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(ix) treating compound (13) with an acid catalyst and acylating agent to form compound 

(2). 

[0007] In one exemplary technique, R1 is -CH3 or -CH2CH3. 

[0008] In one exemplary technique, R2 is an optionally substituted CI-C6 alkyl or phenyl. 

In another exemplary technique, R2 is -CF3, -CH3, or -C6H4CH3. In another exemplary 

technique, R2 is -CF3. 

[0009] In one exemplary technique, there is provided a method of reacting compound (4) 

with ketene dimethylacetal in the presence of catalytic methanesulfonic acid to form 

tricycle compound (5A) in isopropyl acetate 

 
 

[0010] In one exemplary technique, there is provided a method of preparing a mixture of 

mono acetylated compounds (6) and (7) by treating compound (5A) with water and 1 

mole percent of methane sulfonic acid. 

[0011]  In one exemplary technique, there is provided a method of equilibrating a 

mixture of compounds (6) and (7) to cause an excess of compound (6) by heating above 

70 0C. 

[0012]   In one exemplary technique, there is provided a method of equilibrating a 

mixture of compounds (6) and (7) to cause an excess greater than 90% of compound (6) 

over compound (7). 
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[0013] In one exemplary technique, there is provided a method of equilibrating a 

mixture of compounds (6) and (7) to favor compound (6) by heating above 70 0C in the 

presence of isopropyl acetate and water. 

[0014] In one exemplary technique, there is provided a method of oxidizing a mixture of 

compounds (6) and (7) to form compound (8) and its hydrated form (9). 

[0015]  In one exemplary technique, there is provided a method of oxidizing a mixture of 

compounds (6) and (7) to form compound (8) and its hydrated form (9) by using sodium 

hypochlorite in the presence of TEMPO and sodium acetate biphasically with isopropyl 

acetate. 

[0016]  In one exemplary technique, there is provided a method of reducing compounds 

(8) or (9) or a mixture thereof to form compound (10) as a single isomer. 

[0017] In one exemplary technique, there is provided a method of reducing a mixture of 

compounds (8) and (9) to form compound (10) as a single isomer using sodium 

triacetoxyborohydride. 

[0018]  In one exemplary technique, there is provided a  method of reducing a mixture 

of compounds (8) and (9) to form compound (10) as a single isomer using sodium 

triacetoxyborohydride in wet isopropyl acetate. 

[0019]  In one exemplary technique, there is provided a method of isolating compound 

(8) from compound (9). 

[0020]  In one exemplary technique, there is provided a method of reducing compound 

(8) to form compound (10) as a single isomer. 

[0021]  In one exemplary technique, there is provided a method of reducing compound 

(8) to form compound (10) as a single isomer using a platinum on carbon catalyst in the 

presence of hydrogen. 

[0022]  In one exemplary technique, there is provided a method of sulfonating 

compound (10) with a sulfonating agent in the presence of DMAP to form a compound of 

Formula (11). 

[0023] In one exemplary technique, there is provided a method of sulfonating 

compound (10) with a trifluoromethanesulfonic anhydride in the presence of DMAP to  
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form compound (11A) without the use of halogenated solvents or temperatures below 0 

0
C 

 
 

[0024] In one exemplary technique, there is provided a method of sulfonating compound 

(10) with trifluoromethanesulfonic anhydride in the presence of DMAP to form 

compound (11A) in a mixture of isopropylacetate and dimethoxyethane at 5-10 
0
C. 

[0025] In one exemplary technique, there is provided a method of displacing sulfonyl 

substituted compound (11A) with iodide at less than 60 
0
C in lower boiling organic 

solvents to form compound (12A) 

 
 

[0026]  In one exemplary technique, there is provided a method of displacing sulfonyl 

substituted compound (11A) with sodium iodide in wet isopropyl acetate and 

dimethoxyethane at 55 
0
C to form compound (12A). 

[0027] In one exemplary technique, there is provided a method of reducing compound 

(12A) to form hydrogen compound (13). 

[0028]  In one exemplary technique, there is provided a method of reducing compound 

(12A) to form hydrogen compound (13) using catalytic hydrogenation. 

[0029] In one exemplary technique, there is provided a method of reducing compound 

(12A) to form hydrogen compound (13) using palladium hydroxide on carbon (Pearlman's 

Catalyst) in the presence of hydrogen. 
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[0030] In one exemplary technique, there is provided a method of reducing compound 

(12A) to form hydrogen compound (13) using hydrogen and catalytic palladium hydroxide 

on carbon (Pearlman's Catalyst) in the presence of an amine base such as 

diisopropylethylamine or triethylamine. 

[0031] In one exemplary technique, there is provided a method of reducing compound 

(12A) to form hydrogen compound (13) using hydrogen and catalytic palladium hydroxide 

on carbon (Pearlman's Catalyst) in the presence of diisopropylethylamine in ethanol and 

isopropyl acetate. 

[0032] In one exemplary technique, there is provided a method of reducing compound 

(12A) to form hydrogen compound (13) using hydrogen and catalytic palladium on carbon 

in the presence of triethylamine in ethyl acetate. 

[0033] In one exemplary technique, there is provided a method of treating compound (13) 

with a catalytic amount of sulfuric acid and adding over 12 hours acetic anhydride as an 

acylating agent in acetic acid to form compound (2). 

[0034] The method of the invention is particularly useful for the scalable commercial 

production of the compounds described herein. The methods are operationally simple, 

robust and efficient. In particular, the methods are particularly useful for scaled-up 

production of deoxy sugars. Furthermore, the methods are cost-effective and 

demonstrate efficient throughput and a significantly higher overall yield as compared to 

the preparation methods used in the art. 

 

DETAILED DESCRIPTION OF THE INVENTION 

[0035] The term "comprising" (and its grammatical variations) as used herein is used in 

the inclusive sense of "having" or "including" and not in the exclusive sense of 

"consisting only of. The terms "a" and "the" as used herein are understood to encompass 

the plural as well as the singular. 

[0036] As used herein, the term "halide" or "halo" refers to fluoride, chloride, bromide 

and iodide. The term halogen refers to fluorine, chlorine, bromine and iodine. 

[0037] The term "alkyl", as used herein, unless otherwise indicated, includes saturated 

monovalent hydrocarbon radicals having straight, branched, or cyclic moieties (including 

fused and bridged bicyclic and spirocyclic moieties), or a combination of the foregoing 





























22 

 

method or method steps may be varied or re-sequenced according to alternative 

embodiments.  



  

 

23 

CLAIMS 

1. A method of preparing a compound of Formula (11)  
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O

, 

wherein R2 is an optionally substituted alkyl or aryl,  

the method comprising 

(i)  oxidizing compound (6)  

 

  to form compound (8)  

O

O

O

O

O

O

8 , 

(ii) reducing compound (8) to form compound (10)  

O

O

O

O

HO

O
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and 

(iii) sulfonating compound (10) with a sulfonating agent in the presence of a base to form the 

compound of Formula (11). 

 

2. The method of claim 1 wherein R2 is -CF3, -CH3, or -C6H4CH3. 

 

3. The method of claims 1 or 2 wherein compound (6) is oxidized by sodium hypochlorite 

in the presence of TEMPO (2,2,6,6-Tetramethylpiperidine 1-oxyl) and sodium acetate 

biphasically with isopropyl acetate. 

 

4. The method of any of claims 1 to 3 wherein the reduction of compound (8) forms a single 

isomer of compound (10), 

wherein the reduction is optionally carried out using a platinum on carbon catalyst in the 

presence of hydrogen. 

 

5. The method of any of claims 1 to 4 wherein the sulfonating agent is 

trifluoromethanesulfonic anhydride and the base is DMAP (4-(N,N-dimethylamino)pyridine).  

 

6. The method of any of claims 1 to 5 further comprising displacing the sulfonate ester 

compound of Formula (11) with a halogen atom to form a halogen compound of Formula (12) 
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wherein X is halo, 

reducing the halogen of the Formula (12) compound to a hydrogen atom to form compound (13) 

                          

O

O

O

O

O

13 ,  

and 

treating compound (13) with an acid catalyst and acylating agent to form compound (2) 

AcO

O

OAc

OAc

2
, 

 

wherein the reduction of the Formula (12) compound optionally uses palladium hydroxide on 

carbon (Pearlman’s Catalyst) in the presence of hydrogen, and/or  

wherein optionally the acid catalyst is sulfuric acid and the acylating agent is acetic anhydride. 

 

7. The method of claim 6, wherein the method is a method for preparing compound (2) 
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the method comprising 

(i)  reacting compound (4) with an alkyl ketene acetal and catalytic acid  

HO

O

O

O

HO

4  

to form a cyclic compound of Formula (5) 
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wherein R1 is a lower alkyl, 

(ii)  hydrolysing the compound of Formula (5) with water and a catalytic or stoichiometric 

amount of acid to form a mixture of monoacyl substituted compounds (6) and (7),  

O
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O

O

6                                7 , 

(iii)  equilibrating the mixture of monoacyl substituted compounds (6) and (7) to cause an 

excess of compound (6), 
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(iv)  oxidizing the mixture of compound 6 and compound 7 to form the mixture of ketone of 

compound (8) and hydrated ketone of compound (9) 

O

O
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8
9

, 

(v)  reducing the mixture of ketone of compound (8) and hydrated ketone of compound (9) to 

form compound (10) or reducing compound (8) and compound (9) separately to form compound 

(10) 

O

O

O

O

O

HO

10 ,  

(vi)  sulfonating compound (10) with a sulfonating agent in the presence of a base to form a 

compound of Formula (11) 
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wherein R2 is an optionally substituted alkyl or aryl, 

(vii)  displacing the sulfonate ester compound of Formula (11) with a halogen atom to form a 

halogen compound of Formula (12) 
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wherein X is halo, 

(viii)  reducing the halogen of the Formula (12) compound to a hydrogen atom to form 

compound (13) 

                          

O

O

O

O

O

13 ,  

and 

(ix)  treating compound (13) with an acid catalyst and acylating agent to form compound (2), 

wherein R1 is optionally -CH3 or -CH2CH3. 

 

8. The method of claim 7 wherein R2 is -CF3, -CH3, or -C6H4CH3.   

 

9. The method of claims 7 or 8 wherein compound (4) is reacted with ketene dimethylacetal 

in the presence of catalytic methanesulfonic acid to form tricycle compound (5A) in isopropyl 

acetate. 

                                  

10. The method of any of claims 7 to 9 further comprising equilibrating the mixture of 

compounds (6) and (7) to cause an excess of compound (6) by heating above 70 °C, 

wherein equilibrating a mixture of compounds (6) and (7) optionally causes an excess 

greater than 90% of compound (6) over compound (7). 
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11. The method of any of claims 7 to 10 wherein the mixture of compounds (6) and (7) is 

oxidized by sodium hypochlorite in the presence of TEMPO and sodium acetate biphasically 

with isopropyl acetate. 

 

12. The method of any of claims 7 to 11 wherein compound (10) is formed as a single isomer 

using sodium triacetoxyborohydride. 

 

13. The method of any of claims 7 to 12 wherein compound (8) is isolated from the mixture 

of compounds (8) and (9),  

the method optionally further comprising the reduction of compound (8) to form 

compound (10) as a single isomer,    

wherein the reduction is optionally carried out using a platinum on carbon catalyst in the 

presence of hydrogen. 

 

14. The method of any of claims 7 to 13 wherein the base is DMAP. 

 

15. A compound selected from 
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