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mediates useful in the synthesis of neuraminidase inhibitors 
and compositions useful as intermediates that are themselves 
useful in the synthesis of neuraminidase inhibitors are 
provided. 
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PREPARATION OF CYCLOHEXENE 
CARBOXYLATE DERIVATIVES 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention is directed to methods of 
preparing carbocyclic compounds and intermediates there 
fore. 

[0003] 2. Brief Description of Related Art 

[0004] US. patent application (having Attorney Docket 
No. 205.6) Ser. No. 08/702,308, ?led Aug. 23, 1996, Which 
Was a continuation-in-part application of US. patent appli 
cation Ser. No. 08/653,034, ?led Mar. 24, 1996, Which Was 
a continuation-in-part application of US. patent application 
Ser. No. 08/606,624, ?led Feb. 26, 1996, Which Was a 
continuation-in-part application of US. patent application 
Ser. No. 08/580,567, ?led Dec. 29, 1995, Which Was a 
continuation-in-part application of US. patent application 
Ser. No. 08/476,946, ?led Jun. 6, 1995, Which Was a 
continuation-in-part application of US. patent application 
Ser. No. 08/395,245, ?led Feb. 27, 1995, all of Which are 
incorporated herein by reference in their entirety, describe, 
inter alia, neuraminadase inhibitors and intermediates in the 
synthesis of neuraminidase inhibitor. The present invention 
provides processes useful in the preparation of these com 
positions. 

OBJECTS OF THE INVENTION 

[0005] Selected embodiments of the invention are directed 
to one or more of the folloWing objects: 

[0006] A principal object of the invention is to provide 
neW synthetic methods and compositions. 

[0007] An additional object of the invention is to provide 
neW methods of preparing intermediates useful in the syn 
thesis of neuraminidase inhibitors. 

[0008] An additional object of the invention is to provide 
compositions useful as intermediates that are themselves 
useful in the synthesis of neuraminidase inhibitors. 

[0009] An additional object of the invention is to provide 
compositions useful as neuraminidase inhibitors. 

SUMMARY OF THE INVENTION 

[0010] One aspect of the present invention is directed to 
processes for the preparation of compounds of the formula: 

[0011] Wherein: 

[0012] R1 is a cyclic hydroXy protecting group; 

[0013] R2 is a carboXylic acid protecting group; 
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[0014] R3 is a hydroXy protecting group; and each R20 is 
independently H or an alkyl of 1 to 12 carbon atoms; 

[0015] Which process comprises reaction of a compound 
of the formula: 

[0016] With a dehydrating reagent. 

[0017] Another aspect of the present invention is directed 
to processes for the preparation of compounds of the for 
mula: 

11 

[0018] 
[0019] 
[0020] 
[0021] 
[0022] 
group; 

[0023] 
[0024] 
group; 

[0025] each R21 is independently R20, Br, Cl, F, I, CN, 
NO2 or N3; 

Wherein: 

each of R2, R3 and R20 are as de?ned above; 

each R5 is independently H or R3; 

each R7 is independently H or an amino protecting 

each R8 is independently H or R2; 

each R9 is independently H or a thiol protecting 
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or W; 
—N(R2O)C(N(R7)2(N(R7)2), =0, :5, =N(R 0), = (R7) 

[0027] each R23 is independently alkyl of 1 to 11 carbon 
atoms, alkenyl of 2 to 11 carbon atoms, or alkynyl of 2 to 11 
carbon atoms; 

[0028] each R24 is independently R23 Wherein each R23 is 
substituted With 0 to 3 R22 groups; 

[0029] each R248 is independently alkylene of 1 to 11 
carbon atoms, alkenylene of 2 to 11 carbon atoms, or 
alkynylene of 2-11 carbon atoms any one of Which alkylene, 
alkenylene or alkynylene is substituted With 0-3 R22 groups; 

[0030] each R28 is independently alkyl of 1 to 12 carbon 
atoms, alkenyl of 2 to 12 carbon atoms, or alkynyl of 2 to 12 
carbon atoms; 

[0031] each R29 is independently R22 or R28 Wherein each 
R28 is substituted With 0 to 3 R22 groups; 

[0032] each R30 is independently H, R24, W or —R248 W; 
and 

[0033] each W is independently carbocycle or heterocycle 
Wherein any one of Which carbocycle or heterocycle is 
substituted With 0 to 3 R29 groups; Which process comprises 
reaction of a compound of the formula: 

10 

[0034] Wherein R31 is a ketal or acetal, With a leWis acid 
reagent; provided that R4, taken as a Whole, contains: 

[0035] 0 to 3 W groups substituted With 0 to 3 R29 groups; 
and, in addition, 

[0036] 1 to 12 carbon atoms substituted With 0 to 3 R22 
groups. 

[0037] Another aspect of the present invention is directed 
to processes for the preparation of compounds of the for 
mula: 

31 

[0038] Wherein: 

[0039] R2, R4, R7, R20 and R21 are as de?ned above. Which 
process comprises reaction of a compound of the formula: 
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[0040] With a reducing reagent. 

[0041] Another aspect of the present invention is directed 
to processes for the preparation of compounds of the for 
mula: 

41 

Wherein: 

R2, R4, R5, R20 and R21 are as described above; and 

[0042] 
[0043] 
[0044] Y1 is a mono-, di- or unsubstituted amino group; 
Which process comprises reaction of a compound of the 
formula: 

40 

[0045] With an amine reagent. 

[0046] Another aspect of the present invention is directed 
to processes for the preparation of compounds of the for 
mula: 

51 
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[0047] 
[0048] R2, R4, R20, R21 and Y1 are as described above; 
Which process comprises reaction of a compound of the 
formula: 

Wherein: 

[0049] With an oxidizing reagent. 

[0050] Another aspect of the present invention is directed 
to processes for Wthe preparation of compounds of the 
formula: 

61 

[0051] Wherein: 

[0052] R2, R4, R20, R21 and Y1 are as described above; 
Which process comprises reaction of a compound of the 
formula: 

51 

[0053] With a base. 

[0054] Another aspect of the present invention is directed 
to processes for the preparation of compounds of the for 
mula: 

71 
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[0055] Wherein: 

[0056] R2, R4, R7, R20, R21 and Y1 are as described above; 
Which process comprises reaction of a compound of the 
formula: 

61 

[0057] With a reductive amination reagent. 

DETAILED DESCRIPTION 

General 

[0058] The present invention is directed to methods of 
making the compositions described herein. Even though the 
compositions of the invention are prepared by any of the 
applicable techniques of organic synthesis, the present 
invention provides advantageous methods for accomplish 
ing the preparations. 

[0059] Many conventional techniques are Well knoWn in 
the art and Will not be elaborated here. HoWever, many of the 
knoWn techniques are elaborated in “Compendium of 
Organic Synthetic Methods” John Wiley & Sons, NeW 
York), Vol. 1, Ian T. Harrison and Shuyen Harrison, 1971; 
Vol. 2, Ian T. Harrison and Shuyen Harrison, 1974; Vol. 3, 
Louis S. Hegedus and Leroy Wade, 1977; Vol. 4, Leroy G. 
Wade, jr., 1980; Vol. 5, Leroy G. Wade, Jr., 1984; and Vol. 
6, Michael B. Smith; as Well as March, 1., “Advanced 
Organic Chemistry, Third Edition”, (John Wiley & Sons, 
NeW York, 1985), “Comprehensive Organic Synthesis. 
Selectivity, Strategy & Efficiency in Modern Organic Chem 
istry. In 9 Volumes”, Barry M. Trost, Editor-in—Chief 
(Pergamon Press, NeW York, 1993 printing). 

[0060] Generally, the reaction conditions such as tempera 
ture, reaction time, solvents, Workup procedures, and the 
like, Will be those common in the art for the particular 
reaction to be performed. The cited reference material, 
together With material cited therein, contains detailed 
descriptions of such conditions. 

[0061] The terms “treated”, “treating”, “treatment”, and 
the like, mean contacting, mixing, reacting, alloWing to 
react, bringing into contact, and other terms common in the 
art for indicating that one or more chemical entities is treated 
in such a manner as to convert it to one or more other 

chemical entities. This means that “treating compound one 
With compound tWo” is synonymous With “alloWing com 
pound one to react With compound tWo , contacting com 
pound one With compound tWo”, “reacting compound one 
With compound tWo”, and other expressions common in the 
art of organic synthesis for reasonably indicating that com 
pound one Was “treated”, “reacted”, “alloWed to react”, etc., 
With compound tWo. “Treating” indicates the reasonable and 
usual manner in Which organic chemicals are alloWed to 
react. Normal concentrations (0.01M to 10M, typically 0.1M 
to 1M), temperatures (—100° C. to 250° C., typically —78° C. 
to 150° C., more typically —78° C. to 100° C., still more 
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typically 0° C. to 100° C.), solvents (aprotic or protic), 
reaction times (typically 10 seconds to 10 days, more 
typically 1 min. to 10 hours, still more typically 10 min. to 
6 hours), reaction vessels (typically glass, plastic, metal), 
pressures, atmospheres (typically air for oxygen and Water 
insensitive reactions or nitrogen or argon for oxygen or 
Water sensitive), etc., are intended unless otherWise indi 
cated. The knowledge of similar reactions knoWn in the art 
of organic synthesis are used in selecting the conditions and 
apparatus for “treating” in a given process. In particular, one 
of ordinary skill in the art of organic sysnthesis selects 
conditions and apparatus reasonably expected to success 
fully carry out the chemical reactions of the described 
processes based on the knowledge in the art. 

[0062] Oxidation and reduction reactions are typically 
carried out at temperatures near room temperature (about 
20° C.), although for metal hydride reductions frequently the 
temperature is reduced to 0° C. to —100° C., solvents are 
typically aprotic for reductions and may be either protic or 
aprotic for oxidations. Reaction times are adjusted to 
achieve desired conversions. 

[0063] Condensation reactions are typically carried out at 
temperatures near room temperature, although for non 
equilibrating, kinetically controlled condensations reduced 
temperatures (0° C. to —100° C.) are also common. Solvents 
can be either protic (common in equilibrating reactions) or 
aprotic (common in kinetically controlled reactions). 
[0064] Standard synthetic techniques such as aZeotropic 
removal of reaction by-products and use of anhydrous 
reaction conditions (eg inert gas environments) are com 
mon in the art and Will be applied When applicable. Workup 
typically consists of quenching any unreacted reagents fol 
loWed by partition betWeen a Water/organic layer system 
(extraction) and separating the layer containing the product. 
Each of the products of the folloWing processes is optionally 
separated, isolated, and/or puri?ed prior to its use in sub 
secquent processes. 

Embodiments 

[0065] One aspect of the present invention is directed to 
processes for the preparation of compounds of the formula: 

[0066] R1 is a cyclic hydroxy protecting group. A very 
large number of common protecting groups (including 
cyclic hydroxy protecting groups) and corresponding chemi 
cal cleavage reactions are described in “Protective Groups in 
Organic Chemistry”, Theodora W. Greene (John Wiley & 
Sons, Inc., NeW York, 1991, ISBN 0-471-62301-6) 
(“Greene”). See also Kocienski, Philip J .; “Protecting 
Groups” (Georg Thieme Verlag Stuttgart, NeW York, 1994). 
In particular Chapter 1, Protecting Groups: An OvervieW, 
pages 1-20, Chapter 2, Hydroxyl Protecting Groups, pages 
21-94, Chapter 3, Diol Protecting Groups, pages 95-117, 
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Chapter 4, Carboxyl Protecting Groups, pages 118-154, 
Chapter 5, Carbonyl Protecting Groups, pages 155-184, and 
Chapter 6, Amino Protecting Groups, pages 185-243. Typi 
cally, the cyclic hydroxyprotecting groups are those com 
monly useful as 1,2-diol protecting groups. 

[0067] Typical 1,2-diol protecting groups (thus, generally 
Where tWo OH groups are taken together With the R1 
protecting functionality) are described in Greene at pages 
118-142 and include Cyclic Acetals and Ketals (Methylene, 
Ethylidene, 1-t-Butylethylidene, 1-Phenylethylidene, 
(4-Methoxyphenyl)ethylidene, 2,2,2-Trichloroethylidene, 
Acetonide (Isopropylidene), Cyclopentylidene, Cyclohexy 
lidene, Cycloheptylidene, BenZylidene, p-Methoxyben 
Zylidene, 2,4-DimethoxybenZylidene, 3,4-Dimethoxyben 
Zylidene, 2—NitrobenZylidene); Cyclic Ortho Esters 
(Methoxymethylene, Ethoxymethylene, Dimethoxymethyl 
ene, 1-Methoxyethylidene, 1-Ethoxyethylidine, 1,2 
Dimethoxyethylidene, o-MethoxybenZylidene, 1-(N1N 
Dimethylamino)ethylidene Derivative, C-(N,N 
Dimethylamino)benZylidene Derivative, 
2-Oxacyclopentylidene); Silyl Derivatives (Di-t-butylsi 
lylene Group, 1,3-(1,1,3,3-Tetraisopropyldisiloxanylidene), 
and Tetra-t-butoxydisiloxane-1,3-diylidene), Cyclic Carbon 
ates, Cyclic Boronates, Ethyl Boronate and Phenyl Bor 
onate. 

[0068] More typically, 1,2-diol protecting groups include 
those shoWn in Table A, or ayalic ketals or acetals. Still more 
typically, cyclic ketals and acetals. 

TABLE A 
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treated With SO2C12> followed by an alkanol. Still more 
typically, compound 4 is treated With SO2C12 in a suitable 
polar, aprotic solvent, such as an amine to form an ole?n. 
More typically yet, compound 4 is treated With SO2C12 in 
pyridine/CH2Cl2 at a temperature betWeen —100° C. and 0° 
C., typically -100° C. and —10° C., more typically —78° C., 
to form compound 5. 

[0081] In a typical embodiment, a solution of compound 4 
and pyridine in dichioromethane is cooled to 20° to —30° C. 
and treated portionWise With sulfuryl chloride. After the 
exothermic reation subsided, the resulting slurry is quenched 
With ethanol, Warmed to 0° C., and Washed successively 
With 16% sulfuric acid, Water and 5% aqueous sodium 
bicarbonate. A detailed example of this embodiment is 
provided as Example 4 beloW. 

[0082] Optionally, the process of this embodiment further 
comprises purifying or separating compound 5 from any 
other reaction products or other contaminents such as other 

double bond isomers, halogenated side products or starting 
materials and reagents by treatment With a noble metal 
complex. Noble metals include gold, silver, platinum, pal 
ladium, iridium, rhenium, mercury, ruthenium and osmium. 
Typically, the noble metal complex of this embodiment is a 
complex of platinum or palladium. More typically the com 
plex is a palladium (O) complex, still more typically, the 
complex is a tetrakis(triarylphosphine)palladium (O) com 
plex. 

[0083] In a typical embodiment the organic layer of the 
reaction contains a mixture of ole?n and halogenated prod 
ucts as Well as starting material. It is concentrated in vacuo 

and ethyl acetate is added. The solution is treated With 
pyrrolidine and tetrakis(triphenylphosphine)palladium(O) at 
ambient temperature, folloWed by Washing With 16% sulfu 
ric acid. The organic layer is ?ltered through a pad of silica 
gel and eluted With ethyl acetate. The ?ltrate is concentrated 
in vacuo. The residue is dissolved in ethyl acetate at re?ux 
and hexane is added. Upon cooling, the product crystalliZes 
and is separated by ?ltration and Washed With 14% ethyl 
acetate in hexane. After drying in vacuo, 5 Was obtained. A 
detailed example of this embodiment is provided as 
Example 4 beloW. 

[0084] In another example of this embodiment compound 
5 is of the formula: 

[0085] Another aspect of the present invention is directed 
to processes for the preparation of compounds of the for 
mula: 
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[0086] 
[0087] 

Wherein: 

R2, R3 and R20 are as de?ned above. 

[0088] R4 is described beloW. 

[0089] W is carbocycle or heterocycle Wherein any one of 
which carbocycle or heterocycle is substituted With 0 to 3 
R groups (R29 is described beloW). 
[0090] W is a carbocycle or heterocycle, With the proviso 
that each W is independently substituted With 0 to 3 R29 
groups (R29 is described beloW). W carbocycles and hetero 
cycles are stable chemical structures. Such structures are 
isolatable in measurable yield, With measurable purity, from 
reaction mixtures at temperatures from —78° C. to 200° C. 
Each W is independently substituted With 0 to 3 R29 groups. 
Typically, W is a saturated, unsaturated or aromatic ring 
comprising a mono- or bicyclic carbocycle or heterocycle. 
More typically, W has 3 to 10 ring atoms, still more 
typically, 3 to 7 ring atoms, and ordinarily 3 to 6 ring atoms. 
The W rings are saturated When containing 3 ring atoms, 
saturated or monounsaturated When containing 4 ring atoms, 
saturated, or mono- or diunsaturated When containing 5 ring 
atoms, and saturated, mono- or diunsaturated, or aromatic 
When containing 6 ring atoms. 

[0091] When W is carbocyclic, it is typically a 3 to 7 
carbon monocycle or a 7 to 12 carbon atom bicycle. More 
typically, W monocyclic carbocycles have 3 to 6 ring atoms, 
still more typically 5 or 6 ring atoms. W bicyclic carbocycles 
typically have 7 to 12 ring atoms arranged as a bicyclo [4,5], 
[5,5], [5,6] or [6,6] system, still more typically, 9 or 10 ring 
atoms arranged as a bicyclo [5,6] or [6,6] system. Examples 
include cyclopropyl, cyclobutyl, cyclopentyl, 1-cyclopent 
1-enyl, 1-cyclopent-2-enyl, 1-cyclopent-3-enyl, cydohexyl, 
1-cyclohex-1-enyl, 1-cyclohex-2-enyl, 1-cyclohex-3-enyl, 
phenyl, spiryl and naphthyl. 
[0092] AW heterocycle is typically a monocycle having 3 
to 7 ring members (2 to 6 carbon atoms and 1 to 3 
heteroatoms selected from N, O, P, and S) or a bicycle 
having 7 to 10 ring members (4 to 9 carbon atoms and 1 to 
3 heteroatoms selected from N, O, P, and S). More typically, 
W heterocyclic monocycles have 3 to 6 ring atoms (2 to 5 
carbon atoms and 1 to 2 heteroatoms selected from N, O, and 
S), still more typically, 5 or 6 ring atoms (3 to 5 carbon 
atoms and 1 to 2 heteroatoms selected from N and S). W 
heterocyclic bicycles typically have 7 to 10 ring atoms (6 to 
9 carbon atoms and 1 to 2 heteroatoms selected from N, O, 
and S) arranged as a bicyclo [4,5], [5,5], [5,6], or [6,6] 
system, still more typically, 9 to 10 ring atoms (8 to 9 carbon 
atoms and 1 to 2 hetero atoms selected from N and S) 
arranged as a bicyclo [5,6] or [6,6] system. 

[0093] “Heterocycle” as used herein includes by Way of 
example and not limitation these heterocycles described in 
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Paquette, Leo A.; “Principles of Modern Heterocyclic 
Chemistry” A. Benjamin, NeW York, 1968), particularly 
Chapters 1, 3, 4, 6, 7, and 9; “The Chemistry of Heterocyclic 
Compounds, A series of Monographs” (John Wiley & Sons, 
NeW York, 1950 to present), in particular Volumes 13, 14, 
16, 19, and 28; and “J. Am. Chem. Soc.”, 82:5566 (1960). 

[0094] Examples of heterocycles include by Way of 
eXample and not limitation pyridyl, thiaZolyl, tetrahy 
drothiophenyl, sulfur oxidized tetrahydrothiophenyl, pyrim 
idinyl, furanyl, thienyl, pyrrolyl, pyraZolyl, imidaZolyl, tet 
raZolyl, benZofuranyl, thianaphthalenyl, indolyl, indolenyl, 
quinolinyl, isoquinolinyl, benZimidaZolyl, piperidinyl, 4-pi 
peridonyl, pyrrolidinyl, 2-pyrrolidonyl, pyrrolinyl, tetrahy 
drofuranyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl, 
decahydroquinolinyl, octahydroisoquinolinyl, aZocinyl, tri 
aZinyl, 6H-1,2,5-thiadiaZinyl, 2H,6H-1,5,2-dithiaZinyl, thie 
nyl, thianthrenyl, pyranyl, isobenZofuranyl, chromenyl, Xan 
thenyl, phenoXathiinyl, 2H-pyrrolyl, isothiaZolyl, 
isoXaZolyl, pyraZinyl, pyridaZinyl, indoliZinyl, isoindolyl, 
3H-indolyl, 1H-indaZoly, purinyl, 4H-quinoliZinyl, 
phthalaZinyl, naphthyridinyl, quinoXalinyl, quinaZolinyl, 
cinnolinyl, pteridinyl, 4aH-carbaZolyl, carbaZolyl, [3-car 
bolinyl, phenanthridinyl, acridinyl, pyrimidinyl, phenan 
throlinyl, phenaZinyl, phenothiaZinyl, furaZanyl, phenoXaZi 
nyl, isochromanyl, chromanyl, imidaZolidinyl, imidaZolinyl, 
pyraZolidinyl, pyraZolinyl, piperaZinyl, indolinyl, isoindoli 
nyl, quinuclidinyl, morpholinyl, oXaZolidinyl, benZotriaZ 
olyl, benZisoXaZolyl, oXindolyl, benZoXaZolinyl, and isati 
noyl. 

[0095] By Way of eXample and not limitation, carbon 
bonded heterocycles are bonded at position 2, 3, 4, 5, or 6 
of a pyridine, position 3, 4, 5, or 6 of a pyridaZine, position 
2, 4, 5, or 6 of a pyrimidine, position 2, 3, 5, or 6 of a 
pyraZine, position 2, 3, 4, or 5 of a furan, tetrahydrofuran, 
thiofuran, thiophene, pyrrole or tetrahydropyrrole, position 
2, 4, or 5 of an oXaZole, imidaZole or thiaZole, position 3, 4, 
or 5 of an isoXaZole, pyraZole, or isothiaZole, position 2 or 
3 of an aZiridine, position 2, 3, or 4 of an aZetidine, position 
2, 3, 4, 5, 6, 7, or 8 of a quinoline or position 1, 3, 4, 5, 6, 
7, or 8 of an isoquinoline. Still more typically, carbon 
bonded heterocycles include 2-pyridyl, 3-pyridyl, 4-pyridyl, 
5-pyridyl, 6-pyridyl, 3-pyridaZinyl, 4-pyridaZinyl, 5-py 
ridaZinyl, 6-pyridaZinyl, 2-pyrimidinyl, 4-pyrimidinyl, 
5-pyrimidinyl, 6-pyrimidinyl, 2-pyraZinyl, 3-pyraZinyl, 
5-pyraZinyl, 6-pyraZinyl, 2-thiaZolyl, 4-thiaZolyl, or 5-thia 
Zolyl. 
[0096] By Way of eXample and not limitation, nitrogen 
bonded heterocycles are bonded at position 1 of an aZiridine, 
aZetidine, pyrrole, pyrrolidine, 2-pyrroline, 3-pyrroline, imi 
daZole, imidaZolidine, 2-imidaZoline, 3-imidaZoline, pyra 
Zole, pyraZoline, 2-pyraZoline, 3-pyraZoline, piperidine, pip 
eraZine, indole, indoline, 1H-indaZole, position 2 of a 
isoindole, or isoindoline, position 4 of a morpholine, and 
position 9 of a carbaZole, or [3-carboline. Still more typically, 
nitrogen bonded heterocycles include 1-aZiridyl, 1-aZetedyl, 
1-pyrrolyl, 1-imidaZolyl, 1-pyraZolyl, and 1-piperidinyl. 

[0097] Typically W heterocycles are selected from 
pyridyl, pyridaZinyl, pyrimidinyl, pyraZinyl, s-triaZinyl, 
oXaZolyl, imidaZolyl, thiaZolyl, isoXaZolyl, pyraZolyl, 
isothiaZolyl, furanyl, thiofuranyl, thienyl, or pyrrolyl. 

[0098] More typically, the heterocycle of W is bonded 
through a carbon atom or nitrogen atom thereof. Still more 
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typically W heterocycles are bonded by a stable covalent 
bond through a carbon or nitrogen atom thereof. Stable 
covalent bonds are chemically stable structures as described 
above. 

[0099] W optionally is selected from the group consisting 

Q, T 

N@ M’ if’ 

[0100] R5 is H or R3. 

[0101] R7 is H or an amino protecting group. R7 amino 
protecting groups are described by Greene at pages 315-385. 
They include Carbamates (methyl and ethyl, 9-?uorenylm 
ethyl, 9(2-sulfo)?uoroenylmethyl, 9-(2,7-dibromo)?uore 
nylmethyl, 2,7-di-t-buthyl-[9-(10,10-dioXo-10,10,10,10-tet 
rahydrothioXanthyl)]methyl, 4-methoXyphenacyl); 
Substituted Ethyl (2,2,2-trichoroethyl, 2-trimethylsilylethyl, 
2-phenylethyl, 1-(1-adamantyl)-1-methylethyl, 1,1-dim 
ethyl-2-haloethyl, 1,1-dimethyl-2,2-dibromoethyl, 1,1-dim 
ethyl-2,2,2-trichloroethyl, 1-methyl-1-(4-biphenylyl)ethyl, 
1-(3,5-di-t-butylphenyl)-1-methylethyl, 2-(2‘- and 4‘-py 
ridyl)ethyl, 2-(N,N-dicycloheXylcarboXamido)ethyl, t-butyl, 
1-adamantyl, vinyl, allyl, 1-isopropylallyl, cinnamyl, 4-ni 
trocinnamyl, 8-quinolyl, N-hydroXypiperidinyl, alkyldithio, 
benZyl, p-methoXybenZyl, p-nitrobenZyl, p-bromobenZyl, 
p-chorobenZyl, 2,4-dichlorobenZyl, 4-methylsul?nylbenZyl, 
9-anthrylmethyl, diphenylmethyl); Groups With Assisted 
Cleavage (2-methylthioethyl, 2-methylsulfonylethyl, 2-(p 
toluenesulfonyl)ethyl, [2-(1,3-dithianyl)]methyl, 4-meth 
ylthiophenyl, 2,4-dimethylthiophenyl, 2-phosphonioethyl, 
2-triphenylphosphonioisopropyl, 1,1-dimethyl-2-cyanoet 
hyl, m-choro-p-acyloXybenZyl, p-(dihydroXyboryl)benZyl, 
5-benZisoXaZolylmethyl, 2-(tri?uoromethyl)-6-chromonyl 
methyl); Groups Capable of Photolytic Cleavage (m-nitro 
phenyl, 3,5-dimethoXybenZyl, o-nitrobenZyl, 3,4 
dimethoXy-6-nitrobenZyl, phenyl(o-nitrophenyl)methyl); 
Urea-Type Derivatives (phenothiaZinyl-(10)-carbonyl, N‘-p 
toluenesulfonylaminocarbonyl, N‘-phenylaminothiocarbo 
nyl); Miscellaneous Carbamates (t-amyl, S-benZyl thiocar 
bamate, p-cyanobenZyl, cyclobutyl, cycloheXyl, 
cyclopentyl, cyclopropylmethyl, p-decyloXybenZyl, diiso 
propylmethyl, 2,2-dimethoXycarbonylvinyl, o-(N,N-dim 
ethylcarboXamido)benZyl, 1,1-dimethyl-3-(N,N-dimethyl 
carboXamido)propyl, 1,1-dimethylpropynyl, di(2 
pyridyl)methyl, 2-furanylmethyl, 2-Iodoethyl, Isobornyl, 
Isobutyl, Isonicotinyl, p-(p‘-MethoXyphenylaZo)benZyl, 
1-methylcyclobutyl, 1-methylcycloheXyl, 1-methyl-1-cyclo 
propylmethyl, 1-methyl-1-(3,5-dimethoXyphenyl)ethyl, 
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—C(O)OR8, =0, :5, =N(R2O) or =N(R7). More typi 
cally R22 is F, Cl, Br, —CN, N3, —NO2, —ORS, —OR20, 
—N(R2O)2, —N(R20)(R7), —N(R7 2, —C(O)OR20, 
—C(O)OR8,or :0. Still more typically R22 is F, Cl, Br, 
—CN, N3, —NO2, —OR20, —N(R20)2, —C(O)OR2O or 
:0. More typically yet R22 is F, Cl, Br, —CN, —OH, 
—N(H)2, C(O)OR2O or =0. 

[0107] Each R23 is independently alkyl of 1 to 11 carbon 
atoms, alkenyl of 2 to 11 carbon atoms, or alkynyl of 2 to 11 
carbon atoms. More typically R23 is alkyl of 1 to 8 carbon 
atoms, alkenyl of 2 to 8 carbon atoms, or alkynyl of 2 to 8 
carbon atoms, still more typically, R23 is alkyl of 1 to 6 
carbon atoms, alkenyl of 2 to 6 carbon atoms, or alkynyl of 
2 to 6 carbon atoms. More typically yet, R23 is R25. 

[0108] Each R24 is independently R23 Wherein each R23 is 
substituted With 0 to 3 R22 groups. Each of the typical 
embodiments of R23 and R22 are typical of R24. More 
typically R24 is substituted With 0, 1, 2, or 3 R22 groups. 

[0109] R248 is independently alkylene of 1 to 11 carbon 
atoms, alkenylene of 2 to 11 carbon atoms, or alkynylene of 
2-11 carbon atoms any one of Which alkylene, alkenylene or 
alkynylene is substituted With 0-3 R22 groups. More typi 
cally R24a is alkylene of 1 to 8 carbon atoms, alkenylene of 
2 to 8 carbon atoms, or alkynylene of 2 to 8 carbon atoms, 
still more typically, R248 is alkylene of 1 to 6 carbon atoms, 
alkenylene of 2 to 6 carbon atoms, or alkynylene of 2 to 6 
carbon atoms. More typically yet, R248 is —CH2—, 
CH2CH2—, CH2CH2CH2— or —C(H)(CH3)—. 

[0110] Each R28 is independently alkyl of 1 to 12 carbon 
atoms, alkenyl of 2 to 12 carbon atoms, or alkynyl of 2 to 12 
carbon atoms. More typically R28 is alkyl of 1 to 8 carbon 
atoms, alkenyl of 2 to 8 carbon atoms, or alkynyl of 2 to 8 
carbon atoms, still more typically, R28 is alkyl of 1 to 6 
carbon atoms, alkenyl of 2 to 6 carbon atoms, or alkynyl of 
2 to 6 carbon atoms. More typically yet, R28 is R25. 

[0111] Each R29 is independently R22 or R28 Wherein each 
R28 is substituted With 0 to 3 R22 groups. Each of the typical 
embodiments of R28 and R22 are typical of R29. More 
typically R29 is substituted With 0, 1, 2, or 3 R22 groups. 

[0112] Each R30 is independently H, R24, W or R24AW. 

[0113] R4 is —C(R3O)3, provided that R4, taken as a Whole, 
contains 0 to 1 W groups (W is described above) substituted 
With 0 to 3 R29 groups (R29 is described above); and, in 
addition, 1 to 12 carbon atoms substituted With 0 to 3 R22 
groups (R22 is described above). Exemplary embodiments of 
R4 are provided as Ul embodiments in the documents cited 
in the “Brief Description of Related Art” above. 

[0114] Typically one R30 is H. More typically, one R30 is 
H and the remaining tWo R3O’s are independently R24, W or 
—R243 W. More typically yet, one R30 is H, one R30 is R24 
and the remaining R30 is independently R24, W or —R243 W. 

[0115] In one embodiment of R4, one R30 is H, one R30 is 
R25 and one R30 is R24, W or —R243 W. Typically, one R30 
is H and tWo R3O’s are R25. In another embodiment of R4, 
one R30 is H, one R30 is —R243 W and one R30 is R24, W or 
—R243 W. Typically, one R30 is H, one R30 is —R243 W and 
one R30 is R24. In another embodiment, one R30 is H and tWo 
R3O’s are alkyl of 1 to 6 carbon atoms. 
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[0116] In another embodiment, R4 is: 

R26 

\/\‘/_, R26/\:/\ 7 
E26 

R26 

R26 W , or R26 JV ; 
R26 

[0117] Wherein R26 is H, —CH3, —CH2CH3, 
—CH2CH2CH3, OCH3, —OAc (—O—C(O)CH3), OH, 
—NH2, or —SH, typically H, —CH3 or —CH2CH3. 

[0118] Typically each R4 (taken as a Whole) contains 0-3 
W groups each of Which is independently substituted With 
0-3 R29 groups; and each R4 (taken as a Whole) in addition 
contains 1-12 carbon atoms, each carbon atom of Which is 
independently substituted With 0-3 R22 groups. More typi 
cally each R4 contains 0, 1 or 2 such W groups, more 
typically yet, 0 or 1 such W group. 

[0119] In another embodiment, each R30 group (taken as 
Whole) of R4 is not so electron WithdraWing as to prevent the 
formation of compound 11. LoWry, T. H. and Richardson, K. 
S. “Mechanism and Theory in Organic Chemistry” (Harper 
& RoW, 1976) at section 2.2, pages 60-71, and March, J. 
“Advanced Organic Chemistry” (McGraW-Hill, 1977) at 
Chapter 9, Quantitative Treatments of the Effect of Structure 
on Reactivity”, pages 251-259, provide details of the elec 
tron WithdraWing properties of substitutent groups. In 
another embodiment, each R30 group (taken as Whole) of R4 
has a Hammett (para value of less than about 1, typically less 
than about 0.75, more typically less than about 0.5. In 
another embodiment, each R30 group (taken as Whole) of R4 
has a Hammett cpara value of —1.0 to 1.0, more typically 
—0.75 to 0.75, more typically yet —0.5 to 0.5. 

[0120] This process embodiment comprises reaction of a 
compound of the formula: 

10 

[0121] Wherein R31 is a ketal or acetal, With a leWis acid 
reagent. Typically R31 is —C(R3O)2— wherein R30 is as 
described above, Typically, compound 10 is reacted With a 
LeWis acid catalyst common in the art, such as BF3.Et2O, 
TiCl3, TMSOTf, SmI2(THF)2, LiCIO4, Mg(ClO4)2, 
Ln(OTf)3 (Where Ln=Yb, Gd, Nd), Ti(Oi—Pr)4, AlCl3, 
AlBr3, BeCI2, CdCl2, ZnCl2, BF3, BC13) BBr3, GaCl3, 
GaBr3,TiCl4, TiBr4, ZrCI4, SnCI4, SnBr4, SbCIS, SbCl3, 
BiCl3, FeCI3, UCl4, ScCl3, YCl3, LaCl3, CeCl3, PrCI3, 
NdCl3, SmCl3, EuCl3, GdCl3, TbC13) LuCl3, DYCl3, HoCl3, 
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ErCl3, TmCl3, YbCl3, Znl2, Al(OPrl)3, Al(acac)3, ZnBr2, or 
SnC4. Optionally, compound 10 is also treated With a 
reducing reagent. Typical reducing reagents are of the form 
B(R3O)3 such as BH3. Optionally reducing reagents of the 
form B(R3O)3 are complexed With common solvents such as 
diethylether and dimethylsul?de. A Wide range of borane 
reducing reagents are knoWn and Will not be described in 
detail here. For example BroWn, H.C. “Boranes in Organic 
Chemistry”, (Cornell Univ. Press, Ithaca, NY, 1972) 
(BroWn) provides a very large number of examples such as 
is found in Part Four, Selective Reductions, pages 209-251, 
Part Five, Hydroboration, pages 255-297, and Part Six, 
Organoboranes, pages 301-446. 

[0122] In a typical embodiment, compound 10 is treated 
With a leWis acid in a nonprotic solvent. More typically, 
compound 10 is treated With a leWis acid and a reducing 
reagent in a nonprotic solvent. 

[0123] In a typical embodiment, a solution of 10 in dichlo 
rormethane is cooled and treated With borane-methyl sul?de 
complex and trimethylsilyl tri?uoromethanesulfonate. 10% 
Aqueous sodium bicarbonate solution is sloWly added. The 
mixture is Warmed to ambient temperature and stirred. The 
organic layer is ?ltered and concentrated in vacuo to leave 
compound 11. A detailed example of this embodiment is 
provided as Example 6 beloW. 

[0124] In another example process of this embodiment 
compound 11 is of the formula: 

12 

R400,” COZRZ. 

[0125] Another aspect of the present invention is directed 
to processes for the preparation of compounds of the for 
mula: 

[0126] 

[0127] 

Wherein: 

R2, R4, R7, R20 and R21 are as de?ned above. 

[0128] This process embodiment comprises reaction of a 
compound of the formula: 
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30 

[0129] With a reducing reagent. 

[0130] The aZide of compound 30 is reduced to form 
compound 31. 

[0131] Typically the process comprises treating compound 
30 With a reducing agent to form compound 31. More 
typically the process comprises treating compound 30 With 
hydrogen gas and a catalyst (such as platinum on carbon or 
Lindlar’s catalyst), or reducing reagents (typically a trisub 
stituted phosphine such as trialkyl (P(R25)3) or triaryl phos 
phine (PW3, e.g. triphenylphosphine). More typically still, 
the process comprises treating compound 30 With triph 
enylphosphine and a base to form compound 31. 

[0132] Typically, compound 30 is disolved in a suitable 
polar, aprotic solvent such as anhydrous acetonitrile. A 
solution of anhydrous triphenylphosphine in a suitable sol 
vent such as anhydrous tetrahydrofuran or a mixture of 
solvents is added dropWise. The mixture is heated at re?ux 
then concentrated in vacuo to leave compound 5. A detailed 
example of this embodiment is provided as Example 9 
beloW. 

[0133] In another embodiment of this process compound 
31 is of the formula: 

32 

R400,” COZRZ. 

N 
/ 

[0134] Another aspect of the present invention is directed 
to processes for. the preparation of compounds of the 
formula: 

41 

[0135] 
[0136] 

Wherein: 

R2, R4, R5, R20 and R21 are as described above. 
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[0137] Y1 is a mono—, di- or unsubstituted amino group. 
Typically Y1 is of the formula —N(R3O)2, a phthalimide or 
is a nitrogen containing heterocycle (de?ned above under 
W), more typically, Y1 is a phthalimide, more typically yet, 
a phthalimide salt. 

[0138] This process embodiment comprises reaction of a 
compound of the formula: 

40 

[0139] With an amine reagent. Typically, the amine reagent 
is of the formula HY1 or a salt of HYl, such as, by Way of 
eXample, NH3 (McManns, et al., “Bull Soc. Chim. France” 
850 (1947)), HY1 generally (Moussevon, M., et al., “Synth. 
Commun.” 3:177 (1973)) or phthalimide. (Gabriel, et al., 
“Ber.” 20:2224 (1887) or Gibson, et al., “AngeW. Chem. 
Int.”, 7:919-930 (1968)). 

[0140] The process comprises treating compound 40 With 
the amine reagent to produce compound 32. More typically, 
compound 40 is treated With the amine reagent in a suitable 
polar a protic solvent (e.g. CH3CN, DMF or THF). Option 
ally compound 40 is treated With the amine reagent and a 
base. Typical details of this process embodiment can be 
found in March, “Advanced Organic Chemistry” 4th. ed., pp 
425-427. 

[0141] In another embodiment of this process compound 
41 is of the formula: 

42 

R400,” COZRZ. 

Rsow“ 
Y1 

[0142] Another aspect of the present invention is directed 
to processes for the preparation of compounds of the for 
mula: 

51 
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[0143] Wherein: 

[0144] R2, R4, R20, R21 and Y1 are as described above; 

[0145] This process embodiment comprises reaction of a 
compound of the formula: 

50 

[0146] With an oXidiZing reagent. AWide range of suitable 
oxidation reagents are common in the art and Will not be 

detailed here. For eXample House, H. O. “Modern Synthetic 
Reactions, Second Edition”, Chapter 5, pages 259-273, 
describes the selective oxidation of alcohols. Typical 
reagents include CrO3, Na2Cr2O7, KMnO4, PDC and FCC. 
Typical details of this process embodiment can be found in 
Larock, “Comprehensive Organic Transformations”, pp. 
604-614; Corey et al., “Tetrahedron Lett.” 31:2647-50 
(1975); Ley et al., “Chem. Common” 1625 (1987); SWeon, 
et al., “J. Org. Chem.” 43:2480-2 (1978); and Martin, et al., 
“J. Org. Chem.” 48:4155-56 (1983). Solvents typically 
include inert polar solvents (e.g. CH2Cl2, toluene or 

CH3CN). 
[0147] In another embodiment of this process compound 
51 is of the formula: 

52 

R400,’ COZRZ. 

[0148] Another aspect of the present invention is directed 
to processes for the preparation of compounds of the for 
mula: 

61 
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[0149] wherein: 

[0150] R2, R4’ R20, R21 and Y1 are as described above; 

[0151] This process embodiment comprises reaction of a 
compound of the formula: 

51 

[0152] With a base. Typically the base is a hindered amine 
or hindred alkoxide or the salts of either. More typically the 
base is of the formula NaOR25, KOR25 or NR253, more 
typically yet, DBN, DBU or diisopropyl ethyl amine. 

[0153] In another embodiment of this process compound 
61 is of the formula: 

62 

R400,’ COZRZ. 

[0154] Another aspect of the present invention is directed 
to processes for the preparation of compounds of the for 
mula: 

71 

[0155] 
[0156] R2, R4, R7, R20, R21 and Y1 are as described above; 

Wherein: 

[0157] This process embodiment comprises reaction of a 
compound of the formula: 

61 
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[0158] With a reductive amination reagent. Typical details 
of and references to this process embodiment can be found 
in Larock, op. cit., pp. 421-425. Another typical description 
(NaCNBH3 method) is Borch, “J. Am. Chem. Soc.” 
93:2897-2904 (1971). 

[0159] Schemes I and 2 depict embodiments of the inven 
tion. Detailed descriptions of the processes of Schemes 1 
and 2 are provided in the Examples (beloW). 

[0160] Additional individual process embodiments of the 
invention include any one or sequential combination of 
processes AA, AB, AC,AD, AE, AF, AG, AH, AI, AJ, orAK 
of Schemes 1 and 2. “Sequential combination” as used 
herein means more than one process Wherein the individual 
processes are performed one after the other in the order 
shoWn. Isolation, separation, puri?cation is optionally per 
formed prior to any of the individual processes. 

[0161] Additional individual process embodiments of the 
invention include any one or sequential combination of the 
processes of Example 1, Example 2, Example 3, Example 4, 
Example 5, Example 6, Example 7, Example 8, Example 9, 
Example 10, Example 11, Example 12 or Example 13. 

Scheme 1 
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—> 
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—> 
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—> 
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[0162] Scheme 3 depicts the synthesis of the neuramini 
dase inhibitor 206 (R=H2) by use of alternative nitrogen 
nucleophiles (March, “Advanced Organic Chemistry” 4th. 
ed., pp 425-427) to open the epoXide 201. Oxidation of 
aZidoalcohol 202 gives ketone 203 (Larock, “Comprehen 
sive Organic Transformations”, pp. 604-614) in Which the 
[3-aXial NR group isomeriZes to the ot-equatorial con?gura 
tion 204. Reductive amination of the ketone 204 (Larock, 
op. cit., pp. 421-425) gives the [3-equatorial amine 205 
Which is acetylated to afford 206. Cleavage of the R moiety 
(Greene, “Protective Groups in Organic Synthesis”, pp. 
218-287) gives the neuramridase inhibitor 206 (R=H2). 

[0163] Additional individual process embodiments of the 
invention include any one or sequential combination of 
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processes AL, AM, AN, A0, or AP of Scheme 3. 

Scheme 3 
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[0164] Modi?cations of each of the above schemes leads 
to various analogs of the speci?c exemplary materials pro 
duced above. The above cited citations describing suitable 
methods of organic synthesis are applicable to such modi 
?cations. 

[0165] In each of the above exemplary schemes it may be 
advantageous to separate reaction products from one another 
and/or from starting materials. The desired products of each 
step or series of steps is separated and/or puri?ed (herein 
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after separated) to the desired degree of homogeneity by the 
techniques common in the art. Typically such separations 
involve multiphase extraction, crystalliZation from a solvent 
or solvent mixture, distillation, sublimation, or chromatog 
raphy. Chromatography can involve any number of methods 
including, for example, siZe exclusion or ion exchange 
chromatography, high, medium, or loW pressure liquid chro 
matography, small scale and preparative thin or thick layer 
chromatography, as Well as techniques of small scale thin 
layer and ?ash chromatography. 

[0166] Another class of separation methods involves treat 
ment of a mixture With a reagent selected to bind to or render 
otherWise separable a desired product, unreacted starting 
material, reaction by product, or the like. Such reagents 
include adsorbents or absorbents such as activated carbon, 
molecular sieves, ion exchange media, or the like. Alterna 
tively, the reagents can be acids in the case of a basic 
material, bases in the case of an acidic material, binding 
reagents such as antibodies, binding proteins, selective 
chelators such as croWn ethers, liquid/liquid ion extraction 
reagents (LIX), or the like. 

[0167] Selection of appropriate methods of separation 
depends on the nature of the materials involved. For 
example, boiling point, and molecular Weight in distillation 
and sublimation, presence or absence of polar functional 
groups in chromatography, stability of materials in acidic 
and basic media in multiphase extraction, and the like. One 
skilled in the art Will apply techniques most likely to achieve 
the desired separation. 

Stereoisomers 

[0168] The compounds of the invention are enriched or 
resolved optical isomers at any or all asymmetric atoms. For 
example, the chiral centers apparent from the depictions are 
provided as the chiral isomers or racemic mixtures. Both 
racemic and diasteromeric mixtures, as Well as the indi 
vidual optical isomers isolated or synthesiZed, substantially 
free of their enantiomeric or diastereomeric partners, are all 
Within the scope of the invention. 

[0169] One or more of the folloWing enumerated methods 
are used to prepare the enantiomerically enriched or pure 
isomers herein. The methods are listed in approximately 
their order of preference, i.e., one ordinarily should employ 
stereospeci?c synthesis from chiral precursors before chro 
matographic resolution before spontaneous crystalliZation. 

[0170] Stereospeci?c synthesis is described in the 
examples. Methods of this type conveniently are used When 
the appropriate chiral starting material is available and 
reaction steps are chosen do not result in undesired racem 
iZation at chiral sites. One advantage of stereospeci?c syn 
thesis is that it does not produce undesired enantiomers that 
must be removed from the ?nal product, thereby loWering 
overall synthetic yield. In general, those skilled in the art 
Would understand What starting materials and reaction con 
ditions should be used to obtain the desired enantiomerically 
enriched or pure isomers by stereospeci?c synthesis. If an 
unexpected racerniZation occurs in a method thought to be 
stereospeci?c then one needs only to use one of the folloW 
ing separation methods to obtain the desired product. 

[0171] If a suitable stereospeci?c synthesis cannot be 
empirically designed or determined With routine experimen 
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tation then those skilled in the art Would turn to other 
methods. One method of general utility is chromotographic 
resolution of enantiomers on chiral chromatography resins. 
These resins are packed in columns, commonly called Pirkle 
columns, and are commercially available. The columns 
contain a chiral stationary phase. The racemate is placed in 
solution and loaded onto the column, and thereafter sepa 
rated by HPLC. See for example, Proceedings Chromato 
graphic Society—International Symposium on Chiral Sepa 
rations, Sep. 3-4, 1987. Examples of chiral columns that 
could be used to screen for the optimal separation technique 
Would include Diacel Chriacel OD, Regis Pirkle Covalent 
Dphenylglycine, Regis Pirkle Type 1A, Astec Cyclobond II, 
Astec Cyclobond III, Serva Chiral D-DL-Daltosil 100, Bak 
erbond DNBLeu, Sumipax OA-1000, Merck Cellulose Tri 
acetate column, Astec Cyclobond I-Beta, or Regis Pirkle 
Covalent D-Naphthylalanine. Not all of these columns are 
likely to be effective With every racemic mixture. HoWever, 
those skilled in the art understand that a certain amount of 
routine screening may be required to identify the most 
effective stationary phase. When using such columns it is 
desireable to employ embodiments of the compounds of this 
invention in Which the charges are not neutraliZed, e.g., 
Where acidic functionalities such as carboxyl are not esteri 
?ed or amidated. 

[0172] Another method entails converting the enantiomers 
in the mixture to diasteriomers With chiral auxiliaries and 
then separting the conjugates by ordinary column chroma 
tography. This is a very suitable method, particularly When 
the embodiment contains free carboxyl, amino or hydroxyl 
that Will form a salt or covalent bond to a chiral auxiliary. 
Chirally pure amino acids, organic acids or organosulfonic 
acids are all WorthWhile exploring as chiral auxiliaries, all of 
Which are Well knoWn in the art. Salts With such auxiliaries 
can be formed, or they can be covalently (but reversibly) 
bonded to the functional group. For example, pure D or L 
amino acids can be used to amidate the carboxyl group of 
embodiments of this invention and then separated by chro 
matography. 

[0173] EnZymatic resolution is another method of poten 
tial value. In such methods one prepares covalent derivatives 
of the enantiomers in the racemic mixture, generally loWer 
alkyl esters (for example of carboxyl), and then exposes the 
derivative to enZymatic cleavage, generally hydrolysis. For 
this method to be successful an enZyme must be chosen that 
is capable of stereospeci?c cleavage, so it is frequently 
necessary to routinely screen several enZymes. If esters are 
to be cleaved, then one selects a group of esterases, phos 
phatases, and lipases and determines their activity on the 
derivative. Typical esterases are from liver, pancreas or other 
animal organs, and include porcine liver esterase. 

[0174] If the enatiomeric mixture separates from solution 
or a melt as a conglomerate, i.e., a mixture of enantiomeri 
cally-pure crystals, then the crystals can be mechanically 
separated, thereby producing the enantiomerically enriched 
preparation. This method, hoWever, is not practical for large 
scale preparations and is of no value for true racemic 
compounds. 

[0175] Asymmetric synthesis is another technique for 
achieving enantiomeric enrichment. For example, a chiral 
protecting group is reacted With the group to be protected 
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and the reaction mixture alloWed to equilibrate. If the 
reaction is enantiomerically speci?c then the product Will be 
enriched in that enantiomer. 

[0176] Further guidance in the separation of enantiomeric 
mixtures can be found, by Way of example and not limita 
tion, in “Enantiomers, Raceinates, and resolutions”, Jean 
Jacques, Andre Collet, and Samuel H. Wilen (Krieger Pub 
lishing Company, Malabar, Fla., 1991, ISBN 0-89464-618 
4). In particular, Part 2, “Resolution of Enantiomer Mix 
ture”, pages 217-435; more particularly, section 4, 
“Resolution by Direct Crystallization”, pages 217-251, sec 
tion 5, “Formation and Separation of Diastereomers”, pages 
251-369, section 6, “CrystalliZation-Induced Asymmetric 
Transformations”, pages 369-378, and section 7, “Experi 
mental Aspects and Art of Resolutions”, pages 378-435; still 
more particularly, section 5.1.4, “Resolution of Alcohols, 
Transformation of Alcohols into Salt-Forming Derivatives”, 
pages 263-266, section 5.2.3, “Covalent Derivatives of 
Alcohols, Thiols, and Phenols”, pages 332-335, section 
5.1.1, “Resolution of Acids”, pages 257-259, section 5.1.2, 
“Resolution of Bases”, pages 259-260, section 5.1.3, “Reso 
lution ofAmino Acids”, page 261-263, section 5.2.1, “Cova 
lent Derivatives of Acids”, page 329, section 5.2.2, “Cova 
lent Derivatives of Amines”, pages 330-331, section 5.2.4, 
“Covalent Derivatives of Aldehydes, Ketones, and Sulfox 
ides”, pages 335-339, and section 5.2.7, “Chromatographic 
Behavior of Covalent Diastereomers”, pages 348-354, are 
cited as examples of the skill of the art. 

Salts and Hydrates 
[0177] The compositions of this invention optionally com 
prise salts of the compounds herein, for example, Na+, Li+, 
K+, Ca++ and Mg++. Such salts may include those derived 
by combination of appropriate cations such as alkali and 
alkaline earth metal ions or ammonium and quaternary 
amino ions With an acid anion moiety. Monovalent salts are 
preferred if a Water soluble salt is desired. 

[0178] Metal salts typically are prepared by reacting the 
metal hydroxide With a compound of this invention. 
Examples of metal salts Which are prepared in this Way are 
salts containing Li+, Na+, and K+. A less soluble metal salt 
can be precipitated from the solution of a more soluble salt 
by addition of the suitable metal compound. 

[0179] In addition, salts may be formed from acid addition 
of certain organic and inorganic acids, e.g., HCl, HBr, 
H2SO4, H3PO4 or organic sulfonic acids, to basic centers, 
typically amines. Finally, it is to be understood that the 
compositions herein comprise compounds of the invention 
in their un-ioniZed, as Well as ZWitterionic form, and com 
binations With stoiochimetric amounts of Water as in 
hydrates. 
[0180] Also included Within the scope of this invention are 
the salts of the parental compounds With one or more amino 
acids. Any of the amino acids described above are suitable, 
especially the naturally-occuring amino acids found as pro 
tein components, although the amino acid typically is one 
bearing a side chain With a basic or acidic group, e.g., lysine, 
arginine or glutamic acid, or a neutral group such as glycine, 
serine, threonine, alanine, isoleucine, or leucine. 

Additional Uses for the Compounds of This 
Invention 

[0181] The compounds of the invention are polyfunc 
tional. As such they represent a unique class of monomers 
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for the synthesis of polymers. By Way of example and not 
limitation, the polymers prepared from the compounds of 
this invention include polyamides, polyesters and mixed 
polyester-polyamides. 

[0182] The present compounds are used as monomers to 
provide access to polymers having unique pendent function 
alities. The compounds of this invention are useful as 
comonomers With monomers Which do not fall Within the 
scope of the invention. Polymers of the compounds of this 
invention Will have utility as cation exchange agents (poly 
esters or polyamides) in the preparation of molecular sieves 
(polyamides), textiles, ?bers, ?lms, formed articles and the 
like. Polymers are prepared by any conventional method, for 
example, by cross-linking an —OH or —NH2 group of the 
compounds of the invention With a diacid comonomer. The 
preparation of these polymers from the compounds of the 
invention is conventional per se. 

[0183] The compounds of the invention are also useful as 
a unique class of polyfunctional surfactants. Particularly 
When R4 or R2 do not contain hydrophilic substituents and 
are, for example, alkyl, the compounds have the properties 
of bi-functional surfactants. As such they have useful sur 
factant, surface coating, emulsion modifying, rheology 
modifying and surface Wetting properties. 

[0184] As polyfunctional compounds With de?ned geom 
etry and carrying simultaneously polar and non-polar moi 
eties, the compounds of the invention are useful as a unique 
class of phase transfer agents. By Way of example and not 
limitation, the compounds of the invention are useful in 
phase transfer catalysis and liquid/liquid ion extraction 
(LIX). 
[0185] The compounds of the invention optionally contain 
asymmetric carbon atoms. As such, they are a unique class 
of chiral auxiliaries for use in the synthesis or resolution of 
other optically active materials. For example, a racemic 
mixture of carboxylic acids can be resolved into its compo 
nent enantiomers by: 1) forming a mixture of diastereomeric 
esters or amides With a compound of the invention contain 
ing an —OH or —MH2 group; 2) separating the diastere 
omers; and 3) hydrolyZing the ester structure. Further, such 
a method can be used to resolve the compounds of the 
invention themselves if optically active acids are used 
instead of racemic starting materials. 

[0186] The compounds of this invention are useful as 
linkers or spacers in preparing af?nity absorption matrices, 
immobiliZed enZymes for process control, or irrmunoassay 
reagents. The compounds herein contain a multiplicity of 
functional groups that are suitable as sites for cross-linking 
desired substances. For example, it is conventional to link 
af?nity reagents such as hormones, peptides, antibodies, 
drugs, and the like to insoluble substrates. These insolu 
bliZed reagents are employed in knoWn fashion to absorb 
binding partners for the affinity reagents from manufactured 
preparations, diagnostic samples and other impure mixtures. 
Similarly, immobiliZed enZymes are used to perform cata 
lytic conversions With facile recovery of enZyme. Bifunc 
tional compounds are commonly used to link analytes to 
detectable groups in preparing diagnostic reagents. 

[0187] Many functional groups in the compounds of this 
invention are suitable for use in cross-linking. For example, 
—OH and —NH2 groups. Suitable protection of reactive 
groups Will be used Where necessary While assembling the 
cross-linked reagent to prevent polymeriZation of the bifunc 
tional compound of this invention: In general, the com 
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pounds here are used by linking them through hydroxyl or 
amino groups to carboxylic or phosphonic acid groups of the 
?rst linked partner, then covalently bonding to the other 
binding partner through another OHI or —NH2 group. For 
example a ?rst binding partner such as a steroid hormone is 
reacted to form an amide bond With the —NH2 group of a 
compound of this invention and then this conjugate is 
cross-linked through a hydroxyl to cyanogen bromide acti 
vated Sepaharose, Whereby immobiliZed steroid is obtained. 
Other chemistries for conjugation are Well knoWn. See for 
example Maggio, “Enzyme-Immunoassay” (CRC, 1988, pp 
71-135) and references cited therein. 

[0188] The folloWing examples are put forth so as to 
provide those of ordinary skill in the art With a complete 
disclosure and description of hoW to make the compounds 
and compositions of the invention and are not intended to 
limit the scope of What the inventors regard as their inven 
tion. Efforts have been made to insure accuracy With respect 
to numbers used (e.g., amounts, temperatures, etc.), but 
some experimental errors and deviations should be taken 
into account. Unless indicated otherWise, parts are parts by 
Weight, temperature is in degrees Centigrade, and pressure is 
at or near atmospheric. 

EXAMPLES 

EXAMPLE 1 

[0189] Lactone 100: A solution of quinic acid (20 kg, 104 
mol; [a]D—43.7° (c=1.12, Water); “Merck Index 11th ed”., 
8071: [ot]D—42° to —44° (Water)), 2,2-dimethoxypropane 
(38.0 kg, 365 mol) and p-toluenesulfonic acid monohydrate 
(0.200 kg, 1.05 mol) in acetone (80 kg) Was heated at re?ux 
for tWo hours. The reaction Was quenched by addition of 
21% sodium ethoxide in ethanol (0.340 kg, 1.05 mol) and 
most of the solvent Was distilled in vacuo. The residue Was 
partitioned betWeen ethyl acetate (108 kg) and Water (30 kg). 
The aqueous layer Was back-extracted With ethyl acetate (13 
kg) and the combined organic layers Were Washed With 5% 
aqueous sodium bicarbonate (14 kg). Most of the ethyl 
acetate Was distilled in vacuo to leave a pale yelloW solid 
residue of 100 Which Was used directly in the next step. 

EXAMPLE 2 

[0190] Hydroxy ester 101: A solution of the crude lactone 
100 (from 104 mol. (—)-quinic acid) in absolute ethanol (70 
kg) Was treated With.20% sodium ethoxide in ethanol 
(0.340kg, 1.05 mol). After tWo hours at room temperature, 
acetic acid (0.072 kg, 1.2 mol) Was added and the solvent 
Was distilled in vacuo. Ethyl acetate (36 kg) Was added and 
the distillation continued to near dryness. The tan solid 
residue composed of a ca. 5:1 mixture of 101:100 Was 
dissolved in ethyl acetate (9 kg) at re?ux and hexane (9 kg) 
Was added. Upon cooling, a White crystalline solid formed 
Which Was isolated by ?ltration to afford a ca. 6.5 :1 mixture 
of 101:100 (19.0 kg, 70% yield). 

EXAMPLE 3 

[0191] Mesyl ester 102: A solution of a ca. 6.5:1 mixture 
(18.7 kg, ca. 72 mol) of hydroxy ester 101 and lactone 100 
in dichloromethane (77 kg) Was cooled to 0-10° C. and 
treated With methanesulfonyl chloride (8.23 kg, 71.8 mol), 
folloWed by sloW addition of triethylamine (10.1 kg, 100 
mol). An additional portion of methanesulfonyl chloride 
(0.84 kg, 7.3 mol) Was added. After one hour, Water (10 kg) 
and 3% hydrochloric acid (11 kg) Were added. The layers 



US 2002/0156300 A1 

Were separated and the organic layer Was Washed With Water 
(9 kg), then distilled in vacuo to leave a semi-solid residue 
composed of a ca. 6.5:1 mixture of mesyl ester 102 and 
mesyl lactone 103. The residue Was dissolved in ethyl 
acetate (11 kg) and cooled to-10° to —20° C. for tWo hours. 
Mesyl lactone 103 crystalliZed and Was separated by ?ltra 
tion and Washed With cold ethyl acetate (11 kg). The ?ltrate 
Was concentrated to afford mesyl ester 102 as an orange 
resin (20.5 kg, 84.3% yield). 

EXAMPLE 4 

[0192] Mesyl acetonide 104: Asolution of mesyl ester 102 
(10.3 kg, 30.4 mol) and pyridine (10.4 kg, 183 mol) in 
dichloromethane (63 kg) Was cooled to —20° to —30° C. and 
treated portionWise With sulfuryl chloride (6.22 kg, 46 mol). 
After the exothermic reaction subsided, the resulting slurry 
Was quenched With ethanol (2.4 kg), Warmed to 0° C., and 
Washed successively With 16% sulfuric acid (35 kg), Water 
(15 kg) and 5% aqueous sodium bicarbonate (1 kg). The 
organic layer containing a ca. 4:1:1 mixture of 104:105:106 
Was concentrated in vacuo and ethyl acetate (14 kg) Was 
added. The allylic mesylate 105 Was selectively removed by 
treatment of the ethyl acetate solution With pyrrolidine (2.27 
kg, 31.9 mol) and tetrakis(triphenylphosphine)palladiun(O) 
(0.0704 kg, 0.061mol) at ambient temperature for ?ve hours, 
folloWed by Washing With 16% sulfuric acid (48 kg). The 
organic layer Was ?ltered through a pad of silica gel (11 kg) 
and eluted With ethyl acetate (42 kg). The ?ltrate Was 
concentrated in vacuo to leave a thick orange oil composed 
of a ca. 4:1 mixture of 104:106. The residue Was dissolved 
in ethyl acetate (5.3 kg) at re?ux and hexane (5 .3 kg) Was 
added. Upon cooling, mesyl acetonide 104 crystalliZed and 
Was separated by ?ltration and Washed With 14% ethyl 
acetate in hexane (2.1 kg). After drying in vacuo, 104 Was 
obtained as pale yelloW needles (4.28 kg, 43.4% yield), mp 
102-3° C. 

EXAMPLE 5 

[0193] Pentyl ketal 107: A solution of acetonide 104 (8.9 
kg, 27.8 mol), 3-pentanone (24 kg, 279 mol) and 70% 
perchloric acid (0.056 kg, 0.39 mol) Was stirred for 18 hours. 
The volatiles Were distilled in vacuo at ambient temperature 
and fresh 3-pentanone (30 kg, 348 mol) Was added gradually 
as the distillation progressed. The reaction mixture Was 
?ltered, toluene (18 kg) Was added, and the resulting solu 
tion Was Washed successively With 6% aqueous sodium 
bicarbonate (19 kg), Water (18 kg) and brine (24 kg). The 
organic layer Was concentrated in vacuo and toluene (28 kg) 
Was added gradually as the distillation progressed. When no 
more distilled, the residual orange oil Was composed of 
pentyl ketal 107 (9.7 kg, 100% yield) and toluene (ca. 2 kg). 

EXAMPLE 6 

[0194] Pentyl ether 108: Asolution of ketal 107 (8.6 kg, 25 
mol) in dichloromethane (90 kg) Was cooled to —30° to —20° 
C. and treated With borane-methyl sul?de complex (2.1 kg, 
27.5 mol) and trimethylsilyl tri?uoromethanesulfonate (7.2 
kg, 32.5 mol). After one hour, 10% aqueous sodium bicar 
bonate solution (40 kg) Was sloWly added. The mixture Was 
Warmed to ambient temperature and stirred for 12 hours. The 
organic layer Was ?ltered and concentrated in vacuo to leave 
a ca. 8:1 mixture of 108:109 as a gray Waxy solid (7.8 kg, 
90% yield). 
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EXAMPLE 7 

[0195] Epoxide 110: A ca. 8:1 mixture of isomeric pentyl 
ethers 108:109 (7.8 kg, 22.3 mol) in ethanol (26 kg) Was 
treated With a solution of potassium hydrogen carbonate 
(3.52 kg, 35 mol) in Water (22 kg). After heating at 55°-65° 
C. for tWo hours, the solution Was cooled and tWice extracted 
With hexanes (31 kg, then 22 kg). Unreacted 109 remained 
in the aqueous ethanol layer. The combined hexane extracts 
Were ?ltered and concentrated in vacuo to leave epoxide110 
as a ?occulent White crystalline solid (3.8 kg, 60% yield), 
mp=54.6° C. 

EXAMPLE 8 

[0196] Hydroxy aZide 111: Amixture of epoxide 110 (548 
g, 2.0 mol), sodium aZide (156 g, 2.4 mol) and ammonium 
chloride (128.4 g, 2.4 mol) in Water (0.265 L) and ethanol 
(1.065 L) Was heated at 70°-75° C. for eight hours. Aqueous 
sodium bicarbonate (0.42 L of 8% solution) Was added and 
the ethanol Was distilled in vacuo. The aqueous residue Was 
extracted With ethyl acetate (1 L) and the extract Was Washed 
With Water (0.5 L). The Water Wash Was back-extracted With 
ethyl acetate (0.5 L). The combined organic extracts Were 
Washed With brine (0.5 L), dried over anhydrous sodium 
sulfate, ?ltered and concentrated in vacuo to leave a ca. 10:1 
mixture of isomeric hydroxy aZides 111:112 (608 g, 102% 
yield) as a dark broWn oil. 

EXAMPLE 9 

[0197] AZiridine 113: A ca. 10:1 mixture of hydroxy 
aZides 111:112 (608 g, 2.0 mol) Was three times co-evapo 
rated in vacuo from anhydrous acetonitrile (3><0.3 L) and 
then dissolved in anhydrous acetonitrile (1 L). A solution of 
anhydrous triphenylphosphine (483 g, 1.84 mol) in anhy 
drous tetrahydrofuran (0.1 L) and anhydrous acetonitrile 
(0.92 L) Was added dropWise over tWo hours. The mixture 
Was heated at re?ux for six hours then concentrated in vacuo 
to leave a golden paste composed of aZiridine 113, triph 
enylphosphine oxide and traces of triphenylphosphine. The 
paste Was triturated With diethyl ether (0.35 L). Most of the 
insoluble triphenylphosphine oxide Was removed by ?ltra 
tion and Washed With diethyl ether (1.5 L). The ?ltrate Was 
concentrated in vacuo to leave a dark broWn oil Which Was 
dissolved in 20% aqueous methanol and extracted three 
times With hexanes (3><1 L) to remove triphenylphosphine. 
The hexane extracts Were back-extracted With 20% aqueous 
methanol (0.5 L) and the combined aqueous methanol layers 
Were concentrated in vacuao. The residue Was tWice co 

evaporated in bacuo from anhydrous acetonitrile (2><0.5 L) 
to leave a dark broWn oil composed of aZiridene 113 (490 g, 
96.8% yield) and triphenylphosphine oxide (ca. 108 g) 
Which Was used directly in the next step. 

EXAMPLE 10 

[0198] Acetamido aZide 115: A mixture of aZiridine 113 
(490 g, 1.93 mol) and triphenylphosphine oxide (ca. 108 g), 
sodium aZide (151 g, 2.33 mol) and ammonium chloride 
(125 g, 2.33 mol) in dimethylformamide (1.3 L) Was heated 
at 80°-85° C. for ?ve hours. Sodium bicarbonate (32.8 g, 
0.39 mol) and Water (0.66 L) Were added. The amino aZide 
114 Was isolated from the reaction mixture by six extractions 
With hexanes (6><1 L). The combined hexane extracts Were 
concentrated in vacuo to ca. 4.5 L total volume and 
dichioromethane (1.04 L) Was added. Aqueous sodium 
bicarbonate (4.2 L of 8% solution, 3.88 mol) Was added, 
folloWed by acetic anhydride (198 g, 1.94 mol). After 
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stirring for one hour at ambient temperature, the aqueous 
layer Was discarded. The organic phases Were concentrated 
in vacuao to 1.74 kg total Weight and dissolved With ethyl 
acetate (0.209 L) at re?ux. Upon cooling, acetamido aZide 
115 crystalliZed and Was isolated by ?ltration. After Washing 
With cold 15% ethyl acetate in hexane (1 L) and drying in 
vacuo at ambient temperature, pure 115 Was obtained as 

off-White crystals (361 g, 55% yield), mp 126-132° C. 

EXAMPLE 11 

[0199] Acetamido amine 116: Amixture of aZide 115 (549 
g, 1.62 mol) and Lindlar catalyst (50 g) in abs. ethanol (3.25 
L) Was stirred for eighteen hours While hydrogen (1 atm.) 
Was bubbled through the mixture. Filtration through Celite 
and concentration of the ?ltratein vacuao afforded 116 as a 

foam Which solidi?ed on standing (496 g, 98% yield). 

EXAMPLE 12 

[0200] Phosphate salt of 116: A solution of acetamido 
amine 116 (5.02 g, 16.1 mmol) in acetone (75 mL) at re?ux 
Was treated With 85% phosphoric acid (1.85 g, 16.1 mmol) 
in abs. ethanol (25 mL). Crystallization commenced imme 
diately and after cooling to 0° C. for 12 hours the precipitate 
Was collected by ?ltration to afford 116.H3PO4 as long 
colorless needles (4.94 g, 75% yield; [(X]D—39.9° (c=1, 
Water)), mp 203-4° C. 

EXAMPLE 13 

[0201] Hydrochloride salt of 116: A solution of acetamido 
amine 116 (2.8 g, 8.96 mmol) in abs. ethanol (9 mL) Was 
treated With 2.08 M hydrogen chloride in ethanol (8.6 mL, 
17.9 mmol). Most of the ethanol Was evaporated in vacuo 
and the oily residue Was stirred With ethyl acetate (20 mL) 
until solid formed. Hexanes (20 mL) Were gradually added 
to the stirred mixture. After one hour at ambient tempera 
ture, the solid Was collected by ?ltration, Washed With 
diethyl ether and dried in vacuo. This afforded 116oHCl as 
an off-White solid (2.54 g, 81% yield; [a]D —43° (c=0.4, 
Water)), mp206° C. 

[0202] All literature and patent citations above are hereby 
expressly incorporated by reference in their entirety at the 
locations of their citation. Speci?cally cited sections or 
pages of the above cited Works are incorporated by reference 
With speci?city. 

[0203] Whenever a compound described herein is substi 
tuted With more than one of the same designated group, such 

as, by Was of example andc not limitation, “R7”, “R8”, 
“R9,”“R2O”, or “R22”, then it Will be understood that each of 
the groups may be the same or different, i.e., each group is 
independently selected. So for example, the phrase “R22 is” 
is synonymous With the phrase “each R22 is independently”. 

[0204] The invention has been described in detail suf? 
cient to alloW one of ordinary skill in the art to make and use 
the subject matter of the folloWing claims. It is apparent that 
certain modi?cations of the methods and compositions of 
the folloWing claims can be made Within the scope and spirit 
of the invention. 
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What is claimed is: 
1. Aprocess for preparation of compounds of the formula: 

Wherein: 

R1 is a cyclic hydroxy protecting group; 

R2 is a carboxylic acid protecting group; 

R3 is a hydroxy protecting group; and 

each R20 is independently H or an alkyl of 1 to 12 carbon 
atoms; Which process comprises reaction of a com 
pound of the formula: 

With a dehydrating reagent. 
2. The process of claim 1 Which further comprises sepa 

rating compound 5 by treatment With a noble metal complex. 
3. The process of claim 1 Wherein compoud 4 is of the 

formula: 
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