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Abstract:

The foregoing papers (Bernasconi, E.; Lee, J.; Roletto, J.; Sogli,
L.; Walker, D. Org. Process Res. De 2002, 6, 152 and
Bernasconi, E.; Genders, D.; Lee, J.; Longoni, D.; Martin, C.
R.; Menon, V.; Roletto, J.; Sogli, L.; Walker, D.; Zappi, G.;
Zelenay, P.; Zhang, H.Org. Process Res. De 2002, 6, 158)
describe a high-yielding, all-aqueous process for the preparation
of 3-exomethylene-mR)-glutaroylaminocepham-4-carboxylic acid
1(S)-oxide (3) from fermented cephalosporin C broth via
enzyme transformations and electrochemical reduction with-
out isolation of any precursors. In this paper we describe the
efficient recovery of 3 from aqueous solution, by extractive
esterification employing diphenyldiazomethane, and the conver-
sion of the obtained bis(diphenylmethyl) ester (4) into inter-
mediates both for Ceftibuten (1) and cefaclor (8). Several routes
to the key Ceftibuten building block, diphenylmethyl 7(R)-
aminoceph-3-em-4-carboxylate (6) are described. This key
building block is acylated, deblocked, and purified using
chemistry described by Shionogi workers to give Ceftibuten.

Introduction
In Parts | and Il of this series of papémse outlined a
new strategy for the preparation of Ceftibuteh) from

fermented cephalosporin C broths. As a byproduct of this
work we also created a new opportunity for the realization
of a safer and environmentally more friendly process for the

manufacture of cefaclor (8).
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The new strategy is summarized in Scheme 1.

The foundation of Scheme 1 is based on our discd¥ery
that 3-acetoxymethyl-R)-glutaroylaminoceph-3-em-4-car-

T Ceftibuten was discovered by Shionogi and Co. Ltd., Osaka, Japan, and
licensed to Schering-Plough Corporation, Kenilworth, New Jersey. The drug is

manufactured by Shionogi.
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boxylic acid (2), already commercially produced by Anti-
bioticos S.p.A. for the manufacture ofRY-aminocephalo-
sporanic acid (7-ACA), can be sulfoxidized and electrochemi-
cally reduced in almost quantitative yield to give the new
low-cost intermediate, 3-exomethylene-7(R)-glutaroylami-
nocepham-4-carboxylic acid 1(S)-oxide (3). This process is
economically and environmentally advantageous in that all
process operations to produBeare carried out in water
without isolation of any intermediates. We anticipated that
3 would be recoverable from aqueous solution using previ-
ously described extractive esterification techniques, specif-
ically the system using diphenyldiazomethane (DBM)
reported by Glaxo worke®sOur objective was to make bis-
(diphenylmethyl) 7R)-glutaroylamino-3-hydroxyceph-3-em-
4-carboxylate 1(S)-oxide (5), the first product isolated from
the fermenter!

Results and Discussion

Extractive Esterification. Extractive esterification using
DDM originates from Glaxo’s commercialization of diphen-
ylmethyl as a carboxyl-protecting group in the manufacture
of cephalexirtd The commercial availability of benzophe-
none hydrazone and the relatively innocuous nature of the
readily recycled benzhydrol waste add to the attractiveness
of using the highly reactive DDM. Although in our work
we prepare and use solutions of DDM in methylene chloride

(2) (a) For the preparation of diphenyldiazomethane see Adamson, J. R,;
Bywood, R.; Eastlick, D. T.; Gallagher, G.; Walker, D.; Wilson, E. J.
Chem. Soc., Perkin Trans.1975, 2030 and Gallagher, G.; Walker, D.
(Glaxo). U.S. Patent 4,083,837, 1978. (b) Safety considerations drove the
commercialization of the in situ preparation of diphenyldiazomethane and
its instant scavenging by penicillin G 1(S)-oxide: Bywood, R.; Gallagher,
G.; Sharma, G. K.; Walker, Ql. Chem. Soc., Perkin Trans1975, 2019.

(c) The stability of DDM has been reported by Sakamoto, D.; Hirayama,
Y.; Kohno, Y.; Sakai, T.; Shiraishi, Y.; Saijo, S. (Taoka Chemical Ltd.).
European Patent 177,248, 1987. These workers report that crystalline DDM
undergoes no decomposition when held afds 100 hours, but that solu-
tions in CHCI, deteriorate faster—a 50% solution decomposes 4.9% in 20
days and 30.5% in 40 days at’C. The polymer version of DDM, sold
commercially by Bachem, Switzerland, is said to deteriorate at a rate of
ca. 4%/month at £C: Dr. J. Gosteli, private communication. DDM is
described as emitting toxic vapors of N®@hen heated to decompositien
Lewis, R. J Sax’s Dangerous Properties of Industrial Materiah ed.;

Van Norstrand Reinhold: New York, 1996; p 1404. (d) For preparation of
cephalexin from Penicillin G R)-oxide via diphenylmethyl protection see
Bywood, R. Gallagher, G.; Walker, D. (Glaxo). German Patent 2,311,597,
1973.

(3) (a) Bywood, R.; Robinson, C.; Stables, H. C.; Walker, D.; Wilson, E. M.
In Recent Adances in the Chemistry gfLactam AntibioticsElks, J. Ed.;
Special Publication No. 28; The Royal Society of Chemistry: London, 1977;
p 139. (b) Robinson, C.; Walker, D. (Glaxo). U.S. Patent 4,059,573, 1977.
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Scheme 1. Outline of processes for the manufacture of Ceftibuten and cefaclor
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single enantiomer (10a) reduced the overall yield to 70%

fully developed process, DDM would be prepared and used (no optimization carried out). In large part crystallization

in situ.

Although the extractive esterification 8frequired more
than 2 mol of DDM, adding to costs, we were able to
minimize the usage of DDM by first purifying aqueous
solutions of3 using column chromatography on a Rohm and
Haas XAD-16 resin. This purification (see Table 13 in Part
1119 efficiently removed most of the phosphate buffer,
thereby reducing DDM usage. Scheme 2 illustrates the
process for converting an Antibioticos solution 2fto a
solution of bis(diphenylmethyl) 3-exomethyleneRj{glu-
taroylaminocepham-4-carboxylate 1(S)-oxide (4).

Scheme 2. Antibioticos solution of 2 to a solution of 4

1. CH;CO,H
2 3
2. Electrochemical reduction
(Sn cathode/phosphate buffer)

1. XAD-16 chromatography

2.DDM (2.7 equiv) in CH,Cl,

50g/L pH 2.5 - 2.8, Isopropanol

Using a freshly prepared solution @f(98% purity by
HPLC) the overall solution yield2(to 4) was 88%. The
isolation of4 in a pure crystalline form as the predominant
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losses are due to the presence of small amounts of several
useable byproductslQb, 11, and12). As expected, the
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11b 4S Conformation 12b R'=DPM, R=H
Each in 4R or 4S form as either
R or S oxide

extractive esterification step virtually eliminated tin con-
tamination (the4 produced containeck20 ppm of tin).

To avoid product and economic losses by isolating a pure
crystalline enantiomerlQa), it is clear that it would be most
desirable to capture all the 3-exo-methylenecepham products



produced. This has been achieved by direct ozonolysis of thethe corresponding sulfide seemed likely, from the literature,
methylene chloride solution ¢f obtained via Scheme 2. to be quite simple. Although our work on the desulfoxidation
Ozonolysis. The efficient ozonolysis of 3-exomethyl- step was not optimized, we showed that the desulfoxidation
enecephams in either sulfide or sulfoxide form, has been step could be achieved, often in high yield, with acetyl chlo-
described by several worket8In the case of our compound  ride/iodide and Lawesson’s reagent. Our work also showed
4, obtained as in Scheme 2, the solution in methylene that the desulfoxidation step could be carried out in situ.
chloride was first washed with aqueous base to remove very  Conversion of 5 to Diphenylmethyl 7R)-Aminoceph-
small amounts of monoacids (12); these extracts were 3-em-4-carboxylate (6)Several routes were investigated in
recycled to the next extractive esterification run. The resulting an effort to determine which approach would be the most
methylene chloride solution dwas partially stripped, made  efficient and practical for the conversion bfto 6. These
up with methanol (1720% CHOH), and ozonolyzed atca. routes are outlined in Scheme 4.

—55 °C over 4-6 h to give5 in almost quantitative yield. The desulfoxidation step to initiate Route A results in
Our work showed that ozonolysis of the sulfoxidevas ~ immediate access to an analogous compoGylt¢ Shiono-
advantageous over ozonolysis of the sulfide form4dh gi's diphenylmethyl 3-hydroxy-7(R)-phenylacetamidoceph-

that the sulfoxide proved more stable, giving5% yield 3-em-4-carboxylate (This compound is an intermediate in
of 5at—15°C in methylene chloride containing some acetic Shionogi's manufacturing procéder Ceftibuten; see Scheme
acid. In contrast ozonolysis of the sulfide form&fevenat 1 in Part Il of this series of paper¥)Route B describes a
—55°C, led to the formation of small amounts of sulfoxide different order of the reactions to that used in Route A. Route
5 as a byproduct. Although there is a possibility that aqueous € involves chlorination of the 3-hydroxyl group 6fto give
solutions of3 might be ozonolyzed, further extending the 16 followed by zinc/acetic acid reduction of 3-Cl to 3-H

principle of carrying out as many reactions as possible in USing procedures described by earlier workers.
water. we did not test this. Route A was selected because of the harmonization with

The isolation of5 was achieved by replacing the meth- Shionogi’s Ceftibuten manufacturing process, and the likely

ylene chloride—methanol solvent with 2-propanol. The minimum capital requirements for adopting this route. The
isolated yield of5 based on the content @fin the starting alternative Route B was not pursued because the reduction

aqueous solution was ca. 76%. Typically the puritpovas step to cepham sulfoxidd.7) was much less efficient than
ca. 97%. The R)-oxide content 06 was generally ca. 1% the reduction ofl5to 18. Although laboratory work indicated
The mother liquor from the crystallization & contained that route C would provide a shorter higher-yielding route

additional5, usually ca. 5%. Recovery of furthBrwas not from .5 to 6 this route was not pursued for time and CPSt
undertaken. considerations. New capital equipment would be required

In addition to defining and developing the electrochemi- to operate the route C process, particularly for the zinc/acetic

. acid reduction step, including disposal of the zinc waste.
cally based route t6 we also undertook an evaluation of a : . .
. . Potentially even more time-consuming, new process steps
chemically based route for the conversion of 3-acetoxy- , . .
. : would have to be proven, validated, and registered with
methyl-7®R)-glutaroylaminoceph-3-em-4-carboxylic aci) (

) ) . regulatory authorities.
to sulflde 15. for cpst comparison purposes. The chemical Operation of the Route A process {~ 15 — 18 — —
route is outlined in Scheme 3.

— 6) proved to be similar, in both handling and performance,

Scheme 3. Alternative chemically based route for the to the Shionogi process (see Scheme 1 in Part Il of this

manufacture of 15 serieféb and Yoshiokd). As expected the only difference in
Exractive. RFNa___JS T men s quality is the structure of the trace impurity @ The trace
Leerficaton oj;nggvmc j;»‘@\ Dronell, oj;(j/lo,* impurities are19a (this work) and19b (Shionogi).

N.
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Although the chemical route worked well to give high- 193 - (CUHCHOCOCH). DPM - (CHaCH
quality 15, it is environmentally less satisfactory in that 19b R = C4HsCH;-, DPM = (CsHs):CH

organic solvents and reagents are introduced at an earlier

point than is the case in the electrochemical route. Further-  Impurity 19ais generally present in an amount©6.5%
more, the use of metallic zinc for the reduction step andis routinely purged in subsequent processing to Ceftibu-
introduces hazardous waste handling and disposal problemsten, in an analogous mannerébin the Shionogi process.
Greater volumes of solvent and reagents such as DDM are Conversion of 6 to Ceftibuten. The procedures we
needed in abrogating the advantage of working in water for followed were those described by Shionogi for the conversion
the electrochemical reduction. In contrast the step of reducing©f 6 derived from penicillin G 1%)-oxide. Results and
the sulfoxide (5), produced via the electrochemical route, to

(6) Kaiser, G. V.; Cooper, R. D. G.; Koehler, R. E.; Murphy, C. F.; Webber,
J. A.; Wright, I. G.; Van Heyningen, E. Ml. Org. Chem1970,35, 2430.

(4) Scartazzini, R.; Bickel, HHely. Chim. Actal974,57, 1919. (7) Yoshioka, M.Pure Appl. Chem1987,59, 1041.

(5) (a) Chauvette, R. R.; Pennington, P.JAAm. Chem. S0d.974,96, 4986. (8) (a) Nagata, W.; Narisada, M.; Hamashima, Y.; Okada, K. (Shionogi). U.S.
(b) Chauvette, R. R. (Eli Lilly). U.S. Patent 3,917,587, 1975. (c) Chauvette, Patent 4,081,595, 1978. (b) See also Takaya, T.; Kochi, H.; Masugi, T.
R. R. (Eli Lilly). U.S. Patent 4,060, 688, 1977. (Fujisawa). U.S. Patent 4,246,405, 1981.
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Scheme 4. Outline of routes for conversion of 5 to 6
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product quality were identical, irrespective of the source of we did not test this, that the DPM ester group/ahight be
6. removed in situ such that the first isolated product frbm
Preparation of the Key Cefaclor Intermediate (7).We could be 7R)-amino-3-chloroceph-3-em-4-carboxylic acid.
were encouraged to determine whether the new electro-
chemically based route to Ceftibuten intermediate could be Conclusions
beneficially applied to the manufacture of other cephalo-  The efficient conversion of 3-exomethyleneRj{glu-
sporin antibiotics now accessed from penicillin intermediates. taroylaminocepham-4-carboxylic acidSioxide (3 to diphen-
The two obvious candidates are cefagkmd ceftizoxime? ylmethyl 7(R)-glutaroylamino-3-hydroxyceph-3-em-4-car-
We briefly evaluated the cefaclor opportunity simply because boxylate 1(S)-oxide (5) and thence diphenylmethyR)?(
it appeared us that the use of diphenylmethyl (DPM) as a aminoceph-3-em-4-carboxylates)( and Ceftibuten 1)
readily removable protecting group for carboxyl should be completes the synthesis sequence to establish a practical and
superior to use of the-nitrobenzyl (PNB) group now  economically attractive new strategy for the manufacture of
employed in cefaclor manufacture. There are several safetyCeftibuten from fermented cephalosporin C. The new
and industrial hygiene issues associated with the reagentstrategy also introduces new opportunities for producing
used for introducing PNB protection, with the reductive other cephalosporin antibiotics, particularly cefaclor, from
removal of this group and with the disposal of process wastes.fermented cephalosporin C.
Although our use of the highly reactive diphenyldiazo-
methane (DDM) is potentially hazardous, if its in situ Experimental Section
preparation and use can be realized as in the case of cepha- Materials and General Methods. UV spectra were
lexin,2¢it provides a safer and more environmentally friendly measured with a Hitachi U-3501 spectrophotometer. The
alternative to PNB. In addition, the benzhydryl waste from HPLC analysis was carried out on a Brownlee HPLC
the removal of DPM protection can be readily recycled. analytical column (RP 18 SPHER I-1. 250 4.6 mm)
In regard to harnessing the 3-hydroxycephem intermediatemaintained at a temperature of 35. The mobile phase was
5 for cefaclor manufacture we found that the key intermediate typically 6:94, CHCN/0.025 M KHPO, (aqueous) at a flow
7 can be readily produced in an essentially one-pot process rate of 1 mL/min. An UV detector (225 nm) was used.
in high yield and high quality. It appears probable, although  Electrospray MS was performed in a VG Quattro SQ
Mass Spectrometer (Fison Instruments). NMR experiments

(9) (a) Chauvette, R. R.; Pennington, P.JAMed. Chem1975,18, 403. (b) i _
Kukolia, S. (Eli Lilly), U.S. Patent 4,052,387, 1977 were conducted using WP-300 NMR (Bruker) and AM-400

(10) Yamanaka, H.; Chiba, T.; Kawabata, K. Takasugi, H. Masugi, T.; Takaya, NMR (Bruker) spectrometers.

w I )JBAnt'r?'fét 1|985 t38 1738. i edioh . by reflund Ozonolysis experiments were carried out using a Poly-
a) Benzhydryl wastes are readily converted to benzophenone by refluxing
in aqueous 30% nitric acidsee ref 2d, Example 37. The benzophenone 0zone (formerly WeISbaCh) generator, model T-81% L.
produced is easily converted to benzophenone hydrazone for recycle to
the DDM process. (b) See also Rivkin, S. M Appl. Chem (USSR)938, (12) This unit generage8 g Q/h (air input) or 16 g @h (oxygen input) operating
11, 83(Chem Abstr1938,32, 4566). at 115 V, 60 Hz, and 8 psig pressure.
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Preparation of Bis(diphenylmethyl) 3-Exomethylene-
7(R)-glutaroylaminocepham-4-carboxylate 1§)-oxide (4).
To an aqueous solution of 3-exomethylene produ(2 L,
70 g, 0.202 mol) obtained from the XAD-1600 resin
purification (See Part I was added a solution of
diphenyldiazomethari®& (93.47 g, 0.508 mol) in 1.5 L of

concentration to remove most of the methylene chloride,
2-propanol (1.3 L) was added. The trace amount of meth-
ylene chloride was removed via continuous distillation to a
volume of 800 mL. The mixture was then slowly cooled to

0 °C over 30 min and then agitated for 2 h. The product
was filtered and dried under vacuum at4 °C. The yield

methylene chloride. The biphasic mixture was agitated at 5 of product5 (129 g) was~95%.

to 10°C. The pH was then adjusted to 3.5 with a solution
of 5 N hydrochloric acid and was maintained for 2 h.
Additional hydrochloric acid solution was added, and the
reaction mixture was stirred overnight until the extractive

IH NMR (400 MHz, CDC}): 6 2.02 (m, 2H), 2.32 (t,
2H), 3.41-3.72 (ABg, 2H,) = 19.0, 1.0), 4.52 (dd, 1H]
= 4.0, 1.0 Hz), 6.03 (dd, 1H] = 4.0, 1.0 Hz), 6.66 (d, 1H,
J=10.0 Hz), 6.89 (s, 1H), 6.92 (s, 1H), 7:28.40 (M, 20H),

esterification was complete. The phases were separated, ang1 70 (s, 1H). ES-MS M 678.20. HRMS calcd for

the agueous phase was extracted with 0.5 L of methylene

chloride. The organic phases were combined and washe
with water (500 mL) and a solution of sodium bicarbonate

to a pH of 7.5. The organic phase was then washed with

saturated sodium chloride solution (300 mL). The product
was isolated after replacement of methylene chloride with
isopropyl alcohol (500 mL) via distillation. After cooling,
the product was stirred for 2 h, filtered, and dried to give
120.21 g (88%) of desired produd)( having>98% purity.
Alternatively, the methylene chloride solution after work up
can be used directly for the next step without isolation. The
tin content of4 was <20 ppm.

IH NMR (400 MHz, CDC}): 6 1.92-2.04 (m, 2H), 2.25
(t, 2H,J = 7.5 Hz), 2.48 (t, 2HJ = 7.5 Hz), 3.36-3.62
(ABq, 2H), 4.80 (d, 1HJ = 4.8 Hz), 5.32 (s, 1H), 5.42 (s,
1H), 5.77 (s, 1H), 5.92 (dd, 1H,= 10, 1 Hz), 6.83 (s, 1H),
6.87 (s, 1H), 7.227.39 (m, 20H). ES-MS M 676.2. HRMS
calcd for GgH37/N20;S (MH') m/z, 677.22, found 677.2307.
Elemental analysis: found C, 69.21; H, 5.36; N, 4.14; O,
16.55; S, 4.74; calcd C, 69.23; H, 5.33; N, 4.14; O, 16.57,;
S, 4.74.

Preparation of Bis(diphenylmethyl) 7(R)-Glutaroyl-
amino-3-hydroxyceph-3-em-4-carboxylate 1§)-oxide (5).

To a 2-L three-necked round-bottom flask connected to an

C3gH3sN20sS (MHT) 679.20;m/z, 679.2137. Found C, 67.24;
, 5.05; N, 4.13; O, 18.86; S, 4.72. Calculated C, 67.26; H,
5.01; N, 4.13; O, 18.88; S 4.72.

Alternative Preparation of Bis(diphenylmethyl) 7(R)-
Glutaroylamino-3-hydroxyceph-3-em-4-carboxylate 1§)-
oxide (5). The methylene chloride solution &f(101.25 g,
0.15 mol) obtained from the extractive esterification step,
was concentrated via distillation to approximately 350 mL
to remove water. An additional 250 mL of methylene
chloride and 100 mL of methanol was added. The solution
was cooled to-65 °C. Ozone was bubbled in at a flow rate
of ca. 1 L/min (at an air pressure of 8 psi) over a period of
4—6 h at—65 to— 55°C. The reaction was monitored every
hour by TLC. The typical ozonolysis takes ca.3%&h to
complete. After completion, the excess of ozone was
removed by insufflating oxygen for 30 min and then nitrogen
for 30 min. Trimethyl phosphite (56 mL, 0.03 mol) was then
added slowly over 40 min while maintaining the temperature
between—10 to 0°C. At the end of the addition, the solution
gave a negative response to the peroxide test (Kl-soluble
starch). The resulting solution was stirred for 30 min before
warming to room temperature.

The reaction mixture was poured into 1.1 L of aqueous

ozonizer, a scrubber, and nitrogen purge was added 135 Gsq|ytion containing-toluenesulfonic acid monohydrate (20

of the produc# (0.2 mol) and 900 mL of methylene chloride
followed by 150 mL of methanol. The mixture was cooled
to —65 °C. Ozone was bubbled in at a flow rate of ca. 1
L/min (at an air pressure of 8 psi) over a period eféth at
—65 to— 55°C. The reaction was monitored every hour by
TLC. The typical ozonolysis takes ca. 3-8 h to complete.

After completion, the excess of ozone was removed by

insufflating oxygen for 30 min and then nitrogen for 30 min.
Trimethyl phosphite (75 mL, 0.04 mol) was then added
slowly over 40 min while maintaining the temperature
between—10 to 0°C. At the end of the addition, the solution

gave a negative response to the peroxide test (Kl-soluble

starch). The resulting solution was stirred for 30 min before
warming to room temperature.

The reaction mixture was poured into 1.5 L of aqueous
solution containingp-toluenesulfonic acid monohydrate (24
g) andtert-n-butylammonium bromide (4 g). The resulting
mixture was then agitated at 420 °C for 1.5 h. The organic

g) andtert-n-butylammonium bromide (3 g). The resulting
mixture was then agitated at 20 °C for 1.5 h. The organic
phase was separated and washed with 5% aqueous sodium
chloride (2x 500 mL). The water used for the above workup
contained about 0.08%rt-n-butylammonium bromide. After
concentration to remove most of the methylene chloride,
2-propanol (1 L) was added. The trace amount of methylene
chloride was removed via continuous distillation to a volume
of 650 mL. The mixture was then slowly cooled to°G
over 30 min and then agitated for 2 h. The product was
filtered and dried under vacuum at-450 °C. The yield of
product5 (115 g) was~85%.

Preparation of Bis(diphenylmethyl) 7([R)-Glutaroyl-
amino-3-hydroxyceph-3-em-4-carboxylate (15).To an
ozonized solution of5 (15 g, 0.022 mol) in methylene
chloride (135 mL) was added Lawesson’s reagent (2,4-bis-
(4-methoxyphenyl)-1,3, 2, 4-dithiaphosphetane 2,4-disulfide,

phase was separated and washed with 5% aqueous sodiurh0.5 g, 0.026 mol) at 20—2%C. The mixture was stirred at

chloride (2x 1 L). The water used for the above workup
contained about 0.08%rt-n-butylammonium bromide. After

35 °C for 30 min. After reduction was complete (monitored
by TLC) the reaction mixture was filter&tdand methylene
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chloride was removed via vacuum distillation. The residue 8.5 Hz); 6.37 (d, 1HJ = 8.5 Hz); 6.89-6.91 (s, 2H); 7.23—
was triturated wit-pentane (100 mL) to give 12 g (82%) 7.45 (br s, 20H); 11.68 (s, 1H).
of product15 starting from4. Step C. Reduction to 3-Hydroxycepha&¥Hydroxyceph-

H NMR (CDCl;, 400 MHz): 2.01 (m, 2H); 2.30 (t, 2H);  em product {5) (10.6 g, 0.016 mol) from Step B was
2.53 (t, 2H); 3.27#3.45 (AB quartet, 2HJ) = 17 Hz); 5.01 dissolved in a mixture of 8.2 mL of glacial acetic acid, 90
(d, 1H,J = 4.5 Hz); 5.71 (d of d, 1H) = 4.5 Hz,J = 8.5 mL of methanol, and 180 mL of methylene chloridéne
Hz); 6.37 (d, 1H,J = 8.5 Hz); 6.89-6.91 (s, 2H); 7.23 resulting mixture was cooled te55 °C. Sodium borohydride
7.45 (br s, 20H); 11.68 (s, 1H). (1.84 g, 0.049 mol) was added, and reaction mixture was

Preparation of Bis(diphenylmethyl) 7(R)-aminoceph- stirred at =50 °C for 20 min. After the reaction was
3-em-4-carboxylate (6).Step A. Extractive Esterification.  complete, the reaction mixture was poured into a mixture of
To a 1-L solution of 21.0 g (0.064 mol) of 3-exomethylene- 300 mL of methylene chloride and 105 mL of 7% aqueous
7(R)-glutaroylaminocepham-4-carboxylic acid prepared as in NaHCQ; solution at room temperature and stirred for 15 min.
Part Il (tin cathodé was added a solution of 34.2 g (0.17 The organic phase was washed with aqueous 5% NaCl solu-
mol) of diphenyldiazomethane in methylene chloride. The tion (2 x 200 mL) and then concentrated in vacuo. Toluene
mixture was cooled to 0—3C. Aqueous hydrochloric acid (100 mL) was added, and the crystalline product was stirred
(18%) was slowly added to adjust to pH3. The reaction  at 5°C for 12 h to give 7.4 g (70%) of the product (18).
mixture was warmed to room temperature and stirred for 6 14 NMR (DMSO-ds, 400 MHz): 6 1.96 (m, 2H); 2.23
h. The pH of the reaction was again adjusted+®2%. After (t, 2H); 2.48 (t, 2H); 2.61—2.98 (AB of ABX, 2HJxs =
overnight agitation, the organic phase was separated, andi3.8 Hz,Jax = 10.0 Hz,Jsx = 3.5 Hz); 3.32 (d, 1HJ =
the aqueous phase was extracted with methylene chloride7 8 Hz): 4.08 (m, 1H); 4.84 (d, 1H] = 6.0 Hz); 5.07 (d,

(2 x 50 mL). The combined organic phases were washed 1H, J = 4.0 Hz); 5.53 (dd, 1H,) = 9.0, 4.0 Hz); 6.51 (d,
with 500 mL of water and then concentrated in vacuo to a 1H, J = 9.0 Hz); 6.87—6.92 (s, 2H); 7-27.4 (br s, 20 H).
volume of about 70 mL. 2-Propanol (300 mL) was then  Step D. Mesylate PreparatioRroduct18 (45.1 g, 0.068
added, and the remaining methylene chloride was distilled mol) from Step C was suspended in methylene chloride (330
off at 45°C. The resulting solution was cooledto 25and  mL) at —20 °C under nitrogen. Methanesulfony! chloride
seeded. The slurry was stirred at 25 for 4 h and at 0—5 (9.3 g, 0.081 mol) was added slowly a0 °C. A 1.2%

°C for 0.5 h. The product, bis(diphenylmethyl) 3-exometh- sojytion of EtN (8.9 g, 0.088 mol) in ChCl, was added
ylene-7R)-glutaroylaminocepham-4-carboxylate was filtered oyer a period of 20 min with the temperature<at-20 °C

and dried in a vacuum oven at 36 to give 34 g (80.5%).  and then warmed te-10 °C for 1 h. The resulting mixture

'H NMR (CDCl;, 400 MHz): 6 1.98 (m, 2H); 2.23 (. ¢ontaining the mesylatt9 was used for the next step as is.
2H); 2.5 (t, 2H); 3.09-3.50 (AB quartet, 2H) = 13 Hz,J A small portion of reaction mixture was poured into a chilled
=9 Hz); 5.21-5.24 (s, 2H); 5.32 (s, 1H); 5.35 (d, 18~ aqueous NaCl solution. The organic phase was separated,
4.3 Hz); 5.64 (dofd, IH) =4.3 Hz,J=9.2Hz); 6.10 (d,  washed with 5% aqueous NaCl, and then concentrated in
1H,J=19.2 Hz); 6.86—6.88 (s, 2H); 7.23—7.37 (br's, 20H). yacy0. Methanol was added to crystallize the prodit

Step B. Ozonolysig solution of 46.26 g (0.070 mol) of 14 NMR (CDCls, 400 MHz): 6 2.00 (m, 2H): 2.27 (t, 2H);

EtOAc was cooled to-75 °C. A stream of ozone (about _ 135 N7 Jax = 10.5 Hz,Jgx = 3.3 Hz): 5.04 (m, 2H);

2.7 mmol/min) was bubbled through the stirred solution at g 55 (d, 1H,J = 4.4 Hz); 5.50 (dd, 1H] = 4.4, 9.0 H2);

—75 °C for 35 min. After the reaction was complete, the g 55 (d, 1H,J = 9.0 Hz); 6.89—6.95 (s, 2H); 7.2—7.4 (br s
excess ozone was removed by bubbling oxygen through theZOH)_ Y ’ e ’

mixture_ for 5 min, followed by nitrogen for 15 min. Step E. Side-Chain Cleage.The mesylat€0 from Step
Approximately 25 mL (0.143 mol) of P(ORtwas slowly 5 (505 g, 0.068 mol based dt8) in methylene chloride
added to the reaction mixture over 20 min while maintaining |, ..« ooled to—50 °C. Pyridine (10.7 g, 0.135 mol) and

the temperature at—65 °C. The resulting mixture was  ,p,oqhhorys pentachloride (24.0 g, 0.115 mol)) were gradually
stirred for _1 h gnd poured |nto' 195 mL of 5% aqueous added followed by 1,5-cyclooctadiene (21.6 g, 0.20 mol).
hydrochloric acid. After 1 h agitation at ¥20 °C, the o raaction temperature was raised-ta0 °C, and the
organic phase was separated and washed with 5% aqueougtimng was continued for 23 h. Methanol (440 mL) was

Na%l solution .(ZX 25do ”.‘ﬂL‘)- Aiter remO\_/aI of gggent’léhef added very slowly while the temperature was maintained at
[ﬁ S| SUE v(;/as trltur?]te wi ;jpe?talnse to give a oYIEIO Ol g °C. The reaction mixture was stirredra h at 0-5 °C.
e 3-hydroxycephem product (15). The slurry containing diphenylmethyl Rf-amino-3-meth-
IH NMR (CDClz, 400 MHz): 6 2.01 (m, 2H); 2.30 (t,
anesulfonyloxycepham-4-carboxylate (21) was used for the
2H); 2.53 (t, 2H); 3.27—3.45 (AB quartet, 2Hd,= 17 Hz); : : :
501 (d 1HJ = 4.5 Hz) 5.71 (d of d. 1M = 4.5 Hz.J — next step as is. A small portion of sample was treated with
01 (d, IH,J=4.5Hz); 5.71 (d of d, 1H] = 4.5 Hz,J = water and saturated aqueous,8@; to adjust the pH to 7.
: — The organic phase was separated and washed twice with
(13) Lawesson’s reagent is made and used commercially in the manufacture of 0 .
Quazepam. After completion of the thionation step the primary waste adUEOUS 5% NaCl, then concentrated in vacuo. 2-Propanol
product, believed to be [CYDCH,P+(S)Os}, is filtered and disposed of  was added, and the crystalline product was filtered and dried
by incineration. When ammonia is used to quench the reaction, the primary at 45 °C to give diphenylmethyl R)-amino—3—methane-

waste is the diamide, GCsH4P(S)(NH).. This information kindly
provided by Dr. B. Brady, Schering—Plough, (Avondale), Ireland. sulfonyloxycepham-4-carboxylatl.
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H NMR (DMSO-d;, 400 MHz): ¢ 3.05 (s, 3H); 3.16— benzyloxycarbonylamino-4-thiazolyl)-4-(3-methyl-2-butenyl-
3.23 (AB of ABX, 2H,Jag = 13.8 HZ,Jax = 7.2 HZ,Jgx = oxycarbonyl)-2-butenoic acid (36.4 g, 84.6 mmol). The
2.7 Hz); 4.93 (d, 1HJ = 4.3 Hz); 5.15 (d, 1HJ) = 4.3 Hz); resulting solution was cooled to abouB0 °C with stirring
5.20 (d, 1H,J = 5.7 Hz); 5.37 (m, 1H); 6.92 (s, 1H); =3 under nitrogen and thereto were added triethylamine (33.8
7.6 (br s, 10 H); 9.34 (br s, 2H). mL, 243 mmol) and then rapidly phosphoryl chloride (12.5

Step F. Elimination.The slurry product21 of Step E g, 81.5 mmol). The reaction temperature was allowed to
(0.068 mol based oh8) was cooled to-10°C. Diethylamine warm to 10°C. Stirring was continued for about 30 min,
(47.0 g, 0.643 mol) was slowly added while keeping the and the reaction mixture was poured into an aquesu§4)
temperature below 10 °C. The mixture was warmed to 10 sulfuric acid solution (120 mL). The organic layer was
°C and stirred for 3-4 h. After the reaction was complete, separated and washed with water (120 mL), an aqueous 2%
the resulting mixture was poured into 10% aqueoyB® sodium hydrogen carbonate solution (70 mL) containing
solution (200 mL). The organic phase was separated andabout 7% sodium chloride and 1% tetriebutylammonium
washed sequentially with 5% aqueous NaCl, 10% aqueousbromide, and water (100 mL) containing 15% 2-propanol.
NaHCG;, and aqueous 5% NaCl. The methylene chloride The aqueous layers were back-extracted with methylene
was replaced by isopropyl acetate (200 mL) via distillation. chloride (120 mL). The combined organic layers were treated
The product crystals were filtered and washed with cold iso- with activated carbon (10 g) and then filtered. The filtrate
propyl acetate (50 mL) and dried at 30 to give 21 g (85% and washings were combined and concentrated to 100 mL.
overall from 18) of diphenylmethyl 7(R)-aminoceph-3-em The slurry of product crystals was prepared by addition of
4-carboxylate (6)H NMR (CDCls, 400 MHz): 6 1.78 (br isopropy! acetate (200 mL), by concentration to 180 mL to
s, 2H); 3.41—-3.59 (AB of ABX, 2HJag = 19.3 Hz,Jax = remove residual methylene chloride and, finally, by addition
6.4 Hz,Jgx = 2.7 Hz); 4.80—4.91 (d, 2H] = 5.3 Hz); 6.63 of 15 mL of isopropyl acetate and 250 mL of isopropyl
(dd, 1H,J=6.4, 2.7 Hz); 6.95 (s, 1H); 7:27.4 (br s, 10 H). alcohol. The resulting slurry was stirred a6 to 0 °C for

Step G. Alternative EliminatiorRroduct20 from Step D 12 h, filtered, and washed with a cold mixture of isopropyl
(12.4 g, 0.017 mol) in methylene chloride without isolation acetate and 2-propanol (1:1, 200 mL). After drying, 48.5 g
was cooled to—50 °C, and diethylamine (17.2 mL) was (92%) of productd was obtained.

added. The mixture was warmed +dl0 °C and stirred for Preparation of Crude Ceftibuten. A solution of anhy-
1 h. The cold reaction mixture was poured into 5% aqueous drous aluminum chloride (25.4 g, 190.6 mmol) in anisole
HCI solution (1.0 L), while the temperature was keptdt0 (320 mL) was stirred in a 1-L three-neck round-bottom flask

°C. The organic phase was washed with 5% aqueous NaCl,under nitrogen and treated with a solution of compo@nd
then combined with 500 mL of water and adjust to pH (33 g, 42.2 mmol) in anisole (350 mL) at £30 °C over a

6.5 with 7% aqueous NaHGOThe aqueous phase was back period of 30 min. After stirring at 25C for 1 h, the reaction
extracted with methylene chloride. The organic phases weremixture was cooled to about10 °C and poured into 2%
combined, washed with 5% aqueous NacCl, then concentratedaqueous hydrochloric acid solution (250 mL) while the
in vacuo to give 8.6 g (78.9%) of bis(diphenylmethylRj{ temperature was kept below 16. After stirring for 20 min
glutaroylaminoceph-3-em-4-carboxylal® as a crystalline  the slurry was filtered, and the aqueous layer was separated
compoundH NMR (CDClz, 400 MHz): 6 2.03 (m, 2H); and washed with 100 mL of isopropyl acetate. The organic

2.27 (t, 2H); 2.53 (t, 2H): 3.383.59 (AB of ABX, 2H); layers were back-extracted with 2% hydrochloric acid (100
4.94 (d, 1H); 5.90 (dd, 1H); 6.14 (d, 1H); 6.66 (dd, 1H); mL). The acid layers were combined and mixed with 25 mL
6.89—6.96 (s, 2H); 7.2—7.5 (br s, 20H). of acetonitrile. The resulting solution was cooled-t6 °C

Step H. Alternatie Side Chain cleaage.Productl9from and treated with malic acid (77 g) and acetic acid (35 g).
Step G (13.2 g, 0.02 mol) was dissolved in 150 mL of The pH of the stirred mixture was adjusted to about2.9
methylene chloride and cooled 60 °C. Pyridine (6.6 mL) 3.3 by addition of an aqueous (28%) sodium hydroxide
and PCi (8.5 g) were added. Methanol (150 mL) was then solution (~140 mL) maintaining the temperature below 35
slowly added while maintaining the temperature<dt °C. °C. After stirring at 26-30 °C, the pH of the mixture was
The resulting mixture was stirredrf@ h at—10 °C. Water adjusted to about 2.9 by addition of 35% hydrochloric acid.
(300 mL) was added and agitation continued &Q0for 2 The resulting slurry of crude Ceftibuten was stirred at 20
h. Aqueous NaHC®(7%) was added to adjust the pH to °C for 10 h to complete crystallization and then filtered. The
6.5. The organic phase was separated and washed with 5%product crystals were washed with water (50 mL) and aceto-
aqueous NaCl. The solvent was replaced with 2-propanol nitrile (76 mL) to give crude Ceftibuten as wet crystals, which
via vacuum distillation. After cooling the product was filtered was subjected to further purification as described below.

and dried under vacuum at 4& to give 6.6 g (92.6%) of Preparation of Ceftibuten Sulfate. A stirred mixture of

the title compound (6). the wet crystals of crude Ceftibuten, deionized water (15
Preparation of Diphenylmethyl (6R,7R-7-[(E,Z)-2-(2- mL), and acetonitrile (250 mL) in a 1-L three-neck round-

Benzyloxycarbonylamino-4-thiazolyl)-4-(3-methyl-2-bute- bottom flask was treated with 75% sulfuric acid (7 mL)

nyloxycarbonyl)-2-butenoylamino]-8-oxo-5-thia-1-azabi- below 30°C. After stirring below 20°C for about 1 h, the
cyclo[4,2,0]oct-2-ene-2-carboxylate (9Y0 a 1-L three-neck  resulting slurry was filtered, and the product crystals were
round-bottom flask was adde@l (24.8 g, 67.7 mmol) in  washed with a cold (below 2®C) solution of sulfuric acid
methylene chloride (400 mL), and side chalg,4)-2-(2- (about 1%) in acetonitrile (50 mL). The wet crystals of
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Ceftibuten sulfate thus obtained were used as-is in the final ~ Preparation of Bis(diphenylmethyl) 3-Chloro-7(R)-
purification. glutaroylaminoceph-3-em-4-carboxylate (16)To a solution

Preparation of Purified Ceftibuten 1. In a 1-L three- of 135.4 g of the compoun@ (0.2 mol) in 1.1 L ofN,N-
neck round-bottom flask the wet Ceftibuten sulfate was dimethylformamide at-50 to —55 °C was added slowly
dissolved in a mixture of water (130 mL), sodium hydrogen 98.1 g of phosphorus trichloride (0.7 mol). The reaction
carbonate (15 g), and acetonitrile (30 mL) below 0. mixture was left under stirring at-55 °C for 1 h and at
Thereto were added activated alumina (8 g) and activatedroom temperature for 4 h. After the reaction was complete,
carbon (1 g). After stirring for 60 min, the resulting mixture the mixture was poured into a solution of 0.75 L of 5%
was pressure-filtered, and the filter cake washed with water. hydrochloric acid while maintaining the temperature below
The combined filtrate and washings were poured into a 10°C. The suspension was extracted with methylene chloride
mixture of aqueous sulfuric acid (9%, 100 mL) and aceto- (2 x 1 L), and the combined organic extracts were washed
nitrile (120 mL) at 20°C. The resulting mixture was adjusted with 5% hydrochloric acid solution (0.5 L) followed by a
to about pH 3 by the addition of aqueous potassium carbonatesodium carbonate buffer (1 L) at pH 6.5. The organic phase
(30%, 150 mL) over 15 min. After stirring at 2@ for about was treated with Darco and Celite and then filtered. The
30 min, the slurry was filtered and the product crystals were resulting solution was concentrated to remove water which
washed with water (150 mL). The wet crystals were dried was replaced with 1.3 L of methanol. After stirring at®
at 45°C in a vacuum-dryer to give 15 g of desired product °C for 1 h, the light yellow crystalline product was isolated
1. The overall yield from6 to 1 was about 76%. Purity  via filtration and dried under vacuum at450 °C. Product
(HPLC, anhydrous basis), 99.6%. The total heavy metals 16 (92.4 g, 68%) was obtained. The product purity (HPLC)
content was<10 ppm. was >95%.

Preparation of Diphenylmethyl 7(R)-Amino-3-chloro- H NMR (400 MHz, CDC}): ¢ 1.97 (m, 2H), 2.24 (t,
ceph-3-em-4-carboxylate HCI Salt (7)Step |. Generation  2H), 2.48 (t, H), 3.4%+3.71 (ABq, 2H,J = 19.0, 1.0), 4.98
of the Dichlorotriphenyl Phosphite Amylene-Stabilized Re- (d, 1H,J = 5.0 Hz), 5.81 (dd, 1HJ = 9.0, 3.0 Hz), 6.45 (d,
agent.To a 5-L four-neck flask equipped with a thermometer, 1H,J= 9.0 Hz), 6.89 (s,), 6.99 (s, 1H), 7.23.45 (m, 20H).
nitrogen purge, agitator, addition funnel, and dry-egetone Alternative Preparation of Bis(diphenylmethyl) 3-Chlo-
bath, was added 1.4 L of methylene chloride and 12.9 mL ro-7(R)-glutaroylaminoceph-3-em-4-carboxylate (16)To
of pyridine (0.16 M, 15% of total). The solution was cooled a solution of compoun8 (135.4 g, 0.2 mol) was added two-
to —35 to—25°C. Chlorine gas (95 g, 1.33 mol) was bubbled seventh the volume of the reagent generated in Step | (0.377
into the solution slowly at a rate of 3 g/min while maintaining mol) with constant stirring while maintaining the batch
the temperature at20 °C. Triphenyl phosphite (320 mL, temperature below-30 °C. Compound (61 g, 0.09 mol)
1.22 mol) was added as quickly as possible, maintaining thewas added to the solution, and the batch temperature was
temperature of the solution betwee0 to—15°C. A final allowed to rise to—10 °C with the exothermic reaction. The
light green to yellow solution was obtained. The mixture reaction mixture was then stirred atL0 to —15 °C for 20
was then cooled te-25 to —30 °C. Amylene (59 mL, 0.55  min. A solution of pyridine (21 mL, 0.26 mol) in methylene
mol) was added slowly, maintaining the temperature below chloride (100 mL) was added over a 60 min period-410
—20°C. The resulting dichlorotriphenyl phosphite amylene to —15°C. The resulting mixture was stirred atL0 to—15
stabilized reagent (1.86 L) was stored-a20 to —25 °C. °C for 15 min, and water (75 mL) was added, while

Step II: Conversion 0b to Diphenylmethyl 7(R)-Amino-  maintaining the batch temperature belev8 °C. After 1 h
3-chloroceph-3-em-4-carboxylate Hydrochloridé).(To a stirring at 5 to 10°C, the organic layer was separated. The
2-L four-neck flask equipped with a thermometer, nitrogen aqueous layer was extracted with methylene chloride (2
purge, agitator, addition funnel, and dry icacetone bath, = 500 mL). The organic phase was treated with Darco and
was added two-seventh the volume of the reagent generatedCelite and then filtered. The resulting solution was concen-
in Step | (0.377 mol) with constant stirring while maintaining trated to remove water which was replaced with 1.1 L of
the batch temperature below30 °C. Compounds (61 g, methanol. After stirring at 0 to 5C for 1 h, the light yellow
0.09 mol) was added to the solution and the batch temper-crystalline product was isolated via filtration and dried under
ature was allowed to rise t&10 °C with the exothermic ~ vacuum at 45 to 50C. The vyield of the product was 92%.
reaction. The reaction mixture was then stirred-diO to The product purity (HPLC) wag 97%.
—15 °C for 20 min. A solution of pyridine (21 mL, 0.26 Preparation of Bis(diphenylmethyl) 7(R)-Glutaroyl-
mol) in methylene chloride (60 mL) was added over a 60 aminoceph-3-em-4-carboxylate (19a)Compoundl6 (32.2
min period at—10 to —15 °C. The resulting mixture was g, 0.047 mol) was dissolved in methylene chloride (300 mL).
stirred at—10 to —15 °C for 15 min, and isobutyl alcohol  Acetic acid (600 mL) was added followed by freshly
(75 mL, 0.4 mol) was added, while maintaining the batch activated zinc powder (80.5 g, 1.23 mol). The mixture was
temperature below3 °C. After 1 h stirring at-15°C, dry stirred at room temperature for 3 h until the reduction was
hydrochloric acid gas was the bubbled into the reaction complete. The mixture was then filtered, and water (400 mL)
mixture. The resulting slurry was stirred at 20—30D for 1 was added. The organic layer was separated. The aqueous
h. The crystalline product was filtered, washed with 100 mL layer was extracted with methylene chloridex200 mL).
of methylene chloride and dried at 4C in a vacuum oven  The combined organic layers were washed with watex (2
to give 33.4 g (85%) of the cefaclor nucleus HCI sal. ( 250 mL) and brine (250 mL). The solvent was replaced with
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2-propanol (210 mL) via distillation. The resulting crystals Acknowledgment
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IH NMR (400 MHz, CDC}): ¢ 1.84 (m, 2H), 2.29 (m,
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