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Abs t r ac t  - Severa l  a l t e r n a t i v e s  t o  t h e  su l fonate  r e s i d u e  in t h e  n a t u r a l l y -  - 
occu r r i ng  mnobactams, 3-acylarmno-2-oxoazetldine-1-sulfonates, p rov ide  new 

monobactams having po t en t  a c t i v i t y  a g a l n s t  aerobic  gram-negative b a c t e r i a .  

The monobactams compared he r e  i nc lude :  la1 those where t h e  anionic a c t l -  

v a t i n g  group ( su l fona t e  o r  phosphonate(-mate11 is a t t a ched  t o  t h e  8-lactam 

n i t r ogen ,  and (bl t hose  where an  oxygen atom is in t e rposed  between the 

a c i d i c  group and the 8-lactam nitrogen, I.:. s u l f a t e  and phosphate(-onatel  

groups.  Chemical and b i o l o g i c a l  r e l a t ~ o n s h i p s  between t h e s e  c l a s s e s  of  

monobactams are presented .  

I n  1981, r e s ea r che r s  a t  the Squibb I n s t i t u t e  r epo r t ed  t he  i s o l a t i o n  of SQ 26,180 (1) and SQ 26,445 

121 from b a c t e r i a l  fe rmenta t ion  b r o t h s  of Chromobacterium violaceurn and a Gluconobacter  ~ p e c i e s ,  

1 
re spec t i ve ly  . These 6-lacuim a n t l b l o t i c s  exhibited modest a n t ~ b a c t e r i a l  a c t i v i t y ,  r e s u l t i n g  from 

a unique S V u c t u r a l  f e a tu r e :  a monocyclic B-lactam ac t iva ted  by an N-1  s u l f o n a t e  group. The 

Squibb group suggested t h e  term "monobactams" f o r  t h i s  c l a s s  of a n t i b i o t i c s  c h a r a c t e r i z e d  by t h e  

2-oxoazetidine-1-sulffffc ac id  moiety.  Simultaneously, investigators a t  t h e  Takeda laboratories 

r epo r t ed  t h e  isolation of sulfazecln I31 and i so su l f azecm I41 from t h e  bacterium Pseudomonas 

2 
acidophlla . The s t r u c t u r e s  ass igned  t o  SQ 2 6 , 4 4 5  and su l fazec in  are i d e n t ~ c a l .  



3 (S) - ala SULFAZECIN 
4 (R) - ala ISOSULFAZECIN 

Differences in the biological activity of SQ 26.180 and SQ 26,445, whose structures vary 

1" the acyl side cham, indicated that chemical modification mlght lead to enhanced biological 

activity. h n g  possibilities for structural modification of the naturally-occurring monobactams, 

with retention of the basic 2-oxoazetidine-l-sulfonate nucleus, were: (a) removal of the methoxyl 

graup at C-3, (b) side chain alteration at C-3, and (cl substitution at the 4-position. Replace- 

mentof methoxyl by hydrogen gave compounds w ~ t h  enhanced chemical stab~lity but diminished 8- 

lactama~e stability. Modification of the acyl side improved intrinsic activity, but 

stabil~ty to 8-lactamases was lacking. Add~tion of a methyl group at the C-4 positlon, either in 

5 
the a or B canfigurat~on, however, afforded compounds with a high degree of B-lactamase stability . 
One lead compound identified from these strncture-activity relationships was the clinically useful 

monobactun, aztreonam (5). Efficacy has been demonstrated against a broad range of resistant 

5 
aerobic gram-negative bacteria includ~ng Pseudomonas aeruginosa . 

5 

AZTREONAM 
SO 26,776 

  he sulfonate moiety in monabactams activates the @-lactam ring and provides an anlonlc 

charge for binding at the active slte of enzymes involved in bacterial cell wall biosynthesis. 

Other N-1 residues that might serve this dual purpose were investigated. Tetracooldinate sulfur 

(VI) and phospharus (v) have slmllar bond lengths and tetrahedral geometry; therefore, azetidmone- 

1-~hos~honic(inic1 acids (71 were potential compounds for comparison with sulfonated monobact-. 
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=he wallability of 1-hydroxy-azetidlnones provided potential intermediates for the synthesis of 

analogous sulfates (8) and phosphates (91. In these derivatives, the effect of moving the anionic 

charge farther from the ring, while inductively activatmq the 6-lactam toward nucleophilic attack, 

could be assessed. 

Two synthetic approaches to N-sulfonated monobactams have been reported from our labora- 

6 
tories: sulfonation of 3-acylamino-2-azetidinones (path A) and rlng closure of sulfonated amino 

4 
acid amides (path B) . In the former method (Scheme 2) the azetidinones are obtained from 

mesylates (13) derived from hydroxamates of I,-serine, I-threonine or L-allothreonine. Base ~ n -  

duced ring closure to N-l methonylated azetidinone (141 followed by reductive removal of the 

methoxyl group with sodim in liquid ammonla provides the azetidinone (15). Sulfonation can be 

accomplished using a variety of reagents including pyridine.S03 and DMF.S03 complexes. 

Scheme 1 



Scheme 2 

In the second method (Scheme 3) amino a c ~ d  am~des (171, derived from L-serine, L- 

threonine or L-allothreonine, are svlfonated with 2-pzcoline.SO3 complex to give the mesylated 

acylsulfamates (la), which undergo ring closure to 1191 in the presence of K2m3. Subsequent de- 

protection under ac~dic conditions provides zwitterions (201 in overall yields of 52-58% from the 

starting amino acids. Overall yields of zw~tterions (20) from the amino acids via Scheme 2 were 

23-45%. Neither method requires chromatographic purification. 

H + 
Bac-N 

TFA 

N-SO3- FR - 
20 

Scheme 3 

The preparation of azetidmone-1-sulfates (211 was facllitated by the recent availabil- 

7 
ity of 1-hydroxy-2-azetldinones (221 . Gordon a1.8 at squ~bb first reported sulfation of N-1 

hydroxyazetidinones (22) to (21) m 1982. lnitial work in thls area was hindered by the in- 

stability of C-4 unsubstituted compounds (21), requrring development of appropriate protecting 

groups. When the greater stability of C-4 methylated compounds (21) became apparent, mre con- 

ventlonal protecting groups were used, which facllitated rapid preparation of numerous analogs. 



HETEROCYCLES. Vol 2 1, No 1 ,  1984 

21 22 
Scheme 4 

In t e rmed ia t e s  1231, der lved  from s e n n e ,  threonine, and a l l o th reon ine  w e r e  i n i t i a l l y  

converted by Mi l l e r  ,1.7 t o  hydroxamate intermediates 124).  Ring c lo su re  using Mitsunobu con- 

d i t i o n s  and hydrogenolysis of t h e  benzyl p r o t e c t i n g  group gave t h e  N-hydroxy-azetidlnone 127). 

By applying methodolo9y of Floyd ,1.6 and Gordon ,1.8, w e  have r ecen t ly  prepared t h e  I- 

hydroxy BOC a re t rd inones  (27) i n  about 25% o v e r a l l  y ie ld  from BOC d e r i v a t i v e s  of L-serme, L- 

threonine ,  and L-a l lo threonine  v i a  t h e  mesylate c y c l i ~ a t i o n  r o u t e  (Scheme 5 ) .  A 1 1  m t e m e d i a t e s  

c r y s t a l l i z e  from r e a c t i o n  mixtures ,  and no chromatography is required. 

I 
HOOC 

23 

R=H, o-CH3. 8-CH3 

H H 
Boc-N BOC-N 

PdlC 

N-0CH2Ph H2 
0 0 

2% 27 

Scheme 5 

Su l fona tmn  of aze t i d inones  (271 w ~ t h  excess pyridine.S03 complex i n  py r id ine  a t  room 

temperature i s  complete i n  about  0.5-1.5 h r ,  and t h e  desired products  are i s o l a t e d  i n  about 80% 

y i e l d  as t e t r a b u t y l a m n l u m  salts. conversion t o  t h e  corresponding potassium form followed by 

purification by reverse phase chromatography g ives  ana ly t i ca l l y  pure  potassium s a l t s  (281 i n  

about 30% y i e l d .  Treatment of 4a- or  40-methyl potassium s a l t s  128) wi th  t r i f l u o r o a c e t i c  a c i d  



in the presence of anisole provides the desired zwitterions (29) in greater than 90% yield. At- 

tempted deprotection of the 4-unsubstituted azetidinone (28), under sirmlar conditions, results in 

decompo51t10n. 

TFA, CH2CI2 - H3NB:s03- o 

Scheme 6 

Because BOC derivative (28) (R=H) was unstable to acldlc condltlons necessary for depro- 

tection, 7,-protection of the 3-am~no group was employed. 1-Hydroxy-Z-azetid~none (34) could be 

prepared as described by  ord don &.' Methanolysis of Z-protected D-cycloserme gave O-pro- 

tected hydroxylamine (31). which was condensed with 7,-L-serine to give (32). Triphenylphosphine- 

diethylazodlcarboxylate mediated cycl~zat~on afforded crude azet~d~none (33) which, on treatment 

with DBU, undergoes B-elimmatlon to z-dehydroalanine methyl ester and (34). No chromatography is 

required, and Z-L-serme is mnverted to (34) in 51% yield. Sulfonatlon (61%) of (34) followed by 

rapld hydrogenolysls (>90%) in CH CN gave (36). 
3 
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H 
H 2-N OH 

HCI H 

Scheme 7 

Synthesis of N-1 phosphonate activated 2-oxoaretidines (37) from (381 has been accom- 

9 
plished by ~oster s g .  u s m g  a variety of methods involving p ~ s p h o n y l a t i o n ( - i n y l a t i o n l  of 

azetidinones (Scheme 8). For example, treatment of the lithium anion (391, generated from the 

coxrespanding azetidinone with ybutyl lithium in THP at -lB'C, with dlmethyl chlorophosphate pro- 

vides (40). Monodemsthylation to (41) occurs on subsequent treatment with thiourea in refluring 

acetonitrlle. Alternatively, demethylation of N-1 phosphinates can be performed using bromotri- 

methylsilane, in the presence of bis(trimethylsily1)acetamide as an acid scavenger. Subsequent 

alcoholysis of the intermediate silyl ester gives phosphinate (441, exemplified in the sequence 

(39) to (44). Catalytic hydrogenation of mtermediates (41) and (441 affords 3-aminoazetidinone- 

1-phosphonic(-inic) acids. 

Scheme 8 



7 7 . . 
1. TMS-Br 

BSA 

N-P-CH~ 2. ElOH N-P-CH3 H2 
I H2N-Ph I 
OCHg 0- 0- M+ 

Scheme 9 

An alternative approach (Scheme 10) to N-l 2-oxoazetidine-1-phosphonates circumvents 

the dealkylation step. Phosphorylation of the l~thium anion of the azetidinone with alkyl d ~ -  

chlarophosphates, followed by immediate hydrolysis of the intermediate phosphonyl(-inyl) chlorides 

(46) in aqueous buffer, affords phosphonates(-inatesl (471. Overall yields in this sequence are 

35-40s. Hydrolysis of phosphonyl chlorides (461 to (47) is in marked contrast to the hydrolysis 

of 1-chlorosulfonyl-2-oxoazetidines,  which results in N-S bond cleavage to give N-l unsubstituted 

2-onoazetidlnes as reported by ~raf''. Removal of the BOC protecting group from (47) is accom- 

plished using trifluoroacetic acid. 

H H 
0 BOC-N 
I1 

CI2-P-R 

N-Li -78'C 

O N  -- N-P-R 

45 
I 

C I  

Scheme 10 
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Synthesis of N-1 0-phosphorus activated 2-azetidinones (491 utilized 1-hydroxy-2-azeti- 

dlnone intermed~ates (221, also used in the Preparation of N-1 0-sulfates. In contrast to phos- 

phonylation of the aletidinone nitrogen (vide supra], phosphonylation of (221 could be accomplished 

under mlldly basic conditions. 

Scheme 11 

Treatment of the 1-hydroxyazetidinone (501 with chlaromethylpbiosphonic acid methyl 

ester and 2,6-lutldine at -lO•‹C followed by workup with buffer afforded the unstable methyl phos- 

phonate (511 (1795 CH3CN, &lactam C=Ol. Decompositmn of (511 occurred on silica gel 

chromatography and on standmg m solvents such as cH CN or CH C1 at ambient temperature. ~ e -  3 2 2 

methylation was achieved using bromtrimethylsilane and b~s(trimethylsilyl1trifluoroacetamide 

followed by buffered hydrolysis, which provided tetrabutylamnium salt (531 (1778 cm-l, CH3C~, 

1 8-lactam C=Ol and subsequently, pure potassium salt (531 (1775 cm- , Nujol, 8-lactam C=Ol, albeit 

m low yield (5-1061. 

Scheme 12 



A more efficacious preparation of (54) involved treatment of 150) with methylphosphonic 

dichloride and 2.6-lutidme in M2C12 at -lODC. Subsequent hydrolysis of unstable intermediate 

-1 
(551 (1792 cm , CH2ClZ, 8-lactam C=O) at pH 3-4 gave pure (54) in 34% yield. Attempts to remove 

the BOC protecting group from (541 uslng acidic conditions, as in the case of N-1 sulfate 128) 

( R = H ) ,  however, resulted in decomposition. Amme protection with the 2-group, therefore, had to 

be used, and 1-hydroxy-2-oxoazetidine (341 was converted to the Z analog of 154) (50%), which, on 

hydrogenolysis of its tetrabutylamnium salt provided the relatively unstable free amine form of 

(561. 

TsOH or TFA // 
anisole /I 

Scheme 13 

To circumvent the instabi12ty problems encountered ~n amine deprotection and acylation, 

4-Usubstituted N-1 0-phosphorus activated azetidinones, at times, were prepared directly by 

PhoSPhorylation of appropriate 3-acylamino-1-hy&oxyazetidieones. For example, potassium salt 

159) was prepared by this direct method. although in lar yield (10%). 
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0 

KHzFU., pH 6 

RT. 2h N-0-P-CH3 

(1 0%) 

Scheme 14 

H 
Boc-N TFA.H2N 

TFA CH2CIz 

antrds 
- pCH! 

0 0 
N-0-P-R 

O H  
62 63 

(1 2.40%) 

Scheme 15 

In  con t ras t  t o  t h e  acid  l n s t a b ~ l i t y  of 4-unsubstituted N-1  0-phosphorus ac t iva ted  aze t i -  

dinones l i k e  (54). the corresponding 4a- and 48-methyl analogs could be deprotected under ac ld ic  

conditions,  paralleling o u r  experience with the  N - 1  su l fa te  s e r i e s .  As exemplified i n  the  40- 

methyl s e r i e s  ln Scheme 15, phosphorylatlons with me+hylphosphonlc(-oric) d lch lo r ides  i n  the  pres- 

ence of 2 . 6 - l u t ~ d i n e  o r  t r ie thylamlne a t  low temperatures gave unstable chloro intermediates (61) .  

which were hydrolyzed a t  pH 3-5 t o  give s t a b l e  potassium s a l t s  (621. Removal of t h e  BOC group 

under ac id ic  conditions a t  -10•‹C f o r  1 hr  gave the  amino acid salts (63) i n  good y ie lds .  The 



phosphorylation step using methylphosphoric dlchlor~de requlred temperatures of -60-C to -30'C for 

1.5 hrr and was followed by buffered hydrolysis at ambient temperature providing (621 IR=OCH I in 3 

a maxlmvm yield of only 12%. Phasphorylatlons wlth methylphosphonic dichloride, ~n contrast, were 

carried out at -1O'C to -5OC for 1 hr and provided potassium salts in the 4a- and 46-methyl series 

in yields ranging 26-40%. The l w  y~eld of phosphates like (62) (R=OCH I as compared to phosphon- 
3 

ates (621 IR=CH I 1s attributed to decomposition during hydrolys~s of (611 (R=OCH I compared to 
3 3 

(611 (R=CH31. 

Acylations of monobact- were performed using activated esters of desired acyl side 

cham5 under aqueous or non-aqueous condltmns, as exemplified in Scheme 16. In general, yields 
0 
I1 

in acylations of monobactams where X is -SOQor -P-R were considerably higher than those where 
0 3 

00 
x is -0S0'0r -0-k-R. The benzhydryl grovp in (65) was r m v e d  with dllvte trifluoroacetlc acid 

3 

m the presence of anlsole. Although 4-unsubstltuted N-1 0-sulfonate and N-1 0-phosphorus acti- 

vated azet~dlnoqes are unstable under acidic conditions, 4-unsubstituted compounds (651 I X = - O S O ~ ~  
0 
I0 

and (651 (X=-0-y-Rl could be deprotected wlth dllute trifluoroacetic acld under carefully control- 

led condltxns . 00 

Scheme 16 
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A comparison of i n t r m s i c  a c t i v i t y  of several  N - 1  sulfonated and N - l  su l f a t ed  monobac- 

tams, lnclcding aztreonam ISQ 26,776), agalnst  a number of s e n s i t i v e  g ram-ps l t ive  and gram- 

negative organisms i s  given i n  Table 1. L i t t l e  or  no act iv i ty  i s  observed against  t h e  gram- 

pos i t ive  Staphylococcus s t r a w s ,  but  a l l  compounds exhibi t  a broad spectrum of a c t ~ v l t y  aga ins t  

aerobic  gram-negative organisms, including Pseudomonas aeruginosa. For corresponding analogs be- 

tween classes, a c t i v i t i e s  are essentially equivalent ,  and 4-methyl subs t i tu t ion  i n  e i t h e r  t h e  a o r  

B configuration enhances a c t i v i t y .  

Table 1 . 
Influence of C-4 Substitution on Intrinsic Activity 

of 2-Oxoazetidine-1 -Sulfonates and 1-Sulfates 

X so3- osos- 

- 

MIC (pglml) Agar Dil. 104 CFU 

Organism Sc# So# 81,402 28,778 28,917 28,488 28,511 28,577 

Staph. aureus 
Staph. aureus 
E coli 
E. coli 
K aerogenes 
Pror rnirabilis 
Prof. vulgaris 
Enf. cloacae 
Ser. rnarcescens 
Ps aeruginosa 
Ps. aeruginosa 



 able 2 shows a number of N - 1  su l fa ted  mnobactams ~n an abbreviated representation of 

OUI secondary screen t h a t  i s  designed t o  assess s f a b i l i t y  of  omp pounds t o  B-lactamase-producing 

6 4 
orqan~sms a t  high I10 CFU) and low I10 CFU) inoculum level .  ~ d d i t m n a l l y ,  compounds are corn- 

pared against  three  p a i r s  of 6-lactamase-producing (TEM+, P99+, ~ l t )  and non-8-lactamase-producing 

ITEM-, ~99.. K1-) s t r a i n s  of bacteria. A s t r l k i n g  feature  of the  N-1 svlfonates  is the  increase 

in s t a b i l i t y  t o  6-lactamases on subs t i tu t ion  of methyl groups fo r  hydrogen a t  C-4. 

Table 2. 
Effect of C.4 Substitution on Activity of 2-Oxoazetidine- 
1-Sulfonates Against PLactamase Producing Organisms 

E coli TEM- 

Ent. cloacae P99+ 10.435 
Eni. cloacae P99- 10.441 

K aerogenes K1+ 10.436 
K aerogenes K1- 10,440 

The secondary screen of a number of  N-1 su l fa tes  is shown i n  Table 3. I n  con t ras t  t o  

the sulfonates,  s u s c e p t i b ~ l i t y  t o  B-lactamases i s  s imi la r  f o r  the  4-unsubstituted and 4a-methyl 

sulfates.  A l l  s u l f a t e s  are s ign i f i can t ly  a c t i v e  against  Pseudomonas aeruginosa. As a c lass ,  the  

N-sulfated m n o b a c t m  are l e s s  lactamase s t a b l e  than the  N-sulfonates. 
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Table 3. 
Effect of C-4 Substitution on Activitv of 2-Oxoazetidine-I. 

Sulfates Against pLactamase producing Organisms 

E coli TEM- 

Ent. cloacae P99+ 10,435 
Em. cloacae P99- 10.441 

K asrogenes K t +  10,436 
K Barngenes K1- 10,440 

I n  Table 4 t h e  intrinsic a c t l v i t y  of s eve ra l  N-phosphorus and N-0-phosphorus a c t i v a t e d  

monobactame i s  shown. None of t h e  compounds e x t u b i t s  a c t i v i t y  aga in s t  gram-posit ive organisms, and 

only t h e  N-0-phosphorus c l a s s  i s  s i g n i f i c a n t l y  a c t i v e  agains t  Pseudomonas aeruginosa .  The N- 

phosphorus compounds are i n t r i n s i c a l l y  less a c t i v e  than the  N-O-phosphorus compounds, and a l though 

4-methyl s u b s t i t u t i o n  r e s u l t s  i n  h igh  l n t r m s i c  a c t i v l t y  i n  t h e  N-0-phosphorus s e r i e s ,  46-methyl 

S u b s t l t u t l o n  i n  t h e  N-phosphorus serles r e s u l t s  i n  dramatx  lowering of a c t i v i t y .  

The good s t a b i l i t y  of two s ~ g n l f i c a n t l y  active N-phosphorus compounds t o  8-lactamases i s  

r e f l e c t e d  i n  Table 5, e s p e c i a l l y  i n  t h e  case of t h e  4a-methyl compound SQ 27,327. By conparison,  

t h e  N-0-phosphorus compounds in Table 6 are l e s s  l a c t a w s e  s t a b l e ,  t h e  8-methyl derivative 

SQ 28,235, be ing  mare s t a b l e  than  t h e  a-methyl analog  SQ 28,112 or' the  4-unsubs t i tu ted  compound 

SQ 28,870. The N-0-phosphorus compounds have significant a c t i v l t y  aga ln s t  Pseudomnas aeruginosa.  



Table 4. 
Influence of C-4 Substitution on lntrlnsic Activitv of 2.0xoazetidine- 

1-Phosphonates and 1 .~hosphaies 

I MIC Iuglmll Agar DII.lO. CFU I 

Staph. sureus 
Staph. aureus 
E cali 
E mli 
K aemgenes 
Pmt mirabilli 
Prof vulgaris 
Ent. cloacae 
Ser. marcescsns 
Ps esruginosa 
R B B I U . ~ ~ O S ~  

Table 5. 
Effect of C-4 Substitution on Activity of 2-Oxoaretidine- 

1-PhosphonatesAgainst8.Lactamase PmducingOrganisms 

R? H H 

R3 H CH3 

-~p~ 

Omanlsm SCX SOX 27,159 27,327 

E. ~01i  TEM+ 10.404 0.8 a1 0.4 0.8 
E. coli TEM- 10,439 16 1.6 0.8 0.8 

Ent. cloacae P S W  10,435 >lo0 >I00 6.3 50 
Ent. cloacae P99- 10.441 1.6 3.1 0.8 1.6 

K BBlOgeneS K1+ 10.436 8.3 25 0.4 0.4 
K aerogenes K1- 10,440 0.8 1.6 0.4 0.8 
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Table 6. 
Effect of C4Substitution on Activityof 2-Oxoazetidine-1-0-Phosphonates 

Against BLactamase Producing Organisms 

Ent cloecae P99+ 10,435 
Ent cloacae P99- 10,441 

K aerogenes K1+ 10,436 
K aemgenes KT- 10,440 

Table 7. 
Comparison of a 2.Oxoazetidlne-1-0-Phosphonate and its 

1-0-Phosphate Analog Against pLactamase 
Producing Organisms 

I 7 

I 
MIC (~9trnil Agar 011. inmula (CFU) 

I Ent. cloacae P99+ 10.435 
Ent cloacae P99- 10,441 

Organism SC4 

K Ensumo 11.066 
C. treundii 10,204 
Plot. rettgerl 8,217 
Prot vulgaris 10.9518 
Ser rnarcsscens 9,782 
PS. aeruginma 8.329 
Ps aeruginose 9,545 

104 

sax 

100 

108 10" 

E. c011 TEM+ 10,404 
E coll TEM- 10.439 

3.1 
0.8 

<0.05 
0.4 
0.8 
3.1 
0.8 

10s 

0 4 1  25 1 0 . 2 1  0.4 
>I00 

28,112 

25 
50 
04 
1.6 
3.1 

12.5 
1.6 

0.8 

28,225 

100 

3.1 6.3 

>lo0 

25 
0.4 

<0.05 
0.1 
0.4 
3.1 
1.6 

>lo0 

>I00 
100 

0.2 
6.3 
1.6 

12.5 
1.6 

0.4 1 0.8 0.8 1.6 



Increasing the oxidation state of phosphorus in the 0-phosphorus activated series (Table 

7) results in a decrease in lactamase stability; however, act~vity against Pseudomonas aerugmosa 

is undiminished. 

A comparison of various 4a-methyl N-1 activated monocyclic azetidinones, including 

aztreonam (SQ 26.776). is grven in Table 8. The 0-activated derivatives, SQ 28,511 and sQ 28,112, 

although possessing good intrinsic activity, lack the 0-lactamase stability of aztreonam. The N- 

phosphonlc acid. SQ 27,327, exhlblts'the best lactamase stability, but has less mtrikic activity, 

particularly against Pseudomnas aeruginosa. Overall, the C-4 substituted monobactam N-1 sul- 

fonates provide the most favorable combination of intrinsic antrmicrob~al activity and 0-lactamase 

stability. 

Table 8. 
Comparison of Aztreonam and N-1 Congeners Against pLactamase 

Producing Organisms 
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