
WO 2012/100179 PCT/US2012/022053 

METHODS AND COMPOUNDS USEFUL IN THE SYNTHESIS OF 
FUSED AMINODIH YDROTHIAZINE DERIVATIVES 

RELATED APPLICATIONS 

This application claims the benefit under 35 U.S.C. § 119(e) of U.S. Provisional Patent 

Application No. 61/434,849, filed January 21, 2011. 

5 FIELD OF THE INVENTION 

The present invention relates to compounds and methods that are useful for the 

preparation of compounds useful as inhibitors of beta-site amyloid precursor protein (APP)-

cleaving enzyme. 

10 BACKGROUND OF THE INVENTION 

Alzheimer's disease is a disease characterized by degeneration and loss of neurons as well 

as formation of senile plaques and neurofibrillary degeneration. Currently, Alzheimer's disease is 

treated only with symptomatic treatment using a symptom improving agent typified by an 

acetylcholinesterase inhibitor, and a fundamental remedy to inhibit progression of the disease has 

15 not yet been developed. It is necessary to develop a method for controlling the cause of the onset 

of pathology in order to create a fundamental remedy for Alzheimer's disease. 

It is thought that Ap-proteins as break-down products of amyloid precursor proteins 

(APP) are involved in the degeneration and loss of neurons and onset of symptoms of dementia 

(see, e.g., Klein et al., Alzheimer's disease-affected brain: Presence of oligomeric A[3 ligands 

20 (ADDLs) suggests a molecular basis for reversible memory loss, PNAS USA 2003, Sep 2; 100 

(18), p. 10417-10422; Nitsch et al., Antibodies against p-amyloid slow cognitive decline in 

Alzheimer's disease, Neuron, 2003, May 22; 38, p. 547-554). 

A[3-proteins have, as main components, Ap40 consisting of 40 amino acids and Ap42 

with two amino acids added at the C-terminal. The Ap40 and Ap42 are known to have high 

25 aggregability and to be main components of senile plaques (see, e.g., Jarrett et al., The carboxy 

terminus of the p amyloid protein is critical for the seeding of amyloid formation: Implications 

for the pathogenesis of Alzheimers' disease, Biochemistry, 1993, 32 (18), p. 4693-4697; Glenner 

et al., Alzheimer's disease: initial report of the purification and characterization of a novel 

cerebrovascular amyloid protein, Biochemical and biophysical research communications, 1984, 

30 May 16, 120 (3), p. 885-890; Masters et al., Amyloid plaque core protein in Alzheimer disease 

and Down syndrome, PNAS USA, 1985, Jun, 82 (12), p. 4245-4249). Further, it is known that 
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the A['540 and Ap42 are increased by mutation in APP and presenilin genes which is observed in 

familial Alzheimer's disease (see, e.g., Gouras et al., Intraneuronal A(342 accumulation in human 

brain, American Journal of Pathology, 2000, Jan, 156 (1), p. 15-20; Scheuner et al., Secreted 

amyloid p-protein similar to that in the senile plaques of Alzheimer's disease is increased in vivo 

5 by the presenilin 1 and 2 and APP mutations linked to familial Alzheimer's disease, Nature 

Medicine, 1996, Aug, 2 (8), p. 864-870; Forman et al., Differential effects of the swedish mutant 

amyloid precursor protein on p-amyloid accumulation and secretion in neurons and nonneuronal 

cells, The Journal of Biological Chemistry, 1997, Dec 19, 272 (51), p. 32247-32253). 

Accordingly, a compound that reduces production of Ap40 and Ap42 is expected to be a 

10 progression inhibitor or prophylactic agent for Alzheimer's disease. 

Ap is produced by cleaving APP by beta-secretase (BACEl) and subsequently by 

gamma-secretase, For this reason, attempts have been made to create gamma-secretase and beta-

secretase inhibitors in order to inhibit Ap production. 

15 SUMMARY 

The present invention relates to compounds and methods that are useful for the 

preparation of inhibitors of beta-site amyloid precursor protein (APP)-cleaving enzyme, also 

known as beta-secretase, or BACEl. BACEl inhibitor compounds and methods of making the 

same have been described, for example, in WO 2009/091016, the contents of which is hereby 

20 incorporated by reference herein in its entirety. 

Provided herein are compounds of Formula I: 

I 

25 wherein: 

Ri is allcyl, haloalkyl, hydroxyalkyl, or -(Ci-6alkyl)-OR', wherein R' is an oxygen 

protecting group; and 

R2 and R3 are each independently hydrogen or halo (e.g., fluoro); 

or a salt thereof. 

30 In some embodiments, Formula I is subject to the proviso that when one of R2 or R3 is 

ortho-fluoro, and the other is hydrogen, R] is not -CH2F. 
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In some embodiments, Ri is trifluoromethyl, hydroxymethyl, monofluoromethyl, or 

tripheny lmethoxymethyl. 

In some embodiments, R2 is fluoro, and/or R3 is hydrogen or fluoro. 

Also provided are methods of making a compound of Formula I as defined above. In 

some embodiments, the method includes the step of heating a mixture including: 

(i) an oxime of Formula A: 

HOs 

A 

10 wherein Rj, R2 and R3 are as given above for Formula I; 

(ii) hydroquinone; and 

(Hi) a hydrocarbon solvent (e.g., benzene, toluene, xylenes, etc.), 

to a temperature of from 90, 95, 100, 105, or 110 °C, to 115, 120, 125, 130, 135, 140, 145, 

150, 155, or 160 °C (for example, from 90°C to 160°C, or from 110°C to 140°C, or from 100°C to 

15 120°C, or from 120°C to 140°C), 

to make said compound of Formula I, or a salt thereof. 

In some embodiments, the method includes the step of heating a mixture comprising: 

(i) a compound of Formula B: 
O 

Ri 
20 R2 

B 

wherein R1; R2 and R3 are as given above; 

(ii) an acetate; 

(Hi) hydroxylamine or a salt thereof; and 

25 (iv) a hydrocarbon solvent (e.g., benzene, toluene, xylenes, etc.), 

to a temperature of from 90, 95, 100, 105, or 110 °C, to 115, 120, 125, 130, 135, 140, 145, 

150, 155, or 160 °C (for example, from 90°C to 160°C, or from 110°C to 140°C, or from 100°C to 

120°C, or from 120°C to 140°C), 

to make said compound of Formula I, or a salt thereof. 
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Further provided are compounds of Formula II: 

R3 

NH2 
o 

?. n r OH 

II 
wherein: 

Ri is allcyl, haloalkyl, hydroxyalkyl, or -(Ci^-OR', wherein R' is an oxygen protecting 

group; and 

R2 and R3 are each independently hydrogen or halo (e.g., fluoro); 

or a salt thereof. 

In some embodiments, Formula II is subject to the proviso that when one of R2 or R3 is 

o/'Z/w-fluoro, and the other is hydrogen, Ri is not -CH2F. 

In some embodiments, Ri is trifluoromethyl, hydroxymethyl, monofluoromethyl, or 

triphenylmethoxymethyl. 

In some embodiments, R2 is fluoro, and/or R3 is hydrogen or fluoro. 

Also provided are methods of making a compound of Formula II: 

comprising the steps of: 



WO 2012/100179 

(a) heating a mixture comprising: 

(i) a ketone of Formula B: 

PCT/US2012/022053 

O 
n R3 

Ri ^ 
R2 

B 

wherein Ri, R2 and R3 are as given above for Formula II; 

(ii) hydroxylamine or a salt thereof; 

(in) a base (e.g., acetate, propionate, a tertiary amine base such as 

triethylamine or diethylisopropylamine, pyridine, or a salt thereof); and 

(iv) a solvent selected from: water and an alcohol (e.g., a C3.8 alcohol), 

to at least 90 or 100° Celsius (e.g., to boiling such as by refluxing) produce a 

heated mixture, 

(b) cooling the heated mixture to a temperature of at or below 60, 50 or 45° Celsius, and 

then, 

(c) adding an organic solvent (e.g., tetrahydrofuran or an ether solvent such as diethyl 

ether or methyl /e/7-butyl ether), an acid (e.g., a carboxylic acid such as acetic acid, or a mineral 

acid such as hydrochloric acid or sulfuric acid), and zinc (e.g., zinc powder or zinc dust) to the 

mixture, wherein said mixture is maintained at or below 60, 50 or 45 degrees Celsius (e.g., 

between 25, 30 or 35, and 45, 50 or 60 degrees Celsius) during said adding, 

to make said compound of Formula II. 

In some embodiments, the heating is carried out for at least 30 hours. 

Also provided is a method of making a stereochemically pure compound of Formula Ha: 

R-i n OH 

Ha 

NH2 

wherein Ri, R2 and R3 are as given above for Formula II, 

or a salt thereof, 

including the steps of: 
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(a) adding a mixture of stereoisomers of the compound of Formula II: 

FU 

R? 

O 
-NH, 

R1 H OH 

II 

wherein Ri, R2 and R3 are as given above, 

5 to a solvent (e.g., an alcohol such as ethanol or isopropanol, or a mixture such as a 

toluene - acetonitrile mixture, a toluene - acetone mixture, a toluene - tetrahydrofuran mixture, 

or an alcohol - water mixture), which solvent includes a chiral carboxylic acid compound (e.g., 

D-dibenzoyl tartaric acid, L-dibenzoyl tartaric acid, D-ditoluyl tartaric acid, and L-ditoluyl 

tartaric acid, etc.) to form a mixture of diastereomeric salts of the compound of Formula II; and 

10 then (b) crystallizing a single diastereomeric salt formed of the compound of Formula II, to 

make the stereochemically pure compound of Formula Ila, or a salt thereof. 

In some embodiments, the stereochemically pure compound has greater than about 80% 

by weight of one stereoisomer of the compound and less than about 20% by weight of other 

stereoisomers of the compound, more preferably greater than about 90% by weight of one 

15 stereoisomer of the compound and less than about 10% by weight of the other stereoisomers of 

the compound, even more preferably greater than about 95% by weight of one stereoisomer of 

the compound and less than about 5% by weight of the other stereoisomers of the compound, and 

most preferably greater than about 97% by weight of one stereoisomer of the compound and less 

than about 3% by weight of the other stereoisomers of the compound greater than about 90% by 

20 weight of one stereoisomer of the compound and less than about 10%) by weight of the other 

stereoisomers of the compound. 

In some embodiments, the crystallizing step is performed by cooling the mixture of 

diastereomeric salts of the compound of Formula II (e.g., to a temperature of from 40, 45, 50, 55, 

or 60 °C to 80, 90, 100, or 110 °C, to a temperature of from -10, -5, 0, 5, or 10 °C to 15, 20, 29, 

25 or 35 °C). 

Further provided are compounds of Formula III: 
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III 

wherein: 

Ri is allcyl, haloalkyl, hydroxyalkyl, or -(CI-6)-OR', wherein R1 is an oxygen protecting 

group;and 

R2 and R3 are each independently hydrogen or halo (e.g., fluoro); 

or a salt thereof. 

In some embodiments, Formula III is subject to the proviso that when one of R2 or R3 is 

o/7/?o-fluoro, and the other is hydrogen, Ri is not -CH2F. 

In some embodiments, Ri is trifluoromethyl, hydroxymethyl, monofluoromethyl, or 

triphenylmethoxymethyl. 

In some embodiments, R2 is fluoro, and/or R3 is hydrogen 01* fluoro. 

Also provided are compounds of Formula IV: 

wherein: 

Ri is allcyl, haloalkyl, hydroxyalkyl, or -(Ci-^-OR1, wherein R' is an oxygen protecting 

group; and 

R2 and R3 are each independently hydrogen or halo (e.g., fluoro); 

or a salt thereof. 

In some embodiments, Formula IV is subject to the proviso that when one of R2 or R3 is 

ortho-fluoro, and the other is hydrogen, Ri is not -CH2F. 

In some embodiments, Ri is trifluoromethyl, hydroxymethyl, monofluoromethyl, or 

triphenylmethoxymethyl. 

In some embodiments, R2 is fluoro, and/or R3 is hydrogen or fluoro. 

R 

IV 
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V 

wherein: 

Ri is allcyl, haloalkyl, hydroxyalkyl, or -(CI-6)-OR', wherein R' is an oxygen protecting 

group; and 

R2 and R3 are each independently hydrogen or halo (e.g., fluoro); 

or a salt thereof. 

In some embodiments, Formula V is subject to the proviso that when one of R2 or R3 is 

ortho-fluoro, and the other is hydrogen, Ri is not -CH2F. 

In some embodiments, Ri is trifluoromethyl, hydroxymethyl, monofluoromethyl, 01* 

triphenylmethoxymethyl. 

In some embodiments, R2 is fluoro, and/or R3 is hydrogen or fluoro. 

Also provided are methods for making a compound of Formula V: 

wherein: 

Ri is C3-4alkyl, halo-Ci-4alkyl, hydroxy-Ci-4alkyl, or-Ci-4allcyl-OR', 

wherein R1 is an oxygen protecting group; and 

R2 and R3 are each independently hydrogen or halo; 

or a salt thereof, 

V 

comprising the steps of: 
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(a) providing a mixture of 

(i) a compound of Formula III, 

R2 

0. 

\\ 
H H 

S 

R1 H OH 

III 

5 wherein Ri, R2 and R3 are as given above for Formula V; 

(ii) an amine base (e.g., pyridine, or a substituted pyridine such as 

collidine); and 

(Hi) an organic solvent (e.g., an aromatic hydrocarbon solvent, toluene, 

xylenes, benzene, dichloromethane, etc.), 

10 wherein said mixture is at a temperature at or below 0° Celsius, 

(b) reacting the mixture with trifluoromethanesulfonic anhydride, 4-

toluenesulfonyl chloride, methanesulfonyl chloride or methanesulfonyl anhydride, and then, 

(c) adding: 

(i) an alcohol (e.g., propanol, such as 2-propanol); and 

15 (ii) a base, such as a strong base selected from: a hydroxide, an allcoxide, 

and ammonia, 

to make said compound of Formula V. 

In some embodiments, the reacting step is carried out at a temperature of from -15, -10, 

20 or -5, to 0° Celsius. 

Also provided are compound of Formula VI: 

R2-^ 

0. 

^R3N02 

.N. .NH2 

R, H 

VI 

25 wherein: 
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Ri is alkyl, haloalkyl, hydroxyalkyl, or -(CI-6)-OR', wherein R' is an oxygen protecting 

group; and 

R2 and R3 are each independently hydrogen or halo (e.g., fluoro); 

or a salt thereof. 

In some embodiments, Formula VI is subject to the proviso that when one of R2 or R3 is 

ortho-fluoro, and the other is hydrogen, Ri is not -CH2F. 

In some embodiments, Ri is trifluoromethyl, hydroxymethyl, monofluoromethyl, or 

triphenylmethoxymethyl. 

In some embodiments, R2 is fluoro, and/or R3 is hydrogen or fluoro. 

Further provided are compounds of Formula VII: 

wherein: 

Ri is alkyl, haloalkyl, hydroxyalkyl, or -(CI-6)-OR', wherein R' is an oxygen protecting 

group; and 

R2 and R3 are each independently hydrogen or halo (e.g., fluoro); 

or a salt thereof. 

In some embodiments, Ri is methyl, trifluoromethyl, hydroxymethyl, monofluoromethyl, 

or triphenylmethoxymethyl. 

In some embodiments, R2 is fluoro, and/or R3 is hydrogen or fluoro. 

Also provided are methods of making a compound of Formula VII, or a salt thereof, 

including the step of: 

reducing a compound of Formula VI to form a compound of Formula VII, as shown 

below: 

VII 
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C 

2V^ 
^ .ISL /NH2 

VI VII ; 

wherein: 

Ri is alkyl, haloalkyl, hydroxyalkyl, or -(CI-6)-OR', wherein R' is an oxygen protecting 

5 group; and 

R2 and R3 are each independently hydrogen or halo. 

In some embodiments, Ri is trifluoromethyl, hydroxymethyl, monofluoromethyl, or 

triphenylmethoxymethyl. 

In some embodiments, R2 is fluoro, and/or R3 is hydrogen or fluoro. 

10 In some embodiments, the reducing of the compound of Formula VI to form the 

compound of Formula VII may include one or more of the steps of: (a) adding powdered iron to 

a carbinol solvent to form a mixture thereof; (b) adding hydrochloric acid (HCl) (e.g., 

concentrated HCl) to the mixture of step (a); (c) heating the mixture of step (b) to a temperature 

of from 31, 40 or 50 °C to 65, 70, 75, 80, 85°C, or to the boiling point of the mixture of step (b) 

15 (e.g., for 0 - 4 hours) to form a heated mixture; and (d) adding the compound of Formula VI, or 

a salt thereof, to the heated mixture of step (c). 

In some embodiments, the method further includes the steps of: (e) cooling the mixture of 

step (d) to a temperature of between 10 and 30°C to form a cooled mixture; and (f) optionally, 

stirring the cooled mixture (e.g., for 0 - 4 hours). 

20 In some embodiments, the HCl is provided in an amount selected from the group 

consisting of: an amount of HCl stoichiometric with respect to the amount of the compound of 

Formula VI; and an amount of HCl in molar excess with respect to the amount of the compound 

of Formula VI. 

25 Further provided are methods of making a compound of Formula IX: 
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IX 
wherein: 

Ri is alkyl, haloalkyl, hydroxyalkyl, or -(CI-6)-OR', wherein R' is an oxygen protecting 

group; and 

R4 is selected from the group consisting of alkyl, haloalkyl, alkoxy, and alkyl substituted 

with alkoxy; 

or a salt thereof; 

including the step of reacting a compound Formula VII with a pyrazine carboxylic acid of 

10 Formula VIII: 

wherein Ri, R2, R3 and R4 are as given above, 

to form said compound of Formula IX, or a salt thereof. 

In some embodiments, the reacting may include one or more of the steps of: (a) adding 

15 thionyl chloride to a solution comprising a compound of Formula VIII in a solvent to make a 

formed mixture; and (b) adding a compound of Formula VII to the formed mixture of step (a), 

to form said compound of Formula IX, or a salt thereof. 

In some embodiments, the solution comprising the compound of Formula VIII is a 

solvent is cooled prior to 01* during the adding step (a) (e.g., to a temperature of from 0 to 25 °C). 

20 In some embodiments, the solvent may include N,N'-dimethylimidazoline-2-one, toluene, 

methylene chloride, dimethylformamide, N-methylpyrrolidine, or dimethyacetamide. 

In some embodiments, the reacting may include one or more of the steps of: (a) adding 

ethyl acetate (EtOAc) to a compound of Formula VIII and a compound of Formula VII to make a 

5 R2 and R3 are each independently hydrogen or halogen; and 

IX VII 
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formed mixture; and (b) adding an alkyl phosphonie acid anhydride (e.g., 2-propyl phosphonic 

acid anhydride) to the formed mixture of step (a), to form said compound of Formula IX, or a 

salt thereof. 

In some embodiments, the formed mixture may be maintained at a a temperature of from 

5 0°C to 35°C during said adding step (a). 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1A-1B present typical chromatograms from chiral HPLC upon diastereomeric 

10 resolution of a tetrahydrofuran of Formula II in accordance with Example 4, part C. 

Figure 2 presents the x-ray crystal structure of ((2S,3R,4S)-4-Amino-4-(2-fluorophenyl)-

2-((trityloxy)methyl)tetrahydrofuran-3-yl)methanol (2R,3R)-2,3-bis(benzoyloxy)succinate: 

F 

0 

COOH 
>OBz 

BzO 
-NH2 COOH 

TrtO-^ H OH 

15 

DETAILED DESCRIPTION 

A. Definitions 

Compounds of this invention include those described generally above, and are further 

illustrated by the embodiments, sub-embodiments, and species disclosed herein. As used herein, 

20 the following definitions shall apply unless otherwise indicated. 

As described herein, compounds of the invention may optionally be substituted with one 

or more substituents, such as are illustrated generally above, or as exemplified by particular 

classes, subclasses, and species of the invention. In general, the term "substituted" refers to the 

replacement of hydrogen in a given structure with a specified substituent. Unless otherwise 

25 indicated, a substituted group may have a substituent at each substitutable position of the group, 

and when more than one position in any given structure may be substituted with more than one 

substituent selected from a specified group, the substituent may be either the same or different at 

every position. Combinations of substituents envisioned by this invention are preferably those 

that result in the formation of stable or chemically feasible compounds. 

30 "Isomers" refer to compounds having the same number and kind of atoms and hence the 

same molecular weight, but differing with respect to the arrangement or configuration of the 

atoms. 
-13-



WO 2012/100179 PCT/US2012/022053 

"Stereoisomers" refer to isomers that differ only in the arrangement of the atoms in space. 

"Diastereoisomers" refer to stereoisomers that are not mirror images of each other. 

"Enantiomers" refers to stereoisomers that are non-superimposable mirror images of one 

another. 

5 Enantiomers include "enantiomerically pure" isomers that comprise substantially a single 

enantiomer, for example, greater than or equal to 90%, 92%, 95%, 98%>, or 99%, or equal to 

100% of a single enantiomer. 

"Enantiomerically pure" as used herein means a compound, or composition of a 

compound, that comprises substantially a single enantiomer, for example, greater than or equal to 

10 90%o, 92%o, 95%), 98%o, or 99%>, or equal to 100% of a single enantiomer. 

"Stereomerically pure" as used herein means a compound or composition thereof that 

comprises one stereoisomer of a compound and is substantially free of other stereoisomers of 

that compound. For example, a stereomerically pure composition of a compound having one 

chiral center will be substantially free of the opposite enantiomer of the compound. A 

15 stereomerically pure composition of a compound having two chiral centers will be substantially 

free of diastereomers, and substantially free of the enantiomer, of the compound. A typical 

stereomerically pure compound comprises greater than about 80%> by weight of one stereoisomer 

of the compound and less than about 20%> by weight of other stereoisomers of the compound, 

more preferably greater than about 90%o by weight of one stereoisomer of the compound and less 

20 than about 10% by weight of the other stereoisomers of the compound, even more preferably 

greater than about 95% by weight of one stereoisomer of the compound and less than about 5% 

by weight of the other stereoisomers of the compound, and most preferably greater than about 

97%o by weight of one stereoisomer of the compound and less than about 3% by weight of the 

other stereoisomers of the compound. See, e.g., US Patent No. 7,189,715. 

25 "R" and "S" as terms describing isomers are descriptors of the stereochemical 

configuration at an asymmetrically substituted carbon atom. The designation of an 

asymmetrically substituted carbon atom as "R" or "S" is done by application of the Cahn-Ingold-

Prelog priority rules, as are well known to those skilled in the art, and described in the 

International Union of Pure and Applied Chemistry (IUPAC) Rules for the Nomenclature of 

30 Organic Chemistry. Section E, Stereochemistry. 

"Enantiomeric excess" (ee) of an enantiomer is [(the mole fraction of the major 

enantiomer) minus (the mole fraction of the minor enantiomer)] x 100. 

"Stable", as used herein, refers to compounds that are not substantially altered when 

subjected to conditions to allow for their production, detection, and preferably their recovery, 

35 purification, and use for one or more of the purposes disclosed herein. In some embodiments, a 
- 14-
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stable compound or chemically feasible compound is one that is not substantially altered when 

kept at a temperature of 40°C or less, in the absence of moisture or other chemically reactive 

conditions, for at least a week. 

"Refluxing" as used herein refers to a technique in which vapors from a boiling liquid are 

5 condensed and returned to the mixture from which it came, typically by boiling the liquid in a 

vessel attached to a condenser. 

"Powdered iron" or "iron powder" is iron having an average particle size of less than 0.1, 

0.5, 1, 5, 10, 20, 50, 250, 500 or 1000 |im. Particle size can be measured using methods known 

in the art, e.g., mesh sizing, laser diffraction, etc. 

10 "Zinc dust" is zinc having an average particle size of less than 0.001, 0.05, 0.1, 0.5, 1, 5, 

10, 15 or 20 (,im. "Zinc powder" is zinc having an average particle size of less than 200, 175, 150, 

125, or 100 (am. Particle size can be measured using methods known in the art, e.g., mesh sizing, 

laser diffraction, etc. 

An "organic" compound as used herein is a compound that contains carbon. Similarly, an 

15 "organic solvent" is a compound containing carbon that is useful as a solvent. An "inorganic" 

compound is a compound not containing carbon. 

"Mineral acid" as used herein is the acid of an inorganic compound. Examples include, 

but are not limited to, hydrochloric acid (HCl), nitric acid (HNO3), phosphoric acid (H3PO4), 

sulfuric acid (H2SO4), boric acid (B(OH)3), hydrofluoric acid (HF), hydrobromic acid (HBr), 

20 perchoric acid (HCIO4), etc. 

A "hydrocarbon" is an organic compound consisting of carbon and hydrogen atoms. 

Examples of hydrocarbons useful as "hydrocarbon solvents" include, but are not limited to, an 

"aromatic hydrocarbon solvent" such as benzene, toluene, xylenes, etc., and an "aliphatic 

hydrocarbon solvent" such as pentane, hexane, heptane, etc, 

25 An "amine" or "amine base" as used herein refers to an organic compound having a basic 

nitrogen atom (R-NR'R"), and may be a primary (R-NH2), secondary (R-NHR1) or tertiary (R-

NR'R") amine, 

A "strong base" as used herein is a compound that is capable of deprotonating very weak 

acids. Examples of strong bases include, but are not limited to, hydroxides, alkoxides, and 

30 ammonia. 

A "hydroxide" is the commonly known diatomic anion OH", or a salt thereof (typically an 

alkali metal or alkaline earth metal salt thereof). Examples of hydroxides include, but are not 

limited to, sodium hydroxide (NaCl), potassium hydroxide (KOH), lithium hydroxide (LiOH), 

and calcium hydroxide (CaOH). 

- 15 -
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An "alkoxide" is RO", the conjugate base of an alcohol. Examples include, but are not 

limited to, methoxide, ethoxide, and propoxide. 

"Ar" or "aryl" refer to an aromatic carbocyclic moiety having one or more closed rings. 

Examples include, without limitation, phenyl, naphthyl, anthracenyl, phenanthracenyl, biphenyl, 

5 and pyrenyl. 

"Heteroaryl" refers to a cyclic moiety having one or more closed rings, with one or more 

heteroatoms (for example, oxygen, nitrogen or sulfur) in at least one of the rings, wherein at least 

one of the rings is aromatic, and wherein the ring or rings may independently be fused, and/or 

bridged, Examples include without limitation quinolinyl, isoquinolinyl, indolyl, furyl, thienyl, 

10 pyrazolyl, quinoxalinyl, pyrrolyl, indazolyl, thieno[2,3-c]pyrazolyl, benzofuryl, pyrazolo[l,5-

a] pyridyl, thiophenylpyrazolyl, benzothienyl, benzothiazolyl, thiazolyl, 2-phenylthiazolyl, and 

isoxazolyl. 

"Alkyl" or "alkyl group," as used herein, means a straight-chain (i.e., unbranched), 

branched, or cyclic hydrocarbon chain that is completely saturated. In some embodiments, alkyl 

15 groups contain 1, 2, or 3, to 4, 5 or 6 carbon atoms (e.g., CM, C2-4, C3.4, C1.5, C2-5, C3.5, CM, C2.6, 

C3.6,). In some embodiments, alkyl groups contain 3-4 carbon atoms. In certain embodiments, 

alkyl groups contain 1-3 carbon atoms. In still other embodiments, alkyl groups contain 2-3 

carbon atoms, and in yet other embodiments alkyl groups contain 1-2 carbon atoms. In certain 

embodiments, the term "alkyl" or "alkyl group" refers to a cycloalkyl group, also known as 

20 carbocycle. Non-limiting examples of exemplary alkyl groups include methyl, ethyl, propyl, 

isopropyl, butyl, cyclopropyl and cyclohexyl. 

"Alkenyl" or "alkenyl group," as used herein, refers to a straight-chain (i.e., unbranched), 

branched, or cyclic hydrocarbon chain that has one or more double bonds. In certain 

embodiments, alkenyl groups contain 2-6 carbon atoms. In certain embodiments, alkenyl groups 

25 contain 2-4 carbon atoms. In still other embodiments, alkenyl groups contain 3-4 carbon atoms, 

and in yet other embodiments alkenyl groups contain 2-3 carbon atoms. According to another 

aspect, the term alkenyl refers to a straight chain hydrocarbon having two double bonds, also 

referred to as "diene." In other embodiments, the term "alkenyl" or "alkenyl group" refers to a 

cycloalkenyl group. Non-limiting examples of exemplary alkenyl groups include -CH=CH2, -

30 CH2CH=CH2 (also referred to as allyl), -CH=CHCH3, -CH2CH2CH=CH2, -CH2CH=CHCH3, -

CH=CH2CH2CH3, -CH=CH2CH=CH2, and cyclobutenyl. 

"Alkoxy", or "allcylthio", as used herein, refers to an alkyl group, as previously defined, 

attached to the principal carbon chain through an oxygen ("alkoxy") or sulfur ("allcylthio") atom. 

"Methylene", "ethylene", and "propylene" as used herein refer to the bivalent 

35 moieties -CH2-, -CH2CH2-, and -CH2CH2CH2-, respectively. 
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"Ethenylene", "propenylene", and "butenylene" as used herein refer to the bivalent 

moieties -CH=CH-, -CH=CHCH2-, -CH2CH=CH-, -CH=CHCH2CH2-, -CH2CH=CH2CH2-, and -

CH2CH2CH=CH-, where each ethenylene, propenylene, and butenylene group can be in the cis 

or trans configuration. In certain embodiments, an ethenylene, propenylene, or butenylene group 

5 can be in the trans configuration. 

"Alkylidene" refers to a bivalent hydrocarbon group formed by mono or diallcyl 

substitution of methylene. In certain embodiments, an alkylidene group has 1-6 carbon atoms. In 

other embodiments, an alkylidene group has 2-6, 1-5, 2-4, or 1-3 carbon atoms. Such groups 

include propylidene (CH3CH2CH=), ethylidene (CH3CH=), and isopropylidene (CH3(CH3)CH=), 

10 and the like. 

"Alkenylidene" refers to a bivalent hydrocarbon group having one or more double bonds 

formed by mono or dialkenyl substitution of methylene. In certain embodiments, an alkenylidene 

group has 2-6 carbon atoms. In other embodiments, an alkenylidene group has 2-6, 2-5, 2-4, or 

2-3 carbon atoms. According to one aspect, an alkenylidene has two double bonds. Exemplary 

15 alkenylidene groups include CH3CH=C=, CH2=CHCH=, CH2=CHCH2CH=, and 

CH2=CHCH2CH=CHCH= 

"Ci_6 allcyl ester or amide" refers to a C[_6 alkyl ester or a C|_6 alkyl amide where each Ci„ 

6 alkyl group is as defined above. Such C|_6 alkyl ester groups are of the formula (Ci-6 

alkyl)0C(=0)- or (Ci.g allcyl)C(=0)0-. Such Cj-6 alkyl amide groups are of the formula (Ci„6 

20 allcyl)NHC(=0)- or (Ci.6 allcyl)C(=0)NH-. 

"C2_6 alkenyl ester or amide" refers to a C2_6 alkenyl ester or a C2_6 alkenyl amide where 

each C2-6 alkenyl group is as defined above. Such C2„6 alkenyl ester groups are of the formula 

(C2-6 allcenyl)0C(=0)- or (C2_6 allcenyl)C(=0)0-, Such C2„6 alkenyl amide groups are of the 

formula (C2.g allcenyl)NHC(=0)- or (C2.6 allcenyl)C(=0)NH-. 

25 "Halo" refers to fluoro, chloro, bromo or iodo. 

"Haloalkyl" refers to an alkyl group substituted with one or more halo atoms. For 

example, "fluoromethyl" refers to a methyl group substituted with one or more fluoro atoms (e.g., 

monofluoromethyl, difluoromethyl, trifluoromethyl). 

"Hydroxyalkyl" refers to an alkyl group substituted with a hydroxyl group (-OH). 

30 "Fluoromethoxy" as used herein, refers to a fluoromethyl group, as previously defined, 

attached to the principal carbon chain through an oxygen atom. 

"Protecting group" as used herein, is meant that a particular functional moiety, e.g., O, S, 

or N, is temporarily blocked so that a reaction can be carried out selectively at another reactive 

site in a multifunctional compound. For example, in certain embodiments, as detailed herein, 

35 certain exemplary oxygen protecting groups are utilized. Oxygen protecting groups include, but 
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are not limited to, groups bonded to the oxygen to form an ether, such as methyl, substituted 

methyl (e.g., Trt (triphenylmethyl), MOM (methoxymethyl), MTM (methylthiomethyl), BOM 

(benzyloxymethyl), PMBM or MPM (p-methoxybenzyloxymethyl)), substituted ethyl (e.g., 2-

(trimethylsilyl)ethyl), benzyl, substituted benzyl (e.g., para-methoxybenzyl), silyl (e.g., TMS 

5 (trimethylsilyl), TES (tri ethyl silyl), TIPS (triisopropylsilyl), TBDMS (t-butyldimethylsilyl), 

tribenzylsilyl, TBDPS (t-butyldiphenyl silyl), 2-trimethylsilylprop-2-enyl, t-butyl, 

tetrahydropyranyl, allyl, etc. 

In some embodiments, the compounds may be provided as a salt, such as a 

pharmaceutically acceptable salt. Pharmaceutically acceptable salts are salts that retain the 

10 desired biological activity of the parent compound and do not impart undesired toxicological 

effects. Specific examples of pharmaceutically acceptable salts include inorganic acid salts (such 

as sulfates, nitrates, perchlorates, phosphates, carbonates, bicarbonates, hydrofluorides, 

hydrochlorides, hydrobromides and hydroiodides), organic carboxylates (such as acetates, 

oxalates, maleates, tartrates, fumarates and citrates), organic sulfonates (such as 

15 methanesulfonates, trifluoromethanesulfonates, ethanesulfonates, benzenesulfonates, 

toluenesulfonates and camphorsulfonates), amino acid salts (such as aspartates and glutamates), 

quaternary amine salts, alkali metal salts (such as sodium salts and potassium salts) and alkali 

earth metal salts (such as magnesium salts and calcium salts). 

Unless indicated otherwise, nomenclature used to describe chemical groups or moieties 

20 as used herein follow the convention where, reading the name from left to right, the point of 

attachment to the rest of the molecule is at the right-hand side of the name. For example, the 

group "(Ci_3 alkoxy)Ci„3 alkyl," is attached to the rest of the molecule at the alkyl end. Further 

examples include methoxyethyl, where the point of attachment is at the ethyl end, and 

methylamino, where the point of attachment is at the amine end. 

25 Unless indicated otherwise, where a mono or bivalent group is described by its chemical 

formula, including one or two terminal bond moieties indicated by it will be understood that 

the attachment is read from left to right. 

Unless otherwise stated, structures depicted herein are also meant to include all 

enantiomeric, diastereomeric, and geometric (or conformational) forms of the structure; for 

30 example, the R and S configurations for each asymmetric center, (Z) and (E) double bond 

isomers, and (Z) and (E) conformational isomers. Therefore, single stereochemical isomers as 

well as enantiomeric, diastereomeric, and geometric (or conformational) mixtures of the present 

compounds are within the scope of the invention. Unless otherwise stated, all tautomeric forms 

of the compounds of the invention are within the scope of the invention. 
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Additionally, unless otherwise stated, structures depicted herein are also meant to include 

compounds that differ only in the presence of one or more isotopically enriched atoms. For 

example, compounds having the present structures except for the replacement of hydrogen by 

deuterium or tritium, or the replacement of a carbon by a 13C- or 14C-enriched carbon are within 

the scope of this invention. Such compounds are useful, for example, as analytical tools or 

probes in biological assays. 

B. Compounds and Chemical Synthesis 

Provided herein are compounds of Formula I: 

R3 

R2ir 
H 
N 

O O 

10 R1 H 

I 

wherein: 

Ri is alkyl, haloalkyl, hydroxyalkyl, or -(Cigalleyl)-OR', wherein R' is an oxygen 

15 protecting group; and 

R2 and R3 are each independently hydrogen or halo (e.g., fluoro); 

or a salt thereof. 

In some embodiments, Formula I is subject to the proviso that when one of R2 or R3 is 

20 o/Y/w-fluoro, and the other is hydrogen, Ri is not -CH2F. 

In some embodiments, Ri is trifluoromethyl, hydroxymethyl, monofluoromethyl, or 

triphenylmethoxymethyl. 

In some embodiments, R2 is fluoro, and/or R3 is hydrogen or fluoro. 

25 Examples of compounds of Formula I include: 
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Also provided are methods of making a compound of Formula I as defined above. In 

some embodiments, the method includes the step of heating a mixture including: 

(i) an oxime of Formula A: 

HOv 

5 A 

wherein R1; R2 and R3 are as given above for Formula I; 

(ii) hydroquinone; and 

(iii) a hydrocarbon solvent (e.g., benzene, toluene, xylenes, etc.), 

to a temperature of from 90, 95, 100, 105, or 110 °C, to 115, 120, 125, 130, 135, 140, 145, 

10 150, 155, or 160 °C (for example, from 90°C to 160°C, or from 110°C to 140°C, or from 100°C to 

120°C, or from 120°C to 140°C), 

to make said compound of Formula I, or a salt thereof. 

In some embodiments, the method includes the step of heating a mixture comprising: 

15 (i) a compound of Formula B: 

B 

wherein Ri, R2 and R3 are as given above; 

(ii) an acetate; 

20 (in) hydroxylamine or a salt thereof; and 

(iv) a hydrocarbon solvent (e.g., benzene, toluene, xylenes, etc.), 

to a temperature of from 90, 95, 100, 105, or 110 °C, to 115, 120, 125, 130, 135, 140, 145, 

150, 155, or 160 °C (for example, from 90°C to 160°C, or from 110°C to 140°C, or from 100°C to 

120°C, or from 120°C to 140°C), 

25 to make said compound of Formula I, or a salt thereof. 

Further provided are compounds of Formula II: 
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R?~rr 

o 

R, 

-NH, 

Ri H OH 

II 

wherein: 

Ri is alkyl, haloalkyl, hydroxyalkyl, or -(Ci-6)-OR', wherein R1 is an oxygen protecting 

group; and 

R2 and R3 are each independently hydrogen or halo (e.g., fluoro); 

or a salt thereof. 

In some embodiments, Formula II is subject to the proviso that when one of R2 or R3 is 

10 ort/?o-fluoro, and the other is hydrogen, Ri is not-CH2F. 

In some embodiments, Ri is trifluoromethyl, hydroxymethyl, monofluoromethyl, or 

triphenylmethoxymethyl. 

In some embodiments, R2 is fluoro, and/or R3 is hydrogen or fluoro. 

15 Examples of compounds of Formula II include: 

R 

F 

o 

TrtO 

-NHo 
F 

0 

H 

-NH, 

OH , and F3C H OH 

20 

Also provided are methods of making a compound of Formula II: 

R, 

R2 O 
0. 

-NH2 

RI H OH 

II 

wherein: 

-21 -



WO 2012/100179 PCT/US2012/022053 

Ri is Ci-4alkyl; and 

R2 and R3 are each independently hydrogen or halo; 

or a salt thereof, 

comprising the steps of: 

(a) heating a mixture comprising: 

(i) a ketone of Formula B: 
O 

wherein Ri, R2 and R3 are as given above for Formula II; 

(//) hydroxylamine or a salt thereof; 

(Hi) a base (e.g., acetate, propionate, a tertiary amine base such as 

triethylamine or diethylisopropylamine, pyridine, or a salt thereof); and 

(iv) a solvent selected from: water and an alcohol (e.g., a C3.8 alcohol), 

to at least 90 or 100° Celsius (e.g., to boiling such as by refluxing) produce a 

heated mixture, 

(b) cooling the heated mixture to a temperature of at or below 60, 50 or 45° Celsius, and 

then, 

(c) adding an organic solvent (e.g., tetrahydrofuran or an ether solvent such as diethyl 

ether or methyl tert-butyl ether), an acid (e.g., a carboxylic acid such as acetic acid, or a mineral 

acid such as hydrochloric acid or sulfuric acid), and zinc (e.g., zinc powder or zinc dust) to the 

mixture, wherein said mixture is maintained at or below 60, 50 or 45 degrees Celsius (e.g., 

between 25, 30 or 35, and 45, 50 or 60 degrees Celsius) during said adding, 

to make said compound of Formula II. 

In some embodiments, the heating is carried out for at least 30 hours. 

Also provided is a method of making a stereochemically pure compound of Formula Ha: 

B 
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R-i n OH 

Ha 

wherein Ri, R2 and R3 are as given above for Formula II, 

or a salt thereof, 

including the steps of: 

(a) adding a mixture of stereoisomers of the compound of Formula II: 

R3 

R2 11 

-NH, 

Ri H OH 

II 

wherein Ri, R2 and R3 are as given above, 

10 to a solvent (e.g., an alcohol such as ethanol or isopropanol, or a mixture such as a 

toluene - acetonitrile mixture, a toluene - acetone mixture, a toluene - tetrahydrofuran mixture, 

or an alcohol - water mixture), which solvent includes a chiral carboxylic acid compound (e.g., 

D-dibenzoyl tartaric acid, L-dibenzoyl tartaric acid, D-ditoluyl tartaric acid, and L-ditoluyl 

tartaric acid, etc.) to form a mixture of diastereomeric salts of the compound of Formula II; and 

15 then 

(b) crystallizing a single diastereomeric salt formed of the compound of Formula II, 

to make the stereochemically pure compound of Formula Ha, or a salt thereof. 

In some embodiments, the stereochemically pure compound has greater than about 80% 

20 by weight of one stereoisomer of the compound and less than about 20% by weight of other 

stereoisomers of the compound, more preferably greater than about 90%> by weight of one 

stereoisomer of the compound and less than about 10% by weight of the other stereoisomers of 

the compound, even more preferably greater than about 95% by weight of one stereoisomer of 

the compound and less than about 5%o by weight of the other stereoisomers of the compound, and 

25 most preferably greater than about 91% by weight of one stereoisomer of the compound and less 

than about 3%> by weight of the other stereoisomers of the compound greater than about 90%> by 
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weight of one stereoisomer of the compound and less than about 10% by weight of the other 

stereoisomers of the compound. 

In some embodiments, the crystallizing step is performed by cooling the mixture of 

diastereomeric salts of the compound of Formula II (e.g., to a temperature of from 40, 45, 50, 55, 

or 60 °C to 80, 90, 100, or 110 °C, to a temperature of from -10, -5, 0, 5, or 10 °C to 15, 20, 29, 

or 35 °C). 

Further provided are compounds of Formula III: 

Ri is alkyl, haloalkyl, hydroxyalkyl, or -(CI-6)-OR', wherein R' is an oxygen protecting 

R2 and R3 are each independently hydrogen or halo (e.g., fluoro); 

or a salt thereof. 

In some embodiments, Formula III is subject to the proviso that when one of R2 or R3 is 

o/V/ra-fluoro, and the other is hydrogen, Ri is not -CII2F. 

In some embodiments, Ri is trifluoromethyl, hydroxymethyl, monofluoromethyl, or 

triphenylmethoxymethyl. 

In some embodiments, R2 is fluoro, and/or R3 is hydrogen or fluoro. 

Examples of compounds of Formula III include: 

III 

wherein: 

group; and 

TrtO OH , and F3C 

Y H H 
/—'V'BZ 

ms; OH 
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Also provided are compounds of Formula IV: 

IV 

wherein: 

Ri is alkyl, haloalkyl, hydroxyalkyl, or -(CI-6)-OR, wherein R' is an oxygen protecting 

R2 and R3 are each independently hydrogen or halo (e.g., fluoro); 

or a salt thereof. 

In some embodiments, Formula IV is subject to the proviso that when one of R2 or R3 is 

ortho-fluoro, and the other is hydrogen, Ri is not -CH2F. 

In some embodiments, Ri is trifluoromethyl, hydroxymethyl, monofluoromethyl, or 

triphenylmethoxymethyl. 

In some embodiments, R2 is fluoro, and/or R3 is hydrogen or fluoro. 

Examples of compounds of Formula IV include: 

group; and 

TrtO 

Further provided are compounds of Formula V: 

V 
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wherein: 

Ri is alkyl, haloalkyl, hydroxyalkyl, or -(Ci-^-OR1, wherein R' is an oxygen protecting 

group; and 

R2 and R3 are each independently hydrogen or halo (e.g., fluoro); 

or a salt thereof. 

In some embodiments, Formula V is subject to the proviso that when one of R2 or R3 is 

ortho-fluoro, and the other is hydrogen, Ri is not -CH2F. 

In some embodiments, R] is trifluoromethyl, hydroxymethyl, monofluoromethyl, or 

triphenylmethoxymethyl. 

In some embodiments, R2 is fluoro, and/or R3 is hydrogen or fluoro. 

Examples of compounds of Formula V include: 

Also provided are methods for making a compound of Formula V: 

V 

wherein: 

R] is C3-4alkyl, halo-Ci-4alkyl, hydroxy-Ci-4alkyl, or -Ci-4alkyl-OR', 

wherein R1 is an oxygen protecting group; and 

R2 and R3 are each independently hydrogen or halo; 

or a salt thereof, 

comprising the steps of: 

(a) providing a mixture of 
26-
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(i) a compound of Formula III, 

R2 

O 

^3 

\\ 
H H 

'V'Bz 
s 

R1 H OH 

III 

wherein Ri, R2 and R3 are as given above for Formula V; 

(ii) an amine base (e.g., pyridine, or a substituted pyridine such as 

collidine); and 

(Hi) an organic solvent (e.g., an aromatic hydrocarbon solvent, toluene, 

xylenes, benzene, dichloromethane, etc.), 

wherein said mixture is at a temperature at or below 0° Celsius, 

(b) reacting the mixture with trifluoromethanesulfonic anhydride, 4-

toluenesulfonyl chloride, methanesulfonyl chloride or methanesulfonyl anhydride, and then, 

(c) adding: 

(i) an alcohol (e.g., propanol, such as 2-propanol); and 

(ii) a base, such as a strong base selected from: a hydroxide, an alkoxide, 

and ammonia, 

to make said compound of Formula V. 

In some embodiments, the reacting step is carried out at a temperature of from -15, -10, 

or -5, to 0° Celsius. 

Also provided are compound of Formula VI: 

f\N02 

VI 

wherein: 

Ri is alkyl, haloalkyl, hydroxyalkyl, or - (C|-6)-OR', wherein R' is an oxygen protecting 

group; and 
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R2 and R3 are each independently hydrogen or halo (e.g., fluoro); 

or a salt thereof. 

In some embodiments, Formula VI is subject to the proviso that when one of R2 or R3 is 

ortho-fluoro, and the other is hydrogen, R] is not -CH2F. 

In some embodiments, Ri is trifluoromethyl, hydroxymethyl, monofluoromethyl, or 

triphenylmethoxymethyl. 

In some embodiments, R2 is fluoro, and/or R3 is hydrogen or fluoro. 

Examples of compounds of Formula VI include: 

Further provided are compounds of Formula VII: 

VII 

wherein: 

Ri is alkyl, haloalkyl, hydroxyalkyl, or -(CI-6)-OR, wherein R' is an oxygen protecting 

group; and 

R2 and R3 are each independently hydrogen or halo (e.g., fluoro); 

or a salt thereof. 

In some embodiments, Rj is methyl, trifluoromethyl, hydroxymethyl, monofluoromethyl, 

or triphenylmethoxymethyl. 

In some embodiments, R2 is fluoro, and/or R3 is hydrogen or fluoro. 

Examples of compound of Formula VII include: 
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Also provided are methods of making a compound of Formula VII, or a salt thereof, 

including the step of: 

reducing a compound of Formula VI to form a compound of Formula VII, as shown 

below: 

VI VII ; 

wherein: 

Ri is alkyl, haloalkyl, hydroxyalkyl, or -(C]-6)-OR, wherein R' is an oxygen protecting 

group; and 

R2 and R3 are each independently hydrogen or halo. 

In some embodiments, Ri is trifluoromethyl, hydroxymethyl, monofluoromethyl, or 

triphenylmethoxymethyl. 

In some embodiments, R2 is fluoro, and/or R3 is hydrogen or fluoro. 

In some embodiments, the reducing of the compound of Formula VI to form the 

compound of Formula VII may include one or more of the steps of: 

(a) adding powdered iron to a carbinol solvent to form a mixture thereof; 

(b) adding hydrochloric acid (HCl) (e.g., concentrated HCl) to the mixture of step (a); 

(c) heating the mixture of step (b) to a temperature of from 31, 40 or 50 °C to 65, 70, 75, 

80, 85°C, 01* to the boiling point of the mixture of step (b) (e.g., for 0 - 4 hours) to form a heated 

mixture; and 

(d) adding the compound of Formula VI, or a salt thereof, to the heated mixture of step 

(c). 
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In some embodiments, the method further includes the steps of: 

(e) cooling the mixture of step (d) to a temperature of between 10 and 30°C to form a 

cooled mixture; and 

(f) optionally, stirring the cooled mixture (e.g., for 0 - 4 hours). 

In some embodiments, the HCl is provided in an amount selected from the group 

consisting of: an amount of HCl stoichiometric with respect to the amount of the compound of 

Formula VI; and an amount of HCl in molar excess with respect to the amount of the compound 

of Formula VI. 

Further provided are methods of making a compound of Formula IX: 

wherein: 

Ri is alkyl, haloalkyl, hydroxyalkyl, or -(C]-6)-OR', wherein R' is an oxygen protecting 

group; and 

R2 and R3 are each independently hydrogen or halogen; and 

R4 is selected from the group consisting of alkyl, haloalkyl, alkoxy, and alkyl substituted 

with alkoxy; 

or a salt thereof; 

including the step of reacting a compound Formula VII with a pyrazine carboxylic acid of 

Formula VIII: 

IX 

IX VII 
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wherein Rj, R2, R3 and R4 are as given above, 

to form said compound of Formula IX, or a salt thereof. 

PCT/US2012/022053 

In some embodiments, the reacting may include one or more of the steps of: 

5 (a) adding thionyl chloride to a solution comprising a compound of Formula VIII in a 

solvent to make a formed mixture; and 

(b) adding a compound of Formula VII to the formed mixture of step (a), 

to form said compound of Formula IX, or a salt thereof. 

10 In some embodiments, the solution comprising the compound of Formula VIII is a 

solvent is cooled prior to or during the adding step (a) (e.g., to a temperature of from 0 to 25°C). 

In some embodiments, the solvent may include N,N'-dimethylimidazoline-2-one, toluene, 

methylene chloride, dimethylformamide, N-methylpyrrolidine, or dimethyacetamide. 

15 

In some embodiments, the reacting may include one or more of the steps of: 

(a) adding ethyl acetate (EtOAc) to a compound of Formula VIII and a compound of 

Formula VII to make a formed mixture; and 

(b) adding propane phosphonic acid anhydride (e.g., ®T3P, Archimica, Germany) to the 

20 formed mixture of step (a), to form said compound of Formula IX, or a salt thereof. 

In some embodiments, the formed mixture may be maintained at a a temperature of from 

0°C to 35°C during said adding step (a). 

25 These compounds, or salts thereof, as well as methods of making, are useful in methods 

of synthesis of fused aminodihydrothiazine derivatives, such as the method provided below in 

Scheme I. 
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Scheme I 

In order that the invention described herein may be more fully understood, the following 

examples are set forth. It should be understood that these examples are for illustrative purposes 

only and are not to be construed as limiting this invention in any manner. 

EXAMPLES 

General: 

Column chromatography was carried out using Biotage SP4. Solvent removal was carried 

out using either a Buchii rotary evaporator or a Genevac centrifugal evaporator. Preparative 

LC/MS was conducted using a Waters autopurifier and 19 x 100mm XTerra 5 micron MS CI8 

column under acidic mobile phase condition. NMR spectra were recorded using Varian 400MHz 

spectrometer. 

When the term "inerted" is used to describe a reactor (e.g., a reaction vessel, flask, glass 

reactor, and the like) it is meant that the air in the reactor has been replaced with an essentially 
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moisture-free or dry, inert gas (such as nitrogen, argon, and the like). The term "equivalent" 

(abbreviation: eq) as used herein describes the stoichiometry (molar ratio) of a reagent or a 

reacting compound by comparison to a pre-established starting material. The term "weight" 

(abbreviation: wt) as used herein corresponds to the ratio of the mass of a substance or a group of 

5 substances by comparison to the mass of a particular chemical component of a reaction or 

purification specifically referenced in the examples below. The ratio is calculated as: g/g, or 

Kg/Kg. The term "volume" (abbreviation: vol) as used herein corresponds to the ratio of the 

volume of a given substance or a group of substances to the mass or volume of a pre-established 

chemical component of a reaction or purification. The units used in the equation involve 

10 matching orders of magnitude. For example, a ratio is calculated as: mL/mL, mL/g, L/L or L/Kg, 

General methods and experimentals for preparing compounds of the present invention are 

set forth below. In certain cases, a particular compound is described by way of example. 

However, it will be appreciated that in each case a series of compounds of the present invention 

were prepared in accordance with the schemes and experimentals described below. 

15 

The following abbreviations are used herein: 

Abbreviation Definition 
TMS Trimethylsilyl 
TBAF Tetrabutylammonium fluoride 
NaOH Sodium hydroxide 
BU4N HSO4 Tetrabutylammonium hydrogen sulfate 
THF Tetrahydrofuran 
rt Room temperature 
h Hour(s) 
NaCl Sodium chloride 
HCOOH Formic acid 
V Volumes 
wt Weights 
CDI N,N-Carbonyldiimidazole 
DCM Dichloromethane 
Aq Aqueous 
Sat. Saturated 
HCl Hydrochloric acid 
HRMS High Resolution Mass Spectrometry 
nBuLi n-butyl lithium 
NH4CI Ammonium chloride 
MeOH Methanol 
EtOAc Ethyl acetate 
NaHC03 Sodium bicarbonate 
M Molar (moles/liter) 
T Temperature 
MTBE Methyl fe/7-butyl ether 
TLC Thin layer chromatography 
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N Normal (equivalents per liter) 
iPrMgBr Isopropyl magnesium bromide 
LiCl Lithium chloride 
NaOAc Sodium acetate 
NH4OH Ammonium hydroxide 
HPLC High performance liquid chromatography 
ee Enantiomeric excess 
DMI l,3-Dimethyl-2-imidazolidinone 
UV Ultraviolet 
RRT Relative retention time 
OROT Optical rotation 
Bz Benzoyl 
®T3P (Archimica) n-propyl phosphonic acid anhydride 

A. Preparation of Hexahydrofuroisoxazoles Compounds of Formula I 

5 Example I: Preparation of 6a-(2-fluorophenyl)-4-(trifluoromethyl)hexahydrofuro- [3,4-

c]isoxazole. 

OHC^ 
CF3TMS 

cat. TBAF 

OTMS 

F3C' 

Br Jl0>C 9 
aq. NaOH 

BU4N HS04 CF3 
toluene 0 °C 1 

tert-Buiyl 2-(l,l,l-trifluorobut-3-en-2-yloxy)acetate. A reaction vessel was charged with 

10 toluene (3.2 L), THF (0.60 L) and acrolein (0.40 L, 5.985 mol) at rt under nitrogen. 

(Trifluoromethyl)trimethylsilane (1.003 kg, 7.059 mol) was added at 17 °C. The reaction mixture 

was cooled to 2.5 °C and TBAF (0.01 M in THF, 0.400 L, 0.004 mol) was added over 2 hours. 

During addition of TBAF, the temperature of the reaction mixture increased to 65 °C. The 

reaction mixture was cooled to 0 °C, and after 2h, tetra-o-butylammonium hydrogen sulfate 

15 (0.171 kg, 0.503 mol) was added, followed by tert-butyl bromoacetate (0.987 kg, 5.064 mol). 

Sodium hydroxide (50% wt in water, 4.2 kg, 52.6 mol) was added over 2h while maintaining the 

temperature under 10 °C. After 2h at 0-5 °C, to the reaction mixture was added water (2.9 L) and 

methyl tert-butyl ether (6.0 L). The aq. phase was extracted one more time with methyl tert-butyl 

ether (6.0 L). The organic phases were combined and washed with 14% aq. NaCl (3 x 1.6 L). 

20 The organics were concentrated under vacuum to afford the title compound 1 as an oil (1.150 kg, 

94.5%>) which was used in the subsequent stage without additional purification. 

tert-Butyl 2-(l,l,l-trifluorobut-3-en-2-yloxy)acetate: 'll NMR (500 MHz, CDCI3) 5 5.86 

-5.74 (m, 1H), 5.59 (d, 7= 17.5 Hz, 1H), 5.56 (d, 7= 10.9 Hz, 1H), 4.37 - 4.30 (m, 1H), 4.11 (d, 
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J= 16.5 Hz, 1H), 4.06 (d, J= 16.4 Hz, 1H), 1.40 (s, 9H); 13C NMR (125 MHz, CDC13) § 168.51, 

128.49 (d, J= 1.7 Hz), 123.86, 123.71 (q, 7= 281.8 Hz), 82.22, 78.67 (q, J= 31.5 Hz), 66.60, 

28.02. 

7V-Methoxy-iV-methyl-2-(l,l,l-trifluorobut-3-en-2-yloxy)acetainide. To a reactor containing 

tert-butyl 2-(l,l,l-trifluorobut-3-en-2-yloxy)acetate 1 (1.150 kg, 4.788 mol) was added formic 

acid (6i2 kg) at rt. The reaction mixture was heated to 55-60 °C for 4-5 hours. The formic acid 

10 was evaporated under vacuum (T = 40-45 °C) and chased with toluene (2 x 3.0 L). To the 

residue was added CH2CI2 (2.0 L) and further concentrated under vacuum. To the resulting 

residue was added CH2C12 (4.6 L) and the solution was cooled to 0 °C, followed by N,N-

carbonyldiimidazole (1.05kg, 6.49 mol) in five portions. The mixture was stirred for 30 minutes, 

and N,0-dimethylhydroxylamine hydrochloride (0.67 kg, 6.72 mol)was added in portions while 

15 maintaining temperature below 10 °C. The reaction mixture was warmed to rt and stirred over 14 

hours. The reaction mixture was cooled to 3.2 °C and imidazole (100.7 g, 1.48 mol) was charged 

in two portions. The reaction mixture was warmed to rt and water (1.4 kg) was added, followed 

by methyl tert-butyl ether (14.0 L). The organic phase was washed with 2.0 N aq. HCl (1.0 L and 

0.7 L), followed by sat. aq. NaHCC>3 (1.2 L) and sat. aq. NaCl (1.20 L). The organics were 

20 concentrated to afford the title compound 2 as an oil (0.95kg, 87.2%). 

iV-Methoxy-Af-methyl-2-(l,l,l-trifluorobut-3-en-2-yloxy)acetamide: 'HNMR (500 MHz, 

CDCI3) 5 5.85 - 5.76 (m, 1H), 5.62 (d, J= 17.2 Hz, 1H), 5.56 (d, J = 10.4 Hz, 1H), 4.49 - 4.34 

(m, 3H), 3.68 (s, 3H), 3.67 (s, 1H), 3.18 (s, 3H), 3.08 (s, 1H); 13C NMR (126 MHz, cdcl3) 8 

169.9*, 163.4*, 128.61, 123.87 (d, 282.0 Hz), 123.82, 78.54 (q, 7=31.3 Hz), 66.12,61.52, 

25 60.56, 36.20, 32.24. Note: this compound is a 3:1 mixture of amide bond rotamers. *Carbonyl 

chemical shifts estimated indirectly through 'H-^C HMBC (heteronuclear multiple-bond 

correlation). 

5 1 CDI, DCM 2 

HRMS Calculated for C8HI2F3N03 [M+H]+228.0848; found 228.0836. 
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20 

3 

l-(2-FIuorophenyl)-2-(l,l,l-trifluorobut-3-en-2-yloxy)ethanone. To a solution l-bromo-2-

fluorobenzene (0.967 kg, 5.527 mol) in THF (6.2 L) at -75 °C, was added n-butyllithium (2,50 M 

in hexane, 2.09 L, 5.22 mol) while maintaining temperature below -65 °C (ca. 100 min.). After 

5 15 minutes, a solution of ALmethoxy-A^-methyl-2-(l,1,1 -trifluorobut-3-en-2-yloxy)acetamide 2 

(0.949 kg, 4.178 mol) in THF (1.6 L) was added while maintaining temperature below -65 °C (ca. 

70 min.). After 2.5 h at -78 °C, the reaction was quenched by addition of sat. aq. NH4CI (3.0 L) 

and methyl /e/7-butyl ether (9.0 L). The reaction mixture was warmed to rt, the aq. phase was 

extracted again with methyl /e/V-buty 1 ether (2.5 L). The organic phases were combined, washed 

10 with sat. aq. NaCl (2 x 0.3 L) and concentrated under vacuum to afford the title compound 3 as 

an oil (1.007kg, 80.0%). 

l-(2-Fluorophenyl)-2-(l,l,l-trifluorobut-3-en-2-yloxy)ethanone: 'jI NMR (500 MHz, 

CDCI3) 8 7.96 (td, J = 7.6, 1.8 Hz, 1H), 7.62 - 7.54 (m, 1H), 7.33 - 7.25 (m, 1H), 7.20 - 7.12 (m, 

1H), 5.86 (ddd, J= 17.5, 10.4, 7.3 Hz, 1H), 5.60 (dd, J= 20.5, 13.8 Hz, 2H), 4.91 - 4.76 (m, 2H), 

15 4.39 (dq, J= 12.8, 6.4 Hz, 1H); 13C NMR (125 MHz, CDC13) 8 193.55, 162.14 (d, JcF = 254.1 

Hz), 135.36 (d, JCF = 9.2 Hz), 130.62 (d, JcF = 3.2 Hz), 128.49, 124.85 (d, Jc? = 3.3 Hz), 123.89, 

122.93, 122.72 (d, JCF = 24.5 Hz), 116.50 (d, JCF = 23.7 Hz), 78.97 (q, JCF = 31.4 Hz), 74.56 (d, 

JCF =12.4 Hz). 

HRMS Calculated for C12H10F4O2 [M+H]+263.0695; found 263.0709. 

NH2OH HCl, 
NaOAc 
MeOH 

l-(2~Fluorophenyl)~2-(l,l,l-trifluorobut-3-en-2-yloxy)etliaiione oxime. To a reactor was 

added hydroxylamine hydrochloride (0.34 kg, 4.95 mol), sodium acetate (0.47 kg, 5.70 mol) and 

MeOH (2.68 L). To this suspension was charged a solution of l-(2-fluorophenyl)-2-(l,l,l-

25 trifluorobut-3-en-2-yloxy)ethanone 3 (0.998 kg, 3.806 mol) in MeOH (1.8 L) and the reaction 

mixture was heated to 40-50 °C. Upon completion (ca. 2 h) the reaction mixture was cooled to rt, 

and filtered over Celite (0.5 wt) and rinsed with EtOAc (3.0 L). The filtrate was concentrated 

under vacuum and to the resulting residue was added methyl /e/'/-butyl ether (6.3 L), water (0.94 
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L) and sat, aq. NaHCC>3 (2.5 L), The organic phase was washed once with water (1.6 L) and sat. 

aq. NaCl (0.1 L). The organic phase was concentrated under vacuum to afford the title compound 

4 as an oil (1.03 kg, 95.0%). 

l-(2-Fluorophenyl)-2-(l,l,l-trifluorobut-3-en-2-yloxy)ethanone oxime: 'H NMR (500 

MHz, CDCI3) 8 7.49 - 7.35 (m, 2H), 7.24 - 7.06 (m, 2H), 5.78 - 5.65 (m, 1H), 5.54 - 5.40 (m, 

2H), 4.89 - 4.81 (m, 1H), 4.53 (d, J= 12.6 Hz, 1H), 4.47 (d, J= 12.6 Hz, 0.5H), 4.27 - 4.18 (m, 

1H), 4.13-4.05 (m, 0.5H). 

HRMS Calculated for C12H11F4NO2 [M+H]+278.0804; found 278.0780. 

Note: Oxime 4 exists as an equilibrium of structural isomers, which accounts for the less-

than-whole-number integral values. 

hydroquinone 

xylenes 
130 °C 

F 

O, 

F3C 

O 

H 
5 

6a-(2-Fluorophenyl)-4-(trifluoromethyl)hexahydrofuro[3,4-c]isoxazole. To a solution of 1-

(2-fluorophenyl)-2-(l,l,l-trifluorobut-3-en-2-yloxy)ethanone oxime 4 (1.085 kg, 3.328 mol) in 

15 xylenes (6.9 L) was added hydroquinone (86.2g, 0.8 mol) at rt. The solution was heated to 128 

°C (internal temperature) for 18 h. The solution was cooled to rt, and hexanes (7.0 L) was added, 

followed by 4.0 M aq. HCl (2.4 L). The reaction mixture was stirred for 1 h, and filtered. To the 

solid was added water (2.0 L), methyl tert-butyl ether (7.0 L) and 25% wt. aq. NaOH (0.4 L). 

The aq. layer was extracted once with methyl /e/V-butyl ether (7.0 L), the organics were 

20 combined, washed with 27% aq. NaCl (2.0 L) and concentrated under vacuum to a black oil 5 

(512.0g, 56%). 

6a-(2-Fluorophenyl)-4-(trifluoromethyl)hexahydrofuro[3,4-c]isoxazole: 1II NMR (500 

MHz, CDCI3) 5 7.64 - 7.52 (m, 1H), 7.39 - 7.31 (m, 1H), 7.19 (td, /= 7.7, 1,2 Hz, 1H), 7.11 

(ddd, J - 11.9, 8.2, 1.0 Hz, 1H), 4.54 (d,J=10.1Hz, 1H), 4.34-4.23 (m, 1H), 4.26 - 4.17 (m, 

25 1H), 4.16 (d, J = 10.2 Hz, 1H), 4.10 (d, J = 8.5 Hz, 1H), 3.71 (d, J= 20.2 Hz, 1H); 13C NMR 

(125 MHz, CDCI3) 5 160.59 (d, JcF = 247.0 Hz), 130.50 (d, JCF = 8.7 Hz), 128.72, 124.69 (d, JcF 

= 3.3 Hz), 124.45 (q, JCF = 281.8 Hz), 124.43 (d, JcF = 11.9 Hz), 116.66 (d, JCF = 22.7 Hz), 

83.70 (q, JCF = 32.1 Hz), 78.17 (d, JCF = 3.1 Hz), 77.63. 54.53. 

HRMS Calculated for C12H11F4NO2 [M+H]+278.0804; found 278.0802. 

30 
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Example 2: Preparation of 6a-(2-fluorophenyl)-4-methylhexahydrofuro[3,4-c]isoxazole 

OH + 0 I 50% aq NaOH 

BU4NHS04 
toluene, 0 °C 

0 I 

6 

tert-Butyl 2-(but-3-en-2-yloxy)acetate: A reactor was charged with tetrabutylammonium 

5 hydrogen sulfate (0.17 Wt, 0.10 eq) and toluene (2.6 Wt, 3.0 V). The mixture was stirred and 

cooled to 0-5 °C. While maintaining the internal temperature below 10 °C, 50 wt% aqueous 

sodium hydroxide (4,5 wt, 3.0 V, 10.5 eq; 50% wt sodium hydroxide made from 2.25 wt of 

sodium hydroxide and 2.25 wt of water) was added, followed by 3-buten-2-ol (0.45 Wt, 0.53 V, 

1.20 eq). The mixture was stirred at 0-10 °C for 15 minutes. /e/7-Butyl bromoacetate (1.0 Wt, 

10 1,00 eq) was added while maintaining the internal temperature between 0-10 °C, After the 

addition, the mixture was stirred between 0-5 °C for lh • and monitored for complete 

consumption of /e/7-butyl bromoacetate (target >98% conversion). The reactor was charged with 

water (3.0 Wt, 3.0 V) and MTBE (4.4 Wt, 6.00 V) and warmed to 20-25 °C. The biphasic 

mixture was stirred vigorously for 15 minutes, and then allowed to partition. The organic layer 

15 was washed with water (1.5 Wt, 1.5 V). The organic layer was concentrated under reduced 

pressure (T < 40 °C and not less than 15 torr or 20mbar). Heptane (1.0 wts, 1.5 V) and MTBE 

(1.1 wts, 1.5 V) were added. The solution was filtered to remove particulates, and rinsed with 

additional heptane:MTBE as necessary to clear the product. The solution was returned to the 

reactor and concentrated under reduced pressure to give 6 (0.91 Wt, 95.0%) as an oil with less 

20 than 1 volume of solvent. 

tert-Butyl 2-(but-3-en-2-yloxy)acetate: 'ii NMR (500 MHz, CDC13) 8 5.78 - 5.66 (m, 

1H), 5.23-5.12 (m, 2H), 4.00 - 3.85 (m, 3H), 1.47 (s, 11H), 1.31 (d, ,7=6.4 Hz, 3H); 13C NMR 

(125 MHz, CDCI3) 8 169.87, 139.30, 116.72, 81.20, 77.53, 65.83, 28.04, 27.92, 21.08. 

2-(But-3-en-2-yloxy)-N-methoxy-N-methylacetamide: A reactor was charged with the toluene 

solution of 6 (1.0 Wt, 1.0V), and cooled to 0-5 °C. Formic acid (4.84 Wt, 4,0 V, 19.2 eq) was 

added while matanining the internal temperature below 10 °C. After addition of formic acid, the 

O 1. Formic acid, 0°C 
2. solvent exchange to CH2CI2 

O 

25 
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mixture was heated to 35-40 °C for three hours. The reaction was monitored for consumption of 

6 (>90% conversion). Upon completion formic acid was removed under vacuum at 45 °C. 

Residual formic acid was removed by two azeotropic distillations with toluene (2.0-2.50 Wt, 

2.3-3.0 V) at 45 °C under vacuum to give crude acid (0.67 Wt, 95%). 

5 The crude acid was dissolved in dichloromethane (5.3 Wt, 4.0 V) and cooled at 0 °C. To 

the solution is added N,N-carbonyldiimidazole (1.15 Wt, 1.28eq) in 5-7 portions maintaining the 

reaction temperature between 0-10 °C. Note: Gas evolution occurs during the reaction. Upon 

complete addition of N,N-carbonyldiimidazole, the mixture was warmed to 15-20 °C and stirred 

for 30 minutes. The reaction mixture was then cooled back to 0-5 °C. N,0-

10 dimethylhydroxylamine hydrochloride (0.71 Wt, 1.33 eq) was added in portions maintaining the 

reaction between 0-10 °C. After the addition is complete, the reaction mixture was warmed to 

15-20 °C. The reaction was monitored for complete consumption of intermediate acid (>98% 

conversion). The reactor was charged with water (1.2 Wt, 1.2 V) at 0-10 °C and then MTBE 

(9.1Wt, 12.3V). The biphasic mixture was stirred vigorously for 15 minutes, and then allowed to 

15 partition. The aqueous layer was separated, , the combined organic layer was then washed with 

2N HCl (1.8 Wt, 1.8 V), (check pH to make sure it is between 1 -3 or check organic layer by TLC 

to make sure the polar material below product is removed. Charge more 2N HCl if necessary). 

The aqueous layer was separated, the organics were washed with saturated sodium bicarbonate 

(NaHC03, 0.1 Wt and water, 1.1 Wt, 1.2 V) and then 20%o NaCl in water (1.2Wt, 1.2V). The 

20 organic phase was concentrated under reduced pressure . Anhydrous THF (1.33 Wt, 1.50 V) was 

added, and the solution was filtered to remove particulates, rinsing with additional anhydrous 

THF as necessary to clear the product. The THF solution was returned to the reactor and 

concentrated under reduced pressure to give 7 (0.73 Wt, 75.0%) as an oil. 

2-(But-3-en-2-yloxy)-N-methoxy-N-methylacetamide: !IT NMR (500 MHz, CDCI3) 8 

25 5.80 - 5.70 (m, 1H), 5.21 (d, J = 17.3 Hz, 1H), 5.17 (d, J= 10.3 Hz, 1H), 4.28 (d, J= 15.6 Hz, 

1H), 4.18 (d, J= 15.6 Hz, 1H), 4.03 - 3.96 (m, 1H), 3.68 (s, 3H), 3.18 (s, 3H), 1.32 (d, J= 6.4 

Hz, 3H); 13C NMR (125 MHz, CDCI3) 8 139.62, 116.73, 77.49, 65.34, 61.44, 32.36, 21.25. 

Br i) n-BuLi, THF-78 °C 

o 
F ii) Kj? 

7 8 
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2-(But-3-en-2-yloxy)-l-(2-fluoropheiiyl)ethanone. A reactor was charged with l-bromo-2-

fluorobenzene (1.31 Wt, 1.30 eq) and anhydrous THF (7.60 Wt, 8.6 V). The reaction mixture 

was cooled to below -70 °C. 2,5 M n-butyl lithium in hexanes (1.94 Wt, 2,89 V, 1.25 eq) was 

added while maintaining the internal temperature below -60 °C. Upon complete addition, the 

5 mixture was stirred at a temperature below -60 °C for 15 minutes and then a solution of amide 7 

(1.0 Wt, 1.0 eq.) in THF (1.9 Wt, 2.2 V) was added while maintaining the internal temperature 

below -60 °C. After stirring the reaction for 60 minutes, the reaction was monitored for complete 

consumption of amide 7 (>90% conversion). The reactor was charged with 20 wt % aqueous 

ammonium chloride (1.0 Wt, 1.0 V), and warmed to 20-25 °C. The mixture was transferred to a 

10 work-up vessel containing additional 20 wt % aqueous ammonium chloride (3.0 Wt, 3.0 V). The 

mixture was stirred for 15 minutes, then stirring was stopped and the phases separated. The 

lower aqueous layer was returned to the reactor. MTBE (4.45 Wt, 6.0 V) was charged. The 

biphasic mixture was stirred vigorously for 15 minutes, and then allow to partition. The organic 

layers were combined and washed with 25 wt % aqueous sodium chloride (4.75 Wt, 4.75 V). The 

15 organic phase was concentrated under reduced pressure (T < 40 °C). Anhydrous THF (1.78 Wt, 

2.0 V), was added and the mixture was filtered to remove particulates, rinsing with additional 

anhydrous THF as necessary to clear the product. The THF solution was returned to the reactor 

and concentrated under reduced pressure to give ketone 8 (0.8 Wt, 73.0 %) as an oil. 

2-(But-3-en-2-yloxy)-l-(2-fluorophenyl)ethanone: 'H NMR (500 MHz, CDCI3) 8 7.93 

20 (td, .7=7.6, 1.8 Hz, 1H), 7.57 - 7.49 (m, 1H), 7.24 (dt, J= 14.6, 3.8 Hz, 1H), 7.12 (ddd, J= 11.0, 

8.3, 0.8 Hz, 1H), 5.21 (dd, J= 17.3, 1.3 Hz, 1H), 5.17 (dd, 7= 10.3, 0.8 Hz, 1H), 4.69 (dd,J = 

18.1, 3.2 Hz, 1H), 4.60 (dd, J= 18.1, 3.4 Hz, 1H); 4.00 (dq, J= 12.9, 6.4 Hz, 1H), 1.36 (d, J = 

6.4 Hz, 3H);,3C NMR (125 MHz, CDC13) 8 195.24 (d, JcF = 5.3 Hz), 162.03 (d, Jcv = 253.9 Hz), 

139.42, 134.86 (d, JCF = 8.9 Hz), 130.64 (d, JcF = 3.4 Hz), 124.67 (d, Jcv = 3.2 Hz), 123.57 (d, 

25 JCF = 15.3 Hz), 116.89, 116.45 (d, JCF = 23.7 Hz), 77.93, 74.11 (d, JcF = 11.2 Hz), 21.19. 

30 

HONH2-HCI 

NaOAc, MeOH 
55 °C 

8 9 

2-(But-3-en-2-yloxy)-l-(2-fluorophenyl)ethanone oxime. A reactor was charged with crude 

ketone 8 (1.0 Wt, 1.0 eq), hydroxylamine hydrochloride (0.43 Wt, 1.30 eq.), sodium acetate 

(0.59 Wt, 1.50 eq.), and methanol (4.6 Wt, 5.8 V). The mixture was warmed to between 50-

55 °C, and then continued stirring for 1-2 hr. The reaction was monitored for consumption of 
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ketone 8 (>95% conversion). The mixture was cooled to 15-20 °C, then filtered the reaction 

mixture to remove solids. The solids were rinsed with ethyl acetate until product is cleared (3.6 

Wt, 4.0 V). The filtrates were returned to the reactor and concentrated under reduced pressure (T 

< 40 °C). MTBE (5.9 Wt, 8.0 V) and water (1.0 Wt, 1.0 V) were charged. The biphasic mixture 

5 was stirred vigorously for 15 minutes, and then partitioned. The organic phase was washed 

sequentially with 10 wt% aqueous sodium bicarbonate (3.2 Wt, 3.2 V), water (2.0 Wt, 2.0 V), 

and finally 25 wt% aqueous sodium chloride (1.0 Wt, 1.0 V). The organic phase was 

concentrated under reduced pressure (T <40 °C). Anhydrous THF (1.78 Wt, 2.0 V) was added, 

and the mixture filtered to remove particulates, rinsing with additional anhydrous THF as 

10 necessary to clear the product. The THF solution was returned to the reactor and concentrated 

under reduced pressure to give oxime 9 (0.8-1.2 Wt, 90.0%) as an oil. 

2-(But-3-en-2-yloxy)-l-(2-fluorophenyl)ethanone oxime: 1I I NMR (500 MHz, cdcla) 8 

7.45 (ddd, J= 9.2, 6.2, 2.5 Hz, 1H), 7.38 - 7.30 (m, 1H), 7.20 - 7.03 (m, 2H), 5.73 - 5.58 (m, 

1H), 5.21 - 5.05 (m, 2H), 4.67 (s, 2H), 4.38 (d, J= 13.0 Hz, 1H), 4.26 (d,J= 13.0 Hz, 1H), 3.97 

15 - 3.88 (m, 1H), 3.79 - 3.72 (m, 1H), 1.18 (d, J= 6.4 Hz, 1H), 1.05 (d, J= 6.4 Hz, 2H);13C NMR 

(126 MHz, cdcl3) 8 160.68 (d, JcF = 249.9 Hz), 159.13 (d, JcF = 249.1 Hz), 156.42, 151.80, 

139.39, 130.78 (d, JCF = 8.2 Hz), 130.67 (d, JcF = 8.4 Hz), 130.27 (d, Jcv = 3.7 Hz), 129.77 (d, 

Jce = 4.2 Hz), 123.96 (d, JCF = 3.5 Hz), 123.86 (d, JCF = 3.4 Hz), 122.51 (d, JcF = 14.1 Hz), 

120.08 (d, JCF = 17.1 Hz), 116.59, 116.29, 115.72 (d, JcF = 7.4 Hz), 115.55 (d, JcF = 7.7 Hz), 

20 77.45, 76.53, 68.48 (d, JcF = 1.7 Hz), 77.45, 76.53, 68.48 (d, JcF = 1.7 Hz), 62.01 (d, JC¥ = 2.4 

Hz), 20.99, 20.81. Note: there are many *H and 13C signals because this compound is a mixture 

of four possible isomers. 

hydroquinone 

xylenes 
125 °C 

F 

O 

H 
-N 

.0 

H 
10 

25 6a-(2-fluorophenyl)-4-methylhexahydrofuro[3,4~c]isoxazole. A reactor was charged with 

oxime 9 (1.0 Wt, 1.0 eq), xylenes (6.8 Wt, 7.9 V) and then hydroquinone (0.10 Wt, 0.2 eq.). The 

mixture was heated to between 125-130 °C and monitored the reaction for consumption of 

oxime 9 (>90% conversion). The mixture was cooled to 20-25 °C. 2N aqueous hydrochloric acid 

(4,0 Wt, 4.0 V) was charged. The biphasic mixture was stirred vigorously for 15 minutes, and 

30 then partitioned the phases. The organic phase was extracted with 2N aqueous hydrochloric acid 
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(3.0 Wt, 3.0 V). Note: the product resides in the aqueous layers. The aqueous phases were 

returned to the reactor. Tert-butyl methyl ether (5.8 Wt, 7.9 V) was charged and then sodium 

hydroxide (0.55 Wt) to adjust the pH to 9-10. The biphasic mixture was stirred vigorously for 15 

minutes, and then the phases were partitioned. The aqueous phase was extracted a second time 

5 with MTBE (5.8 Wt, 8.0 vol). The combined organic phases were washed with 25 wt% aqueous 

sodium chloride (1.0 Wt, 1.0 V). The organic phase was concentrated under reduced pressure (T 

<40 °C). Anhydrous THF (1.0 Wt, 1.1 V) was added, and filtered to remove particulates, rinsing 

with additional anhydrous THF as necessary to clear the product. The THF solution was returned 

to the reactor and concentrated under reduced pressure to give tetrahydroisoxazole 10 (0.6-0.8 

10 Wt, 65.0%) as an oil. 

6a-(2-fluorophenyl)-4-methylhexahydrofuro[3,4-c]isoxazole: 'H NMR (400 MHz, 

CDCI3) 8 7.61 (t,J= 8.0 Hz, 1H), 7.30 (ddd, J= 15.0, 5.2, 1.8 Hz, 1H), 7.19 - 7.03 (m, 2H), 

4.36 (d, J= 10.2 Hz, 1H), 4.23 - 4.16 (m, 1H), 4.05 (dt, J= 12.2, 6.2 Hz, 1H), 3.98 - 3.87 (m, 

2IT), 3.19-3.09 (m, 1H), 1.40 (d, ,/= 6.4 Hz, 3H). Note: no °C-NMR data was available for this 

15 compound. 

Alternative procedure #1 for preparation of ketone 8: 

O 
methyl 2-fluorobenzoate, THF, 

/*™\ 1 11 -.1 

LiHMDS (1M in THF), -70 °C 

tert-Butyl 2-(but-3-en-2-yloxy)-3-(2-fluorophenyl)-3-oxopropanoate. To a reactor under 

20 nitrogen atmosphere was added a toluene solution of ester 6 (1.00 Wt, 1.0 eq), methyl 2-

fluorobenzoate (0.91 Wt, 0.75 Vol 1.10 eq), and THF (0.53 Wt, 1.8 Vol). The solution was 

cooled to below -70 °C. Lithium hexamethyldisilazide (LiHMDS, 1.0M in THF, 7.6 Wt, 8.6 Vol, 

1.6 eq) was added at such rate that the internal temperature does not exceed -60°C. After 

completion of the LiHMDS addition, the mixture Was warmed (rate between 10-20°C/h) and 

25 stirred at -40°C for lh. The reaction was monitored by GC (Conversion Target >95%). If after 4h 

the conversion is still under targeted amount, additional LiHMDS 1M in THF was added (1.1 eq 

based on unreacted starting material). After achieving the target conversion, the internal 

temperature was raised (rate between 20-30°C/h) to -15 to -20 °C. 25 wt% aqueous ammonium 

chloride (1.7 Wt, 1.6 Vol) was added to the reactor keeping the internal temperature below 0 °C. 

30 Upon completion of the addition, the mixture was warmed to >0°C, and transferred to a vessel 
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containing 25 wt% aqueous ammonium chloride (4.4 Wt, 4.1 Vol) and water (1.1 Wt, 1.1 Vol). 

The mixture was stirred for at least 30 min at 20-25 °C. The lower aqueous layer was removed 

and the organic layer was washed with 20 wt % aqueous sodium chloride (3.0 Wt, 1.4 Vol). The 

mixture was stirred for at least 15 minutes then allowed to settle. The lower aqueous layer was 

5 removed. The organic phase was concentrated under reduce pressure (Jacket < 25 °C) until 

distillation ceases. Toluene (6.6 Wt, 6.7 Vol) was added and the resulting mixture was washed 

with water (3.0 Wt, 3.0 Vol), stirred for at least 15 min, then allowed to settle. The organics were 

washed with water (3.0 Wt, 3.0 Vol) until pH is constant at pH=7-8. The organic phase was 

washed with 20% aqueous sodium chloride (3.0 Wt, 1.4 Vol). The organic phase was 

10 concentrated under reduced pressure (jacket <25°C) to afford ketoester 11 (2.1 Wt) as an orange 

tert-Butyl 2-(but-3-en-2-yloxy)-3-(2-fluorophenyl)-3-oxopropanoate: 1H NMR (500 MHz, 

CDC13) 5 7.88 - 7.78 (m, 1H), 7.57 - 7.48 (m, 1H), 7.29 - 7.19 (m, 1H), 7.17 - 7.07 (m, 1H), 

5.85 - 5.64 (m, 1H), 5.28 - 5.13 (m, 2H), 5.09 (s, 1H), 5.05 (s, 1H), 4.18 - 4.10 (m, 1H), 4.02 -

15 3.94 (111, 1H), 1.39 (s, 9H), 1.37 (s, 9H), 1.35 (d, J= 6.3 Hz, 3H), 1.28 (d, J= 6.4 Hz, 3H); 13C 

NMR (125 MHz, CDC13) 5 193.17, 193.14, 192.33, 192.30, 166.57, 166.16, 162.44, 162.36, 

160.42, 160.33, 138.93, 138.80, 134.76, 134.68, 134.61, 131.17, 131.15, 131.05, 131.02, 124.50, 

124.47, 124.40, 124.37, 117.86, 117.60, 116.37, 116.34, 116.19, 116.16, 82.95, 82.91, 82.76, 

82.73, 82.38, 82.34, 78.75, 78.48, 27.82, 27.76, 21.21, 21.13. Note: this compound is a mixture 

20 of diastereomers. 

2-(But-3-en-2-yloxy)-l-(2-fluorophenyl)ethanone. To a reactor under nitrogen atmosphere was 

added ketoester 11 (1.00 Wt, 1.0 eq) and formic acid (10.0 Wt, 8.0 Vol). The resulting mixture 

25 was stirred at 25-30°C for 12h then sampled for conversion (Target >97%). After achieving the 

target conversion, the mixture was concentrated under reduced pressure maintaining the internal 

temperature below 30°C. Toluene (1.4 Wt, 1.6 Vol) was charged and the mixture was 

concentrated under reduced pressure maintaining the internal temperature below 30 °C to 

azeotrope residual formic acid. Toluene (1.4 Wt, 1.6 Vol) was charged and the mixture was 

30 concentrated under reduced pressure maintaining the internal temperature below 30 °C. The 

crude ketone 8 (0.6 Wt, 77%) was used directly in the next stage. 

oil. 

Formic acid (8 vol) 

8 

O F 

11 
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2-(But-3-en-2-yloxy)-l-(2-fluorophenyl)ethanone: 'H NMR (500 MHz, CDCI3) 5 7.93 

(td, J= 7.6, 1.8 Hz, 1H), 7.57 - 7.49 (m, 1H), 7.24 (dt, J= 14.6, 3.8 Hz, 1H), 7.12 (ddd, J= 11.0, 

8.3, 0.8 Hz, 1H), 5.21 (dd, J= 17.3, 1.3 Hz, 1H), 5.17 (dd, J= 10.3, 0.8 Hz, 1H), 4.69 (dd, J = 

18.1, 3.2 Hz, 1H), 4.60 (dd, J= 18.1, 3.4 Hz, 1H); 4.00 (dq, J= 12.9, 6.4 Hz, 1H), 1.36 (d, J = 

6.4 Hz, 3H);13C NMR (125 MHz, CDC13) 8 195.24 (d, JcF = 5.3 Hz), 162.03 (d, JcF = 253.9 Hz), 

139.42, 134.86 (d, JCF = 8.9 Hz), 130.64 (d, JCF = 3.4 Hz), 124.67 (d, JCF = 3.2 Hz), 123.57 (d, 

JCF= 15.3 Hz), 116.89, 116.45 (d, JCF = 23.7 Hz), 77.93, 74.11 (d, JCF = 11.2 Hz), 21.19. 

Alternative procedure #2 for preparation of ketone 8: 

O O 
OH + CI\AN^ 50% aq NaOH ^,0^^ 

O BU4NHSO4 1 ^o 
toluene, 10-20 °C, 1h 12 

2-(But-3-en-2-yloxy)-l-morpholinoethanone. A reactor was charged with tetrabutylammonium 

hydrogen sulfate (0.10 eq) and toluene (4.0 V). The mixture was cooled to 10-20 °C. While 

maintaining the internal temperature below 20 °C, 50 wt% aqueous sodium hydroxide (2.2 V, 

9.7 eq) and then 3-buten-2-ol (0.66 V, 1.25 eq) were added. The mixture was stirred at 10-20 °C 

15 for 15 minutes. 4-(chloroacetyl)morpholine (1.0 Wt, 1.00 eq) was added while maintaining the 

internal temperature between 10-20 °C. After the addition, the mixture was stirred between 10-

20 °C for lh and monitored the reaction for complete consumption of 4-

(chloroacetyl)morpholine (target >98% conversion). The reactor was charged with water (3.0 V) 

and MTBE (6.00 V) while maintaining the internal temperature between 10-20 °C. The biphasic 

20 mixture was stirred vigorously for 15 minutes, and then allowed to partition. The aqueous layer 

was extracted with MTBE (3.0 V). The combined organic layers were washed with water twice 

(1.5V each). The water wash was extracted with MTBE twice (1.6 V each). The organic layers 

were combined and concentrated under reduced pressure (T < 40 °C). Heptane (1.0 V) and 

MTBE (1.0 V) were added. The solution was filtered to remove particulates, rinsing with 

25 additional heptane:MTBE as necessary to clear the product. The solution was returned to the 

reactor and concentrated under reduced pressure to give amide 12 (77%) as oil. 

F 

0 Br^ i-PrMgBr, LiCI 
0°C, THF, 1h 

n THF, 0-10 oC, 3h 
12 
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2-(But-3-en-2-yloxy)-l-(2-fluorophenyl)ethanone. A reactor was charged with 1.3 M of 

isopropylmagnesium chloride-lithium chloride in THF (5.15 V, 1.33 eq) and cooled to 0-5 °C. 1-

Bromo-2-fluorobenzene (0.726 V, 1.33 eq) was added while maintaining the internal temperature 

between 0-10 °C. Upon complete addition, the mixture was stirred between 0-10 °C for lh. A 

5 solution of amide 12 (1.0 Wt, 1.0 eq.) in THF (1.0 V) was added while maintaining the internal 

temperature between 0-10 °C. After stirring the reaction for 3h, the reaction was monitored for 

complete consumption of amide 12 (>97% conversion). The reaction mixture was transferred 

into 1M HCl (11 V, .2.2 eq) while maintaining the internal temperature below 20 °C, The 

mixture was stirred for 15 minutes and then the phases were separated. The lower aqueous layers 

10 were extracted with MTBE (5.0 V). All organic layers were combined and washed with 25 wt % 

aqueous sodium chloride (6.0 V). The organic phase was concentrated under reduced pressure (T 

< 40 °C) to give ketone 8 (93%) as oil. 

Example 3: Preparation of 6a-(2,3-Difluorophenyl)-4-((trityloxy)methyl) 

15 hexahydrofuro[3,4-c]isoxazole 

l-Morpholino-2-(l-(trityloxy)but-3-en-2-yloxy)ethanone. To a reactor with l-(trityloxy)but-3-

en-2-ol 13 (41.6 g, 0.111 mol, 1.0 equiv.) was charged toluene (146 mL). The resulting solution 

20 was cooled to 0-5 °C and tetra-n-butylammonium hydrogen sulfate (7.52 g, 0.0222 mol, 0.20 

equiv.) was charged. 4-(Chloroacetyl)morpholine (18.lg, 0.111 mol, 1.00 equiv.) was added at 0-

5 °C. Sodium hydroxide (50%) wt, in water; 88.6g, 1.10 mol, 10 equiv.) was cooled to 15 °C and 

charged to the reaction mixture with T < 10 °C. The reaction mixture was stirred for 1 hr at T < 

15 °C and monitored for consumption of l-(trityloxy)but-3-en-2-ol (target >99%). To the 

25 reaction mixture was charged 2-methoxy-2-methylpropane (146 mL) and water (146 mL) with T 

< 20 °C. The organics were washed with 18% aq. NaCl (73 mL) and sat. aq NH4C1 (21 mL). The 

organics were filtered over Celite (10.4 g) to remove particulates and rinsed with 2-methoxy-2-

methylpropane (83 mL). The solvents were evaporated under vacuum T < 30 °C to afford a 

white solid 14 on standing (55.0 g, 98.7% yield accounting for residual solvents). 

O 

10-20 °C 
13 14 
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l-Morpholino-2-(l-(trityloxy)but-3-en-2-yloxy)ethanone: 'if NMR (500 MHz, CDCI3) 5 

7.46 - 7.41 (m, 6H), 7.32 - 7.25 (m, 6H), 7.25 - 7.18 (m, 3H), 5.79 - 5.68 (m, 1H), 5.28 (d, J = 

17.0 Hz, 1H), 5.26 (d, J = 10.1 Hz, 1H), 4.20 (d, J = 12.7 Hz, 1H), 4.10 (d, J= 12.7 Hz, 1H), 

3.97-3.88 (m, 1H), 3.69-3.47 (m, 8H), 3.25 (dd, J=9.9, 6.5 Hz, 1H), 3.17 (dd, J= 9.9, 4.3 Hz, 

5 1H); 13C NMR (125 MHz, CDC13) 5 167.84, 143.84, 134.84, 128.67, 127.78, 127.04, 119.06, 

86.73, 81.07, 68.78, 66.78, 66.34, 45.94, 42.16. 

14 THF, 0 °C 15 

10 l-(2,3-Difluorophenyl)-2-(l-(trityloxy)but-3-en-2-yloxy)ethanone. 

Isopropylmagnesiumchloride-LiCl complex (1.30 M in THF, 155.0 mL, 0.0715 mol) under 

nitrogen was cooled to 0-5 °C, and 2,3-difluorobromobenzene (13.8 g, 0.0715 mol, 1.50 equiv.) 

was added while T < 10 °C. After 1 h at 0-5 °C, a solution of l-morpholino-2-(l-(trityloxy)but-

3-en-2-yloxy)ethanone 14 (21.8 g, 0.048 mol, 1.0 equiv.) in THF (2.0 vols) was added while T < 

15 10 °C. The reaction mixture was stirred for 2.5 hours and monitored for consumption of 1-

morpholino-2-(l-(trityloxy)but-3-en-2-yloxy)ethanone (target >97%). The reaction mixture was 

quenched by charging into cold sat. aq. NH4CI (110 mL) and water (33 mL) while T < 20 °C. 2-

Methoxy-2-methylpropane (218 mL) was added and the layers were separated. The organics 

were washed with sat. aq. NH4CI (65 mL) and 18% aq. NaCl (44 mL.). The organics were 

20 concentrated under vacuum T < 25 °C to a light yellow oil of ketone 15 (21.6 g). 

l-(2,3-Difluorophenyl)-2-(l-(trityloxy)but-3-en-2-yloxy)ethanone: 1II NMR (500 MHz, 

CDCI3) 8 7.70 - 7.64 (m, 1H), 7.47 - 7.42 (m, 6H), 7.37 - 7.30 (m, 1H), 7.30 - 7.25 (m, 6H), 

7.24 - 7.19 (m, 3H), 7.19 - 7.13 (m, 1H), 5.84 - 5.71 (m, 1H), 5.30 (d, J= 17.3 Hz, 1H), 5.25 (d, 

J= 10.4 Hz, 1H), 4.78 (dd, J= 17.7, 3.1 Hz, 1H), 4.70 (dd, J = 17.7, 3.1 Hz, 1H), 4.03 (dd, J = 

25 11.8, 6.5 Hz, 1H), 3.35 (dd, J = 9.8, 6.4 Hz, 1H), 3.18 (dd, J= 9.8, 4.6 Hz, 1H); 13C NMR (125 

MHz, CDCI3) 8 194.15 (dd, JCF = 4.9, 2.4 Hz), 150.77 (dd, JcF = 250.3, 14.1 Hz), 150.29 (dd, JCF 

= 256.4, 13.9 Hz), 143.98, 135.34, 128.75, 127.76, 126.95, 125.70 (d, JCF = 12.0 Hz), 125.16 (d, 

JCF = 3.5 Hz), 124.55 (dd, JcF = 6.4, 4.2 Hz), 121.62 (d, JcF = 17.6 Hz), 118.83, 86.78, 81.35, 

74.98 (d, JCF = 9.5 Hz), 66.71. 

30 
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l-(2,3-Difluorophenyl)^2-(l-(trityloxy)but-3-en-2-yloxy)ethanone oxime. To a solution of 1-

(2,3-difluorophenyl)-2-(l-(trityloxy)but-3-en-2-yloxy)ethanone 15 (21.1 g, 0.0435 mol, 1.0 

5 equiv.) in MeOH (106 mL) was added NaOAc (5.36 g, 0.0653 mol, 1.50 equiv.) at ambient 

temperature. After 5 min., NH2OH HCl (3.33g, 0.048 mol, 1.10 equiv.) was added in portions. 

The suspension was warmed to 35 °C and stirred for 1 hour. The reaction mixture was cooled to 

17.8 °C and stirred for 15 minutes, then filtered and rinsed with ethyl acetate (84 mL). The 

filtrates were concentrated under vacuum (T < 30 °C). To the resulting residue was charged 2-

10 methoxy-2-methylpropane (169 mL) and water (21.1 mL). The organics were washed with sat. 

aq. NaHCOs (53 mL) and 18% aq. NaCl (21 mL). The organics were concentrated under vacuum 

to afford the title compound 16 as an oil (21.0 g). 

l-(2,3-Difluorophenyl)-2-(l-(trityloxy)but-3-en-2-yloxy)ethanone oxime: 'H NMR (500 

MHz, CDCI3) 8 7.42 - 7.32 (m, 6H), 7.30 - 7.15 (m, 10H), 7.16 - 7.06 (m, 1H), 7.03 - 6.95 (m, 

15 1H), 5.72 - 5.58 (m, 1H), 5.24 - 5.13 (m, 2H), 4.80 (d, J= 14.6 Hz, 1H), 4.73 (d, J = 14.6 Hz, 

1H), 4.45 (d, J= 12.4 Hz, 0.3H), 4.35 (d, J= 12.4 Hz, 0.3H), 3.99 - 3.91 (m, 0.3H), 3.91 - 3.83 

(m, 1H), 3.20 (dd, J= 9.9, 6.8 Hz, 0.3H), 3.09 (dd, J= 9.8, 6.6 Hz, 1H), 3.02 (dd, J= 9.9, 4.2 Hz, 

0.3H), 2.95 (dd, J = 9.8, 4.0 Hz, 1H); 13C NMR (125 MHz, CDCI3) 8 155.40, 150.59 (dd, JcF = 

248.1, 13.0 Hz), 148.86 (dd, Jcv = 252.6, 13.5 Hz), 143.96, 135.10, 128.73, 128.69, 127.72, 

20 127.68, 126.92, 126.85, 124.96, 124.56 (d, JCF = 10.6 Hz), 124.03 - 123.86 (m), 118.64 (d, JCF = 

15.1 Hz), 117.92 (d, JCF = 17.2 Hz), 86.66, 86.50, 81.30, 80.32, 69.20, 66.54, 66.48, 62.57. 

25 6a-(2,3-Difhiorophenyl)-4-((trityloxy)methyl)hexahydrofuro[3,4-c]isoxazole. To a solution of 

l-(2,3-Difluorophenyl)-2-(l-(trityloxy)but-3-en-2-yloxy)ethanone oxime 16 (20.0 g, 0.0400 mol, 
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1.0 equiv.) in toluene (140 mL) was charged hydroquinone (0.0882 g, 0.008 mol, 0.2 equiv.). 

The reaction mixture was heated to reflux (110-115 °C) and held for 13 hours. The reaction 

mixture was cooled to 20-25 °C and then concentrated under vacuum (T < 45 °C). The solvents 

were chased with 2-propanol (100 mL). To the crude residue was charged isopropanol (140 mL) 

5 and the mixture was heated to 65-70 °C until a clear solution is formed. The solution was cooled 

to 0 °C at 10 °C/hr and then held for 1 hour. The resulting suspension was filtered and the solid 

was rinsed with cold 2-propanol (40.0). After drying the title compound 17 was obtained as a 

powder (13.2 g). 

6a-(2,3-Difhiorophenyl)-4-((trityloxy)methyl)hexahydrofuro[3,4-c]isoxazole: 'H NMR 

10 (500 MHz, DMSO) 8 7.42 - 7.33 (m, 8H), 7.31 (t, J= 1.6 Hz, 6H), 7.28 - 7.21 (m, 3H), 7.20 -

7.12 (m, 1H), 6.39 (s, 1H), 4.13 (d,-J= 8.2 Hz, 1H), 4.03 (s, 1H), 3.97 (s, 1H), 3.89 (d, J= 9.2 

Hz, 1H), 3.81 - 3.70 (m, 1H), 3.36 - 3.29 (m, 1H), 3.26 (dd, J= 10.1, 6.0 Hz, 1H), 3.15 (dd, J = 

10.0, 3.5 Hz, 1H); 13C NMR (125 MHz, DMSO) 8 150.74 (dd, JcF = 246.4, 14.4 Hz), 148.66 (dd, 

JCF = 248.3, 13.5 Hz), 144.09, 130.58, 128.67, 128.32, 127.48, 124.75, 124.45, 117.18 (d, JCF = 

15 17.0 Hz), 86.57, 84.91, 78.16, 76.81, 64.82, 56.46. 

Example 4: Preparation of 6a-(2-fluorophenyl)-4-((trityloxy)metliyl)hexahydrofuro[3,4-

c]isoxazole. 

20 
6a-(2-fluorophenyl)-4-((trityloxy)methyl)hexahydrofuro[3,4-c]isoxazole. A reactor was 

charged with l-(2-fluorophenyl)-2-((l-(trityloxy)but-3-en-2-yl)oxy)ethanone (61.2g, 1.0 equiv), 

toluene (428mL) and sodium acetate (16.1 g, 1.5 equiv). Upon complete addition, the reaction 

mixture was stirred at ambient temperature for 5 minutes. Hydroxylamine hydrochloride (10.Og, 

25 1.1 Eq) was added and the suspension was heated to 111 °C. After stirring for >20 hours at 

111 °C, the reaction mixture was allowed to cool down to ambient temperature, and the 

suspension was filtered and the solids rinsed with toluene (245mL) and then THF (10 volumes) 

The filtrate was concentrated under reduced pressure (bath temp. < 40 °C) and chased with 2-

propanol (275mL), 2-Propanol (428mL) was added to the solids and the suspension was heated 

30 to 83 °C. After stirring for 1 hour at 83 °C, the mixture was allowed to cool down to ambient 

temperature. The slurry was cooled to 0 °C over a 1 hour period and stirred at 0 °C for 1 hour. 
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The suspension was filtered and the solids rinsed in two portions with cold 2-propanol (490mL) 

to give 6a-(2-fluorophenyl)-4-((trityloxy)methyl)hexahydrofuro[3,4-c]isoxazole (42.3g) as a 

solid. 
!H NMR (400 MHz, CDCI3) 5 7.62 (t, 1H), 7.41 (d, J= 7.2 Hz, 6H), 7.31 - 7.21 (m, 

5 10H), 7. 12 (m, 1H), 7.03 (dd, J= 12.0, 8.0 Hz, 1H), 4.29-4.04 (m, 3H), 3.91 (dd, J= 8.8, 1.2 Hz, 

1H), 3.88 (m, 1H), 3.42 (dd, J= 9.2, 6.8 Hz, 1H), 3.29 (m, 1H), 3.22 (dd, J= 10.0, 4.8 Hz, 1H). 

B. Preparation of Tetrahydrofurans of Formula II 

10 

4-Ammo-4-(2-fluorophenyI)-2-(trifluoromethyl)tetrahydrofuran-3-yI)methanol. Zinc (389.2 

g, 5.95 mol) was placed in a reaction vessel, and water was added (893 mL). Acetic acid was 

added while maintaining the temperature below 10 °C, After 15 min, 6a-(2-fluorophenyl)-4-

15 (trifluoromethyl)hexahydrofuro[3,4-c]isoxazole 5 (550.0 g, 1.98 mol) was added as a solution in 

THF (665 mL). The reaction mixture was stirred over 16 h at rt. Methylene chloride (1.89 L) was 

added, followed by 28% aq. NH4OH (552 mL) while the temperature was kept below 30 °C. The 

mixture was stirred for 30 min, and then filtered over Celite (80 g) rinsing with methylene 

chloride (378 mL). The aq. layer was extracted with methylene chloride (1.89 L). The organics 

20 were combined, washed with sat. aq. NaCl (1.0 L) and concentrated under vacuum to afford an 

aminoalcohol 18 (502 g, 90.6%). The crude residue was used in the following step without 

additional purification. 

HRMS Calculated for C12H13F4NO2 [M+H]+280.0961; found 280.0972. 
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4-Amino-4-(2-fluorophenyl)-2-methyltetrahydrofuran-3-yl)methanol. A reactor was charged 

with tetrahydroisoxazole 10 (1.0 Wt, 1.0 eq) and glacial acetic acid (4.1 Wt, 6.0 V). The mixture 

was stirred at 20 °C, then in 3 portions, gradually charged zinc dust (1.17 Wt, 4.0 eq.) keeping 

the reaction temperature below 60 °C. Once the exotherm subsided, the mixture was stirred at 

5 40 °C for 2 h and then monitored for complete consumption of tetrahydroisoxazole 10 ( >99% 

conversion). The mixture was filtered to remove residual zinc. The reactor and solids were rinsed 

with ethyl acetate (4.5 Wt, 5 Y). The filtrate was returned to the reactor a concentrated under 

reduced pressure (T < 40 °C). Toluene (1.73 wt, 2.0 V) was charged and the mixture was 

concentrated under reduced pressure. Toluene (1.73 wt, 2.0 V) was charged and the mixture was 

10 concentrated under reduced pressure. Dichloromethane (6.81 wt, 5 V) and water (5.0 wt, 5.0 vol) 

were charged. Add 28% ammonium hydroxide until the pH reaches 8-9. The mixture was stirred 

for 15 minutes, then the phases were allowed to separate and the lower organic layer removed. 

Charged dichloromethane (5.4 wt, 4.0 V). Stirred the mixture for 15 minutes then separated the 

phases. The organic phases were combined then washed with 25%> aqueous sodium chloride (2.0 

15 Wt, 2,0V). The organic phase was concentrated under reduced pressure (T <40 °C). Anhydrous 

THF (2.0 Wt) was added, and the solution was filtered to remove particulates, rinsing with 

additional anhydrous THF as necessary to clear the product. The THF solution was returned to 

the reactor and concentrated under reduced pressure to give aminoalcohol 19 (0.93 Wt, 94.0%) 

as an oil. 

20 4-Amino-4-(2-fluorophenyl)-2-methyltetrahydrofuran-3-yl)methanol: 1H NMR (500 

MHz, DMSO) 8 7.63 (td, J = 8.6, 1.7 Hz, 1H), 7.32 - 7.24 (m, 1H), 7.20 - 7.08 (m, 2H), 4.43 (s, 

1H), 4.07 (dd, J= 8.7, 1.3 Hz, 1H), 4.02 (dq, J= 8.5, 6.1 Hz, 1H), 3.68 - 3.57 (m, 2H), 3.55 -

3.46 (m, 1H), 2.23 (dd, J= 14.4, 6.7 Hz, 1H), 1.24 (d, J = 6.1 Hz, 3H);13C NMR (125 MHz, 

DMSO) 8 160.69 (d, JCF = 244.7 Hz), 133.57 (d, JCF =11.3 Hz), 128.95 (d, JCF = 8.8 Hz), 128.81 

25 (d, JCF = 4.8 Hz), 124.33 (d, JCF = 3.2 Hz), 116.32 (d, JCF = 23.5 Hz), 79.58 (d, JCF = 4.9 Hz), 

78.52, 63.99 (d, JCF = 3.5 Hz), 59.39, 56.91 (d, JCF = 2.2 Hz), 21.37. 

NH2 

OH 
racemic 20 

30 4-Amino-4-(2,3-difluoroplienyl)-2-((trityloxy)methyl)tetrahydrofuran-3-yl)methanol. To 6a-

(2,3-difluorophenyl)-4-((trityloxy)methyl)hexahydrofuro[3,4-c]isoxazole 17 (87.5 g, 0.175 mol, 
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1.0 equiv.) was added acetic acid (385 mL). The suspension was cooled to 15 °C, and zinc 

(88.4g, 1.35 mol, 7.71 equiv.) was added in small portions over 2-3 min. The reaction was 

allowed to warm up to 18 °C over 3-4 hours and stirred for 9 h. The reaction was filtered over 

celite (40 g) and rinsed with toluene (210 mL). The collected filtrate was concentrated under 

5 reduced pressure with bath temperature below 35 °C and chased with three portions of toluene (3 

x 130 mL). The resulting oil was dissolved in CH2CI2 (320 mL). Water (195 mL) was added 

followed by 28% NH4OH (43.4 mL). The organic layer was separated and the remaining 

aqueous phase was extracted with CH2CI2 (130 mL). The combined organic phases were washed 

with 27% aq. NaCl (87.5 mL). The solution was concentrated under reduced pressure, dissolved 

10 in THF (270 mL) and filtered through celite. The solids were rinsed with THF (130 mL) and the 

combined filtrate was concentrated under vacuum to produce title compound 20 (69.1 g) as a 

foam, 

4-Amino-4-(2,3-difluorophenyl)-2-((trityloxy)methyl)tetrahydrofuran-3-yl)methanol: 'H 

NMR (500 MHz, DMSO) 8 7.47 (t, J = 7.5 Hz, 1H), 7.41 (d, J= 7.5 Hz, 6H), 7.34 -121 (m, 

15 7H), 7.28 - 7.21 (m, 3H), 7.19 - 7.10 (m, 1H), 4.14 (d, J = 8.7 Hz, 1H), 4.15 - 4.09 (m, 1H), 

3.77 (dd, J = 8.6, 2.6 Hz, 1H), 3.59 (dd, J = 11.1, 6.4 Hz, 1H), 3,46 (dd, J = 11.1, 6.6 Hz, 1H), 

3.18 (dd, J = 9.9, 3.0 Hz, 1H), 3.07 (dd, J = 9.9, 5.8 Hz, 1H), 2.62 (dd, J = 14.6, 6.6 Hz, 1H); 13C 

NMR (125 MHz, DMSO) 8 150.68 (dd, Jcv = 244.4, 13.9 Hz), 148.46 (dd, JCF = 246.7, 13.0 Hz), 

144.36, 135.44 (d, JCF = 8.1 Hz), 128.76, 128.23, 127.37, 124.31, 124.23, 116.12 (d, JCF = 17.1 

20 Hz), 86.29, 81.48, 78.92 (d, JCF = 4.3 Hz), 66.03, 63.93, 59.49, 51.27 

HRMS Calculated for C31H29F2NO3 [M+Na]+524.2013; found 524.2039. 

Alternative procedure for the preparation of compounds of Formula II 

25 

30 

O F 1)HONH2-HCI 
,0. A (1.05 eq) 

NaOAc (1.1 eq) 
Water (9.0V) 
101-102°C, 

HO. 

O 
F 

q 

Me 

H 
-N 

O 

10 

2) Zinc (3.0 eq) 

THF (2.0 V), 
AcOH (3.0 eq) 
; NH4OH (2.2eq) 

4-Amino-4-(2-fluorophenyl)-2-methyltetrahydrofuran-3-yl)methanol (19) 

A reactor was charged with ketone 8 (1.0 Wt, 1.0 eq), and water (10 Wt, 10 Y), hydroxylamine 

hydrochloride (0.350 Wt, 1.05 eq) and sodium acetate (0.433 Wt, 1.10 eq), were added. The 

resulting mixture was stirred and warmed to between 101-102 °C for at least 40 h and monitored 

for complete conversion to tetrahydrooxazole 10 (>95%). The mixture was cooled to below 

25°C and then charged with THF (1.8 wt, 2.0V) and acetic acid (0.86 Wt, 0.82 V, 3.0 eq). Zinc 
-51 -



10 

WO 2012/100179 PCT/US2012/022053 

dust (0.942 Wt, 3.00 eq) was added while maintaining the internal temperature below 45 °C. The 

resulting mixture was stirred between 35-45 °C for 1 h and the reaction was monitored for 

complete conversion to aminoalcohol 19 (>99%). The mixture was cooled to below 20 °C and 

dichloromethane (2.6 Wt, 2.0 V) was added. Aqueous ammonium hydroxide (28%; 1.3 wt, 1.5 V, 

2.2 eq) was added until the pH reached 10-12. The resulting mixture was stirred for 15 minutes 

and the solids were then filtered, rinsing with dichloromethane (4.6 Wt, 3.5Y). After allowing the 

filtrate layers to partition, the lower organic layer was set aside. The upper aqueous layer was 

extracted twice with dichloromethane (2.6 wt, 2.0 V each). The combined organic layers were 

concentrated under reduced pressure (jacket T <45 °C) to give aminoalcohol 19 (0.88 wt, 81%). 

C. Diastereomeric Resolution of Tetrahydrofurans of Formula II 

-NH2 
o Y-F3C OH 

18 

D-DBTA 

EtOH, water 

15 ((2tS',5if,^5)-4-Amino-4-(2-fluorophenyl)-2-(trifluoromethyl)tetrahydrofuran-3-yl)methanol 

(2iSr,JiS')-2,3-bis(benzoyloxy)succinate. To a solution of 4-amino-4-(2-fluorophenyl)-2-

(trifluoromethyl)tetrahydrofuran-3-yl)methanol 18 (0.502 kg, 1.798 mol) in ethanol (4.865 L) 

was added dibenzoyl-D-tartaric acid (0.642 kg, 1.798 mol). The resulting suspension was heated 

to 67 °C. Water (94.0 mL, 5.2 mol) was added over 15 min while maintaining temperature >66 

20 °C. The resulting solution was cooled to 45 °C while precipitation occurred. The slurry was 

reheated to 60 °C, and then cooled to ambient temperature at 5 °C/hour. The slurry was filtered, 

and the solid was rinsed with premixed and cooled solution of ethanol (950 mL) and water (20 

mL). The solid aminoalcohol dibenzoyltartaric acid salt 21 was dried until constant weight under 

vacuum (370 g, 91.6% ee). 

25 ((2S, 3R, 4S)-4-Amino-4-(2-fluorophenyl)-2-(trifluoromethyl)tetrahydrofuran-3 -

yl)methanol (25', J,S,)-2,3-bis(benzoyloxy)succinate: 111 NMR (500 MHz, CD3OD) 8 8.13 (d, J = 

1.2 Hz, 4H), 7.66 - 7.58 (m, 3H), 7.54 - 7.45 (m, 5H), 7.36 - 7.20 (m, 2H), 5.92 (s, 2H), 4.79 -

4.66 (m, 1H), 4.40 - 4.28 (m, 1H), 4.04 (dd, J= 12.1, 3.4 Hz, 1H), 3.92 (dd, J = 12.1, 5.4 Hz, 

1H), 3.30-3.24 (m, 1H); 13C NMR (125 MHz, DMSO) 5 169.61, 165.81, 160.23 (d, J = 246.1 
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Hz), 133.00, 131.34 (d, J= 9.1 Hz), 129.65, 129.55, 128.08, 127.97 (d, J= 3.5 Hz), 124.95 (d, J 

= 3.3 Hz), 116.56 (d, J= 23.5 Hz), 77.48 (q, JCF = 31.0 Hz), 76.33, 73.20, 65.61 (d, J= 3.1 Hz), 

57.11. 

HRMS Calculated for C12H13F4NO2 [M+H]+ 280.0961; found 280.0967 (for amino 

5 alcohol). 

The absolute stereochemistry of the amino alcohol 21 was assigned by comparison with a 

sample prepared starting from enantioenriched (S)-2-(trifluoromethyl)oxirane. 

Chiral HPLC parameters: 

10 Equipment, Reagents, and Mobile Phase: 

Equipment: 
HPLC column: Chiralcel OD, 4.6 x 250 mm, 10 |_im, Daicel Chemical 

Industries, Ltd., catalog no. 14025. 
Solvent Delivery System: Agilent 1100 HPLC ternary pump, low pressure 

mixing with in-line degasser, or equivalent. 
Autosampler: Agilent 1100 autosampler, 0.1 to 100 )LIL range, or 

equivalent. 
Detector: Agilent 1100 variable wavelength detector or 

equivalent. 
Chromatographic Software: Agilent ChemStation software version A.09.03 or 

higher for HPLC, Waters Empower 2 Build 2154 or 
equivalent. 

Volumetric Glassware: Class A. 
Volumetric pipette: Class A. 
Pipettor: Calibrated Eppendorf adjustable volume, or 

equivalent. 
Balance: Analytical balance, capable of weighing ±0.1 mg. 

Reagents: 
Heptane: HPLC grade, Baker (catalog no. 9177-03) or 

equivalent. 
2-Propanol: HPLC grade, Baker (catalog no. 9095-03) or 

equivalent. 
Triethylamine: > 99%, Sigma-Aldrich (catalog no. T0886) or 

equivalent. 

15 Mobile Phase: 
Add 70 mL 2-propanol and 930 mL heptane (measured separately with a 100 mL and 1000-mL 

graduated cylinders) and 1.0 mL triethylamine (measured with volumetric glass pipette) to an 

appropriate flask and mix. Degas in-line during use. 
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Diluting Solution: 2-Propanol 

HPLC Parameters: 
HPLC column: Chiralcel OD, 4.6 x 250 mm, 10 |_im, 

Daicel Chemical Industries, Ltd., 
catalog no. 14025. 

Temperature: 35 °C 
Flow rate*: 0.8 mL/min 
Gradient: NA 
Injection Volume: 5 |iL 
Detection: 262 nm UV 
Data acquisition time: 30 min 
Total run time: 30 min 
Column Maximum Pressure: 35 Bar 
Needle Wash: 2-propanol 
*Flow rate may be adjusted ± 0.2 ml/min to obtain specified retention times. 

Retention Times for Analytes and Impurities: 
Compound Peak Retention Time 

(Relative Retention Time, 
RRT) 

,-Q 
/^^NH2 

0 

r""i 
F3c OH 

20.6 min ± 10% 
(RRT 1.00) 

,•0 
^L-NH2 ° I 

F3c H OH 
(Enantiomer) 

19.2 min 
(RRT 0.93) 

5 

A typical chromatogram is presented in Figure 1A. 
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Me OH 
racemic 

19 

f dibenzoyl-d-tartaric acid 

EtOH, water 
65 °C to 10 °C 

OCOPh 

OH 

Me OH 

22 

((2R,3R,4S)-4-Amino-4-(2-fhiorophenyl)-2-methyltetrahydrofuran-3-yl)methaiiol 

(2S,3S)-2,3-bis(benzoyloxy)succinate. A reactor was charged with aminoalcohol 19 (1.0 Wt, 1.0 

eq) and ethanol (5.5 Wt, 7.0 V). The mixture was heated to internal temperature 65-70 °C. To the 

5 mixture is added a solution of dibenzoyl-D-tartaric acid (1.0 eq, 1.59 wt) in ethanol (1.97 Wt, 

2.50 V) and water (0.25 Wt, 0.25V) over 30-60 minutes while maintaining the internal 

temperature above 60 °C. The vessel containing the dibenzoyltartaric acid was rinsed with 

minimum amount ethanol. The mixture was then cooled to 40 °C at a rate 3 °C/hour. After 

crystallization the mixture was cooled to 10 °C (at 10 °C/hour) and stirred for at least 2 hours at 

10 10 °C. The crystals were then filtered and rinsed with pre-chilled ethanol (1.4 Wt, 1.8 V) and 

dried under vacuum to give amino alcohol dibenzoyltartaric acid salt 22 (0.86 Wt, 33.0%) as 

solid. 

((2R,3R,4S)-4-Amino-4-(2-fluorophenyl)-2-methyltetrahydrofuran-3-yl)methanol 

(2S,3S)-2,3-bis(benzoyloxy)succinate: *HNMR (500 MHz, CD3OD) 5 8.14 - 8.10 (m, 4H), 7.60 

15 (t, J= 7.4 Hz, 2H), 7.55 (td, J= 8.1, 1.3 Hz, 1H), 7.47 (t, J= 7.8 Hz, 4H), 7.46 - 7.42 (m, 1H), 

7.30 - 7.19 (m, 2H), 5.90 (s, 2H), 4.39 - 4.26 (m, 2H), 4.15 (dd, J= 10.4, 2.4 Hz, 1H), 3.90 (ddd, 

J = 28.3, 11.9, 5.0 Hz, 2H), 2.52 (dt, J= 8.4, 5.0 Hz, 1H), 1.31 (d, J= 6.1 Hz, 3H);I3CNMR 

(126 MHz, CD3OD) 5 169.96, 165.90, 160.35 (d, J= 245.9 Hz), 132.95, 131.05 (d, JCF = 9.1 Hz), 

129.75, 129.57, 128.06, 127.57 (d, JCF = 3.5 Hz), 124.82 (d, JCF = 3.2 Hz), 124.24 (d, JCF = 11.5 

20 Hz), 116.45 (d, JCF = 23.1 Hz), 76.34, 74.32 (d, JCF = 5.4 Hz), 73.50, 65.60 (d, JCF = 2.8 Hz), 

57.43, 54.88, 19.00. 

F-

23 

25 (2S,3R>4S)-4-Amino-4-(2,3-difluorophenyl)-2-((trityloxy)methyl)tetrahydrofuran-3-

yl)methanoI (-)dibenzoyl-L-tartaric acid. Racemic mixture 6a-(2,3-difluorophenyl)-4-
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((trityloxy)methyl)hexahydrofuro [3,4-c]isoxazole 20 (69.1 g, 0.138 mol, 1.0 equiv.) and (-)-

dibenzoyl-L-tartaric acid (49.4 g, 0.138 mol, 1.0 equiv) were dissolved in acetone (346 mL). The 

mixture was then heated to 61.9°C over 15 min. Toluene (415 mL) was added. The solution was 

then allowed to cool to room temperature. Then the reaction mixture was cooled to -5 °C and 

5 stirred for another hour at this temperature. The suspension was filtered and washed with a 

solution of toluene/acetone (V/Y 6/5, 138 mL, cooled to 0 °C). The solid was dried under 

reduced pressure, and the title compound 23 (44.5 g) was isolated. 

(2S,3R,4S)-4-Amino-4-(2,3-difluorophenyl)-2-((trityloxy)methyl)tetrahydrofuran-3-

yl)methanol (-)dibenzoyl-L-tartaric acid: 'ii NMR (500 MHz, DMSO) 5 8.00 - 7.95 (m, 4H), 

10 7.66 (t, J = 7.4 Hz, 2H), 7.53 (t, J = 7.8 Hz, 4H), 7.47 - 7.39 (m, 2H), 7.40 - 7.35 (m, 6H), 7.35 -

7.28 (m, 6H), 7.28 - 7.23 (m, 3H), 7.23 - 7.15 (m, 1H), 5.75 (s, 1H), 4.19 (d, J = 9.5 Hz, 2H), 

4.02 (dd, J= 9.5, 2.1 Hz, 1H), 3.61 (dd, J= 11.4, 6.4 Hz, 1H), 3.52 (dd, J= 11.4, 6.2 Hz, 1H), 

3.21 - 3.14 (m, 1H), 3.12 - 3.05 (m, 1H), 2.77 (dd, J = 14.3, 6.4 Hz, 1H); 13C NMR (125 MHz, 

DMSO) 5 168.07, 165.23, 150.68 (dd, JCF = 245.2, 13.4 Hz), 148.27 (dd, JCF = 248.0, 13.6 Hz), 

15 144.18, 134.09, 129.75, 129.60, 129.24, 128.70, 128.28, 127.45, 124.88, 124.20, 117.40 (d, JCF = 

16.8 Hz), 86.40, 80.73, 76.73, 72.22, 65.42, 64.58, 58.63, 50.51. 

HRMS Calculated for C31H29F2N03 [M+Na]+524.2013; found 524.2047. 

Chiral HPLC parameters: 

20 Equipment, Reagents, and Mobile Phase: 

Equipment: 
HPLC column: Chiralpak AD, 4.6 x 250 mm, 10 (.im, Daicel Chemical 

Industries, Ltd., catalog no. 19025. 
Solvent Delivery System: Agilent 1100 HPLC ternary pump, low pressure 

mixing with an in-line degasser, or equivalent. 
Autosampler: Agilent 1100 autosampler, 0.1 to 100 |.iL range, or 

equivalent. 
Detector: Agilent 1100 variable wavelength detector or 

equivalent. 
Chromatographic Software: Agilent ChemStation software version A.09.03 or 

higher for HPLC, Waters Empower 2 Build 2154 or 
equivalent. 

Volumetric Glassware: Class A. 
Volumetric pipette: Class A. 
Pipettor: Calibrated Eppendorf adjustable volume, or 

equivalent. 
Balance: Analytical balance, capable of weighing ±0.1 mg. 

-56-



WO 2012/100179 PCT/US2012/022053 

Reagents: 
Heptane: HPLC grade, Baker (catalog no. 9177-03) or 

equivalent. 
2-Propanol: HPLC grade, Baker (catalog no. 9095-03) or 

equivalent. 
Triethylamine: > 99%, Sigma-Aldrich (catalog no. T0886) or 

equivalent. 

Mobile Phase: 
5 Add 100 mL 2-propanol and 900 mL heptane (measured separately with a 100 mL and 1000-mL 

graduated cylinders) and 0.5 mL triethylamine (measured with volumetric glass pipette) to an 

appropriate flask and mix. Degas in-line during use. 

Diluting Solution: 2-Propanol 

10 HPLC Parameters: 
HPLC column: Chiralpak AD, 4.6 x 250 mm, 10 (,im, 

Daicel Chemical Industries, Ltd., 
catalog no. 19025. 

Temperature: o O
 

Flow rate*: 0.8 mL/min 
Gradient: NA 
Injection volume: 5 |J,L 
Detection: 260 nm UY 
Data acquisition time: 40 min 
Total run time: 40 min 
Column Maximum Pressure: 35 Bar 
Needle Wash: 2-propanol 
*Flow rate may be adjusted ± 0.2 ml/min to obtain specified retention times. 

Retention Times for Analytes and Impurities: 
Compound Peak Retention Time 

(Relative Retention Time, RRT) 

-S1 
—NH2 Sh TrtO OH 

15.5 min± 10% 
(RRT 1.00) 

-57-



WO 2012/100179 PCT/US2012/022053 

Compound Peak Retention Time 
(Relative Retention Time, RRT) 

21.5 min 
(RRT 1.39) 

° T 

TrtO"~"~ ^ 0H 

(Enantiomer) 

A typical chromatogram is presented in Figure IB. 

5 

D. Synthesis of Carbamothioyl Benzamides of Formula III 

21 24 

10 Af-((J1S,,^,5tST)-3-(2-fluorophenyl)-4-(hydroxymethyl)-5-(trifluoromethyl)-tetrahydrofuran-

3-ylcarbamothioyl)benzamide. To chiral salt 21 (0.361 kg, 0.556 mol) was added ethyl acetate 

(1.08 L) and the suspension was cooled to -3 °C . 1.0 N aq. NaOH (1.30 L) was added over 20 

minutes while maintaining T < 5 °C. After 5 minutes, benzoyl isothioeyanate (80.0 mL, 594 

mmol) was added over 8 minutes while maintaining T < 5 °C. After 1 hr, ethyl acetate (722 mL) 

15 was charged. The aq. layer was removed, and the organics were washed with sat. aq. NaHCOa 

(361 mL) and sat. aq. NaCl (361 mL). The organics were filtered over celite (90 g) and rinsed 

with ethyl acetate (360 mL). The organics were concentrated under vacuum to afford a residue 

which was re-dissolved into CH2CI2 (1.1 L) and concentrated to afford the title compound 24 as 

yellow foam (261 g, 99% yield accounting for residual solvents) which was used in the following 

20 step. 

N-((3S,4R, 5,S,)-3-(2-fluorophenyl)-4-(hydroxymethyl)-5-(trifluoromethyl)-

tetrahydrofuran-3-ylcarbamothioyl)benzamide: *H NMR (500 MHz, DMSO) 8 12.04 (s, 2H), 

11.20 (s, 2H), 7.95 (d, J= 7.4 Hz, 2H), 7.69 - 7.60 (m, 1H), 7.56 - 7.42 (m, 2H), 7.37 - 7.28 (m, 
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1H), 7.24 - 7.12 (m, 2H). 5.59 (t, J = 4.5 Hz, 1H), 5.03 (d, J= 9.7 Hz, 1H), 4.92 (d, J = 9.7 Hz, 

1H), 4.75 - 4.63 (m, 1H). 3.92 - 3.74 (m, 2H), 2.77 - 2.66 (m, 1H); 13C NMR (125 MHz, 

DMSO) 8 179.98, 167.85, 159.75 (d, JCF = 245.0 Hz). 133.44, 132.58, 129.88, 129.81, 129.04, 

128.85, 126.31 (d, JCF = 9.8 Hz), 124.36, 116.83 (d, JCF = 23.4 Hz), 76.11 (q, JCF = 31.0 Hz). 

74.37 (d, JCF = 6.1 Hz), 68.77 (d, J"CF = 3.4 Hz), 57.03, 52.23. 

HRMS Calculated for CMHI^NZOBS [M+H]+441.0896; found 441.0818. 

F' 

O 

. Ph 1 

f HO O^O 
.,*NH2 I 

0 • r 
'1 0^ ,0 0H 

OH 
Ph 

Benzoyl isothioeyanate 
(1-1 eg) 

1.0 Naq. NaOH (2.3 eq) 
EtOAc, 0 °C 

22 

N-((3S,4R,5R)-3-(2-fluorophenyl)-4-(hydroxymethyl)-5-methyltetrahydrofuran-3-

10 ylcarbamothioyl)benzamide. A reactor was charged with 22 (1 Wt, 1 eq) and ethyl acetate (2.7 

Wt, 3.0 V). The mixture was cooled to 0 to 10 °C. 1.00 M aqueous NaOH (4.2 Wt, 4.0 V, 2.3 eq) 

was added. Benzoyl isothioeyanate (0.314 Wt, 0.259 V, 1.10 eq) was added with vigorous 

stirring while maintaining T between 0 to 10 °C. After completed addition, continued stirring at 

0-5 °C over 2h and monitored for complete consumption of 22 (target >98% conversion), The 

15 reaction mixture was filtered and the filter cake was rinsed with: 1) water (2.0 Wt, 2.0 V); 2) a 

mixture of heptane (0.91 Wt, 1.3V) and Ethyl acetate (1.2 Wt, 1.3 V). The solid was dried under 

reduced pressure (T <40 °C) to give 25 (0.57 Wt, 85.4% yield). 

N-((3S,4R,5R)-3-(2-fluorophenyl)-4-(hydroxymethyl)-5-methyltetrahydrofuran-3-

ylcarbamothioyl)benzamide: *H NMR (500 MHz, CDCI3) 8 11.78 (s, 1H), 8.88 (s, 1H), 7.88 -

20 7.82 (m, 2H), 7.67 (td, J= 8.1, 1.6 Hz, 1H), 7.65 - 7.59 (m, 1H), 7.50 (dd, J= 10.8, 4.8 Hz, 2H), 

7.30 - 7.23 (m, 1H), 7.15 (td, J=7.8, 1.2 Hz, 1H), 7.01 (ddd, J= 12.3, 8.2, 1.1 Hz, 1H), 4.73 (d, 

J= 10.1 Hz, 1H), 4.42 (dd, J= 10.1, 1.7 Hz, 1H), 4.10 - 4.03 (m, 1H), 4.03 - 3.91 (m, 2H), 2.80 

(t, J= 5.3 Hz, 1H), 2.63 -2.52 (m, 1H), 1.35 (d, J= 6.1 Hz, 3H);13C NMR (125 MHz, CDC13) 8 

179.42, 166.60, 160.35 (d, JCF = 247.4 Hz), 133.60, 131.81, 129.27 (d, JCF = 8.9 Hz), 129.20 (d, 

25 JCF = 3.7 Hz), 129.15, 127.55, 127.39 (d, JCF = 10.0 Hz), 123.96 (d, JCF = 3.3 Hz), 116.18 (d, JCF 

= 23.0 Hz), 76.90 (d, JCF = 2.8 Hz), 76.27, 69.26, 59.49, 58.03, 20.04. 
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26 

N-(((3S,4R,5S)-3-(2,3-difluorophenyl)-4-(hydroxymethyl)-S 

((trityloxy)methyl)tetrahydrofuran-3-yl)carbamothioyl)benzamide. A suspension of chiral 

5 salt 23 (44.21 g, 0.051 mol, 1.0 equiv.) in ethyl acetate (133 mL) was cooled down to 1.7 °C. Aq. 

NaOH (1.0 M, 121 mL, 0.12 mol, 2.4 equiv.) was added while maintaining temperature below 5 

°C. The reaction was stirred for 5 min then benzyl isothioeyanate (9.43 g, 0.058 mol, 1.12 

equiv.) was added over 5 min. After 1.5 h, ethyl acetate (133 mL) was added. The organic phase 

was isolated and successively washed with saturated aq. NaHCOa (130 mL) and 18% aq.NaCl 

10 (44 mL). The combined aqueous phases were extracted with EtOAc (66 mL) and CH2CI2 (30 

mL). All the organic phase were combined, filtered and concentrated under reduced pressure. 

The title compound 26 (34.2 g) was isolated as a foam after chasing the residual solvent with 

CH2CI2 (88 mL). 

N-(((3S,4R,5S)-3-(2,3-difluorophenyl)-4-(hydroxymethyl)-5-

15 ((trityloxy)methyl)tetrahydrofuran-3-yl)carbamothioyl)benzamide: ' 11 NMR (500 MHz, DMSO) 

8 11.97 (br s, 1H), 11.20 (br s, 1 H), 7.94 (d, .7=7.4 Hz, 2H), 7.63 (t, .7=7.4 Hz, 1H),7.51 (t,J= 

7.8 Hz, 2H), 7.38 - 7.21 (m, 17H), 7.13 (dd, /= 13.4, 7.9 Hz, 1H), 5.13 (t, J= 4.4 Hz, 1H), 5.07 

(d, J = 9.7 Hz, 1H), 4.47 (d, J = 9.8 Hz, 1H), 4.24-4.16 (m, 1H), 3.68 (t, J = 4.6 Hz, 2H), 3.19 

(dd, J= 10.1, 2.9 Hz, 1H), 3.01 (dd, J = 10.1, 4.8 Hz, 1H), 2.63 - 2.52 (m, 1H); 13C NMR (125 

20 MHz, DMSO) 8 180.06, 168.14, 150.75 (dd, JCF = 244.6, 13.2 Hz), 147.93 (dd, JCF = 247.5, 13.5 

Hz), 144.15, 133.46, 132.55. 131.90 (d, JCF = 6.4 Hz), 129.04, 128.86, 128.67, 128.28, 127.43, 

124.41, 124.25, 116.12 (d, JCF = 17.0 Hz), 86.27, 79.75, 75.03, 68.04, 64.63, 58.16, 53.35. 

HRMS Calculated for C39H34F2N2O4S [M+H]+663.2129; found 663.2200. 

COOH 

BzO' 
.OBz 

COOH 
l_l Zn (5.0 equiv.) 
N AcOH (5.0 equiv.) 

O 
NH2 (-)-dibenzoyl-L-tartartic acid 

.OBz 

COOH 

TrtO 
THF, 35-40 °C 

TrtO 
toluene : acetone (6.0 v/5.0 v) 

OH 4.0 equiv. water 
racemic TrtO 

racemic 
25 enantioenriched 
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((2S,3R,4S)-4-Amino-4-(2-fluorophenyl)-2-((trityloxy)methyl)tetrahydrofuran-3-

yl)methanol (2R,3R)~2,3~bis(benzoyloxy)succinate. A reactor was charged with zinc dust (<10 

micron, 3,39 g 5.0 equiv.), 6a-(2-fluorophenyl)-4-((trityloxy)methyl)hexahydrofuro[3,4-

c]isoxazole (5.0 g, 1.0 equiv.) and THF (30.0mL). To the stirred suspension was charged acetic 

5 acid (2.97 mL, 5.0 equiv.). After addition, the reaction temperature was maintained between 20-

30 °C for 1 hour. Then the reaction mixture was warmed to 35-40 °C and the temperature was 

maintained while monitoring for consumption of starting material. Upon completion, the reaction 

mixture was cooled to 20-25 °C and charged 28% aq NH4OH (12.5 mL) while maintaining 

temperature <40 °C. The suspension was cooled to 20-25 °C and filtered over Celite (0.5 Wts). 

10 The solids were rinsed with MTBE (35.0 mL). The filtrate was transferred to a separatory funnel. 

The aqueous layer was removed, and the organic layer was washed with water (10.0 mL). The 

organics were concentrated under vacuum (bath temperature < 40 °C) to afford racemic 

aminoalcohol as a foam (95-105%) crude yield). To the racemic amino alcohol was charged (-)-

dibenzoyl-L-tartaric acid (3.74g, 1.0 equiv). To the mixture was charged water (0.76 mL, 4.0 

15 equiv.) and then acetone (25.3 mL). The mixture was heated to 56-60 °C and then charged 

toluene (30.3 mL) while maintaining temperature above 50 °C. Upon completed addition, the 

temperature was held at 56-60 °C for at least 30 minutes and then cooled to 17-22 °C at 10 °C / 

hour, The suspension was stirred at 17-22 °C for at least two hours. The solids were filtered and 

washed with a solution of toluene/acetone in two portions (6/5 Y/V, 4.0 volumes). The solid was 

20 dried under reduced pressure to obtain ((2S,3R,4S)-4-Amino-4-(2-fluorophenyI)-2-

((trityloxy)methyl)tetrahydrofuran-3-yl)methanol (2R,3R)-2,3-bis(benzoyloxy) succinate 

(3.4 g38% yield) as a white powder. Typical ee% 96-97%). 

'H NMR (400 MHz, c/6-DMSO) 8 7.92 (d, J= 7.6Hz, 4H),7.61-7.54 (m, 2H), 7.46 (t, J= 7.6Hz, 

4H), 7.33-7.09 (m, 19H), 5.66 (s, 2H), 4.20 (s, 1H), 4.12 (d, J= 9.6 Hz, 1H), 4.07 (d, J= 9.6 Hz, 

25 1H), 3.57 (dd, J= 11.2, 6.0, 1H), 3.48 (dd, J= 10.8, 6.4, 1H), 3.12 (d, J= 8.0 Hz, 1H), 3.03 (dd, 

J= 10.0, 5.2Hz, 1H), 2.77 (app q, J= 7.2Hz, 1H). 

Analytical method for enantiomeric excess asessment: 

HPLC Parameters: 

Mobile Phase: Add 120 mL 2-propanol and 880 mL heptane (measured separately with a 

30 100 mL and 1000-mL graduated cylinders) and 0.5 mL triethylamine (measured with 

volumetric glass pipette) to an appropriate flask and mix. Degas in-line during use. 

HPLC column: Chiralpak AD, 4.6 x 250 mm, 10 (.im, Daicel 

Chemical Industries, Ltd., catalog no. 19025. 
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Temperature: 35 °C 

Flow rate*: 0.8mL/min 

Gradient: NA 

Injection volume: 3 [iL 

Detection: 260 nm UV 

Data acquisition time: 30 min 

Total run time: 30 min 

Column Maximum Pressure: 35 Bar 

Needle Wash: 2-propanol 

*Flow rate may be adjusted ± 0.2 ml/min to obtain specified retention times. 

Retention Times for Analytes and Impurities: 

Compound Peak Retention Time 

(Relative Retention Time, 

RRT) 

Structure 

((2S,3R,4S)-4-amino-4-(2-fluorophenyl)-

2-((trityloxy)methyI)tetrahydrofuran-3-

yl)methanol dibenzoate diformate 

12.6 min± 10% 

(RRT 1.00) 
0 

T rtO ^ 

Enantiomer: ((2R,3 S,4R)-4-amino-4-(2-

fluorophenyl)-2-

((trityloxy)methyl)tetrahydrofuran-3-

yl)methanol 

19.6 min 

(RRT 1.56) ,.o 
J—^NH2 0 I 

TrtO—" 1=1 0H 

An x-ray crystal structure of ((2S,3R,4S)-4-Amino-4-(2-fluorophenyI)-2-

5 ((trityloxy)methyl)tetrahydrofuran-3-yI)methanol (2R,3R)-2,3-bis(benzoyloxy)succinate: 

was obtained and is presented in Figure 2. 
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E. Synthesis of Thiazyl Benzamides of Formula IV 

F30 

F 

C 

OH 

F 

Q 

JQ „ 
y-K-8 
3 u 

24 27 

5 

A^-((4alS,,5iS',7a6)-7a-(2-fIuorophenyl)-5-(trifluoromethyl)-4a,5,7,7a-tetrahydro-4H-furo[3,4-

d][l,3]thiazin-2-yl)benzamide. A solution of A^-((i5,,^i?,55)-3-(2-fluorophenyl)-4-

(hydroxymethyl)-5-(trifluoromethyl)-tetrahydrofuran-3-ylcarbamothioyl)benzamide 24 (258.3 g, 

10 583.8 mmol) in CH2CI2 (1.55 L) was cooled to -19.4 °C. Pyridine (118 mL, 1.46 mol) was added 

while maintaining temperature at -20 °C, and then the reaction mixture was cooled to -24 °C. In 

another nitrogen purged vessel, CH2CI2 (258 mL) was added followed by trifluormethanesulfonic 

anhydride (108.0 mL, 642.2 mmol). The resulting solution was added to the reaction mixture 

over 30 min, while maintaining temperature below -19.7 °C. upon completed addition, the 

15 reaction mixture was stirred for 30 min at -20 °C to -15 °C, and then warmed to -11 °C over 20 

min. Saturated aq. NH4CI (646 mL) and water (390 mL) was added. The mixture was warmed to 

ambient temperature and the aq. layer was removed. The organics were washed with premixed 

saturated aq. NH4CI (646 mL) and water (390 mL). The aq. layers were combined, and extracted 

once with CH2CI2 (520 mL). The organics were combined, and concentrated under vacuum to 

20 afford 27 as a light orange foam (250 g, 100%). The residue was used in the next stage without 

purification. 

/V-((4a,S'51S,,7aiS')-7a-(2-nuorophenyl)-5-(ti'ifluoromethy])-4a,5,7,7a-tetrahydro-4]I-

furo[3,4-d][l,3]thiazin-2-yl)benzamide: rH NMR (500 MHz, CDC13) 5 8.03 (d, J = 6.7 Hz, 2H), 

7.52 (t, J = 7.0 Hz, 1H), 7.48 - 7.31 (m, 4H), 7.20 (t, J = 7.4 Hz, 1H), 7.12 (dd, J = 12.0, 8.4 Hz, 

25 1H), 4.82-4.73 (m, 1H), 4.60 (d, J= 8.9 Hz, 1H), 4.03 (d, J= 8.3 Hz, 1H), 3.57 (d, .7=2.7 Hz, 

1H), 3.20 (d, J = 13.6 Hz, 1H), 2.81 (dd, J = 13.8, 2.5 Hz, 1H); 13C NMR (125 MHz, CDC13) 5 

171.50, 159.57 (d, JcF = 247.2 Hz), 134.62, 132.49, 130.65 (d, JcF J= 8.8 Hz), 129.77, 128.51, 

128.45, 125.14 (q, JCF = 281.8 Hz), 124.97 (d, JCF = 3.0 Hz), 124.66 (d, JCF = 10.3 Hz), 117.05 

(d, JCF = 23.5 Hz), 66.81 (d, JCF = 5.2 Hz), 38.90, 23.20. 

30 HRMS Calculated for C2oH]6F4N202S [M+H]+425.0947; found 425.0945. 
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F 

C 

OH 

Tf20 (1.1 eq) 
Pyridine (2.5 eq) 

CH2CU 
-20 to -5 C 

F 

C 

28 
25 

N-((4aS,5R,7aS)-7a-(2-fluorophenyl)-5-methyl-4a,5,7,7a-tetrahydro-4H-furo[3,4-

d][l,3]thiazin-2-yl)benzamide. A reactor was charged with 25 (1 Wt, 1 eq), methylene chloride 

5 (8.0 Wt, 6.0 V) and pyridine (0.509 Wt, 0.520 Y, 2.50 eq) at 18-22 °C. The mixture was cooled 

to -20 to -15 °C. A solution of trifluoromethanesulfonic anhydride (0.807 Wt, 0.481 V, 1.10 eq) 

in methylene chloride (1.32 Wt, 1.00 V) was added while maintaining T at -15 to -5 °C. Upon 

complete addition, continued stirring at -5 to 0 °C over 0.5h and monitored for complete 

consumption of 25 (target >97% conversion). Saturated aqueous ammonium chloride (2.67 Wt, 

10 2.50 V) and water (1.50 Wt, 1.50 V) were added. The biphasic mixture was stirred vigorously at 

18-22 °C and allowed to partition. The organic layer was aside and the aqueous layer was 

extracted with methylene chloride (4.7 Wt, 3.5 V). The combined organic layers were 

concentrated under reduced pressure (T <40 °C) to give 28 (0.95 Wt, assumed 100%> theory). 

15 d][1,3]thiazin-2-yl)benzamide: 'H NMR (500 MHz, CDC13) 8 8.11 - 8.07 (m, 2H), 7.56 - 7.49 

(m, 1H), 7.49-7.33 (m, 4H), 7.26 - 7.19 (m, 1H), 7.18 - 7.11 (m, 1H), 4.55 (d, J= 9.6 Hz, 1H), 

4.55 - 4.46 (111, 1H), 4.16 (s, 2H), 4.06 (dd, J= 9.5, 2.8 Hz, 1H), 3.26 (dd, J = 13.7, 3.7 Hz, 1H), 

2.93 - 2.87 (111, 1H), 2.84 (dd, J= 13.7, 3.8 Hz, 1H), 1.42 (d, J = 6.1 Hz, 3H);13C NMR (126 

MHz, cdcl3) 8 174.13, 160.15 (d, JcF = 247.1 Hz), 148.20, 135.46, 132.50, 130.58 (d, JcF = 8.9 

20 Hz), 128.97, 128.47, 128.43 (d, JcF = 3.5 Hz), 126.94 (d, JCF = 10.7 Hz), 125.00 (d, JcF = 3.4 Hz), 

117.17 (d, JCP = 23.1 Hz), 77.56 (d, JCv = 5.7 Hz), 76.60, 66.88 (d, JCF = 4.4 Hz), 46.16 (d, Jcv = 

2.9 Hz), 23.36, 19.67. 

25 
N-((4aS,5S,7aS)-7a-(2,3-Difluorophenyl)-5-((trityloxy)methyl)-4a,5,7,7a-tetrahydro-4H-

furo[3,4-d][l,3]thiazin-2-yl)benzamide. To a solution of N-(((3S,4R,5S)-3-(2,3-
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difluorophenyl)-4-(hydroxymethyl)-5-((trityloxy)methyl)tetrahydrofuran-3-

yl)carbamothioyl)benzamide 26 (34.0 g, 0.0511 mol, 1.0 equiv.) in CH2CI2 (204 mL) at -20 °C, 

pyridine (10.3 ml, 0.128 mol, 2.50 equiv.) was added.. A solution of trifluoromethanesulfonic 

anhydride (9.46 mL, 0.0563 mol, 1.10 equiv.) in CH2C12 (34 mL) was then added over 12 min 

while maintaining temperature below -17 °C. The reaction was stirred for 30 min at -20 °C then 

allowed to warm up slowly to 5 °C. Sat aq. NH4CI (85 mL) and water (32 mL) were added. The 

aqueous layer was then extracted with CH2C12 (68 mL). The organic phase was concentrated 

under reduced pressure providing the title compound 29 (33.6 g) as an orange foam. 

HRMS Calculated for C39H32F2N2O3S [M+H]+647.2180; found 647.2123. 

N-(3-((4aS,5S,7aS)-2-amino-5-(fluoromethyl)-4a,5,7,7a-tetrahydro~4H-furo[3,4-

d][l,3]thiazin-7a-yl)-4-fluorophenyl)-5-(difluoromethyl)pyrazine-2-carboxamide. 5-

(Difluoromethyl)pyrazine-2-carboxylic acid (30.0 g, 1.05 equiv) and (4aS,5S,7aS)-7a-(5-amino-

2-fluorophenyl)-5-(fluoromethyl)-4a,5,7,7a-tetrahydro-4H-furo[3,4-d][l,3]thiazin-2-amine (49.2 

g, 1.00 equiv.) were charged to a reactor and EtOAc (443 mL) was added to the mixture to give a 

suspension. A solution of ®T3P (105 g, 1.10 equiv, 50 wt% in EtOAc) (Archimica, Germany) 

was added at ambient temperature while controlling the internal temperature below 30 °C. The 

reaction mixture was stirred at 40-45 °C >3 hours and monitored by HPLC. The reaction mixture 

was cooled to ambient temperature and water (98 mL) was charged. After 10-15 minutes 

charged 28% ammonium hydroxide (137 mL) while controlling the temperature below 30 °C, 

Additional EtOAc (172 mL) was added and the reaction mixture was stirred for 30 minutes at 

ambient temperature. The aqueous phase was separated and back-extracted with EtOAc (246 

mL). The organic phases were combined and washed with 15% aq. NaCl (98 mL) and water (98 

mL). The organic layer was filtered over Celite (0.5 Wt) and concentrated under vacuum to 

obtain a beige solid (quantitative crude yield) which was recrystallized from 1-propanol to afford 

N-(3-((4aS,5S,7aS)-2-amino-5-(fluoromethyI)-4a,5,7,7a-tetrahydro-4H-furo[3,4-

d][l,3]thiazin-7a-yl)-4-fluorophenyl)-5-(difluoromethyl)pyrazine-2-carboxamide as a tan 

solid (54.2g). 
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!H NMR (500 MHz, DMSO) 5 = 10.94 (s, 1H), 9.38 (d, J=0.9, 1H), 9.08 (s, 1H), 7.93 (dd, >7.3, 

2.7, 1H), 7.90 - 7.85 (m, 1H), 7.25 (t, 7=54.0, 2H), 7.18 (dd, .7=11.8, 8.8, 1H), 6.04 (s, 2H), 4.68 

- 4.44 (m, 2H), 4.40 - 4.30 (m, 1H), 4.26 (d, ,7=8.2, 1H), 3.79 (dd, 7=8.1, 3.1, 1H), 3.30 (s, 1H), 

3.12 (dd, 7=13.5, 3.6, 1H), 3.00 (dd, 7=13.5, 3.8, 1H), 2.76 (dt, 7=7.9, 3.7, 1H). 

5 13C NMR (126 MHz, DMSO) 5 160.90 (s), 156.22 (d, J= 244.2 Hz), 149.16 (t, J= 24.7 Hz), 

148.46 (s), 146.91 (s), 143.69 (s), 140.35 (t, J= 4.4 Hz), 134.02 (s), 130.27 (d, J =12,3 Hz), 

122.46 (d, J= 4.2 Hz), 121.18 (d, J= 8.7 Hz), 116.26 (d, J= 25.0 Hz), 112.49 (t, J= 239.1 Hz), 

83.53 (d, J= 169.8 Hz), 78.52 (d, J= 18.2 Hz), 77.55 (s), 65.61 (s), 35.59 (s), 22.93 (s). 

10 E. Synthesis of Amino Thiazines of Formula V 

(4a5',51S',7atS)-7a-(2-Fluorophenyl)-5-(trifluoromethyl)-4a,5,7,7a-tetrahydro-4H-furo[3,4-

15 d][l,3]thiazin-2-amine. To a solution of #-((4a1S,,55,,7alS)-7a-(2-fluorophenyl)-5-

(trifluoromethyl)-4a,5,7,7a-tetrahydro-4H-furo[3,4-d][l,3]thiazin-2-yl)benzamide 27 (250.2 g, 

589.5 mmol) in methanol (1.25 L) was added K2CO3 (81.5 g, 590.0 mmol). The suspension was 

heated to 65 °C for 6 hours. Upon cooling to ambient temperature, the solvent was evaporated 

under vacuum. To the resulting residue, was added 1.0 N aq NaOH (1.18 L) and THF (502 mL). 

20 The heterogeneous mixture was heated to 45 °C for 1 hour. The mixture was cooled to ambient 

temperature, and EtOAc (1.38 L) was added. The aqueous layer was extracted with EtOAc (0.75 

L). The organics were combined, washed with saturated aq. NaHC03 (500 mL) and saturated aq. 

NaCl (500 mL). The organics were concentrated under vacuum to afford the title compound 30 

as a brown oil (184.1 g, 91.6 % yield accounting for residual solvents). 

25 (4aiS,,55,,7a5)-7a-(2-Fluorophenyl)-5-(trifluoromethyl)-4a,5,7,7a-tetrahydro-4H-furo[3,4-

d][1,3]thiazin-2-amine: 'H NMR (500 MHz, DMSO) 5 7.49 - 7.42 (m, 1H), 7.40 - 7.33 (m, 1H), 

7.26 - 7.15 (m, 2H), 6.26 (s, 2H), 4.77 - 4.54 (m, 1H), 4.40 (d, J= 8.0 Hz, 1H). 3.80 (dd, J= 7.9, 

2.3 Hz, 1H), 3.24 - 3.17 (m, 1H), 3.00 (dd, 7= 13.9, 3.2 Hz, 1H), 2.85 (dd, J= 13.9, 3.9 Hz, 

1H); 13C NMR (125 MHz, DMSO) S 159.75 (d, JCF = 245.1 Hz), 149.51, 131.31 (d, JcF = 3.9 

27 30 
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Hz), 130.13 (d, JCF = 8.8 Hz), 128.08 (d, JCF = 10.4 Hz), 128.28 (q, JCF = 282.1 Hz). 124.87 (d, 

JCF = 3.0 Hz), 116.80 (d, J= 23.8 Hz). 78.77, 76.80 (q, JCF = 30.8 Hz), 66.31, 36.37, 23.27. 

HRMS Calculated for C13H12F4N2OS [M+H]+321.0685; found 321.0677. 

(4aS,5R,7aS)-7a-(2-Fluorophenyl)-5-methyl-4a,5,7,7a-tetrahydro-4H-furo[3,4-

d][l,3]thiazin-2-amine. A reactor was charged with 28 (1.0 Wt, 1.0 eq), potassium carbonate 

(0.19 Wt, 0.50 eq) and MeOH (4.0 Wt, 5.0 V). The reaction mixture was heated up to 60-65 °C. 

Continued stirring at 60-65 °C over 6h and monitored the reaction for complete consumption of 

10 28 (target >97% conversion). The reaction mixture was concentrated under reduced pressure (T 

<40 °C) to remove most of the methanol. Water (1.5 Wt, 1.5 V) was charged followed by a 

mixture of heptane (1.1 Wt, 1.6 V) and ethyl acetate (0.36 Wt, 0.40 Y). The mixture was cooled 

to 0-5 °C and stirred vigorously for l-2h. The mixture was filtered and rinsed the reactor and 

filter cake with water (1.0 Wt, 1.0 V) and a pre-cooled (0-5 °C) mixture of heptane (0.89 Wt, 1.3 

15 V) and ethyl acetate (0.29 Wt, 0.32Y). The solid was dried in vacuo (T <40 °C) to give 31 

(0.6lWt, 85%, pale brown solid). 

(4aS,5R,7aS)-7a-(2-fluorophenyl)-5-methyl-4a,5,7,7a-tetrahydro-4H-furo[3,4-

d][l,3]thiazin-2-amine: ]H NMR (500 MHz, CDCI3) 8 7.41 (td, J= 8.2, 1.6 Hz, 1H), 7.28 - 7.20 

(m, 1H), 7.15-7.09 (m, 1H), 7.03 (ddd, J= 12.4, 8.1, 0.7 Hz, 1H), 4.81-4.42 (s, 2H), 4.61 (dd, 

20 J= 8.7, 0.5 Hz, 1H), 4.40 - 4.27 (m, 1H), 3.80 (dd, J= 8.7, 2.2 Hz, 1H), 3.07 (dd, J= 13.3, 3.9 

Hz, 1H), 2.70 (dd, J= 13.3, 3.9 Hz, 1H), 2.56 - 2.47 (m, 1H), 1.34 (d, J= 6.1 Hz, 3H);13C NMR 

(125 MHz, CDCI3) 5 160.03 (d, JCF = 247.0 Hz), 149.41, 130.73 (d, JCF = 10.0 Hz), 129.80 (d, 

JCF = 4.1 Hz), 128.83 (d, JCF = 8.7 Hz), 124.02 (d, JCF = 3.4 Hz), 116.38 (d, JCF = 23.5 Hz), 

78.54 (d, JCF = 4.8 Hz), 76.43, 66.97 (d, JCF = 4.6 Hz), 44.50 (d, JCF = 3.7 Hz), 23.70, 19.83. 

Alternate synthesis of (4aS,5R,7aS)-7a~(2-Fluorophenyl)-5-methyl-4a,5,7,7a-tetrahydro-4H-

furo[3,4-d][l,3]thiazin-2-amine (31). 

5 28 31 

25 
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Tf20 (1.1 eq) 

Pyr/Tol (3/3V) 
15 to 0 °C, 1.5h 

S O 

28 

3M NaOH (3.0V) F 

" o; 

Me 

i PrOH (3.0 V) 
78-83 °C 

N. ,NH2 T s 

31 

A reactor was charged with thiourea 25 (1 Wt, 1 eq), pyridine (2.9 Wt, 3.0 V) and toluene (2.6 

Wt, 3.0 V). The resulting mixture was cooled to below -15 °C. Trifluoromethanesulfonic 

anhydride (0.800 Wt, 0.476 V, 1.10 eq) was added while maintaining the temperature below 0 °C. 

Upon complete addition, stirring between -5-0 °C was continued for 1.5 h and the reaction was 

monitored for complete conversion (>97.0%). Toluene (5.2 Wt, 6.0 V) and 20 wt% aqueous 

ammonium chloride solution (4.2 Wt, 4.0 V) were added. The resulting biphasic mixture was 

warmed to 15-25 °C, stirring for at least 15 min and then allowed to partition. The lower 

aqueous layer was separated, and the upper organic phase was removed and held. The aqueous 

layer was extracted with toluene (2.6 Wt, 3.0 V). The combined organic layers were washed 

with water (2.0 Wt, 2,0 V) and concentrated under reduced pressure to give crude 28 as a thick 

brown oil. 2-propanol (2,4 Wt, 3.0 V) and 3.0 M aqueous sodium hydroxide (3.5 Wt, 3.0 V) 

were added, and the resulting reaction mixture was heated to 80 °C for 6 h and monitored for 

complete conversion (>99,0%>). Heptane (1.4 Wt, 2,0 V) and then water (10 Wt, 10 V) were then 

added, while keeping the internal temperature above 60 °C. The resulting mixture was cooled to 

0-5 °C and maintained at this temperature for at least 2 h, then filtered. The reactor and filter 

cake were rinsed with a mixture of water (1.8 Wt, 1.8Y) and 2-propanol (0.16 Wt, 0.20 V) and 

then a mixture of heptane (1.2 Wt, 1.8 V) and ethyl acetate (0.18 Wt, 0.20 V). The solids were 

dried to give isothiourea 31 (0.57 Wt, 83% yield). 

N-((4aS,5S,7aS)-7a-(2,3-Difluorophenyl)-5-(hydroxymethyl)-4a,5,7,7a-tetrahydro-4H-

furo[3,4-d][l,3]thiazin-2-yl)benzamide. Formic acid (116 mL) was added to N-((4aS,5S,7aS)-

7a-(2,3-difluorophenyl)-5-((trityloxy)methyl)-4a,5,7,7a-tetrahydro-4H-furo[3,4-d][l,3]thiazin-2-

yl)benzamide 29 (33.30 g, 0.051 mol, 1.0 equiv.), the mixture was stirred at rt for 25 min. Water 
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(17 mL) was added drop wise then the reaction was stirred for another 30 min. The resulting 

suspension was filtrated; the filtrate was dried by azeotropic distillation under vacuum with 

toluene (360 mL). Methanol (110 mL) was added followed by triethylamine (22 mL, 0.15 mol, 

3.0 equiv.) and the solution was stirred for 2 hours. The solvent was removed under vacuum and 

5 chased with toluene (66 mL). The residual oil was dissolved in CH2CI2 (250 ml) and washed 

successively with aq.HCl (1M, 100 mL), sat aq.NaHCC>3 (67 mL) and 18% aq.NaCl (67 mL). 

The organic phase was concentrated under reduce pressure. Toluene (66 mL) and THF (67 mL) 

were added to the residue then the solution was filtered through celite and concentrated under 

reduced pressure to yield the title compound 32 (21 g). 

10 *H NMR (500 MHz, DMSO) 8 8.11 (dd, J= 16.4, 4.2 Hz, 2H), 7.70 - 7.58 (m, 1H), 7.57 

- 7.44 (m, 3H), 7.43 - 7.34 (m, 1H), 7.34 - 7.26 (m, 1H), 4.43 (d, J= 9.5 Hz, 1H), 4.25 - 4.16 

(m, 1H), 4.10 (d, J= 9.2 Hz, 1H), 3.59 (d, J= 4.5 Hz, 2H), 3.30 - 3.21 (m, 1H), 3.20 - 3.08 (m, 

2H); 13C NMR (125 MHz, DMSO) 8 169.08, 150.95 (dd, JCF = 245.8, 13.1 Hz), 148.22, 148.09 

(dd, JCF = 248.7, 13.2 Hz), 133.46, 129.11, 128.99, 128.62, 125.43, 124:70, 118.16 (d, JCF = 16.9 

15 Hz), 81.36, 75.29, 66.76, 62.39, 40.77, 24.25. 

HRMS Calculated for C2oHi8F2N203S [M+H]+405.1084; found 405.1081. 

20 

N-((4aS,5S,7aS)-7a-(2,3-difluorophenyl)-5-(fluoromethyl)-4a,5,7,7a-tetrahydro-4H-

furo[3,4-d][l,3]thiazin-2-yl)benzamide. N-((4aS,5S,7aS)-7a-(2,3-difluorophenyl)-5-

(hydroxymethyl)-4a,5,7,7a-tetrahydro-4H-furo[3,4-d][l,3]thiazin-2-yl)benzamide 32 (21.0 g, 

25 0.519 mol, 1.0 equiv,) was dissolved in dry THF (105 mL) under a nitrogen atmosphere and the 

solution was cooled at 0 °C. N,N-diisopropylethylamine (40.7 mL, 0.234 mol, 4.50 equiv.), 

triethylamine trihydrofluoride (14.0 mL, 0.0857 mol, 1.65 equiv.) and perfluorobutanesulfonyl 

fluoride (22.4 mL, 0.125 mol, 2.40 equiv.) were added while maintaining temperature under 5 °C. 

The reaction was stirred for 3 hours at 0 °C then slowly warmed to room temperature and stirred 

30 for 11 hours. To the reaction mixture was charged sat.NHiCl (100 mL) followed by 2-methoxy-

2-methylpropane (100 mL). The organic phase was isolated and washed with aq. HCl (1.0 M, 

100 ml), concentrated and redissolved in 2-methoxy-2-methylpropane (301 ml). The organic 
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phase was then washed with aq.HCl (1M, 63 mL), sat aq.NaHC03 (100 mL). The last aqueous 

layer was extracted with 2-methoxy-2-methylpropane. The combined organic phase was washed 

with 18% aq.NaCl (63 mL) and concentrated under reduced pressure to afford title compound 33 

(19.40 g) as a foam. 

5 N-((4aS,5S,7aS)-7a-(2,3-difluorophenyl)-5-(fluoromethyl)-4a,5,7,7a-tetrahydro-4H-

furo[3,4-d][ 1,3]thiazin-2-yl)benzamide: !H NMR (500 MHz, DMSO) 8 8.02 (s, 2H), 7.61 - 7.51 

(m, 1H), 7.51 - 7.38 (m, 3H), 7.39 - 7.18 (m, 2H), 4.72 - 4.49 (m, 2H), 4.48 - 4.37 (m, 1H), 

4.41 (d, J = 9.1 Hz, 21H), 3.04 (s, 2H); 13C NMR (125 MHz, DMSO) 8 150.92 (dd, JcF = 245.5, 

13.3 Hz), 148.11 (dd, JcF = 248.2, 13.4 Hz), 132.40, 128.99, 128.63, 125.16, 124.94, 117.61, 

10 83.64 (d, JCF = 170.2 Hz), 79.51 (d, JCF = 18.4 Hz), 76.17, 66.27, 23.67. 

HRMS Calculated for C20H17F3N2O2S [M+H]+407.1041; found 407.1024. 

34 
15 

(4aS,5S,7aS)-7a-(2,3-Difluorophenyl)-5-(fluoromethyl)-4a,5,7,7a-tetrahydro-4H-furo[3,4-

d][l,3]thiazin-2-amine. N-((4aS,5S,7aS)-7a-(2,3-difluorophenyl)-5-(fluoromethyl)-4a,5,7,7a-

tetrahydro-4H-furo[3,4-d][l,3]thiazin-2-yl)benzamide 33 (19.40 g, 0.048 mol, 1.0 equiv.) was 

dissolved in methanol (97 mL), under nitrogen, l,8-diazabicyclo[5.4.0]undec-7-ene (8.92 mL, 

20 0.060 mol, 1.25 equiv.) was added, and the solution was heated to 55-60 °C. After 8 h, the 

reaction mixture was concentrated under reduced pressure, and the residue purified by silica gel 

flash column chromatography (5% to 100% EtOAc in heptane) to afford the title compound 34 

(9.01 g). 

(4aS,5S,7aS)-7a-(2,3-difluorophenyl)-5-(fluoromethyl)-4a,5,7,7a-tetrahydro-4H-furo[3,4-

25 d][ 1,3]thiazin-2-amine: *HNMR (500 MHz, DMSO) 8 7.38 - 7.28 (m, 1H), 7,26 - 7.14 (m, 2H), 

6.12 (s, 2H), 4.66 - 4.41 (m, 2H), 4.37 - 4.27 (m, 2H), 4.29 (d, J = 8.2 Hz, 1H), 3.74 (dd, J= 8.2, 

2.6 Hz, 1H), 3.30 (s, 1H), 3.06 - 2.90 (m, 2H), 2.79 - 2.71 (m, 1H); 13C NMR (125 MHz, 

DMSO) 8 150.84 (dd, J = 244.8, 14.0 Hz), 149.71, 148.07 (dd, JCF = 247.8, 13.4 Hz), 133.08 (d, 

JCF = 7.7 Hz), 125.24, 124.55 (dd, JCF = 7.2, 4.3 Hz), 116.58 (d, JCF = 17.2 Hz), 83.91 (d, JCF = 

30 170.0 Hz), 79.12 (d, JCF = 18.2 Hz), 77.96 (d, JCF = 4.9 Hz), 66.22, 36.41 (d, JCF = 3.3 Hz), 23.40. 

HRMS Calculated for C13H13F3N2O.S [M+H]+303.0779; found 303.0767. 
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G. Synthesis of Nitrophenyl Thiazines of Formula VI 

5 (4aiS,,55',7aiS)-7a-(2-Fluoro-5-nitrophenyl)-5-(trifluoromethyl)-4a,5,7,7a-tetrahydro-4H-

furo[3,4-d][l,3]thiazin-2-amine hydrochloride. To a cooled vessel containing (4aS,5S,7aS)-7a-

(2-fhiorophcnyl)-5-(trifluoromethyl)-4a,5,7,7a-tetrahydro-4I-I-furo[3,4-d][1,3]thiazin-2-amine 30 

(184.1 g, 574,8 mmol) was added trifluoroacetic acid (0.954 kg) in portions while the 

temperature was maintained below 20 °C. The mixture was cooled to 3.5 °C and sulfuric acid 

10 (146 mL, 2.73 mol) was added over 20 min while the temperature was maintained below 5 °C. 

Fuming nitric acid (39.8 mL, 0.948 mol) was added over 30 min, while the temperature was 

maintained below 10 °C. After 1.5 h at 0-10 °C, the reaction mixture was slowly quenched by 

transferring into an aq. solution of NaOH (575 g, 14.4 mol) in water (4.6 L) cooled to 5 °C. The 

resulting suspension was stirred for 1 h at 21 °C. The suspension was then filtered and the solid 

15 rinsed with cold water (920 mL). The solid was dried under vacuum until constant weight, and 

then dissolved into ethanol (1.05 L). The solution was heated to 35 °C, and conc. HCl (55.6 mL, 

0.690 mol) was added while maintaining temperature below 40 °C. The suspension was then 

cooled to -5 °C, held for 1 hi- and filtered. The solid was rinsed with cold ethanol (420 mL) and 

dried until constant weight to obtain the title compound 35 (185.0 g, 87.3%). 

20 (4aiS',5.S,,7a.S')-7a-(2-Fluoro-5-nitrophenyl)-5-(trinuoromcthyl)-4a,5,7,7a-tetrahydro-4H-

furo[3,4-d][l,3]thiazin-2-amine hydrochloride: 'll NMR (500 MHz, DMSO) 8 11.80 (s, 2H), 

8.45 - 8.36 (m, 1H), 8.31 (dd, .7=6.6, 2.5 Hz, 1H), 7.66 (dd, J= 11.1, 9.3 Hz, 1H), 4.96-4.72 

(m, 1H), 4.58 (d, J = 10.0 Hz, 1H), 4.27 (d, J = 9.9 Hz, 1H), 3.76 - 3.66 (m, 1H), 3.39 (dd, J = 

14.9, 3.6 Hz, 1H), 3.24 (dd, J = 14.3, 4.6 Hz, 1H); 13C NMR (125 MHz, DMSO) 5 168.34, 

25 163.33 (d, JCF = 257.8 Hz), 144.58, 127.61 (d, JCF = 11.6 Hz), 125.84, 124.10, 119.28 (d, JCF = 

26.5 Hz), 77.38 (q, JCF = 31.5 Hz), 75.99, 65.88 (d, JCF = 4.8 Hz), 40.36, 23.98. 

HRMS Calculated for C13HHF4N3O3S [M+H]+366.0536; found 366.0523. 
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F 

C H2S04, CF3CO2H 
0°C 

2. 3M NaOH 

1. HN03 (1.2 eq) 
F 

0 

31 36 

(4aS,5R,7aS)-7a-(2-fluoro-5-nitrophenyl)-5-nicthyl-4a,5,7,7a-tetrahydro-4H-furo[3,4-

d][l,3]thiazin-2~amine. A reactor (reactor 1) was charged with trifluoroacetic acid (3.7 Wt, 2.5 

V) and cool down to 0-5 °C. 31 (lWt, 1 eq) was added portionswise with stirring, while 

5 maintaining T below 20 °C. The holding vessel and reactor were rinsed with trifluoroacetic acid 

(1.5 Wt, 1.0 V). The mixture was cooled below 5 °C and then added sulfuric acid (1.3 Wt, 0.72 

V) while maintaining T below 15 °C. The resulting solution was cooled down to 0-5 °C and then 

added fumic nitric acid (purity > 90%, 0.315 Wt, 0.210 V, 1.20 eq) while maintaining T below 

25 °C. Upon completed addition, continued stirring the mixture with cooling (bath T. 0-5 °C) 

10 over 0.5h and monitored the reaction for complete consumption of 31 (target >98% conversion). 

Another reactor (reactor 2) was charged with 3.0 M NaOH (26 Wt, 23 V) and the mixture was 

cooled to 3-7 °C. The reaction mixture was transferred into the second reactor while maintaining 

the T below 30 °C. During the addition, a white precipitate was formed. Upon completed 

addition, continued stirring at 23-27 °C. The first reactor was rinsed with water (2.0 Wt, 2.0 V), 

15 and transfer the water wash into reactor 2. Additional 3M NaOH to make the pH > 12 was added 

if necessary. After stirring for 0.5-1 h at 23-27 °C, the mixture was filtered and the reactor and 

filter cake were rinsed with water (4.0 Wt, 4.0 V). The filter cake was dried under reduced 

pressure (T <30 °C) overnight to give 36 (1.12 Wt, 96.1% yield). 

20 d][ 1,3]thiazin-2-amine: !HNMR (500 MHz, CDC13) 5 8.39 (dd, J = 6.9, 2.9 Hz, 1H), 8.20 - 8.14 

(m, 1H), 7.21 (dd, J= 10.8, 9.0 Hz, 1H), 4.55 (dd, 7=9.1, 0.9 Hz, 1H), 4.41 -4.31 (m, 1H), 3.80 

(dd, J = 9.1, 1.8 Hz, 1H), 3.05 (dd, J= 13.5, 3.8 Hz, 1H), 2.74 (dd, J = 13.5, 4.1 Hz, 1H),2.52-

2.42 (m, 1H), 1.37 (d, J = 6.1 Hz, 3H); 13C NMR (1256 MHz, CDC13) 8 163.56 (d, JCF = 258.9 

Hz), 150.91, 144.23, 133.73 (d, JCF = 12.3 Hz), 126.05 (d, JCF = 6.2 Hz), 124.76 (d, JCF = 10.8 

25 Hz), 117.53 (d, JCF = 26.3 Hz), 78.83 (d, JCF = 4.0 Hz), 76.96, 66.91 (d, JCF = 4.8 Hz), 45.26 (d, 

JCF = 3.1 Hz), 23.88, 19.63. 

(4aS,5R,7aS)-7a-(2-fhioro-5-nitrophenyl)-5-methyl-4a,5,7,7a-tetrahydro-4H-furo[3,4-
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F^^NOa 

F 
37 

(4aS,5S,7aS)-7a-(2,3-Difluoro-5-nitrophenyl)-5-(fluoromethyl)-4a,5,7,7a-tetrahydro-4H-

5 4a,5,7,7a-tetrahydro-4H-furo[3,4-d][l,3]thiazin-2-amine 34 (9.10 g, 0.03 mol, 1.0 equiv.) was 

dissolved in trifluoroacetic acid (36.4 mL), and the solution was cooled to 0 °C. Sulfuric acid 

(conc., 12.0 mL) was added, followed by fuming nitric acid (6.9 mL) drop wise while 

maintaining the temperature below 5 °C. After stirring at 0-5 °C for 4 h, the reaction mixture was 

slowly charged into a vigorously stirred solution of aq.NaOH (43.3 g in 273 mL water) while 

10 maintaining a temperature below 20 °C. The mixture was extracted with CH2CI2 (1 x 94 ml, and 

2 x 64 mL), and the combined organic phases were washed with sat. aq. NaCl (46 mL). Celite 

(15.Og) was added to the organics, and the mixture was filtered rinsing with CH2Cl2 (40 mL). 

The solvents were evaporated to afford the title compound 37 (8.3 g) which was used in the 

subsequent step without purification. 

15 (4aS,5S,7aS)-7a-(2,3-difluoro-5-nitrophenyl)-5-(fluoromethyl)-4a,5,7,7a-tetrahydro-4H-

furo[3,4-d][l,3]thiazin-2-amine: *H NMR (500 MHz, DMSO) 8 8.41- 8.30 (m, 1H), 8.22 - 8.13 

(m, 1H), 6.36 (s, 2H), 4.70 - 4.46 (m, 2H), 4.43 - 4.31 (m, 1H), 4.35 (d, J = 8.7 Hz, 1H), 3.69 

(dd, J = 8.5, 1.6 Hz, 1H), 3.04 - 2.91 (111, 2H), 2.86 - 2.76 (m, 1H); 13C NMR (125 MHz, 

DMSO) 8 152.36 (dd, Jcv = 246.8, 12.3 Hz), 151.13, 150.32 (dd, JcF = 238.2, 12.2 Hz), 143^25 

20 (dd, JCF = 7.9, 2.5 Hz), 134.70 (d, JCF = 9.5 Hz), 121.28, 113.02 (d, JCF = 22.3 Hz), 83.74 (d, JCF 

= 170.1 Hz), 79.44 (d, JCF = 18.3 Hz), 78.02 (d, J= 3.9 Hz), 36.96, 23.28. 

HRMS Calculated for C13H12F3N3O3S [M+H]+348.0630; found 348.0614. 

H. Synthesis of Diamino Thiazines of Formula VII 

furo[3,4-d][l,3]thiazin-2-amine. (4aS,5S,7aS)-7a-(2,3-difluorophenyl)-5-(fluoromethyl)-

25 35 38 
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(4aiS',55,,7a5)-7a-(5-amino-2-fluorophenyl)-5-(trifluoromethyl)-4a,5,7,7a-tetrahydro-

4H-furo[3,4-d][l,3]thiazin~2-amine. Ethanol (0.975 L) was added to iron powder (62.5g, 1.12 

mol) under nitrogen atmosphere. Concentrated HCl (9.03 mL) was added at ambient temperature 

and the suspension was heated to 65 °C for 1.5 h. The suspension was then cooled to 50 °C, and 

5 sat. aq. NH4CI (299 g) were added. The temperature of the reaction mixture was allowed to reach 

50 °C, and (4a,S',5iS,,7aiS')-7a-(2-fhioro-5-nitrophenyl)-5-(trifluorometbyl)-4a,5,7,7a-tetrahydro-

4H-furo[3,4-d][l,3]thiazin-2-amine hydrochloride 35 (75.0 g, 187.0 mol) was added in portions 

while maintaining temperature below 68 °C. After 30 min, ethanol (0. 45 L) was added, and the 

reaction mixture was cooled to 20-25 °C over 1 h. The suspension was stirred for 2 h and filtered 

10 over Celite (75 g) rinsing with ethanol (0.972 L). The solution was concentrated under vacuum 

to a brown solid. Water (0.9 L) was added followed by 3.0 N NaOH (0.187 L, 560 mmol) while 

maintaining temperature below 35 °C. The resulting suspension was stirred for 1 h at 20-25 °C. 

The suspension was filtered, and the solid was rinsed with cold water (0.38 L). The solid was 

dried under vacuum at 40-45 °C over 24 h to obtain the title compound 38 (57.7 g, 95.5 %). 

15 (4a1S,,5,S',7a.S')-7a-(5-Amino-2-fluorophenyl)-5-(tnfluoromethyl)-4a,5,7,7a-tetrahydro-4H-

furo[3,4-d][1,3]thiazin-2-amine: 'HNMR (500 MHz, DMSO) S 6.81 (dd, J = 12.5, 8.6 Hz, 1H), 

6.62 (dd, J= 7.0, 2.9 Hz, 1H), 6.50 - 6.42 (m, 1H), 6.16 (s, 2H). 4.96 (s, 2H), 4.72 - 4.54 (m, 

1H), 4.35 (d, J = 7.8 Hz, 1H), 3.74 (dd, J = 7.8, 2.5 Hz, 1H), 3.18 - 3.08 (m, 1H), 3.01 (dd, J = 

13.9, 3.0 Hz, 1H). 2.84 (dd, J = 13.8, 3.8 Hz, 1H); 13C NMR (125 MHz, DMSO) 5 156.20 (d, JCF 

20 = 243.0 Hz), 148.73, 145.49. 127.86 (d, JCF = 11-0 Hz), 116.79 (d, JCF = 24.8 Hz), 116.10 (d, JCF 

= 3.3 Hz), 114.10 (d, JCF = 8.0 Hz), 78.89, 76.57 (q, JCF = 31.0 Hz), 66.35, 36.35, 23.11. 

(4aS,5R,7aS)-7a-(5-amino-2-fluorophenyl)-5-methyI-4a,5,7,7a~tetrahydro~4H-furo[3,4-

d][l,3]thiazin-2-amine. To a suspension of powder Iron (6 eq) in ethanol (8.0 V) at 18-22 °C 

was added cone. HCl (37 Wt%, 0.60 eq). The resulting mixture was warmed up to 65-70 0 C 

30 and stirred for 2h. Cooled down to 50-55 °C and added saturated NH4C1 solution (4.0 wt). In 

HRMS Calculated for C13H13F4N3OS [M+H]+336.0794; found 336.0789. 

25 36 39 
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another reactor, 36 (1.0 Wt, 1.0 eq) was dissolved in a mixture of ethanol (5.0 V) and conc. HCl 

(1.0 eq). The resulting solution was added into the Iron slurry reactor while T was maintained 

below 65 °C, rinsing with ethanol (1.0V). The reaction mixture was stirred at 55-65 ° C until 

complete consumption of 36. The reaction mixture was diluted with 6.0V ethanol and cooled 

5 down to 15-20 °C. After stirred for l-2h, the mixture was filtrated through a Celite pad (1.0 Wt), 

rinsing with 15V ethanol. Concentration in vacuo gave orange solid residue, which was 

dissolved in water (8V). Some orange particles were generated and removed by a polish filtration. 

2V of water was used for rinse. 3M NaOH (3V) was added over 45 min at 18-25 oC. The 

product precipitated out as a white solid. After l-2h stirring at 18-22 °C, the mixture was filtered 

10 and the filter cake was rinsed with water three times (2V each). Drying in an oven vacuum at 45 

°C overnight provided 39 as an off-white solid in 92% isolated yields. 

(4aS,5R,7aS)-7a-(5-amino-2-fluorophenyl)-5-methyl-4a,5,7,7a-tetrahydro-4H-furo[3,4-

d][1,3]thiazin-2-amine: 'HNMR (500 MHz, DMSO) 8 6.76 (dd, J= 12.3, 8.6 Hz, 1H), 6.59 (dd, 

7= 7.1, 2.8 Hz, 1H), 6.45 - 6.36 (m, 1H), 5.91 (s, 2H), 4.87 (s, 2H), 4.29 (d, J = 8.2 Hz, 1H), 

15 4.20-4.11 (m, 1H), 3.61 (dd, J= 8.0, 2.7 Hz, 1H), 2.93 (dd, J = 13.3, 3.7 Hz, 1H), 2.82 (dd, J= 

13.3, 3.7 Hz, 1H), 2.37-2,28 (m, 1H), 1.23 (d, J=6.1 Hz, 3H); 13CNMR(126 MHz, DMSO) 8 

151.95 (d, JCF = 232.6 Hz), 148.19, 145.02, 131.37 (d, JCF = 11.3 Hz), 116.56 (d, JCF = 24.6 Hz), 

115.42 (d, JCF = 3.4 Hz), 113.38 (d, JCF = 7.9 Hz), 78.56 (d, JCF = 5.4 Hz), 76.00, 66.55 (d, JCF = 

4.9 Hz), 43.73 (d, JCF = 3.6 Hz), 22.96, 20.32. 

(4aS,5S,7aS)-7a-(5-Amino-2,3-difhiorophenyl)-5-(fluoromethyl)-4a,5,7,7a-tetrahydro-4H-

furo[3,4-d][l,3]thiazin-2~amine. To iron (8.03 g, 0.144 mol, 6.0 equiv.) was added ethanol 

25 (66.56 mL), followed by conc. HCl (62%, 1.2 mL, 0.014 mol, 0.60 equiv.). The mixture was 

heated to 65 °C for 2 h, and then sat NH4CI (33%, 33.3 mL) was added and the reaction 

temperature was maintained at 55 °C. A solution of (4aS,5S,7aS)-7a-(2,3-difluoro-5-

nitrophenyl)-5-(fluoromethyl)-4a,5,7,7a-tetrahydro-4H-furo[3,4-d][l,3]thiazin-2-amine 37 

(8.32g, 0.024 mol, 1.0 equiv.) and coonc. HCl (1.93 mL, 0.024 mol, 1.0 equiv.) in Ethanol (41.6 

30 mL) was added to the iron suspension. The reaction was stirred for 30 min at 55 °C, then ethanol 

(50 mL) was added and the suspension was allowed to cool down to 20°C, filtered through celite 

20 
K ^.NH2 

.NH2 

F 
40 
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(8.3 g) and rinsed with ethanol (125 mL). The filtrate was concentrated under reduced pressure 

then water (66 mL) was added, followed by 3.0 M aq.NaOH (24 mL, 0.0179 mol, 3.0 equiv.). 

The resulting mixture was extracted with CH2CI2 (2 x 83 mL). The organics phases were 

combined and filtered over celite and concentrated under reduce pressure to give the title 

5 compound 40 (7.60 g). 

(4aS,5S,7aS)-7a-(5-Amino-2,3-difluorophenyl)-5-(fluoromethyl)-4a,5,7,7a-tetrahydro-

4H-furo[3,4-d][1,3]thiazin-2-amine: *HNMR (500 MHz, DMSO) 5 6.42-6.35 (m, 2H), 6.02 (brs, 

2H), 4.66^1.41 (m, 2H), 4.37-4.25 (m, 1H), 4.21 (d, J= 8.0 Hz, 1H), 3.69 (dd, J= 7.8, 2.2 Hz, 

1H), 2.97 (qd, J= 13.5, 3.4 Hz, 3H), 2.74-2.64 (m, 1H); 13C NMR (125 MHz, DMSO) 5 151.08 

10 (dd, JCF = 240.1, 14.8 Hz), 148.88, 145.40 (d, JCF = 10.7 Hz), 139,33 (dd, JCF = 233.5, 13.8 Hz), 

132.53 (d, JCF = 8.1 Hz), 109.90, 100.70 (d, JCF = 20.0 Hz), 83.99 (d, JCF = 169.9 Hz), 78.79 (d, 

JCF = 18.3 Hz), 77.99 (d, JCF = 5.5 Hz), 66.22, 36.24, 23.14. 

HRMS Calculated for C13H14F3N3OS [M+H]+318.0888; found 318.0874. 

15 I. Synthesis of Compounds of Formula IX 

38 41 

N-(3-((4a»S',51S',7aJS)-2-Amino-5-(trilluoromethyl)-4a,5,7,7a-tetrahydro-4H-furo[3,4-

d][l,3]thiazin-7a-yI)-4-fluorophenyl)-5-methoxypyrazine-2-carboxamide. A suspension of 5-

20 methoxypyrazine-2-carboxylic acid (26.29 g, 0.17 mol) in N,N'-dimethylimidazoline-2-one (160 

mL) was stirred at ambient temperature for 15 min, then cooled to 2.2 °C. Thionyl chloride (14.7 

mL, 0.202 mol) was added while maintaining temperature under 5 °C. The resulting suspension 

was stirred at 0-10 °C for 2 hours while it transitioned to a clear solution. In another vessel, 

(4aJS',5,S',7aST)-7a-(5-amino-2-(luorophenyl)-5-(trinuoromethyl)-4a,5,7,7a-tetrahydro-4H-furo[3,4-

25 d][l,3]thiazin-2-amine 38 (52.0 g, 0.155 mol) was dissolved into N,N'-dimethylimidazoline-2-

one (160 mL). The resulting solution was added to the solution of acyl chloride while 

maintaining temperature below 10 °C. The reaction mixture was stirred for 30 min. Water (780 

mL) was charged while maintaining temperature below 30 °C. The resulting mixture was stirred 

for 30 min., and then EtOAc (780 mL) was added. To this mixture was added, 50% aq. NaOH 
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(84.8 g) until the pH of the aqueous layer reached 11. The aq. layer was extracted with EtOAc 

(260 mL). The organics were combined, washed with sat. aq. NaCl (260 mL) and water (260 

mL). The organics were filtered over Celite pad (26 g) and rinsed with EtOAc (260 mL). The 

organics were concentrated under vacuum to afford a solid. To the solid was added 1-propanol 

5 (728 mL), and the suspension was heated to 75 °C until a clear solution formed. The solution 

was cooled to -10 °C and held for 1 hour. The solid was filtered, rinsed with cold 1-propanol 

(104 mL) and dried under vacuum (35 °C) until constant weight to afford the title compound 41 

(62.1 g, 84.9%). 

N-(3-((4a»S',51S,,7a,S')-2-Aniino-5-(trifluoromethyl)-4a,5,7,7a-tetrahydi'o-4H-furo[3,4-

10 d][l,3]thiazin-7a-yl)-4-fluorophenyl)-5-methoxypyrazine-2-carboxamide: 111 NMR (500 MHz, 

DMSO) 8 10.56 (s, 2H), 8.88 (d, J= 1.2 Hz, 1H), 8.39 (d, J= 1.2 Hz, 1H), 7.95 - 7.83 (m, 2H), 

7.18 (dd, J= 12.0, 8.8 Hz, 1H), 6.25 (s, 2H), 4.76 - 4.60 (m, 1H), 4.36 (d, J= 8.1 Hz, 1H), 4.01 

(s, 3H), 3.88 (dd, J= 7.9, 2.3 Hz, 1H), 3.23 - 3.11(m, 2H), 2.91 (dd, J= 13.8, 3.6 Hz, 1H); 13C 

NMR (125 MHz, DMSO) 8 162.11, 161.93, 156.13 (d, JCF = 242.9 Hz), 149.38, 142.01, 138.35, 

15 135.09, 133.98, 128.53 (d, JCF = 11.6 Hz), 126,06 (q, JCF = 282.0 Hz), 123.32, 121.93 (d, JCF = 

8.6 Hz), 116.76 (d, JCF = 25.1 Hz), 78.86 (d, JCF = 6.9 Hz), 76.94 (q, JCF = 30.5 Hz), 66.37, 54.75, 

36.44, 23.53. 

HRMS Calculated for C19H17F4N5O3S [M+H]+472.1066; found 472.1052. 

20 Specific optical rotation [a]o+l 10.5 (c 0.584, MeOH) 

Specific optical rotation parameters: 

Perkin Elmer, model 341 or equivalent. 

Microglass cell, 100 mm pathlength, 1.0 mL 
capacity, Perkin-Elmer Cat. # B001-7047. 

Calibrated analytical balance capable of weighing 
±0.1 mg 

NESLAB RTE 1121 Chiller or equivalent. 

Class A. 

ID number 098799, or equivalent. 

Perkin Elmer, model 341 or equivalent. 

Equipment: 
Polarimeter: 

Cell: 

Balance: 

Water Bath: 

Volumetric glassware: 

Quartz Standard 

Polarimeter: 
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Reagents: 
Methanol: 

PCT/US2012/022053 

HPLC grade, Baker (catalog no. 9093-03) or 
equivalent. 

Instrument parameters: 
Lamp: 
Cell: 

Cell Path: 
Mode: 
Wavelength: 
Cell Temperature: 
Integration time: 
Aperture: 
Water bath temperature: 

Na/Hal, Perkin-Elmer Cat. # B000-8754. 
Microcell (100mm), Perkin-Elmer Cat. #B004-
1693. 
100 mm (1 decimeter) 
OROT 
589 nm 
20°C 
2 seconds 
MICRO 
20 ± 1°C 

F 

O 

M T» 
39 

NH, 

N. .NH2 Y s 

1. SOCI2 (1.3 eq) 
DM I (2V) 
0-10 °C, 2-3h 

2. DMI (3V) 
0-5 °C, 0.5h 

N-(3-((4aS,5R,7aS)-2-amino-5-methyl-4a,5,7,7a-tetrahydro-4H-furo[3,4-d][l,3]thiazin-7a-

yl)-4-fluorophenyl)-5-(difluoromethyl)pyrazine-2-carboxamide. 5-(Difluoromethyl)pyrazine-

2-carboxylic acid 42 (0.68 wt, 1.1 eq) was charged into a reactor and if needed, dried by 

10 azeotropic distillation with toluene. DMI (2.0V) was added and the mixture was cooled down to 

0-5 °C. Thionyl chloride (0.337 V, 1.30 eq) was added while keeping the internal T below 10 °C. 

The resulting solution was stirred at 4-10 °C until the conversion was >95.0 % by HPLC. The 

mixture was cooled down to 0 °C and a solution of 39 (1.0 Wt, 1.0 eq) in DMI (2.5V) was 

charged while keeping the internal temperature below 5 °C. The vessel was rinsed with DMI 

15 (0.50V) and the reaction mixture was stirred until the conversion is >99%. Water (12V) was 

charged and the resulting mixture is stirred at 15-20 °C for 0.5h. EtOAc (15V) and then 50% aq. 

NaOH (1.5 Wt, 5.3 eq) were added while keeping T below 30 °C. pH was monitored to make 

sure that it is above 10. The aqueous phase was separated and extracted with EtOAc (5.0V). The 
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organic layers were combined and washed with brine (5.0V) and water twice (5.0V each). The 

mixture was filtered through a Celite pad (0.50 Wt) rinsing with EtOAc (3.0V). The filtrate was 

concentrated under reduced pressure at 40-50 °C. 1-Propanol (15V) was charged and the mixture 

was warmed up to 90-100 °C while stirring until a clear solution was obtained. The mixture was 

5 cooled down to 0-5 °C over 2h and stired over lh. The mixture was filtered, rinsing with cold 1-

propanol twice (2.5V each). Drying in an oven vacuum at 45 °C overnight provided the title 

compound 43 as an off-white solid in 81% isolated yield. 

5-(difluoromethyl)pyrazine-2-carboxylic acid: 1II NMR (500 MHz, DMSO) 8 4.72 (s, 

1H), 4.57 (s, 1H), 4.32 (s, 1H), 2.06 (t, J= 54.2 Hz, 1H);13C NMR (125 MHz, DMSO) 8 164.34, 

10 151.67 (t, JCF = 26.8 Hz), 145.45, 143.29, 141.04 (t, JCF = 3.4 Hz), 112.59 (t, JCF = 242.1 Hz). 

N-(3-((4aS,5R,7aS)-2-amino-5-methyl-4a,5,7,7a-tetrahydro-4H-furo[3,4-d][l,3]thiazin-

7a-yl)-4-fluorophenyl)-5-(difluoromethyl)pyrazine-2-carboxamide: 1II NMR (500 MHz, 

CD3OD) 8 9.38 (s, 1H), 9.00 (s, 1H), 7.89 - 7.77 (m, 2H), 7.14 (dd, J= 11.9, 8.8 Hz, 1H), 6.94 (t, 

J= 54.3 Hz, 1H), 4.80 (s, 2H), 4.58 (d, J= 8.9 Hz, 1H), 4.37 -4.28 (m, 1H), 3.81 (dd, J= 8.8, 

15 2.4 Hz, 1H), 3.14 (dd, J= 13.5, 4.0 Hz, 1H), 2.88 (dd, J= 13.5, 4.1 Hz, 1H), 2.61 - 2.54 (m, 1H), 

1.33 (d, J= 6.1 Hz, 3H); 13C NMR (125 MHz, CD3OD) 8 161.11, 156.94 (d, JCF = 244.9 Hz), 

154.91, 150.21 (t, JCF = 25.8 Hz), 146.53, 143.30, 140.02 (t, JCF = 4.0 Hz), 133.73 (d, JCF = 2.6 

Hz), 130.70 (d, JCF = 11.6 Hz), 122.05 (d, JCF = 3.9 Hz), 121.48 (d, JCF = 8.8 Hz), 116.39 (d, JCF 

= 25.3 Hz), 112.96 (t, JCF = 239.8 Hz), 77.56 (d, JCF = 5.3 Hz), 76.79, 66.49 (d, JCF = 4.8 Hz), 

20 45.16,45.13,22.60,18.58. 

N-(3-((4aS,5S,7aS)-2-Amino-5-(fluoromethyl)-4a,5,7,7a-tetrahydro-4H-furo[3,4-

25 d][l,3]thiazin-7a-yl)-4,5-difluorophenyl)-5-methoxypyrazine-2-carboxamide. A suspension 

of 5-methoxypyrazine-2-carboxylic acid (4.01 g, 0.026 mol, 1.10 equiv.) in N,N'-

dimethylimidazoline-2-one (22.5 mL) was stirred at ambient temperature for 15 min, then cooled 

to 0 °C. Thionyl chloride (2.24 mL, 0.031 mol, 1.3 equiv.) was added while maintaining 

temperature under 10 °C. The resulting suspension was stirred at 0-10 °C for 2 hours while it 

30 transitioned to a clear solution. In another vessel, (4aS,5S,7aS)-7a-(5-amino-2,3-difluorophenyl)-

N. X) 

F 
44 
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5-(fluoromethyl)-4a,5,7,7a-tetrahydro-4H-furo[3,4-d][l,3]thiazin-2-amine 40 (7.60 g, 0.024 mol, 

1.0 equiv.) was dissolved into N,N'-dimethylimidazoline-2-one (22.5 mL). The resulting 

solution was added to the solution of acyl chloride while maintaining temperature below 10 °C. 

The reaction mixture was stirred for 30 min. Water (112 mL) was charged while maintaining 

5 temperature below 30 °C. The resulting mixture was stirred for 30 min., and then EtOAc (112 

mL) was added. To this mixture was added, 50% aq. NaOH (10.0 g) until the pH of the aqueous 

layer reached 11. The aq. layer was extracted with EtOAc (75 mL). The organics were combined, 

washed with sat. aq. NaCl (38 mL) and water (38 mL). The organics were filtered over a pad of 

silica gel (15 g) and rinsed with EtOAc (37.5 mL). The organics were concentrated under 

10 vacuum to afford a solid. To the solid was added 1-propanol (112 mL), and the suspension was 

heated to 100 °C. The mixture was cooled to -10 °C and held for 1 hour. The solid was filtered, 

rinsed with cold 1-propanol (15 mL) and dried under vacuum (35 °C) until constant weight to 

afford the title compound 44 (8.18 g). 

N-(3-((4aS,5S,7aS)-2-Amino-5-(fluoromethyl)-4a,5,7,7a-tetrahydro-4H-furo[3,4-

15 d][l,3]thiazin-7a-yl)-4,5-difluorophenyl)-5-methoxypyrazine-2-carboxamide: 1II NMR (500 

MHz, DMSO) 8 10.73 (s, 1H), 8.88 (d, J = 0.8 Hz, 1H), 8.39 (d, J = 0.9 Hz, 1H), 8.11 - 7.87 (m, 

1H), 7.73 (d, J= 5.0 Hz, 1H), 6.07 (s, 2H), 4.68 - 4.44 (m, 2H), 4.41 - 4.28 (m, 1H), 4.23 (d, J= 

8.3 Hz, 1H), 4.01 (s, 3H), 3.82 (dd, J= 8.1, 2.4 Hz, 1H), 3.18 (dd, .7= 13.5, 3.5 Hz, 1H), 3.01 (dd, 

J= 13.5, 3.8 Hz, 1H), 2.77 - 2.69 (m, 1H); 13C NMR (125 MHz, DMSO) 8 162.24, 162.20, 

20 150.05 (dd, JCF = 242.1, 14.4 Hz), 149.37, 144.42 (dd, JCF = 245.5, 13.7 Hz), 142.18, 138.09, 

134.73 (dd, JCF = 10.3, 2.7 Hz), 134.03, 133.22 (d, JCF = 9.1 Hz), 116.6, 108.42 (d, JCF = 22.4 

Hz), 83.98 (d, JCF = 169.9 Hz), 79.21 (d, JCF = 18.2 Hz), 77.96 (d, JCF = 5.2 Hz), 66.26, 54.78, 

36.23,23.64. 

HRMS Calculated for Ci9H18F3N503S [M+H]+454.1161; found 454.1149. 

25 Specific optical rotation [a]o +115.3 (c 0.584, MeOH) 

Specific optical rotation parameters: 

Equipment: 
Polarimeter: Perkin Elmer, model 341 or equivalent. 

Cell: Microglass cell, 100 mm pathlength, 1.0 mL 
capacity, Perkin-Elmer Cat. # B001-7047. 

Balance: Calibrated analytical balance capable of weighing 
+ 0,lmg 
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Water Bath: 

Volumetric glassware: 

Quartz Standard 

Polarimeter: 

PCT/US2012/022053 

NESLAB RTE 1121 Chiller or equivalent. 

Class A. 

ID number 098799, or equivalent. 

Perkin Elmer, model 341 or equivalent. 

Reagents: 
Methanol: HPLC grade, Baker (catalog no. 9093-03) or 

equivalent. 

Instrument parameters: 
Lamp: 
Cell: 

Cell Path: 
Mode: 
Wavelength: 
Cell Temperature: 
Integration time: 
Aperture: 
Water bath temperature: 

Na/Hal, Perkin-Elmer Cat. # B000-8754. 
Microcell (100mm), Perkin-Elmer Cat. #B004-
1693. 
100 mm (1 decimeter) 
OROT 
589 nm 
20°C 
2 seconds 
MICRO 
20 ± 1°C 

EtOAc, T3P 
FaC 

F,C 

N-(3-((4aS,5S,7aS)-2-amino-5~(trifluoromethyl)-4a,5,7,7a-tetrahydro-4H-furo[3,4-

d][l,3]thiazin-7a-yl)-4-fluorophenyl)-5-(fluoromethyl)pyrazine-2-carboxamide. 5-

10 (Fluoromethyl)pyrazine-2-carboxylic acid (32.6 g, 1.05 equiv) and (4aS,5S,7aS)-7a-(5-amino-2-

fluorophenyl)-5-(trifluoromethyl)-4a,5,7,7a-tetrahydro-4H-furo[3,4-d][l,3]thiazin-2-amine (70.0 

g, 1.0 equiv) were charged to a reactor and EtOAc (630 mL) was added to the mixture to give a 

suspension. A solution of ®T3P (146 g, 1.10 equiv, 50 wt% in EtOAc) (Archimica, Germany) 

was added at ambient temperature while controlling the internal temperature below 30 °C. The 

15 reaction mixture was stirred at 40-45 °C >3 hours and monitored by HPLC. The reaction mixture 

was cooled to 15-20 °C and water (140 mL) was charged. After 10-15 minutes charged 28% 
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ammonium hydroxide (175 mL) while controlling the temperature below 30 °C. EtOAc (245 

mLO was added and the reaction mixture was stirred for 30 minutes at ambient temperature. The 

aqueous phase was separated and back-extracted with EtOAc (490 mL). The organic phases were 

combined and washed with 15% aq. NaCl (140 mL) and water (140 mL). The organic layer was 

5 filtered over Celite (1.0 Wt) and rinsed with EtOAc (140 mL). The solution was concentrated 

under vacuum to obtain a beige solid (quantitative crude yield) which was recrystallized from 1-

propanol to afford N-(3-((4aS,5S,7aS)-2-amino-5-(trifluoromethyl)-4a,5,7,7a-tetrahydro-4H-

furo[3,4-d][l,3]thiazin-7a-yl)-4-fhiorophenyl)-5-(fhioromethyl)pyrazine-2-carboxamide as a 

white solid (70.0 g). 

10 'H NMR (500 MHz, DMSO) 8 10.89 (s, 1H), 9.30 (s, 1H), 8.89 (s, 1H), 7.95 (dd, 7 = 7.3, 2.7 Hz, 

1H), 7.94 - 7.89 (m, 1H), 7.21 (dd, 7 = 12.0, 8.8 Hz, 1H), 6.22 (s, 2H), 5.71 (d, 7 = 46.3 Hz, 2H), 

4.77-4.61 (m, 1H), 4.37 (d,7=8.1 Hz, 1H), 3.87 (dd, 7= 8.0, 2.7 Hz, 1H), 3.20 (dt, 7= 7.0, 3.5 

Hz, 1H), 3.15 (dd, 7= 13.9, 3.1 Hz, 1H), 2.91 (dd, 7= 13.8, 3.8 Hz, 1H). 
,3C NMR (126 MHz, DMSO) 8 161.32 (s), 155.82 (d, 7 = 243.4 Hz), 153.71 (d, 7 = 18.7 Hz), 

15 148.77 (s), 144.71 (d, 7 = 1.9 Hz), 143.30 (s), 141.01 (d, 7 = 5.6 Hz), 134.36 (d, 7 = 2.0 Hz), 

128.20 (d, 7 = 12.1 Hz), 125.57 (q, 7= 283.0 Hz), 123.12 (d, 7 = 3.6 Hz), 121.64 (d, 7=8.6 Hz), 

116.35 (d, 7 = 25.2 Hz), 82.55 (d, 7 = 165.8 Hz), 78.37 (s), 76.44 (q, 7 = 30.6 Hz), 65.89 (d, 7 = 

5.3 Hz), 35.89 (s), 23.01 (s). 
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We claim: 

1. A compound of Formula I: 

I 
wherein: 

Ri is C3-4alkyl, halo-Ci-4alkyl, hydroxy-Ci-4alkyl, or -Ci^alkyl-OR1, wherein R' is an 

oxygen protecting group; and 

R2 and R3 are each independently hydrogen or halo; 

subject to the proviso that when one of R2 or R3 is ortho-fixxoYo, and the other is hydrogen, 

Ri is not -CH2F, 

or a salt thereof. 

2. The compound of claim 1, wherein the oxygen protecting group is selected from 

the group consisting of: Trt (triphenylmethyl), MPM (p-methoxybenzyloxymethyl)), TBDMS (t-

butyldimethylsilyl), and TBDPS (t-butyldiphenyl silyl), 

or a salt thereof. 

3. The compound of claim 1, wherein: 

Ri is trifluoromethyl, hydroxymethyl, monofluoromethyl, or triphenylmethoxymethyl, 

or a salt thereof. 

4. The compound of claim 1, wherein: 

Ri is trifluoromethyl, hydroxymethyl, monofluoromethyl, or triphenylmethoxymethyl; 

R2 is fluoro; and 

R3 is hydrogen or fluoro, 

or a salt thereof. 

5. The compound of claim 1, wherein said compound is selected from the group 

consisting of: 
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TrtO , and 
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F 

Q 

FX 

H 
-N. 

.0 

H 

or a salt thereof. 

A method of making a compound of Formula I, 

'rfS R? 

R3 

o 

Ri 

H 
-N 

O 

H 

I 

wherein: 

Ri is Ci-4alkyl, halo-Ci-4alkyl, hydroxy-Ci-4allcyl, or-Ci-4alkyl-OR'. 

wherein R' is an oxygen protecting group; and 

R2 and R3 are each independently hydrogen or halo, 

or a salt thereof, 

said method comprising heating a mixture comprising: 

(i) an oxime of Formula A: 

HOv 

wherein Ri, R2 and R3 are as given above; 

(ii) hydroquinone; and 

(Hi) a hydrocarbon solvent, 

to a temperature of from 90°C to 160°C, 

to make said compound of Formula I, or a salt thereof. 
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7. The method of claim 6, wherein the hydrocarbon solvent is selected from the 

group consisting of: benzene, toluene, and xylenes. 

8. The method of claim 6, wherein the hydrocarbon solvent is xylenes. 

9. The method of any one of claims 6-8, wherein said heating is to a temperature of 
from 110°C to 140°C, 

10. The method of any one of claims 6-8, wherein said heating is to a temperature of 
from 100°C to 120°C. 

11. The method of any one of claims 6-8, wherein said heating is to a temperature of 

from 120°C to 140°C. 

12. A compound of Formula II: 

/- NH2 

R-i H OH 

II 

wherein: 

Ri is C3-4alkyl, halo-Ci-4alkyl, hydroxy-Ci-4alkyl, or -Ci-4alkyl-OR', 

wherein R' is an oxygen protecting group; and 

R2 and R3 are each independently hydrogen or halo; 

subject to the proviso that when one of R2 or R3 is orlho-iluoro and the other is hydrogen, 

Ri is not -CH2F, 

or a salt thereof. 

13. The compound of claim 12, wherein the oxygen protecting group is selected from 

the group consisting of: Trt (triphenylmethyl), MPM (p-methoxybenzyloxymethyl)), TBDMS (t-

butyldimethylsilyl), and TBDPS (t-butyldiphenyl silyl), 

or a salt thereof. 
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14, The compound of claim 12, wherein: 

Ri is trifluoromethyl, hydroxymethyl, monofluoromethyl, or triphenylmethoxymethyl, 

or a salt thereof, 

15, The compound of claim 12, wherein: 

Ri is trifluoromethyl, hydroxymethyl, monofluoromethyl, or triphenylmethoxymethyl; 

R2 is fluoro; and 

R3 is hydrogen or fluoro, 

or a salt thereof. 

16, The compound of claim 12, wherein said compound is selected from the group 

consisting of: 

or a salt thereof. 

17. A method of making a stereochemically pure compound of Formula Ha: 

Ha 

wherein: 

Ri is Ci-4alkyl, halo-Ci-4allcyl, hydroxy-Ci-4alkyl, or-Ci^alkyl-OR1, 

wherein R1 is an oxygen protecting group; and 

R2 and R3 are each independently hydrogen or halo, 

or a salt thereof, 

said method comprising the steps of: 
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(a) adding a mixture of stereoisomers of the compound of Formula II: 

R3 

-0 -NH2 
o. 

R-l H OH 

II 

wherein Ri, R2 and R3 are as given above, 

to a solvent comprising a chiral carboxylic acid compound, to form a mixture of 

diastereomeric salts of the compound of Formula II; and then 

(b) crystallizing a single diastereomeric salt formed of the compound of Formula II, 

to make said stereochemically pure compound of Formula Ha, or a salt thereof. 

18. The method of claim 17, wherein said stereochemically pure compound has 

greater than about 90% by weight of one stereoisomer of the compound and less than about 10% 

by weight of the other stereoisomers of the compound. 

19. The method of claim 17, wherein said stereochemically pure compound has 

greater than about 97%) by weight of one stereoisomer of the compound and less than about 3% 

by weight of the other stereoisomers of the compound. 

20. The method of any one of claims 17-19, wherein said crystallizing step is 

performed by cooling the mixture of diastereomeric salts of the compound of Formula II. 

21. The method of claim 20, wherein said cooling is from a temperature of from 40°C 

to 80°C, to a temperature of from -10°C to 29°C. 

22. The method of any one of claims 17-21, wherein the solvent is an alcohol. 

23. The method of any one of claims 17-21, wherein the solvent is ethanol. 

24. The method of any one of claims 17-21, wherein the solvent is a mixture of two 

or more solvents. 
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25. The method of claim 24, wherein the mixture is a toluene - acetonitrile mixture, a 

toluene - acetone mixture, a toluene - tetrahydrofuran mixture, or an alcohol - water mixture. 

26. The method of any of claims 17-25, wherein the chiral carboxylic acid compound 

is selected from the group consisting of: D-dibenzoyl tartaric acid, L-dibenzoyl tartaric acid, D-

ditoluyl tartaric acid, and L-ditoluyl tartaric acid. 

27. A compound of Formula III: 

wherein: 

Ri is C3-4alkyl, halo-Ci-4alkyl, hydroxy-Ci-4allcyl, or -Ci-4alkyl-OR', 

wherein R' is an oxygen protecting group; and 

R2 and R3 are independently hydrogen or halo; 

subject to the proviso that when one of R2 or R3 is ortho-fluoro, and the other is 

hydrogen, Ri is not -CII2F, 

or a salt thereof. 

28. The compound of claim 27, wherein the oxygen protecting group is selected from 

the group consisting of: Trt (triphenylmethyl), MPM (p-methoxybenzyloxymethyl)), TBDMS (t-

butyldimethylsilyl), and TBDPS (t-butyldiphenyl silyl), 

or a salt thereof. 

29. The compound of claim 27, wherein: 

Ri is trifluoromethyl, hydroxymethyl, monofluoromethyl, or triphenylmethoxymethyl, 

or a salt thereof. 

30. The compound of claim 27, wherein: 

Ri is trifluoromethyl, hydroxymethyl, monofluoromethyl, 01* triphenylmethoxymethyl; 

R2 is fluoro; and 

R3 is hydrogen or fluoro, 

III 
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31. The compound of claim 27, wherein said compound is selected from the group 

consisting of: 

wherein: 

Ri is C3-4alkyl, halo-Ci-4allcyl, hydroxy-Ci-4allcyl, or-Ci-4alkyl-OR', 

wherein R1 is an oxygen protecting group; and 

R2 and R3 are each independently hydrogen or halo; 

subject to the proviso that when one of R2 or R3 is ortho-fluoro, and the other is 

hydrogen, Ri is not -CH2F, 

or a salt thereof. 

33. The compound of claim 32, wherein the oxygen protecting group is selected from 

the group consisting of: Trt (triphenylmethyl), MPM (p-methoxybenzyloxymethyl)), TBDMS (t-

butyldimethylsilyl), and TBDPS (t-butyldiphenyl silyl), 

or a salt thereof. 

34. The compound of claim 32, wherein: 

Ri is trifluoromethyl, hydroxymethyl, monofluoromethyl, or triphenylmethoxymethyl; 

or a salt thereof. 

or a salt thereof. 

32. A compound of Formula IV: 

IV 
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35. The compound of claim 32, wherein: 

Ri is trifluoromethyl, hydroxymethyl, monofluoromethyl, or triphenylmethoxymethyl; 

R2 is fluoro; and 

R3 is hydrogen or fluoro, 

or a salt thereof. 

36. The compound of claim 32, wherein said compound is selected from the group 

consisting of: 

F 

0 

TrtO 

N. ,NH. 
Bz 

HO 

F 

0' 

H 

,I\L .NH, 
Bz 

0 
.NH. 

Bz 

H , and F c' H 

or a salt thereof. 

37. A compound of Formula V: 

R2-

O 

Ri 

Ra 

,N. .NH2 

wherein: 

Ri is C3-4alkyl, halo-Ci-4alkyl, hydroxy-Ci-4alkyl, or-Ci-4alkyl-OR', 

wherein R' is an oxygen protecting group; and 

R2 and R3 are each independently hydrogen or halo; 

subject to the proviso that when one of R2 or R3 is o/7/?o-fluoro, and the other is 

hydrogen, Ri is not -CH2F, 

or a salt thereof. 
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38. The compound of claim 37, wherein the oxygen protecting group is selected from 

the group consisting of: Trt (triphenylmethyl), MPM (p-methoxybenzyloxymethyl)), TBDMS 

(t-butyldimethylsilyl), and TBDPS (t-butyldiphenyl silyl), 

or a salt thereof. 

39. The compound of claim 37, wherein: 

Ri is trifluoromethyl, hydroxymethyl, monofluoromethyl, or triphenylmethoxymethyl; 

or a salt thereof. 

40. The compound of claim 37, wherein: 

Ri is trifluoromethyl, hydroxymethyl, monofluoromethyl, or triphenylmethoxymethyl; 

R2 is fluoro; and 

R3 is hydrogen or fluoro, 

01* a salt thereof. 

41. The compound of claim 37, wherein said compound is selected from the group 

consisting of: 
F-

or a salt thereof. 

42, A compound of Formula VI: 
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R2 and R3 are each independently hydrogen or halo; 

subject to the proviso that when one of R2 or R3 is ortho-fluoro, and the other is 

hydrogen, Ri is not -CH2F, 

or a salt thereof. 

43. The compound of claim 42, wherein the oxygen protecting group is selected from 

the group consisting of: Trt (triphenylmethyl), MPM (p-methoxybenzyloxymethyl)), TBDMS (t-

butyldimethylsilyl), and TBDPS (t-butyldiphenyl silyl), 

or a salt thereof. 

44. The compound of claim 42, wherein: 

Ri is trifluoromethyl, hydroxymethyl, monofluoromethyl, or triphenylmethoxymethyl, 

or a salt thereof. 

45. The compound of claim 42, wherein: 

Ri is trifluoromethyl, hydroxymethyl, monofluoromethyl, or triphenylmethoxymethyl; 

R2 is fluoro; and 

R3 is hydrogen or fluoro, 

or a salt thereof. 

46. The compound of claim 42, wherein said compound is selected from the group 

consisting of: 
NO. 

or a salt thereof. 

47. A compound of Formula VII: 
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VII 

wherein: 

Ri is Ci-4alkyl, halo-Ci-4alkyl, hydroxy-Ci-4alkyl, or-Ci-4alkyl-OR', 

wherein R' is an oxygen protecting group; and 

R2 and R3 are each independently hydrogen or halo, 

or a salt thereof. 

48. The compound of claim 47, wherein the oxygen protecting group is selected from 

the group consisting of: Trt (triphenylmethyl), MPM (p-methoxybenzyloxymethyl)), TBDMS (t-

butyldimethylsilyl), and TBDPS (t-butyldiphenyl silyl), 

or a salt thereof. 

49. The compound of claim 47, wherein: 

Ri is methyl, trifluoromethyl, hydroxymethyl, monofluoromethyl, or 

triphenylmethoxymethyl, 

or a salt thereof. 

50. The compound of claim 47, wherein: 

Ri is methyl, trifluoromethyl, hydroxymethyl, monofluoromethyl, or 

triphenylmethoxymethyl; 

R2 is fluoro; and 

R3 is hydrogen or fluoro, 

or a salt thereof. 

51. The compound of claim 47, wherein said compound is selected from the group 

consisting of: 

or a salt thereof. 
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52. A method of making a compound of Formula VII, or a salt thereof, comprising: 

reducing a compound of Formula VI to form a compound of Formula VII, as shown 

below 

wherein: 

Ri is Ci-4alkyl, halo-Ci-4alkyl, hydroxy-Ci-4alkyl, or-Ci-4alkyl-OR', 

wherein R' is an oxygen protecting group; and 

R2 and R3 are each independently hydrogen or halo, 

to make said compound of Formula VII, or a salt thereof. 

53. The compound of claim 52, wherein the oxygen protecting group is selected from 

the group consisting of: Trt (triphenylmethyl), MPM (p-methoxybenzyloxymethyl)), TBDMS (t-

butyldimethylsilyl), and TBDPS (t-butyldiphenyl silyl), 

or a salt thereof. 

54. The method of claim 52, wherein: 

Ri is trifluoromethyl, hydroxymethyl, monofluoromethyl, or triphenylmethoxymethyl. 

55. The method of claim 52, wherein: 

Ri is trifluoromethyl, hydroxymethyl, monofluoromethyl, or triphenylmethoxymethyl; 

R2 is fluoro; and 

R3 is hydrogen or fluoro. 

56. The method of any one of claims 52-55, wherein said reducing of the compound 

of Formula VI to form the compound of Formula VII comprises the steps of: 

(a) adding powdered iron to a carbinol solvent to form a mixture thereof; 

(b) adding hydrochloric acid (HCl) to the mixture of step (a)', 

(c) heating the mixture of step (b) to a temperature of from 31°C to the boiling point of 

the mixture of step (b) to form a heated mixture; and 

VI VII 
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(d) adding the compound of Formula VI, or a salt thereof, to the heated mixture of step 

(c), 

to thereby reduce said compound of Formula VI to form said compound of Formula 

VII, or a salt thereof. 

57. The method of claim 56, wherein said heating of step (c) is to a temperature of 
from 31°C to 80°C. 

58. The method of claim 56, wherein said heating of step (c) is to a temperature of 

from 31°C to 80°C for from 0 to 4 hours. 

59. The method of claim 57 or claim 58, wherein said heating of step (c) is to a 

temperature of from 40°C to 75°C. 

60. The method of claim 57 or claim 58, wherein said heating of step (c) is at a 

temperature of from 50°C to 65°C. 

61. The method of any one of claims 56-60, wherein said method further comprises 

the step of: 

(e) cooling the mixture of step (d) to a temperature of from 0°C to 30°C to form a cooled 

mixture. 

62. The method of claim 61, wherein said cooling is from 0 to 4 hours. 

63. The method of any of claims 56-62, wherein the HCl is concentrated hydrochloric 

acid. 

64. The method of any of claims 56-63, wherein the HCl is provided in an amount 

selected from the group consisting of: an amount of HCl stoichiometric with respect to the 

amount of the compound of Formula VI; and an amount of HCl in molar excess with respect to 

the amount of the compound of Formula VI. 
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IX 

wherein: 

Ri is C]-4alkyl, halo-Ci-4alkyl, hydroxy-Ci-4alkyl, or-Ci-4alkyl-OR', 

wherein R' is an oxygen protecting group; and 

R2 and R3 are each independently hydrogen or halo; and 

R4 is selected from the group consisting of Ci-6alkyl, halo-Ci-6alkyl, Ci-6alkoxy, and 

C1-4 alkyl substituted with C^allcoxy, 

or a salt thereof, 

comprising reacting a compound Formula VII with a pyrazine carboxylic acid of Formula VIII: 

wherein Ri, R2, R3 and R4 are as given above, 

to form said compound of Formula IX, or a salt thereof. 

66. The method of claim 65, wherein said reacting comprises the steps of: 

(a) adding thionyl chlorideto a solution comprising a compound of Formula VIII in a 

solvent to make a formed mixture; and 

(b) adding a compound of Formula VII to the formed mixture of step (a), 

to form said compound of Formula IX, or a salt thereof. 

67. The method of claim 66, wherein said solution comprising a compound of 

Formula VIII in a solvent is cooled prior to or during said adding step (a). 

IX VII 
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68. The method of claim 66, wherein said solution comprising a compound of 

Formula VIII in a solvent is cooled to a temperature of from 0°C to 25°C prior to said adding 

step (a). 

69. The method of any of claims 65-68, wherein the solvent is independently selected 

from the group consisting of: N,N'-dimethylimidazoline-2-one, toluene, methylene chloride, 

dimethylformamide, N-methylpyrrolidine, and dimethyacetamide. 

70. The method of any of claims 65-68, wherein the solvent is N,N'-

dimethylimidazoline-2-one, 

71. The method of claim 65, wherein said reacting comprises the steps of: 

(a) adding ethyl acetate (EtOAc) to a compound of Formula VIII and a compound of 

Formula VII to make a formed mixture; and 

(b) adding an alkyl phosphonic acid anhydride to the formed mixture of step (a), 

to form said compound of Formula IX, or a salt thereof. 

72. The method of claim 71, wherein said alkyl phosphonic acid anhydride is propane 

phosphonic acid anhydride. 

73. The method of claim 71, wherein said alkyl phosphonic acid anhydride is n-

propyl phosphonic acid anhydride. 

74. The method of any of claims 71-73, wherein said formed mixture is maintained at 

a a temperature of from 0°C to 35°C during said adding step (a). 

75. A method of making a compound of Formula II 

^^NH2 

Ri H OH 

II 
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wherein: 

Ri is Ci-4allcyl; and 

R2 and R3 are each independently hydrogen or halo; 

or a salt thereof, 

comprising the steps of: 

(a) heating a mixture comprising: 

(i) a ketone of Formula B: 
O 

wherein Ri, R2 and R3 are as given above for Formula II; 

(ii) hydroxylamine or a salt thereof; 

(iii) a base; and 

(iv) a solvent selected from: water and an alcohol, 

to at least 90° Celsius produce a heated mixture, 

(b) cooling the heated mixture to a temperature of at or below 60° Celsius, and then, 

(c) adding an organic solvent, an acid, and zinc to the mixture, wherein said mixture is 

maintained at or below 60° Celsius during said adding, 

to make said compound of Formula II, 

76. The method of claim 75, wherein said heating is to a temperature of at least 100 0 

Celsius. 

77. The method of claim 75, wherein said heating comprises boiling. 

78. The method of claim 75, wherein said heating comprises refluxing. 

79. The method of claim 75, wherein said heating to at least 90° Celsius is carried out 

for at least 30 hours. 

80. The method of any of claims 75-79, wherein said solvent is a C3-8 alcohol. 
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81. The method of any of claims 75-79, wherein said solvent is water. 

82. The method of any of claims 75-81, wherein said cooling is to a temperature of at 

or below 50° Celsius. 

83. The method of any of claims 75-81, wherein said cooling is to a temperature of at 

or below 45° Celsius. 

84. The method of any of claims 75-83, wherein said mixture is maintained at or 

below 50° Celsius during said adding. 

85. The method of any of claims 75-83, wherein said mixture is maintained at or 

below 45° Celsius during said adding. 

86. The method of any of claims 75-83, wherein said mixture is maintained between 

25 and 50° Celsius during said adding. 

87. The method of any of claims 75-83, wherein said mixture is maintained between 

30 and 45° Celsius during said adding. 

88. The method of any of claims 75-83, wherein said mixture is maintained between 

35 and 45° Celsius during said adding. 

89. The method of any of claims 75-88, wherein the base is selected from the group 

consisting of: acetate, propionate, a tertiary amine base, pyridine, or a salt thereof. 

90. The method of claim 89, wherein the tertiary amine base is triethylamine or 

diethylisopropylamine. 

91. The method of any of claims 75-88, wherein the base is acetate. 

92. The method of any of claims 75-91, wherein the organic solvent is 

tetrahydrofuran or an ether solvent. 
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93. The method of claim 92, wherein the ether solvent is diethyl ether or methyl tert-

butyl ether. 

94. The method of any of claims 75-93, wherein the acid is a carboxylic acid or a 

mineral acid. 

95. The method of claim 94, wherein the mineral acid is hydrochloric acid or sulfuric 

acid. 

96. The method of any of claims 75-93, wherein the acid is acetic acid. 

97. The method of any of claims 75-96, wherein the zinc comprises zinc powder or 

zinc dust. 

98. A method of making a compound of Formula I, 

I 

wherein: 

Ri is Cj-4alkyl, halo-Ci-4alkyl, hydroxy-Ci-4alkyl, or -Ci-4alkyl-OR', 

wherein R' is an oxygen protecting group; and 

R2 and R3 are each independently hydrogen or halo, 

or a salt thereof, 

said method comprising heating a mixture comprising: 

(i) a compound of Formula B: 
O 

wherein R], R2 and R3 are as given above; 

(ii) acetate; 
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(Hi) hydroxylamine or a salt thereof; and 

(iv) a hydrocarbon solvent, 

to a temperature of from 90°C to 160°C, 

to make said compound of Formula I, or a salt thereof. 

99. The method of claim 98, wherein the hydrocarbon solvent is selected from the 

group consisting of: benzene, toluene, and xylenes. 

100. The method of claim 98, wherein the hydrocarbon solvent is toluene. 

101. The method of any of claims 98-100, wherein said heating is to a temperature of 

from 110°C to 140°C. 

102. The method of any of claims 98-100, wherein said heating is to a temperature of 

from 100°C to 120°C. 

103. The method of any of claims 98-100, wherein said heating is to a temperature of 

from 120°C to 140°C. 

104. A method for making a compound of Formula V 

Ri is C3-4alkyl, halo-Ci-4allcyl, hydroxy-Ci-4alkyl, or-Ci-4alkyl-OR', 

wherein R' is an oxygen protecting group; and 

R2 and R3 are each independently hydrogen or halo; 

or a salt thereof, 

comprising the steps of: 

(a) providing a mixture of 

V 

wherein: 
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(i) a compound of Formula III, 

III 

wherein Ri, R2 and R3 are as given above for Formula V; 

(ii) an amine base; and 

(Hi) an organic solvent, 

wherein said mixture is at a temperature at or below 0° Celsius, 

(b) reacting the mixture with trifluoromethanesulfonic anliydride, 4-toluenesulfonyl 

chloride, methanesulfonyl chloride or methanesulfonyl anliydride, and then, 

(c) adding: 

(i) an alcohol; and 

(ii) a strong base selected from: a hydroxide, an allcoxide, and ammonia, 

to make said compound of Formula V. 

105. The method of claim 104, wherein the amine base is pyridine or a substituted 

pyridine. 

106. The method of claim 105, wherein the substituted pyridine is collidine. 

107. The method of any of claims 104-106, wherein the organic solvent is an aromatic 

hydrocarbon solvent. 

108. The method of any of claims 104-106, wherein the organic solvent is toluene, 

xylenes, benzene, or dichloromethane. 

109. The method of any of claims 104-106, wherein the organic solvent is toluene. 

110. The method of any of claims 104-109, wherein said reacting step is carried out at 

a temperature of from -15 to 0° Celsius. 
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111, The method of any of claims 104-109, wherein said reacting step is carried out at 

a temperature of from -10 to 0° Celsius. 

112. The method of any of claims 104-109, wherein said reacting step is carried out at 

a temperature of from -5 to 0° Celsius. 

113. The method of any of claims 104-112, wherein the alcohol is propanol. 

114. The method of any of claims 104-112, wherein the alcohol is 2-propanol. 

115. The method of any of claims 104-114, wherein the strong base is a hydroxide. 

116. The method of any of claims 104-114, wherein the strong base is a hydroxide 

selected from sodium hydroxide, potassium hydroxide, lithium hydroxide and calcium hydroxide. 

117. The method of any of claims 104-114, wherein the strong base is an alkoxide. 

118. The method of any of claims 104-114, wherein the strong base is an alkoxide 

selected from methoxide, ethoxide and propoxide. 
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