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peptide can be accounted for by interaction with no more
than four or five amino acid residues. In Leu-enkephalin,
for example, the observed binding can be explained solely
in terms of the tyrosine and phenylalanine residues, in
complete accord with the conclusions of structure—activity
data. 1819
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3-Substituent Effect and 3-Methylene Substituent Effect! on the
Structure-Reactivity Relationship of 75-(Acylamino)-3-cephem-4-carboxylic Acid
Derivatives Studied by Carbon-13 and IR Spectroscopies?®
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Relationships between the chemical reactivity of 8-substituted cephalosporins or 3-methylene-substituted cephalosporins
and several parameters observed by *C NMR and IR spectroscopies are described. Among 3-substituted cephalosporins,
the values of 6(C-3) and 5(COO) of 13C NMR spectra are correlated with the logarithms of the rate constants for
alkaline hydrolysis (log B.peq) When substituents at the 3-position are classified into two groups, i.e., OR substituents
and others. Among the 3-methylene-substituted cephalosporins, the difference values of the 13C chemical shifts
for C-8 and C-4, A§(4-8), are correlated with log kgpeg. The G-lactam ve—g value of the solution IR spectra is a good
index for the prediction of a significant change of the S-lactam reactivity resulting from modification of a 3-substituent
or a 3-methylene substituent. From analysis of these observed parameters, both resonance and inductive effects
of the substituent at the 3-position were found to affect the chemical reactivity of the 8-lactam ring in cephalosporin,
while only the inductive effect of the substituent at the 8’-position was found to affect the §-lactam reactivity.

B-Lactam antibiotics, such as penicillins, cephalosporins,
and oxacephalosporins, inhibit biosynthesis of bacterial
cell walls by acylating and thereby inactivating trans-
peptidases and carboxypeptidases.® Because the anti-
bacterial activity of an antibiotic depends on the acylation
of those enzymes by the 8-lactam ring of the antibiotic,
the chemical reactivity that represents the acylating ability
of the 8-lactam ring is an important factor affecting the
antibacterial activity. Thus, much interest has been at-
tached to investigation of the structure-reactivity rela-
tionship of cephalosporins and penicillins as the first stage
in the prediction of antibacterial activity.

tDeceased.

A number of parameters have been proposed as indi-
cators of the B-lactam reactivity, for example, the IR

(1) Cephalosporins were examined from two viewpoints according
to the structure of the substituent at the 3-position, i.e., one
with the substituent at the 3-position (called the 3-substituted
cephalosporin in this paper) and the other with a methylene
group at the 3-position (called 3-methylene-substituted ceph-
alosporin in this paper). Here, we define 3-methylene sub-
stituent as a group at the 3’-position of a cephalosporin (i.e.,
the substituent is on the methylene at the 3-position) and a
3-substituent as a whole group, e.g.,, CHy;R or R/, i.e., a direct
3-substituent, attached to the 8-position of either a cephalo-
sporin or a direct 3-substituted cephalosporin, respectively.

(2) Some part of this study has been reported in a communication:
Nishikawa, J.; Tori, K. J. Antibiot. 1981, 34, 1641.
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carbonyl stretching frequency?® (8-lactam »c—g), the
calculated electron density at the 8-lactam carbonyl oxy-
gen®78 (Q(0Q,)), and the theoretical transition-state ener-
gy 1! (TSE), which are calculated by the CNDO/2 method,
the C—N and C==0 bond lengths, and the distance of the
B-lactam nitrogen atom from the plane formed by its three
neighboring carbons.!®>  Among these parameters, the
B-lactam vc—g value, the @(Oy) value, and the TSE value
have been known to be excellent indicators of the sub-
stituent effect on the 8-lactam reactivity when the sub-
stituents, such as one on the 3-methylene, do not affect
the pyramidal structure of the 8-lactam nitrogen atom. We
also reported!® that the difference values of the *C chem-
ical shifts for C-3 and C-4, Ad(4-3), show linear correlation
with the logarithms of the rate constants, kqy, reported
by Yamana and Tsuji'* for the OH-catalyzed degradation
of cephalosporins, and the A§(4-3) value was suggested to
be an index for the effect of the 3-methylene substituent
on B-lactam reactivity.

The relationships between some parameters and anti-
bacterial activity as well as 8-lactam reactivity have been
reported. Morin et al.* suggested that the §-lactam ve—g
values show a rough but positive correlation with anti-
bacterial activity. Moreover, Boyd et al.l! reported that
a parabolic relationship between the TSE values and
minimum inhibitory concentrations against Gram-negative
pathogenic microbes (MICs) exists among various 3-
methylene-substituted cephalosporins. As mentioned
above, a 3-methylene substituent of cephalosporin has been
known to greatly affect the 8-lactam reactivity and thereby
have an influence on the antibacterial activity.

Some cephalosporins having “direct” substituents at the
3-position (3-R; for example R = Cl, OCH,, H, etc.) show
clinically useful antibacterial activity!® comparable to that
exhibited by 3-methylene-substituted cephalosporins.
Thus, Boyd has reported” that both the electron density
on the @-lactam carbonyl group [for example, the Mulliken
overlap population for the 8-lactam carbonyl bond Cg=0,,
n(Cg=0y), and @(Og)] and the TSEs calculated by quan-
tum mechanical treatment for various cephalosporins in-
cluding those with “direct” substituents at the 3-position
can be correlated with alkaline hydrolysis rates.

(3) Tomasz, A. “Handbook of Experimental Pharmacology: An-
tibiotics Containing the Beta-lactam Structure”; Demain, A.
L., Solomon, N. A., Ed.; Springer-Verlag: West Berlin, 1983;
Part I, Chapter 2, p 67.

(4) Morin, R. B.; Jackson, B. G.; Mueller, R. A.; Lavagnino, E. R.;
Scanlon, W. B.; Andrews, S. L. J. Am. Chem. Soc. 1969, 91,
1401.

(5) Indelicato, J. M.; Norvilas, T. T.; Pfeiffer, R. R.; Wheeler, W.
J.; Wilham, W. L. J. Med. Chem. 1974, 17, 523.

(6) Takasuka, M.; Nishikawa, J.; Tori, K. J. Antibiot. 1982, 35,
1729.

(7) Boyd, D. B. J. Med. Chem. 1983, 26, 1010.

(8) Boyd, D. B. “Chemistry and Biology of 5-lactam Antibiotics”;
Morin, R. B., Gorman, M., Eds.; Academic Press: New York,
1982; Volume 1, Chapter 5.

(9) Boyd, D. B. J. Med. Chem. 1984, 27, 63.

(10) Boyd, D. B. J. Med. Chem. 1973, 16, 1195.

(11) Boyd, D. B,; Herron, D. K.; Lunn, W, H. W.; Spitzer, W. A. J.
Am. Chem. Soc. 1980, 102, 1812,

(12) Sweet, R. M.; Dahl, L. F. J. Am. Chem. Soc. 1970, 92, 5489.

(13) Tori, K.; Nishikawa, J.; Takeuchti, Y. Tetrahedron Lett. 1981,
22, 2793 and references cited therein.

(14) Yamana, Y.; Tsuji, A. J. Pharm. Sci. 1976, 65, 1563.

(15) Indelicato, J. M.; Dinner, A.; Peters, L. R.; Witlham, W. L. J.
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We also investigated 3-substituent and 3-methylene
substituent effects on the reactivity of the g-lactam ring
of cephalosporin by using the *C chemical shift as the first
indicator for analysis. In this report, we describe the effect
of 3-substituents on the g-lactam reactivity of cephalo-
sporins as well as that of 3-methylene substituents by using
the 13C chemical shift, the 8-lactam »c—q value, and the
pseudo-first-order rate constant (k) for hydrolysis of
the §-lactam ring, which has been regarded as a model of
the reaction of the 8-lactam ring with the enzymes.

Experimental Section

13C FT NMR was recorded on a Varian XL-100-12A NMR
spectrometer (25.16 MHz) at ordinary probe temperature (31 °C)
in 10- and/or 5-mm spinning tubes in (CD;),SO (internal Me,Si
reference, 6 0.0) and D,O (internal dioxane reference, 6 67.4). The
concentrations were fixed between 0.1 mmol/mL and 0.2
mmol/mL because *C chemical shifts of cephalosporin analogues
are influenced slightly by the concentration.'® 13C spectra of some
cephalosporin sodium salts were measured with saturated solutions
(ca. 5 mg/mL) because of their lesser solubility. Typical FT NMR
measurement parameters were as follows: spectral width, 6016
Hz; pulse width, 7 us (flipping angle 17°); acquisition time, 0.8
s; number of data points, 9625. *C NMR signals were assigned
by using single-frequency and noise off-resonance decoupling and
*H nondecoupling with NOE in the gated mode and by comparison
of 13C relaxation time 7','*!” and of the chemical shifts with those
of related compounds.t®!7

IR spectra were recorded on a JASCO DS-403G grating
spectrometer calibrated for the rotational bands of vapor.
Cephalosporin esters were dissolved in CHCl, at ca. 0.0025 M (cell
length 0.5 cm) and sodium salts were dissolved under nitrogen
stream in dry (CH;),SO at ca. 0.02 M (cell length 0.025 cm). The
accuracy of the vg—g value was £1.0 cm™.

The loss of the UV absorbance at ca. 265 nm of each cepha-
losporin at pH 10.0 and 35 °C was measured as a function of time
with a Hitachi UV 320 automatic recording spectrometer, and
the values of the pseudo-first-order rate constants, k., were
determined by the method of Guggenheim.}81°

MICs were determined by the agar dilution method using
sensitivity test agar (Eiken, Japan). An overnight culture of
bacteria in tryptosoy broth (Eiken, Japan) was diluted to about
108 cells/mL with the same broth. One loopful of this suspension
was inoculated with an inoculating device onto agar containing
serial twofold dilutions of an antibiotic. Organisms were incubated
at 37 °C for 18-20 h. The MIC of an antibiotic was defined as
the lowest concentration that inhibited visible growth.

Results and Discussion

The 3C NMR spectra and IR spectra of cephalospori-
nate ions la-9a, 12a, 14a, 15a and their benzhydryl esters
1b-4b, 6b, 7b, 9b-15b with various substituents at the
3-position or the 3’-position were measured. The § values
and 8-lactam »o_ values are listed in Table I with the k.4
values which were measured at pH 10.0 and 35 °C and
geometrical means of MICs calculated from MIC values
for Escherichia coli NIHJ JC-2 and Klebsiella pneumo-
niae SRL-1. Further chemical parameters of various 3-
substituents and 3-methylene substituents of cephalo-
sporins that were used in this work are listed in Table II.

Effect of 3-Methylene Substituents on the 5-Lac-
tam Reactivity of Cephalosporins. We confirmed that
both §-lactam vo—o?° and Ad(4-3) values of 3-methylene-

(16) All the changes of §(C-3), 6(C-4), etc. on the concentration
variation (from 0.01 to 1.00 M) were less than 1.2 ppm. De-
tailed data on the effect of concentration on the 1*C chemical
shift will be reported elsewhere.

(17) Paschal, J. W.; Dorman, D. E.; Srinivasan, P. R.; Lichter, R.
L. J. Org. Chem. 1978, 43, 2013.

(18) Guggenheim, E. A, Phjlos. Mag. 1926, 2, 538.

(19) Niebergall, P. J.; Sugita, E. T. J. Pharm. Sci. 1968, 57, 1805.
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Table I. *C NMR Data, IR Kinetic Parameters, and Antibacterial Activity of Cephalosporin Having Various 3-Substituents

1659

@'CWCONHﬁS 2
3
07" % R
COOR’
a, R'=Na
b, R=CHPh,

& B-lactam 10%k g, MIC ¢
no. R C-3 C4 C-8 4-CO0 Vo—o, cm’! h-l ug/mL
la H 118.4 132.3 166.1 169.5 1769.6 3.10 8.85
1b 122.5 126.8 164.7 160.3 1790.1
2a CH, 123.1 1274 165.1 170.7 1763.8 1.36 70.7
2b 133.6 121.6 164.8 161.0 1783.4
3a CH,CN 1139 131.8 165.6 168.5 1773.0 e
3b 123.0 124.8 165.1 160.3 1793.1
da CH,COOC,H; 118.7 131.1 165.5 169.2 1768.6 1.82 >100
4b 1283 124.2 165.0 160.7 1787.3
5a° CH,N*C4H; 113.0 186.1 165.2 167.7 1777.9 473
6a’ CH,0H 122.1 130.3 165.5 169.8
6b 134.6¢ 121.9¢ 165.0 160.8 1791.0
7a° CH,0COCH, 117.3 1324 165.5 169.0 1771.6 111 25h
The 126.3 125.1 165.1 160.5 1791.6
8ac® CH,SCH, 120.9 130.4 165.1 169.5
9a CH,STet 118.9 131.8 165.4 168.5 1772.7 9.21 1.56
9b 128.6 124.7 165.1 160.6
10be CHO 122.8 138.1 165.4 159.6
11b OH 166.1 103.2 166.9 164.9 1781.1
12a OCH; 153.1 117.2 167.1 169.4 1765.4 f 17.7
12b 161.8 109.2 166.4 160.1 1780.5
13b OCOCH, 145.1 1185 165.4 158.8 1789.0
14a 0S0,CH, 134.1 128.1 166.0 170.2 1777.4 46.5 8.84
14b 139.9 121.0 165.5 158.6 1794.0
15a cl 116.6 130.0 164.8 168.2 1774.7 15.2 12,5
15b 123.8 124.0 1645 159.4 1791.6

¢7-Acylamino substituent of these compounds is (2-thienylacetyl)amino. However, the effects of the 78-acylamino substituents on 4(C-3),

5(C-4), 5(C-8), and 6(COQ) and on B-lactam reactivity are rather small. ®!3C chemical shifts of these compounds were taken from ref 17.
¢Spectral data in CDCI; solution and detailed spectral data with full signal assignment will be reported elsewhere. ?It was regarded that the
6(C-8) and the 6(C-4) values were respectively shifted a lower and a higher field compared to that found for the acetylated compound. This
is due to the effect of hydrogen bonding of (CDj),SO to the OH group. In the same way, the double-bond C-2 and C-1 signals in geraniol,
(CH3),C=CH(CH,),(CH,)C(1)=CH(2)CH,0H, were found to be respectively shifted to a lower (+1.3 ppm) and a higher (-3.5 ppm) field in
(CD4),SO than in CDCl;, whereas these signals were in its acetate form essentially unchanged in both solvents. An effect of hydrogen
bonding of D,0 to the OH group on §(C-3) and §(C-4) similar to that of (CD3),SO may exist in Na salt. ¢ Not detected because the decrease
of UV absorption at 265 nm was very small. /Not detected because the degradation of the 8-lactam ring of this compound was very slow.
¢ Geometrical mean of MIC calculated from MIC values for E. coli NIHJ JC-2 and K. pneumoniae SRL-1. *This MIC was measured for the

7-(phenylacetyl)amino compound.

substituted cephalosporins showed linear correlations with
log kpeq values and that the compound having the higher
B-lactam yc—q value and the larger Ad(4-3) value showed
a higher 8-lactam reactivity:

log kopeq = 0.116 o — 204
r=09577,n=5
log kgpeq = 0.085 Ad(4-3) — 0.340
r=0.9096,n =25

First we tried to express the *C chemical shifts of 3-
methylene-substituted cephalosporins by equations similar

(20) The reason why the good correlation between the §-lactam
vo—o values and the log kqq values was found in this case
although Boyd® reported a poor correlation between both the
values for the 7-[(2-thienylacetyl)amino] series is probably due
to the difference between the conditions of the measurement
of the IR spectra of both series; the IR spectra of 7-[(phenyl-
acetyl)amino]cephalosporinate ions and their esters were very
accurately measured in dry Me,SO and CHCI;, respectively,
in concentrations sufficiently diluted to take a monomeric form
(see Experimental Section), whereas those of the 7-[(2-thie-
nylacetyl)amino] series were measured as solid in KBr disks,
which presumably give rather fluctuated values by strong in-
termolecular interactions.

to those used for the interpretation of the *C chemical
shifts of 1-monosubstituted propenes since the substituent
effect on 6(C-3) and 6(C-4) of cephalosporins is regarded
as similar to that on the 13C chemical shifts of 8- and
y-carbon of 1-monosubstituted 2-propenes??? (H,C=
CHCH,X). We found that both 13C NMR values,?* (C-3)

(21) Inamoto, N.; Masuda, S.; Tori, K.; Nishikawa, J. Tetrahedron
Lett. 1983, 24, 5265 and references cited therein.

(22) It has been reported? that !*C substituent chemical shifts of
$- and vy-carbons of monosubstituted propenes (C4-SCS and
C,-SC8) can be exactly expressed by the o; — og° dual sub-
stituent parameter equation (Taft's DSP equation).?® But as
the contribution of the ox° value is rather small in the analysis
by Taft’s equation, the relationship of 8-SCS and 4-SCS with
the oy value is shown as

Cs-SCS = 18.454, - 2.86

r = 0.8549, n = 19, excluding Cl, Br, I, Si(CHy)s
C,-SC8 = -7.8001 + 1.26

r = 0.7477, n = 19, excluding Cl, Br, I, Si(CHjy),

In these equations, 3C-SCS is defined as a shift difference
between a substituted and an unsubstituted compound.

(23) Ehrenson, S.; Brownlee, R. T. C,; Taft, R. W. Prog. Phys. Org.
Chem. 1973, 10, 1.
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Table II. Chemical Parameters® of Various 3-Substituents and
3-Methylene Substituents of Cephalosporins

R L 0 og°
H 2.000 0.00 0.00
CH;, 2.138 -0.04 -0.11
CH,CN 2.197 0.18 0.00
CH,COOC,H; 2.169 0.17
CH;"S O ) 2.230¢ 0.394 0.00¢
CH,0H 2.215 0.05 0.00
CH,0COCH;, 2.216 0.14 -0.08
CstCH% 0.05 -0.10
CH,STet! 0.19¢
CN 2.609 0.56 0.08
CHO 2.390 0.31 0.24
COOC,H; 2.369 0.30 0.18
SCH;, 2.159 0.23 -0.25
STet® 0.53
&@ 1.09
OH 2.791 0.25 -0.40
OCH, 2.823 0.27 -0.45
OCOCH, 2.802 0.39 -0.21
OCONH, 0.46¢
OS0,CH;, 2.779 0.58 -0.26
Cl 2.367 0.46 -0.23

¢These i, 03, and og® values were taken from ref 9, 23, 41-43.
bSTet: (1-methyl-1H-tetrazol-5-yl)thio. ¢The ¢ and ox° values of
CH,NH;* were used instead. ¢The o7 values of CH,STet and
CH,N*C;H; were estimated by dividing the o, values for STet and
N*C,H;, respectively, by a factor of 2.8.3 ¢The oy value of OCO-
N(CHj;), was used instead.

and §(C-4), are linearly correlated with the ¢, values of
substituents. Furthermore, the change in the Aé(4-3) value
upon variation of the 3-methylene substituent is larger
than that of the corresponding §(C-3) and 6(C-4) values
since the 6(C-3) value shows the reverse shift to that of
5(C-4) (Figure 1a). Moreover, Ad(4-3) values show better
linear correlation with o; values (Figure 1b). Thus, po-
larization of the C;~C, double bond may be an important
factor determining the B-lactam reactivity of 3-
methylene-substituted cephalosporins. Second, we exam-
ined the 8-lactam vc—g values and found that they show
a linear correlation with the ¢, values of 3-methylene
substituents (Figure 1c). Thus the 8-lactam reactivity of
3-methylene-substituted cephalosporins may be predicted
from the ¢, values of the substituents at the 3'-position as
well as the Ad(4-3) or B-lactam yc—g values:

].Og kobsd = 1.460’1 + 0.142
r=09282,n=5
Furthermore, the 5(COQ) value may also be an index for
the prediction of 8-lactam reactivity of this kind of ceph-
alosporins since (COQ) values are correlated roughly with
logarithms of k.4 values as well as o, values, although the

change in 8(COO) for a variation of the 3-methylene sub-
stituent is rather small:

8(CO0) = -2.730; + 170.1
r=08788,n=9
log kopsq = —0.4386(CO0) + 73.3
r=08245n =15

Effect of the 3-Substituents on the 5-Lactam Re-
activity of Cephalosporins. We also studied cephalo-

(24) '3C NMR data for the compound having the methoxy group
at the Ta-position was used instead of those for the compound
having the 3-methylene substituent OCONH, because the
methoxy effects on 5(C-3) and 6(C-4) are very small.?®

Nishikawa and Tori
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Figure 1. (a) Relationships between 4(C-3) and 6(C-4) and in-
ductive substituent constants o; of various 3-methylene sub-
stituents of cephalosporins. (b) Relationship between A8(4-3)
values and inductive substituent constants o; of various 3-
methylene substituents of cephalosporins. (c) Relationship be-
tween B-lactam vc—g values and inductive substituent constants
oy of various 3-methylene substituents of cephalosporins.

sporins with various substituents at the 3-position. 8-
Lactam vc—g values® were correlated with log &, values
(Figure 2). 8(C-3) and 8(COO) values were also correlated
with 10g Eqpeq values except OSO,CH;* (Figures 3a,3b). In

(25) Nishikawa, J.; Tori, K. J. Antibiot. 1981, 34, 1645,
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a similar way to that used for the investigation of 3-
methylene-substituted cephalosporins, we examined the
effects of the 3-substituents on '*C chemical shifts and
B-lactam po—q values. However, neither 1°C chemical shifts
nor (-lactam pp—o values could be expressed by the
equation using one parameter, oy, alone. In regard to the
substituent effect on the 13C substituent chemical shifts
(13C-SCS) of monosubstituted ethylenes, XHC=CH,, we
have reported?! that the 3C-SCS of the C, atom can be
roughly approximated by the ¢« — og® DSP equation®’ and
that the 1*C-SCS of the C; atom can be represented as a
factor of the og° value. We tried to express 6(C-3) and
0(C-4) values using the same chemical parameters since
both 6(C-3) and 6(C-4) were correlated to the 6(C-a) and
8(C-B) of XCH=CH,, respectively:

6(C-3) = 1.548(C-a) — 70.7

(r = 0.9836, n = 8; excluding CHO probably because
of the difference of the resonance effect)

5(C-4) = 0.51946(C-B8) + 64.4
r=09676,n=9

As shown below, 6(C-3) values could be expressed by a
¢+ — og® DSP equation® (eq 1 and 4) rather than a oy — og°
DSP equation, while 6(C-4) values could be expressed
solely by og° values (eq 2 and 5, Figure 4). When the
B-lactam vg—g value was analyzed by both the ¢ — og°
equation and Taft’s DSP equation, it could be represented
by Taft’s DSP equation (eq 3 and 6). The §-lactam »c—q

(a) Cephalosporinate ions

8(C-3) = -2.5. — 82.90g° + 120.9 1
r = 0.9635, n = 8, excluding C1%°

5(C-4) = 31.305° + 133.0 @)
r = 0.9044, n = 9, excluding C13°
Vomo = 24.901 + 22.705° + 1768.7 3)

r=09874,n =8
(b) Cephalosporin esters

0(C-3) = 16.7. — 49.60R5° + 90.5 )
r = 0.9291, n = 10, excluding C1%
5(C-4) = 42.90° + 126.5 ()
r = 09340, n = 10, excluding CI1¥®
Voo = 22,10, + 34.805° + 1789.6 ®)

r=09773, n =10

values were plotted against each set of §(C-3), 6(C-4), and
8(COO0) values, and two linear relationships were found
among the cephalosporins, one for those with a 3-CH,R
substituent, H, or Cl and another for those with a 3-OR
substituent between each pair of 8-lactam vo—g values and
6(C-3) (Figure 5), 6(C-4), or 6(COO). Grouping the ceph-
alosporins in this way was also necessary to establish linear
relationships between & values and log kgp.q. These ex-

(26) We excluded OSO,CHj from the analysis of this correlation.
In order to correlate the  values with the log kg values for
cephalosporins, we needed separate lines similar to the typical
case seen in the relationships between § values and ve—q values,
which are described later in this report and include two lines:
one for cephalosporins with a 3-CH,R substituent, H, or Cl and
another for those with a 3-OR substituent.
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Figure 2. Relationship between §-lactam vo— and logarithms
of the alkaline hydrolysis constants kg (log Ropsq) Observed at
pH 10.0 and 35 °C for various 3-substituted cephalosporins.

ceptional effects of OR substituents are in accord with the
fact that substituents having a lone pair deviate from the
correlation between : and 0g°.%

Furthermore the logarithm of the k.4 value was ex-
pressed by Taft’s DSP equation (eq 7). As mentioned

log kopsq = 2.890y + 2.5605° — 1.42 @)
r=09721,n =6

above, we can predict the 8-lactam reactivity of various
3-substituted cephalosporins using the chemical parame-
ters o) and og° of the 3-substituents. As for the 3-
methylene-substituted cephalosporins, which are regarded
as a type of 3-substituted cephalosporins, the g-lactam
reactivity can be predicted more accurately by the sole o,
value of the 3-methylene substituent because the variation
of the og° value corresponding to whole group at the 3-
position is very small (i.e., og° values of the CH,R’ groups
fall in a narrow range between —0.11 and 0.00) and because
the ¢, value for the 3-methylene substituent (R’) can be
estimated by multiplying the value for the whole group
(CH.R) by a factor of 2.8.3

With respect to the effect of a 3-methylene substituent,
we found? a linear relationship between the TSE values®
and the A§(4-3) values, and therefore a parabolic rela-
tionship exists between the A3(4-3) values and MICs,* in

(27) « (iota in Greek letter) is a new inductive substituent parameter
that Inamoto and Masuda®® proposed to remove a periodicity
of electronegativity.

(28) Inamoto, N.; Masuda, S. Tetrahedron Lett. 1977, 3287.

(29) BC-SCS of the C,-atom in monosubstituted ethylenes has been
reported? to exhibit three linear relationships with the . val-
ues. However, we used the . — og° DSP equation to simplify
the analysis of §(C-3) of cephalosporins.

(30) 13C chemical shifts of the nucleus bonded to a heavy atom are
known to show abnormal resonance because of spin-orbit in-
teraction:®® Thus we excluded Cl from the analysis of these
correlation using the é values,

(31) Morishima, I; Endo, K.; Yonezawa, T. J. Chem. Phys. 1973,
59, 3356.

(32) Inamoto, N.; Masuda, S. Kagaku no Ryoiki 1979, 33, 105,

(33) Newman, M. S. “Steric Effects in Organic Chemistry”; Wiley:
New York, 1978; p 592.

(34) The TSE values were those reported by Boyd et al.}1

(35) MICs were those for 7-[(2-thienylacetyl)amino]cephalosporin
reported by Boyd et al.l!
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Figure 3. (a) Relationship between 6(C-3) and log ke for various
3-substituted cephalosporins. (b) Relationship between §(COO)
and log Rgeq for various 3-substituted cephalosporins.

addition to the reported relationship between the TSE
values and MICs:!!
-TSE = 0.32A6(4-3) + 128.7
r =0.8556,n = 8
MIC = 0.22 (A(4-3))2 - 9.0A8(4-3) + 95.2

r=109116,n = 8
Further we confirmed that a linear relationship exists
between the TSE values® and log k4 values also for
3-substituted cephalosporins including three direct 3-

substituted cephalosporins with H, Cl, or OSO,CHj at the
3-position as reported by Boyd:’

-TSE = 0.146 ].Og kobsd - 20.6
r=08410,n=17

With respect to antibacterial activity,* we confirmed
that the logarithms of k.4 values® show parabolic cor-

(36) No definite correlation between the logarithms of reciprocals
of geometrical means of MICs (log 1/C)% and log kypeq values
was found in this work.

Nishikawa and Tor:

140 r T r T
=CHO
[ )
130 ]
]
® -CHaCN
; -0S02CHs ® -CHeOH
L4 -CHs
é 120} 4
«© -0COCHs
A
1o | -OCHs i
Ar=-CH2CONH S
OIN“flR
COOR’
-OH ® R':CHPh,
. {A R'=No
100 i L L L
-04 -0.2 o] 0.2

o
%

Figure 4. Relationship between 5(C-4) and og° values for various
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Figure 5. Relationship between 6(C-3) and §-lactam vc_g for
various 3-substituted cephalosporins.

relations with MICs of 7-[(2-thienylacetyl)amino]- or 7-
[(phenylacetyl)amino]cephalosporins without the classi-
fication according to the substituent at the 3-position as
reported by Boyd’ (Figure 6):
For the MICs of
7-[(phenylacetyl)amino]cephalosporins
MIC = 455 (].Og kobsd)Z + 70.7 lOg kobsd + 334
r=108276,n=6
For the MICs of
7-[(2-thienylacetyl) amino]cephalosporins
MIC = 39.2 (log kgpeq)® + 58.8 log kopsq + 21.9
r=09248,n =17

(37) Narisada, M.; Yoshida, T.; Ohtani, M.; Ezumi, K.; Takasuka,
M. J. Med. Chem. 1983, 26, 1577.

(38) We used the kg values measured in this work for 7-[(2-thie-
nylacetyl)amino]- or 7-[(phenylacetyl)amino]cephalosporins
because the differences between the k.4 values for both series
are very small (ca. ~0.1 s1).514
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Figure 6. Relationship between log kg and MICs for various
3-substituted cephalosporins: (A) the plot of arithmetic average
of MIC of 7-[(2-thienylacetyl)amino]cephalosporin against five
Gram-negative test organisms reported by Boyd et al.'! against
log Rgped, (@) the plot of geometrical mean of MIC (see Table II)
of 7-[(phenylacetyl)amino]cephalosporin against log kgpeq.

Conclusion

We identified parameters for predicting of the g-lactam
reactivity: (i) the 8-lactam vo_g value is a good index for
3-substituted cephalosporins, (ii) 3C NMR chemical shifts
8(C-3) and 86(COOQ) are rough indices for 3-substituted
cephalosporins when cephalosporins are clagsified into the
two groups of those with an OR substituent and those with
a H, Cl, or CH,R substituent, (iii) the Aé(4-3) value is a
good index for the 3-methylene-substituted cephalosporins.
After analyzing these parameters, we concluded that the
B-lactam reactivity of 3-substituted cephalosporins can be
explained by the linear combination of inductive and
resonance effects of substituents at C-3 and that of 3-
methylene-substituted cephalosporins by the inductive
effect of the substituents at C-3'.

The antibacterial activity of cephalosporin may be
predictable from the o7 and og° of the substituent at C-3
after prediction of the 8-lactam reactivity when the par-
abolic relationship between the antibacterial activity and
the 8-lactam chemical reactivity is taken into account. We
consider that a similar prediction may be applicable to
cephem derivatives, when the substituents at 7a-, 78-, and
1-positions are fixed. However, the minimal point and the
curvature of the parabola may vary depending upon the
nature of the substituents at C-1 and C-7 because the atom
at the 1-position strongly affects the 8-lactam reactivity,?*
the 78-substituent may mainly affect the binding affinity
to the target enzymes,?’ and the 7a-methoxy substituent
sterically protects from an attack of 8-lactamase and af-
fects on another factor of the antibacterial activity of 3-
cephem derivatives.?’
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Peptide Sweeteners. 6. Structural Studies on the C-Terminal Amino Acid of

L-Aspartyl Dipeptide Sweeteners

Joseph W. Tsang, Bernhard Schmied,! Rolf Nyfeler, and Murray Goodman*
Department of Chemistry, B-014, University of California, San Diego, La Jolla, California 92093. Received January 3, 1984

Stereochemical and structural aspects of the variations in the C-terminal residue of L-aspartyl-L-phenylalanine methyl
ester have been investigated. Novel configurational analogues such as L-aspartyl-D-alanine benzyl ester and L-
aspartyl-D-a-aminobutyric acid benzy! ester were found to be sweet. In addition, chiral and achiral o,a-dialkylglycine
and a-aminocycloalkanecarboxylic acids were incorporated into the dipeptides. The L-aspartic acid based dipeptide
derivatives of a-aminoisobutyric acid methyl ester, a-aminocyclopropanecarboxylic acid methyl ester, a-amino-
cyclobutanecarboxylic acid methyl ester, and a-aminocyclopentanecarboxylic acid methyl ester are sweet. Dipeptides
with a-aminocyclohexanecarboxylic acid methyl ester and a-aminocycloheptanecarboxylic acid methyl ester are
bitter, whereas the analogues with a-aminocyclooctanecarboxylic acid methy! ester, ,a-diethylglycine methyl ester,
and a-aminoisobutyric acid benzyl ester are tasteless. Aspects on chirality and effective volume of the C-terminal

residue are discussed and correlated with taste.

Since the discovery of L-aspartyl-L-phenylalanine methyl
ester,! structure—taste studies have shown that the aspartic

tPresent address: Max-Planck Institut fur Biochemie, Munich,
West Germany.

! Present address: Bachem Inc., Basel, Switzerland.

0022-2623/84/1827-1663$01.50/0

acid residue is essential for the sweet taste and can be
substituted only by an aminomalonate residue.? However,

(1) Mazur, R. H.; Schlatter, J. M.; Goldkamp, A. H. J. Am. Chem.
Soc. 1969, 91, 2684.
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