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NMR STUDIES OF PENICILLINS
AND CEPHALOSPORINS. IV.V
7-ACYLAMINO SUBSTITUENT EFFECT
ON STRUCTURE-REACTIVITY
RELATIONSHIP OF CEPHALOSPORINS
STUDIED BY CARBON-13
NMR SPECTROSCOPY

Sir:

In the preceding paper?, we reported that the
differences in **C NMR chemical shifts, 0,
between C-4 and C-3, 46(4-3), values of cephalo-
sporins may be used as good reactivity indices for
C-3 methylene substituent effects in both Na-
salts and esters. It is well known that C-7 acyl-
amino substituents have a great influence on anti-
bacterial activities of cephalosporins®. They
are considered to have some effects on the reac-
tivities of the compounds also, although it has
been suggested that C-7 acylamino substituents
do not significantly affect the reactivity of the -
lactam ring®*. As a result of an NMR study,
PASCHAL et al.” described that the 6(C-8) and d
(N-5) values are essentially insensitive to the vari-
ations in the 7-acylamino moiety. By detailed
examinations of 7-acylamino substituent effects
on the *C NMR spectra of cephalosporins, we
found that the 6(CONH) values correlate with the
rate constants kom for the OH™-catalyzed de-
gradations®. We report our results here.

The 1*C spectral parameters of sodium cephalo-

sporanates (Y=OCOCH,) and deacetoxyce-
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phalosporanates (Y =H) having a variety of 7-
acylamino substituents (XCONH) are listed in
Table 1, which also includes data reported in the
reference”. The **C signals were assigned ac-
cording to the methods reported previously®>~®.

First, we plotted each 4(C-8) and 46(4-3)
against 6(CONH) observed for the deacetoxyce-
phalosporanates (1 ~9) as shown in Fig. 1; simi-
lar plots for the cephalosporanates (10~ 20) are
shown in Fig. 2. Although the 46(4-3) and the
d(C-8) values changed only slightly with a change
in the 7-acylamino substituents, each parameter
exhibited a good linear relationship with the
0(CONH) value. In **C NMR spectra of N-
methylamides, RCONHCH,, a good linear rela-
tionship between the 6(CONH) values and the
inductive ¢; constants of R has been found!®-1.
In the cephalosporins examined here, a similar
correlation between the §(CONH) values and the
gy constants of X appears to exist at least partially
(Fig. 3). This suggests that the §(C-8) values
should also be correlated with the ¢y values of X.
Compounds having 7-acylamino groups other
than RCH,CONH, e.g., HCONH, CH,CONH,
p-R-PhCONH, and Ft, appear not quite to fit
into the correlations, which might be due to dif-
ferent molecular conformations including the 3-
cephem-ring geometry.

The log kog values for the OH ™ -catalyzed de-
gradation of cephalosporins reported by YAMANA
and Tsui® were found to correlate better with the
d(CONH) values of both cephalosporanate series

0(C-8) and 46(4-3) vs. 6(CONH) for the deacetoxycephalosporanate series.
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Table 1. Carbon-13 NMR spectral data on cephalosporins.®.?
o | = |
pCO?Jr‘x]]d Substituents | ) ; \‘ 1(31(3 ‘;ﬁ; R
No. X Y ‘ C-3 C4 C-8 CONH 4-COO~ |
1 TetCH, H ! 123.6 127.5 164.8 168.2 170.7 3.9 This work
2 Ph H 123.2  127.6 165.1 1718 170.7 4.4  This work
3 p-CH;Ph H 123.3  127.7 165.2 171.0 170.7 4.4  This work
4 PhOCH, H 123.1 127.4 164.8 173.1 170.8 4.3  This work
123.4 127.6 164.7 172.3 170.4 4.2 5)
5 ThCH. H 123.2 127.5 165.0 174.6 170.6 4.3 5)
6 ; CH; H 1231 127.4 165.5 1757 170.8 4.3  This work
7 ‘ PhCH, H 123.1 127.4 165.1 176.1 170.8 | 4.3  This work
8¢ PhCH(NH,) H 123.2 127.7 165.1 176.7 170.4 4.5 This work
| 122.7 127.4 164.8 176.9 170.6 | 4.7 5
9 \ Ft H 127.0 131.6 162.6 169.3 170.5 4.6 This work
| (XCONH)
10 | H OCOCH; 1371 132.3 165.5¢ 165.4¢ 169.1 5.2 95)
11 1 TetCH, OCOCH; 1172 132.3 165.1 168.2 169.2 15.1 5)
12 ‘ Ph OCOCH, 116.8 132.5 165.5 172.0 169.3 = 15.7 This work
13 i p-Cl-Ph OCOCH; 116.9 132.5 165.5 170.6 169.3 ; 15.6  This work
14 : PhOCH, OCOCH; 117.0 132.3 165.1 1727 169.1 | 15.3 B)
15 ThCH, OCOCH;4 116.9 132.3 165.4 174.8 169.1 15.4 95
16 | CHj OCOCH; 116.9 132.3 165.9 175.5 169.2 15.4 35)
17 1 PhCH, OCOCH; 116.9 132.3 165.5 176.0 169.2 15.4 5)
18 : PhCH(OH) OCOCH; 116.8 132.3 165.2 176.2 169.0 15.5 9)
19 AAA OCOCH;, 116.9 132.3 1657 1773 169.3 15.4 5)
20c+ | PhCH(NH,) OCOCH, | This work
0
N=N
XCONHNT_ 8-S, o h{\/}‘- o A
HY -
R ) Th = @ ARA = H3N\CHCH CH,,CH
COONa S

Detailed spectral data with full signal assignments will be reported in our full paper.

13C NMR spectra were recorded on a Varian NV-14 FT NMR spectrometer at 15.087 MHz in D,O at
ordinary probe temperature (30°C) using about 0.1 mmole/ml solutions containing internal dioxan re-
ference (6 67.4) in 8-mm spinning tubes. Typical FT NMR measurement conditions are: spectral width,
3923 Hz; pulse width, 13 us (flipping angle, 19°); acquisition time, 0.6 s; number of data points, 4820.
Measured at pD > 10, since the spectra of these compounds were affected by the ionization of NH, in the
substituent X at pD<10. The spectra of the other compounds were measured at pD 4~ 7; they were
not changed at pD>4.

Assignments may be reversed.

Not observable because this compound was rapidly degraded at high pD. For the plot in Fig. 4, we
therefore used the same 6(CONH) value as that for compound 8, because the §(CONH) values only
changed within 0.5 ppm when Y changed from H to OCOCHj;.

than the 6(C-8) values, which change only slightly
from compound to compound. Apparent linear
relationships were found in the two cephalosporin

series, as shown in Fig. 4. Therefore, the o
(CONH) value may be used as a good index for the

7-acylamino substituent effect on the reactivity of
cephalosporins. A shift of the (CONH) value
to a lower field parallels an increased reactivity.
We are now extending this work to examining
the effects of the 7-acylamino substituent in both
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0(C-8) and 44(4-3) vs. 6(CONH) for the cephalosporanate series.
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Fig. 4. Relationships between kom reported® and
0(CONH) (see footnote e in Table 1).
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