 1,3]dioxol-5-yl|propan-

1-ol (compound (I1X))
Y
o—"
HO

2 e
&

To a 300 L glass-lined reactor was charged with CuCl1 (520 g, 5.25 mol. 0.05 eq) and THF
(71 kg). After cooled to -5 °C-0 °C, the reaction mixture was charged with 3N MeMgCl in THF
solution (46 kg) dropwise at -5 °C-0 °C and then stirred for 30 minutes at -5 °C-0 °C. Then
(3aR,5S,6aR)-2,2-dimethyl-5-[(2S)-oxiran-2-yl]-3a,5,6,6a-tetrahydrofuro[2,3-d][ 1,3]dioxole
(compound (VIII), 19.3 kg, 104 mol) in THF (71 kg) solution was added slowly at 0 °C-10 °C.
The reaction mixture was stirred for 1 hour at 0 °C-10 °C, then added into an 1000 L glass-lined
reactor containing aq. NH4CI (13.5 kg in 121.15 kg water) solution at 0 "C-5 °C over 2 hours,
extracted with EtOAc (90 kg) twice. The combined organic phase was washed with 5% NH; H,O
aqg. solution (7.5 kg), 5% NH;H,0 aq. solution (2.5 kg) and 15.6% NaCl aqg. solution (30 kg)
twice. The organic phase was then concentrated under vacuum to remove all the volatile. To the
residue was then charged with n-heptane (5.13 kg), and the resulting mixture was stirred at 50 °C
for 30 minutes to form a clear solution, which was slowly cooled to 20 °C-30 °C over 4 hours,
and then further cooled to 0 °C-5 °C over 2 hours. The reaction mixture was stirred at 0 °C-5 °C

for 30 minutes, then the solid was removed by vacuum filtration and the wet cake was dried in

vacuum oven (~30 mmHg, 50 °C) for 6 hours to afford compound (IX) (4.77 kg, 87.8% yield)

Compound (IX): '"H NMR (400 MHz, CDCl3) § ppm: 5.83 (d, J =3.76 Hz, 1H), 4.81 -
473 (m, 1H), 4.26-4.19 (m, 1H), 3.91-3.82 (m, 1H), 2.08-2.02 (m, 1H), 1.93 - 1.89 (m, 1H), 1.54
(s, 3H), 1.49-1.39 (m, 2H), 1.34 (s, 3H), 1.02 (t, /= 7.53 Hz, 3H).
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Example 8

[(BR,5S5)-5-[(1S)-1-acetoxypropyl]-3-hydroxy-tetrahydrofuran-2-yl] acetate (compound
(Xa))

)Lg | OY
\/\<_7:'°

To a 500 L glass-lined reactor was charged with (1S)-1-[(3aR,5S,6aR)-2,2-dimethyl-
3a,5,6,6a-tetrahydrofuro[2,3-d][1,3]dioxol-5-yl]propan-1-o0l (14.8 kg, 73.2 mol) and EtOAc (72.3
kg). The reaction mixture was stirred at 30 "C-35 “C for 30 minutes then cooled to 0 "C-10 °C
over 60 minutes, Then Ac,0 (26.9 kg, 263 mol) and a pre-mixed H>,SO, in AcOH solution
(0.356 kg H,SO4 in 8.90 kg AcOH, or 4 wt.% H,SO, in AcOH) were added at 0 °C-10 °C. The
reaction mixture was stirred at 0 °C-10 °C for another 30 minutes then heated to 35 °C-40 °C and
maintained at this temperature for 2 hours. The reaction mixture was cooled to 0 °C-10 °C and
quenched by adding 20% Na,(CO; aq. solution (50 L) slowly while the mixture temperature was
controlled at 10 °C-20 °C. After phase separation, the aqueous phase was extracted by EtOAc (15
L, twice). The combined organic phase was washed with 15.6% Na(l aq. solution (10 L, twice),
then concentrated to form an o1l (7.0 kg (5.74 kg compound (Xa) by assay)) which was used 1n

next step without further purification.

Example 9
[(2R,3R,5S5)-5-[(1S)-1-acetoxypropyl]-2-(5-amino-2-oxo-thiazolo[4,5-d |pyrimidin-3-
yDtetrahydrofuran-3-yl] acetate (compound (XIIa))

S ~ T
\/\(_7’ /( H,

To a 500 L glass-lined reactor was charged with 5—annno-3H-thiazolo[4,5-d]pyrimidin-2—
one (8.74 kg, 52.0 mol, 0.94 eq) and toluene (75.7 kg). The reaction mixture was heated to 110
°C and some toluene (37.9 kg) was removed. After cooled to 75 °C-80 °C, to the reaction mixture

was charged with BSA (25.6 kg, 126 mol, 2.3 eq) over a 40 minutes period. The reaction mixture
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was then stirred at 75 "C-80 °C for 2 hours, then TMSOTT (1.12 kg, 5.04 mol, 0.05 eq)) was
added, followed by addition of [(3R,5S)-5-[(1S)-1-acetoxypropyl]-3-hydroxy-tetrahydrofuran-2-
yl] acetate (15.97 kg, 55.4 mol) in toluene (47 kg) solution over a 45 minutes while keeping the
temperature at 75 °C-80 °C. The reaction mixture was stirred at 75 °C-80 °C for 6.5 hours then
cooled to 0 °C-10 °C and quenched by adding water (152.4 kg) at 0 °C-10 °C, followed by
addition of IPAc (77.4 kg). After phase separation, the aqueous phase was extracted again with
IPAc (38.7 kg). The combined organic phase was washed with water (42.6 kg), 15.6% Na(l aq.
solution (42.6 kg), and concentrated in vacuum. The residue was dissolved 1in 2-MeTHF (10.0
kg), then concentrated again, this process was repeated once. The crude product was used in next

step without further purification.

Example 10
[(1S)-1-[(2S,4R,5R)-5-(5-amino-2-0xo0-thiazolo[4,5-d Jpyrimidin-3-yl)-4-hydroxy-
tetrahydrofuran-2-yl]propyl] acetate (compound (Ib))

To a 100 L glass jacket reactor was charged with [(1S)-1-[(2S5,4R,5R)-5-(5-amino-2-0xo-
thiazolo[4,5-d]pyrimidin-3-yl)-4-hydroxy-tetrahydrofuran-2-yl]propyl] acetate (compound (XII),
8.80 kg, 22.2 mol) in 2-MeTHF (6.12 kg) solution from last step, 2-MeTHF (35.66 kg), powder
K,COs3 (12.47 kg, 90.2 mol), PEG-400 (0.895 kg) and MeOH (6.97 kg). The reaction mixture
was stirred at 30 °C-35 °C for 11 hours and the solid was removed through vacuum filtration. The
wet cake was washed with IPAc (20.2 kg) and the combined filtrate was washed with water (10
kg), 15.6% aqg. NaCl solution (10 kg). The organic phase was concentrated under vacuum to
remove all the volatile and the residue was dissolved in MeCN (69.5 kg). The resulting mixture
was used 1n next step without further purification.

Example 11
[(1S)-1-[(2S,4R,5R)-5-(5-amino-2-oxo0-thiazolo[4,5-d |]pyrimidin-3-yl)-4-hydroxy-
tetrahydrofuran-2-yl|propyl] acetate citric acid (compound (XVa))
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O
® S O. OH
)L g O ,\?_
4 - N
NH,
The mixture from last step in Example 10 was heated to 45 °C-52 °C and stirred at 45 °C-

52 °C for 30 minutes. To the mixture was then charged with citric acid monohydrate (4.67 kg,
22.2 mol) and water (0.440 kg, Vwaer/ VMecn=0.005). The resulting mixture was stirred at 45 °C-

52 °C for 4 hours then cooled to 0 °C over 10 hours. The solid was separated via centrifuge and

the wet cake was washed with MeCN (1.0 kg), and dried in vacuum oven (30 mmHg, 40 °C) for
32 hours to afford compound (XVa) (9.04 kg, 74.5% yield). The ratio of compound (Ib) and
citric acid of compound (XVa) was 1:1 based on the NMR data.

Compound (XVa): 'H NMR (400 MHz, d-DMSO) & ppm: 8.34 (s, 1H), 6.91 (br. s., 2H),
5.82 (s, 1H), 5.46-5.58 (m, 1H), 4.70-4.82 (m, 2H), 4.14-4.23 (m, 1H), 2.60-2.80 (m, 4H), 2.42-
2.48 (m, 1H), 1.98 (s, 3H), 1.78-1.88 (m, 1H), 1.55-1.70 (m, 1H), 1.34-1.49 (m, 1H), 0.82 (t, J =
7.40 Hz, 3H). MS obsd. (ESI") [(M+H)"]: 355.
Example 12

The screening of acid of Compound of formula (XV)

The formation of Compound of formula (XV) or Compound (XVa) 1s essential to the scale
up and quality control of the Compound of formula (I) or (Ia), which requires a comprehensive
design for the choice of acid and solvent system to achieve optimized compound recovery and

quality.

Initial Screening:

To a2 mL Crystal-16 (Technobis Crystal-16) vial was added [(15)-1-[(2S,4R,5R)-5-(5-
amino-2-oxo-thiazolo[4,5-d]pyrimidin-3-yl)-4-hydroxy-tetrahydrofuran-2-yl]propyl] (20 mg,
0.056 mmol), the acid (1.0 eq) and organic solvent (200 uL). The mixture was heated to 50 °C
then slowly cooled to 10 °C at a constant cooling rate at 0.2 “C/min. The suspension was

separated by centrifuge. The result was summarized in table 1.

Table 1.Compound (XVa) Screening in MeCN
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e Results of
compound of formula (XV) Formation
1-Hydroxy-2-naphthoic acid Yes
Citric acid Yes
4- Aminosalicylic acid Yes
L-tartaric acid Yes
2,5-Dihydroxybenzoic acid Yes

Based on the above data, the reaction mixture has larger solubility 1n acetone. So the
formation of compound (XVa) with citric acid in MeCN and 1-Hydroxy-2-naphthoic acid in

MeCN were chosen for further scale up with purity analysis.

To a 10 mL Easy-Max test tube reactor (Mettler-Toledo EasyMax) was charged with [(1S)-
1-[(2S5,4R,5R)-5-(5-amino-2-o0xo-thiazolo[4,5-d]pyrimidin-3-yl)-4-hydroxy-tetrahydrofuran-2-
yl]propyl] (250 mg, 91.66% purity, 0.80 mmol), the acid (1.0 eq) and MeCN (2.5 mL). The
mixture was heated to 50 °C then slowly cooled to -10 °C at a constant cooling rate at 0.2 "C/min.
If a suspension was formed, the solid was 1solated by vacuum filtration and purity was tested by

UPLC. The results are summarized in table 3:

Table 3. Optimization for compound of formula (XV) formation

Result
Acid
Suspension formation UPLC Result
Whole reaction mixture
Citric acid Yes
solidified
1-Hydroxy-2-naphthoic acid Yes 96.34%

Based on the data in table 3, the experimental condition of forming compound (XV) with

citric acid in MeCN was tested again with increased solvent amount.

To a 250 mL round bottom flask was charged with [(1S)-1-[(2S,4R,5R)-5-(5-amino-2-0xo-
thiazolo[4,5-d]pyrimidin-3-yl)-4-hydroxy-tetrahydrofuran-2-yl]propyl] (5.10 g, 16.3 mmol,
91.66% purity), citric acid monohydrate (2.82 g, 14.7 mmol) and MeCN (102 mL.). The mixture
was stired at r.t. overnight. The solid was 1solated by vacuum filtration and the wet cake was

dried in vacuum oven at 40 °C overnight to afford 8.9 g white solid (68.8% yield, 97.31% purity).
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Based on the above result, further optimization was performed focusing on further
improving product purity. The addition of water as a co-solvent was used to influence the
product purity and recovery, another study was carried out to analyze the process impact of

different water content.

To a 500 mL round bottom flask was charged with [(1S)-1-[(2S,4R,5R)-5-(5-amino-2-0xo-
thiazolo[4,5-d]pyrimidin-3-yl)-4-hydroxy-tetrahydrofuran-2-yl]propyl] (10.0 g, 86.72% purity,
32.0 mmol), citric acid monohydrate (5.83 g, 27.8 mmol), MeCN (200 mL) and water (see Table
4). The mixture was heated to 50 °C then slowly cooled to -10 “C at a constant cooling rate at 0.2
°C/min. If a suspension formed, the solid was isolated by vacuum filtration and the wet cake was

dried in vacuum oven at 50 °C for 24 hours to afford the product. The result was summarized in

table 4.

Table 4.Study of Water Effect

Water (V/V) Product purity (UPLC) Yield
0.015 98.0% 64.0%
0.005 95.9% 67.2%

* yvolume ratio to MeCN

Since there are two more recrystallization operations in the following steps, higher
recovery 1s more favorable at this step. Based on the above results, compound (XVa) formation
by adding 0.9 eq citric acid monohydrate in 20 volume MeCN and 0.1 volume water was

selected for scale up.

Example 13
Preparation of [(15)-1-[(2S,4R,5R)-5-(5-amino-2-o0xo0-thiazolo[4,5-d]pyrimidin-3-yl)-4-
hydroxy-tetrahydrofuran-2-yl]propyl] acetate (compound (Ib)) from dissociation of
compound (XVa)

)ch O»—s
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To a 50 L glass jacket reactor was charged with Na,CO5 (0.819 kg, 7.73 mol) and water
(19.8 kg).The mixture was stirred at 20 °C-30 “C for 30 minutes and then IPAc (18.2 kg) and
[(1S)-1-[(2S,4R,5R)-5-(5-amino-2-o0xo-thiazolo[4,5-d]pyrimidin-3-yl)-4-hydroxy-
tetrahydrofuran-2-yl]propyl] acetate citric acid (3.0 kg, 5.49 mol) were added. The reaction
mixture was stirred for another 3 hours at 20 “C-30 "C. After phase separation, the organic phase
was washed with sat. Na,CQOs aq. solution (20.2 kg), water (20.0 kg), sat. NaCl aq. solution (21.7
kg). Such extraction was repeated twice. The organic solution was concentrated under vacuum
to remove the volatile to afford a crude solution (13.04 kg), to which was then added IPAc (6.05
kg). The reaction mixture was then heated to 40 "C-50 °C and stirred for 1 hour, followed by
addition of n-heptane (8.05 kg) slowly and the resulting mixture was stirred at 40 °C-50 °C for
another 12 hours. After slowly cooled to 0 °C-10 °C over a 4 hours period and stirred at 0 °C-10
°C for 30 minutes, n-heptane (10.1 kg) was added and the resulting mixture was maintained at O
°C-10 °C for 2 hours. The suspension was separated by vacuum filtration and the wet cake was
washed with n-heptane (6 kg). The wet cake was dried under vacuum oven (30 mmHg, 45 °C) for
19 hours to afford crude compound (Ib) (3.15 kg).

To a 50 L glass jacket reactor was charged with water (35.65 kg), EtOH (3.00 kg, 7.8 wt.%
to water) and crude compound (Ib) (3.15 kg). The mixture was heated to 40 °C-50 °C and stirred
for 19 hours. Then after cooled to 0 °C-10 °C over 4 hours, a suspension formed and was
separated via vacuum filtration, and the wet cake was washed with water (5.00 kg) twice. The
wet cake was dried in vacuum oven (30 mmHg, 50 °C) for 24 hours to afford [(1S)-1-
[(2S,4R,5R)-5-(5-amino-2-oxo-thiazolo[4,5-d]pyrimidin-3-yl)-4-hydroxy-tetrahydrofuran-2-
yl]propyl] acetate (2.76 kg, 99.43% purity, 47.3% yield).

Compound (Ib): 'H NMR (400 MHz, ds-DMSO) o0 ppm: 8.34 (s, 1H), 6.91 (br. s., 2H),
5.82 (s, 1H), 5.46-5.58 (m, 1H), 4.70-4.82 (m, 2H), 4.14-4.23 (m, 1H), 2.42-2.48 (m, 1H), 1.98 (s,
3H), 1.78-1.88 (m, 1H), 1.55-1.70 (m, 1H), 1.34-1.49 (m, 1H), 0.82 (t, /= 7.40 Hz, 3H). MS
obsd. (EST") [M+H)"]: 355.

Example 14
Alternative preparation of [(15)-1-[(2S,4R,5R)-5-(5-amino-2-0x0-thiazolo[4,5-d]pyrimidin-

3-yl)-4-hydroxy-tetrahydrofuran-2-yl]propyl] acetate (compound (Ib)) from dissociation of
compound (XVa)
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A 1 L glass jacket reactor was charged with sodium carbonate (16.5 g, 155.1 mmol) and
water (395 g). The mixture was stirred at 20-30 °C for 30 minutes and then EtOAc (317.3 g) and
[(15)-1-[(2S,4R,5R)-5-(5-amino-2-oxo-thiazolo[4,5-d]pyrimidin-3-yl)-4-hydroxy-
tetrahydrofuran-2-yl]propyl] acetate citric acid (50 g, 91.45 mmol) were added. The reaction
mixture was stirred for another 2 hours at 35-45 °C. After phase separation, the organic phase
was washed with sat. NaCl aq. solution (185.5 g). After the second phase separation, a
distillation under vacuum was carried out for the organic phase. During this distillation, n-
propanol (325 g) was added little by little while liquid level was kept constant. Subsequently, the
reaction mixture was concentrated under vacuum until a total mass of 140 g was reached. At
atmospheric pressure, the reaction mixture was heated to 60-65 °C and pre-heated (60-65 °C) n-
heptane (76.0 g) was added. The clear solution was cooled to 50-35 °C, followed by the addition
of [(15)-1-[(2S,4R,5R)-5-(5-amino-2-o0xo0-thiazolo[4,5-d]pyrimidin-3-yl)-4-hydroxy-
tetrahydrofuran-2-yl]propyl] acetate (0.51 g), which served as seed material. The temperature
was kept at 50-55 °C for 4 hours. Afterwards, the suspension was cooled to 0-5 °C within 5 hours
and held at 0-5 °C for another 12 hours. The suspension was separated by vacuum filtration and
the wet cake was washed with a mixture of n-propanol (45.1 g) and n-heptane (30.2 g), then
dried in a vacuum oven (25 mbar, 50 °C) for 16 hours to afford compound (Ib) (26.3 g,
99.8%purity, 80.6% yield).

Example 15
[(2R,3R,5S5)-5-[(1S)-1-acetoxypropyl]-2-(5-amino-2,7-dioxo-6 H-thiazolo[4,5-d |pyrimidin-3-
yDtetrahydrofuran-3-yl] acetate (compound (XVII))

O
O O S
)Lg T\ 2
\/\Q/ N UNH,
A

To a 250 mL round bottom flask was charged with 5-amino-3,6-dihydrothiazolo[4,5-
d]pyrimidine-2,7-dione (4.3 g, 22.9 mmol) and toluene (80.5 g). The reaction mixture was heated

to 110 °C and some toluene (50 g) was removed. After cooled to 75 "C-80 °C, to the mixture was
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charged with BSA (13.9 g, 68.6 mmol) over a 30 minutes period. The reaction mixture was then
stirred at 75 °C-80 °C for 2 hours, then TMSOTT (0.254 g, 1.14 mmol, 0.05 eq) was added,
followed by addition of [(3R,5S5)-2-acetoxy-5-(1-acetoxypropyl)tetrahydrofuran-3-yl] acetate
(7.91 g, 27.4 mmol) 1n toluene (37.2 g) solution over a 30 minutes period while keeping the
temperature at 75 °C-80 °C. The mixture was stirred at 75 °C-80 °C for 6.5 hours then cooled to 0
°C-10 °C and quenched by adding water (38 g) at 0 °C-10 °C, followed by addition of IPAc (35.0
g). After phase separation, the aqueous phase was extracted with IPAc (35.0 g). The combined
organic phases was washed with water (38.0 g), 15.6% NaC(l aq. solution (40.5 g), and
concentrated in vacuum. The residue was dissolved in 2-MeTHF (20.6 g), and then concentrated
again, this process was repeated once. The crude product was used 1n next step without further

purification.

Example 16
[(1S)-1-[(2S,4R,5R)-5-(5-amino-2,7-dioxo-6H-thiazolo[4,5-d Jpyrimidin-3-yl)-4-hydroxy-
tetrahydrofuran-2-yl]propyl] acetate (compound (XVIII))

O
O S
O
Jo
= O N
\/\<_7/ NH,
“OH
To a 250 mL round bottom flask was charged with [(15)-1-[(2S,4R,5R)-5-(5-amino-2,7-

dioxo-6H-thiazolo[4,5-d]pyrimidin-3-yl)-4-hydroxy-tetrahydrofuran-2-yl]propyl] acetate (6.0 g,
14.4 mmol) in 2-MeTHF (20.6 g) solution from last step, 2-MeTHF (32.6 g), powder K,COx
(2.58 g, 18.7 mmol), PEG-400 (0.06 g) and MeOH (9.5 g). The reaction mixture was stirred at 20
°C-25 °C for 20 hours and the solid was removed through vacuum filtration. The wet cake was
washed with IPAc (28.0 g) and the combined filtrate was washed with water (45.0 g), 15.6% agq.
NaCl solution (40.0 g). The organic phase was concentrated under vacuum to remove all the
volatile and the residue was purified by silica gel column that eluted with DCM/MeOH 30/1

(v/v). The collected fraction was concentrated under vacuum to remove all the solvent to afford

compound (XVIII) (2.5 g, 46.3% yield).
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Claims
1. Process for the preparation of a compound of the formula (I),
R2
(D,
wherein
10 R'is H or Ciealkyl;
R” is H or hydroxys;
or pharmaceutically acceptable enantiomer or diastereomer thereof;
comprising one or more of the following steps:
step a) the formation of compound (11I),
\\O
0o—"
>(O o QO
O O
O. /
s F
//
O \|<F
15 i (I10):

(IV);
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step ¢) the formation of the compound (V),

\\O
0—"
HO

il 0

HO (V);

step d) the formation of compound (VI),

\\0
O
N\ //

step €) the formation of compound (VII),

(VI);

(VII),

step f) the formation of compound (VIII),

\\O
O—"

step g) the formation of compound (1X),

(VIII);



10

CA 03048768 2015-06-277

WO 2018/127525 PCT/EP2018/050159

231-

(X);

step 1) the formation of compound of formula (XII),

(XII);
wherein R' is H or Ciealkyl; R*is H or hydroxy;

step ) the formation of compound of formula (I) via the hydrolysis of compound of

formula (1),
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\/\< 7’ Z

\N
“, N~
OH
(D),

wherein R' is H or Ciealkyl; R*is H or hydroxy;

step k) the formation of compound of formula (XV),

(XV),

wherein R' is H or Cy¢alkyl; R” is H or hydroxy; the acid is selected from D-glutamic acid,
L-mandelic acid, 1-hydroxy-2-naphthoic acid, citric acid, 4-aminosalicylic acid, L-tartaric acid,
hippuric acid, malonic acid, glutaric acid, oxalic acid, fumaric acid, succinic acid, 4-
aminobenzoic acid, 2,5-dihydroxybenzoic acid, L-malic acid, salicylic acid, maleic acid,
(15,3R)-(-)-camphoric acid, pamoic acid, mucic acid, palmitic acid, oleic aicd and lactobionic

aicd;

step 1) the formation of compound of formula (I) via dissociation from compound of

formula (XV),

O

R1)X\% 0 Oys R
\/\< YN\I%\\N(
OH
\(

NH,

(D,

wherein R is H or Cy¢alkyl; R” is H or hydroxy.
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> 2. A process according to claim 1 consisting of step a) to step 1).

3. A process according to claim 1 or 2, wherein R' is methyl; or pharmaceutically acceptable

enantiomer or diastereomer thereof.

4. A process according to any one of claims 1 to 3 for the synthesis of compound of formula

(XV),

10 (XV);
wherein
acid 1s selected from D-glutamic acid, L-mandelic acid, 1-hydroxy-2-naphthoic acid, citric acid,
4-aminosalicylic acid, L-tartaric acid, hippuric acid, malonic acid, glutaric acid, oxalic acid,
fumaric acid, succinic acid, 4-aminobenzoic acid, 2,5-dihydroxybenzoic acid, L.-malic acid,
15 salicylic acid, maleic acid, (15,3R)-(-)-camphoric acid, pamoic acid, mucic acid, palmitic

acid, oleic aicd and lactobionic aicd; particularly the acid is selected from 1-hydroxy-2-
naphthoic acid, citric acid, 4-aminosalicylic acid, L-tartaric acid, 2,5-dihydroxybenzoic
acid; more particularly the acid 1s citric acid;
R'is H or Ciealkyl;
20  R’is H or hydroxy;

or pharmaceutically acceptable enantiomer or diastereomer thereof.

5. A process according to claim 4 for the synthesis of compound (XVa),

O
O
)Lo N5 O. OH
E O

~ vy, “°&\f°

, N N

NH
° (XVa);

or pharmaceutically acceptable enantiomer or diastereomer thereof.
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6. A process according to any one of claims 1 to 5, characterized in that the formation of the
compound (VI) 1n step d) 1s performed in the presence of a base with an acylating reagent and a
catalyst, wherein the catalyst 1s selected from DMAP, MgCl, and Bu,SnQ); particularly the
catalyst 1s Bu,;SnO.

7. A process according to claim 6, wherein the amount of catalyst 1s 0.001-0.2 eq., particularly

0.035 eq.

3. A process according to any one of claims 1 to 7, characterized in that the formation of the
compound of formula (X) 1n step h) 1s performed 1n the presence of an acylating reagent with an
acid 1n a solvent; wherein the solvent 1s selected from DCM, CHCli, 2-MeTHPF, toluene, IPAc
and EtOAc; particularly the solvent 1s EtOAc.

9. A process according to any one of claims 1 to 8, characterized in that the formation of the
compound of formula (XV) in step k) 1s performed in the presence of an acid 1n an organic
solvent; wherein the acid 1s selected from D-glutamic acid, L.-mandelic acid, 1-hydroxy-2-
naphthoic acid, citric acid, 4-aminosalicylic acid, L-tartaric acid, hippuric acid, malonic acid,
glutaric acid, oxalic acid, fumaric acid, succinic acid, 4-aminobenzoic acid, 2,5-
dihydroxybenzoic acid, L-malic acid, salicylic acid, maleic acid, (1S,3R)-(-)-camphoric acid,
pamoic acid, mucic acid, palmitic acid, oleic aicd and lactobionic aicd; particularly the acid 1s
selected from 1-hydroxy-2-naphthoic acid, citric acid, 4-aminosalicylic acid, L-tartaric acid, 2,5-

dihydroxybenzoic acid; more particularly the acid is citric acid.

10. A process according to claim 9, wherein the solvent is selected from MeOH, EtOH, n-

propanol, IPA, MeCN, acetone, THF, toluene; particularly the solvent 1s MeCN.

11. A process according to claim 10, wherein the solvent 1s added with an additive, wherein the

additive 1s water.

12. A process according to claim 11, wherein the volume ratio of additive to solvent

(Vwater/ Vsolvent) 18 0.003-0.015, particularly 0.005.

13. A process according to claim 12, wherein the volume ratio of water to MeCN (Vwater/ V MecN)

1s 0.005-0.0135, particularly 0.005.

14. A process according to any one of claims 1 to 13, characterized in that the formation of

compound of formula (I) via dissociation from compound of formula (XV) in step 1) 1s performed
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in the presence of a base 1n a solvent, followed by a recrystallization procedure; wherein the
solvent used in recrystallization procedure 1s a mixture of water and an organic solvent, wherein
the organic solvent 1s selected from MeOH, EtOH and n-propanol, particularly the organic

solvent 1s EtOH.

15. A process according to claim 14, wherein the weight percentage of organic solvent in water

(wt.%) 1s 0-30wt.%, particularly 7.8 wt.%.

16. A process according to any one of claims 1 to 13, characterized in that the formation of
compound of formula (I) via dissociation from compound of formula (XV) in step 1) 1s performed
in the presence of a base in a solvent, followed by a recrystallization procedure; wherein the
solvent used 1n recrystallization procedure 1s a mixture of an polar organic solvent and a non-
polar organic solvent; wherein the polar organic solvent 1s selected from MeOH, EtOH, n-
propanol and n-butanol; the non-polar organic solvent 1s selected from n-heptane and n-hexane;
particularly, the solvent used in recrystallization procedure 1s a mixture of n-propanol and n-

heptane.

17. A process according to claim 16, characterized in that the weight percentage of polar solvent

in the solvent mixture 1s 0-80 wt.%, particularly 60-75 wt.%, more particularly 60 wt.%.

18. A compound of formula (XV),

(XV); wherein

the acid 1s selected from D-glutamic acid, L-mandelic acid, 1-hydroxy-2-naphthoic acid, citric
acid, 4-aminosalicylic acid, L-tartaric acid, hippuric acid, malonic acid, glutaric acid,
oxalic acid, fumaric acid, succinic acid, 4-aminobenzoic acid, 2,5-dihydroxybenzoic acid,
L-malic acid, salicylic acid, maleic acid, (1S5,3R)-(-)-camphoric acid, pamoic acid, mucic
acid, palmitic acid, oleic aicd and lactobionic aicd; particularly the acid 1s selected from
1-hydroxy-2-naphthoic acid, citric acid, 4-aminosalicylic acid, L-tartaric acid, 2,5-

dihydroxybenzoic acid; more particularly the acid 1s citric acid;
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R'is H or Ciealkyl;

R” is H or hydroxys;

or pharmaceutically acceptable enantiomer or diastereomer thereof.

19. [(1S)-1-[(2S,4R,5R)-5-(5-amino-2-o0xo0-thiazolo[4,5-d]pyrimidin-3-yl)-4-hydroxy-
tetrahydrofuran-2-yl]propyl] acetate citric acid; or pharmaceutically acceptable enantiomer or

diastereomer thereof.
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