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An Efficient Method for the Preparation of 3-(Substituted
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A practical method to prepare 7-amino-3-(substituted thiomethyl)-3-cephem-4-carboxylic
acids (1) was developed. The acetoxy group of 3-acetoxymethyl-7-amino-3-cephem-4-carboxylic
acid (7-ACA, 2) was displaced by various thiols in the presence of strong acids (including Lewis
acids) under nonaqueous conditions to afford 1 in high yields. Similar substitution of the 4%-
isomers of 2 was achieved by the same method.

Keywords B-lactam antibiotics; cephem; 3-acetoxymethyl-7-amino-3(or 2)-cephem-4-car-
boxylic acid; 7-amino-3-(substituted thiomethyl)-3(or 2)-cephem-4-carboxylic acid; substitution;
thiol; strong acid; Lewis acid

In the development of various f-lactam antibiotics, remarkable progress has been
achieved in the field of cephems, and many of them are already in clinical use.! 7-Amino-3-
(substituted thiomethyl)-3-cephem-4-carboxylic acids (1) are important intermediates for the
preparation of cephem derivatives.”

Two methods are known for the preparation of 1: (a) treatment of 3-acetoxymethyl-7-
amino-3-cephem-4-carboxylic acid (7-ACA, 2) with thiols in an aqueous solution under
neutral or mildly basic conditions with heating,® and (b) treatment of acyl derivatives (3) of 2
with thiols similarly,” followed by removal of the acyl side chains in the substituted products
(4). The yields of the substituted products ranged from 40 to 70%,. The low yields may be
mainly due to the instability of the cephem nucleus in aqueous solution. Therefore, it was
expected that the yield would be improved if the substitution reaction could be performed
under nonaqueous conditions.

Peter e al. reported that the reaction of 3-acetoxymethyl-7-acylamino-2-cephem-4-
carboxylic acids (5) with thiols in trifluoroacetic acid, followed by the usual oxidative-
reductive isomerization procedure® afforded the A3-isomer (4).%) It has also been observed
that the conventional substitution reaction in an aqueous solution took place in a shorter time
with 2 than with the acyl derivatives (3).”

HN—— 5 R*CONH—— 5 RZC()NH—]:(S
CO:H COH CoH
1: X=SR' 3: X=0COCH, 5: X=0COCH,
2. X=0COCH, 4: X=SR!
Fig. 1

Based on these findings, we investigated the substitution reaction of 2 under nonaqueous
conditions. The acetate (2) is sparingly soluble in most organic solvents, but it became soluble
on adding p-toluenesulfonic acid in acetic acid. 5-Mercapto-1-methyl-1 H-tetrazole (6) was
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TaBLE I. The Substitution of 7-ACA (2) with 5-Mercapto-1-methyl-1H-tetrazole (6)
HS/l\N’N
HZNI(S CH, zNI{
07N\ CH,0C0CH, S CH,S NfN
CO,H CO,H H3
2 la
. Molar ratio Temp. Time Yield
. 1
Acid Acid/2 Solvent ) (h) 0
BF, 3.0 MeCN 30 1.5 94.7
BF,-(C,H;),0 3.0 MeCN 50 2.0 91.5
BF; (C4H,),0 3.0 MeCN 50 2.0 88.7
BF;-AcOH 4.0 MeCN 50 2.0 82.5
SnCl, 3.0 AcOH 50 1.5 75.0
ZnCl, 10.0 AcOH 50 4.0 76.2
F,CSO,H 3.0 MeCN 30 1.5 92.0
FSO,H 3.0 MeCN 30 1.0 82.4
H,SO, 10.0 MeCN 30 1.0 89.0
CH,SO,H 6.0 AcOH 50 2.5 82.3
HClO, 4.0 AcOH 50 2.5 80.8
FSO,H - SbF, 1.5 AcOH 30 2.5 75.6
TABLE 1. 7-Amino-3-(substituted thiomethyl)-3-cephem-4-carboxylic Acids (1)
HZN;J:?r/S R!SH HZN:I:Tr/S
07 NP ch,0coch, BFyMeCN 07Ny sr!
CO,H CO,H
2 1
Compd. No. R! Yield (%) Compd. No. R! Yield (%
b -CH,CH,CH 84 1h N 89
2LH,0H;, )‘\N'N
|
CH,CH,0OH
i
1c —-CH,CO,H 80 li 79
2+ )\NN
CH 2CH2NH
1d ~CH,CO,C,H;, 82 1j )\ 92
H CONH2
le @ 83 1k [ 77
N
H
N—-
| o N—N
If AN 87 u ] 86
G, H;
IIq_-— 3}
1g )\N' 82 Im )\ /l\ 89
CoHs
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TasLe 1II. The Substitution of the 4*-Isomer and Carboxylic Ester
with 5-Mercapto-1-methyl-1H-tetrazole (6)

N—N

il
HS/mN’N

S N S
HZNI( CH, HZNI( 1\11——1‘\3
o7 NoAcn,ococn,  BFsMeCN 07N C“zsj\llq'N

CO,R? CO,R? CH;,
Starting Reaction conditions o Yield

. roduct o
material (%)

Temp. ('C)  Time (h)

7 A 25 1.0 8§ A 90.3
R’=H R*=H

9 4#* 25 1.5 1 4 85.6
R3=C,H, R*=C,H;

10 4° 25 0.5 12 47 89.1
R‘:CZH5 RK—CZHS

added to the resulting salt solution and then the mixture was warmed to give the substituted
product (1a). Various acids were tried in order to improve the yield. The reaction conditions
which gave the substituted product (1a) in high yields are summarized in Table I. The reaction
proceeded smoothly under relatively mild conditions (30°C, 1.5 h), and 1a was obtained in
high yield, by treatment of 2 with 3 mol eq of boron trifluoride (BF;) in acetonitrile. The polar
solvents such as acetic acid, acetonitrile, nitromethane and sulfolane were preferable and 2
dissolved rapidly in these solvents on adding strong acids (including Lewis acids).

The reaction of other various thiols with 2 was investigated in acetonitrile by employing
BF,. Substituted products (1b—m) were obtained in high yields as shown in Table 11

3-Acetoxymethyl-7-amino-2-cephem-4-carboxylic acid (7) and 6 were reacted in the
presence of BF; in acetonitrile in order to assess the difference in reactivity between A°-
cephem and A2-cephem. The reaction of A*-cephem proceeded more rapidly than that of A3-
isomer (2) to afford the substituted product (8) in high yield. The acetoxy group of the
carboxylic esters (9, 10) was also displaced easily by 6 under the same conditions. The reaction
conditions and yields are shown in Table III.

It seems that the substitution reaction proceeds smoothly owing to a decrease of the
nucleophilicity of the amino group at C-7 and an acceleration of the elimination of the
acetoxy group through coordination of a strong acid to 2.

Experimental

All melting points are uncorrected. Infrared (IR) spectra were measured on a Hitachi 215 spectrophotometer.
Proton nuclear magnetic resonance (‘H-NMR) spectra were recorded with a Hitachi R-24 spectrometer using
tetramethylsilane (TMS) as an internal standard. Abbreviations are as follows: s=singlet, d=doublet, t=triplet,
q=quartet and m=multiplet.

7-Amino-3-(substituted thiomethyl)-3-cephem-4-carboxylic Acids (1)—Typical Procedure: First, 5.12¢g of 5-
mercapto-1-methyl-1 H-tetrazole (6) and 12.0 g of 3-acetoxymethyl-7-amino-3-cephem-4-carboxylic acid (2: 7-ACA)
were successively added to a stirred solution of boron trifluoride (9.0 g) in 60 ml of anhydrous MeCN. The resulting
solution was allowed to react at 30 "C for 90 min. After cooling in an ice-bath, the reaction solution was diluted with
60 ml of H,0 and adjusted to pH 4.0 by the addition of 28, NH,OH. Crystals that precipitated were collected by
filtration, and washed with H,O and then Me,CO, to give 13.7g (94.7%) of 7-amino-3-(1-methyl-1 H-tetrazol-5-
yl)thiomethyl-3-cephem-4-carboxylic acid (1a). mp 224 --226 C (dec.). IR v KBr em~1: 1792, 1610 (C=0). '"H-NMR

max

(F,CCO,D-D,0) é:3.58 (2H, s, C,-H,), 3.84 (3H, s, N-CH,). 4.09 (2H.s, C;-CH,), 491 (1H, d, J =5 Hz, C,-H), 5.05
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TABLE 1V. Physical Properties of 7-Amino-3-(substituted thiomethyl)-
3-cephem-4-carboxylic Acids (1)

07N ~CH,s-R!

CO,H
Compd. ) mp (dec.) IR vKBrem™! . g .
NN R o <o) H-NMR (F,CCO,D-D,0)
1b -CH,CH,CH, © 215 1795 0.95 (3H, t, J=7Hz, CH;), 1.59 (2H, m,

1610  CH,CH,CH,), 2.52 (2H, t, J=7Hz, CH,C,Hj),
3.66 (2H. s, C,-H,). 3.77 (2H, s, C;-CH,), 5.10 (1H,
d, J=5Hz. C,-H), 5.27 (1H, d. J=5Hz, C,-H)

lc  -CH,CO,H 193196 1775 3.41 (2H, s, CH,CO,H). 3.71 (2H, s, C,-H,), 3.59,
1695  4.04 2H, ABq, J=14Hz, C,-CH,), 5.10 (IH, d,
1610 J=5Hz, Ce-H), 5.25 (IH, d, J=5Hz, C,-H)

1d  -CH,CO,C,H, 208210 1800 1.29 (3H, t. J=7Hz, CH,CH,). 3.41 (2H, s,
1715 CH,CO,C,Hy), 3.74 (2H, s, C,-CH,), 3.73, 4.01
1610 (2H, ABq, J=14Hz, C;-CH,), 4.20 (2H, q, J=7Hz,
CH,CH,), 5.16 (1H, d, J=5Hz, C,-H), 5.33 (1H. d,

J=5Hz, C;-H)
le @ 235 1785 3.52 (2H, s, C,-H,), 3.79, 4.35 (2H, ABq, J=14Hz,
1610 C;-CH,), 5.01 (2H, m, C¢-H, C;-H), 7.30 (5H, m,
/Eﬂﬁ CoHs)
If N 201—203 1785 1.55 (3H, t, J=7Hz, CH,CH,;), 3.81 (2H, s, C,-H,),
CH,CH, 1610 4.35 (2H, s, C;-CH,), 4.42 (2H, q, J=7Hz, CH,CH,),
5.15(1H, d, J=5Hz, C,-H), 5.28 (IH, d, J=5Hz,
Je
1g N’ 209—210 1800 3.75 (2H, s, C,-H,), 4.35, 4.61 (2H, ABq, J=14Hz,
@ 1610 C;-CH,), 5.20 (2H, m, C,-H, C,-H), 7.58 (5H, s,
CoHs)
NN
1h I N’N 190--192 1795 3.89 (2H, s, C,-H,), 4.12 (2H, t, J=5Hz, CH,0H),
(IZH CH.O 1610 4.48 (2H, s, C;-CH,), 4.67 (2H, t, J=5Hz, N-CH,),
2CH,0H 5.30 (1H, d, J=5Hz, C,-H), 5.37 (IH, d, J=5Hz,
I\‘J—I‘\lj C,-H)
1i )\I'\I’N 204—207 1790 3.67 (2H, t, J=6 Hz, CH,NH,), 3.80 (2H, s, C,-H,),
CH,CH,NH, 1610 4.29, 431 (2H, ABq, /=14 Hz, C,-CH,), 4.80 (2H,
t, J=6Hz, N-CH,), 5.13 (1H, d, J=5Hz, C¢-H),
I\‘I“II\II 5.26 (1H, d, J=5Hz, C,-H)
1j )\N'N 189—191 1790  3.73 (2H, s, C,-H,), 4.28, 4.37 (2H, ABq, J=14Hz,
éHzCONHZ 1680 C;-CH,), 5.03—5.23 (4H, m, N-CH,, C¢-H, C,-H)
N 1610
1l
1k /[l N’N 209 1800 3.79 (2H, s, C,-H,), 3.81, 4.32 2H, ABq, J=14Hz,
u 1610 C;-CH,), 5,15 (1H, d, J=5Hz, C,-H), 5.28 (1H, d,
J=5Hz, C,-H), 8.28 (1H, s, CH in triazole)
N—N
11 I 205207 1790 2.88 (3H, s, CH,). 3.75 (2H, s, C,-H,), 4.33, 4.61
S H, 1610 (2H, ABq, J=14Hz, C;-CH,), 5.20 (2H, m, C4-H,
C,-H)
N—N
Im /[l\ )I\C 206—207 1795 2.59 (3H, s, CH,), 3.80 (2H, s, C,-H,), 4.37 2H, s,
O H, 1610 C,-CH,), 5.19 (1H, d, J=5Hz, C,-H), 5.32 (1H, d,
J=5Hz, C,-H)
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(IH, d, J=5Hz, C;-H). Anal. Calcd for C,,H;,NO,S, C, 36.59; H, 3.69; N, 25.61. Found: C, 36.54; H, 3.65; N,
25.21. The above reaction solution was treated with 7.3 ml of 35%, HCl and stirred at room temperature for 2h. The
precipitated solid was filtered and washed with Me,CO to give 14.1g (87.7%) of la-hydrochloride as colorless
needles. mp 184186 °C (dec.). IR vKB em ™ ': 1770, 1710 (C=0). Anal. Caled for C,oH3;CINGO;S,: C, 32.91; H,
5.39: N, 23.03. Found: C, 32.41; H, 5.37; N, 22.71.

In a similar manner, 7-ACA (2) was allowed to react with 6 by using other strong acids (Lewis acids) instead of
boron trifluoride, to afford 1a. The reaction conditions and the yields are listed in Table 1.

Other thiols were allowed to react with 7-ACA (2) in the presence of boron trifuoride in MeCN under the
conditions of the typical procedure to afford 7-amino-3-(substituted thiomethyl)-3-cephem-4-carboxylic acids (1b—
m). The yields and the spectral data are listed in Tables 1l and 1V, respectively.

7-Amino-3-(1-methyl-1 H-tetrazol-5-yl)thiomethyl-2-cephem-4-carboxylic Acid Dihydrate (8'2H20)——-3-Acel-
oxymethyl-7-amino-2-cephem-4-carboxylic acid (7) (0.53g) and 6 (0.23g) were added to a solution of boron
trifluoride (0.40 g) in MeCN (5.3 ml). After being stirred at 25 -C for | h. the reaction solution was concentrated under
reduced pressure. The residual oil was dissolved in 8 ml of 507, aqueous MeOH and the solution was adjusted to pH 4
with 28%, NH,OH, then stirred at 5" C for 2 h. The resulting crystals were collected to give 8-2H,0 (0.64 g, 90.3%,) as
colorless needles. mp 110—112'C (dec.). IR v¥¥ em™': 1770, 1610 (C=0). '"H-NMR (F,CCO,D-D,0) 6: 3.93 (3H.
s, N-CH,), 4.12 (2H, s, C;-CH,), 4.96 (1H, d. J=5Hz, C.-H), 5.25 (1H, s, C;-H), 5.38 (1H, d, J=5Hz, C,-H), 6.38
(1H, s, C,-H).

p-Toluenesulfonic Acid Salt of Ethyl 7-Amino-3-(1-methyl-1 H-tetrazol-5-yl)thiomethyl-3-cephem-4-carboxylate
(11- p-TsOH)—The p-toluenesulfonic acid salt of ethyl 3-acetoxymethyl-7-amino-3-cephem-4-carboxylate (9-p-
TsOH) (0.47 g) and 6 (0.12 g) were added to a solution of boron trifluoride (0.20g) in MeCN (4.7 ml). After being
stirred at 25 C for 90 min, the reaction solution was concentrated under reduced pressure. The residue was dissolved
in a mixture of CH,Cl, and H,0, and the solution was adjusted to pH 7.0 with NaHCO;. The organic layer was
washed with H,O and dried over MgSO,. After the addition of p-toluenesulfonic acid monohydrate (0.19 g), the
solvent was removed under reduced pressure. The residual solid was washed with Et,0 to give 0.45¢g (85.6%,) of 11-p-
TsOH. mp 115—122°C. IR vXB em™": 1790, 1715 (C=0). 'H-NMR (CDCl,) ¢: 1.23 (3H. t, J=7THz, CH,CHj,),
2.30 (3H, s, CH,), 3.45 (2H, s, C,-H,). 3.81 (3H, s, N-CH;), 4.10 (2H, q, /=7 Hz, CH,CH,;), 4.02, 4.30 (2H, ABq,
J=14Hz, C,-CH,), 4.95 2H, m, C,-H, C;-H), 7.01. 7.59 (4H, A,'B,’, J=9Hz, aromatic protons).

p-Toluenesulfonic Acid Salt of Ethyl 7-Amino-3-(1-methyl-1 H-tetrazol-5-yl)thiomethyl-2-cephem-4-carboxylate
(12 p-TsOH)-——A mixture of ethyl 3-acetoxymethyl-7-amino-2-cephem-4-carboxylate hydrochloride (10-HCI,
0.67g), 6 (0.23g) and boron trifluoride (0.40g) in MeCN (6.7 ml) was stirred at 25 C for 30 min. Work-up as
described for 11:p-TsOH gave 0.94 ¢ (89.1%,) of 12-p-TsOH as colorless needles. mp 147 149 "'C. IR vXPrem ™"
1790, 1730 (C=0). '"H-NMR (CDCl;) : 1.22 (3H, t, J=7THz, CH,-CHjy), 2.30 3H. s, CH,;), 3.78 (3H, s, N-CH3),
3.95—4.25 (5H, m, C,-H, C,;-CH,, CH,CHj), 4.97 (1H. d, J=5Hz, C,-H). 5.29 (1H, d, J=5Hz, C;-H), 6.23 (1H, s,
C,-H), 7.03, 7.63 (4H. A,'B,’, J=9 Hz, aromatic protons). Anal. Caled for C,oH,yN,O,S;: C, 43.15; H, 4.54; N,
15.90. Found: C, 43.13; H, 4.57; N, 15.84.
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