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To the Editor: 

Recently, Cimarusti et al. (1) reported the synthesis of 
a new class of biologically active azetidinesulfonic acids, 
termed monobactams. One of these monobactams, az- 
threonaml, is highly selective against aerobic Gram-neg- 
ative bacteria (2), including Pseudomonas aeruginosa 
(3). 

This communication reports the results of the mass 
spectra of the named compound and its monosodium and 
dipotassium salts by the fast atom bombardment tech- 
nique pioneered by Barber et al. (4) and applied by various 
investigators in the analysis of vexatious polar compounds 
(5-12). 

Mass spectra were obtained on a double-focusing mag- 
netic sector instrument2 equipped with a fast atom bom- 
bardment source using 4-8 kV xenon neutral atoms. Az- 
threonam (I) gave a very prominent [M-HI- ion (base 
peak) in the negative-ion detection mode3 (Table I) and 
a significant MH+ ion in the positive-ion detection mode 
(Table 11). Weak, but perceptible, dimeric ions were also 
observed. Based upon the expected losses, the fragmen- 
tation patterns in each ion detection mode yielded diag- 
nostic information. 

N oL’\SOj [R’]’ \ F H 3  
O-F-C02- [ R”]’ 

CH3 

R’ R” M W  MH’ [M*H1- - 
I Azthreonam H H 435 436 434 

I1 Na H 457 458 456 
I11 K K 51 1 51 2 510 

In the negative ion spectrum, the ions resulting from the 
direct N-0 bond cleavage yields the [mlz 3321- ion and 
its [mlz 1031- ion complement (Table I). The principal 
high mass fragment ion in the positive-ion mass spectrum 
results from the loss of sulfur trioxide from the MH+ ion 
(Table 11). Cleavage of the monobactam ring of I gives rise 

~2S-[2~,3~(Z)~)-3([2-amino-4-thiazolyl-[(l-carboxy-l-methyl-ethoxy)imino]- 
acetyl)-amino]-2-methyl-4-oxo-l-azetidinesulfonic acid; CAS 78110-38-0, SQ 
2 6,7 7 6. 

Model ZAB lF,  VG Analytical Ltd., Altrincham, U.K. 
3 A similar negative-ion mass spectrum of I was obtained on the Kratos MS 50 

mass spectrometer, with xenon gas, a t  the Middle Atlantic Mass Spectrometry 
(MAMS) Laboratory, Baltimore, Md. 

Table I-Negative-Ion Fast Atom Bombardment Mass 
Spectra ~ J J  

I1 
Negative-Ion I R’ = Na, I11 

R’ = R” = H R” = H R’ = R” = K Compound 
Assignment [masdcharge (Relative Intensity)] 

2M-R’ 
M+R’-2H 

869(1) - 
- 891(8) 983(2) 
- 478(4) 548(3) 

M-H 434(100) 456(76) 510(20) 
M-R’ 434(100) 434(76) 472(39) 
M-R’’O&c3H60 332(16) 354(11) 370(24) 
M-R’OZCC~H~O 332(16) 332(13) 370(24) 
HO?SNC&LNCO 205 (16) 205(65) 205I100) 
OQSNCO and/or 122(58) 1221100) 122(80) 

103( 10) 103(18) 103(59) 
96(26) 96(39) 96(20) 
80(48) 80(87) 80(85) 

Xenon neutral gas. * Glycerin matrix. 

Table 11-Positive-Ion Fast Atom Bombardment Mass 
Spectra 8.b 

I1 
Positive-Ion I R‘ = Na, I11 
Compound 
Assignment [masdcharge (Relative Intensity)] 

R’ = R” = H R” = H R’ = R” = K 

2M+2R’-H 
2M+R‘ 
2M+H 
M+2R’-H 
M+R’ 
MH 
M+R’-SO3 
MH-SO3 
M-H--SO? 

- 959(9) 1099(1) 
871(1) 937(24) 1061(4) 

1023(2) 

356(44) 378(?) - 
354(3) 377(83) - 

MH-H03$NC0 and/or 313i65) 335(22) 389(11) 

MH-OZCC~H~O 334(4) 356(5) 410( 13) 
CAH~N?S 126(100) 126(93) - 

MH-HO~SNCZH~ 

Xenon neutral gas. * Glycerin matrix. 

to the [mlz 313]+ ion in the positive-ion detection mode 
and its [mlz 1221- complement in the negative-ion de- 
tection mode. 

Because polar acids are often isolated as alkali salts, the 
fast atom bombardment spectra of the monosodium (11) 
and dipotassium (111) salts (13) were compared to the 
spectra of azthreonam (I). The negative-ion spectra pro- 
duced readily assignable [M-HI- and [M-R’]- ions 
(Table I). The positive-ion spectra yielded complimentary 
information, although ions generated from mono- and 
dicationization were more intense than the MH+ ions. 
Consequently, care should be taken to introduce as mini- 
mum extraneous inorganic salts, or, if unavoidable, only 
a single species of cation. Fast atom bombardment mass 
spectrometry has been used in the characterization of re- 
lated naturally occurring monobactams, synthetic inter- 
mediates for azthreonam, and impurities. 
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Effect of Initial Conditions and 
Drug-Protein Binding on the  Time t o  
Equilibrium in Dialysis Systems 
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T o  The  Editor: 

A major disadvantage of using equilibrium dialysis 
methods for determining in vitro plasma protein binding 
of drugs is the time needed to reach equilibrium. Recently, 
Oie and Guentert (1) mathematically showed that equili- 
bration is more rapid when the drug is initially added to 
the plasma side as opposed to the buffer side. The ap- 
proach to equilibrium was described by integrated equa- 
tions for the concentration of drug on the buffer side as a 
function of time. The relative time to equilibrium for the 
two initial configurations was found to be: 

In a tg In 6 + In a R = - =  = 1 + -  
tP In 6 In 6 (Eq. 1) 

where t B  and t p  are the times to reach some fraction (6) 

from the equilibrium concentration when the drug is ini- 
tially added to the buffer or plasma side, respectively, and 
a is the unbound fraction in plasma which is assumed to 
be constant during the dialysis. For example, a 6 value of 
0.05 indicates a deviation of 5% from the true equilibrium 
value. 

The authors indicated that the closer to the true equi- 
librium value one wants to be, the closer the ratio is to 
unity. Furthermore, a smaller a (stronger binding) or a 
larger 6 increases the advantage of spiking the plasma side. 
While we are in complete agreement with these conclu- 
sions, some interesting and practical information may be 
lost if the examination of this system is limited only to the 
ratio of the times to equilibrium. In this communication 
the concept of approach to equilibrium in dialysis systems 
will be further developed and factors affecting comparative 
equilibration times will be discussed. 

When drug is initially added to the plasma side, the 
concentration on the buffer side (C,) at  any time ( t )  is: 

where CO is the initial concentration, and KT is the rate 
constant governing the transfer of drug across the mem- 
brane (1). 

When drug is initially placed in the buffer side, a similar 
equation is obtained: 

(Eq. 3) 

Although the actual concentration on the buffer side is 
the variable of interest, a more useful relationship for ex- 
amining the influence of a on equilibrium times would be 
an expression of CB in relative terms. A fraction away from 
the equilibrium concentration in the buffer side (6) is de- 
fined as: 

Absolute Value ( C i  - C B )  
6 =  (Eq. 4) 

where Cg is the concentration of CB as t - 00 and C i  = 
Coa/(l + a)  for both cases (buffer or plasma spiked). 

In a form analogous to Eq. 2, the time course of this 
fraction when drug is initially on the plasma side is then 
described by: 

(Eq. 5) 
When drug is initially placed on the buffer side, the time 

6 - --KT(l+ol)t  P - e  

course of 6 is described by: 
,--KT(l+ol)t 

6B = (Eq. 6) 
Ly 

A hypothetical semilog plot for the time course of these 
fractions from equilibrium concentration is shown in Fig. 
1. As dictated by Eqs. 5 and 6, the 6 values decline expo- 
nentially with time. For a given value of a,  In 6 p  and In 6~ 
decrease at  the same rate with slope = -KT(I + a).  As a - 0, the slopes become -KT and as a - 1, the slopes be- 
come - ~ K T .  At t = 0, 6 p  = 1, whereas the 6~ = l/a. Thus, 
dp values are always 51 whereas 6~ has no limit. Although 
the actual rate constants for approach to equilibrium are 
the same for both buffer and plasma spiked systems, the 
buffer spiked system requires more time to reach compa- 
rable 6 values, because a greater amount of drug must be 
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