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DERIVATIVES PROMOTED BY TRIALKYLSILYL TRIFLUOROMLTHANESULPHOWATES®
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Abstract- Replacement of a 3 -acetate group of a cephem by an alkylamino group can
be mediated by trialkylsilyl trifluoromethanesulphenates in dichlorcomethane or
acetonitrile inter alia, Comparable yields to the wmore usual 3'-iodo routes have

been achleved, using a quick and simple procedure.

ICI leOOB(l)l is a bread spectrum, injectable, aminothiazolyl cephalosperin, A posslible route
to this compound invelves the transformation of 7-aminocephalosporanic acid (7-AC4) (2a) to

3-ethylaminomethyl-7-aminocephalesporanic acid (EALACA) (2b).

Congiderable interest has been shown in the replacement of the 3'-acetoxy group of
cephalesporins by oxygen and sulphur nuclecphiles, and in the introduction of nitrogen where a
charged 3'—species results e.g, cephalcridinez. Ceonversions such as 2a te 2b have not recelved
attention. One approach would involve the intermediacy of the nore reactive 3-
iodonethylcephems (e.g. 2c) either as a distinct preparative step or by in situ generation

(the one-pot process)>. As part of a general study of the conversion of 2a to 2b a number of
approaches was investigated in our laboratories®. These ineluded the use of trimethylsilyl
iodide (TMSI) and the related strategy of uslng trialkylsilyl trifluoromethanesulphonates
(triflates). It was reasoned that potent silylating agents such as triflates should promote
the leaving group ability eof the 3'-ester by way of an incipient carbonium lon (Scheme I).

Related findings have been published5 recently by other workers. For the initial studies,
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N-ethylbenzaldimine (23}*-6 was chogen rather than ethylamlne as both base and nuclecphile in

order to reduce competing reactions, such as B-lactam ring opening and Z_jsomerisation.

with trimethylsilyl triflate (TMSOTf) results were immediately encouraging. Afrer imitial
optimisation of stoichiometry, temperature and solvent (Table I), the following basic method

was adopted:-

H-Erhylbenzaldinine (4.5 equivalents) was added to a stirred suspension of 7-ACA (5g) in CHCl;
(100 ml) at room temperature, followed by THSUIf (4.5 eq.) added over 15 minutes, A slight
exothertn cauped the temperature to rise te 26-28°C. After 2 hours, the conversion appeared
clean and complete by hple. The reaction mixture was drowned into water (300 ml} containing
sodium acetate (3 eq.), stirred vigorously for 15 min,, washed with CHpClp (2 x 150 mi),
adjusted to pH 5.0 with glacial acetic acid and pre-adscrbed onto Sepabeads R 7 (2 x200m),
discarding the supernatant liguor. Elution off these Sepabeads through a further 1000 ml of
Sepabeads, first with H0, then with 2% MeCN/Hy0 at 15 ml/min., gave 2b in 38% yield after
freeze-drying. Despite the modest yleld, the operatienal simplicity and the absence of both
lactone (4) and 7-desacetylcephalosporanic acid (2d) by-products (hple) peinted to potenatial

advantages,
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Table I Optimisation of reaction conditions for 2a=32b with regard to

stoichiometry and temperature

PhCH=NE1 128) ] 6 6 3 45 € ] 4.5 4
3a (eq) {or 6)

TMSOTH 5 3 4 5 5 5 5 5 45 35
{eq)

Reactien 0 0 1] ] 10 10 L] 23  Refux -20
temp ¥ §  then then
{oC) 23 23 23 23
Reaction 5.5 5 5 4 0.5 05 [ 1 a5 2
time then  them  than

1] 5 5 0.5

Relative 1.0 01 09 0.9 0.8 09 1.1 12 05 013
yield

(hplc peak o

arga ratio)

a) Added in twe portionsf’: 3a {6 eq.), then TMSOTf (5 eq.), then 3a (6 eq.)

Table II Effect of varylng sclvent for 2a =% 2b using N-ethylbenzaldimine {3a)

{4.5 eq.) and TMSOTf {4.5 eq.) at 23°C.

Salvent CHoClp  MeCN  MaNO3 Me_@ Q DMF  SOub)
aQr
. DMPU
d%
Reaction <2 0.5 5 >5 »5 >5 >5
time
(h)
Relative 1.0 >1.0 0.73) low low lowd)  lowd)

{leld
hplc peak
area ratio)

a) 7-ACA remained unreacted after several hours.

b} Carried out at -10°C (liquid SQ3).

Clearly from Table II, the reaction proceeded faster in acetonitrile than in dichloromethane
with no less of yield. None of the other sclvents or the various addition modes tried
(simultaneous or inverse addition, pre-mixing of imine and triflate or in situ generation8 of

triflate from tetramethylsilane and triflic acid) in CH3Cly gave comparable results,

Other factors which might influence the yield were considered. Tempering the reactivity of

the 7-aminc group (pK, 4.4) of 7-ACA by Schiff base fomationg, gave decreased ylelds of

— 655 —



product (hple estimation). However, the use of bulkier silyl groups, to afford more stable N-
prorection and reduce the likelihood of $-lactam ring opening, proved more successful.

Results are summarised in Table III., Whereas t-butyldimethylsilyl triflate was equivalent in
efficacy to TMSOTE, tri-isopropylsilyl triflate (TIPSOTE)10 gave greatly increased hple

yields, and, with optinmised work-up conditions {vide infra), iscolated yields. Again
acetonitrile as alternative solvent gave a very rapid reaction (5 min.), but the relative yield

was no better than with THSOTf. A typical modified procedure is as follows:

7-aCA (18.4 mM) in dry CHpClp (50 wl) was stirred with H-ethylbenzaldimine (92 ml), and TIPSOTY
(92 nM) added over 15 min. After 3 h., 1M HC1l (10 ml) and 1M MBu N*F~ in THF (1 ml) were
added. The aqueous phase was separated, washed with CH3Cly (2 x 20 ml) below 10°C, and the pH
was adjusted to 6.7 with NEtsy, followed by addition of p-toluenesulphenic acid (6 g) to pH 1.7.
Isopropanol (60ml) was run slowly into the rapidly stirred solution, cthe pH adjusted to 3.0
with NEtq, and the solution cooled to 0°C. Addition of a further aliquot of Isopropancl (60
ml) dropwise gave a precipitate, which was filtered, washed with acetone (2 x 15 ml) and dried
to gilve EAMACA p-toluenssulphonic acid salt (4.1 g, 52.1% yield, 87% strength by quantitative

nmtll using maleic acid as internal standard).

Attention was alsc turned to the nature of the nucleophile in order to test if varying its pKa
and steric bulkiness would increase the preference for attack at €-3', It has been reported“
that 4-H0p~ (3b) and 4-HeO- (3c) analogues of H-ethylbenzaldlmine (3a) gilve less good results
in a THSI-promoted reaction than (3a), Using THSOTE, the 4-t-butyl-12 (3d) and 2-
trinethylsilyloxy(é)lz'13 N-ethylbenzaldimine analogues were also slightly inferior to the
parent imine (relative yields of 0.9 and 0.8 respectively), whereas the 2,4,6-trimethyl
analogue (6)12.14 gave indications of improvements depending on the work-up {(relative yield

»1.2).

Other aspects, such as ester leaving groups other than acetate and alternative strong acids

e.g. TMS superacids, were investigated without realising further improvements.
In conclvusion, a practical, operaticnally simple procedure, with potential for scaling-up, has

been developed for introducing alkylamino groups at C-3' of 7-ACA. The method appears

nechanistically distinet from the more usual THSI based proceduresls.
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Table TII

N-ethylbenzaldimine
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2a —»2b using various triflate reagents (4.5 eq.) with

(4.5 eq.) at 23°C in CHyCls.

Trialkylsilyl triflate MegSi tBuMes IPr3SiOTH IPraSiOTt
oTi SIOTf h#——/ (2.26q.) then
MeaSIOTt
(2eq.)
-
Relative Aqueous 1.0 10
yiaid work —up
{hplc
peak 4 Aqueous 1.0 10 2.0 23 18 20 25 >1.0
area work—-up+ (11)8) (a3 (108 09 g
ratia) MBugN+F-~
{molar eq )
EAMACA (  Yield®) 18.1 303 o 223 52 h
P-TsQH crystals
Yo
4
Strengthb} 83 98 92 87
Yo
\
a) ca. 10% product remained e) as a 10M solution in THF
unrecovered in solution f) conc. HCI1 (0.5 molar eq.)
b) determined by nmr using maleic and PBuyNF (0.05 molar eq.)
acid as internal standard g) 40% aq. WF
c) as a 1M solution in THF h) buffering problems in work-up
d) emulsification problems
Me
TRNE Me
OSiMe, = NEt
Me
5 6
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Compound 2b. p-TsCH; mp 169-1719C; ) max 3350-2300, 1770, 1610 can~li 1H nmr (200 HHz;
D30/DC1) & 1.4-1.55 (3M,t,J=THz), 2.55 (3K,s), 3.2-3.4 (2K,q,J=7Hz), 3.7-4.3 (4i,m),

5.35 (1H,d,J=5Hz), 5.45 (1H,d,J=5Hz), 7.5 (2k,d,J=8Hz), 7.85 (2H,d,J=8Hz).

The appropriate aldehyde {60mM) in toluene (100 ml) was refluxed with anhydrous ethylamine
(90 mM) using Dean and Stark apparatus. & Holecular sieves were used to remove traces of
water, the toluene distilled off and the residue distilled under reduced pressure.
Compound 3d; bp B5-88°C/4.5 mmHg; 18 nmr (90 MHz; CDCl3)sju2-l.A (128,m),

3.5-3.8 (2H,q,J=7Hz), 7.4 (2K,d,J=8Hz), 7.65 (2H,d,J=8Hz), 8.2 {(1H,s).

Compound 5; to & stirred solutlon of 2-hydroxybenzaldimine (75 mM) in ether (30 ml)} was
added N-trimethylsilylimidazole (82.5 aM) over 10 min. After 30 min., the precipitate was
filtered off, the solvent removed, and more imidazole precipitated with cyclohexane. The
solution was filtered, evaporated and the residue distilled to give (5) (88% yield), bp
72-76°C/1 mmHg; 1M nmr (90MHz; CDCl3)&0.14 (9H,s), 1.15 (3E,t,J=6Hz), 3.5 (2H,q,Jn6Hz),
6.6-7.3 (complex), 7.82 (1H,dd,J=2.5 and 8Hz), 8.55 {(1H,s).

Compound 6; bp 174-1819C/0.6 mmHg; 1H nur {90MHz; CDC13)81.2-1.A (3H,t,J=7Hz)

2,25 (3KE,s), 2.3 (6H,s), 3.5-3.8 (2H,q,J=7Hz), 6.8 (2H,s), 8.6 (1H,s).

This difference is emphasised by the fact that TIPSI gives pooter results when replacing

THSI in contrast to the improvements seen when TIPSOTf replaces THSOTE.
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