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PROCESS FOR PREPARI NG | NTERMEDI ATES TO ELOREENI COL 5 FI ELD OF THE | NVENTI ON
The present invention relates to internediates to florfenicol and to a
novel process for preparing them 10 BACKGROUND OF THE

| NVENTI ON Fl orfenicol, also known as [R-(Rerr], S)]-2,2-Dichloro-NJ1-
(fluoronet hyl) -2-hydroxy-2-[4-(nmet hyl sul fonyl ) phenyl]ethyl]acetam de, is a
broad* spectrum anti bacterial agent useful in the treatnment of gram
positive, gramnegative and rickettsial infections as disclosed in U S. 15
Pat ent 4, 361,557 which is hereby incorporated by reference. The present
|nvent|on relates to internediates to rorfenl coI and to a novel process
for preparing them The int PHO & PREP INPERMEDIA
speci fication can be used to prepare rorfenl coI as can be seen, for
exanple, in US Patent 4,876,352, which is IELORFENEGQIor at ed by 20
reference. SUVMARY | n one enbodi ment, the present invention is:-directed

5
EIELD OF THE INVENTION
The present invention relates to intermediates to fiorfenicol
and to a novel process for preparing them.
10 BACKGROUND OF THE INVENTION

Florfenicol, also known as [R-(R", S*)}-2,2-Dichloro-N-{1-
(fluoromethyl)-2-hydroxy-2-[4-(methylsulfonyl)phenyl]ethyllacetamide, is
a broad spectrum antibacterial agent useful in the treatment of gram
positive, gram negative and rickettsial infections as disclosed in U. S.

15 Patent 4,361,557 which is hereby incorporated by reference. The

present invention relates to intermediates to florfenicol and to a novel
process for preparing them. The intermediates described in the present
specification can be used to prepare florfenicol as can be seen, for
example, in US Patent 4,876,352, which is hereby incorporated by

20 reference.

SUMMARY

Iin one embodiment, the present invention is directed

toward a procass for preparing a compound of formuia i



toward a prp Sociae’ preparing a conpound of fornula 1: wherein R
is H, NCIerr? @I—éerr]s CHerr]SOerr], or CJerr] to C[err]Pq F428%g R
is aryl, halo aryl, benzyl, substituted benzyl, C to (err] alkyl, Cerr]
to C[err] cycl oal kyI, and haI oal kyl, and the configuration of the oxazoline
ring is 5 4R trans: which conprises a) contacting a conpound of formula
11: [err] wherein Ris as described above, and Rerr] is Herr] (err] to
Clerr] 10 al kyl, Cerr] to (Jerr] cycloa'l? benzyl, substituted benzyl
or aryl; with a reduci ng agent such as potassi um borohydride, in a suitable

reacti on vessel, to obtain a conpound of formula 11l: WD 98/ 07709
PCT/ US97/ 14205 X
ER)AREL y
N334 SVH 133HS SiHL l
o X
L8]
H—qeh
RII
H2N-1.,,,N/>"'
CHon
1

wherein R is H, NO,, CH3S, CH,3S0;, or C, to Cg alkyl; and
R" is aryl, halo aryl, benzyl, substituted benzyl, C, to Cs alkyl, Ca to C;
cycloalkyl, and haloaikyl, and the configuration of the oxazoline ring is
5 4Rtrans:
which comprises

a) contacting a compound of formula ii:
R

He==t— OH
HoN==t— H
COOR’

4
N

I
wherein R is as described above, and R'is H, C, to C;
10 alkyl, C; to C; cycloalkyl, benzyl, substituted benzyl or aryl;
with a reducing agent such as potassium borohydride, in a

suitable reaction vessel, to obtain a compound of formula il
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-3- -3- wo 98077p€r r] wherein R is as described above, and ggribhPnstgd t he
sane reaction vessel reacting a conpound of fornmula 111, wth a conmpound of
the formula IV: [err] wherein R' is as descri bed above so as to obtain
compound of the forrmula 1. The present invention has the advantage of being
an efficient and econom cal process for preparing florfenicol, its anal ogs
10 and oxazoline internedi ates thereto. - 30 98/ 07709

PCT/ US97114205 -4 - DETAI LED DESCRI PTI ON OF THE EMBODI MENTS When utilized
in the present specification and in the appended clains, the terns |isted
her ei nbel ow, unl ess otherw se indicated, are def ilped as follows:

Z
X

|

He—d— OH
H;N—f— H
CH,OH

m

wherein R is as described above, and b) then in the same reaction
vessel reacting a compound of formula I, with a compound of the
formula IV:
R"—CEN
5 v
wherein R" is as described above so0 as to obtain compound of
the formula L.
The present invention has the advantage of being an
efficient and economical process for preparing florfenicol, its analogs

10 and oxazoline intermediatas thereto.



5 wo 9g/06e LErm "protic solvent” is intended to nean hydrogen-
bondi ng solvent, as defined in James B. Hendrickson, Cram B&F&s37/34205 and
Hanmond, George S., Organic Chem stry, Mgraw Hill Book Conmpany, New YorKk,
New York, (1970), 1279 pp. The solvent should preferably, but not
necessarily, be capable of precipitating oxazoline (1) 10 out of solution.
Such solvents include, but are not limted o, water, Clerr] to Cl0

al kanoi ¢ acids such as formic acid, acetic acid and t he like, CJerr] to

C err] alcohols such as nethanol and et hanol and m xtures thereof, derr]
to CJerr] dialcohols such
trial cohols such as gl ycers

oxazol 1 16 compound (1) S?’hee%%@@?%ﬁ?@ec%ﬁgéﬁﬁ#ﬁﬂ%ﬁ'ﬁﬁ fﬁ SR
whi ch are m sci BhgkiL cldiRePifY IdmRolYE heri ey, gn‘?%ﬁsr%thte?wggle”]

al kanes, arommt| vents Su enzene obenzenes

such as chl orob 8d, ﬁféjd@ﬁﬁﬁf 553?%\,,@5 di et hyl et her,

tert-butyl net hyl ether, I sopropyl et her and tetrahydrofuran or m xtures

of any of thg above sol Ve'Th% t@ﬁne'ﬁﬁcﬂlcvﬁmént E’iﬂtérﬁe@ toaflnﬁﬁh hyd#sden-a
strai ght or branched al kyl such as methyl, ethyl, propyl, or "sec-butyl.

Al ternatively, bbedingréuivernt| asaetined in Jamiesy. Haydiksane Cirkine Gorand J.,
exanple, Cerr] to [err] alkyl means an al kyl as
and Hammond, George S., Organic Chemistry, Mcgraw Hilt Book
Company, New York, New York, (1970), 1279 pp. The solvent should
preferably, but not necessarily, be capable of pracipitating oxazoline (i)
10 out of solution. Such solvents include, but are not limited to, water, Cq to
C10 alkanoic acids such as formic acid, acetic acid and the like, C1 o
C1o alcohols such as methanol and ethanol and mixtures thereof, Cz to
C1o dialcohols such as ethylene glycol and C4 to Cyo trialcohols such
as glycerin. Altematively,. the protic solvent can be admixed with any
15 suitable cosolvent in order to effect precipitation of oxazoline compound
(). Such cosolvents can include other protic solvents which are miscible
with the protic solvent such as C4 to Cq¢ alkanes, aromatic soivents
such as benzene, toluene, xylenas, halobenzenes such as
chlorobenzene, and ethers such as diethylether, tert-butyimethylether,
20 isopropylsther and tetrahydrofuran, or mixtures of any of the above
soivents or cosolvents.
The term “alkyl® means a straight or branched alky! such as
methyl, ethyl, propyl, or sec-butyl. Alternatively, the number of carbons in
alkyl may be specified. For example, C, to Cg alkyl means an alky! as

25 described above containing 1 to 6 carbon atoms. "Haloalkyl® means an



25 descri bé¥O2BBT78% containing 1 to 6 carbon atons. "Hal oal kyPCT/IB%MI4208N
WD 98/ 07709 PCT/ US97/ 14205 -5 -
al kyl as descri bed above wherein one or nore hydrogens are replaced by
hal o. The term "ary" means phenyl, or phenyl substituted by CJerr] to
Cerr] alkyl or halo. 5 Substituted benzyl neans benzyl substituted by C
to C6 alkyl, or halo. The term "hal 0" means-$tuoro, chloro, brono, or iodo.
The term"halo aryl" neans phenyl substituted by halo. 10 In the present
specification, S02CH3 H-OH [err]

: *alkyl® as described above wherein one or more hydrogens are replaced

by halo.
The term "aryl” means phenyl, or phenyl substituted by C,
to Cs alky! or halo. "

Substituted benzyl means benzyl substituted by C, to Cs
alkyl, or halo.
The term "halo” means fluoro, chloro, bromo, or iodo.
The term "halo aryl* means phenyl substituted by halo.
10

in the present specification,
SO,CH3

Het— OH
HyN=———H
CH,OH

which is an aminodiol sulfone, is referred to as ADS.
The procedure for preparing the compounds of the

15 invention can be represented as follows:



which is anw@eseeey ol sulfone, is referred to as ADS. The procedure for
preparing the conpounds of the 15 invention can be represerﬁ(gcﬁusignpﬁﬂ OWs:

-6 - Fornmula Scherme R R R[err]
wherein R, R and -bed herein. Wth reference to the formula
schene above, a c niEET HAS BEENWII a | may be prepared as fol l ows. A

conpound of formulfa 11 REMACEDOH H2N Hgrr] wherein Rand R are as
descri bed above is freated witiraTreduci ng agent such as Nerr]BHerr],
Cerr](BH err])[err], Llerr]BH err] or nore preferably KBH4 in a protic

sol vent such as ethanol, ethylene glycol FmiRY Scheme

R R R
N N
H—~4—OH —————# H=td—0OH = H 0>_
R"
H,;N=—t—H HN——H HN—y N/
COOR’ CH,OH CH,OH
b3 i | I

wherein R, R’ and R" are as described herein.
With reference to the formula scheme above, a compound

S of formula | may be prepared as follows. A compound of formula I

wherein R and R' are as described above is treated with a
reducing agent such as NaBH,, Ca(BH,),, LiBH, or more preferably
KBH, in a protic solvent such as sthanol, ethylene glycol, or more

10 preferably methanol, at a temperature in the range of about 0 °C to
about 30 °C more preferably room temperature for a period of about 2 to
about 8 hours, more preferably about 4 hours to obtain a compound of

tormula lil:

This Sheet Has Been Replaced




10 preferabvgogetrbenol , at a tenperature in the range of abopér®simusdsC to
about 30 [err]C nore preferably roomtenperature for a period of about 2 to
about 8 hours, nore preferably about 4 hours to obtain a conpound of
formula ill: WD 98/ 07709

PCT/ US97/ 14205 .7 R H OH [err] wherein Ris as described above. If, for
example, in the reaction described just above: nethanol is enployed as the
solverit in the reduction, it may be 5 recovered by distillation for reuse
i n subsequent reactions. Renoving nethanol can also inprove the yield of

t he compound of fornmula 1. In the sane reaction vessel, the conmpound of
formula Il is contacted wth a conmpound of fornuja IV, [err]

whersin R is as described above.
i, for example, in the reaction described just above,
methanol is employed as the solvent in the reduction, it may be
5 recovered by distillation for reuse in subsequent reactions. Removing |
methanol can also improve the yield of the compound of formula |.
In the same reaction vessel, the compound of formula lll is
contacted with a compound of formula 1V,
R"==CZ=N
v
10 wherein R" is as described above, in the amount of about
1.1 to about 2.5 equivalents, preferably about 1.7 equivalents as
compared to the compound of formula lil.
- Compounds of formula IV can bae, for example, benzonitrile
or dichloroacetonitrile. The reaction is run at a temperature between
18 25°C and 115°C depending upon the nitrile and the solvent employed.
The reaction is run from about 6 hours to about 30 hours, preferably 18
hours. The reacticn mixture is then cooled, for example, by the addition
of cold watar and worked up by conventional means such as filtration
and washing to afford a compound of formula |. Preferably this step of

20 the reaction is run at a pH in a range of about & to about 7.



10 zl;bgrei n Rlerr] is as described above, in the armunt of about
l1.1to about 28 equi val ents, preferably about 1.7 equival eht TUSY7 B‘G??par ed
to the conmpound of forrmula 111. Conpounds of fornmula IV can be, for

exanpl e, benzonitrile or dichloroacetonitrile. The reaction is run at a

t enper ature bet ‘é%ﬁb rrqE ydnd 115[err] C depending upon the nitrile
and the sol vent Po agtion is gun fromabout 6 hours to about
30 hours, preferpbly REPRA ._Thd reacti OH "m xture is then cool ed, for
exanpl e, by the addition of cold water and worked up by conventi onal neans

such as filtration and waghlqrég{t aff tbd a conpound O ornmula 1.
Preferably this step of 2 an %&?c i Of Rresen rgpe§sl§|4 ahtt£limiRgiesof about

6 to about 7. of the.pres rocess is. t i t
elimnates the Wgergeqcﬁ{h @gﬁé]é '"%q EBLF‘DB‘@H%O ¢ ‘é‘l”e‘ﬁstnﬁrsé’”i’%n in

t he sane vessel 4:%1!mat|on of the dichl or onet hyl oxazoline is preferred and
5 the formati On 61" t he phenyl oxazoline is nost preferred.

Formation of the dichloromethyi oxazoline is preferred and

S the formation of the phenyl oxazoline is most preferred.
The serine ethyl ester, as shown below, is the preferred

starting material of formula Il
50,CH;

Hw=t— OH
HoNe—t— H
COOCH,CH3

7
N

The following examples illustrate the present invention in a
10 manner by which it can be practiced but, as such, shouid not be

construed as limitations on the scope of the invention.

EXAMPLE 1
SO;CH; . SO2CH, SO;CH3
Q
™
H——-0H ————» H—+—0H —— y—O
HaN H HoN H HoN~—quy N/
COOCH,CH; CH;0H CH,0H
15 KBH, (1g) is placed in about 40 mL of methancl. D-Threo

p-methyisulfonyl phenyl serine ethyl ester (5 g) is added with stirring.
The reduction 1o ADS is compiete in several hours and can be

inonitored by HPLC. When the reaction is compiete, 20 mL of giycerin is
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The serine WMn3A07288t er, as shown below, is the preferred starROWwisTms0si al
of fornmula 11. SQ2CH3 H OH H2N H COOCH2CH3 The fol | ow ng exanpl es

illustrate the present invention in a 10 manner by
as such, should not be construed as |i

practiced but,

of the invention.

ich it can.be

THESt SHPST 6AST Bk :i.s'cope

EXAMPLE 1 [err] 15 KBH efr] (1gppiingep! aced, in

about 40 nL of nethanol. D Threo p-nethylsuT?ony phe ter
(5 9) is added with stirring. The reduction to ADS is conplete in several

hours and can be

glycerin is
i's renoved

10

18

20

nitored by HPLC. When the reaction is c lete, 20 nmL of
99? dediin-gestiPyary p3geship aoeRiRRg W‘E@g&t'sdﬁH’Whanol

by distillation. After the methanol has been removed, the resulting
mixture is hsgted to 105 °C and benzonitrile (3.1 mL) is added while
continuing heating for about 18 hours. Formation of the desired
oxazoline can be monitored by HPLC. The reaction is cooled to room
temperature and worked up by addition of cold water, filtration of the
resulting solids, washing of the solids with methanol then drying under
vacuum. The yield is about 4.7 g (81 %) of material that is identical to an

authentic sample of the phenyl oxazoline.

EXAMPLE 2
S0,CHy SO,CH; $0,CH,
~ ] ]
N "
H e OH ——ele H OH » H Q
»~— CHCL,
HaN=t—H HyN-=t—H HN=—w N
COQCH,CH; CH,OH CH,OH

KBH, (1g) is placed in about 40 mL of methanol. D-Threo
p-methylsulfonylpheny! serine ethyl ester (5 g) is added with stirring.
The reduction to ADS is compiste in several hours and can be
monitored by HPLC. When the reaction is complete, 20 mL of glycerin is
added to destroy any excess reducing agent and methanol is removed
by distillation. After the methanol has been removed, the resulting
mixiure is acidified to a pH of about 6 to 7 with H,SO, and
dichloroacetonitrile {2.4 g) is added. The reaction is stirred at 50°C for
about 18 hours. Formation of the desired oxazoline can be monitored by

HPLC. The reaction is cooled to room temperature and worked up by
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by distillaidammeefter the nmethanol has been renoved, the r\?ghwsw%z ) Xture
is heated to 105 [err]C and benzonitrile (3.1 nL) is added ire Nntl nui ng

heati ng for about 18 hours. Formation of the desired 5 oxazoline can be
nonitored by HPLC. The reaction is cooled to roomtenperature and worked up
by addition of cold water, filtration of the resulting solids, washing of
the solids with nmethanol then drying under Macuum The yield is about 4.7 g
(81 % of material that is identical to an althentic sanple of the phenyl
oxazoline. 10 EXAMPLE 2 S err]CH err]

SOerr]CHerr] ... . SOerr]CHerr] H . Od ., H

OH fittration of thecaRlids: 31[3 99@% Solids Wi omepansl and,2 %

met hanol . D-Thr et Ayl s |. serine . |.ester ), { S, added

W th etiring.  1ePHES e g ARunEE TREigk¥ aneil 8 fitebal & anc

can be nonitore ; ] ' | gt of glycerin

is added to des'(ter g&ﬁ%x%ﬁ@é”i%ﬁﬁ%?ﬁ a@%hélé%%ﬁg%eﬁﬁgﬁoﬁa?@h enoved by

distillation. Af‘}fé 61#'% nmet hanol has been renoved, the resulting mxture is

acidified to a p o% about 6 to 7 with Herr]SJerr] and 20

dichl oroacetgnitrile (2.4 g) is added. The reaction is stirred at 500C for
THE STARTING MATERIALS

The starting materials of formula (Il) and (IV) are known to

those skilled in the art.



about 18 howioseg,o7omat i on of the desired oxazoline can be nogj
HPLC. The reaction is cooled to roomtenperature and worked ?g&g{/ﬁgl%

98/ 07709 PCT/ US97/ 14205 - 10-
filtration of the solids, washing of the solids with isopropanol and 2 %

NaHCO3 t hen drying e yield is about 3.8~g—65—%—0f =y
material that is i gwm&;m%umt henti c_ §ﬁr_rpl e of thpTUiScAHEkToHAS BEEN ;
oxazoline. THE STA *The starting material$ of fRERACED (11) °

and (1V) are known to those skilled in the art. WHATHSTCCATVED 1TS: 1.
A process for preparing a conpound of fornmula (1): R

WHAT IS CLAIMED IS:

1. A process for preparing a compound of formula (1):
R

H 0 -
HyN=—twy N/
CH,0H

I
5 wherein R is H, NO,, CH;S, CH380,, or C, to C; alkyl; and R" is aryl,
halo aryl, benzyl, substituted benzyl, C, to Cs alkyl, C3 10 C,
cycloalkyl, and haioalkyl, and the configuration of the oxazoline ring is
4R trans:
which comprises

10 a) contacting a compound of formula il
R

|

H CH
HiNe=—tH
COCR'

=
x

I

wherein R is as described above, and R' is H, C, to Cg alkyl, C3t0 G,
cycloaikyl, benzyl, substituted benzyl, or aryl;
with a raducing agent, in a suitable reaction vessel, to obtain a

15 compound of formula lit:
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[err] 5 wherein Ris H NJerr], CHerr]S CHerr]SOerr], or (Jerr] to
Cerr] al KYOBAWIR' is aryl, halo aryl, benzyl substitut edPEBWEYI142EY err ]
to CJerr] alkyl, Cerr] to C[err] cycl oal kyl , and hal oal kyl, and the

configuration of the oxazoline ring is 4R trans: which conprises 10 a)
contacting a conmpound of formula 11: [err] wherein R is as described above,

and Rlerr] is Herr] Cerr] to (err] alky{ Cerr] to am““k
benzyl, substi tut ed benzyl or aryI W th a? T educi ng \ m | e
reaction vesself,t Ed‘ﬂﬁ compound of fornmul ; L “[eFr]
wherein R is ag descgﬁg bg‘#f and b.) then in the sanme reaction vessel

reacti ng a compaund AGEBUI a I , vmth aRcompound of the fornula IV
[err]

wherein R is as described above, and b.) then in the same reaction
vesse! reacting a compound of formula !, with a compound of the

formuta IV:
R"—CEN
v

to obtain a compound of the formula |

2. A process according to claim 1 wherein the reducing agent is
potassium borohydride.

3. A process according to claim 1 wherein the compound of formula

10 | that is formed is:
SO,CH;

4, A process according to claim 1 wherein the compound of formula

{ that is formed is:
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to obtain a dpssmes of the formula 1. 2. Aprocess according to claim1
wherein the reducing agent is potassium borohydride. 3. A pr 7/14205
according to claim1 wherein the corrpound of formula 10 1 that is
formed is SOerr]CHerr] [err] process according to claim1l wherein

e compound © f°rH|I|II\ll\l\l‘llﬁﬂll\lﬂlllFr”Ed SRR

SO;CH;

H 8]
HoN=—ty N/

CH,OH
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