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NOVEL CYCLIC PHOSPHATE DIESTERS OF 1,3-PROPANE-1-ARYL DIOLS
AND THEIR USE IN PREPARING PRODRUGS

This application claims the benefit of U.S. Provisional Application No.
60/423,259, filed October 31, 2002 and U. S. Provisional Application No. 60/423,211,
filed October 31, 2002 which are incorporated by reference herein in their entirety.

FIELD OF THE INVENTION
The present invention is directed towards certain novel cyclic phosphate diesters
of 1-aryl-1,3-propane diols, their preparation and synthetic intermediates, and their use in
the synthesis of prodrugs. More specifically, the invention relates to the optionally
substituted cyclic phosphate diesters of 1-aryl-1,3-propane diols, that have the trans-
stereochemistry and their use to synthesize phosphate prodrugs that have the cis-

configuration.

BACKGROUND OF THE INVENTION

The following description of the background of the invention is provided to aid in
understanding the invention, but is not admitted to be, or to deséribe, prior art to the
invention. All publications are incorporated by reference in their entirety.

Free phosphorus and phosphonic acids and their salts are highly charged at
physiological pH and therefore frequently exhibit poor oral bioavailiability, poor cell
penetration and limited tissue distribution (e.g. CNS). In addition, these acids are also
commonly associated with several other properties that hinder their use as drugs,
including short plasma half-life due to rapid renal clearance, as well as toxicities (e.g.
renal, gastrointestinal, etc.) (e.g., Antimicrob Agents Chemother. May; 42(5): 1146-50
(1998)). Phosphates have an additional limitation in that they are not stable in plasma as
well as most tissues since they undergo rapid hydrolysis via the action of phosphatases
(e.g alkaline phosphatase, nucleotidases). Accordingly, phosphate esters are frequently
used as a prodrug strategy, especially for water insoluble compounds, since the
phosphate group enables high water solubility and thereby enables delivery of the drug
parenterally.

Liver cancer is poorly treated with current therapies. In general, liver tumors are
resistant to radiotherapy, respond poorly to chemotherapy and are characterized by a

high degree of cell heterogeneity.
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Hepatitis and liver cancer remain poorly treated with current therapies due to
dose-limiting extrahepatic side effects or inadequate delivery of chemotherapeutic agents
to the target tissue.

Many nucleosides have been used as oncolytics or antiviral agents. Frequently,

5  these compounds are reported to exhibit low activity due to either poor substrate activity
of the corresponding nucleoside with viral kinases or because the viral nucleoside kinase
which is required to convert the nucleoside to the monophosphate is down regulated viral
resistance. Monophosphates, however, are difficult to deliver to virally-infected cells
after oral administration due to their high charge and in the case of the monophosphate

10  instability in plasma. In addition, these compounds often have short half-lives due in
most cases to high renal clearance. In some cases, the high renal clearance can lead to
nephrotoxicities or be a major limitation in diseases such as diabetes where renal
function is often compromised.

Limitations in approaches described above include drug loading capacity,

15 complexity of the manufacture and characterization of the conjugate, and receptor down

regulation. Thus, there is still a need for prodrugs of phosphorus containing drugs.

SUMMARY OF THE INVENTION
The present invention is directed towards certain novel cyclic phosphate diesters
of 1-aryl-1,3-propane diols, having the frans-stereochemistry, their preparation and

20  synthetic intermediates, and their use in the synthesis of prodrugs.
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Formula I

5

Wherein V and L are ¢rans relative to one another;
V is selected from the group consisting of carbocyclic aryl, substituted
25  carbocyclic aryl, heteroaryl, and substituted heteroaryl. )
The group L is a leaving group selected from the group consisting of halogen,
aryloxy alkyl sulfonates, substituted-aryloxy groups, haloalkoxy, perhaloalkoxy, or N-
hydroxy-nitrogen containing-heteroaryl groups.
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Compounds of Formula I are either racemic, have the S configuration at carbon
C’, or have the R configuration at carbon C’.
The present invention provides several methods for the stereoselective synthesis
of compounds of Formula I using 1-(V)-1,3-propane diol of Formula A.
/V V

/
HO—C! o O0—C!

\N/3 4
'Y+ CLPOL —— /\P\z %
I J-8
5 HO 3 0]
Formula A Formula I
The present invention also provides novel methods for the use of these trans-

phosphorylating reagents for the stereoselective synthesis of cis-phosphate prodrugs of

Formula II.
10

\Y \
/ f.

30 37

M—H + L e P\ —_—— M - P\
(0] 0]
Formula I Formula II

M is selected from the group that attached to PO32-, P,0¢%, or P30¢" is the

biologically active agent, and that is attached to the phosphorus in Formula II via an
15  oxygen, sulfur or nitrogen atom;

and pharmaceutically acceptable prodrugs and salts thereof.

Since these compounds have asymmetric centers, the present invention is directed
not only to racemic and diastereomeric mixtures of these compounds, but also to
individual stereoisomers. The present invention also includes pharmaceutically

20  acceptable and/or useful salts of the compounds of Formula I, including acid addition

salts.

DEFINITIONS
In accordance with the present invention and as used herein, the following terms
are defined with the following meanings, unless explicitly stated otherwise.
25 The term “aryl” refers to aromatic groups which have 5-14 ring atoms and at least

one ring having a conjugated pi electron system and includes carbocyclic aryl,
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heterocyclic aryl and biaryl groups, all of which may be optionally substituted. Suitable
aryl groups include phenyl and furan-2,5-diyl.

Carbocyclic aryl groups are groups wherein the ring atoms on the aromatic ring
are carbon atoms. Carbocyclic aryl groups include monocyclic carbocyclic aryl groups
and polycyclic or fused compounds such as optionally substituted naphthyl groups.

Heterocyclic aryl or heteroaryl groups are groups having from 1 to 4 heteroatoms
as ring atoms in the aromatic ring and the remainder of the ring atoms being carbon
atoms. Suitable heteroatoms include oxygen, sulfur, nitrogen, and selenium. Suitable
heteroaryl groups include furanyl, thienyl, pyridyl, pyrrolyl, N-lower alkyl pyrrolyl,
pyridyl-N-oxide, pyrimidyl, pyrazinyl, imidazolyl, and the like, all optionally substituted.

The term “N-containing heteroaryl” refers to heteroaryl group with 1 to 3
nitrogens as ring atoms and attached via a carbon atom.

The term “biaryl” represents aryl groups containing more than one aromatic ring
including both fused ring systems and aryl groups substituted with other aryl groups.
Such groups may be optionally substituted. Suitable biaryl groups include naphthyl and
biphenyl.

The term “optionally substituted” or “substituted” includes groups substituted by
one to four substituents, independently selected from lower alkyl, lower aryl, lower
aralkyl, hydroxy, lower alkoxy, lower aryloxy, perhaloalkoxy, aralkoxy, heteroaryl,
heteroaryloxy, heteroarylalkyl, heteroaralkoxy, azido, amino, guanidino, amidino, halo,
lower alkylthio, oxo, acylalkyl, carboxy esters, carboxyl, -carboxamido, nitro, acyloxy,
aminoalkyl, alkylaminoaryl, alkylaryl, alkylaminoalkyl, alkoxyaryl, arylamino,
aralkylamino, phosphono, sulfonyl, -carboxamidoalkylaryl, -carboxamidoaryl,
hydroxyalkyl, haloalkyl, alkylaminoalkylcarboxy-, aminocarboxamidoalkyl-, cyano,
lower alkoxyalkyl, lower perhaloalkyl, and arylalkyloxyalkyl. “Substituted aryl” and
“substituted heteroaryl” preferably refers to aryl and heteroaryl groups substituted with
1-4 substituents. Preferably these substituents are selected from the group consisting of
lower alkyl, lower alkoxy, lower perhaloalkyl, halo, hydroxy, and amino.

The term “leaving group” refers to the part of the substrate molecule which when
cleaved in a reaction does not contain the phosphorus that was supplied to the bond
during the reaction.

The term “electron-withdrawing group” is recognized in the art, and denotes the
tendency of a substituent to attract valence electrons from neighboring atoms, i.e., the

substituent is electronegative with respect to neighboring atoms. A quantification of the

4
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level of electron-withdrawing capability is given by the Hammett sigma (o) constant.
This well known constant is described in many references, for instance, J. March,
Advanced Organic Chemistry, McGraw Hill Book Company, New York, (1977 edition)
pp. 251-259. The Hammett constant values are generally negative for electron donating
groups (c,=-0.66 for NH,) and positive for electron withdrawing groups (c,;=0.78 for a
nitro group), o, indicating para substitution. Exemplary electron-withdrawing groups
include nitro, ketone, aldehyde, sulfonyl, trifluoromethyl, -CN, chloride, fluoride, and
the like.

The term “-aralkyl” refers to an alkylene group substituted with an aryl group.
Suitable aralkyl groups include benzyl, picolyl, and the like, and may be optionally
substituted. “Heteroarylalkyl refers to an alkylene group substituted with a heteroaryl
group.

The term “-alkylaryl” refers to an aryl group substituted with an alkyl group.
“Lower-alkylaryl” refers to such groups where alkyl is lower alkyl.

The term “lower” referred to herein in connection with organic radicals or
compounds respectively defines such as with up to and including 10, preferably up to
and including 6, and advantageously one to four carbon atoms. Such groups may be
straight chain, branched, or cyclic.

The term “alkylamino” refers to -NRR’ where R and R’ are independently
selected from hydrogen or alkyl.

The terms “arylamino” (a), and “aralkylamino” (b), respectively, refer to the
group -NRR’ wherein respectively, (a) R is aryl and R’ is hydrogen, alkyl, aralkyl or
aryl, and (b) R is aralkyl and R’ is hydrogen or aralkyl, aryl, alkyl.

The term “acyl” refers to -C(O)R where R is alkyl and aryl.

The term “carboxy esters” refers to -C(O)OR where R is alkyl, aryl, and aralkyl,
all optionally substituted.

The term “carboxyl” refers to -C(O)OH.

The term “ox0” refers to =0 in an alkyl group.

The term “amino” refers to -NRR’ where R and R’ are independently selected
from hydrogen, alkyl, aryl, aralkyl and alicyclic, all except H are optionally substituted;
and R and R’ can form a cyclic ring system.

The term “~carboxylamido” refers to -CONR; where each R is independently
hydrogen or alkyl.
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The term “halogen” or “halo” refers to -F, -Cl, -Br and -I.

The term “sulphonyl” or “sulfony]” refers to R-SO,, where R is selected from
alkyl, aryl, aralkyl, and alicyclic.

The term “sulphonate” or “sulfonate” refers to R-SO,-O-, where R is selected
from alkyl, aryl, aralkyl, and alicyclic.

The term “sulphonic acid” or “sulfonic acid” refers to R-SO,,-OH, where R is
selected from alkyl, aryl, aralkyl, and alicyclic.

The term “alkylaminoalkylcarboxy” refers to the group alkyl-NR-alk-C(O)-O-
where “alk” is an alkylene group, and R is a H or lower alkyl.

The term “alkyl” refers to saturated aliphatic groups including straight-chain,
branched-chain and cyclic groups. Alkyl groups may be optionally substituted. Suitable
alkyl groups include methyl, isopropyl, and cyclopropyl.

The term “cyclic alkyl” or “cycloalkyl” refers to alkyl groups that are cyclic of 3
to 10 atoms, more preferably 3 to 6 atoms. Suitable cyclic groups include norbornyl and
cyclopropyl. Such groups may be substituted.

The term “heterocyclic” and “heterocyclic alkyl” refer to cyclic groups of 3 to 10
atoms, more preferably 3 to 6 atoms, containing at least one heteroatom, preferably 1 to
3 heteroatoms. Suitable heteroatoms include oxygen, sulfur, and nitrogen. Heterocyclic
groups may be attached through a nitrogen or through a carbon atom in the ring. The
heterocyclic alkyl groups include unsaturated cyclic, fused cyclic and spirocyclic groups.
Suitable heterocyclic groups include pyrrolidinyl, morpholino, morpholinoethyl, and
pyridyl.

The term “alkenyl” refers td unsaturated groups which contain at least one
carbon-carbon double bond and includes straight-chain, branched-chain and cyclic
groups. Alkenyl groups may be optionally substituted. Suitable alkenyl groups include
allyl. “l-alkenyl” refers to alkenyl groups where the double bond is between the first
and second carbon atom. If the 1-alkenyl group is attached to another group, e.g. itisa
V substituent attached to the cyclic phosphate, it is attached at the first carbon.

The term “alkynyl” refers to unsaturated groups which contain at least one
carbon-carbon triple bond and includes straight-chain, branched-chain and cyclic groups.
Alkynyl groups may be optionally substituted. Suitable alkynyl groups include ethynyl.
“1-alkynyl” refers to alkynyl groups where the triple bond is between the first and
second carbon atom. If the 1-alkynyl group is attached to another group, e.g. itisa V
substituent attached to the cyclic phosphate, it is attached at the first carbon.

6
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The term “alkylene” refers to a divalent straight-chain, branched-chain or cyclic
saturated aliphatic group.

The term “acyloxy” refers to the ester group -O-C(O)R, where R is H, alkyl,
alkenyl, alkynyl, aryl, or aralkyl.

5 The term “aminoalkyl-" refers to the group NRy-alk- wherein “alk” is an alkylene

group and R is selected from H, alkyl, aryl, and aralkyl.

The term “alkylaminoalkyl-" refers to the group alkyl-NR-alk- wherein each
“alk” is an independently selected alkylene, and R is H or lower alkyl. “Lower
alkylaminoalkyl-" refers to groups where each alkylene group is lower alkylene.

10 The term “arylaminoalkyl-" refers to the group aryl-NR-alk- wherein “alk” is an
alkylene group and R is H, alkyl, aryl, and aralkyl. In “lower arylaminoalkyl-”, the
alkylene group is lower alkylene.

The term “alkylaminoaryl-” refers to the group alkyl-NR-aryl- wherein “aryl” is a
divalent group and R is H, alkyl, and aralkyl. In “lower alkylaminoaryl-”, the alkylene

15  group is lower alkyl.

The term “alkoxyaryl-" refers to an aryl group substituted with an alkyloxy
group. In “lower alkyloxyaryl-”, the alkyl group is lower alkyl.

The term “aryloxyalkyl-" refers to an alkyl group substituted with an aryloxy
group. |

20 The term “aralkyloxyalkyl-" refers to the group aryl-alk-O-alk- wherein “alk” is
an alkylene group. “Lower aralkyloxyalkyl-" refers to such groups where the alkylene
groups are lower alkylene.

The term “aryloxy-" refers to the group aryl-O-
The term “alkoxy-" or “alkyloxy-" refers to the group alkyl-O-.

25 The term “alkoxyalkyl-" or “alkyloxyalkyl-" refer to the group alkyl-O-alk-
wherein “alk” is an alkylene group. In “lower alkoxyalkyl-", each alkyl and alkylene is
lower alkylene. '

The terms “alkylthio-" refers to the group alkyl-S-.
The term “alkylthioalkyl-” refers to the group alkyl-S-alk- wherein “alk” is an

30  alkylene group. In “lower alkylthioalkyl-” each alkyl and alkylene is lower alkylene.

The term “alkoxycarbonyloxy-" refers to alkyl-O-C(O)-O-.
The term “aryloxycarbonyloxy-" refers to aryl-O-C(O)-O-.
The term “alkylthiocarbonyloxy-" refers to alkyl-S-C(O)-O-.
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The terms “amido”‘ or “carboxamido” refer to NR,-C(O)- and RC(0)-NR!-,
where R and R! include H, alkyl, aryl, and aralkyl. The term does not include urea, -NR-
C(0O)-NR-.

The term “carboxamidoalkylaryl” and “carboxamidoaryl” refers to an aryl-alk-
NR'-C(0), and aryl-NR'-C(O)-alk-, respectively where “alk” is alkylene, R'and R
include H, alkyl, aryl, and aralkyl.

The term “hydroxyalkyl” refers to an alkyl group substituted with one -OH.

The term “haloalkyl” refers to an alkyl group substituted with one halo.

The term “cyano” refers to -C=N.

The term “nitro” refers to -NOs,.

The term “acylalkyl” refers to an alkyl-C(O)-alk-, where “alk” is alkylene.

The term “aminocarboxamidoalkyl-” refers to the group NR,-C(O)-N(R)-alk-
wherein R is an alkyl group or H and “alk” is an alkylene group. “Lower
aminocarboxamidoalkyl-" refers to such groups wherein “alk” is lower alkylene.

The term “heteroarylalkyl” refers to an alkyl group substituted with a heteroaryl
group.

The term “perhalo” refers to groups wherein every C-H bond has been replaced
with a C-halo bond on an aliphatic or aryl group. Suitable perhaloalkyl groups include -
CF3 and -CFCl2.

The term “guanidino” refers to both -NR-C(=NR)-NR; as well as -N=C(NR2),
where each R group is independently selected from the group of -H, alkyl, alkenyl,
alkynyl, and aryl, all except -H are optionally substituted.

The term “amidino” refers to -C(=NR)-NR, where each R group is independently
selected from the group of -H, alkyl, alkenyl, alkynyl, and aryl, all except -H are
optionally substituted. . '

The term “4-pyridyl”, “pyrid-4-yl” and “4-pyridinyl” refer to the following:

The term “N-hydroxy-nitrogen-containing heteroaryl” refers to a N-containing
heteroaryl where a hydroxy group is attached to a nitrogen atom. An example is N-
hydroxy-benzotriazole.



WO 2004/041834 PCT/US2003/034709

10

15

20

25

30

The term “N-containing heteroaryl solvent” is a heteroaryl group with 1 to 3
nitrogens as ring atoms and a 4<pka<6 and any mixture with non N-containing
heteroaryl solvents.

The term “pharmaceutically acceptable salt” includes salts of compounds of
Formula I and its prodrugs derived from the combination of a compound of this
invention and an organic or inorganic acid or base. Suitable acids include acetic acid,
adipic acid, benzenesulfonic acid, (+)-7,7-dimethyl-2-oxobicyclo[2.2.1]heptane-1-
methanesulfonic acid, citric acid, 1,2-ethanedisulfonic acid, dodecyl sulfonic acid,
fumaric acid, glucoheptonic acid, gluconic acid, glucoronic acid, hippuric acid,
hydrochloride hemiethanolic acid, HBr, HCI, HI, 2-hydroxyethanesulfonic acid, lactic
acid, lactobionic acid, maleic acid, methanesulfonic acid, methylbromide acid, methyl
sulfuric acid, 2-naphthalenesulfonic acid, nitric acid, oleic acid, 4,4’-methylenebis[3-
hydroxy-2-naphthalenecarboxylic acid], phosphoric acid, polygalacturonic acid, stearic
acid, succinic acid, sulfuric acid, sulfosalicylic acid, tannic acid, tartaric acid,
terephthalic acid, and p-toluenesulfonic acid.

The term “prodrug” as used herein refers to any compound that when
administered to a biological system generates a biologically active compound as a result
of spontaneous chemical reaction(s), enzyme catalyzed chemical reaction(s), and/or
metabolic chemical reaction(s), or a combination of each. Standard prodrugs are formed
using groups attached to functionality, e.g., HO-, HS-, HOOC-, RoN-, associated with the
drug, that cleave in vivo. Standard prodrugs include but are not limited to carboxylate
esters where the group is alkyl, aryl, aralkyl, acyloxyalkyl, alkoxycarbonyloxyalkyl as
well as esters of hydroxyl, thiol and amines where the group attached is an acyl group, an
alkoxycarbonyl, aminocarbonyl, phosphate or sulfate. The groups illustrated are
exemplary, not exhaustive, and one skilled in the art could prepare other known varieties
of prodrugs. Such prodrugs of the compounds of Formula 1, fall within the scope of the
present invention. Prodrugs must undergo some form of a chemical transformation to
produce the compound that is biologically active or is a precursor of the biologically
active compound. In some cases, the prodrug is biologically active, usually less than the
drug itself, and serves to improve drug efficacy or safety through improved oral
bioavailability, pharmacodynamic half-life, etc. The biologically active compounds

include, for example, anticancer agents, antiviral agents, and antibiotic agents.
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The term “phosphate” refers to phosphates, thiophosphates, and
phosphoramidates which are compounds attached via O, S, or N, respectively, to the
phosphorus in -P(O)(OR)(OR), including cyclic forms.

The term “cyclic phosphate” refers to phosphates diesters where —P(O)(OR)(OR)
is

\4
N5 E +
Rz 9
O

The carbon attached to V must have a C-H bond.

The term “phosphate” refers to compounds attached via C, O, S or N to PO;™.

The term “phosphate” refers to -O-POs3R,.

The term “thiophosphate” refers to —S-PO3R..

The term “phosphoramidate” refers to -N-PO3R,.

The term “carbocyclic sugar” refers to sugar analogs that contain a carbon in
place of the oxygen normally found in the sugar ring. It includes 5-membered rings such
as ribofuranosyl and arabinofuranosyl sugars wherein the ring oxygen is replaced by
carbon.

The term “acyclic sugar” refers to sugars that lack a ring, e.g. ribofuranosyl ring.
An example is HO-CH,-CH,-O-CHj- in place of the ribofuranosyl ring.

The term “L-nucleoside” refers to enantiomer of the natural B-D-nucleoside
analogs.

The term “arabinofuranosyl nucleoside” refers to nucleoside analogs containing
an arabinofuranosyl sugar, i.e., where the 2’-hydroxyl of ribofuranosyl sugars is on the
opposite face of the sugar ring.

The term “dioxolane sugar” refers to sugars that contain an oxygen atom in place
of the 3’ carbon of the ribofuranosyl sugar.

The term “fluorinated sugars” refers to sugars that have 1-3 carbon-fluorine
atoms.

The term “nucleoside” refers to a purine or pyrimidine base, or analogs thereof,
connected to a sugar, including heterocyclic and carbocyclic analogs thereof.

The terms “V and L are trans relative to one another”, “trans-configuration”,
“trans-phosphate”, “trans-phosphorylating agent” and “frans-isomer” refer to the

formulas I.A and 1.B:

10
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v &
o, 0—=cC! o o—-<¢’
N\ /3 4 N\ /3 4
P2 5 P2 5
NN ,_/ \1 6
(0]
Formula I.A Formula 1.B.

L E N 11 LI 11

The terms “V and M are cis relative to one another”, “cis-configuration”, “cis-

prodrug”, and “cis-isomer” refer to the formulas IL.A and IL.B:

v &
0—C o—-c'
O\ /3 4 O\ /3 4
/P\Z 5 o F’\Z 5
1 6 S\l 6
5 Mo Moo
Formula IT.A Formula ILB.
The terms “S-configuration” or”S-isomer” refers to the absolute configuration §
of carbon C’.
N
0—=C’
O\\P/Z P 5
L/ \ 1 6
o Formula I.B
10 The terms “R-configuration” or”R-isomer” refers to the absolute configuration R
of carbon C’.
v
o0—-=C!
VAR
N \I 6
0 Formula LA

The term “parent drug” refers to MH for phosphates where M is connected to
-P(O)(OR)(OR) via oxygen, sulfur, or nitrogen. For example, AZT can be thought of as
15  aparent drug in the form of MH. In the body AZT is first phosphorylated to AZT-POs>
and then further phosphorylated to form AZT-triphosphate, which is the biologically
active form. The parent drug form MH only applies when M is attached via N, S, or O.
The term “biologically active drug or agent” refers to the chemical entity that

produces the biological effect. In this invention, biologically active agents refers to M-

11
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POs%, M P06, or M-P309* where M can be the same M as in the parent drug or a
metabolite.
The term “percent enantiomeric excess (% ee)” refers to optical purity. Itis
obtained by using the following formula:
[R]=[S] X 100 = %R - %S
[R]+[S]
where [R] is the amount of the R isomer and [S] is the amount of the S isomer.
This formula provides the % ee when R is the dominant isomer.
The term “optical purity” refers to the chemical entity that consists of a single
enantiomer.
The term “enantioenriched” or “enantiomerically enriched” refers to a sample of
a chiral compound that consists of more of one enantiomer than the other. The extent to
which a sample is enantiomerically enriched is quantitated by the enantiomeric ratio or
the enantiomeric excess.
The following well-known drugs are referred to in the specification and the
claims. Abbreviations and common names are also provided.
araA; 9—f—-D-arabinofuranosyladenine (Vidarabine)
AZT; 3’-azido-2’,3’-dideoxythymidine (Zidovudine)
d4T; 2°,3’-didehydro-3’-deoxythymidine (Stavudine)
ddI; 2°,3’-dideoxyinosine (Didanosine)
ddA; 2’°,3’-dideoxyadenosine
ddC; 2°,3’-dideoxycytidine (Zalcitabine)
L-ddC; L-2°,3’-dideoxycytidine
L-FddC; L-2’,3’-dideoxy-5-fluorocytidine
L-d4C; B-L-2°,3’-didehydro-2°,3’-dideoxy-cytidine
L-Fd4C; B-L-2°,3’-didehydro-2’,3’-dideoxy-5-fluorocytidine
3TC,; (-)-2’,3’-dideoxy-3’-thiacytidine; 2°R,5’S(-)-1-[2-
(hydroxymethyl)oxathiolan-5-yl]cytosine (Lamivudine)
1-B-D-ribofuranosyl-1,2,4-triazole-3-carboxamide (Ribavirin)
5-fluoro-2’-deoxyuridine (Floxuridine)
FIAU; 1-(2’-deoxy-2’-fluoro—3~D-arabinofuranosyl)-5-iodouridine
FIAC; 1-(2’-deoxy-2-fluoro—B—D-arabinofuranosyl)-5-iodocytosine
BHCG; (¥)-(10,2B,30)-9-[2°,3’-bis(hydroxymethyl)cyclobutyl] guanine
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L-FMAU; 2’-Fluoro-5-methyl-B-L-arabinofuranosyluracil

BvaraU; 1’—3-D-arabinofuranosyl-E-5-(2-bromovinyl)uracil (Sorivudine)

E-5-(2-bromovinyl)-2’-deoxyuridine

TFT; Trifluorothymidine

5-propynyl-1-arabinofuranosyluracil (Zonavir)

CDG; carbocyclic 2’-deoxyguanosine

DAPD; (-)—B-D-2,6-diaminopurine dioxolane

FDOC; (-)—B-D-5-fluoro-1-[2’-(hydroxymethyl)-1°,3’-dioxolane]cytosine

d4C; -2°,3’-didehydro-2’,3’-dideoxy-cytidine

DXG; dioxolane guanosine

FEAU; 2’-deoxy-2’-fluoro-1’—p—-D-arabinofuranosyl-5-ethyluracil

FLG; 2°,3’-dideoxy-3’-fluoroguanosine

FLT; 3’-deoxy-3’-fluorothymidine

FTC,; (-)-cis-5-fluoro-1-[2’-(hydroxymethyl)-1°,3’-oxathiolan-5’-yl]cytosine

L-dT; B-L-2’-deoxythymidine (NV-02B)

L-dC; B-L-2’-deoxycytosine, valine prodrug derivatives of B-L-2’-deoxycytosine

5-yl-carbocyclic 2°-deoxyguanosine (BMS200,475)

Oxetanocin A; 9-(2’-deoxy-2’-hydroxymethyl-B-D-erythro-oxetanosyl)adenine

Oxetanocin G; 9-(2’-deoxy-2’~-hydroxymethyl-B-D-erythro-oxetanosyl)guanine

Cyclobut A; (+/-)-9-[(1°-B,2’-a,3’-B)-2°,3’-bis(hydroxymethyl)-1’-
cyclobutyl]adenine

Cyclobut G; (+/-)-9-[(1’-B,2’-a,3’-B)-2,3-bis(hydroxymethyl)-1-
cyclobutyl]guanine (Lobucavir)

dFdC; 2°,2’-difluoro-2’-deoxycytidine (Gemcitabine)

araC; arabinofuranosylcytosine (Cytarabine)

bromodeoxyuridine

IDU; 5-iodo-2’-deoxyuridine (Idoxuridine)

CdA; 2-chloro-2’-deoxyadenosine (Cladribine)

FaraA; 2-fluoroarabinofuranosyladenosine (Fludarabine)

Coformycin

2’-deoxycoformycin

araT; 1-pB—D-arabinofuranoside thymidine

ddAPR: 2,6-diaminopurine-2°,3’-dideoxyriboside
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9-(arabinofuranosyl)-2,6-diaminoputine
9-(2’-deoxyribofuranosyl)-2,6-diaminopurine
9-(2’-deoxy-2’-fluororibofuranosyl)-2,6-diaminopurine
9-(arabinofuranosyl)guanine

9-(2’-deoxyribofuranosyl)guanine
9-(2’-deoxy-2’-fluororibofuranosyl)guanine

FMAC; (E)-2’-deoxy-2’(fluoromethylene)cytidine

DMDC; 2’-deoxy-2’-methyledene-cytidine

4’-thio-araC; 4’-thio-arabinofuranosyl-cytidine

5,6 dihydro-5-azacytidine

5-azacytidine

5-aza-2’-deoxycytidine

AICAR; 5-aminoimidazole-4-carboxamido-1-ribofuranosyl
NK-84-0218 nucleoside analogue

AM365, acylic guanosine nucleoside analogue

MCC478, nucleoside analogue

ICN 2001, nucleoside analogue

Fluor L and D nucleosides, nucleoside analogue

Famciclovir, 2-[2-(2-amino-9H-purin-9-yl)ethyl]-1,3-propanediol diacetate
ACV; 9-(2’-hydroxyethoxylmethyl)guanine (Acyclovir)

GCV; 9-(1°,3’-dihydroxy-2’-propoxymethyl)guanine (gancyclovir)
9-(4’-hydroxy-3’-hydroxymethylbut-1’-yl)guanine (Penciclovir)
(R)-9-(3’,4’-dihydroxybutyl)guanine (Buciclovir)
[1-(4’-hydroxy-1’,2’-butadienyl)cytosine] (Cytallene)
2’-B-methyl-ribofuranosyl nucleoside of Formula III:

\ CH,

H

O,
o

H Formula 111
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Wherein B is selected from the group consisting of

RS R°

/) ~N

N\N&f&x "

NTNRM
RG

wherein:

A, G, and L' are each independently CH or N;

D is N, CH, C-CN, C-NO,, C-C1.3 alkyl, C-NHCONH,, C-CONR''R", C-
CSNR''R", C-COOR"!, C-C(=NH)NH,, C-hydroxy, C-C\.; alkoxy, C-amino, C-C14
alkylamino, C-di(C;4 alkyl)amino, C-halogen, C~(1,3-oxazol-2-yl), C-(1,3-thiazol-2-yl),
or C-(imidazol-2-yl); wherein alkyl is unsubstituted or substituted with one to three
groups independently selected from halogen, amino, hydroxy, carboxy, and C;.; alkoxy;

EisN or CR’;

WisOorS;

R’is H, Ci4 alkyl, C, alkenyl, C,.¢ alkynyl, C;.4 alkylamino, CF3, or halogen;

R®is H, OH, SH, NH,, C;4 alkylamino, di(C;.4 alkyl)amino, C;_¢
cycloalkylamino, halogen, C;.4 alkyl, Cy4 alkoxy, or CF3;

R is H, amino, Ci4 alkylamino, Cs.¢ cycloalkylamino, or di(Cy.4 alkyl)amino;

R%isH, halogen, CN, carboxy, C.4 alkyloxycarbonyl, N3, amino, C;.4
alkylamino, di(C;.4 alkyl)amino, hydroxy, C;.¢ alkoxy, Ci.¢ alkylthio, C;.¢ alkylsulfonyl,
or (C;.4 alkyl)o, aminomethyl;

R''is H or Cy¢ alkyl;

R is H, CFs, C14 alkyl, amino, C;4 alkylamino, Cs.¢ cycloalkylamino, or di(Ci4
alkyl)amino.

DETAILED DESCRIPTION OF THE INVENTION
The present invention is directed towards certain novel cyclic phosphate diesters
of 1,3-propane-1-aryl diols having the trans-stereochemistry, their preparation and

synthetic intermediates, and their use in the synthesis of prodrugs.
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L In one aspect, compounds of Formula I are preferred:
A
o—-=C!
VAR
/ 1 6
N
Formula I

V is selected from the group consisting of carbocyclic aryl, substituted
carbocyclic aryl, heteroaryl, and substituted heteroaryl. In one aspect carbocyclic aryl
and substituted carbocyclic aryl groups include phenyl and phenyl substituted with 1-4
substituents. In another aspect heteroaryl groups include monocyclic heteroaryl groups
with 0-2 substituents. In another aspect, heteroaryl groups are 4-pyridyl, 3-pyridyl and
2-pyridyl. In another aspect carbocyclic groups are 3-chlorophenyl, 3-bromophenyl and
3,5-dichlorophenyl.

The group L is a leaving group selected from the group consisting of halogen,
aryloxy, alkyl sulfonates, substituted-aryloxy groups, haloalkoxy, perhaloalkoxy, N-
containing heteroaryl, and N-hydroxy-nitrogen containing-heteroaryl groups. In one
aspect, leaving groups are halogen, aryl sulfonates and aryloxy groups substituted by 1 to
3 electron-withdrawing groups. In another aspect, leaving groups are halogens such as
chloro or bromo, arylsulfonates such as 8-quinolylsulfonate or 2,4,6-
trimethylphenylsulfonate and substituted-aryloxy groups such as chlorophenoxy,
dichlorophenoxy or nitrophenoxy. In another aspect, leaving groups are 4-
chlorophenoxy, 3,5-dichlorophenoxy, 4-nitrophenoxy, and 2,4-dichlorophenoxy.

In another aspect, V and L are #rans relative to one another;

V is selected from the group consisting of carbocyclic aryl, substituted
carbocyclic aryl, heteroaryl, and substituted heteroaryl. In one aspect carbocyclic aryl
and substituted carbocyclic aryl groups include phenyl and phenyl substituted with 1-4
substituents. In another aspect heteroaryl groups include monocyclic heteroaryl groups
with 0-2 substituents. In another aspect, heteroaryl groups are 4-pyridyl, 3-pyridyl and
2-pyridyl. In another aspect carbocyclic groups are 3-chlorophenyl, 3-bromophenyl and
3,5-dichlorophenyl.

The group L is a leaving group selected from the group consisting of halogen,
aryloxy, alkyl sulfonates, substituted-aryloxy groups, haloalkoxy, perhaloalkoxy, N-

containing heteroaryl, and N-hydroxy-nitrogen containing-heteroaryl groups. In one
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aspect, leaving groups are halogen, aryl sulfonates and aryloxy groups substituted by 1 to
3 electron-withdrawing groups. In another aspect, leaving groups are halogens such as
chloro or bromo, arylsulfonates such as 8-quinolylsulfonate or 2,4,6-
trimethylphenylsulfonate and substituted-aryloxy groups such as chlorophenoxy,
dichlorophenoxy or nitrophenoxy. In another aspect, leaving groups are 4-
chlorophenoxy, 3,5-dichlorophenoxy, 4-nitrophenoxy, and 2,4-dichlorophenoxy.

In another aspect, V and L are cis relative to one another;

V is selected from the group consisting of carbocyclic aryl, substituted
carbocyclic aryl, heteroaryl, and substituted heteroaryl. In one aspect carbocyclic aryl
and substituted carbocyclic aryl groups include phenyl and phenyl substituted with 1-4
substituents. In another aspect heteroaryl groups include monocyclic heteroaryl groups
with 0-2 substituents. In another aspect, heteroaryl groups are 4-pyridyl, 3-pyridyl and
2-pyridyl. In another aspect carbocyclic groups are 3-chlorophenyl, 3-bromophenyl and
3,5-dichlorophenyl.

The group L is a leaving group selected from the group consisting of halogen,
aryloxy, alkyl sulfonates, substituted-aryloxy groups, haloalkoxy, perhaloalkoxy, N-
containing heteroaryl, and N-hydroxy-nitrogen containing-heteroaryl groups. In one
aspect, leaving groups are halogen, aryl sulfonates and aryloxy groups substituted by 1 to
3 electron-withdrawing groups. In another aspect, leaving groups are halogens such as
chloro or bromo, arylsulfonates such as 8-quinolylsulfonate or 2,4,6-
trimethylphenylsulfonate and substituted-aryloxy groups such as chlorophenoxy,
dichlorophenoxy or nitrophenoxy. In another aspect, leaving groups are 4-
chlorophenoxy, 3,5-dichlorophenoxy, 4-nitrophenoxy, and 2,4-dichlorophenoxy.

Compounds of Formula I are either racemic, have the § configuration or the R
configuration at carbon C’. In one aspect, compounds have an optical purity >95% ee
with the S or R configuration at carbon C’.

1I. Synthesis of phosphorylating agents
IL1  Synthesis of 1-(aryl)-Propane-1,3-Diols:

A variety of synthetic methods are known to prepare 1,3-diols. These suitable
methods are divided into two types as following: 1) synthesis of racemic 1-(aryl)-
propane-1,3-diol; 2) synthesis of enantioenriched 1-(aryl)-propane-1,3-diol.

IL1.1 Synthesis of Racemic 1-(aryl)-Propane-1,3-Diol:
1,3-Dihydroxy compounds can be synthesized by several well known methods

from the literature. Substituted aromatic aldehydes are utilized to synthesize racemic 1-

17



WO 2004/041834 PCT/US2003/034709

10

15

20

25

(aryl)propane-1,3-diol via addition of lithium enolate of alkyl acetate followed by ester
reduction (path A) (Turner, J. Org. Chem. 55:4744 (1990)). Alternatively, aryl Grignard
additions to 1-hydroxy propan-3-al also give 1-(arylsubstituted)propane-1,3-diols (path
B). This method will enable conversion of various substituted aryl halides to 1-
(arylsubstituted)-1,3-propane diols (Coppi, et al., J. Org. Chem. 53:911 (1988)). Aryl
halides can also be used to synthesize 1-substituted propane diols by Heck coupling of
1,3-diox-4-ene followed by reduction and hydrolysis (Sakamoto, ef al., Tetrahedron Lett.
33:6845 (1992)). Pyridyl, quinoline, isoquinoline propan-3-ol derivatives can be
oxygenated to 1-substituted-1,3-diols by N-oxide formation followed by rearrangement
in acetic anhydride conditions (path C) (Yamamoto, et al., Tetrahedron 37:1871 (1981)).
A variety of aromatic aldehydes can also be converted to 1-substituted-1,3-diols by vinyl
Grignard addition followed by hydroboration reaction (path D).

VCHO + CH,CO,R \A f/VMX + OHCCH,CH,OR’
\ HO /

o
VRN

VCHO + CH,=CHMX VCH,CH,CH,0H

V = Aryl, R = Alkyl, R' = benzyl, M=Mg or Li, X=Halide or null
I1.1.2 Synthesis of Enantioenriched 1-(aryl)-Propane-1,3-Diol:

A variety of known methods for separation of secondary alcohols via chemical or
enzymatic agents may be utilized for preparation of diol enantiomers (Harada, ef al.,
Tetrahedron Lett. 28:4843 (1987)). Transition metal catalyzed hydrogenation of
substituted 3-aryl-3-oxo propionic acids or esters is an efficient method to prepare R or
S-isomers of beta hydroxy acids or esters in high enantiomeric purity (Comprehensive
Asymmetric Catalysis, Jacobsen, E. N., Pfaltz, A., Yamamoto, H. (Eds), Springer,
(1999); Asymmetric Catalysis in organic Synthesis, Noyori, R., John Wiley, (1994)).
These beta hydroxy acid or ester products can be further reduced to give required 1-
(aryl)-propane-1,3-diols in high ee. (path A). The B-keto acid or ester substrates for high
pressure hydrogenation or hydrogen transfer reactions may be prepared by a variety of
methods such as condensation of acetophenone with dimethylcarbonate in the presence

of a base (Chu, et al., J. Het Chem. 22:1033 (1985)), by ester condensation (Turner, et
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al., J. Org. Chem. 54:4229 (1989)) or from aryl halides (Kobayashi, et al., Tetrahedron
Lett. 27:4745 (1986)). Alternatively, 1,3-diols of high enantiomeric purity can be
obtained by enantioselective borane reduction of B—hydroxyethyl aryl ketone derivatives
or B-keto acid derivatives (path B) (Ramachandran, et al., Tetrahedron Lett. 38:761
(1997)). In another method, commercially available cinnamyl alcohols may be
conyerted to epoxy alcohols under catalytic asymmetric epoxidation conditions. These
epoxy alcohols are reduced by Red-Al to result in 1,3-diols with high ee’s (path C) (Gao,
etal.,J. Org. Chem. 53:4081 (1980)). Enantioselective aldol condensation is another
well described method for synthesis of 1,3-oxygenated functionality with high ee’s

starting from aromatic aldehydes. (path D) (Mukaiyama, Org. React. 28:203 (1982)).

VCOCH,CO,R VCOCH,R'

VCH=CHCH,OH

V = Aryl, R = Alkyl or H, R = -CH,OH, CO,R
IL2  Synthesis of phosphorylating reagent

The general synthesis of the phosphorylating reagent is accomplished by reacting
1-aryl-3-propane diols with phosphorodichloridate of formula Cl,P(O)-L.
Phosphorodichloridate where L is aryloxy are synthesized by reacting substituted-
phenols with phosphorusoxychloride (Rathore ef al., Indian J. Chem B 32(10),
1066(1993)).

The enantioenriched activated phosphorylating agent is synthesized by
phosphorylation of an enantioenriched 1-(V)-1,3-propane diol with
phosphorodichloridates of formula L-P(0)Cl2 in the presence of a base (Ferroni et al., J.
Org. Chem..64(13), 4943 (1999)). In one aspect, orders of addition include the addition
of a solution of the diol and the base to a solution of the phosphorodichloridate in the
chosen solvent. In another aspect, a solution of the diol and the base, and another

solution containing the phosphorodichloridate in the same solvent or a different solvent,
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are added simultaneously to a chosen solvent. In another aspect, a solution of the diol is
added to a solution of the phosphorus reagent followed by the addition of the base.
Typical solvents for the phosphorylation of the diol are polar aprotic solvents that have
low reactivity with phosphorodichloridates and solubilize the diol or the
phosphorodichloridate. In one aspect, solvents to run the phosphorylation reaction are
dichloromethane, THF, acetonitrile, pyridine, ,tetraalkylureas, trialkyl phosphates or
hexaalkylphosphoramides. In another aspect, the solvents are dichloromethane, THF,
acetonitrile, pyridine, DMPU, DMEU, tetramethy] urea, trimethyl phosphate,
hexamethylphosphoramide. The reaction temperature is kept low, especially during the
initial phase of the reaction, which is exothermic, so as to preserve the integrity of the
reagents.

In one aspect, temperatures are below room temperature within - 20 °C to 10 °C.
In one aspect, the exotherm is under control, the reaction temperature is brought slowly
to room temperature to complete the formation of the phosphate reagent. In another
aspect, the temperature is kept the same until completion of the reaction to preserve the
integrity of the reagent. Due to the stereogenic nature of the phosphorus atom, reaction
of the phosphorodichloridate with the diol under the reaction conditions described above
gives a mixture of cis and trans isomers, slightly favoring the cis-isomer. Typical
cis/trans ratios range from 50/50 to 60/40. The cis and trans isomers are separated by a
combination of column chromatography and/or crystallization.

In one aspect of this invention, we found that when the isolated cis-isomer of the
4-nitrophenoxy phosphorylating agent was heated with a salt of 4-nitrophenol, >85% of
the phosphorylating reagent isolated was the #rans-isomer. In another aspect of this
invention we found that when the isolated mixture of cis and trans isomers of the 4-
nitrophenoxy phosphorylating reagent was heated with a salt of 4-nitrophenol, in the
same solvent used for the phosphorylation step or another solvent, >85% of the
phosphorylating reagent isolated was the trans-isomer. Furthermore, it was found that
no prior isolation of the mixture was necessary to achieve the enrichment. As such,
addition of the salt of the phenol-leaving group to the crude reaction mixture in which
the aryloxy phosphorylating agent of the diol was generated accomplished the
enrichment in the #rans-isomer of Formula I, in the same ratio obtained when performing
the enrichment on the isolated mixture of phosphorylating reagents. Similarly, when an
equimolar mixture of cis and trans phosphorochloridate of compounds of Formula I was

heated, only the trans isomer could be isolated. The phenoxide salt is generated by
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reacting the corresponding phenol with a base, preferably trialkylamines, nitrogen-
containing heterocycles or sodium. In one aspect, bases are triethylamine,
diisopropylethylamine, pyridine, DABCO, DBU, sodium hydride or an alkali metal. In
another aspect, bases are triethylamine, DBU or the sodium salt of the phenoxide. The
enrichment step can be run at room temperature but is generally heated to decrease
reaction times, preferably in the range of 40 °C to 70 °C. While the conversion of the
aryloxy phosphorylating reagent requires the addition of the salt of the corresponding
phenoxide, the conversion of phosphorochloridates of the enantioenriched diol do not
necessitate the additional use of soluble chloride salts as the formation of the
phosphorochloridate itself with the preferred bases generates two equivalents of chloride
jon. In one aspect, upon completion of the phosphorylation of the diol, the reaction
mixture is then heated, preferably in the range of 40 °C to 70 °C, to completely convert
the cis isomer into the trans isomer. In another aspect the temperature is kept the same
as the one used for the addition of the reagents.

For the preparation of enantioenriched phosphorylating reagents from
enantioenriched diols, preservation of the chirality at carbon C’ in compounds of
Formula I is critical. While for most enantioenriched diols epimerization of carbon C’
was minimal, decrease in ee was observed with a few diols using the previously
described reaction conditions. Especially troublesome were 1-(N-containing-heteroaryl)-
1,3-propane diols where the initial ee of 98% for the diol was reduced to <85% in the
isolated trans-phosphorylating reagent. In one aspect of this invention, it was discovered
that the use of N-containing heteroaryl solvents maintained the ee of the frans-
phosphorylating reagent above 95%. In one aspect, N-containing heteroaryl solvents are
optionally substituted pyridines, quinolines, and pyrazines. In another aspect, N-
containing heteroaryl solvents are optionally substituted pyridines. In another aspect, the
N-containing heteroaryl solvent is pyridine. In an other aspect of the invention, it was
discovered that formation of the salt of the 1-(V-containing-heteroaryl)-1,3-propane diol
prior to addition of the phosphorodichloridate or phosphorusoxychloride and subsequent
addition of the base helped prevent epimerization of the C’ carbon without requiring the
use of a N-containing heteroaryl solvents. In one aspect, salts of 1-(N-containing-
heteroaryl)-1,3-propane diol are salts made by reacting 1-(NV-containing-heteroaryl)-1,3-
propane diol with an organic or mineral acid with a pka <2. In another aspect, salts are
made with mineral acids with pka<l. In another aspect, salts are the hydrochloride and

hydrobromide salts. The cis and #rans isomers are separated by a combination of column
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chromatography and/or crystallization. However, it was found that after running the
enrichment step, the isolation of the trans-isomer was greatly simplified yielding
phosphorylating reagent of great purity, >95% trans-isomer and ee >95%. In one aspect
the trans-phosphorylating reagent is isolated. In another aspect, the phsophorylating
reagent is kept in solution and used for the phosphorylation of nucleosides without
purification. The relative configuration of the phosphorus atom is determined by
comparison of the 31P NMR spectra. The chemical shift of the equatorial
phqsphoryloxy moiety ( trans-isomer) is more upfield than the one of the axial isomer
(cis-isomer) (Verkade, et al., J. Org. Chem. 42,1549 (1977)).

III.  Use of the phosphorylating agents to prepare prodrugs

v y
\\P/ 3 4 /
- 5 \u- R2
M \01 6 M \
Formula ILA Formula II. B

The invention is also directed towards the use of the phosphorylating agents of
Formula I for the synthesis of compounds of Formula II that are efficiently converted to
the corresponding phosphate-containing compounds by P450 enzymes found in large
amounts in the liver and other tissues containing these specific enzymes. As such the
present invention is extremely useful in synthesizing cis-prodrugs of compounds
effective in treating liver diseases or diseases where the liver is responsible for the
overproduction of the biochemical end product such as glucose, cholesterol, fatty acids,
and triglycerides. Such diseases include viral and parasitic infections, liver cancer, liver
fibrosis, diabetes, hyperlipidemia, and obesity. In addition, the liver specificity of the
prodrugs should also prove useful in the delivery of diagnostic agents to the liver.

In one aspect, the invention is directed towards the use of the phosphorylating
agent for the synthesis of cis-prodrugs of the monophosphate of nucleosides and
nucleoside analogs. Although the nucleoside or nucleoside analog can be attached to the
phosphorus atom of the prodrug moiety through an oxygen, a nitrogen or a sulfur atom,
in another aspect, the compound is attached to the phosphorus through an oxygen atom.

In one aspect, the nucleoside or nucleoside analog is attached to the phosphorus atom of
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the prodrug moiety through a primary hydroxyl group. In another aspect, the prodrug
moiety is attached to the 5’-hydroxyl of nucleoside or nucleoside analog.

In general it is preferred that M is attached via an oxygen in a primary hydroxyl
group. In one aspect, MH is araA; AZT; d4T; ddI; ddA; ddC; L-ddC; L-FddC; L-d4C;
L-Fd4C; 3TC; ribavirin; 5-fluoro-2’-deoxyuridine; FIAU; FIAC; BHCG; L-FMAU;
BvaraU;

E-5-(2-bromovinyl)-2’-deoxyuridine; TFT; 5-propynyl-1 >-arabinofuranosyluracil; CDG;
DAPD; FDOC; d4C; DXG; FEAU; FLG; FTC; L-dC; L-dT;
5-yl-carbocyclic-2’-deoxyguanosine; oxetanocin A; oxetanocin G; Cyclobut A; Cyclobut
G; dFdC; araC; bromodeoxyuridine; IDU; CdA; FaraA; Coformycin; 2’-
deoxycoformycin; araT; tiazofurin; ddAPR; 9-(arabinofuranosyl)-2,6-diaminopurine;
9-(2’-deoxyribofuranosyl)-2,6-diaminopurine;
9-(2°-deoxy-2’-fluororibofuranosyl)-2,6-diaminopurine; 9-(arabinofuranosyl)guanine;
9~(2’-deoxyribofuranosyl)guanine; 9-(2’-deoxy-2’-fluororibofuranosyl)guanine; FMDC;
DMDC; 4’-thio-araC; 5,6 dihydro-5-azacytidine; 5-azacytidine; 5-aza-2’-deoxycytidine;
AICAR; NK-84-0218; AM365; MCC478; ICN 2001; Fluor L and D nucleosides;
Famciclovir; ACV; GCV; penciclovir; (R)-9-(3’,4’-dihydroxybutyl)guanine, cytallene or

2’-B-methyl-ribofuranosyl nucleosides of Formula III:

\___[=CH,

HO OH
Formula III

23



WO 2004/041834 PCT/US2003/034709

Wherein B is selected from the group consisting of

6
D
<N N N 8/ NN
N’ N R I
‘/N | N//kRM ’ \ l N/)\RM , —</A G//kR—/
R® RS Y 7
11 11
Ne SN ESN RNy 2%
3\/N \%\RM .\ll\l/gw S/&W ,and XN W
wherein:
A, G, and L' are each independently CH or N;
5 D is N, CH, C-CN, C-NO,, C-C1.3 alkyl, C-NHCONH,, C-CONR''R", C-

CSNR!'RY, C-COOR", C-C(=NH)NH,, C-hydroxy, C-C;.3 alkoxy, C-amino, C-Ci4
alkylamino,
C-di(C1.4 alkyl)amino, C-halogen, C-(1,30xazol-2-yl), C-(1,3-thiazol-2-yl), or
C-(imidazol-2-yl); wherein alkyl is unsubstituted or substituted with one to three groups
10  independently selected from halogen, amino, hydroxy, carboxy, and C,.; alkoxy;
Eis N or CR’;
WisOorS;
R’ is H, Cy.6 alkyl, Cy.¢ alkenyl, C,.¢ alkynyl, Ci.4 alkylamino, CF3, or halogen;
R%is H, OH, SH, NH,, C alkylamino, di(C;4 alkyl)amino, Cs.¢
15  cycloalkylamino, halogen, Ci4 alkyl, C;.4 alkoxy, or CF3;
R’ is H, amino, C14 alkylamino, Cs.¢ cycloalkylamino, or di(C4 alkyl)amino;
R%isH, halogen, CN, carboxy, C1.4 alkyloxycarbonyl, N3, amino, Ci4
alkylamino, di(C.4 alkyl)amino, hydroxy, C.s alkoxy, C;.¢ alkylthio, C;.6 alkylsulfonyl,
or
20  (Ci4 alkyl)o, aminomethyl;
R"isHor Cyg alkyl;
R*isH, CF3, C14 alkyl, amino, C14 alkylamino, Cs.¢ cycloalkylamino, or
di(C;- alkyl)amino.
In one aspect, compounds of Formula II are compounds wherein M is a
25  nucleoside attached to the phosphorus atom via an oxygen atom that is in a primary

hydroxyl group on a furanosyl group. In one aspect, such compounds include araA;
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AZT; d4T, ddI; ddA; ddC;

L-ddC; L-FddC; L-d4C; L-Fd4C; 3TC; ribavirin; 5-fluoro-2’-deoxyuridine; FIAU;

FIAC; BHCG; L-FMAU; BvaraU; E-5-(2-bromovinyl)-2’-deoxyuridine; TFT;

5-propynyl-1’-arabinofuranosyluracil; CDG; DAPD; FDOC; d4C; DXG; FEAU; FLG;
5  FTC; L-dC; L-dT; 5-yl-carbocyclic-2’-deoxyguanosine; Oxetanocin A; Oxetanocin G;

Cyclobut A; Cyclobut G; dFdC,; araC; 5-bromodeoxyuridine; IDU; CdA; FaraA;

Coformycin;

2’-deoxycoformycin; araT; tiazofurin; ddAPR; 9-(arabinofuranosyl)-2,6-diaminopurine;

9-(2’-deoxyribofuranosyl)-2,6-diaminopurine;

10 9-(2’-deoxy-2’-fluororibofuranosyl)-2,6-diaminopurine; 9-(arabinofuranosyl)guanine;
9-(2’-deoxyribofuranosyl)guanine; 9-(2’-deoxy-2’-fluororibofuranosyl)guanine; FMDC;
DMDC; 4’-thio-araC; 5,6 dihydro-5-azacytidine; 5-azacytidine; 5-aza-2’-deoxycytidine;
AICAR; NK-84-0218; AM365; MCC478; ICN 2001; Fluor L and D nucleosides,

Famciclovir or 2’-B-methyl-ribofuranosyl nucleosides of Formula IIL:

N CH3

15 HO OH
Formula III
RS R® H R® RO
D
SN ,N N 8./ ~N
T, 2ap
‘/N | N/)\RM ’ N | N/)\RM , _<A GJ\R7

R11
N\\H%N E \N NN
\ N\%\Rm ' L K(&W ,and

Wherein B is selected from the group consisting of

wherein:
20 A, G, and L' are each independently CH or N;
D is N, CH, C-CN, C-NO,, C-C1. alkyl, C-NHCONH,, C-CONR''R", C-
CSNR'R!!, C-COOR!!, C-C(=NH)NH,, C-hydroxy, C-C1.3 alkoxy, C-amino, C-C14
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alkylamino,

C-di(C1.4 alkyl)amino, C-halogen, C-(1,30xazol-2-yl), C-(1,3-thiazol-2-yl), or
C-(imidazol-2-y1); wherein alkyl is unsubstituted or substituted with one to three groups
independently selected from halogen, amino, hydroxy, carboxy, and C;.3 alkoxy;

Eis N or CR>;

WisOorS;

R’isH, Cr6 alkyl, C,. alkenyl, C,¢ alkynyl, C;.4 alkylamino, CF3, or halogen;

R® is H, OH, SH, NH,, C;.4 alkylamino, di(C;. alkyl)amino, Cs.¢
cycloalkylamino, halogen, C;4 alkyl, Ci4 alkoxy, or CF3;

R“isH, CFs, Ci4 alkyl, amino, C;4 alkylamino, C;_¢ cycloalkylamino, or
di(C,4 alkyl)amino;

R’ is H, amino, Cy4 alkylamino, Cs.¢ cycloalkylamino, or di(C;.4 alkyl)amino;

R is H or Cy.¢ alkyl;

R8isH, halogen, CN, carboxy, C;.4 alkyloxycarbonyl, N3, amino, Cj4
alkylamino, di(C;.4 alkyl)amino, hydroxy, C;.¢ alkoxy, C. alkylthio, C.¢ alkylsulfonyl,
or |
(C14 alkyl)o, aminomethyl.

In another aspect, M is attached via an oxygen in a hydroxyl group on an acyclic
sugar. In another aspect, MH includes ACV, GCV, penciclovir, and
(R)-9-(3’,4’-dihydroxybutyl)guanine or cytallene.

III.1 Phosphorylation of protected nucleosides

For the synthesis of cis-prodrugs of Formula II, the prodrug moiety can be
introduced at different stages of the synthesis. Most often the cyclic phosphates are
introduced at a later stage, because of the general sensitivity of these groups to various
reaction conditions. The synthesis can also proceed through using a protected or
unprotected nucleoside or nucleoside analog depending on the reactivity of the functional
groups present in the compound. Single stereoisomers of the cis-prodrugs can either be
made by separation of the diastereoisomers/enantiomers by a combination of column
chromatography and/or crystallization, or by enantiospecific synthesis using
enantioenriched activated phosphate intermediates.

The general procedure for the phosphorylation of protected nucleosides is
accomplished by reacting a suitably protected nucleoside with a base and reacting the
alkoxide generated with the phosphorylating reagent. The protected nucleoside can be

prepared by one skilled in the art using one of the many procedures described for the
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protection of nucleosides (Greene T.W., Protective Groups in Organic Chemistry, John
Wiley & Sons, New York (1999)). The nucleoside is protected in such a way as to
expose the hydroxyl group on which to add the phosphate group while protecting all the
remaining hydroxyls and other functional groups on the nucleoside that may interfere
with the phosphorylation step or lead to regioisomers. In one aspect, the protecting
groups selected are resistant to strong bases, e.g., ethers, silyl ethers and ketals. In one
aspect, the protecting groups are optionally substituted MOM ethers, MEM ethers,
trialkylsilyl ethers and symmetrical ketals. In another aspect, the protecting groups are
t-butyldimethylsilyl ether and isopropylidene. Further protection entails masking of the
amino group of the base moiety, if present, so as to eliminate any acidic protons. In one
aspect the selected N-protecting groups are selected from the groups of dialkyl
formamidines, mono and dialkyl imines, mono and diaryl imines. In one aspect, the N-
protecting groups are selected from the groups of dialkyl formamidines and mono-alkyl
imine and mono aryl imine. In one aspect the mono-alkyl imine is benzylimine and the
mono-aryl imine is phenylimine. In another aspect, the N-protecting group is a
symmetrical dialkyl formamidine selected from the group of dimethyl formamidine and
diethyl formamidine.

Generation of the alkoxide of the exposed hydroxyl group on the suitably
protected nucleoside is accomplished with a base in an aprotic solvent that is not base
sensitive such as THF, dialkyl and cylic formamides, ether, toluene and mixtures of
those solvents. In one aspect, the solvents are DMF, DMA, DEF, N-methylpyrrolidine,
THF, and mixture of those solvents.

Many different bases have been used for the phosphorylation of nucleosides and
non-nucleoside compounds with cyclic and acyclic phosphorylating agents. For example
trialkylamines such as triethylamine (Roodsari et al., J. Org. Chem. 64(21), 7727 (1999))
or diisopropylethylamine (Meek et al., J. Am. Chem. Soc. 110(7), 2317 (1988)); nitrogen
containing heterocyclic amines such as pyridine (Hoefler et al., Tetrahedron 56(11),
1485 (2000)), N-methylimidazole (Vankayalapati et al., J. Chem. Soc. Perk T 1 14,
2187(2000)), 1,2,4-triazole (Takaku et al., Chem. Lett. (5), 699 (1986)) or imidazole
(Dyatkina et al., Tetrahedron Lett. 35(13), 1961 (1994)); organometallic bases such as
potassium ¢-butoxide (Postel et al., J. Carbohyd. Chem. 19(2), 171 (2000)), butyllithium
(Torneiro et al., J. Org. Chem. 62(18), 6344 (1977)), t-butylmagnesium chloride
(Hayakawa et al., Tetrahedron Lett. 28(20), 2259 (1987)) or LDA (Aleksiuk et al., J.

Chem. Soc. Chem. Comm. (1), 11 (1993)); inorganic bases such as cesium fluoride
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(Takaku et al., Nippon Kagaku Kaishi (10), 1968 (1985)), sodium hydride (Hanaoka et
al., Heterocycles 23(11), 2927 (1985)), sodium iodide (Stromberg ef al., J. Nucleos.
Nucleot. 6(5), 815 (1987)), iodine (Stromberg et al., J. Nucleos. Nucleot. 6(5), 815
(1987)) or sodium hydroxide (Attanasi et al., Phosphorus Sulfur 35(1-2), 63 (1988));
metal such as copper (Bhatia et al., Tetrahedron Lett. 28(3), 271 (1987)). However, no
reaction or racemization at the phosphorus stereogenic center was observed when
coupling of phosphorylating reagent of Formula I was attempted using the previously
described procedures. Especially, no reaction was observed with bases previously used
with substituted cyclic phosphorylating agent to give the corresponding cyclic phosphate
in high yield such as sodium hydride (Thuong et al., Bull. Soc. Chim. Fr. 667 (1974)),
pyridine (Ayral-Kaloustian et al., Carbohydr. Res. 187(1991)), butyl-lithium (Hulst e
al., Tetrahedron Lett. 1339 (1993)), DBU (Merckling ef al., Tetrahedron Lett. 2217
(1996)), triethylamine (Hadvary ef al., Helv. Chim. Acta, 1986, 69(8), 1862), N-
methylimidazole (Li et al., Tetrahedron Lett. 6615 (2001)) or sodium methoxide
(Gorenstein et al., J. Am. Chem. Soc. 5077 (1980)). In one aspect of this invention, it
was found that the use of Grignard reagents promoted phosphorylation with minimal
epimerization of the phosphorus center. In one aspect, Grignard reagents are alkyl and
aryl Grignards. In another aspect, the Grignard reagents are -butyl magnesium halides
and phenyl magnesium halides. In another aspect, the Grignard reagents are #- |
butylmagnesium chloride and phenylmagnesium chloride.

In another aspect of the invention magnesium alkoxides are used to generate the
magnesium 5’-alkoxide of the nucleoside. In one aspect magnesium alkoxides are
selected from the group of Mg(O-#-Bu),, and Mg(O-iPr),.

In another aspect of this invention, Lewis acids can be added to the solution of
the alkoxide, made with one of the bases previously described, to either exchange the
carbocation of the alkoxide and/or modulate the reactivity of the formed alkoxide with
the phosphorylating agent. Examples of Lewis acids include alkali salts, rare earth salts
or transition metal salts. In one aspect, Lewis acids are magnesium salts, calcium salts,
cesium salts, aluminum salts or cerium salts. In another aspect, Lewis acids are
magnesium chloride, magnesium bromide and magnesium iodide.

In one aspect, the reaction conditions for the synthesis of compounds of Formula
II encompass first the generation of the alkoxide with a Grignard reagent or, one of the
other bases followed by addition of magnesium salts, second the addition of the

phosphorylating reagent of Formula I to the solution of the nucleoside, either in solution,
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generally in the same solvent but not necessarily, or directly as a solid. In another
aspect, the solution of the alkoxide is added to the solution of the phosphorylating
reagent. In one aspect, temperatures for the generation of the alkoxide with a base are
chosen from the range of —78 °C to 40 °C. In one aspect, the temperatures are chosen
from the range of —20 °C to 25 °C. In another aspect, temperatures for the
phosphorylation step are chosen from the range of 10 °C to 70 °C. In another aspect,
the temperatures are chosen from the range of 10 °C to 40 °C.

The protected prodrugs generated as described above are then subjected to a
deprotection step to remove all the protecting groups using one of the many methods
known to those skilled in the art (Greene T.W., Protective Groups in Organic Chemistry,
John Wiley & Sons, New York (1999)) and that are compatible with the stability of the
phosphate prodrug. In one aspect, deprotection reagents include fluoride salts to remove
silyl protecting groups, mineral or organic acids to remove acid labile protecting groups
such as silyl and/or ketals and N-protecting groups, if present. In another aspect,
reagents are TBAF, hydrochloric acid solutions and aqueous TFA solutions. Isolation
and purification of the final prodrugs, as well as all intermediates, is accomplished by a
combination of column chromatography and/or crystallization.

One aspect of the present invention provides methods to synthesize single
isomers of compounds of Formula II. Due to the presence of a stereogenic center at the
carbon where V is attached on the cyclic phosphate reagent, this carbon atom can have
two distinct orientations, namely R or S. As such the trans-phosphate reagent can exist
as either the S-trans or R-trans configuration and these two reagents are enantiomers.
Therefore, an equal mixture of the R-trans and S-trans is a racemic mixture. In addition,
because most nucleosides are chiral, phosphorylation of these nucleosides with a racemic
trans-phosphate reagent will generate a mixture of two diastereomeric cis-prodrugs
while phosphorylation of an achiral nucleoside analog (e.g., ACV) will generate a
racemic mixture of cis-prodrugs. These compounds can be separated by a combination
of column chromatography and/or crystallization. Alternatively, phosphorylation of the
alkoxide of the nucleoside with an enantioenriched #+ans-phosphate reagent generates an
enantioenriched cis-prodrug. As such reaction of the C’-S-trans-phosphate reagent
generates the C’-S-cis-prodrug of the nucleoside while reaction with the C’-R-trans-
phosphate reagent generates the C’-R-cis-prodrug.

In another aspect, depending on the rate of epimerization of the cis-phosphate

reagent to the trans-phosphate reagent compared to the rate of reaction of the nucleoside
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with the trans-phosphate reagent, it was discovered that a cis-phosphorylating reagent
still gives the cis-prodrug of a nucleoside. In that aspect, the cis-phosphorylating reagent
epimerizes to the trans-phosphate reagent with the traces of the leaving group generated
by the formation of small amounts of the prodrug. The nucleoside then reacts with the
trans-phosphate reagent being generated in-situ giving the cis-prodrug. In another aspect,
the nucleoside is reacted with a crude mixture of phosphorylating reagent to generate the
cis-prodrug. In one aspect, the crude mixture of the phosphorylating reagent has been
enriched in the trans-isomer. In another aspect the phosphorylating reagent is used
without the enrichment step.
IIL2 Phosphorylation of unprotected nucleosides

Alternatively, the prodrug of the nucleoside can be synthesized without prior
protection of the nucleoside using reaction conditions that selectively phosphorylate
primary hydroxyl groups. Selective 5’-acylation of nucleosides such as araC with acyl
chlorides is well established (Gish et al., J. Med. Chem. 14, 1159 (1971)). However,
because phosphorylating agents are considered to be more reactive, they presumably
would give rise to less regioselectivity and lower yields, as well as reaction with the
solvent used in the reaction (DMF). In one aspect of the invention, we found that
reaction of a phosphorylating agent of Formula I with an unprotected nucleoside
generated the 5’-cis-phosphate prodrug of the nucleoside in high yield, regioselectivity
and stereoselectivity. In one aspect the isolated phosphorylating is added to a solution of
the nucleoside. In another aspect the nucleoside is added to a solution of the
phosphorylating reagent. Due to the poor solubility of unprotected nucleosides in
common solvents and the potential reactivity of the solvent with the phosphorylating
reagent, solvents with strong dielectric constants that have low reactivity with the
phosphorylating reagent are necessary. Examples of such solvents are tetraalkylureas,
trialkyl phosphates, or hexaalkylphosphoramides. In one aspect, the solvents are DMPU,
tetramethyl urea, DMEU, trimethyl phosphate or hexamethylphosphoramide.
Temperatures for the prodrug formation range from -20 °C to 40 °C depending on the
stability of the reagents. In one aspect, the temperature for the phosphorylation of the
nucleoside is kept between -10 °C and 10 °C. In another aspect the temperature is kept

between 0 °C and room temperature.
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EXAMPLES

The compounds used in this invention and their preparation can be understood
further by the examples, which illustrate some of the processes by which these
compounds are prepared. These examples should not however be construed as
specifically limiting the invention and variations of the compounds, now known or later
developed, are considered to fall within the scope of the present invention as hereinafter
claimed.

Compounds of Formula I-II are prepared according to the literature procedures
with modifications and additions well understood by those skilled in the art. The TLC
conditions given are utilizing plates of Analtech UNIPLATE, silica gel GHLF, scored 10
X 20 cm, 250 micron.

SYNTHESIS OF RACEMIC 1-(ARYL)PROPANE-1,3-DIOLS:
Example 1: Preparation of 1-(2’-Furanyl) Propane-1,3-Diol via Grignard
Addition and Hydroboration:
To a solution of 2-furaldehyde (3 g, 31.2 mmol) in THF (60 mL) was added 1 M

vinyl magnesium bromide in THF (34 mL) at 0 ©C. After stirring for an hour, a solution
of 1 M BH; THF complex in THF was added. The reaction was quenched with 3N

NaOH (20 mL) and 30% hydrogen peroxide (10 mL) at 0 °C. The organic fraction was
separated and concentrated. The crude product was chromatographed by eluting with
5% methanol-dichloromethane to give 1-(2’-furyl)propane-1,3-diol (1 g, 22%).
Example 2:  Preparation of 1-(2’-Pyridyl) Propane-1,3-Diol via Benzylic
Oxidation:

Step A: (J. Org. Chem. 22:589 (1957))

To a solution of 3-(2’-pyridyl)propane-1-ol (10 g, 72.9 mmol) in acetic acid (75
mL) was added 30% hydrogen peroxide slowly. The reaction mixture was heated to 80
°C for 16 h. The reaction was concentrated under vacuum and the residue was dissolved
in acetic anhydride (100 mL) and heated at 110 °C overnight. Acetic anhydride was
evaporated upon completion of the reaction. Chromatography of the mixture by eluting
with methanol-methylene chloride (1:9) resulted in 10.5g (60%) of pure diacetate.
Step B:

To a solution of diacetate (5 g, 21.1 mmol) in methanol-water (3:1, 40 mL) was

added potassium carbonate (14.6 g, 105.5 mmol). After stirring for 3 h at room
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temperature, the reaction mixture was concentrated. The residue was chromatographed

by eluting with methanol-methylene chloride (1:9) to give 2.2 g (68%) of crystalline diol.

Example 3:  Preparation Of 1-(Aryl)-Propane-1,3-Diol from Propane-1,3-Diol via
Grignard Addition:

Step A: (J. Org. Chem. 53:911 (1988))

To a solution of oxalyl chloride ( 5.7 mL, 97 mmol) in dichloromethane (200
mL) at -78 °C was added dimethyl sulfoxide (9.2 mL, 130 mmol). The reaction mixture
was stirred at -78 °C for 20 min before addition of 3-(benzyloxy)propan-1-ol (11 g, 65
mmol) in dichloromethane (25 mL). After an hour at —78 °C, reaction was quenched
with triethylamine (19 mL, 260 mmol) and warmed to room temperature. Work-up and
column chromatography by elution with dichloromethane resulted in 8 g (75%) of 3-
(benzyloxy)propan-1-al.

Step B:

To a solution of 3-(benzyloxy)propan-1-al (1 g, 6.1 mmol) in THF at 0 °C was
added a 1 M solution of 4-fluorophenylmagnesium bromide in THF (6.7 mL, 6.7 mmol).
The reaction was warmed to room temperature and stirred for 1 h. Work-up and column
chromatography by elution with dichloromethane resulted in 0.7 g (44%) of alcohol.
Step C:

To a solution of benzyl ether (500 mg) in ethyl acetate (10 mL) was added 10%
Pd(OH),C (100 mg). The reaction was stirred under hydrogen gas for 16 h. The
reaction mixture was filtered through celite and concentrated. Chromatography of the
residue by elution with ethyl acetate-dichloromethane (1:1) resulted in 340 mg (79%) of
product.

Example 4: General Procedure for Preparation of 1-Aryl Substituted Propane-
1,3-Diol From Aryl Aldehyde:
Step A: (J. Org. Chem. 55:4744 (1990))

To a -78 °C solution of diisopropylamine (2 mmol) in THF (0.7 ml/mmol
diisopropylamine) was slowly added n-butyllithium (2 mmol, 2.5 M solution in
hexanes). The reaction was then stirred for 15 min at -78 °C before a solution of ethyl
acetate (2 mmol) in THF (0.14 ml/mmol ethyl acetate) was slowly introduced. After
stirring an additional 30 min at -78 °C, a THF solution containing the aryl aldehyde (1.0
mmol in 0.28 m]l THF) was added. The reaction was then stirred at -78 °C for 30 min,
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warmed to room temperature and stirred an additional 2 h. After aqueous work up (0.5
M HCY), the organic layer was concentrated to a crude oil (beta-hydroxyester).
Step B:

The crude hydroxyester was dissolved in ether (2.8 ml/mmol), cooled to ice bath
temperature, and lithium aluminum hydride (3 mmol) was added batch wise. The
reaction was stirred allowing the cooling bath to melt and the reaction to reach room
temperature. After stirring overnight at room temperature, the reaction was cooled back
to ice bath temperature and quenched with ethyl acetate. Aqueous work up (0.5 M HC)
afforded the crude diol, which was purified either by chromatography or distillation.
Example 4a: Synthesis of 1 -(3ﬂnethoxycat'b0nylphenyl)—1,3-propane diol

1-(3-bromophenyl)-1,3-propane diol was prepared as Example 4 and further
derivatized as follows:

A pressure vessel was charged with 1-(3 -bromophenyl)-1,3-propane diol (2 g, 8.6
mmol), methanol (30 mL), triethylamine (5 mL) and bis(triphenylphosphine)palladium
dichloride (0.36 g, 05 mmol). The sealed vessel was pressurize with carbon monoxide at
55 psi and heated at 85 °C for 24 h. The cooled vessel was opened and the reaction
mixture was filtered through Celite® and rinsed with methanol. The combined filtrates
were concentrated under reduced pressure and the residue was purified by column
chromatography (silica gel, hexanes/ ethyl acetate 1/1) to afford the title compound (1.2
g, 66%)

TLC: hexanes/ethyl acetate 2/8; Rf = 0.5

'"H NMR (CDCl;, Varian Gemini 200 MHz): 5.05-4.95 (m, 1H), 3.9 (s, 3H), 2-
1.8 (m, 2H).

Example 4b: Synthesis of 1-(4-m ethoxycarbonylphenyl)-1,3-propane diol
1-(4-bromophenyl)-1,3-propane diol was prepared as Example 4 and further
derivatized as Example 4a.

TLC: hexanes/ethyl acetate 3/7; Rf = 0.35

'H NMR (CDCls, Varian Gemini 200 MHz): 5.1-5 (m, 1H), 3.91 (s, 3H), 2.05-
1.9 (m, 2H).

SYNTHESIS OF ENANTIOENRICHED 1-(ARYL)-PROPANE-1,3-DIOLS:
Example 5:  General Procedure for resolution of racem ic 1,3-diols:
Racemic diols synthesized as in Examples 1-4 may be resolved to yield both

entaniomers as described in the following procedure.
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Step A:

To a solution of diol (1.0 mmole) in THF (1.0 ml) was added
hexamethyldisilazide (2.1 mmole) followed by a catalytic amount of
trimethylsilyltriflate (2 — 3 drops). After stirring at room temperature for 1 h, the
reaction was diluted with hexane (4 ml) and subjected to work up with ice-cold water.
The resulting disilylether was either purified by chromatography or, if sufficiently pure,
used crude in the next reaction.

Step B:

To a solution of disilylether (1.0 mmole) and (-)-menthone (1.1 mmole) in
dichloromethane (2.0 ml) at —40 °C, was slowly added trimethylsilyltriflate (0.11
mmole). The reaction was then kept at —50° to —60 °C for 48 h, at which time pyridine
was added to quench the reaction. After warming to room temperature, the crude
mixture was diluted with hexane (4.0 ml) and subjected to aqueous work up. The two
ketals were separated by chromatography.

Step C:

The separated ketals were hydrolyzed by adding a catalytic amount of
concentrated hydrochloric acid to a methanol (4.0 ml/mmole) solution of each. After
stirring overnight at room temperature, the methanol was removed under vacuum and the
residue was subjected to aqueous work up. The resolved diols were further purified by
either chromatography or distillation. ‘
Example 6:  Synthesis of Enantioenriched 1-(3’-Chlorophenyl)-1,3-

Dihydoxypropane via Sharpless Asymmetric Epoxidation:
Step A:

To a dispersion of m-chloro-cinnamicacid (25 g, 137 mmol) in ethanol (275 mL)
was added conc. sulfuric acid (8 mL) at room temperature. The reaction was refluxed
overnight and concentrated. Ice-cold water was added to the crude and precipitated
white solid was filtered and washed with cold water. The precipitate was dried under
vacuum overnight to give 25 g (87%) of ester. (Rf= 0.5 in dichloromethane on silica)
Step B:

To a solution of m-ethylchlorocinnamate (23 g, 109.5 mmol) in dichloromethane
at —78 °C was added 1 M DIBAL-H in dichloromethane (229 mL, 229 mmol) dropwise
over 1 h. The reaction was stirred at —78 °C for an additional 3 h. Ethylacetate was
added to quench excess DIBAL-H and saturated aq. Potassium sodium tartrate was

added and the reaction was stirred at room temperature for 3 h. The organic layer was
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separated and salts were washed with ethyl acetate. The combined organic extracts were
concentrated and distilled at 120 °C/0.1 mm to give 14 g (76%) of pure allylic alcohol.
(Rf=0.38 in 1:1 ethylacetate:hexane on silica)

Step C:

To a solution of m-chlorocinnamyl alcohol (5 g, 29.76 mmol) in dichloromethane
(220 mL) was added activated 4A molecular sieves powder (2.5 g) and the mixture was
cooled to —20 °C. (+)-Diethyl tartrate (0.61 mL, 3.57 mmol) was added at—20 °C and
stirred for 15 min before adding titanium tetraisopropoxide (0.87 g, 2.97 mmol). The
reaction was stirred for additional 30 min and 5-6 M solution of -butylhydroperoxide in
heptane (10 mL, 60 mmol) was added dropwise while maintaining the internal
temperature at —20 to —25 °C. The mixture was stirred for an additional 3 h at 20 °C
and a 10% sodium hydroxide in saturated aq. sodium chloride (7.5 mL) followed by
ether (25 mL) were added. The reaction was warmed to 10 °C and stirred for 15 min
before adding anhydrous magnesium sulfate (10 g) and celite® (1.5 g). The mixture was
further stirred for additional 15 min, filtered and concentrated at 25 °C to give crude
epoxy alcohol. (Rf=0.40 in 1:1 ethylacetate:hexane on silica)

Step D:

To a solution of crude m-chloroepoxycinnamyl alcohol obtained from earlier
reaction in dimethoxyethane (300 mL) was added a 65% Red-Al solution in toluene
(18.63 mL, 60 mmol) dropwise under nitrogen at 0 °C. After stirring at room
temperature for three hours, the solution was diluted with ethyl acetate (400 mL) and
quenched with aq. saturated sodium sulfate solution (50 mL). After stirring at room
temperature for 30 min, the resulting white precipitate formed was filtered and washed
with ethylacetate. The filtrate was dried and concentrated. The crude product was
distilled at 125-130 °C/0.1mm to give 3.75 g (67%) of enantioenriched (R)-1-(3’-
chlorophenyl)-1,3-dihydoxypropane. (Rf=0.40 in 1:1 ethylacetate:dichloromethane)

Enantiomeric excesses were defined as diacetates (prepared by treatment of diols
with acetic anhydride, triethylamine, cat. DMAP in dichloromethane) by HPLC ((S,S)
Whelko-0, 250 cmX 4.0 mm ID purchased from Regis).

(R)-1-(3’-chlorophenyl)-1,3-dihydoxypropane: 91% ee

(+)Diisopropyltartrate provided >96% ee in (R)-1-(3’-chlorophenyl)-1,3-
dihydoxypropane.
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(S)-1-(3’-Chloropheny1)-1,3-dihydoxypropane was also prepared under identical
conditions via asymmetric epoxidation and reduction protocol utilizing (-)-tartrate in
similar yields.(S)-3~(3’-Chlorophenyl)-1,3-dihydoxypropane was obtained with 79% ee.
Example 7:  Synthesis of Enantioenriched1-(3’-Chlorophenyl)-1,3-

Dihydoxypropane via Hydrogen Transfer Reaction:
Step A: Preparation of Methyl 3-(3’-Chlorophenyl)-3-Oxo-Propanoate:

A 22 L, 3-neck round bottom flask was equipped with a mechanical stirrer,
thermowell/ thermometer and nitrogen inlet (bubbler in-line). The flask was flushed
with nitrogen and charged sequentially with THF (6 L), potassium z-butoxide (1451 g),
and THF (0.5 L). The resulting mixture was stirred at ambient temperature for 15
minutes and a 20 °C water bath was applied. A 3 L round bottom flask was charged with
3°-chloroacetophenone (1000 g) and diethylcarbonate (1165 g), and the resulting yellow
solution was added slowly to the stirred potassium z-butoxide solution, maintaining the
temperature between 16 and 31 °C. After the addition was complete (1 h, 10 min.), the
cooling bath was removed and the solution was stirred for 1 h, 30 min. TLC indicated
that the reaction was complete. A 5 gallon stationary separatory funnel was charged with
ice water (4 L) and concentrated hydrochloric acid (1.3 L of 12 M solution). The dark
red reaction solution was quenched into the aqueous acid and the mixture was stirred for
15 minutes. The layers were separated and the aqueous phase (lower) was exiracted
again with toluene (4 L). The combined organic extracts were washed with saturated
brine (2 X 3 L, 10 minute stirring time each), dried (MgSOy), filtered and concentrated
under reduced pressure to provide 1480 g of a brown oil. The oil was placed under high
vacuum (10 torr) overnight to give 1427 g. The material was vacuum distilled (short
path column, fraction cutter receiver) and the fraction at 108-128 °C/1-0.5 torr was
collected to provide 1273.9 g of a yellow oil (92.6%). (Rf=0.36 in 20% ethyl
acetate/hexanes).

Step B: Preparation of Methyl (S)-3-(3’-Chlorophenyl)-3-Hydroxypropionate:
OH O

|
C OMe

A 12 L, 3-neck round bottom flask was equipped with a mechanical stirrer,
thermometer, addition funnel (500 mL) and nitrogen inlet (bubbler in-line). The flask
was flushed with nitrogen and charged with formic acid (292 mL, 350 g). Triethylamine
(422 mL, 306 g) was charged to the addition funnel, then added slowly with stirring,
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maintaining the temperature <45 °C. After the addition was complete (1 h, 30 min.), the
solution was stirred with the ice bath applied for 20 min., then at ambient temperature for
an additional 1 h. The flask was charged sequentially with methyl 3-(3-chlorophenyl)-3-
oxo-propanoate (1260 g), DMF (2.77 L including rinsing volume) and (S,S)-Ts-DPEN-
Ru-Cl-(p-cymene) (3.77 g). The flask was equipped with a heating mantle and the
addition funnel was replaced with a condenser (5 C circulating coolant for condenser).
The stirred reaction solution was slowly heated to 60 °C (90 min. to attain 60 C) and the
contents were maintained at 60 °C for 4.25 h. HPLC indicated 3% starting material
remained. The solution was stirred at 60 C for an additional 8 h, then gradually cooled
to ambient temperature overnight. HPLC indicated 0.5% starting material. A 5 gallon
stationary separatory funnel was charged with water (10 L) and MTBE (1 L). The
reaction solution was poured into the aqueous mixture and the reaction flask was rinsed
into the separatory funnel with an additional 1 L of MTBE. The contents were stirred for
several minutes and the layers were separated. The aqueous phase was extracted with
additional MTBE (2 X 1 L), and the combined organic extracts were washed with brine
(1 L), and concentrated under reduced pressure to provide 1334 g of a red oil (105%).
The oil was used without further purification for the next step.

The crude hydroxyester (10 mg, 0.046 mmol) was dissolved in dichloromethane
(1 mL). Acetic anhydride (22 pL, 0.23 mmol) and 4-(dimethylamino)pyridine (22 mg,
0.18 mmol) were added and the solution was stirred at ambient temperature for 15 min.
The solution was diluted with dichloromethane (10 mL) and washed with 1 M
hydrochloric acid (3 X 3 mL). The organic phase was dried (MgSQ,), filtered and
concentrated under reduced pressure. The residual oil was dissolved in methanol and .
analyzed by chiral HPLC (Zorbax Rx-C18, 250 X 4.6 mm; mobile phase: 65/35 (v/v)
water/acetonitrile, isocratic; flow rate = 1.5 mL/min; inj. volume = 15 pL; UV detection
at 220 nm. Retention times: Product = 9.3 min, starting material = 17.2 min.). The
hydroxyester was derivatized to the acetate for analysis by chiral HPLC and shown to
give 91% ee. (HPLC conditions: Column: Pirkle covalent (S,.5) Whelk-O 10/100 krom
FEC, 250 X 4.6 mm; mobile phase: 70/30 (v/v) methanol/water, isocratic; flow rate: 1.5
mL/min; inj. volume = 10 pL; UV detection at 220 nm. Rétention times: S-

hydroxyester (acetate) = 9.6 min, R-hydroxyester (acetate) = 7.3 min.)
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Step C: Preparation of (S)-3-(3’-Chlorophenyl)-3-hydroxypropanoic acid:

To the crude hydroxyester in a 10 L rotary evaporator flask was added sodium
hydroxide solution (2.5 L of 2 M solution). The resulting solution was stirred on the
rotary evaporator at ambient pressure and temperature for 2 h. HPLC indicated 5%
starting material still remained (HPLC conditions: Column: Zorbax Rx-C18, 250 X 4.6
mm; mobile phase: 65/35 (v/v) water/acetonitrile, isocratic; flow rate = 1.5 mL/min; inj.
volume = 15 pL; UV detection at 220 nm. Retention times: Product =3.8 min, starting
material = 18.9 min.). The pH of the solution was 11 (wide range pH paper). Additional
2 M NaOH solution was added to adjust the pH to 14 (approx. 100 mL), and the solution
was stirred for an additional 30 min. HPLC indicated the reaction was complete. The
solution was transferred to a 5 gallon stationary separatory funnel and extracted with
MTBE (2 L). The layers were separated and the organic extract was discarded. The
aqueous phase was transferred back to the separatory funnel and acidified with 12 M
HCI solution (600 mL). The mixture was extracted with MTBE (1 X2 L,2 X 1 L). The
combined acidic organic extracts were dried (MgSO,), filtered and concentrated under
reduced pressure to give 1262 g of a brown, oily semi-solid. The residue was slurried
with ethyl acetate (1 L) and transferred to a 12 L, 3-neck round bottom flask equipped
with a mechanical stirrer, heating mantle, condenser and thermometer. The stirred
mixture was heated to dissolve all solids (28 °C) and the dark solution was cooled to 10
°C (a precipitate formed at 11 °C). The mixture was slowly diluted with hexanes (4 L
over 1 h) and the resulting mixture was stirred at <10 °C for 2 h. The mixture was
filtered and the collected solid was washed with cold 4/1 hexanes/ethyl acetate (1 L), and
dried to constant weight (-30 in. Hg, 50 °C, 4 h). Recovery = 837 g of a beige solid
(70.4%). mp = 94.5-95.5°C

A 50 mg sample of hydroxyacid was reduced to the diol with borane-THF (see
Step D). The resulting crude diol was diacetylated (as described in Step B)) and
analyzed by chiral HPLC. Retention times: S-diol (diacetate)= 12.4 min, R-diol
(diacetate)= 8.8 min.) ee = 98%

A second crop of hydroxyacid was isolated. The filtrate from above was
concentrated under reduced pressure to give 260 g of a brown sludge. The material was
dissolved in ethyl acetate (250 mL) and the stirred dark solution was slowly diluted with
hexanes (1000 mL) and the resulting mixture was stitred at ambient temperature

overnight. The mixture was filtered and the collected solid was washed with 5/1
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hexanes/ethyl acetate (200 mL), and dried to constant weight (-30 in. Hg, 50 °C, 16 h).
Recovery = 134 g of a beige solid (11.2%). ee = 97%
Step D: Preparation of (S)-(-)-1-(3-Chlorophenyl)-1,3-Propanediol:

OH

CI\©)\AOH

A 22 L, 3-neck round bottom flask was equipped with a mechanical stirrer,
thermowell/thermometer and nitrogen inlet (outlet to bubbler). The flask was charged
with 2 M borane-THF (3697 g, 4.2 L) and the stirred solution was cooled to 5 °C. A
solution of (S)-3-(3-chlorophenyl)-3-hydroxypropanoic acid (830 g) in THF (1245 mL)
was prepared with stirring (slightly endothermic). The reaction flask was equipped with
an addition funnel (1 L) and the hydroxyacid solution was slowly added to the stirred
borane solution, maintaining the temperature < 16 °C. After the addition was complete
(3 h), the mixture was stirred at ice bath temperature for 1.5 h. The reaction was
quenched by careful addition of water (2.5 L). After the addition was complete (30 min),
3 M NaOH solution (3.3 L) was added (temperature increased to 35 °C) and the resulting
mixture was stirred for an additional 20 minutes (temperature = 30 °C). The reaction
mixture was transferred to a 5 gallon stationary separatory funnel and the layers were
separated. The aqueous phase was extracted with MTBE (2.5 L) and the combined
organic extracts (THF and MTBE) were washed with 20wt% NaCl solution (2 L) and
stirred with MgSO,4 (830 g) for 30 minutes. The mixture was filtered through Celite®
and concentrated under reduced pressure to provide 735 g of a thick, brown oil.

The oil was purified by vacuum distillation and the fraction at 135-140 °C/ 0.2
mm Hg was collected to provide 712.2 g of a colorless oil (92.2%).

The diol was diacetylated and analyzed by chiral HPLC (e.e. = 98%) (see Step
B). Retention times: S-diol (diacetate) = 12.4 min, R-diol (diacetate) = 8.9 min. [a]p= -
51.374 (5 mg/mL in CHCI3)

Example 8: Synthesis of Enantioenriched 1-(4’-pyridyl)-1,3-Dikydoxypropane via
Hydrogen Transfer Reaction:
Step A: Synthesis of methyl 3-oxo0-3-(pyridin-4-yl)-propanoate

A 50 L, 3-neck flask was equipped with an overhead stirrer, heating mantle, and
nitrogen inlet. The flask was charged with THF (8 L), potassium z-butoxide (5 kg, 44.6
mol), and THF (18 L). 4-Acetylpyridine (2.5 kg, 20.6 mol) was added, followed by
dimethylcarbonate (3.75 L, 44.5 mol). The reaction mixture was stirred without heating
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for 2.5 h then with heating to 57-60 °C for 3 h. The heat was turned off and the mixture
cooled slowly overnight (15 h). The mixture was filtered through a 45 cm Buchner
funnel. The solid was returned to the 50 L flask and diluted with aqueous acetic acid (3
L acetic acid in 15 L of water). The mixture was extracted with MTBE (1x 16 L, 1 x 12
L). The combined organic layers were washed with aqueous Na,CO;3 (1750 gin 12.5 L
water), saturated aqueous NaHCO; (8 L), and brine (8 L) then dried over MgSO4 (500 g)
overnight (15 h). The solution was filtered and the solvent removed by rotary
evaporation to a mass of 6.4 kg. The resulting suspension was cooled in an ice bath with
stirring for 2 h. The solid was collected by filtration, washed with MTBE (500 mL), and
dried in a vacuum oven at 20 °C for 15 h, giving 2425 g (66% yield) of the keto ester as
a pale yellow solid.

The MTBE mother liquor was concentrated to approximately 1 L. The resulting
suspension was cooled in an ice bath for 1 h. The solid was collected by filtration,
washed with MTBE (2 x 150 mL), and dried in a vacuum oven to give 240 g (6%) of a
second crop.

TLC. Merck silica gel plates, 1:2 THF/hexane, UV lamp, Rf of SM = 0.25, Rf of
product = 0.3.

Melting Point: 74-76 °C
Step B: Synthesis of S-Methyl-3-Hydroxy-3-(pyridin-4-yl)-propanoate

OH O
| ~ OMe
N~

A 22 1, 3-neck round bottom flask was equipped with an overhead stirrer,
thermowell/ thermometer, addition funnel (1 L), and cooling vessel (empty). The flask
was flushed with nitrogen, charged with formic acid (877 g) and cooled with an ice bath.
Triethylamine (755 g) was charged to the addition funnel and added slowly over 50
minutes to the stirred formic acid. After the addition was complete, the cooling bath was
removed and the reaction solution was diluted with DMF (5.0 L). The ketoester (2648 g)
was added in one portion, followed by an additional 0.5 L of DMF. The flask was
equipped with a heating mantle and the stirred mixture was heated gradually to 16 °C to
dissolve all solids. The catalyst (S,S)-Ts-DPEN-Ru-Cl-(p-cymene) (18.8 g) was added in

one portion and the stirred mixture was heated to 55 °C over 1 h. The resulting dark

solution was stirred at 55 °C for 16 h. TLC indicated the reaction was complete. The
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solvent was evaporated under reduced pressure (Buchi R152 rotary evaporator under
high vacuum, bath temp = 60 °C) to give 3574 g of a brown oil. The oil was dissolved in
dichloromethane (10 L) and transferred to a 5 gal. stationary separatory funnel. The dark
solution was washed with saturated sodium bicarbonate solution (3.0 L) and the aqueous
phase was back extracted with dichloromethane (3.0 L). The combined dichloromethane
extracts were dried over MgSOy4 (300 g), filtered, and concentrated under reduced
pressure to provide 3362 g of a brown oil (125% of theoretical, contains DMF by
'HNMR).

Column: Chiralpak AD, 0.46 x 25 cm; mobile phase = 10:90, ethanol:hexane,
isocratic; flow rate= 1.5 mL/min; injection volume= 10 uL. UV detection at 254 nm.

Retention times: R hydroxy ester = 19.9 min.

S hydroxy ester =21.7 min.
Retention times: R diol = 14.2 min.
S diol = 15.5 min

Hydroxy Ester:

'H NMR (CDCL): §2.73 (d, 2H, J=1.5Hz), 3.73 (s, 3H), 4.35 (s, 1H), 5.11-5.19
(m, 1H), 7.31 (d, 2H, J=6.6Hz), 8.53 (d, 2H, J=6.0Hz)

Merck silica gel 60 plates, 2.5 X 7.5 cm, 250 micron; UV lamp: 5% MeOH in
CH,Cl,; Rf of S.M. = 0.44, Rf of product = 0.15.

e.e. = 87% S isomer of hydroxy ester.
Step C: Synthesis of S-(-)-1-(Pyrid-4-yl)-1,3-propanediol

OH
| A OH
N~

A 22 L, 4-neck round bottom flask was equipped with an overhead stirrer,
thermowell/ thermometer, addition funnel (2 L), condenser and cooling vessel (empty).
The flask was flushed with nitrogen and charged sequentially with sodium borohydride
(467 g, 12.3 mol), 1-butanol (9.0 L), and water (148 mL, 8.23 mol) The crude
hydroxyester was dissolved in 1-butanol (1.0 L) and the solution was charged to the
addition funnel. The solution was added over 3.25 h, using cooling as necessary to keep
the temperature below 62 C. After addition was complete, the mixture was stirred for
0.5 h then the flask was equipped with a heating mantle and the stirred mixture was
heated to 90 C over 0.75 h. The mixture was stirred at 90-93 C for 2.25 h, then cooled

over 1.5 hto 28 C. The reaction mixture was quenched with aqueous potassium
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carbonate solution (10 wt/vol %, 6 L) and the mixture was stirred for 10 minutes. The
layers were separated and the butanol phase was washed with aqueous potassium
carbonate solution (10 wt/vol %, 2 L) and sodium chloride solution (15 wt/vol %, 2 L).
The solvent was removed under reduced pressure (Buchi R152 rotary evaporator, high
vacuum, bath temperature = 60 C) until a concentrated solution resulted and 10.5 L of
distillate had been collected. Acetonitrile (3 L) was fed into the evaporator flask and the
solvent was evaporated under reduced pressure. Acetonitrile (9 L) was again fed into the
evaporator flask and the slurry was stirred (rotation on the rotary evaporator) at ~60 C
(bath temperature = 70 C, atmospheric pressure) for 15 minutes. The hot slurry was
filtered through Celite® 521 (250 g as a slurry in 1 L of acetonitrile was prepacked on a
24 cm Buchner funnel). The filtrate was partially concentrated under reduced pressure (5
L of distillate were collected) and the resulting slurry was heated at atmospheric pressure
on the rotary evaporator to dissolve all solids (bath temp = 65 C). The heat source was
turned off and the resulting solution was stirred on the rotary evaporator for 10 h, with
gradual cooling to ambient temperature. The resulting mixture was filtered and the
collected solid was washed with acetonitrile (2 X 200 mL) and dried to constant weight
(-30 in. Hg, 55 °C, 4 h), giving S-(-)-1-(4-pyridyl)-1,3-propanediol as a yellow solid
weighing 496 g (39% yield).

Melting point = 98-100 °C

HPLC conditions:

Column: Chiralpak AD, 0.46 x 25 cm; mobile phase = 10:90, ethanol:hexane,
isocratic; flow rate= 1.5 mL/min; injection volume= 10 pL UV detection at 254 nm.

Retention times: R diol = 14.2 min.

S diol = 15.5 min.

Merck silica gel 60 plates, 2.5 X 7.5 cm, 250 micron; UV lamp; 15% MeOH in
CH,Cl,; Rf of starting material = 0.38, Rf of product = 0.17, Rf of boron complex =
0.26.

Example 9: Synthesis of (S)-3-(3’-chlorophenyl)-1,3-dihydroxypropane via (-)-f-
chlorodiisopinocampheylborane (DIPCl) Reduction
Step A: Preparation of 3-(3-chlorophenyl)-3-oxo-propanoic acid:

A 12 L, 3-neck round bottom flask was equipped with a mechanical stirrer and
addition funnel (2 L). The flask was flushed with nitrogen and charged with
diisopropylamine (636 mL) and THF (1.80 L). A thermocouple probe was immersed in
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the reaction solution and the stirred contents were cooled to —20 °C. n-Butyllithium
(1.81 L of a 2.5 M solution in hexanes) was charged to the addition funnel and added
slowly with stirring, maintaining the temperature between -20 and —28 °C. After the
addition was complete (30 min), the addition funnel was rinsed with hexanes (30 mL)
and the stirred solution was cooled to —62 °C. Trimethylsilyl acetate (300 g) was added
slowly with stirring, maintaining the temperature <-60 °C. After the addition was
complete (30 min), the solution was stirred at
—60 °C for 15 min. 3-Chlorobenzoyl chloride (295 mL) was added slowly with stirring,
maintaining the temperature <-60 °C. After the addition was complete (65 min), the
cooling bath was removed and the reaction solution was stirred for 1.25 h, with gradual
warming to 0 °C. The reaction flask was cooled with an ice bath, then water (1.8 L) was
added to the stirred solution. The reaction mixture was stirred for 10 minutes, then
diluted with z-butyl methyl ether (1.0 L). The lower aqueous phase was separated and
transferred to a 12 L, 3-neck round bottom flask equipped with a mechanical stirrer. -
Butyl methyl ether was added (1.8 L) and the stirred mixture was cooled to <10 °C (ice
bath). Concentrated HCI solution (300 mL of 12 M solution) was added and the mixture
was vigorously stirred. The layers were separated and aqueous phase was further
acidified with con. HCI (30 mL) and extracted again with ~butyl methyl ether (1.0 L).
The combined MTBE extracts were washed with brine (1 L), dried (MgSOs, 70 g),
filtered and concentrated under reduced pressure to give 827 g of a yellow solid. The
crude solid was slurried in hexanes (2.2 L) and transferred to a 5 L, 3-neck round bottom
flask equipped with a mechanical stirrer. The mixture was stirred at <10 °C (ice bath)
for 1 h, then filtered, washed with hexanes (4 X 100 mL) and dried to constant weight (-
30 in. Hg, ambient temperature, 14 h). Recovery =309 g of a pale yellow powder
(68.6%).
Step B: Preparation of (S)-3-(3-Chlorophenyl)-3-Hydroxypropanoic Acid:

OH O

Cl OH

A 12 L, 3-neck round bottom flask was equipped with a mechanical stirrer and
addition funnel (1 L). The flask was flushed with nitrogen and charged with 3-(3-
chlorophenyl)-3-oxo-propanoic acid (275.5 g) and dichloromethane (2.2L). A
thermocouple probe was immersed in the reaction slurry and the stirred contents were

cooled to —20 °C. Triethylamine (211 mL) was added over 5 minutes to the stirred slurry
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and all solids dissolved. A dichloromethane solution of (-
)—B—chlorodiisopinocampheylborane (1.60 M, 1.04 L) was charged to the addition
funnel, then added slowly with stirring, maintaining the temperature between —20 and -
25 °C. After the addition was complete (35 min), the solution was warmed to ice bath
temperature (2-3 °C) and stirred for 4 h. An in-process NMR analysis indicated the
starting material was <4%. Water (1.2 L) was added to the cloudy orange reaction
mixture, followed by 3 M NaOH solution (1.44 L). The mixture was vigorously stirred
for 5 min, then transferred to a separatory funnel. The layers were separated and the
basic aqueous phase was washed with ethyl acetate (1.0 L). The aqueous phase was
acidified with conc. HCI (300 mL) and extracted with ethyl acetate (2 X 1.3 L). The two
acidic ethyl acetate extracts were combined, washed with brine (600 mL), dried (MgSQa,
130 g), filtered and concentrated under reduced pressure to provide 328 g of a yellow oil
(the oil crystallized on standing). The solid was slurried in ethyl acetate (180 mL) and
transferred to a 2 L, 3-neck round bottom flask, equipped with a mechanical stirrer. The
stirred mixture was cooled to <10 °C (ice bath), then diluted with hexanes (800 mL).
The resulting mixture was stirred at ice bath temperature for 4 h, then filtered. The
collected solid was washed with 4:1 hexanes: ethyl acetate (3 X 50 mL) and dried to
constant weight (-30 in. Hg, ambient temperature, 12 h). Recovery =207.5 g of a white
powder (74.5%).
Step C: Preparation of (S)-(-)-1-(3-Chlorophenyl)-1,3-Propanediol:

OH

The compound was prepared as described in Example 7, Step D.

The residue was dissolved in methanol (1 mL) and analyzed by chiral HPLC (see,
Example 7; Step B). ee > 98%.
Example 10: The Preparation of 1,3-Diols via Catalytic Asymmetric

Hydrogenation:
Step A:
Beta-ketoester starting material was synthesized as described in Example 7, step
A.
Step B:

A solution containing beta-ketoester (1 mmole) in either methanol or ethanol (5-

10 ml/mmole ketoester) was degassed through several pump/vent (N3) cycles at room
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temperature. The degassed solution was moved into a glove bag and under an
atmosphere of N was poured into a stainless steel bomb containing a stir bar and 1.0
mole % Ru-BINAP catalyst. The bomb was sealed, removed from the glove bag and
purged with Hj prior to stirring 18-24 h at room temperature and 150 psi Hy. After
venting the hydrogen pressure, the bomb was opened and the reaction mixture was
removed and concentrated. The crude beta-hydroxyester was used for hydrolysis.
Step C:

Crude beta-hydroxy ester was hydrolyzed as described in Example 7, step C.
Step D:

Optically active beta-hydroxy acid was reduced as described in Example 7, step
D.
Synthesis of racemic phosphorylating agents of Formula I
Example 11: General procedure for the synthesis of trans-4-(aryl)-2-(4-

nitrophenoxy)-2-oxo-1,3,2-dioxap hosphorinanes of Formula I:
v

/

o—-C!

O\\/s 4

P2 5

AN

L

Formula I
Example 11a: Synthesis of trans-4-(3-chlorophenyl)-2-(4-nitrophenoxy)-2-oxo-1,3,2-
dioxap hosphorinane:

A solution of 1-(3-chlorophenyl)-1,3-propane diol (25 g, 134 mmol) and
triethylamine (62.5 mL, 442 mmol) in THF was added to a solution of 4-nitrophenyl-
phosphorodichloridate (37.7 g, 147 mmol) in THF at room temperature and the resulting
solution was heated at reflux. After 2 hours, TLC indicated complete consumption of the
starting diol and formation of the cis and trans isomers in a 60/40 ratio (HPLC). The
clear yellow solution was cooled to 30 °C, sodium 4-nitrophenoxide (56 g, 402 mmol))
was added and the reaction mixture was heated at reflux. After 90 minutes the reddish
reaction mixture was cooled to room temperature and stirred at room temperature for 2
hours then placed in the refrigerator overnight. The final ratio was determined by HPLC
to be 96/4 trans/cis. The reaction mixture was quenched with a saturated solution of
ammonium chloride and diluted with ethyl acetate. The layers were separated and the

organics were washed 4 times with 0.3 N sodium hydroxide to remove the nitrophenol,
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then saturated sodium chloride and dried over sodium sulfate. The filtered solution was
concentrated under reduced pressure and the resulting solid was recrystallized from ethyl
acetate to give large off white needles (45 g, 91%, mp = 115-116 °C, purity 98 A%).

'H NMR (CDCls, Varian Gemini 200 MHz): C’-proton: cis-isomer 5.6-5.8 (m,
1H), trans-isomer 5.5-5.6 9 (m, 1H).

TLC conditions: Merck silica gel 60 F254 plates, 250 pm thickness; mobile
phase = 60/40 hexanes/ethyl acetate; tf: diol = 0.1, cis-phosphate = 0.2, trans-phosphate
=0.35.

HPLC conditions: Column = Waters p Bondapack C18 3.9 x 300 mm; mobile
phase = 40/60 acetonitrile/phosphate buffer pH 6.2; flow rate = 1.4 mL/min; detection =
UV @ 270 nm; retention times in min: cis-isomer = 14.46, trans-isomer = 16.66, 4-
nitrophenol = 4.14.

Example 11b:Synthesis of trans-4-(3-pyrid-3-yl)-2-(4-nitrop henoxy)-2-oxo-1,3,2-
dioxaphosp horinanes:

Same as Example 11a

'H NMR (CDCls, Varian Gemini 200 MHz): C’-proton: trans-isomer 5.6-5.8 (m,
1H)

Example 11c: Synthesis of trans-4-(3,-5-difluorop henyl)-2-(4-nitrop henoxy)-2-oxo-
1,3,2-dioxaphosp horinanes:

Same as Example 11a

TLC conditions: Merck silica gel 60 F254 plates, 250 pm thickness; mobile
phase = 50/50 hexanes/ethyl acetate; 1f: diol = 0.1, cis-phosphate = 0.25, trans-phosphate
=04.

"H NMR (CDCl3, Varian Gemini 200 MHz): C’-proton: trans-isomer 5.7-5.5 (m, 1H)
Example 11d: Synthesis of trans-4-(4-methylp henyl)-2-(4-nitrop henoxy)-2-oxo-
1,3,2-dioxaphosp horinane:

Same as Example 11a starting with 1-(4-methylphenyl)-1,3-propane diol
TLC: 50/50 hexanes/ethyl acetate; Rf : cis-phosphate = 0.25; trans-phosphate = 0.35.
'H NMR (CDCls, Varian Gemini 200 MHz): C’-proton: trans-isomer 5.65-5.5 (m, 1H)
Example 11e: Synthesis of trans-4-(3,5-dimethylp henyl)-2-(4-nitrop henoxy)-2-oxo-

1,3,2-dioxaphosphorinane:

Same as Example 11a starting with 1-(3,5-dimethylphenyl)-1,3-propane diol
TLC: 50/50 hexanes/ethyl acetate; Rf : cis-phosphate = 0.2; frans-phosphate = 0.3.

'H NMR (CDCls, Varian Gemini 200 MHz): C’-proton: frans-isomer 5.6-5.45 (m, 1H)
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Example 11f: Synthesis of trans-4-(3,5-dichlorop henyl)-2-(4-nitrop henoxy)-2-oxo-
1,3,2-dioxaphosp horinane:

Same as Example 11a starting with 1-(3,5-dichlorophenyl)-1,3-propane diol
TLC: 70/30 hexanes/ethyl acetate; Rf : cis-phosphate = 0.3; trans-phosphate = 0.5.
"HNMR (CDCls, Varian Gemini 200 MHz): C-proton: trans-isomer 5.85-5.7 (m, 1H)
Example 11g: Synthesis of trans-4-(pyrid-4-yl)-2-(4-nitrop henoxy)-2-0xo0-1,3,2-

dioxaphosp horinane:

Same as Example 11a starting with 1-(pyrid-4-yl)-1,3-propane diol
TLC: 95/5 dichloromethane/ethanol; Rf : trans-phosphate = 0.35.

'H NMR (CDCls, Varian Gemini 200 MHz): C’-proton: rans-isomer 5.7-5.55 (m, 1H)
Example 11h: Synthesis of trans-4-(3-methoxycarbonylp henyl)-2-(4-nitrop henoxy)-
2-0x0-1,3,2-dioxap hosp horinane:

Same as Example 11a starting with 1-(3-methoxycarbonylphenyl)-1,3-propane
diol
TLC: 30/70 hexanes/ethyl acetate; Rf : cis-phosphate = 0.5; trans-phosphate = 0.6.

"H NMR (CDCls, Varian Gemini 200 MHz): C’-proton: #rans-isomer 5.7-5.6 (m, 1H)
Example 11i: Synthesis of trans-4-(4-methoxycarbonylp henyl)-2-(4-nitrop henoxy)-
2-0x0-1,3,2-dioxap hosp horinane:

Same as Example 11a starting with 1-(4-methoxycarbonylphenyl)-1,3-propane
diol
TLC: 30/70 hexanes/ethyl acetate; Rf : cis-phosphate = 0.35; trans-phosphate = 0.5.
'H NMR (CDCl;, Varian Gemini 200 MHz): C’-proton: trans-isomer 5.7-5.6 (m, 1H)
Example 11j: Synthesis of trans-4-(5-bromopyrid-3-yl)-2-(4-nitrop henoxy)-2-oxo-

1,3,2-dioxap hosp horinane:

Same as Example 11a starting with 1-(5-bromopyrid-3-y1)-1,3-propane diol
'H NMR (CDCl,, Varian Gemini 200 MHz): C’-proton: trans-isomer 5.8-5.65 (m, 1H)
Example 11k: Synthesis of trans-4-(2,3-dichlorop henyl)-2-(4-nitrop henoxy)-2-o0xo-

' 1,3,2-dioxaphosp horinane:

Same as Example 11a starting with 1-(2,3-dichlorophenyl)-1,3-propane diol except
that the isomerization was conducted with 4-nitrophenol and lithium hydride as in Example
13a. “

"H NMR (CDCl, Varian Gemini 200 MHz): C’-proton: frans-isomer 6-5.9 (m, 1H)
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Example 111: Synthesis of trans-4~(2,3,5-trichlorop henyl)-2-(4-nitrop henoxy)-2-oxo-
1,3,2-dioxaphosp horinane:

Same as Example 11a starting with 1-(2,3,5-trichlorophenyl)-1,3-propane diol
except that the isomerization was conducted with 4-nitrophenol and triethylamine as in
example 13b.

'H NMR (CDCls, Varian Gemini 200 MHz): C’-proton: trans-isomer 5.9-5.7 (m, 1H)
Example 11m: Synthesis of trans-4-(2-chlorop henyl)-2-(4-nitrop henoxy)-2-oxo-
1,3,2-dioxaphosphorinane:

Same as Example 11a starting with 1-(2-chlorophenyl)-1,3-propane diol except
that the isomerization was conducted with 4-nitrophenol and lithium hydride as in
example 13a.

'H NMR (CDCls, Varian Gemini 200 MHz): C’-proton: trans-isomer 6-5.9 (m, 1H)
Example 11n: Synthesis of trans-4-(3,5-dimethoxyp henyl)-2-(4-nitrop henoxy)-2-
oxo-1,3,2-dioxaphosphorinane:

Same as Example 11a starting with 1-(3,5-dimethoxyphenyl)-1,3-propane diol
except that the isomerization was conducted with 4-nitrophenol and triethylamine as in
example 13b.

'H NMR (CDCls, Varian Gemini 200 MHz): C’-proton: trans-isomer 5.55-5.45 (m, 1H),

3.3 (s, 6H)

Example 110: Synthesis of trans-4-(2-bromop henyl)-2-(4-nitrop henoxy)-2-oxo-1,3,2-
dioxaphosp horinane:

Same as Example 11a starting with 1-(2-bromophenyl)-1,3-propane diol except
that the isomerization was conducted with 4-nitrophenol and triethylamine as in Example
13a.

"H NMR (CDCls, Varian Gemini 200 MHz): C’-proton: #rans-isomer 5.95-5.85 (m, 1H)
Example 11p: Synthesis of trans-4-(3-bromo-5-ethoxyphenyl)-2-(4-nitrop henoxy)-2-
oxo-1,3,2-dioxaphosphorinane:

Same as Example 11a starting with 1-(3-bromo-5-ethoxyphenyl)-1,3-propane
diol except that the isomerization was conducted with 4-nitrophenol and triethylamine as
in Example 13b.

'H NMR ‘(CDC13, Varian Gemini 200 MHz): C’-proton: trans-isomer 5.9-5.75 (m, 1H),
4.04 (q, 2H), 1.39 (t, 3H).
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Example 11q: Synthesis of trans-4-(2-trifluorom ethylp henyl)-2-(4-nitrop henoxy)-2-
oxo-1,3,2-dioxaphosphorinane:

Same as Example 11a starting with 1-(2-trifluoromethylphenyl)-1,3-propane diol
except that the isomerization was conducted with 4-nitrophenol and triethylamine as in
Example 13b.

'H NMR (CDCls, Varian Gemini 200 MHz): C’-proton: #rans-isomer 6-5.75 (m, 1H).
Example 11r: Synthesis of trans-4-(4-chlorop henyl)-2-(4-nitrop henoxy)-2-0xo-1,3,2-
dioxaphosphorinane:

Same as Example 11a starting with 1-(4-chlorophenyl)-1,3-propane diol except
that the trans-isomer was isolated from the cis/trans mixture without isomerization.
TLC: hexanes/ethyl acetate 1/1; Rf : cis-phosphate = 0.2; trans-phosphate = 0.6.

'H NMR (CDCl, Varian Gemini 200 MHz): C’-proton: #rans-isomer 5.6-5.5 (m, 1H).
Example 11s: Synthesis of tians—4—(3—methylphenyl)-Z-(zt-nitrophenoxy)—Z—oxo-I,3,2-
dioxaphosphorinane:

Same as Example 11a starting with 1-(3-methylphenyl)-1,3-propane diol except
that the trans-isomer was isolated from the cis/frans mixture without isomerization.
TLC: hexanes/ethyl acetate 6/4; Rf : cis-phosphate = 0.2; trans-phosphate = 0.5.

'H NMR (CDCl3, Varian Gemini 200 MHz): C’-proton: trans-isomer 5.65-5.5 (m, 1H).
Example 11t: Synthesis of trans-4-(4-fluorop henyl)-2-(4-nitrop henoxy)-2-0xo-1,3,2-
dioxaphosphorinanes:

Same as Example 11a starting with 1-(4-fluorophenyl)-1,3-propane diol except
that the trans-isomer was isolated from the cis/trans mixture without isomerization.

'H NMR (DMSO-ds, Varian Gemini 200 MHz): C’-proton: trans-isomer 5.78-5.85 (m,

1H).

Example 11u: Synthesis of trans-4-(2-fluorop henyl)-2-(4-nitrop henoxy)-2-0xo-1,3,2-
dioxaphosp horinane: ,

Same as Example 11a starting with 1-(2-fluorophenyl)-1,3-propane diol except
that the trans-isomer was isolated from the cis/trans mixture without isomerization.

'H NMR (DMSO-ds, Varian Gemini 200 MHz): C’-proton. trans-isomer 5.9-6.1 (m,

1H).

Example 11u: Synthesis of trans-4-(3-fluorop henyl)-2-(4-nitrop henoxy)-2-0xo-1,3,2-
dioxaphosp horinane:

Same as Example 11a starting with 1-(3-fluorophenyl)-1,3-propane diol except

that the trans-isomer was isolated from the cis/trans mixture without isomerization.
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'H NMR (DMSO-ds, Varian Gemini 200 MHz): C*-proton: trans-isomer 5.8-5.9 (m,

1H).

Example 11v: Synthesis of trans-4-[4-(4-chlorop henoxy)p henyl]-2-(4-nitrophenoxy)-
2-0x0-1,3,2-dioxaphosp horinane:

Same as Example 11a starting with 1-[4-(4-chlorophenoxy)phenyl]-1,3-propane
diol except that the trans-isomer was isolated from the cis/trans mixture without
isomerization.

'H NMR (DMSO-dj, Varian Gemini 200 MHz): C-proton: trans-isomer 5.75-5.9 (m,

1H).

Example 11w: Synthesis of trans-4-(3-brom ophenyl)-2-(4-nitrop henoxy)-2-oxo-
1,3,2-dioxap hosp horinane:

Same as Example 11a starting with 1-(3-bromophenyl)-1,3-propane diol except
that the frans-isomer was isolated from the cis/trans mixture without isomerization.
TLC: hexanes/ethyl acetate 1/1; Rf : cis-phosphate = 0.25; trans-phosphate = 0.5.

'H NMR (DMSOQ-ds, Varian Gemini 200 MHz): C’-proton: trans-isomer 5.8-5.95 (m,

1H).

Example 11x: Synthesis of trans-4-(3,4-ethylenedioxyp henyl)-2-(4-nitrophenoxy)-2-
oxo-1,3,2-dioxaphosphorinane:

Same as Example 11a starting with 1-(3 ,A-ethylenedioxyphenyl)-1,3-propane diol
except that the frans-isomer was isolated from the cis/trans mixture without
isomerization.

TLC: hexanes/ethyl acetate 1/1; Rf : trans-phosphate = 0.6.

'H NMR (DMSO-ds, Varian Gemini 200 MHz): C’-proton: trans-isomer 5.8-5.9 (m,

1H).

Example 11y: Synthesis of trans-4-(2-fluoro-4-chlorop henyl)-2-(4-nitrop henoxy)-2-
oxo0-1,3,2-dioxaphosphorinane:

Same as Example 11a starting with 1-(2-fluoro-4-chlorophenyl)-1,3-propane diol
except that the trans-isomer was isolated from the cis/trans mixture without
isomerization.

TLC: hexanes/ethyl acetate 1/1; Rf : trans-phosphate = 0.7.
'H NMR (DMSO-ds, Varian Gemini 200 MHz): C-proton: frans-isomer 5.9-6 (m, 1H).
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Example 11z: Synthesis of trans-4-(2, 6-dichlorophenyl)-2-(4-nitrop henoxy)-2-0xo-
1,3,2-dioxap hosp horinane:

Same as Example 11a starting with 1-(2,6-dichlorophenyl)-1,3-propane diol
except that the trans-isomer was isolated from the cis/trans mixture without
isomerization.

TLC: hexanes/ethyl acetate 1/1; Rf : trans-phosphate = 0.65.

'H NMR (DMSO-ds, Varian Gemini 200 MHz): C*-proton: trans-isomer 6.2-6.4 (m,

1H).

Example 11aa: Synthesis of trans-4-(2-fluoro-5-m ethoxyp henyl)-2-(4-
nitrophenoxy)-2-oxo-1,3,2-dioxaphosphorinane:

Same as Example 11a starting witig 1-(2-fluoro-5-methoxyphenyl)-1,3-propane
diol except that the trans-isomer was isolated from the cis/frans mixture without
isomerization.

'H NMR (CDCls, Varian Gemini 200 MHz): C’-proton: #rans-isomer 5.8-5.95 (m, 1H),

3.8 (s, 3H).

Example 11bb: Synthesis of trans-4-(3-fluoro-4-chlorop henyl)-2-(4-nitrop henoxy)-
2-0x0-1,3,2-dioxaphosphorinane:

Same as Example 11a starting with 1-(3-fluoro-4-chlorophenyl)-1,3-propane diol
except that the isomerization was conducted with 4-nitrophenol and triethylamine as in
Example 13b.

'H NMR (CDCls, Varian Gemini 200 MHz): C’-proton: #rans-isomer 5.4-5.6 (m, 1H).
Example 11cc: Synthesis of trans-4-(3-chloro-4-fluorop henyl)-2-(4-nitrop henoxy)-2-
oxo-1,3,2-dioxap hosphorinane:

Same as Example 11a starting with 1-(3-chloro-4-fluorophenyl)-1,3-propane diol
except that the isomerization was conducted with 4-nitrophenol and triethylamine as in
Example 13b.

'H NMR (CDCl;, Varian Gemini 200 MHz): C’-proton: trans-isomer 5.5-5.6 (m, 1H).
Example 11dd: Synthesis of trans-4-(2-fluoro-5-bromop henyl)-2-(4-nitrophenoxy)-
2-0x0-1,3,2-dioxaphosphorinane:

Same as Example 11a starting with 1-(2-fluoro-5-bromophenyl)-1,3-propane diol
except that the isomerization was conducted with 4-nitrophenol and triethylamine as in
Example 13b.

'H NMR (CDCl;, Varian Gemini 200 MHz): C’-proton: trans-isomer 5.8-3.9 (m, 1H).
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Example 11ee: Synthesis of trans-4-(2,3,5,6-tetrafluorop henyl)-2-(4-nitrop henoxy)-
2-0x0-1,3,2-dioxap hosp horinane:

Same as Example 11a starting with 1-(2,3,5,6-tetrafluorophenyl)-1,3-propane diol
except that the isomerization was conducted with 4-nitrophenol and triethylamine as in
Example 13b.

"H NMR (CDCl3, Varian Gemini 200 MHz): C’-proton: #rans-isomer 5.9-6 (m, 1H).
Example 11ff: Synthesis of trans-4-(2,3,6-trifluorophenyl)-2-(4-nitrophenoxy)-2-
0xo0-1,3,2-dioxaphosphorinane:

Same as Example 11a starting with 1-(2,3,6-trifluorophenyl)-1,3-propane diol
except that the isomerization was conducted with 4-nitrophenol and triethylamine as in
Example 13b.

'H NMR (CDCl3, Varian Gemini 200 MHz): C’-proton: trans-isomer 5.9-6 (m, 1H).
Example 12: General procedure for the synthesis of trans-4-(aryl)-2-(4-
nitrop henoxy)-2-o0xo-1,3,2-dioxap hosphorinanes using phosphorus
oxychloride.

Phosphorus oxychloride (3.4 mL, 36.3 mmol) was added to a solution of 1-(3-
chlorophenyl)-1,3-propane diol in dichloromethane at 0 °C followed by triethylamine
(10.2 mL, 73 mmol). After 2 hours, sodium 4-nitrophenoxide (10.63 g, 66 mmol) was
added to the solution of cis/trans phosphorochloridate reagent and the orange reaction
mixture was heated at reflux for 1 hour. The cooled solution was partitioned with ethyl
acetate and a saturated solution of ammonium chloride. The organics were separated and
dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue
waé taken up in THF, sodium 4-nitrophenoxide (10.63 g, 66 mmol) was added and the
orange reaction mixture was heated to reflux for 3 hours (HPLC, 95/5 trans/cis). The
cooled solution was partitioned with ethyl acetate and a saturated solution of ammonium
chloride. The organics were separated and washed with 0.3 N solution of sodium
hydroxide and brine, dried over sodium sulfate and concentrated under reduced pressure.
Recrystallization from ethyl acetate as in Example 10 gave the phosphate reagent.
Example 13: Procedures for the enrichment in trans-isomer of a cis/trans mixture

of 4-(aryl)-2-(4-nitrop henoxy)-2-oxo-1,3,2-dioxaphosp horinane:

A cis/trans mixture of 4-(3-chlorophenyl)-2-(4-nitrophenoxy)-2-oxo-1,3,2-
dioxaphosphorinanes was prepared as in Example 11, except that the cis and trans
isomers were separated by column chromatography prior to the addition of 4-

nitrophenol.
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Cis-4-(3-chlorophenyl)-2-(4-nitrophenoxy)-2-0xo-1,3,2-dioxaphosphorinane was
isomerized to the trans isomer by adding a solution of the cis-isomer to a solution of 4-
nitrophenoxide prepared with the following bases.

Example 13a:

Lithium hydride (19.4 mg, 2.44 mmol) was added to a solution of 4-nitrophenol
in THF at room temperature. The yellow solution was stirred at room temperature for 30
minutes. A solution of cis-4-(3-chlorophenyl)-2-(4-nitrophenoxy)-2-oxo-1,3,2-
dioxaphosphorinane (300 mg, 0.813 mmol) in THF was added to the solution of lithium
4-nitrophenoxide. The orange reaction mixture was stirred a room temperature. After 5
hours the ratio was 92.9/ 5.4 trans/cis (HPLC &etermination).

Example 13b:

Same as above using triethylamine instead of lithium hydride. After 20 hours the
trans/cis ratio was 90.8/5.3.
Example 13c:

Same as above using DBU instead of lithium hydride. After 3 hours the trans/cis
ratio was 90.8/5.3.

Example 14: General procedure for the synthesis of trans-4-(aryl)-2-chloro-2-oxo-
1,3,2-dioxap hosphorinane:

Example 14a: Synthesis of trans-4-(3-chlorophenyl)-2-chloro-2-0x0-1,3,2-
dioxaphosphorinane:

Phosphorus oxychloride (16.76 g, 109.3 mmol) was added slowly to a solution of
1-(3-chlorophenyl)-1,3-dihydroxypropane (17 g, 91.1 mmol) in dichloromethane (250
mL) under nitrogen at 0 °C. After stirring at 0 °C for 10 minutes, a solution of
triethylamine in dichloromethane (50 mL) was added over 5 minutes. Upon completion
of the addition, the reaction mixture was heated at reflux for 2 hours. The brownish
reaction mixture was cooled to room temperature and concentrated under reduced
pressure. The residue was diluted with ethyl acetate and washed with saturated sodium
bicarbonate (4 x 100 mL), water, saturated sodium chloride and dried over magnesium
sulfate. The filtered solution was concentrated under reduced pressure to give a tan
solid. Recrystallization with ether gave a first crop of 13.62 g (56%) of desired product
as a white powder. The mother liquor was subjected to a second recrystallization, which
yielded a second crop of 1.53 g, bringing the total yield to 15.15 g (62%, mp = 71-73
°C).

'H NMR (CDCl;, Varian Gemini 200 MHz): C’-proton: cis-isomer 5.6-5.8 (m, 1H);
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TLC conditions: mobile phase = 1:1, ethyl acetate:hexanes. Rf: product = 0.53; diol =

0.36. Visualized with phosphomolybdic acid/ethanol stain.

Example 14b: Synthesis of trans-4-(S)~(-)-(4-pyridyl)-2-chloro-2-0x0-1,3,2-
dioxaphosp horinane

7N

N
]

o 0-C
W,

An oven-dried 250 mL round bottom flask equipped with a magnetic stir-bar was
charged with 3.49 g of the S-(-)1-(4-Pyridyl)-1,3-propanediol followed by 60 mL of
acetonitrile. The heterogeneous mixture was allowed to stir at room temperature for 15
minutes and then slowly treated with 5.7 mL of 4 M HCl in dioxane solution over 5
minutes. After stirring for 1 hour at room temp the reaction mixture was treated with
2.16 mL of POCI; in one portion via a syringe. In a separate 25 mL flask 2.68 g of
DABCO was dissolved in 15 mL of acetonitrile under nitrogen and transferred via a
syringe or an addition funnel to the reaction mixture over 5 minutes. A slight exotherm
was observed at the end of the addition of the DABCO solution (+ 10 °C). The reaction
mixture was allowed to stir for 1 hour at ambient temperature during which it remained
heterogeneous. A small sample of the reaction mixture was pulled out and quickly
evaporated with a jet of dry N, and the residue was dissolved in DMSO-d; to run a 'H-
NMR spectrum.

'H NMR (DMSO-ds, Varian Gemini 200 MHz): C’-proton: trans-isomer 5.85-5.75 (d,
1H).

Synthesis of enantioenriched phosphorylating agents of Formula I

Example 15: General procedure for the synthesis of chiral trans-4-(aryl)-2-(4-

nitrophenoxy)-2-oxo-1,3,2-dioxap hosp horinanes:
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Example 15a: Synthesis of (+)-(4R)-trans-4-(3-chlorophenyl)-2-(4-nitrop henoxy)-2-
0xo0-1,3,2-dioxaphosphorinane

A solution of (+)-(R)-1-(3-chlorophenyl)-1,3-propane diol (3 g, 16.1 mmol) and
triethylamine (6.03 ml, 59.6 mmol) in THF (80 mL) was added dropwise to a solution of
4-nitrophenoxyphosphorodichloridate (7.63 g, 29.8 mmol) in 150mL of THF at 0 °C.
After about 2 h, the starting diol was consumed, with the formation of two isomeric 4-
nitophenylphosphates, and additional triethylamine (8.31mL) followed by of 4-
nitrophenol (8.29 g, 59.6 mmol) were added. The reaction mixture was stirred overnight.
The solvent was evaporated under reduced pressure and the residue was partitioned
between ethyl acetate and water. The organic phase was washed (0.4 M NaOH, water
and sat’d NaCl solution) and dried over MgSO,. Concentration and chromatography of
the residue using 30% ethyl acetate in hexanes yielded 4.213 g (71%) of the desired
product.

HNMR (200MHz, CDCl;): 8.26 (2H, d, J= 9.7 Hz), 7.2-7.5 (6H, m), 5.56 (1H,
apparent d, J = 11.7 Hz), 4.4-4.7 (2H, m), 2.2-2.6 (1H, m), 2.0-2.2 (1H, m).

m.p.: 114-115°C. [a]p= +91.71. Elemental Analysis: Calculated for
C1sH13NOsCIP: C: 48.73, H: 3.54, N: 3.79. Found: C: 48.44, H: 3.20, N: 3.65
Example 15b:Synthesis of (-)-(4S)-trans-4-(3-chlorop henyl)-2-(4-nitrop henoxy)-2-

ar

N

o. O-C

W
R _)
4\

In a similar manner, from 3.116 g of (-)-(S)-1-(3-chlorophenyl)-1,3-propane diol
was obtained 4.492 g ( 72%) of the desired phosphate. A
HNMR (200MHz, CDCl;): 8.26 (2H, d, J = 9.7 Hz), 7.2-7.5 (6H, m), 5.56 (1H, apparent
d,J=11.7 Hz), 4.4-4.7 (2H, m), 2.2-2.6 (1H, m), 2.0-2.2 (1H, m).
m.p.: 114115 °C. [a]p=-91.71. Elemental Analysis: Calculated for C;sH;3NO¢CIP: C:
48.73, H: 3.54, N: 3.79. Found: C: 48.61, H: 3.36, N: 3.66.

oxo-1,3,2-dioxaphosp horinane
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Example 15c: Synthesis of (-)-(4S)-trans-p henyl-2-(4-nitrop henoxy)-2-o0xo-1,3,2-
dioxaphosphorinane
Same as Example 11a starting with S-(-)-1-phenyl-1,3-propane diol except that
the isomerization was conducted with 4-nitrophenol and triethylamine as in Example
13b.
TLC: hexanes/ethyl acetate 4/1); Rf= 0.4 “
"H NMR (DMSO-ds, Varian Gemini 300 MHz): C’-proton: trans-isomer 5.85-
5.75 (m, 1H).
Example 16: General procedures for maintaining enantiomeric excess during
synthesis of enantioenriched phosphorylating reagent:
Example 16a: Synthesis of (-)-(4S)-trans-(Pyrid-4-yl)-2-(4-nitrop henoxy)-2-oxo-
1,3,2-dioxap hosphorinane

7N

~

o} o-C'

(NI

R )
\
om—@—o’ 0

A 12 L round bottom flask equipped with an overhead stirrer and nitrogen inlet
was charged with (S)-(-)-1-(pyrid-4-yl)-1,3-propanediol (1.2 kg, 7.83 mol) and pyridine
(6 L) The mixture was vigorously stirred at room temperature for 0.5 h until all the solids
had dissolved. Meanwhile, a 22 L, 3-neck flask was equipped with an overhead stirrer,
thermocouple, cooling bath, and nitrogen inlet. This vessel was charged with 4-
nitrophenyl phosphorodichloridate (2.01 kg, 7.83 mol) and pyridine (6 L). The resulting
mixture was cooled to 3.3 °C. After the diol was completely dissolved (0.5 h),
triethylamine (190 mL, 1.36 mol) was added and the slightly cloudy, yellow-brown
solution was transferred in portions to a2 L addition funnel on the 22 L flask. The
solution was added to the cold phosphorodichloridate solution over 3.25 h. After the
addition was complete; the cooling bath was drained and stirring was continued for 3 h.
During this time, a 50 L, 3-neck flask was equipped with an overhead stirrer,
thermocouple, addition funnel, cooling bath (ice water) and nitrogen inlet. This flask
was then charged with sodium hydride (180 g, 4.5 mol) and THF (1 L) and the addition
funnel was charged with a solution of 4-nitrophenol (817 g, 5.87 mol) in THF (1 L). The
nitrophenol solution was slowly added to the cold suspension of sodium hydride. After

the addition was complete, the resulting bright orange suspension was stirred at room
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temperature for 1 h. After the diol-dichloridate reaction was judged complete the dark
suspension was subjected to vacuum filtration. The glassware and filter cake
(triethylamine-HC1) were rinsed with THF (1 L) and the combined filtrate and rinse were
poured into the orange, sodium 4-nitrophenoxide suspension. The resulting mixture was
then heated at 40 °C for 3.5 h at which time the heating mantle was turned off and the
reaction was stirred an additional 11 h at room temperature. The crude reaction mixture
was concentrated on a rotary evaporator at 45-50 °C at reduced pressure (oil pump). The
resulting thick, black, foamy tar was dissolved in 1.5 M aq HCI (12 L) and ethyl acetate
(8 L). The mixture was transferred to a 12.5-gallon separatory funnel, stirred 10 min,
and the phases separated. The ethyl acetate layer was washed with an additional 1.3 L of
1.5 M aq HCL. To the combined aqueous layers was added dichloromethane (8 L) and
the vigorously stirred mixture was carefully neutralized with solid sodium bicarbonate.
The layers were separated and the aqueous layer was extracted with dichloromethane (8
L). The combined organic layers were dried over magnesium sulfate (600 g) and
filtered. The solution was concentrated on a rotary evaporator until most of the solvent
was removed and a thick suspension resulted. 2-Propanol (5 L) was added and
evaporation continued until 4 L of distillate were collected. 2-Propanol (3 L) was added
and evaporation continued until 3 L of distillate were collected. The thick slurry was
diluted with 2-propanol (2 L) and the mixture stirred with cooling (ice bath) for 1 h. The
solid was collected by filtration, washed with 2-propanol (2 L), and dried in a vacuum
oven (-30 in. Hg, 55 °C, 18 h) to a constant weight of 1.86 kg (70% yield).
mp 140-142 °C

Specific Rotation = -80.350 (c = 1.0, MeOH); ee = 99+% trans

HPLC conditions:

Column: Chiralpak AD, 0.46 x 25 cm; mobile phase = 50:50, 2-propanol:hexane,

* isocratic; flow rate= 1.0 mL/min; injection volume= 10 nL. UV detection at 254 nm.

The cis/trans equilibration was monitored by HPLC. Stopped at 92% trans, 6.6%
cis, r.t. = trans isomer 6.9 min. and cis isomer 10.9 min

'THNMR (DMSO-dg): 8§ =2.23-2.29 (m, 2H), 4.56-4.71 (m, 2H), 5.88-5.95 (m,
1H), 7.44 (d, 2Hh, J=5.8Hz), 7.59 (d, 2H, J=9.2Hz), 8.34 (d, 2H, J/=9.4Hz), 8.63 (d, 2H
J=5.8Hz)
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Example 16b:Synthesis of (-)-(4S)-(-)-(Pyrid-4-yl)-2-(4-nitrop henoxy)-2-0x0-1,3,2-
dioxaphosphorinane

A 1 liter 3-neck round bottom flask was equipped with a mechanical stirrer,
addition funnel, a thermometer and a N; inlet. The flask is charged with S-(-)-1-(pyrid-
4-yl)-propane-1,3-diol (25 g, 163.4 mmol) and ethyl acetate (250 mL) and the resulting
suspension was treated slowly with a 4N HCI solution in dioxane (43 mL, 176 mmol)
over a period of 15 min. After stirring for 30 min at room temperature, 4-
nitrophenylphosphorodichloridate (41.81 g, 163.4 mmol) was added as a solid as ciuickly
as possible under a positive flow of N,. The internal temperature of the reaction mixture
was adjusted to —10 °C with the help of a dry ice-acetone cooling bath. A solution of
triethylamine (79 mL, 572 mmol) in ethyl acetate (100 mL) was added maintaining the
reaction temperature at <-5 °C. Thirty minutes after the complete addition of the
triethylamine solution, the cooling bath was removed and the reaction mixture was
stirred at room temperature for 1 h. The reaction mixture was filtered to remove
triethylamine-hydrochloride salt, which is washed with ethyl acetate (3 x 30 mL) until
the filtrate shows only faint absorption. The filtrate was evaporated down to a volume of
150-175 mL under reduced pressure. 4-nitrophenol (7.5 g, 54.3 mmol) and triethylamine
(9 mL) were added to the concentrated solution and the resulting orange reaction mixture
was stirred at room temperature for 24 h. The solid formed in the reaction mixture was
collected by filtration, washed with ethyl acetate (2 x 25 mL) and methyl t-butyl ether
(25 mL) and dried under vacuum at 55 °C to give 31.96 g (58.4%) of the desired product.

Same analytical data as Example 15a.

" Synthesis of nucleoside prodrugs of Formula II

Examplel8: General procedure for the protection of nucleosides:
Example 18a: Synthesis of 2’-deoxy-2’-difluoro-3’-0-TBS-4-N-(N,N-
dimethylformamidine)-cytidine:

Step A: Persilylation: synthesis of 3°,5’-di-O-TBS-2’-deoxy-2’-difluoro-cytidine
t-Butyldimethylsilyl chloride (21.4 g, 142 mmol) was added to a solution of 2’-

deoxy-2’-difluoro-cytidine (6.08 g, 20.3 mmol) and imidazole (13.8 g, 203 mmol) in

DMEF (300 mL) at room temperature. After stirring at room temperature overnight the

volatiles were removed under reduced pressure. The residue was partitioned between

ethyl acetate and a saturated solution of ammonium chloride. The layers were separated

and the organics were washed with brine, dried over sodium sulfate and concentrated
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under reduced pressure. The residue was purified by column chromatography (silica gel,
dichloromethane/methanol) to give 8.3 g (70%) of the title compound.

TLC: dichloromethane/methanol 9/1; Rf = 0.35

'H NMR (Gemini 300MHz, CD;0D): 0.93 (s, 9H), 0.89 (s, 9H)
Step B: Selective 5’-desilylation: synthesis of 3’-0-TBS-2’-deoxy-2’-difluoro-cytidine

To a solution of 3°,5°-di-O-TBS-2’-deoxy-2’-difluoro-cytidine (8.3 g) in THF (15
mL) was added a 1:1 solution of triffuoroacetic acid in water (15 mL) and the resulting
solution was placed in the refrigerator at —10 °C. After 18 hours, the cold solution was
neutralized with solid sodium bicarbonate (pH 8) and the aqueous layer was extracted
with ethyl acetate (3 X 100 mL). The combined organic extracts were dried and
concentrated under reduced pressure. The residue was purified by column
chromatography (silica gel, dichloromethane/methanol) to give 5.3 g (83%) of the title
compound.

TLC: dichloromethane/methanol 9/1; Rf = 0.3

'H NMR (Gemini 200 MHz, CD;0D): 0.9 (s, 9H), 0.12 (s, 3H), 0.11 (s, 3H).
Step C: Nitrogen protection: synthesis of 2’-deoxy-2’-difluoro-3’-O-TBS-4-N-(N,N-
dimethylformamidine)-cytidine

DMF-dimethyl acetal was added to a solution of 3’-O-TBS-2’-deoxy-2’-difluoro-
cytidine in pyridine at room temperature. After stirring at room temperature overnight,
the volatiles were removed under reduced pressure and the residue was purified by
column chromatography (silica gel, acetone/hexanes then acetone/methanol) to give 6 g
(99%) of the title compound.

TLC: acetone; Rf=0.35
'H NMR (Gemini 200 MHz, CD;0D): 3.21 (s, 3H), 3.12 (s, 3H), 0.9 (s, 9H), 0.13 (s,
3H), 0.11 (s, 3H).
Example 18b:Synthesis of 2°,3’-di-O-TBS-uracil-f-D-arabinofuranoside
Step A:

Same as Example 18a, Step A

TLC: hexanes/ethyl acetate 5/5); Rf = 0.75

'H NMR (Gemini 200 MHz, CD;0D): 0.9 (s, 9H), 0.87 (s, 9H), 0.82 (s, 9H),
0.13 (s, 3H), 0.12 (s, 3H), 0.08 (s, 3H), 0.07 (s, 6H).
Step B:

Same as Example 18a, o

TLC: hexanes/ethyl acetate 2/8); Rf = 0.5
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'HNMR (Gemini 200 MHz, CD;0D): 0.89 (s, 9H), 0.81 (s, 9H), 0.12 (s, 3H),
011 (s, 3H), 0.06 (s, 3H), -0.09 (s, 3H).
Example 18c: Synthesis of 2°,3’-di-O-TBS-adenine-f-D-arabinofuranoside
Step A:

Same as Example 18a, Step A

TLC: dichloromethane/ethyl acetate 2/8); Rf = 0.5

'H NMR (Gemini 300 MHz, DMSO-dg): 1.34 (s, 9H), 1.31 (s, 9H), 1.06 (s, 9H),
0.58 (s, 6H), 0.48 (s, 3H), 0.46 (s, 3H), 0.35 (s, 3H), 0.00 (s, 3H).
Step B:

Same as Example 18a,

TLC: dichloromethane/methanol 9/1); Rf = 0.5

"H NMR (Gemini 300 MHz, DMSO-dg): 1.33 (s, 9H), 1.02 (s, 9H), 0.57 (s, 3H),
0.56 (s, 3H), 0.34 (s, 3H), 0.00 (s, 3H). -
Example 18d:Synthesis of 2°,3’-di-0-TBS-4-N-(N,N-dimethylformamidine)-

cytidine-fi-D-arabinofuranoside:

Step A: Synthesis of 5°-O-benzoylcytarabine

HO  OH

A 22 1, 4-neck flask was equipped with an overhead stirrer, thermocouple,
nitrogen inlet, and empty cooling bath. The flask was charged with cytarabine (2.0 kg,
8.22 mol) and DMPU (4 L), giving a thick but stirrable solution. A 4 N solution of HCI
in dioxane (2.5 L, 9.87 mol) was added in one portion. The mixture was stirred for 1.75
hours. Benzoyl chloride (2.3 kg, 16.45 mol) was added and the mixture was stirred at
ambient temperature for 12 h. The thick suspension was poured onto a mixture of water
(7 L) and ice (3 kg) in a 12.5 gallon extractor and the mixture was stirred for 30 minutes.
The aqueous layer was extracted with dichloromethane (2 x 4 L). The combined organic
layers were extracted with 10% (vol/vol) aqueous HCI (2 x 2 L). The combined aqueous
layers were charged to a 50 L flask, equipped with an ice/water bath and overhead stirrer.
The solution was diluted with water (5 L) and the pH was adjusted to 10 by adding 30%
(wt/wt) aqueous NaOH (4 kg). The resulting thick suspension was stirred cold for 1.25
h. The solid was collected by filtration in two 24 cm Buchner funnels. The cake in each
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funnel was washed with water (2 L). The solid was dried in a vacuum oven at 70 °C for
48 h, giving 2.38 kg (84% yield) of 5’-O-benzoylcytarabine.

HPLC conditions:

Column: Zorbax Eclipse XDB-C8; Solvent A = 5% acetonitrile in 20 mM
sodium phosphate buffer; solvent B = 80% acetonitrile in water; gradient; flow rate = 1.0
mL/min; injection volume = 10 pL UV detection at 270 nm.

r.t.=4.3 min.

Water content by KF = 4.95%

Step B: Synthesis of 5°-O-benzoyl-2’,3’-di-O-TBS-cytarabine
NH,
| ~N

"o

Bzow
Bs0  ‘OTBS

A 22 L, 4-neck flask was equipped with an overhead stirrer, thermocouple,
condenser, and nitrogen inlet. The flask was charged with pyridine (1.5 L, 19.0 mol),
DMF (3.3 L), and 5°-O-benzoylcytarabine in that order. The mixture was stirred for 5
minutes. tert-Butyldimethylsilyl chloride (2.4 kg, 15.8 mol) was added. The mixture was

heated at 95 °C + 1 °C for 36 h with occasional monitoring by HPLC. The mixture was
cooled to 25 °C and methanol (550 mL) was added. The mixture was stirred for 30

minutes then water (4.4 L) was added. After stirring for 20 minutes, the mixture was

extracted with ethyl acetate (4.4 L). The upper organic layer was washed with 10%
(vol/vol) aqueous HCI (2 x 4.4 L), 7% (wt/vol) aqueous NaHCOs (2 x 4.4 L), and 10%
(wt/vol) aqueous NaCl (4 L). The organic layer was dried over MgSO4 (300 g) and
filtered. The solvent was removed on a rotary evaporator, giving a thick, black oil
weighing 2.73 kg. The residue was dissolved in DMF (6.5 L) and the solvent evaporated
under reduced pressure (rotary evaporator, bath temp = 60 °C, vacuum pump). DMF (6
L) addition and evaporation was repeated twice more, giving 1.99 kg (109% of
theoretical) of 5’-0-benzoyl-2’,3°-di-O-TBS-cytarabine as a dark tar which is used in the

subsequent reaction without further purification.
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HPLC conditions:

Column: Zorbax Eclipse XDB-C8; Solvent A = 5% acetonitrile in 20 mM
sodium phosphate buffer; solvent B = 80% acetonitrile in water; gradient; flow rate= 1.0
mL/min; injection volume= 10 pL UV detection at 270 nm.

r.t. di-silyl = 10.1 min

r.t. monosilyl = 6.9 min
Step C: Synthesis of 2°,3°-di-O-TBS-cytarabine hydrochloride

NH,.HCI
| N

. HO‘\CXN/&O

TBSO  ‘OTBS

A 22 L, 3-neck flask was equipped with an overhead stirrer, condenser with
nitrogen bubbler on top, a thermocouple, and a heating mantle. The flask was charged
with a solution of the crude 5’-O-benzoyl-2’,3’-di-O-TBS cytarabine in ethanol (5 L) and
hydrazine (400 g, 12.5 mol). The mixture was heated at 80 °C for 15 h. The heating
mantle was removed and the mixture cooled to 30 °C over 2 h. The dark colored
solution was poured into 15% (wt/vol) aqueous NH,Cl1 (9 L) and extracted with ethyl
acetate (8 ). The organic phase was washed with 15% (wt/vol) aqueous NH4C1(4 L)
then evaporated to a thick oil on a rotary evaporator. The residue was dissolved in
acetonitrile (6.5 L) and transferred to a 22 L flask equipped with an overhead stirrer and
addition funnel. Water (6 L) was added. Concentrated HCI (330 mL) was added
dropwise over 15 minutes until the pH of the mixture was 2.0 (pH meter). The resulting
cloudy solution was extracted with hexanes (4 L). The lower aqueous/acetonitrile layer
was coﬁcentrated on a rotary evaporator until 6 L of distillate were collected. Water (3
L) was added and the resulting suspension was stirred on the rotary evaporator for 15
minutes. The solid was collected by filtration in two 24 cm Buchner funnel and the cake
in each funnel was washed with water (1.5 L). The solid was dried ina va;:uum oven at
65 °C for 24 h, giving 1.25 kg (77% yield) of 2°,3’-di-O-TBS-cytarabine hydrochloride

as a yellow-orange solid.
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HPLC conditions:

Column: Zorbax Eclipse XDB-C8; Solvent A = 5% acetonitrile in 20 mM
sodium phosphate buffer; solvent B = 80% acetonitrile in water; gradient; flow rate= 1.0
mL/min; injection volume= 10 pL UV detection at 270 nm.

r.t.=7.4 min
Step D: Synthesis of 2°3’-di-O-TBS-4-N-(N,N-dimethylformamidine)-cytidine-3-D-

arabinofuranoside:

NZ>NT
Ol |

HO o N/KO

TBSO  OTBS

A 12.5 gallon extractor equipped with an overhead stirrer was charged with a
solution of NaHCOj; (412 g) in water (7.5 L), ethyl acetate (6.5 L), and 2°,3’-di-O-TBS
cytarabine hydrochloride (1.25 kg, 2.46 mol). The mixture stirred vigorously for 15
minutes then the layers were separated. The organic layer was washed with 10%
(wt/vol) aqueous NaCl solution (5.5 L), dried over MgSO4 (450 g), and filtered. The
solvent was removed on a rotary evaporator, giving the free base as an orange foam
weighing 1.35 kg (116% of theoretical). Toluene (2 L) was added and evaporation
continued until 1.5 L of distillate were collected. Toluene (6 L) was added and the
solution was transferred to a 22 L flask equipped with an overhead stirrer and nitrogen
inlet. DMF dimethy] acetal (405 g, 3.19 mol) was added and the mixture was stirred at
20 °C for 18 h. The solvent was removed on a rotary evaporator, giving the title
compound as a thick oil weighing 1.46 kg (113%). The material was used in the
subsequent reaction without further puriﬁcaﬁon.

TLC Conditions:

The reaction mixture was monitored using Merck silica gel 60 plates, 2.5 x 7.5
cm, 250 micron; UV lamp: 10% MeOH in CH;Cl,.

Rf of starting material = 0.4

Rf of product = 0.7.
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'HNMR (DMSO-d): & -0.27 (s, 3H), -0.02 (s, 3H). 0.11 (s, 6H), 0.74 (s, 9H),
0.88 (s, 9H), 3.02 (s, 3H), 3.16 (s,3H), 3.51-3.69 (m, 2H), 3.80-3.85 (m, 1H), 4.05-4.08
(m, 2H), 4.95-5.03 (m, 1H), 5.93-6.01 (m, 2H), 7.67 (d, 1H, J=7.2Hz), 8.62 (s, 1H).
Synthesis of nucleoside prodrugs of Formula IT
Example 19: General procedure for the synthesis of nucleoside prodrugs of

Formula IT
Example 19a: Synthesis of 5°-0-cis-[4-(3-chlorophenyl)-1,3,2-dioxap hosp horin-2-
oxo-2-yl]-cytosine-fi-D-arabinofuranoside

Step A: Phosphorylation Reaction

A solution of +-BuMgCl ( 15.5 mL, 15.5 mmol) in THF was added to a solution
of the 2°,3’-di-O-TBS-cytosine-B-D-arabinofuranoside (5 g, 10.3 mmol) in THF (300
mL) at room temperature. The tan solution was stirred at room temperature for 30
minutes and the ¢rans-2-(4-nitrophenoxy)-4-(3-chlorophenyl)-2-oxo-1,3,2-
dioxaphosphorinane was added in one portion. After stirring at room temperature for 18
hours the tan reaction mixture was quenched with a saturated solution of ammonium
chloride (200 mL) and extracted twice with ethyl acetate. The combined organic extracts
were washed 3 times with 1 N sodium hydroxide, twice with saturated sodium chloride
and dried over sodium sulfate. The filtered solution was concentrated under reduced
pressure and the residue was purified by flash column chromatography (silica gel,
gradient dichloromethane/ethanol 95/5 to 85/15) to give a light yellow foam (4.48 g,
62%).

TLC conditions: Merck silica gel 60 F254 plates, 250 pm thickness; mobile
phase = 90/10 dichloromethane/methanol; rf: trans-phosphate = 0.9, 4-nitophenol = 0.75,
product = 0.4, nucleoside = 0.3.

'H NMR (CDCls, Varian Gemini 200 MHz): 5.8-5.55 (m, 2H), 2.45-2 (m, 2H),
0.95 (s, 9H), 0.85 (s, 9H), 0.17 (s, 6H), 0.03 (s, 3H), -0.1 (s, 3H).
Step B: Deprotection of the protected prodrug

Tetraethylammonium fluoride (2.72 g, 18.3 mmol) was added to a solution of the
protected prodrug (4.28 g, 6.1 mmol) in THF (60 mL) at room temperature. The
heterogeneous mixture was stirred at room temperature for 18 hours. The thick
heterogeneous mixture was concentrated under reduced pressure and partially purified by
column chromatography (silica gel, gradient dichloromethane/methanol 85/15 to 60/40).
The combined fractions were concentrated and the solid residue was dissolved in 100 mL

of 1 N hydrochloric acid then washed twice with dichloromethane. The aqueous layer
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was filtered and the pH of the solution was raised to 7-8 with 50% sodium hydroxide (a
white precipitate started to appear at pH 3 which thickened as the pH continued to rise.
After stirring at room temperature overnight, the precipitate was collected by filtration,
rinsed with water, air dried then dried under high vacuum at 25 °C to give a white solid (
1.62 g, 56%, purity = 96%).

TLC conditions: Merck silica gel 60 F254 plates, 250 pm thickness; mobile
phase = 80/20 dichloromethane/methanol; 1f: product = 0.15, intermediates = 0.7,
protected prodrug = 0.8.

'H NMR (DMSO-dj, Varian Gemini 200 MHz): 6.15 (m, 1H), 5.8-5.65 (m,1H),
2.3-2.1 (m, 2H). !

HPLC conditions: Column = YMC-Pack ODS-AQ 250 x 46 mm LD. §-5 pm
120A; mobile phase gradient acetonitrile in 20 mM phosphate buffer pH 6.2 (T = 0 min,
10% ACN), (T = 15, 55%), (T = 17, 5%), (T = 25, 10%); flow rate = 1.4 mL/min;
detection = UV @ 270 nm; retention times in min: 5°-O-cis-[4-(3-chlorophenyl)-1,3,2-
dioxaphosphorin-2-0x0-2-yl]-cytosine-8-D-arabinofuranoside = 12.32.

Elemental analysis (Robertson Microlit Laboratories): Calculated for
C1sHa;CIN305P + 1 mol H,0: C, 43.96; H, 4.71; N, 8.54. Found: C, 4.79; H, 4.55; N,
8.39.

Example 19b:Synthesis of 5°-0~cis-[4-(4-bromophenyl)-1,3,2-dioxap hosp horin-2-
o0x0-2-yl]-cytosine-f-D-arabinofuranoside
Step A:

Same as Example 19a, Step A

"H NMR (CDCl, Varian Gemini 200 MHz): 6.25-6.15 (m, 1H), 6-5.8 (m, 1H),
2.45-2 (m, 2H), 0.89 (s, 9H), 0.78 (s, 9H), 0.11 (s, 6H), 0.09 (s, 3H), -0.2 (s, 3H).

Step B:

To a solution of protected prodrug (180 mg, 0.24 mmol) in THF (2mL) was
added a 1M solution of TBAF in THF (0.73 mL, 0.73 mmol). After 1 h at room
temperature silica gel (3 g) was added to the reaction mixture and the slurry was dried
under vacuum before being purified by column chromatography (silica gel, ethyl acetate/
methanol) to give the title compound (105 mg, 87%)

mp: 196 °C

"H NMR (DMSO-ds, Varian Gemini 200 MHz): 6.15 (m, 1H), 5.75-5.45 (m, 4H),
2.3-2.05 (m, 2H).
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Elemental analysis (Robertson Microlit Laboratories): Calculated for
C15Ha1BrN30gP + 0.8 mol H,O: C, 40.59; H,4.28; N,7.89. Found: C, 40.58; H, 3.94; N,
7.52.

Example 19c: Synthesis of 5°-0-cis-[4-(3chloro-4-fluorophenyl)-1,3,2-
dioxaphosp horin-2-oxo-2-ylJ-cytosine--D-arabinofuranoside
Step A:

Same as Example 19a, Step A

'H NMR (CDCls, Varian Gemini 200 MHz): 6.25-6.15 (m, 1H), 6.1-5.85 (m,
1H), 2.4-2 (m, 2H), 0.89 (s, 9H), 0.81 (s, 9H), 0.02 (s, 6H), 0.09 (s, 3H), -0.07 (s, 3H).
Step B: same as Example 19b, Step B

mp: 128-131 °C

"H NMR (DMSO-ds, Varian Gemini 200 MHz): 6.15-6.05 (m, 1H), 5.8-5.65
(m,1H), 2.3-2.1 (m, 2H).

Elemental analysis (Robertson Microlit Laboratories): Calculated for
Ci15H20CIFN303P + 0.9 mol H,0: C, 42.56; H, 4.33; N, 8.27. Found: C =42.83, H=4.13,
N=7.91.

Example 19d:Synthesis of 5°-0-cis-[4-(pyrid-4-yl))-1,3,2-dioxaphosphorin-2-0xo0-2-
yl]-2’-deoxy-2°,2’-difluoro-cytidine
Step A:

Same as Example 19a, Step A using 2’-deoxy-2’,2’-difluoro-3’-O-TBS-4-N-
(N,N-dimethylformamidine)-cytidine

TLC conditions: 90/10 dichloromethane/methanol; rf: = 0.25.

'H NMR (CDCl3, Varian Gemini 200 MHz): 6.5-6.3 (m, 1H), 6.3-6.15 (m,1H),
5.75-5.6 m, 1H), 3.27 (s, 3H), 3.25 (s, 3H), 2.4-1.6 (m, 2H).

Step B:

The protected prodrug (50 mg) was dissolved in 70% aqueous trifluoroacetic acid
and was heated at 50 °C overnight. The cooled solution was concentrated under reduced
pressure and purified by column chromatography (silica gel, dichloromethane/methanol)
to give the title compound (40 mg)

mp: 150 °C

'H NMR (CD;0D, Varian Gemini 200 MHz): 6.35-6.15 (m, 1H), 5.9-5.7 (m,
2H), 2.4-2.2 (m, 2H).
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Elemental analysis (Robertson Microlit Laboratories): Calculated for
C17H19CF2N,4O7P + 0.8 mol Hz0: C,43.01; H, 4.37; N, 11.80. Found: C, 43.34; H, 4.15;
N, 11.45.

Example 19e: Synthesis of 5 '.Q-cis-[4-(3,5-dichlorophenyl))-1,3,2-dioxap hosp horin-
2-0x0-2-yl]-2’-deoxy-2’,2’-difluoro-cytidine
Step A:

Same as Example 19a, Step A using 2’-deoxy-2",2’-difluoro-3’-O-TBS-4-N-
(NV,N-dimethylformamidine)-cytidine

TLC conditions: 90/10 dichloromethane/methanol; rf: 0.45.

'H NMR (CD;0D, Varian Gemini 200 MHz): 6.4-6.15 (m, 1H), 6.05-5 9 (m,
1H), 5.8-5.6 (m, 1H), 3.3 (s, 3H), 3.2 (s, 3H), 2.4-2 (m, 2H).

Step B:

Same as Example 19d, Step B

mp: >200 °C dec

'"H NMR (CD;0D, Varian Gemini 200 MHz): 6.35-6.15 (m, 1H), 5.8-5 .65 (m,
2H), 2.4-2.1 (m, 2H).

Elemental analysis (Robertson Microlit Laboratories): Calculated for
C17H15CLN307P + 0.25 mol H,O: C =40.58, H=3.50, N =7.89; Found: C =40.55, H
=3.64, N =7.79.

Example 19f: Synthesis of 5 ’-Q-cis-[4-(pyrid-3-yl))-1,3,2-dioxap hosp horin-2-0xo-2-
yl]-2°-deoxy-2’-difluoro-cytidine
Step A:

Same as Example 19a, Step A using 2’-deoxy-2’-difluoro-3’-O-TBS-4-N-(N,N-
dimethylformamidine)-cytidine

TLC conditions: 90/10 dichloromethane/methanol; rf: = 0.35.

'H NMR (CD;0D, Varian Gemini 200 MHz): 6.35-6.1 (m, 1H), 6.1-5.95 (m,
1H), 5.9-5.75 (m, 1H), 3.27 (s, 3H), 3.15 (s, 3H), 2.5-2.1 (m, 2H).

Step B:

Same as Example 19d, Step B

mp: >200 °C dec

'H NMR (CD;0D, Varian Gemini 200 MHz): 6.3-6.1 (m, 1H), 5.9-5.7 (m, 2H),
2.5-2.1 (m, 2H).
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Elemental analysis (Robertson Microlit Laboratories): Calculated for
Ci7H19F2N4O7P + 1.5 mol H;O: C, 41.90; H, 4.55; N, 11.50. Found: C, 41.96; H, 4.52;
N, 11.29.

Synthesis of single isomers of nucleoside prodrugs of Formula II

The following compounds were synthesized using the corresponding
enantioenriched phosphorylating reagent.

Example 20: Synthesis of (4S)-5’-0-cis-[4-(pyrid-4-ypl)-1,3,2-dioxap hosp horin-2-
oxo-2-yl[-uracil-f-D-arabinofuranoside
Step A:

Same as Example 19a, Step A

'H NMR (CDCl, Varian Gemini 200 MHz): 6.25-6.15 (m, 1H), 5.75-5.6 (m,
2H), 2.4-2 (m, 2H).

Step B:

Same as Example 19b, Step B

mp: 136-139 °C

'"H NMR (CDs0D, Varian Gemini 200 MHz): 6.2-6.15 (d, 1H), 5.85-5.7 (m, 1H),
5.55-5.45 (m, 1 H), 2.4-2.2 (m, 2H).

Elemental analysis (Robertson Microlit Laboratories): Calculated for
C17H20N300P + 1.8 mol H,0: C, 43.10; H, 5.02; N, 8.8. Found: C, 43.18; H, 4.95; N,
8.52.

Example 20a: Synthesis of (4S)-5’-0-cis-[4-(3-chlorop henyl)-1,3,2-dioxap hosp horin-
2-0x0-2-yl]-cytosine-fi-D-arabinofuranoside
NH,

00 ﬁN
( P N/&O
\C'_O O
o R
HO OH
Step A:
Same as Example 19a, Step A
'H NMR (200MHz, CDCl,): 7.81 (1H, d, J=7.7 Hz), 7.2-7.4 (4H, m), 6.27 (1H,
broad s), 5.83 (1H, broad s), 5.64 (1H, d, J = 8.8 Hz), 4.6-4.8 (1H, m), 4.3—4.6 (2H, m),

4.1-4.3 (3H, m), 2.0-2.4 (2H, m), 0.79 (9H, s), 0.78 (9H, 5), 0.091 (3H, s), 0.03 (3H, 5),
0.02 (3H, s), -0.15 (3H, s)
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Step B:

Same as Example 19a, Step B

"H NMR (200MHz, DMSO-dj): 7.52 (1H, d, J=7.32 Hz), 7.3-7.5 (4H, m), 7.07
(2H, broad s), 6.10 (1H, m), 5.5-5.8 (4H, m), 4.2-4.6 (4H, m), 3.8-4.0 (3H, m), 2.1-2.3

5  (2H, m).

m.p.: >200 °C. [a]p=+55.16. Elemental Analysis: Calculated for
C18H21N305CIP+0.8H,0: C, 44.28; H, 4.67; N, 8.61. Found: C, 44.32; H, 4.47; N, 8.42.
Example 20b:Synthesis of (4R)-5 *-0-cis-[4-(3-chlorop henyl)-1,3,2-dioxap hosp horin-

2-0x0-2-yl]-cytosine-fi-D-arabinofuranoside
NH,

Ry
S

10 HO  'OH
Step A:
Same as Example 19a, Step A
Step B:
Same as Example 19a, Step B
15 'H NMR (200MHz, DMSO-ds): 7.4-7.6 (5H, m), 7.07 (2H, broad s), 6.10 (1H, d,
J=3.3 Hz), 5.71 (1H, m), 5.6-5.7 (3H, m), 4.2 — 4.6 (4H, m), 3.8 — 4.0 (3H, m),2.1-2.3
(2H, m).

m.p.: >200°C. [a]]p=+91.40. Elemental Analysis: Calculated for CisH1N305CIP
+0.7Hy0: C: 44.45, H: 4.64, N: 8.64. Found: C: 44.53, H: 4.45, N: 8.43
20  Example 20c: Synthesis of (4S)-5 *-0-cis-[4-(S)-(pyrid-4-yl)-1,3,2-dioxap hosp horin-
2-0x0-2-yl]-cytosine-p-D-arabinofuranoside (also known as 2(1 H)-
Pyrimidinone, 4-amino-]-[5-0-[(2R,4S)-2-0xid0-4-(4—pyridinyl)—l,3,2-
dioxaphosp horinan-2-yl]-f-D-arabinofuranosyl])
NH,
] ~N

Sy
(- IP"’o N/&O

Cc-0 o)

-7 HO' Yo
25 A 50 L, 3-neck round bottom flask was equipped with an overhead stirrer,
thermowell/ thermometer, addition funnel (2 L) and cooling bath. The flask was flushed

69



WO 2004/041834 PCT/US2003/034709

10

15

20

25

30

with nitrogen and charged with a solution of 2°,3’-di-O-TBS-4-N-(N,N-
dimethylformamidine)-cytosine-B-D-arabinofuranoside (1.46 kg, 2.46 mol) in THF (12.5
L). The stirred solution was cooled to 5 °C (ice bath). A t-butylmagnesium chloride
solution (2.85 L, 3.19 mol) was added over 1.2 h, maintaining the temperature < 10 °C.
After the addition was complete, the solution was stirred at ice bath temperature for 1.25
h. The phosphate reagent (S)-(-)-trans-(4-pyridyl)-2-(4-nitrophenoxy)-2-oxo-1,3,2-
dioxaphosphorinane (1.36 kg, 4.04 mol) was added in one portion then the cooling bath
was drained. The resulting mixture was stirred at ambient temperature for 17.5 h. The
reaction was quenched with ammonium chloride solution (20 wt %, 12 L) and diluted
with ethyl acetate (12 L). The mixture was stirred for 30 minutes to dissolve all residues,
and the layers were separated. The aqueous phase was back-extracted with ethyl acetate
(4 L) and the combined organic phase was washed with sodium chloride solution (15 wt
%, 8 L), dried over MgSO; (1.38 kg), filtered and concentrated under reduced pressure to
provide 2.85 kg of a dark sludge.

A 22 L, 4-neck round bottom flask was equipped with an overhead stirrer,
thermowell/ thermometer, condenser with base trap/bubbler, and heating mantle. The
flask was charged with the crude sludge as a solution in methanol (12 L). HCl-dioxane
soliltion (4.1 L, 6.66 mol) was added and the stirred orange solution was heated at 50-55
°C for 16 h with monitoring by HPLC. The solvent was evaporated under reduced
pressure to give a thick orange tar weighing 2.88 kg. The tar was partitioned between
water (3.5 L) and ethyl acetate (3.5 L). Solid sodium bicarbonate was added portionwise
until the pH of the aqueous phase was 7.0 (pH meter). The layers were separated and the
aqueous phase was extracted again with ethyl acetate (3.5 L). The aqueous phase was
filtered and the water was evaporated on a rotary evaporator (vacuum pump, bath temp =
55 °C). When most of the water was removed, ethanol (3 L) was added to the residue
(KF of mixture = 10.59%) and evaporation continued (aspirator pump, bath temp = 55
°C). Ethanol (3 L) was added (KF of mixture = 4.49%) and evaporation continued.
Ethanol (3 L) was added (KF of mixture = 1.45%) and the slurry was stirred in an ice
bath for 1.25 h (Temp. = 3 °C). The resulting mixture was filtered and the collected
solid was washg:d with ethanol (1 L). The solid was dried to a constant weight (-30 in.

Hg, 55 °C, 2 h) to provide 1005 g of a beige solid.
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The crude product was further purified as follows:

A 22 L, 3-neck round bottom flask was equipped with an overhead stitrer and
charged with the crude 2(1H) —Pyrimidinone, 4-amino-1-[5-O-[(2R,4S5)-2-oxido-4-(4-
pyridiny1)-1,3,2-dioxaphosphorinan-2-y1]-B-D-arabinofuranosyl] (2.91 kg) and water
(14.5 L). The slurry was stirred and concentrated hydrochloric acid was added
portionwise until the solids were dissolved (355 mL required, pH = 3.9 by pH meter).
Celite 521% (175 g) was added and the mixture was filtered through a Celite pad (100 g)
in a 24 cm Buchner funnel. The solution was charged to a 50 L flask equipped with an
overhead stirrer and solid sodium bicarbonate (393 g) was added portionwise until the
pH of the mixture was 6.3 (pH meter). The resulting mixture was stirred at ambient
temperature for 2 h then filtered. The collected solid was washed with water (500 mL)
and dried to constant weight (-30 in. Hg, 55 °C, 16 h), giving 1.08 kg of 2(1H) -
Pyrimidinone, 4-amino-1-[5-O-[(2R,4S)-2-oxido-4-(4-pyridinyl)-1,3,2-
dioxaphosphorinan-2-yl]-B-D-arabinofuranosyl] as a brown granular solid (35% yield).

KF =2.0%

Sodium content = 0.07%

Elemental analysis calculated for C17H;1N4OsP+0.5 H,O (MW 449.36): C,
45.44; H, 4.93; N, 12.47. Found: C, 45.56; H, 4.70; N, 12.48.

HPLC conditions:

Columns: Two of following in serial connection; Agilent, Zorbax Eclipse XDB-
C8, 4.6 x 250 mm, 5 pm; Solvent A = 20 mM sodium phosphate buffer in 11%
acetonitrile/water; solvent B = 50% acetonitrile in de-ionized water; reversed phased;
flow rate = 1.0 mL/min; injection volume= 10 uL UV detection at 210 nm, column
temperature = 30 °C.

r.t. = 13.4 min (S-isomer)

r.t. = 14.1 min (R-isomer)

"H NMR (DMSO-dy): 8 2.15-2.27 (m, 2H), 3.90-3.97 (m, 3H), 4.24-4.58 (m,
4H), 5.58 (d, 1H, J 7.4Hz), 5.62-5.65 (m, 2H), 5.71-5.79 (m, 1H), 6.10 (d, 1H, J 3.6Hz),
7.08 (s, 1H), 7.13 (s, 1H), 7.42 (d, 2H, J 5.8Hz), 7.48 (d, 1H, J 7.4Hz), 8.59 (d, 2H, J
6.0Hz)

Example 20d:Synthesis of (45)-5 ’.Q-cis-[4-phenyl-1,3,2-dioxap hosp horin-2-oxo-2-
yl]-adenine-f-D-arabinofuranoside

Step A:

Same as Example 19a, Step A
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TLC: dichloromethane/methanol 95/5); Rf = 0.35

'H NMR (DMSO-ds, Varian Gemini 300 MHz): 6.85-6.8 (d, 1H), 6.2-6.1 (m,
1H), 2.7-2.55 (m, 2H), 1.37 (s, 9H), 1.09 (s, 9H), 0.62 (s, 3H), 0.61 (s, 3H), 0.4 (s, 3H),
0.00 (s, 3H).

Step B:

same as Example 19a, Step B

mp: 130-134 °C

'H NMR (DMSO-d6, Varian Gemini 300 MHz): 6.35-6.25 (d, 1H), 5.7-5.6
(m,1H), 2.3-2 (m, 2H).

Elemental analysis (Robertson Microlit Laboratories): Calculated for
C19H2Ns07P + 1 mol HO + 0.2 mol CHCly: C, 46.27; H, 4.93; N, 14.05. Found: C,
46.09; H, 4.47; N, 13.94.

Example 20e: Synthesis of (4S)-5 ».Q-cis-[4-(pyrid-4-yl)-1,3,2-dioxap hosp horin-2-
o0xo-2-yl]-adenine-f-D-arabinofuranoside

Step A:

Same as Example 19a, Step A

TLC: dichloromethane/methanol 9/1); Rf=10.3

'H NMR (DMSO-d, Varian Gemini 300 MHz): 6.85-6.8 (d, 1H), 6.25-6.15 (m,
1H), 2.8-2.5 (m, 2H), 1.37 (s, 9H), 1.08 (s, 9H), 0.62 (s, 6H), 0.4 (s, 3H), 0.00 (s, 3H)
Step B:

same as Example 19a, Step B

mp: >210 °C dec

'H1 NMR (DMSO-ds, Varian Gemini 300 MHz): 6.35-6.25 (d, 1H), 5.8-5.65
(m,1H), 2.3-2 (m, 2H).

" Elemental analysis (Robertson Microlit Laboratories): Calculated for
Ci5H21NO7P + 0.5 mol H,0: C, 45.67; H, 4.68; N, 17.75. Found: C, 45.36; H, 4.74; N,
17.46.

One-step synthesis of nucleoside prodrugs of Formula I
Example 21a: Synthesis of 5 ’-0-cis-[4-(3-chlorophenyl)-1,3,2-di0xaphosphorin-2-
oxo0-2-yl]-cytosine-p-D-arabinofuranoside

A solution of 4 N HCl in dioxane was added to a suspension of 5 g of cytarabine
in 10 mL of DMPU. After stirring at room temperature for 10 minutes, a clear solution
was obtained. To this solution was added 5.5 grams of the phosphorochloridate trans-2-
chloro-4-(3 -chlorophenyl)-2-0x0-1,3,2-dioxaphosphorinane in one portion. The
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phosphorinane slowly dissolved and the solution became very thick rending stirring
difficult. After 16 hours at room temperature. An additional 3.79 grams of
phosphorochloridate was added. Stirring was continued at room temperature for 24
hours upon which 10% of starting of ara-C was still present in the reaction mixture. The
reaction mixture was diluted with 50 mL of dichloromethane and 15 mL of water. The
layers were separated and the organic layer was further extracted six times with 25 mL of
water. The combined aqueous extracts (total volume of water = 175 mL) were filtered
and back extracted with 25 mL of dichloromethane to remove the last traces of DMPU.
The aqueous phase was then neutralized with approximately 5.4 eq (9.35 g) of sodium
bicarbonate and a white solid precipitated as the pH rose. The heterogeneous mixture
was stirred at room temperature for 9 hours and the solid was filtered and rinsed with
water. The white solid was further dried in an oven at 40 °C under reduced pressure
overnight to give 6.4 g of crude product. This compound was determined to be a 91/9
mixture of cis and trans isomers by HPLC. Recrystallization from ethanol improved this
ratio t0 96.5/3.5. A second recrystallization further improved the ratio to 98.8/1.2.

'H NMR (DMSO-ds, Varian Gemini 200 MHz): See Example 19a, step B
HPLC: YMC-Pack R-33-5 250 x 39 mm I.D. §-5 pm 120A; mobile phase = mobile
phase gradient acetonitrile in 20 mM phosphate buffer pH 6.2 (T =0 min, 10% ACN), (T
=15, 60%), (T = 17, 10%), (T = 20, 10%); flow rate = 1.4 mL/min; detection=UV @
270 nm, retention times in min: 5’-O-cis-[4-(3-chlorophenyl)-1,3,2-dioxaphosphorin-2-
ox0-2-yl]-cytosine-B-D-arabinofuranoside = 9.7, (R)-trans isomer = 9.975, (S)-trans
isomer = 10.5.
TLC conditions: Merck silica gel 60 F254 plates, 250 pm thickness mobile phase = 9/1
dichloromethane/methanol. Rf: cytarabine = 0.03, product = 0.17.
Example 21b:Synthesis of (4S)-5’-0-cis-[4-(3-chlorop henyl)-1 ,3,2-dioxap hosp horin-

2-0x0-2-yl]-cytosine-f-D-arabinofuranoside

NH,
0O 0 SN
(¥ (k
o-G 0 o N/l%o
o RS
HO OH

Same as Example 21a
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'H NMR (200MHz, DMSO-d): 7.52 (1H, d, J=7.32 Hz), 7.3 - 7.5 (4H, m),
7.07 (2H, broad s), 6.10 (1H, m), 5.5-5.8 (4H, m), 4.2—4.6 (4H, m), 3.8-4.0 (3H, m), 2.1-
2.3 (2H, m).
m.p.: >200 °C. [a]p= +55.16. Elemental Analysis: Calculated for
5  CigH2iN305CIP+0.8H,0: C, 44.28; H, 4.67; N, 8.61. Found: C, 44.32; H, 4.47; N, 8.42.
Example 21c: Synthesis of (4R)-5’-0-cis-[4-(3-chlorophenyl)-1,3,2-

dioxap hosp horin-2-oxo-2-yl]-cytosine-fi-D-arabinofuranoside

NH,
00 (kN
( P | N’go
C'-0 o)
5 A
HO OH
Same as Example 21a
10 'H NMR (200MHz, DMSO-dg): 7.4-7.6 (5H, m), 7.07 (2H, broad s), 6.10 (1H, d,
J=3.3 Hz), 5.71 (1H, m), 5.6-5.7 (3H, m), 4.2-4.6 (4H, m), 3.8-4.0 (3H, m), 2.1-2.3

(2H, m).
m.p.: >200 °C. [a]p=191.40. Elemental Analysis: Calculated for
CisH2N305CIP + 0.7 H,O: C, 44.45; H, 4.64; N, 8.64. Found: C, 44.53; H, 4.45; N,
15 8.43.

Example 21d:Synthesis of 5°-0-cis-[4-(S)-(pyrid-4-yl)-1,3,2-dioxaphosp horin-2-o0xo-
2-yl]-cytosine-f3-D-arabinofuranoside (also known as 2(1H)-
Pyrimidinone, 4-amino-1-[5-O-[(2R,4S)-2-oxido-4-(4-pyridinyl)-1,3,2-
dioxaphosp horinan-2-ylJ-f-D-arabinofuranosyl])

NH,

N
U PN
S0 N’&o
¢ 0
20 @ HO  OH

Method A:

In an oven-dried 250 mL RB flask equipped with a magnetic stir bar was charged
with 3.35 g of cytarabine-HCl and 6.0 mL of DMPU. Into this flask, a solution of trans-
4-(.S)-(-)-(4-pyridyl)-2-chloro-1,3,2-dioxaphosphorin-2-one from Example 14b was

25  filtered directly and the DABCO-HCI salt was washed quickly with acetonitrile (1 x 15

mL). Volatiles were removed on a roto-vap under aspirator vacuum (bath temp <35 C).
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The residual oil was briefly kept under high vac and stirred at room temperature for 48
h.. A tiny sample was pulled out and dissolved in the mobile phase buffer for HPLC.
The reaction mixture was treated with 100 mL of MeOH and stirred for 2 hours at
room temperature. The pH of the reaction mixture was adjusted to 7.0 using 25 wt%
NaOMe solution in methanol (approximately 13 mL were required). At this stage the
reaction mixture was turbid. HPLC was run to insure integrity of the reaction profile.
The reaction mixture was evaporated to dryness and the residue was stirred with 50 mL
of dichloromethane for 30 minutes at room temperature. The precipitate was collected
by filtration, washed with mefhylene chloride (1 x 20 mL) and transferred back to the
flask, stirred again with 50 mL of dichloromethane for 15 minutes and filtered. The solid
was stirred with 200 mL of ethanol for 1-2 hours, filtered and washed with ethanol (2 x
10 mL). HPLC of the solid (1708-143-so0ild1) indicated mostly impurities with about
20-25% desired product, whereas HPLC of the filtrate (1708-143-ethanol) indicated
mostly the desired product. Thé filtrate was evaporated to dryness to give 4.90 g of a
white solid. This solid was dissolved in 10 mL of H,O and stirred at room temperature
overnight to give a solid which was collected by filtration, washed with water (2 x 3 mL)
and dried in a vacuum oven to give 2(1H) —Pyrimidinone, 4-amino-1-[5-O-[(2R,45)-2-
oxido-4-(4-pyridinyl)-1,3,2-dioxaphosphorinan-2-yl]-p-D-arabinofuranosyl] (1.38 g,
26%).

Method B:
Step A: Synthesis of Cytarabine Hydrochloride

A 5 L, 3-neck flask equipped with an overhead stirrer and thermocouple was
charged with cytarabine (500 g, 2.06 mol) and methanol (2.0 L). The suspension was
cooled to 2 °C. HCI gas was bubbled in, giving a very thick mixture and an exotherm to
25 °C. The suspension was diluted with methanol (0.5 L) to facilitate stirring. A total of
108 g (2.96 mol) of HCI gas was added. The mixture was stirred for 4 hours at 20 °C
then filtered to collect the solid. The solid was washed with MTBE (3 x 250 mL) and
dried in a vacuum oven at 70 °C to give 555 g (96% yield) of cytarabine hydrochloride

as a flocculent, white solid.

Step B: Synthesis of 5’-O-cis-[4-(S)-(pyrid-4-y1)-1,3,2-dioxaphosphorin-2-oxo-2-yl]-

cytosine-B-D-arabinofuranoside
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A 11 jacketed cylindrical reactor was equipped with an overhead stirrer, thermocouple,
and two addition funnels (60 mL and 125 mL). The reactor was flushed with nitrogen
and charged with DMPU (188 mL, 195.8 g). The stirred liquid was cooled to —16 °C
(Julabo F32 chiller/circulator).

Diol solution: A 250 mL round bottom flask was equipped with a magnetic stir bar and
thermometer. The flask was charged with S-(-)-1-(pyrid-4-y1)-1,3-propanediol (50.0 g),
DMPU (62.5 mL, 64.5 g) and pyridine (25.8 g) then placed under a nitrogen
atmosphere. The stirred contents were heated to 40 °C (water bath) and stirred at 40-42
°C until all solids were dissolved (10 minutes). The resulting pale orange solution was
cooled to 22 °C then charged to the 125 mL addition funnel (volume = 127 mL).

POCI; solution: A 125 mL Erlenmeyer flask was charged with acetonitrile (22.9 g) and
phosphorus oxychloride (50.0 g). After mixing well, the colorless solution was
transferred to the 60 mL addition funnel (volume = 60 mL).

The two solutions were added simultaneously into the 1 L reactor over 2.6 h, maintaining
the temperature below -11 °C. After the additions were complete, the viscous pale
orange solution was stirred, maintaining the temperature between —11 and —17 °C for 1
h. A sample of the reaction solution was pulled and checked for reaction completion by
HPLC (aliquots were hydrolyzed to the cyclic phosphoric acid and then analyzed by
HPLC). Cytarabine hydrochloride (60.9 g) was added. The resulting mixture was ‘
warmed to 5 °C over 1 h and stirred at 4-6 °C for 87 h. The resulting viscous reaction
solution was sampled daily for HPLC analysis. The stirred reaction solution was slowly
quenched with NaOH solution (13% wt/vol) at such a rate to maintain the temperature <
20 °C, until the pH of the solution reached 5.0 (290 mL of NaOH solution required).
Dichloromethane (450 mL) was added and the biphasic mixture was stirred at 15-20 °C
for 30 minutes. Stirring was stopped and the mixture was allowed to settle for 30
minutes. The lower organic layer was separated. The upper aqueous layer was extracted
twice more with dichloromethane (450 mL, 30-minute stir, 30-minute settle) (Note 5).
The reactor was fitted with a pH probe and NaOH solution (13% wt/vol) was added over
10 minutes to pH 7.0 (68 mL of NaOH solution required). Cooling (5 °C) was applied to
the jacket to keep the temperature below 20 °C. The resulting solution was stirred at
ambient temperature for 20 h then cooled to 5 °C for 5 h (Note 6). The resulting mixture
was filtered and the collected solid was washed with water (2 X 100 mL) and dried to
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‘constant weight (-30 in. Hg, 60 °C, 18 h). Recovery =46.6 g of a pale yellow, fine

granular solid (48% yield).
HPLC for phosphorochloridate synthesis:

Column: Zorbax Eclipse XDB-C8, 4.6 x 250 mm, 5 pm particle size; Solvent A =
20 mM sodium phosphate buffer in 11% acetonitrile/water; solvent B = 50% acetonitrile
in de-ionized water (gradient 100% A to 100% B in 15 minutes); flow rate = 1.0
mL/min; injection volume= 10 uL UV detection at 250 nm, column temperature = 30 °C.

r.t. =4.3 min

HPLC for 5°-O-cis-[4-(S)-(pyrid-4-y1)-1,3,2-dioxaphosphorin-2-oxo-2-yl]-cytosine-B-D-
arabinofuranoside:

Columns: Inertsil ODS-3, 4.6 x 150 mm, 3 um particle size; Solvent A =20 mM
ammonium phosphate buffer in 5% acetonitrile/water; solvent B = acetonitrile (gradient
(time in minutes/%B in A%): 0/0, 30/10, 40/40, 40.1/0, 50/0); flow rate =1.0 mL/min;
injection volume= 50 pL UV detection at 210 nm, column temperature =30 °C £ 5 °C.

r.t.=15.7 min

Step C: Purification of 5°-O-cis-[4-(S)-(pyrid-4-y])-1,3,2-dioxaphosphorin-2-oxo-2-yl]-
cytosine--D-arabinofuranoside

Procedure 1: A 1L, 3-neck flask equipped with an overhead stirrer,
thermometer, addition funnel, and pH probe was charged with crude 5’-O-cis-[4-(S)-
(pyrid-4-yl)-1,3,2-dioxaphosphorin-2-oxo-2-yl]-cytosine-B-D-arabinofuranoside (80 g,
0.18 mol) and deionized water (256 mL). The pH of the mixture was 5.16. Sulfuric
acid, 3.0 M (60.6 mL, 0.18 mol) was added dropwise over 10 minutes. A 10 °C cooling
bath was used to keep the temperature between 19-22 °C. A slightly turbid, yellow
solution resulted. The solution was filtered through a 0.45 pm nylon membrane filter (47
mm diameter). The flask and filter were rinsed with water (40 mL). The filtrate and
washings were returned to the 1 L flask and the pH adjusted to 6.5 by adding 3 M NaOH
(155 mL) and 3 M sulfuric acid. Precipitate formation was observed beginning at pH
5.1. The mixture was stirred 2.5 h then filtered to collect the solid. The flask and filter
cake were washed with water (2 x 80 mL) and dried in a vacuum oven overnight (-30 in.
Hg, 60 °C, 18 h) to give 73.4 g of 5°-O-cis-[4-(S)-(pyrid-4-y1)-1,3,2-dioxaphosphorin-2-

ox0-2-yl]-cytosine-B-D-arabinofuranoside as a coarse, pale yellow solid (92% yield).
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Procedure 2: A 250 mL, 3-neck flask equipped with an overhead stirrer,
thermocouple, addition funnel, and pH probe was charged with crude 5°-O-cis-[4-(S)-
(pyrid-4-yl)-1,3,2-dioxaphosphorin-2-0x0-2-yl]-cytosine-B-D-arabinofuranoside (16 g,
36.3 mmol) and deionized water (50 mL). Aqueous sulfuric acid, 3.0 M was added
dropwise to pH 2.5 (12 mL, 36.3 mmol), keeping the temperature below 22 °C.
Methanol (160 mL) was added over 20 minutes, giving a white precipitate. The
suspension was stirred at 20 °C for 1.5 h then filtered to collect the solid. The solid was
washed with methanol (2 x 25 mL) and dried in a vacuum oven (-30 in. Hg, 60 °C, 1.5 h)
to give 18.89 g of the sulfuric acid salt.

The solid was charged to a 250 mL , 3-neck flask equipped with an overhead
stirrer and pH probe. Water (180 mL) was added and the mixture was stirred for 10
minutes to dissolve all the solids (pH = 2.7). Sodium phosphate monobasic monohydrate
(0.25 g, 1.81 mmol) was added and the mixture was stirred for 5 minutes. The solution
was filtered through Celite. The filtrate was returned to the flask and 13% (wt/vol)
aqueous NaOH was added to pH 7.1. The suspension was stirred at 20 °C for 3 hours.
The solid was collected by filtration, washed with water (2 x 15 mL), and dried in a
vacuum oven (-30 in. Hg, 60 °C, 16 h) to a constant weight, giving 13.55 g (85% yield)
of 5’-O-cis-[4-(8)-(pyrid-4-yl)-1,3,2-dioxaphosphorin-2-0x0-2-yl]-cytosine-B-D-
arabinofuranoside as an off-white, granular solid.

USE OF MAGNESIUM SALTS FOR PHOSPHORYLATION STEP
Example 22: Synthesis of 5’-0-cis-[4-(3-chlorop henyl)-1,3,2-dioxap hosp horin-2-
0x0-2-yl]-cytosine--D-arabinofuranoside

Potassium z-butoxide (1.1 mmol) is added to a solution of 2°,3°-di-O-TBS-
cytosine--D-arabinofuranoside (1 mmol) in THF at room temperature. After stirring at
room temperature for 1 hour, magnesium chloride (2 mmol) is added followed by a
solution of the phosphorylating agent trans-2-(4-nitrophenoxy)-4-(3-chlorophenyl)-2-
o0x0-1,3,2-dioxaphosphorinane (1.5 mmol) in THF at room temperature. After stirring at
room temperature for 16 hours, the reaction mixture is quenched with the addition of a
saturated solution of ammonium chloride. The reaction mixture was extracted twice with
ethyl acetate. The combined organic extracts were washed with 0.3 N sodium
hydroxide, brine, dried over sodium sulfate and concentrated under reduced pressure.
The residue was purified by column chromatography as in Example 19a step A.

Step B:
Same as Example 19a, step B.
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We Claim:
1. A compound of Formula I:
V
'/ (
o oO———C
S
Formula I
5 wherein:

V and L are trans relative to one another;
V is selected from the group consisting of carbocyclic aryl, substituted
carbocyclic aryl, heteroaryl, and substituted heteroaryl,
L is a leaving group selected from the group consisting of halogen, alkyl

10 \ sulfonate, aryloxy optionally substituted with 1-2 substituents, N-containing
heteroaryl, and N-hydroxy-nitrogen containing heteroaryl,

and salts thereof.

2. The compounds of claim 1:
A
o—C!
O
N/
2\
SRR
15 Formula I
wherein:

V and L are trans relative to one another;
V is selected from the group consisting of phenyl, and monocyclic heteroaryl, all
optionally substituted with 1-4 substituents; and -

20 L is a leaving group selected from the group consisting of halogen, and aryloxy
optionally substituted with 1-2 substituents.

3. The compounds of claim 2:
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10

15

20

10.

\Y

/

0 O0—2C!
V,
4N
Formula I
wherein:
V and L are trans relative to one another;
V is selected from the group consisting of phenyl and N-containing heteroaryl, all
optionally substituted with 1-4 substituents;

L is a leaving group selected from the group consisting of halogen, and aryloxy

optionally substituted with 1-2 substituents.

The compounds of claim 3 wherein V is selected from the group consisting of

phenyl optionally substituted with 1-4 substituents.

The compounds of claim 4 wherein V is selected from the group consisting of 3-

chlorophenyl, 3-bromophenyl, 3,5-dichlorophenyl, and 2,4-dichlorophenoxy.

The compounds of claim 3 wherein V is selected from the group of monocyclic

heteroaryl optionally substituted with 1-4 substituents.

The compounds of claim 6 wherein V is selected from the group of 2-pyridyl,
3-pyridyl, and 4-pyridyl.

The compounds of claim 7 wherein V is 4-pyridyl.

The compounds of claim 3 wherein L is phenoxy with 1-2 substituents selected

from the group consisting of chloro, fluoro, and nitro.

The compounds of claim 9 wherein L is selected from the group consisting of

phenyl, ~OCsHsNO,, ~OCgH,4Cl, and —~OCsH3CL.
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11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

The compounds of claim 10 wherein L is selected from the group consisting of 4-

nitrophenoxy, 4-chlorophenoxy, 2,4-dichlorophenoxy, and 3,5-dichlorophenoxy.
The compounds of claim 11 wherein L is 4-nitrophenoxy.
The compounds of claim 3 wherein L is halogen.

The compounds of claim 13 wherein L is selected from the group consisting of Cl
and Br.

The compounds of claim 3 wherein said compound at C’ is the R-enantiomer.
The compound of claim 15 wherein V is 4-pyridyl and L is 4-nitrophenoxy.

The compound of claim 15 wherein V is 4-pyridyl and L is CL

The compound of claim 15 wherein V is 3-chlorophenyl and L is 4-nitrophenoxy.
Thf: compound of claim 15 wherein V is 3-chlorophenyl and L is CL

The compounds of claim 3 wherein said compound at C’ is the S-enantiomer.
The compound of claim 20 wherein V is 4-pyridy1 and L is 4-nitrophenoxy.

The compound of claim 20 wherein V is 4-pyridyl and L is CL

The compound of claim 20 wherein V is 3-chlorophenyl and L is 4-nitrophenoxy.
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24,

25.

26.

27.

28.

The compound of claim 20 wherein V is 3-chlorophenyl and L is Cl.

A method for the preparation of compounds of Formula I:

A
0—-=!
O\\P /
N\
Formula I

wherein V and L are trans relative to one another;

V is selected from the group consisting of phenyl and monocyclic heteroaryl, all

optionally substituted with 1-4 substituents; and

L is selected from the group consisting of halogen, and aryloxy optionally

substituted with 1-2 substituents;

and salts thereof;,

comprising steps of:

a. reacting a 1-(V)-1,3-propane diol or salt thereof with L-P(O)Cl, in the
presence of a base;

b. isomerizing the resulting mixture of trans/cis isomers with L to form the
compound of Formula I wherein the ratio of #rans/cis is about 85/15 or
greater; or

c. isolating the cis isomer from the resulting mixture; and
treating said cis isomer with L" to form a compound of Formula I wherein

the ratio of trans/cis is about 85/15 or greater.

The method of claim 25 wherein said ratio of trans/cis is at least 85/15.

The method of claim 25 wherein said ratio of trans/cis is greater than 85/15.

The method of claim 25 wherein L is selected from the group consisting of
phenoxy, ~OCsH4NO,, ~OCsH4Cl, and —OC¢H;Cl,.
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29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

The compound of claim 28 wherein L is selected from the group consisting of 4-

nitrophenoxy, 4-chlorophenoxy, 3,5-dichlorophenoxy, and 2,4-dichlorophenoxy.

The method of claim 29 wherein L is 4-nitrophenoxy,

The method of claim 25 wherein L is a halogen.

The method of claim 31 wherein L is selected from the group consisting of Cl
and Br.

The method of claim 25 wherein said compound at C’ is the R-enantiomer.

The method of claim 33 wherein V is 4-pyridyl and L is 4-nitrophenoxy.

The method of claim 33 wherein V is 4-pyridyl and L is chloro.

The method of claim 33 wherein V is 3-chlorophenyl and L is 4-nitrophenoxy.

The method of claim 33 wherein V is 3-chlorophenyl and L is chloro.

The method of claim 25 wherein said compound at C’ is the S enantiomer.

The method of claim 38 wherein V is 4-pyridyl and L is 4-nitrophenoxy.

The method of claim 38 wherein V is 4-pyridyl and L is chloro.

The method of claim 38 wherein V is 3-chlorophenyl and L is 4-nitrophenyl.
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42,

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

The method of claim 38 wherein V is 3-chlorophenyl and L is chloro.

The method of claim 25

wherein;
L is selected from the group consisting of aryloxy optionally substituted with 1-2
substituents; and further comprising the use of a solvent system comprising an N-

containing heteroaryl solvent.

The method of claim 43 wherein said solvent system is used in step a.
The method of claim 43 wherein said N-containing heteroaryl solvent is pyridine.

The method of claim 25 wherein: in step a. a salt of the 1-(V)-1,3-propane diol is

reacted with L-P(O)Cl, in presence of a base.

The method of claim 46 wherein said salt is selected from the group consisting of

mineral acid salts.

The method of claim 47 wherein said salt is selected from the group consisting of
HBr and HCI.

The method of claim 48 wherein said salt is HC1 salt.

The method of claim 25 further comprising isolating the trans isomer of

compound of Formula I.
The method of claim 50 wherein V is 4-pyridyl and L is 4-nitrophenyl.

The method of claim 50 wherein V is 4-pyridyl and L is chloro.
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53, The method of claim 50 wherein V is 3-chlorophenyl and L is 4-nitrophenyl.

54,  The method of claim 50 wherein V is 3-chlorophenyl and L is Cl.

55.  The method of making a compound of Formula II and salts thereof:

Vv . &
o—=C! o——C!
O\\P / O\P /
y / \O M\\\\‘“ \O
5 Formula IL.A Formula IL.B
comprising:

reacting a compound of Formula I or salts thereof with MH;

2
0 O0—-=C
\/
A/
Formula I

10 wherein:
V and L are trans relative to one another;
V is selected from the group consisting of heteroafyl, and phenyl, all optionally
substituted with 1-4 substituents;
L is selected from the group consisting of halogen, and phenoxy optionally
15 substituted with 1-2 substituents; and
MH is selected from the group consisting of either protected or unprotected
oncolytic agents, and antiviral agents and wherein:
H is attached to O, S, or N; and

M is attached to phosphorus via an oxygen, nitrogen or sulfur atom.
20
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56.

57.

58.

59.

10 60.

6l.

15

62.

20 63.

64.

The method of claim 55 wherein M is attached to phosphorus via an oxygen

present in a primary hydroxyl on MH.

The method of claim 55 wherein MH is an acyclic nucleoside.

The method of claim 55 wherein MH is reacted with a compound of Formula I in

the presence of a base.

The method of claim 55 wherein MH is a protected nucleoside and further

comprising the steps of:

forming an anion of MH with a base; and

adding a phosphorylating agent of Formula I or salt thereof to said anion.

The method of claim 55 wherein MH is an unprotected nucleoside, and wherein

the compound of Formula I or salt thereof is added to MH or salt thereof.

The method of claim 58 wherein said base is R’MgX’

wherein:
R’ is selected from the group consisting of C1-C5 alkyl, and aryl optionally
substituted with 1-3 substituents;

X is selected from the group consisting of halogen.

The method of claim 61 wherein said base is selected from the group consisting
of
tert-BuMgCl, and phenylMgCl.

The method of claim 62 wherein said base is tert-BuMgCl.

The method of claim 55 further comprising:
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65.

66.

67.

68.

69.

70.

71.

72.

73.

forming an anion of a protected nucleoside with a base;
adding a Lewis acid; and

adding a compound of Formula I.

The method of claim 55 wherein MH is a nucleoside, and further comprising:

forming an anion of MH with a base;

adding a Mg salt; and

generating the Mg salt of said anion.

The method of claim 65 wherein said base is selected from the group consisting

of alkali hydride, organometallic base, trialkylamine, and N-containing heteroaryl

base.

The method of claim 65 wherein:

said base is selected from the group consisting of NaH, LiH, LDA, LHMDS, t-
BuOK, and BulLi, Et;N, diisopropylethylamine, DBU, DABCO, and pyridine.

The method of claim 65 wherein said salt is selected from the group consisting of

MgCl,, MgBr,, and Mgl,.

The method of claim 65 wherein said base is NaH and said salt is MgCl,.

The method of claim 65 wherein said base is t-BuOK and said salt is MgCl,.

The method of claim 65 wherein said base is BuLi and said salt is MgCl,.

The method of claim 65 wherein said base is DBU and said salt is MgCl,.

The method of claim 65 wherein said base is Et3N and said salt is MgCl,.
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74.  The method of making a compound of Formula II and salts thereof comprising:

\/ . \\\\V
0—C! o—c¢!
(0] (o]
N/ N/
A\ N,
Formula IILA Formula II.B

reacting a compound of Formula I;

A%
0 0 —C'/
N/
A
5 0
Formula I

wherein:
V and L are trans relative to one another;

V is selected from the group consisting of heteroaryl, and phenyl, all optionally
10 substituted with 1-4 substituents;

L is selected from the group consisting of halogen, and phenoxy optionally
substituted with 1-2 substituents;
and salts thereof; '

with a nucleoside of Formula III;

HO 0 B
15 HO 5H
Formula I1I

wherein:

B is selected from the group consisting of
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Rs Re H Re Rs
BN N D N

N)/\/f\//Nk N, |l i R8-<’A N

/N N" Rys N" Ry G Ry

wherein:
A, G, and L' are each independently CH or N;
5 D is N, CH, C-CN, C-NO,, C-C13 alkyl, C-NHCONH,, C-CONR!'R!, C-
CSNR'R!Y, C-COOR", C-C(=NH)NH,, C-hydroxy, C-C .3 alkoxy, C-amino, C- .
Ci4 alkylamino, C-di(C;.4 alkyl)amino, C-halogen, C-(1,30xazol-2-yl), C~(1,3-
thiazol-2-yl), or .
C-(imidazol-2-yl); wherein alkyl is unsubstituted or substituted with one to three
10 groups independently selected from halogen, amino, hydroxy, carboxy, and Cj.;
alkoxy;
Eis N or CR’;
WisOorS; ,
R’is H, Ci.6 alkyl, Cy.6 alkenyl, C,.¢ alkynyl, C;4 alkylamino, CF3, or halogen;
15 " R%is H, OH, SH, NH,, C,.4 alkylamino, di(C; alkyl)amino, Cs.g
cycloalkylamino, halogen, C;4 alkyl, C;4 alkoxy, or CFs;
R’ is H, amino, Ci4 alkylamino, C;.¢ cycloalkylamino, or di(Ci.4 alkyl)amino;
R%isH, halogen, CN, carboxy, C;.4 alkyloxycarbonyl, N3, amino, C;4
alkylamino, di(C,4 alkyl)amino, hydroxy, C.¢ alkoxy, Ci.¢ alkylthio, C.6
20 alkylsulfonyl, or
(C1-4 alkyl)o., aminomethyl;
R is Hor Ci.6 alkyl;
R™isH, CFs, Ci4 alkyl, amino, C;4 alkylamino, Cs.¢ cycloalkylamino, or
di(Cy.4 alkyl)amino.
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75.  The method of claim 74 wherein B is selected from the group consisting of

Rs

Rg )\
2 i
R8—<N ‘ N/)\R kN O
_ ~/ 7 ,and ) l_ . ;
wherein:
5 D is N, CH, C-CN, C-NO,, C-Cy.3 alkyl, C-NHCONH,, C-CONR''R"!, C-

COOR!!, C-hydroxy, C-Cy.3 alkoxy, C-amino, C-Ci.4 alkylamino, C-di(C14
alkyl)amino, or

C-halogen;

Eis N or CR%

10 R’ is H, C1.6 alkyl, Cp.6 alkenyl, C,.¢ alkynyl, C;4 alkylamino, CFs, or halogen;
R® is H, OH, SH, NH,, C.4 alkylamino, di(C;.4 alkyl)amino, Cs.¢
cycloalkylamino, halogen, Ci.4 alkyl, C;4 alkoxy, or CF3;

R” is H, amino, C; alkylamino, Cs.¢ cycloalkylamino, or di(C4 alkyl)amino;
RisH, halogen, CN, carboxy, Ci4 alkyloxycarbonyl, N3, amino, Ci4

15 alkylamino, di(C4 alkyl)amino, hydroxy, Ci.¢ alkoxy, Ci.6 alkylthio, Ci6
alkylsulfonyl, or
(C1.4 alkyl)o, aminomethyl;

R is H or Cy alkyl.

76.  The method of claim 74 wherein B is selected from the group consisting of

Re Re
7N Tl
R8‘<N | //|\ N (@]
/ N R7 ,and _ [_ _ ;
20 T~
wherein:
D is N, CH, or C-halogen
E is N or C-Mg;
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R® is OH, or NHj;
R’ is H or amino;

R® is H or halogen.

77.  The method of claim 74 wherein B is selected from the group consisting of

NH, o) o)
NN N NH N NH
¢ ] < || ¢
I e
NH, 0 0

Me

SN NH NH

| | |
T/J%o T/J%o IT o)
NH, cl NH, Br NH,
72 7/ N /1 N
N IN/) N IN/) N lN/)

s - , - A

78. A method for the preparation of compounds of Formula V:

NH,

=
o fi
\Cl_d /OWN O
\ §

N HO OH
10 Formula V
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79.

80.

81.

82.

83.

84.

83.

which comprises coupling a phosphorylating reagent of Formula IV and
optionally protected cytarabine;

7N\

~

0. 0—C'
\\P/

N\ >

L 0
Formula IV

wherein L is selected from the group consisting of chloro, and 4-nitrophenoxy.

The method of claim 78 wherein a base is used in the coupling reaction.

The method of claim 79 wherein said base is RMgX wherein:

R is selected from group consisting of C1-C5 alkyl;

X is selected from group consisting of halogen.

The method of claim 80 wherein said base is -BuMgCl.

The method of claim 78 wherein the hydroxyl groups and 4-amino group of

cytarabine are protected.

The method of claim 78 wherein the 4-amino of cytarabine is protected as a

dimethylformamidine.

The method of claim 78 wherein a protecting group for the 2’ and 3’ hydroxyl
groups of cytarabine is selected from group consisting of trialkylsilyl ether,
optionally substituted MOM ether, and optionally substituted MEM ether.

The method of claim 84 wherein said protecting group for 2’ and 3’ hydroxyl
groups of cytarabine is z-butyldimethylsilyl ether.
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86.

87.

88.

89.

90.

91.

92.

93.

94.

9s5.

96.

The method of claim 78 wherein the hydroxyl groups and 4-amino group of

cytarabine are not protected.

The method of claim 86 wherein the L is chloro.

The method of claim 78 further comprising:

forming an anion of said optionally protected cytarabine with a base;
adding a Mg salt; and
generating the Mg salt of the anion of said optionally protected cytarabine.

The method of claim 88 wherein said base is selected from the group consisting
of alkali hydride, organometallic base, trialkylamine, and N-containing heteroaryl

base.

The method of claim 88 wherein said salt is selected from the group consisting of
MgCl,, MgBr;, and Mgl,.

The method of claim 88 wherein said base is NaH and said salt is MgCl,.

The method of claim 88 wherein said base is t-BuOK and said salt is MgCl,.

The method of claim 88 wherein said base is BuLi and said salt is MgCl,.

The method of claim 88 wherein said base is DBU and said salt is MgCl,.

The method of claim 88 wherein said base is Et;N and said salt is MgCl,.

The method of claim 78 further comprising:

using t-BuMgCl as a base;
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using a compound of Formula IV

Formula IV

5 wherein:
L is 4-nitrophenoxy;
said optionally protected cytarabine has the 2’ and 3’ hydroxyl groups protected
as
t-butyldimethylsilyl ethers; and

10 . has the 4 amino group protected as dimethylformamidine.

97.  The method of making a compound of Formula II and salts thereof:

/v &
o o—<C' o o—=0C'
N/ N/
AN AN
15 Formula II.A Formula II.B

comprising:
reacting a compound of Formula I or salts thereof with MH;
A

/

O\P/O —c
A,

20 Formula I

' wherein:
V is selected from the group consisting of heteroaryl, and phenyl, all optionally
substituted with 1-4 substituents;
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L is selected from the group consisting of halogen, and phenoxy optionally
substituted with 1-2 substituents; and
MH is selected from the group consisting of either protected or unprotected
oncolytic agents, and antiviral agents and wherein:

5 H is attached to O, S, or N; and

M is attached to phosphorus via an oxygen, nitrogen or sulfur atom.

98.  The method of making a compound of Formula II and salts thereof comprising:

10
Formula ILA Formula IL.B
reacting a compound of Formula I;
A
o\ /o —cC!
\
Lo
15 Formula I
wherein:
V is selected from the group consisting of heteroaryl, and phenyl, all optionally
substituted with 1-4 substituents;
L is selected from the group consisting of halogen, and phenoxy optionally
20 substituted with 1-2 substituents;

and salts thereof;
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with a nucleoside of Formula III;
HO
0 B
HO OH
Formula III
5 wherein:
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B is selected from the group consisting of

RS R° q R

/ \N ¢ N R8 4 I
N‘/N |N/)\R14 , N /)\R14 _<A G//kR7

-~ '~

wherein:

A, G, and L' are each independently CH or N;

D is N, CH, C-CN, C-NO,, C-Cy; alkyl, C-NHCONH,, C-CONR''R",
C-CSNR''R'!, C-COOR", C-C(=NH)NH,, C-hydroxy, C-C1-3 alkoxy, C-amino,
C-Cy4 alkylamino, C-di(C;4 alkyl)amino, C-halogen, C~(1,30xazol-2-yl),
C-(1,3-thiazol-2-y1), or

C-(imidazol-2-yl); wherein alkyl is unsubstituted or substituted with one to three
groups independently selected from halogen, amino, hydroxy, carboxy, and C;.;
alkoxy;

E is N or CR?;

WisOorS;

R’is H, Ci alkyl, Cp.6 alkenyl, Cy.4 alkynyl, C;4 alkylamino, CF3, or halogen;
R® is H, OH, SH, NHy, C;4 alkylamino, di(C;.4 alkyl)amino, Cs4
cycloalkylamino, halogen, Ci4 alkyl, C;.4 alkoxy, or CFs;

R’ is H, amino, C4 alkylamino, C3.¢ cycloalkylamino, or di(C.4 alkyl)amino;
R®is H, halogen, CN, carboxy, Ci4 alkyloxycarbonyl, N3, amino, C;4
alkylamino, di(C14 alkyl)amino, hydroxy, C.s alkoxy, Ci.s alkylthio, Cy.¢
alkylsulfonyl, or

(Ci4 alkyl)y., aminomethyl;

R"isHor Ci alkyl;
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R is H, CF3, C\4 alkyl, amino, C4 alkylamino, Cs.¢ cycloalkylamino, or
di(C;4 alkyl)amino.
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