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from the corresponding ketenimine are included for
comparison.

Scheme I implies two additional methods of assessing
the effect of the scavenging path on optical purity.
Equation 2a gives the function needed to obtain the

< 2(0P) ) _ k{DPPH] < 2(0P) ) )
1 — (OP)/oepr kit k: 1 — (OP) /s (2a)

scavenging to rotation-tumbling rates. Figure 1 con-
tains a plot of the observed points which yields the
ratio as 0.0197 (mol/l.). Alternatively, eq 2 predicts
that the function on the left should be independent of
DPPH. These points are also included in Figure 1.

The present data show a very high degree of internal
consistency in the ratios of rate constants estimated by
independent comparisons with effective translational
and rotational motions. Table Il summarizes these
results in terms of absolute rate constants by setting k;
as the reciprocal of the Debye-Stokes rotational cor-
relation time for a particle with a 2 A effective rotational
radius.

The present results are in accord with the original?
cage model for combination, as distinct from the more
frequently noted geminate effect model,'® in that no
evidence for distinct primary and secondary pairs is
observed. The scavenging results demonstrate the
feasibility of trapping species with lifetimes of the order
of 10~ sec. The choice between decreased entropy of
activation for the deaminatively formed hyponitrite
(implicitly assumed in Table II) and a positive activation
energy for the combination imust await results of vari-
able temperature studies of the optically active perester.
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Studies on the Incorporation of (25,3R)-[4,4,4-*H;]Valine
and (25,35)-[4,4,4-2H;]Valine into 3-Lactam Antibiotics
Sir:

Previous studies have clearly shown the asymmetric
incorporation of (2S,35)[4-'*C]valine! and (2S,3R)-
[4-13C]valine? into B-lactam antibiotics. As a sequel,
we have undertaken the synthesis of chirally labeled
CD;-valines® to examine the stereochemical fate of the
isopropyl hydrogenes. The «,3-dehydrovaline deriva-
tive of a tripeptide¢-* has been proposed as a possible
common intermediate in the biosynthesis of penicillin
and cephalosporin. This paper reports studies on the
fate of the diastereotopic deuterium-labeled methyls
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of L-valine in the course of their incorporation into
penicillin N and cephalosporin C.

The synthetic sequence employed for the preparation
of (28,35)-[4,4,4-?H;]valine (1) parallels that used for
the synthesis of (25,3S)-[4-13C]valine! except that CD;I®
was substituted for '3CH,I. The trifluoroacetamide
methyl ester derivative of (2S,3R)-methylaspartic acid
(2) was used as the starting material for the preparation
of (2S5,3R)-[4,4,4-2H;]valine (5). The deuterium was

H H
HC CO.H HC CD,0H
BD,THF 1. MsC), EtyN, THF
—— —_——
H H 2. Nal acetone
RN IEI CO,CH, RN IEI CO,CH,
2, R=CFLO0 3
H H
H,C CD,I H,C CD,
1. NsBD,-DMSO
e —
H 2. HCI-HOAc .
RN I:I CO,CH, Cl H;N I’:I COH
4 5

introduced via reduction of 2 with deuterated diborane
yielding 3, which was converted to the iodide, 4, via
mesylation followed by refluxing with sodium iodide in
acetone. Reduction” of 4 with NaBD, in dimethyl
sulfoxide followed by acidic hydrolysis afforded (2S,-
3R)-[4,4,4-2H;]valine (5) with a deuterium content of
78 % ds.

After incubation of 1 and 5 with washed cells of
Cephalosporium acremonium, mutant C91,% for 10 hr,
the resulting penicillin N and cephalosporin C were
isolated,! converted into their respective N-acyl methyl
ester derivatives,® and subjected to mass spectrometric
analyses.!® The results are summarized in Table I.

Consistent with our earlier incorporation experi-
ments,! both penicillin N and cephalosporin C were en-
riched with deuterium to an extent of about 20-44 97,
Although several mass fragments!! may be used in the
calculation of isotopic ratios, the most intense of these
are at mje 1742 for penicillin N and m/e 230 for cephalo-
sporin C as shown in Table I. It is evident that the a-
methyl of penicillin N derivative derived from 1 con-
tained three deuteriums as clearly indicated by the very

(6) CDsI (>99%) was a product of Aldrich, The final product, 1,
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Al-cephem to the A2-cephem derivative was observed under these condi-
tions,
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obtained.

(12) W. Richter and K. Biemann, Monatsh. Chem., 95, 766 (1964).

Journal of the American Chemical Society | 96:12 | June 12, 1974



Table I. Isotopic Content of Cephalosporin C and
Penicillin N Derivatives

" N
HN / + S
CH,0Ac HN= CH,

CO,CH, CO.CH,
m/e 230 mfe 174
Ceph C Pen N
Valine A B
precursor dyd dy dy di ds dy dody dy dy di ds ds
(25,35)-
4,4,4-*H,}-
Valines 63 430 3 0 0 0 560 1 43 0 0 O
(25,3R)-
[4,4,4-*H;]-
Valine? 7820 2 0 0 0 0 601 8 31 0 0 O
(2RS)[*H)-
Valine® 7210 710 1 0 0 710 0 0 0 029
e The deuterium contents were 19, o, and 999, d;. b 3% dq,
209 db, and 779 d,. ©95% ds and 5% ds.
CH,
H—--CD;
HN—--H
COH
SN
R§ S CH, RN S
[ NI “CD, o N A
~ CD,OAc
0 CO.H COH

prominent (P 4 3) peak at m/e 177. With cephalo-
sporin C originating from 1, an intense (P + 2) peak
at mje 232 was evident indicating that two deuterium
atoms were retained at the exocyclic C-17 position.

A strong (P 4 3) peak was observed with the peni-
cillin N derivative from 5 again demonstrating that all
three deuteriums in (2S,3R)-[4,4,4-2H;]valine were in-
corporated intact into the 8-methyl group of the penam
nucleus. However, mass spectrometric analyses of the
cephalosporin C derivative derived from 5 did not give
a clear picture as the results showed 77.7% do, 20.3 % d},
and 2.0% d, in the derivative suggesting that either one or
two deuteriums may be incorporated into the endocyclic
C-2 position of the cephem nucleus. In an attempt to
acquire more accurate isotopic ratios, (3RS)-[?H,]valine
(95 % ds) was prepared !® with the objective of obtaining
a cephalosporin C sample devoid of interferences from
the natural abundances of (P + 1) and (P 4 2) peaks,
but, again, the results were inconclusive since low but
significant quantities (1%) of (P + 4) and (9.8 %) of
(P + 3) peaks were noted.

Although one may envisage a biosynthetic pathway
whereby the (R)-methyl group of L-valine is metabo-
lized to the oxidation state of an aldehyde, which then
undergoes subsequent ring closure, it is also possible
that this ambiguity may be the result of intermolecular
deuterium scrambiling in the mass spectrometer. Thus,
the cephalosporin C derived from (2RS)-[?Hq]valine
was converted into its N-benzoyl derivative shifting the
C-14 proton resonance signal further downfield and
clearly separated from the AB quartet representing the
C-2 methylenes at § 3.42 and 3.69. Careful quantita-
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4055

tive pmr!¢ analyses of this N-benzoylcephalosporin C
revealed no differences in the areas of these C-2 protons,
suggesting that the endocyclic methylenes at C-2
possessed two deuteriums.

To answer this question more definitively, an incu-
bation with washed cells of C. acremonium was carried
out in 809, D,0.1% The pmr spectrum of the resulting
cephalosporin C showed the complete absence of deu-
terium at the C-2 position as evidenced by the complete
symmetry of the AB quartet, s thereby establishing that
both protons at C-2 originated from the (3R)-methyl of
L-valine.

Chy
H '-CH;;
HZN --H
COH
d 5 X
CD H s/
R§ S s RN D
[ Nl “CH, . N~
0 \COZH COZHCHZOAC

These experimental data make it unlikely that the
formation of the A3-cephem nucleus proceeds via a
A%*-cephem intermediate. Further, they are in accord
with, although they do not prove, the participation of
an o,3-dehydrovalinyl derivative in the biosynthesis
of the penam nucleus.
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Use of Copper Hexafluoroacetylacetonate for the
Determination of the Absolute Configuration of Alcohols

Sir:
In the following, the methods for correlating the

absolute configurations of 1,2- and 1,3-glycols with
signs of the CD Cotton effects in the presence of Pr-
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