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We have previously published a novel synthetic route to
7Ta-substituted cephalosporins and 6a-substituted penicil-
lins,! and the volume of literature in this biologically im-
portant area is growing rapidly as a result of the work of
numerous groups.2 Our earlier publication reported that a
Schiff base (e.g., 1) could be readily converted to an anion,
then alkylated stereoselectively to give a predominance of
the «-oriented substituent adjacent to the B-lactam car-
bonyl.l2 X-Ray studies corroborated the assignments of
structures, and confirmed the usefulness of studies of nu-
clear Overhauser effects (NOE) to facilitate stereochemical
assignment.l? We have extended the earlier synthesis® of
7-methoxy-7-aminodeacetoxycephalosporins  to  com-
pounds derived from a 7-aminocephalosporanic acid nucle-
us itself. The synthesis described here provides an ex-
tremely convenient method for synthesizing 7a-methoxyce-
phalosporins.

7a-Methoxy-7-phenylacetamidocephalosporanic acid (5)
was readily synthesized according to modifications of our
previous published procedure, as shown in the sequence
below.
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The product 5 was found to be highly active against both
gram-positive and gram-negative bacteria. Minimum in-
hibitory concentrations against several susceptible gram-
positive and gram-negative organisms ranged from 0.1 to
10 wg/ml. Nuclear Overhauser effects were observed for
various adjacent groups, but the close proximity of the ab-

sorption peaks prevented quantitation. Hydrogenolysis of
the ester 4, however, provided a corresponding deacetoxy
analog (6) that was identical with the major 7-methoxy ep-
imer (75% yield), which we had obtained by mercuric ace-
tate-methanol solvolysis of the deacetoxy analog of 3 (X =
H), but was assigned the 73-methoxy orientation on the
basis of NOE studies.? To resolve this ambiguity, we resort-
ed to an X-ray crystallographic determination of the major
7-methoxy epimer resulting from treatment of the deace-
toxy analog of 3 with mercuric acetate~methanol.

The molecular geometry indicated clearly that the me-
thoxy group is a, or cis, to the hydrogen at the 6 position.

The 7Ta-methoxy free acid derived from 6 was inactive at
100 ug/ml against the gram-negative and gram-positive mi-
croorganisms tested. The NOE values previously reported
for compound 6 were OCHj3-6-H, 5%, and NH-6-H, 10%.
These values have been confirmed by a repeat study on the
original sample. A solution of a freshly prepared and puri-
fied sample, however, gave opposite values: OCHjz-6-H,
16%, and NH-6-H, 5%. The reason for the anomalous re-
sults observed with the original sample is not yet known.

Although there has been no question of the correctness
of assignments of other 7a-methoxy structures previously
reported,?b-¢ this study represents the first confirmation of
the absolute configuration of a 7-methoxycephalosporin
with marked microbiological activity.

Experimental Section

The pmr spectra were obtained on Varian nuclear magnetic res-
onance spectrometers (Models T-60 and XL-100-15), and chemical
shifts are reported on the 7 scale, with tetramethylsilane used as
an internal standard. Perkin-Elmer spectrometers (Models 257
and 621) were used to measure infrared spectra, and mass spectra
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were obtained from an AEI-MS-902 mass spectrometer. Melting
points.are uncorrected.
7a-Methylthio-7-benzaliminocephalosporanic Acid tert-
Butyl Ester (2). The 7a-methylthio Schiff base 2 was prepared in
a facile manner by modification of the previously reported proce-
dure, which provided 2 in 21% yield and required extensive chro-
matography. The improved procedure affords 2 as a crystalline
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c6-C7-C8= 84°
c6-C7-018=110°
C8-C7-018 =120°
N20-C7-018=117°
C6€ - C7-N20=l16°
Figure 1.

product in 50% yield (85% yield as determined from pmr integra-
tions of crude material).

To a stirred solution of Schiff base 1 (23.8 g, 57 mmol) in dime-
thoxyethane (530 ml, freshly distilled from LiAlH,) at ~50 to —60°
under N3 was added sublimed potassium tert-butoxide (6.13 g, 57
mmol). The dark-red solution was stirred for 3 min. Methyl
methanethiolsulfonate (7.03 g, 57 mmol) in dimethoxyethane (10
ml) was added, and the mixture was stirred for 50 min at —50°.
The dark mixture was poured into ice-cold 0.2 M pH 6.6 phosphate
buffer (1500 ml) and extracted with CHCls (3 X 700 ml). The
CHCI;3 extract was washed with saturated NaCl solution, dried
(NazS0y), and evaporated in vacuo to a residue, which crystallized
readily from CH3OH to give 13.2 g (50% yield) of 7a-methylthio
Schiff base 2 having mp 125-126° and spectral properties as pre-
viously described. Further quantities of 2 could be obtained by
chromatography of the mother liquor on silica gel, using CHCl3-
hexane (9:1) as solvent.

7a-Methylthio-7-phenylacetamidocephalosporanic Acid
tert-Butyl Ester (3, X = OAc). 3 (X = OAc) was prepared in
gram quantities, as previously described.

7c-Methoxy-7-phenylacetamidocephalosporanic Acid tert-
Butyl Ester (4). To 7a-methylthio tert-butyl ester 3 (449 mg, 0.91
mmol) in dry CH30H (4 m}) under Ny was added mercuric acetate
(291 mg, 0.91 mmol). The mixture was stirred at room temperature
for 40 min and evacuated in vacuo to a residue. The residue was
washed repeatedly with CHCl3, and the CHCl3 extract was washed
with water (4 X 50 ml), dried (Nay;SQy), and evaporated to a resi-
due (410 mg). Further purification was effected by tlc chromatog-
raphy on silica gel (three PQIF plates, 20 cm X 40 cm X 1 mm) in
the system CHCls-hexane (9:1), which provided 4 as a colorless
residue (202 mg, 47% yield): pmr (DCCls) 7 8.48 (9 H, s, tert-butyl)
7.93 (3 H, s, O-acetyl), 6.83, 6.43 (2 H, AB q, J = 19 Hz, C-2), 6.55
(3 H, s, OCHjy), 6.30 [2 H, s, PhCH»(C==0)N], 5.22, 4.92 (2 H, AB
q, J = 14 Hz, C-3 methylene), 4.93 (1 H, s, C-6), 3.27 (1 H, broad s,
NH), and 2.6 (5 H, s, aromatics); ir (CHCl3) 1782 (8-lactam C=0),
1730 (broad, ester C=0's), and 1695 cm~! (amide C=0); mass
spectrum, weak molecular ion at m/e 476.

7a-Methoxy-7-phenylacetamidocephalosporanic Acid (5).
To 7a-methoxy tert-butyl ester 4 (128 mg, 0.27 mmol) in a stop-
pered flask at 0° was added trifluoroacetic acid (5 ml). The flask
was removed from the ice bath and allowed to warm to room tem-
perature over the course of 15 min, during which time the stopper
was loosened to release pressure. The trifluoroacetic acid was re-
moved in vacuo, and the residue was taken up in CHCl3-H30. The
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pH was adjusted to 7.5 with aqueous NaHCO; and, after shaking,
the CHCl; layer was removed. Fresh CHCl; was added to the
aqueous layer, and the pH was adjusted to 2.0 with 1 N HCI. Solid
NaCl was added, and the acid layer was extracted repeatedly with
CHCIlz. The combined CHCl3 extracts were dried (NasSOy4) and
evaporated to give 72 mg (63% yield) of crude acid 5: pmr
(DCCl3-CD30D) 7 7.92 (3 H, s, O-acetyl), 6.80, 6.43 (2 H, AB q, J
= 19 Hz, C-2), 6.53 (3 H, s, OCHj), 6.30 [2 H, s, PhCH(C=0)N]},
5.12,4.82 (2 H, AB q, J = 14 Hz, C-3 methylene), 4.92 (1 H, s, C-6),
and 2.6 (5 H, s, aromatics); ir (CHCl3) 1780 (8-lactam C==0), 1735
(broad, acid and ester C=0’s), and 1690 cm~! (amide C=0); mass
spectrum, no molecular ion but peaks at m/e 360 (M -

"CH3COOH) and 205 [C¢HsCH2C(=0)NHC(OCH3)=C=0]; mass

spectrum molecular ion of trimethylsilyl ester at m/e 492,

Recrystallization from acetone-hexane provided crystals, mp
161-162°.

Anal. Caled for C19H50NoO7S: C, 54.28; H, 4.80; N, 6.66; S, 7.62.
Found: C, 53.74; H, 5.13; N, 6.29; S, 7.85.

Hydrogenolysis of 7o~-Methoxy-7-phenylacetamidocephalo-
sporanic Acid tert-Butyl Ester (4) to 7«-Methoxy-7-phenyl-
acetamidodeacetoxycephalosporanic Acid tert-Butyl Ester (6).
Prior to hydrogenolysis, 7a-methoxy tert-butyl ester 4 was dis-
solved in EtOAc and filtered through charcoal. The ester 4 (132
mg) and 10% palladium on charcoal (530 mg) in 10 ml of EtOAc
was shaken with hydrogen at 35 psi for 3 days at room tempera-
ture. The catalyst was removed by filtration, and the EtOAc was
evaporated to a residue. Silica gel tlc in the system hexane-CHClj
(1:1), followed by pmr analysis, indicated a mixture of esters 4 and
6. Preparative silica gel tlc in the system hexane—-CHCl; (1:1) pro-
vided two major components, the less polar of which yielded 22 mg
of 6, mp 168-170°, on crystallization from CH30H. This sample
and the major epimer from the mercuric acetate methanolysis of
the deacetoxy analog of 3 were found to be identical in compari-
sons of pmr, ir (KBr), mixture melting point, and silica gel tlc
[EtOAc-hexane (1:1)].

X-Ray Determination of the Structure of 6. Crystals of 6
from methanol were found to be monoclinic with ¢ = 23.14, & =
5.796, ¢ = 17.69 A, 8 = 116.0°, diness = 1.33 g/cm?, and space group
C2 with Z = 4, All of the nonhydrogen atoms were located by Pat-
terson and Fourier methods based on 1070 symmetry-independent
intensities measured on a Syntex P2; automatic diffractometer
(CuKa, A = 1.542 A). Least-squares refinements of all coordinates
(except y for S) and individual isotropic temperature parameters
reduced the conventional R factor to its present value of 0.09 for
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the 865 observed intensities.# The fractional atomic coordinates
relative to a twofold axis through the origin are given in Table I;*
Figure 1 presents bond distances and agles in the solid-state mo-
lecular conformation.

Although no attempt was made to locate the hydrogen atoms,
the positions of all but the methy! hydrogens may be defined with-
in small limits. The molecular geometry clearly indicates that the
methoxy group is «, or cis, to the hydrogen attached to C-6. The
sulfur atom is displaced by 0.76 A from the least-squares plane
(P1) of the five other atoms of the dihydrothiazine ring (rms dis-
placement of these five atoms 0.06 A). The dihedral angle between
P1 and the least-squares plane (P2) through the four atoms of the
B-lactam ring (rms displacement 0.00 A) is 30°. The least-squares
plane (P3) of the exocyclic amide and benzylic carbon atoms, N-
20, 0-22, C-21, C-23, defines dihedral angles of 53 and 108° with
P2 and the plane of the phenyl ring, respectively. The peptide-like
hydrogen bonding between the exocyclic amide groups of neigh-
boring molecules commonly found in crystal structures of ce-
phalosporin derivatives® is not present in this crystal structure, nor
is any other type of (N-20)~H- - -O hydrogen bonding evident. In-
stead, the (N-20)-H bond points directly toward the sulfur atom,
S1, of a (b) translationally related molecule (see Figure 1 for the in-
termolecular geometry of this approach), with 8! displaced by only
0.67 A from the exocyclic amide plane, P3.
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During a study of the alumina-catalyzed condensation
reactions of aldehydes, we found that when 9-(p-methoxy-
phenyl)-9-fluorenylacetaldehyde (1) is chromatogrammed
in the usual manner through a column prepared with acti-
vated alumina (Woelm neutral, activity grade I, pH 7.5),

Notes

it undergoes an oxidation and a reduction reaction, remi-
niscent of the Cannizzaro reaction, yielding, in approxi-
mately equal amounts, the alcohol 2, mp 107.5-109°, and
a salt tentatively assigned the aluminum salt 3.2 The
overall yield for the reaction was 90% based on converted
aldehyde.

A0 o,
mer,cT = RCHCHOH + (RCH,CO0)A

H 2 3
1

R = [9-(p-methoxyphenyl)-9-fluorenyl]

Structure 2 was readily assigned on the basis of infrared
and nmr analysis. The infrared spectrum of 3 is typical of
a carboxylate salt. For identification purposes 3 was con-
verted to the parent acid (4), mp 193-195°, by treatment
with 5% sulfuric acid and extraction with ether. The par-
ent acid was then identified by the usual spectral meth-
ods. Final confirmation of structure was obtained by syn-
thesis. Reduction of 1 with sodium borohydride yields 2
(94%) while oxidation with silver oxide yields 4 (89%).
The identity of these compounds with those obtained from
the column was established by comparison of ir and nmr
spectra and by mixture melting point determination.

The results were found to be reproducible. The length
of the column and the amount of alumina used did not
affect the course of the reaction.? Elution was carried out
with mixtures of hexane, benzene, chloroform, ether, and
methanol in increasing polarity and finally with 5% acetic
acid-methanol solution. Unreacted aldehyde was eluted in
early chloroform fractions followed by 2. The compound 3
was isolated from the column with 5% acetic acid-metha-
nol elution. Apparently the alumina surface serves a
unique role in this conversion, since the base-catalyzed
reaction of 1 under the usual Cannizzaro reaction condi-
tions gave no reaction.*

The alumina oxidation of alcohols to carboxylic acids at
elevated temperatures3.6 and the reduction of benzal-
dehydes to benzy! alcohols? have previously been reported
in the literature. Very recently, Kuiper, et al.,8 reported a
spectral study of benzaldehyde adsorbed on alumina.
They observed bands in the infrared and Raman spectra
which they attributed to benzoate and benzyl alcoholate
bonds formed on the alumina surface. Products were not
isolated, though benzyl alcohol was detected by gas chro-
matography.

The present study reports the first instance in which
both oxidation and reduction products have been isolated
from a column reaction.

It would be rather premature to attempt to describe a
precise mechanism at this time without additional infor-
mation. However, a general mechanism can be postulated
using Peri’s description of the vy-alumina catalyst.? Ac-
cording to this description, the alumina surface is com-
posed of exposed aluminum ions, oxide groups, and hy-
droxide groups of various basicity.

If one aldehyde group reacts with an oxide group while
a second molecule reacts at a neighboring exposed alumi-
num ion site, hydride transfer would occur as shown in
Scheme 1.1%.11 Upon elution, the catalyst surface under-
goes an exchange reaction, releasing 2 and 3.

It is interesting to note that 9-carbazolylacetaldehyde,
which is substituted with a less bulky group at the « car-
bon, undergoes an alumina-catalyzed condensation reac-
tion instead.!?2 The condensation may require enol forma-
tion, which is more favorable in the carbazole compound
thanin 1,18

The mechanism of this reaction is under investigation
and results will be reported at a later time.



