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Abstract:

An efficient synthesis of the monobactam aztreonam [[&
[20,36(2)]1-3[[(2-amino-4-thiazolyl)[(1-carboxy-1-methyleth-
oxy)iminoJacetyllamino]-2-methyl-4-oxo-1-azetidinesulfonic acid]
(1) by acylation of c-aminoazetidinone 22 with the regioselec-
tively activated aminothiazoleiminoxyacetic diacid 15 or 18 is
described. Reaction of benzhydryl ester 10 withN-hydroxy-
benzotriazole and dicyclohexylcarbodiimide followed by ester
deprotection formed the monoacid amide 15. Alternatively,
chemoselective transient silylation of the diacid 9 followed by
activation with N-hydroxysuccinimide formed active ester 18.
Acylation of a-aminoazetidinone 22 with amide 15 or ester 18
produced aztreonam (1) in 75-85% vyield.

Introduction

The monobactam aztreonarh, (Azactam), a synthetic
monocyclic-lactam antibiotic, currently is in use for the
treatment of Gram-negative bacterial infectiGh®henyl

mannitol broths containing aztreonam have found application

in the improved detection of methicillin-resista®taphylo-
coccus aureu¥? More recently, an in vitro synergistic
additive effect of aztreonam with other antibiotics, for
example, ciprofloxacin and levofloxacin, agaiffgteudomo-
nas aeruginosdas been observétl Aztreonam (1) incor-
porates the unique activating grotys0;~ on thes-lactam
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Figure 1. Structures of aztreonam and tigemonam.

Scheme 1. Typical synthesis of monobactams 6
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ploys the more labile activating groupOSQ;~ on the
azetidinone ring nitrogért (Figure 1).

A typical synthesis of monobactantsis delineated in
Scheme 1. Coupling ak-aminoazetidinone8 with mono-
acid esters4 forms the intermediated, which then
deprotected to provide the monobactaéndhe benzhydryl

ring nitrogen. This activating group was first observed in ester protecting group commonly is used in the synthesis of
natural monobactams isolated from New Jersey Pine Barrengnonobactams and othgrlactam antibiotic$. This typically
soil sample$. The synthetic monobactam tigemonam em- requires the use of a strong acid, for example, TFA, MSA,
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explore alternative constructions.
We envisaged the use of an unprotected, regioselectively
activated aminothiazoleiminoxy acitlas shown in Scheme
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Scheme 2. Proposed retrosynthesis of monobactams 6
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Activation of the monoacidl (R = —CHPh) to 8 (Y =
activating group) followed by the chemoselective deprotec-
tion of the benzhydryl ester group could form the desired
activated acid. Alternatively, it might be possible to prepare
acid 7 directly from the diacid4 (R = H). Finally, the
coupling of activated acid7 with azetidinone3 would
produce the monobactar@. These routes would avoid
exposure of the azetidinone nucleus to strongly acidic

Scheme 3. Synthesis of monoacid active amide #4
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aReaction conditions and yields: a. HOBT, DCC, i, 20 °C. or

deprotection conditions and offer the possibility of better MmesoOBT, TEA, CHCN, 20°C. b. TFA or MSA, CHCN, 20°C, 18 h; 65—
economics and atom efficiency. The diacid route was 80%: c. TFA, anisole; MSA; 90%. d. MSA, anisole, @, 0 °C, 6 h; 90%.
particularly attractive since the need for benzhydryl protec- Results and Discussion

tion (and subsequent deprotection) would be obviated, as the Synthesis of the Active Amide 14The NBT-amidel4

diethyl ester. This work describes our efforts to prepare HOBT and DCC followed by the deprotection of the

suitable monoacid activated derivatives and their application penzhydryl group (Scheme 3).

in the efficient synthesis of aztreonam (1).

Essential requirements for a suitable activating group
would be its stability to hydrolysis and its resistance to
nucleophilic attack by the iminoxycarboxylic acid function
(to form a cyclic anhydride) under the N-acylation reaction
conditions.N-Hydroxybenzotriazole (HOBT) is often used
for activation in racemization-free peptide bond-formation
reactions! Its reaction with a carboxylic acid in the presence
of dicyclohexylcarbodiimide (DCC) forms the active OBT-
ester (cf.11, Scheme 3) as the kinetic product which is used
in situ for amidation reactions. Protection of the amino group
in the thiazoleiminoxy acids is not required in these coupling

Reaction of acidl0 with HOBT (DCC, DMF) at 0°C
selectively formed the OBT-estéf in 70% yield. However,
the OBT-ester proved too fragile to survive the strongly
acidic conditions used for the removal of the benzhydryl
group. Efforts next were focused on the NBT-amide. At 20
°C, partial isomerization to the NBT-amide occurred to
produce a 2:3 mixture af1 and1289 In CH.Cl,, a ratio of
~3:7 was obtained starting from eith&t or 12, and in CH-

CN a ratio of~1:4 was observed. Thus, the OBT-ester is
the kinetic product, and the NBT-amide is the preferred,
thermodynamic product.

It proved possible to isolate the TFA or MSA sali3 of

reactions. Generally, on standing the OBT-ester rearrangeshe NBT-amidel2 by crystallization from the equilibrium

to the more stable and isolable NBT-amide (2), which
also can undergo amidation reactidriBhe NBT-amide of
the acid7 thus seemed a possible target.

mixture of 11 and 12, prepared fromi0 in CH3;CN by the
use of DCC (82% vyield) or MsOB'P (68% vyield). Subse-
guent deprotection of the MSA sdlB with additional MSA

Relative to the OBT-ester, the corresponding OSu-ester, iy CH,CN gave the unprotected NBT-amidi§in 90% vield.

prepared by reaction of an acid wilithydroxysuccinimide

Although this active amide could be stored-a20 °C for

(HOSu), is more stable and isolable and presented anothepne month without noticeable decomposition, abovtCs

opportunity?
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gradual decomposition was observed. This led to a detailed

study of the corresponding more stable O-Su ester.
Preparation of the OSu Active Ester 18.Reaction of

monoacid estet0with N-hydroxysuccinimide (DCC, DMF,

25 °C) formed the OSu-estdr6 in 98% yield (Scheme 4).

(9) Sehgal, D.; Vijay, I. K.Anal. Biochem1994,218, 87-91.

(10) (a) Itoh, M.; Nojima, H.; Notani, J.; Hagiwara, D.; Takai, Bull. Chem.
Soc. Jpn1978,51, 3320—3329. (b) MsOBT has been found to be shock-
sensitive and impact-sensitive. Safe preparation and use of MsOBT wiill
be described: Prasad, J. S. et al., manuscript in preparation.



Scheme 4. Synthesis of OSu-ester MSA salt 18, from acid
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Scheme 5. Synthesis of OSu-ester 17 from diacid ®

L8
HoN \Nj\“/‘kOH a
N

~o

HOZC/%

9
o}
o) S o)
aln; L AL
HNS
/<\ \ 2 N 0—N
HN Nl\][)‘\O’N o T
N. + o o]
© o] N’OW
Hozc% &
o

17 19
aReaction conditions: a. HOSu, DCC, Q.

Scheme 6. Synthesis of OSu-ester MSA salt 18, from

diacid 92
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Scheme 7. Synthesis of aztreonam (B
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The crude ester was subjected to deprotection with MSA ag EtOH, EsN, 20°C, 3 h. ii. HCI; 81%. c. i.18, aq EtOH, OC, E&N, 3 h. .

(anisole, O°C, 2 h), and then methyl ethyl ketone was added
to crystallize the MSA salt8in 84% yield. This intermediate
had good stability when stored at°g.

As mentioned previously, diac@would be particularly

attractive as a starting material for a number of reasons.

Attempts to selectively form the monoacid OSu-e&&from
the diacid9 with HOSu and DCC were unsuccessful. A
mixture (4:1) of17 and the corresponding di-OSu esi&

HCI; 86%.

Synthesis of Aztreonam (1)Acylations of zwitterion22
with the active amidd.5 and the OSu-estei8 were carried
out in aqueous CKCN, acetone, and EtOH in the presence
of EtzN (Scheme 7). The aztreonam zwitteridn was
precipitated with HCI; initial yields of the product varied
from 50 to 80%. Aqueous EtOH was preferred since the
product could be easily precipitated with acid from this

was formed (Scheme 5). Comparable results were obtainedso_lvent as a nicely filterable solid. Lower yields were

with HOBT.

Surprisingly, however, reaction of diac&@with 1 equiv
of MesSiCl followed by in situ reaction with HOSu and DCC
formed 20 in high yield (Scheme 6). Subsequent treatment
with a tertiary amine followed by MSA gave the targeted
MSA salt18.

Thus, reaction of diaci® with Me;SiCl followed by
HOSu and DCC produced the dies&. Treatment o0
with Et3N, filtration of DCU and EfN—HCI, and addition
of MeOH and MSA resulted in crystallization of the MSA
salt18in 80% yield. Diesterl9 was also present(1%) in
the recrystallized batches of monoest8r This process was
scaled up to produce 51 kg (yietd75%) of 18 in a single
batch in our pilot plant. Unlike the amino acid eslét, the
salt 18 was stable at 20C for several weeks and was
unchanged over 1 year at°®&.

primarily the result of competitive hydrolysis of the activating
group. Careful control of the pH during the acylation reaction
(pH 8—8.5) minimized this side reaction. Thus, reaction of
isolated zwitterior22 with active amidel’5 (aq EtOH, EiN,

20 °C, 3 h) followed by acidification with HCI gave
aztreonam (1) in 81% vyield. Furthermore, a telescoped
process was developed, starting with the carbobenzyloxy
azetidinone211¢ Thus, hydrogenolysis (laqueous MeOH)

of azetidinone?1 to zwitterion 22 followed by filtration to
remove the catalyst and in situ acylation with the OSu-ester
18 produced aztreonam (1) in 86% vyield. The acylation was
thoroughly investigated prior to introduction into the pilot
plant. After the initial charge of the active est&8 (1.05

mol equiv), the content of aminoazetidino®2 was moni-
tored by HPLC (UV wavelength 210 nm). The reaction
slowed considerably after 75 min. It required two (3 and 4
mol % each) additional charges of the active edi@ffor
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Scheme 8. Synthesis of tigemonam (2) (2)-2-[[[1-(2-Amino-4-thiazolyl)-2-(3-oxido-1H-benzo-

s o S y © triazol-1-yl)-2-oxoethylidene]amino]oxy]-2-methylpro-
HZN/QN}\'/LOH HZN/Q,\D\H\N/Q panoic Acid, Diphenylmethyl Ester, Methanesulfonate
- N & (1:1) Salt (13).Monoacid esterl0' (100.0 g, 0.228 mol)
j’ RO 00 was charged into a three-necked flask fitted with a mechan-
Ph,HCO,C 2 . . . .
23 24: R= CHPh, ical stirrer, thermometer, and an addition funnel. A solution
i . ZiR=H of DCC (49.3 g, 0.239 mol) in C}CN (90.0 mL) was added
N HZN/Q@\‘/“\NH in one portion. HOBT (monohydrate, 34.9 g, and 0.228 mol)
07 ¢ 0805 i '\o “““ was added in small portions with slight cooling so as to
- = 07 Nos maintain the internal temperature at-224 °C. After 3 h,
HOL 2 DCU was removed by suction filtration, and the cake was
aReaction conditions and yields: a. HOBT, DCC, DMF, 20; 62%. b. washed with CHCN (3 x 35.0 mL). A solution of MSA
TFA, anisole, CHCI,, 0 °C; 86%. c. CHCly, BusN, —20 °C; TFA; 69%. (24.0 g, 0.250 mol) in CECN (45.0 mL) was added slowly

to the filtrate over 60-90 min, keeping the internal temper-

| ature at~20 °C. Precipitation of the product starts during

the addition. The mixture was stirred for 15 h to complete

precipitation of the product. The solid was filtered, washed

with EtOAc (3 x 75 mL), and dried under vacuum at 26

to a constant weight to give 120 g (yieleB0%) of 13, HPLC

AP (240 nm) 992 'H NMR (DMSO-d;, 270 MHz) 6 1.48

(s, 6H), 2.45 (s, 3H), 3:74.5 (broad for (NH)", 6.81 (s,

1H), 7.25—7.38 (m, 10 H), 7.79 (t, 14,= 7.6 Hz, 8.2 Hz),

8.03 (t, 1H,J = 8.2 and 7.6 Hz), 8.13 (d, 1H,= 8.2 Hz),

8.47 (d, 1H,J = 7.6 Hz). Anal. Calcd for gH24NeOsS-

0.9CHSO;H-0.5H,0: C, 53.23; H, 4.42; N, 12.89; S, 9.34;

H.O, 1.38. Found: C, 52.86; H, 4.56; N, 12.96; S, 8.96;

H.0, 0.95 (K.F.).
(2)-2-[[[1-(2-Amino-4-thiazolyl)-2-(3-oxido-1H-benzo-

triazol-1-yl)-2-oxoethylidene]amino]oxy]-2-methylpro-

panoic Acid, Methanesulfonate (1:1) Salt (15)A solution

of anisole (38.9 g, 0.36 mol) in Gigl, was cooled to OC,

with a-aminoazetidinon®2 furnished aztreonamij. This and MSA (51.9 g, 0.54 mol) was added, maintaining the
¢ { temperature at OC. Ester13 (117.5 g, 0.18 mol) was

strategy avoids exposure of the monobactam to the strongly. . : ; o
o P g ymtroduced in small portions over 30 min, and stirring was

acidic deprotection conditions for removal of the benzhydryl ) . . ;
group in the last step of the aztreonam synthesis. The moreContlnued at 0°C. After 5 h TLC (silica gel: EtOAc—

economical synthon monoacid OSu-est&was prepared ACOH__HZO = 20:1:1, visualized by UV I'g.ht gnd Rydon’s
by chemoselective transient silylation of the dia@i@llowed spray; R of esterl3 = 0.89,14 = 0'7.0’ diacidd ~ 0.0)

by esterification with HOSu, obviating the use of the bulky |n-d|cated. completeness of the reaction. The mixture was
and expensive benzhydryl ester. Coupling of the OSu—esterdIIUtGd with acetone (60.0 mL) a}‘U:, and EtQAC (15L)
18 with the in situ generated zwitterioB2 provided an was added slowly over 1 h. (Caut|o.n! Fast add'.“O.” of EtOAc
alternative efficient synthesis of aztreonahh (This process :Zléli?;n;cl)ggitrlot?]eogji;uvsg fﬁ?e“ri)d vérttﬁ rsjg,:irc';lg v{/‘;rsﬁg q
was implemented to prepare 70 kg of the drug substance.with cold EtOAc, and dried under vacuum at 26 to a
constant weight to furnish 79.3 g (yietd90%) of salt15,
Experimental Section AP (234 nm) 99 'H NMR (DMSO—ds, 270 MHz)6 1.40

All new compounds described in the Experimental Section (S, 6H), 2.47 (s, 3H), 4.1-4.9 (broad for OH and (jH

were fully characterized. Analytical and spectral data for 7.32 (s, 1H), 7.80 (t, 1H] = 7.6 Hz), 8.04 (t, 1H] = 8.2
these compounds are for lab batches. HPLC analysis resultéind 7.6 Hz), 8.13 (d, 1H] = 8.2 Hz), 8.43 (d, 1HJ = 7.6

complete consumption of the aminoazetidinone. This protoco
simplified the purification process and gave the product in
reproducible, high yields. The process was scaled up to 12
kg output of aztreonani in our pilot plant, and in total,
over 70 kg of the product were prepared by this method.
Synthesis of Tigemonam (2)A similar approach was
used for the synthesis of the orally active monobactam
tigemonam (2, Scheme &) .The reaction of aci®3 with
HOBT (DCC, DMF, 20°C) formed the active amid24 in
62% yield. Chemoselective deprotection (TFA, anisole;-CH
Cly) of the benzhydryl ester i24 gave the desired aci2b
in 86% yield. Coupling (BsN, CH.Cl,) of the a-aminoaze-
tidinone 26 with active amide25 produced tigemonam (2)
in 69% vyield.
In conclusion we have developed efficient processes for
the syntheses of the regioselectively activated aminothiazole
monoacid amidd5 and the estet8. Acylation of amidel5

are described as area % (AP). Hz).
2-[(2-Amino-thiazol-4-yl)-2(2,5-dioxo-pyrrolidin-1-yl-
(11) The bisacylation product)was formed by reaction of the azetidinog2 oxycarbonyl)-methyleneaminooxy]-2-methyl-propionic Acid

with diesterl9 and was present (AP 0-D.2) in the recrystallized batches
of aztreonam.

Benzhydryl Ester (16). Dimethylformamide (1.3 L) was
charged into a three-necked flask, fitted with a mechanical

S 0
HZN/QC;DLF‘LNH stirrer, thermometer, and an addition funnel. Monoacid ester
HoON )
O>/T\° N‘so@ .
A (13) HPLC method: Column: Bondapak C18, 3.9 mn300 mm, 1Qu irreg.,
\11 no. 27324 (Waters). Solvent: 0.01 M TBAISOJ/CH;CN = 32:68; for
Hoss™ N ) 12 (UV detection at 240 nmi; 12 = 3.73 min,11 = 5.66 min, andl0 =
(12) Singh, J. unpublished work. Synthesis of tigemor2awas not optimized 2.12 min) and 60:40 fot4 (UV light 234 nm,R; 14 = 3.16 min and® =
by this method. 1.74 min).
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10(300.0 g, 0.683 mol) anN-hydroxysuccinimide (78.6 g,  transferred with DMF (2x 20 mL). The reaction flask was
0.683 mol) were added. A solution of DCC (147.0 g, 0.716 cooled in a ice/NaCl bath te-5 °C. N-Hydroxysuccinimide
mol) in DMF (200 mL) was added slowly at such a rate that (50.0 g, 0.43 mol) was added, and the mixture was stirred
the internal temperature did not rise above®80 After 2 h for 3 min. A solution of DCC (95.0 g, 0.46 mol) in EtOAc
TLC (silica gel: EtOAc—AcOH—HO = 8:1:1, visualized (400 mL) was added dropwise at such a rate that the
by UV light. R of 10 = 0.55) indicated completion of the temperature did not exceed°&. The addition took~1 h,
reaction. The mixture was cooled t0°C and stirred for 1 and external cooling was necessary during this process. After
h. DCU was removed by suction filtration, and the cake was the mixture stirred for 2 h, Bl (30.0 g) was added through
washed with ice-cold DMF ((250 mL). The filtrate was the addition funnel over 1 min. The temperature of the
cooled to 0°C, and MeOH (1.8 L) was added, keeping the mixture rose to 10°C. After stirring for 1 min, the
temperature below 10C. Water (1.8 L) was added slowly  precipitated mixture of DCU and gEHCI was filtered, and
at 10°C; when turbidity appeared, the addition was stopped the filter cake was washed with a mixture (4:1) of EtOAc
to allow induction of crystallization. After completion of the and DMF (200 mL) and EtOAc (100 mL). The filtrate was
addition of HO, the mixture was cooled to® and stirred cooled to 5°C, and MeOH (28 mL) was added with agitation.
for 1 h. The product was filtered and washed with ice-cold Methanesulfonic acid (36.0 mL) was added within 5 min.
MeOH/H,0O (1:1, 3x 200 mL) and dried under vacuum at The reaction was exothermic, and its temperature was kept
25°C to a constant weight to yield 360.0 §98%, corrected  below 10°C. The MSA salt of the OSu-estet§) crystallized
yield 84% vs a standard that was prepared by recrystalliza-out. After 10 min EtOAc (300 mL) was added, and the
tion)* of diesterl6.'H NMR (DMSO-dg, 270 MHz)6 1.56 mixture was stirred at 5C for 20 min. The product was
(s, 6H), 2.90 (s, 4H), 6.82 (s, 1H), 7.08 (s, 1H), w2041 filtered, washed with EtOAc (200 mL), and dried under
(m, 10H), 7.45 (s, 2H)}3C NMR (DMSO-d, 68 MHz) 6 vacuum to a constant weight to yield 185.0 g (78.3%),
23.40, 25.60, 76.96, 82.90, 112.10, 126.29, 127.59, 128.34, HPLC* AP 100, mp~140 °C, dec. The compound was
140.23, 140.40, 143.37, 158.26, 169.29, 169.66, 171.30. stored at 5°C. *H NMR (DMSO-ds, 270 MHz) 6 1.51 (s,
2-Amino-4-[(1-carboxy-1-methyl-ethoxyimino)-(2,5- 6H), 2.49 (s, 3H), 2.89 (s, 4H), 7.13 (s, 1H), 9.0 (broad band

dioxo-pyrrolidin-1-yloxycarbonyl)-methyl]-thiazol-3- for (NHs)™ and acidic H. Anal. Calcd for GH1gN4O10S,*
ium Methanesulfonate (18).Intermediatel8 was prepared  1.0DMF: C, 37.84; H, 4.67; N, 12.98; S, 11.88. Found: C,
by two methods. 37.63; H, 4.64; N, 13.0; S, 11.9.

Method A: By Selecte Deprotection of Benzhydryl Ester [2S[20,36-(2)]]-3[[(2-Amino-4-thiazolyl)[(1-carboxy-
16. Anisole (100 mL) and CEKCl, (1.0 L) were charged into  1-methylethoxy)-iminoJacetyl]Jamino]-2-methyl-4-oxo-1-
a three-necked flask fitted with a mechanical stirrer, ther- azetidinesulfonic Acid (Aztreonam 1). Method A: By
mometer, and an addition funnel. The solution was cooled Acylation of Zwitterion22 with Active Amidel5. Triethyl-
to 0 °C, and MSA (100 mL) was added slowly; the amine (3.0 mL, 21.5 mmol) was added to a stirring
temperature rose to 8. Diesterl6 (200.0 g, 0.448 mol)  suspension of azetidinor&'® (0.901 g, 5.0 mmol) in 30%
was added portionwise, keeping the temperature-& . aqueous EtOH (9.8 mL) precooled te6 °C. A clear,
After 1 h TLC (silica gel: EtOAc, visualized by UV light.  colorless solution was obtained. Active amitie (2.44 g,
R of 16 = 0.8) indicated completeness of the reaction. 5.02 mmol) was added portionwise over 1 h. EtOH (0.7 mL)
Methyl ethyl ketone (MEK, 2.0 L) was added at a rate such was used to transfer the residual active amide to the reaction
that the temperature did not exceed °ID. Crystallization mixture. The mixture was stirred furthera6 to —3°C for
of the product started during the addition of MEK. After 2 h. Concentrated HCI (1.75 mL) was added dropwise, and
stirring for 2 h the product was filtered and washed with product started precipitating within 2 min. The mixture was
MEK (4 x 100 mL). (Caution! If the cake was not washed allowed to stand at-3 to 0°C for 2.5 h. The product was
thoroughly, it darkened during the drying process). The filtered, washed with a mixture (1:1) of 95% EtOH ang
product was dried under vacuum at 26 to a constant (2 x 2 mL) and EtOH (2x 2 mL), and dried under vacuum
weight to give 146.7 g (84.4%) of salt8, AP 96.9. The to give 2.38 g (yield~81%) of aztreonanil. *H NMR
compound was stored at’&. (DMSO-a;, 270 MHz)6 1.42 (d, 3H,J = 5.9 Hz), 1.49 (s,
Method B: By Selecte Silylation of the Diacid9. 6H), 3.72 (ddd, 1HJ) = 2.3, 5.9 and 8.2 Hz), 4.49 (dd, 1H,
2-Amino-o-[(1-carboxyl-methylethoxy)imino]-4-thiazoleace- J = 2.35 and 7.6 Hz), 4-46.1 (broad band for NHand
tic acid @)% (109.2 g, 0.4 mol) and DMF (500 mL) were OH), 6.96 (s, 1H), 9.32 (d, 1H}, = 8.2 Hz). Typical AP of
charged into a 1-L flask, and DMF (300 mL) was distilled the aztreonam made by this method w&88. The spectral
on a rotary evaporator (50 bath temperature) to remove data of this product was consistent with the repdfteldta.
water. Trimethylchlorosilane (TMSCI, 70.0 mL, 0.55 mol) Method B: Telescoped Process from AzetidindH€and
was added in one portion, and the mixture was stirred for Active OSu-estel8). A mixture (1:1) of MeOH and LD
15 min. Excess TMSCI along with DMF~(50 mL) was (1.4 L) was charged into a 2-L, three-necked flask equipped
evaporated at 65C bath temperature, and the solution was with a mechanical stirrer, gas inlet tube, and a pH electrode.
transferred to a three-necked flask. The residual material wasAzetidinone21 (150.0 g, 0.445 mol) was added, and the

(14) HPLC method: Column: identical to that in ref 13. Solvent: 0.01 M TBA (15) (a) Florey, K., Ed. Aztreonam. lanalytical Profiles of Drug Substances

HSOY/CH;CN = 68:32; flow rate 2.0 mL/min; run time 8 min; sample Academic Press: New York, 1988; Vol 17, pp40 and references therein.
0.25 mg/mL anhydrous CIN; UV detection at 236 nmR; diacid9 = (b) Kleeman, A.; Engel, J.; Kutscher, B.; Reichert, Pharmaceutical
1.94 min,17 = 3.53 min. Substances, 3rd ed.; Theime Stuttgart: New York, 1999; pp 154—156.
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suspension was flushed with nitrogen gas—-Edwith 50% of premature precipitation before pH 1.3, the HCI addition
H,0, 30.0 g) was introduced, and a stream ofdgds was was interrupted until the precipitate dissolved. Seeds of
passed through the reaction mixture. The pH was kept in aztreonanmil were added, and stirring was stopped to allow
the range of 6.8 7 with the addition of 2 N HCl as required.  growth. After 10 min the mixture was cooled to°C and
After 2 h TLC (silica gel: EtOAe-MeOH = 4:1, visualized stirred for 0.5 h. The precipitate was filtered, and the filter
by UV light and Rydon’s sprayi of 21 = 0.7) indicated cake was washed with a cold mixture (1:1) of MeOH and
completion of the reduction. The mixture was filtered with  H,O (100 mL). The product was dried under vacuum to
suction over Diacel, and the filter cake was washed with furnish 174.2 g (yield 86%) of aztreonaty HPLC AP
mixture (1:1) of MeOH and KD (100 mL). (Note: If Hyflo 97.816 The product was identicati NMR) to aztreonam

is used instead of Diacel, the filtrate turns brown). The filtrate prepared by method A.

was transferred to a 4-L open vessel equipped with a
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reaction was checked for completeness by TLC (silica

gel: EtOAc—AcOH—HO = 2:1:1, visualized by UV light
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of the mixture was adjusted to 4.3 with concentrated HCI opo25572D

and then stirred with Diacel (10.0 g) for 10 min. The Diacel
was removed by filtration, and the cake was washed with (16) HPLC for quantitative assay of aztreonamColumn: identical to that in

. . . T ref 13. Solvents A= 0.05 phosphate buffer (pH 3.0), 8 MeOH, UV
11 MeOH_HZO_ (100 mL)' The filtrate was rapldly acidified light 262 nm; flow rate= 1.5 mL/min. Gradient: 74% A (4 min), 45% A
to pH 1.3, keeping the temperature below°Q In the case (4 min), and 74% AR aztreonanl = 4.4 min and diaci® = 2.8 min.
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