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During our investigation of conversion from penicillins to cephalosporins, we needed to assign three
isomeric products, obtained from the reaction in the preceding paper, to the four possible structures, e.g.,
2a- (3) and 2B-chloro-substituted methy! phthalimidopenicillanates (5}, and 38~ (3) and 3a-chloro-7B-
phthalimidocephams (11). This problem has become important since previous workers? seemed to assign
incorrectly the 3-chlorocepham to 5; at an earlier stage the structure and stereochemistry of these isomers
could not unambiguously be established readily by TH NMR as well as other spectroscopies. Thus, we wish
to report here our structural assessment of these compounds by 13C and 'H NMR spectroscopy .
The natural-abundance BC FT NMR spectra of methy| phthalimidopenicillanate (), 3, 5, 2q,2p~di-
chloro-substituted derivative (7), 9, and their (R)-sulfoxides (2, 4, 6, 8, and 10) were examined in CDCl,
with 'H noise-decoupling and single-frequency off-resonance decoupling (SFORD)? techniques. The 1°C

signals were assigned according to Archer, et al .4 and by chemical-shift comparison from compound to com-

pound. The results are listed in TABLE 1.

Differentiation of cepham @ (or 11) from penams 3 and 5 was straightforward; a triplet signal at SC
37.4 in the SFORD spectrum of 9 (or 11) was easily assigned to C-2, whereas CH,Cl signals of 3 and §
were found at much lower fields (SC 51.6 and 52.9, respectively). Assignments of 3 and 5 were based on
the CHj signal positions; the 2a-CHjy signal is known to appear at a field higher than the 28-CH, signal
is A% Thus the CH; signal in 3 appears at SC 27.6 and that in § at 23.0.

With the transformation of the penicillins into their sulfoxides, the CH,Cl signals were shifted upfield

by 9.0 (3+4) and -4.2 ppm (5~ 6) and the CH; signals by -4.8 (3+4) and -8.8 ppm (5+6). Since in
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2: R=R'=H
4: R=Cl, R'=H
6 R=H, R =Cl
8 R=R=Cl

(11: 3a-Cl, 3B-CHy) (12: 3a-Cl, 3B-CHy)

FIGURE. Structure and conformation (Ft = phthalimido).

penicillins the shielding is known to be greater for 2a-CHy than for 28-CH;® (steric y-effects),’ the above
finding indicates that the CH,Cl-carbons locate at the y-positions from the S-atoms, and also that the
CH,Cl in 3 is in the a-side. In a change from cepham § (or 11) into 10 {or 12}, the C-2 (B from S) and
3-CH; (8 from S) signals are both deshielded by +21.6 and +0.8 ppm, respectively.

The y-effects of (R)-sulfoxidation in the penams were found to be stronger upon 2a-CH,R (-7~ -12 ppm)
than 2B-CH,R (-4~ -6 ppm), as observed previously #-5 This fact results from a conformational change from
sulfide to sulfoxide;4s3 all penams under study were also subjected to examinations by nuclear Overhauser
effectsd (NOE) in ITH NMR to show conformational changes similar to those reported, as indicated in the
FIGURE.’

Chlorination effects in the penams exhibited a different trend between the sulfides and the (R)-sulfoxides;
this can result also from their conformational difference. It should be noted that chlorination at 2a-CHj little

shields C-3 in the sulfoxides, and that C-5 is more deshielded by chlorination at 28-CH, (+3.1 ppm)
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TABLE 1. ¥C Chemical Shift Data, 6.

Carbon Carbon

No. 1 2 3 4 3 ) Z g No. 2 10
2 65.9 71.6 70.8 75.3 70.8 78.6 75.8 83.0 2 7.4  59.2
3 70.9  65.9 67.3 64.8 65.5 63.4 64.4  62.6 3 61.6  66.1
5 67.0 81.0 69.2 82.8 67.8 84.1 67.2  86.7 4 61.2 59,6
6 58.6 55.5 59.0 55.8 59.8 56.5 0.1  56.5 6 53.9  74.6
7 168.5> 168.2b 168.1 167.7 168.0b 167.6> 167.1b 166.5P 7 59.0 57.9

2a-CH,R 279 16.3 51.6 42.6 23.0 14.2 46.8 39.9 8 161.60 160.70

3B-CH,R  30.9 25.0 27.6 22.8 52.9 48.7 48.1 45.2 3-CH, 28.6 29.4

CO,CH, 52.4 52,9 52.9 53.3 52.6 53.5 53.0 53.3 COCH, 52.8 53.1

CO,CH, 168.3b 167.2b 168.1 167.7 166.8b 165.8b 166.5b 165.4b CO,CH, 167.5b 166.10

@ BC FT NMR spectra were defermined with a Varian NV-14 FT NMR spectrometer operating at 15.09
MHz at 30° using CDClj solutions containing TMS as an intemal reference (6 0) in 8-mm tubes; precisions
of 8¢ are 0.1 : 8¢ values for the phthalimido gkl;oup were as follows: 166.7 i.O.l (CO), 124,0 £ 0.2 (4'-QC),
134.8 £ 0.3 (5'-C), and 131.5+ 0.2 (8'-C). These assignments are tentative.
than by that at 2a-CH; (+1.8 ppm) in the suifoxides, whereas an opposite trend is seen in the sulfides.

As a result, the above *C NMR spectral evidence has established the structure and stereochemistry of
penams 3 and 5.

TH NMR spectroscopy was also useful for diagnosing the structures of the (R)-sulfoxides, as has been
known.5 As shown in TABLE 2, aromatic solvent induced shifts (ASIS)® with C,D, were pronounced for 28-
CH,R (or 2B-H) more than for 2a=CH,R (or 2a-H).5+® The difference between the ASIS values for 2a-H and
2B-H in cepham 10 (or 12) is clearly larger than those between the geminal CH,Cl protons in penams 4 and
6 are. Furthermore, lanthanide-induced shifts'® with Eu(dpm); in CDCl; for these sulfoxides exhibited clear
large differences between 2a-CH,R (or 2a-H) and 2B-CH,R (or 28-H), the values for the former being con-
siderably larger as reported'! (see TABLE 2). These results are in harmony with those from 3C NMR, con-
firming that these sulfoxides have the (R)-configuration, simultaneously.

Finally, both configuration at C-3 and conformation of the 3-chlorocepham and its (R)-sulfoxide were
simultaneously revealed by NOE measurements® to be 9 and 10, respectively, among four possible stereo-
structures’ expected for each compound. The results are indicated in the FIGURE, in which the only positive
NOE enhancements are represented by percentage increases in signal intensities; the measurements were
carried out between all measurable pairs of proton signals. As a conclusion, the structures of all compounds

examined have been established, unequivocally.
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TABLE 2. 'H NMR Spectral Data on the Sulfoxides Examined”

No. 38

Compound b 3p-H 5a-H 6a-H 2a-CH,R 2B-CH,R CO,CH,
8¢ 4.62 484 5.8 1.33 1.82 3.85
2 asd -0.03  -0.33  -0.36 -0.16 -0.31 -0.54
ABv 459 117 3.56 7.42 3.1 1.32
5 4.68  5.17 5.0  3.90  4.04 1.94 3.85
4 A5 -0.10 -0.29 -0.39  -0.17  -0.14 -0.31 -0.45
AEv  3.68  9.41 2.8 5.8  6.85 2.42 0.94
5 4.94 498  5.95 1.43 4.14 3.85
13 A5 -0.03 -0.29  -0.41 -0.15 -0.25 -0.54
AEv 337 7.95 3.6 5.12 218 2.68 0.77
8 4.93 5.8  6.00 3.9 4.3 435  4.47 3.87
8 A5 -0.02 -0.21 -0.3 -0.00 -0.01 -0.10 -0.05  -0.54
AE® 4.1 9.3 3.5 6.6 7.3 3.7 4.0 0.65
48-H éa-H 7a-H 2a-H 28-H 3-CHj CO,CH;
5. 476 5102 '5.93 3.53 3.74 1.78 3.85
10 a8t .o -0.19  -0.30  -0.20  -0.4] -0.41 -0.41
ABs 3.9 14.0 5.71 8.75 3.42 1.64 1.07

® 1H NMR spectra were taken with a Varian A-60A spectrometer in CDClj and CsD; at 38°; precisions
of & are £0.02. NOE experiments were carried out on a Varian HA-100 spectrometer operating at 100
MHz in the frequency-swept and TMS-locked mode in CDCly; accuracies are +£2%. For the data on the
sulfides and a simple procedure proposed for diagnesing their structure, see the preceding paper.' b s, a8,
and AEu are 'H chemical shift, ASIS with C,D, = 5H(C6D6) - 84(CDCl;), and Eu(dpm);~induced shift at a
1:1 molar ratio of Eu/substrate in each shift curve, respectively; a plus sign represents a downfield shift.
€ Identical with the reported values.? @ Considerably differ from the reported values.’ © Extrapolated
values because of the sample decomposition during additions of Eu(dpm);. f Using a 1:1 mixture of CsDs
and CDCl3 because of low solubility in CsDs.
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