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The mixed anhydrides with N-acyl carbamic acid (IV) were
prepared by the reaction of carboxylic acids (III) with N-chloro-
carbonyl lactams (IfIa) or sec. amides (IIb). Decarboxylation of IV
yielded N-acyl lactams (VI), while symmetrical anhydrides (VII)
were obtained by the side reaction of IV with carboxylic acids
(III). ‘Aminolysis of IV yielded carboxylic acid amides (IX) in high
yield and purity. IVb was used in the preparation of aminosub-
stituted beta-lactam antibiotics (XII), as a new way of activating
N-protected phenylglycine (IIIg), during acylation of 6-APA or
7-ADCA (XI).

Mixed anhydrides have been successfully used in the preparation of
sensitive amides and are therefore extensively applied in peptide and beta-
-lactam chemistry®3. Although different mixed anhydrides have been prepared,
to our knowledge no reports of mixed anhydrides with N-carboxy lactams
or sec. amides have yet appeared in the literature. Recently, we found that
carboxylic acids can be activated by coupling with N-chlorocarbonyl lactams
or sec. amides, to give mixed anhydrides (IV), which may be considered also
as derivatives of carbamic acid?.

What we wish to report here is the method of preparation and the study
of stability and reactivity of IV. We found that this new active derivative of
carboxylic acids may be successfully used in the synthesis of acid amides and
semisynthetic penicillins and cephalosporins.

The necessary N-chlorocarbonyl intermediates II can be prepared by the
reaction of carbonyl dichloride with metal or silyl derivatives of lactams or
sec. amides®®. However, the procedure used in this paper is a slight modifi-
cation of the described one, since it is more convenient to use triethylamine
than to prepare metal or silyl derivatives’. All the new prepared N-chloro-
carbonyl compounds show characteristic absorption bands in IR spectrum at
1790—1810 cm™, and are quite stable compounds, isolated from the reaction
mixture in high yield.

" The mixed anhydrides IV were prepared by the method similar to those
used for the preparation of carbonic acid monoesters R—CO—O—CO—OR;
(V)8 The carboxylic acid (III) is dissolved in an inert organic solvent in the
presence of ter. base, cooled to 0°C, and N-chlorocarbonyl intermediate II is
added by stirring. After a few minutes amine hydrochloride starts to separate
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and the mixed anhydride is formed during the next 30 minutes. This is sub-
stantiated by the appearance of the new bands in IR spectrum at 1815 and
1745 cm™, detected in a sample taken from the reaction solution. In most
reactions with nucleophiles  the mixed anhydrides are used immediately,
without isolation. However, some mixed anhydrides are sufficiently stable
at room temperature to be isolated by evaporation of a mother liquor, obtained
after filtration of amine hydrochloride. It is found that stability of IV depends
on the reaction conditions in the anhydride forming step, and on the nature
of R and X substituents. The most stable IV was the one derived -from phe-
nylacetic acid and N-carboxybutyrolactam isolated as a viscous oil. The anhy-
dride structure of IV was deduced from IR and 'H NMR spectral data, as well
by chemical reactions outlined in scheme II. :

While studing the reactivity of IV, special attention was given to the
reaction conditions which favour the side reactions. There is an obvious simi-
larity in the side reactions between the mixed anhydrides of N-acyl carbamic
acids (IV) and the anhydrides with carbonic acid monoesters (V). One of the
common side reactions has been the loss of carbon dioxide. In the case of
mixed anhydride V, decarboxylation gives an ester, while IV yields the N-acyl
lactam VI (scheme II, pathway A). We found that formation of semicyclic
imid VI occured in all cases in which the reactlon time was extended over
30 minutes. Another side reaction, common to both mixed anhydrides (IV
and V) has been the formation of the carboxylic ‘acid symetrical anhydride
VII. We observed that formation of VII was the favoured reaction when mixed
anhydride IV was more soluble in reaction solvent than symmetrical anhy-
dride VII, particularly in the case when VII starts to precipitate in the cours
of the reaction. Thus in the reaction of N-protected phenylglycine with
N-chlorocarbonyl butyrolactam during 2 hours, the symmetrical anhydride
VII was formed in 50% yield. It has been suggested that symmetrical anhy-
dride (VII) was formed by disproportionation of mixed anhydride V°. It
seems to us that formation of VII results more likely from the side reaction
of IV with carboxylic acid (III) (scheme II, pathway C) than by disproportio-
nation of V (scheme II, pathway B). This assumption is supported by the
evidence that we recovered 90° of lactam Ia in the preparation of VII, and
failed to detect the presence of summetrical anhydride VIII or any core-
sponding derivatives.

The reactivity of mixed anhydrlde IV with nucleophiles revealed the
significant selectivity of nucleophilic attack on the carbonyl group of carbo-
xylic acid, with a minimum »wrong« opening of the anhydride bond. Thus,
in the reaction of IV with simple amines, the carboxylic acid amides were
obtained in 80—85% yields, the only side products being N-acyl urea
(X), isolated in less than 5% yield.

It seemed.to us that IV. might also prove to be a suitable way for the
activation of aminoacids. Therefore we prepared IVb with p-a- phenylglycine
(Illg; W=H, OH), which is incorporated in several clinically important beta-
-lactam antibiotics (ampicillin, amoxycillin, cephalexine and cephaloglycine)*1%b,

The preparation of N,O-protected semisynthetic penicillins and cephalo-
sporins (XII) illustrates the use of IV as an activation form for N-protected
phenylglycine with benzyl or trichloroethyl urethan as the amino protective
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group. Ampicillin, amoxycillin and cephalexine were obtained from XII by
removal of ester and urethan groups on in the established way.? All the final
products, prepared in the described ways, were identical to standard samples
with biological activity claimed by B. Ph.!” The only side product observed
in aminolysis of IV with XI was N-acyl ureido derivative XIII, isolated in
less than 10%¢ yield. The structure of this compound was proved by compa-
rison with the authentic sample, prepared by acylation of 6-APA with
N-chlorocarbonyl butyrolactam. It is noteworthy that no more racemisation
of IIIg occured by activation via IV, than by other methods, since the final
products obtained in this way had the same values of optical rotations as
reported in the literature. ‘

In the preparation/ of aminosubstituted penicillins an enamine group is
used instead of urethan, since removal of this group is easier and has already
occured during the isolation ofthe product. The procedure for the production
of aminopenicillins is illustrated by the preparation of ampicillin and amo-
xycillin trihydrate. This procedure includes a treatment of Dane’s salt of
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p-a-phenylglycine (IIIg; Z=CH;0—CO—CH=C—CH;) with N-chlorocarbonyl
butyrolactam in cold dry acetone, containing catalytic quantity of pyridine,
which gives mixed anhydride (IVb) in situ, and which is then treated with
sodium salt of 6-aminopenicillanic acid (6-APA) in aq. acetone. Under these
reaction conditions protection of the phenolic group in IIg (W=OH) is not
neccessary. A free aminopenicillin is obtained withous isolation of unstable
|
N-protected intermediate (XII; Z=CH;O0—CO—CH=C—CHj3) which is readily
hydrolysed by cold diluted acid, prior to isolation of XII (Z=H, R=H) from
the reaction solution.

The results on the application of mixed anhydride IV in the preparation
of carboxylic acid amides are promising for the use of IV in the preparation
of other carboxylic acid derivatives. Further work in this direction is in
progress.
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EXPERIMENTAL

Melting points are uncorrected. The IR spectra were recorded on a Perkin-Elmer
Infracord Model 257 G. The UV spectra were recorded with SP8-100 Unicam spe-
ctrometer. The 'H NMR spectra were done with an EM-360 Varian spectrometer
unless otherwise stated, with TMS as the internal standard. Chemical shifts are
given in ppm (9).

TLC was conducted on original plates (Merck, Kieselgel HFy54) followed by
detection with iodine vapours and water or with UV absorption in solvent systems

as stated:
(A) benzene-acetone (9 :1)
(B) methylene chloride- ether (4:1)
Optical rotations were measured on Carl Zeiss polarimeter POLAMAT.

General Method for the Preparation of N-Chlorocarbonyl Lactams (Ila)

A solution of lactam (0.1 mol), triethylamine (10.1 g, 0.1 mol) and toluene
(80 ml) was cooled to 0°C, whereupon a 20°% solution (w/w) of COCl; in toluene
(52 ml) was added over a period of 30 minutes. The reaction mixture was stirred
for 1 hour and precipitated triethylamine hydrochloride was filtered off. The mother
liquor was extracted with water (2 X 60 ml), dried (MgSO4) and evaporated under

reduced pressure.

N-Chlorocarbonyl Butyrolactam /Ila; X= —(CH,);/
Yield: 11.8 g (80%0); colourless oil; b.p. 112—114°C/ 0.13 Pa.

Anal. CsHgNO2Cl (147.56) calc’d: C 40.65; H 4.10; N 9.49; Cl 24.03%o
found: C 40.55; H 4.43; N 9.71; Cl 25.20%0

IR spectrum (film): 1810(vs), 1764(m), 1720(s), 1350(m), 1265(s), 1227(m), 1170(s),
1095(m) and 885(w) cm™.
1H NMR spectrum (CDClg): 1.78—2.90/m, (CHz)2CO/, 3.65—4.35 /m, CHoN/.

N-Chlorocarbonyl Valerolactam /lla; X= —(CH;)—/

Yield: 13.3 g (82.7%); colourless oil; b. p. 98—105°C/0.13 Pa (decomp.)
IR spectrum (CH:Clp): 2960(m), 2880(w), 1800(s), 1720(vs), 1650(m), 1385(w), 1332(w),
1295(w), 1245(w), 1200(m), 1175(m), 1123(s), 985(w) and 950 (w) cm™.

N-Chlorocarbonyl Caprolactam /Ila; X= —(CH,)s—/

Yield: 12.8 g (73%); viscous oil; b.p. 88—91°C /0.13 Pa (decomp.) Lit.* b.p.
97°C /13 Pa.
IR spectrum (CHyCls): 2940(s), 1790(vs), 1715(vs), 1445(m), 1335(m), 1200(s), 1150(s),
1075(s), 970(s) and 900(m) cm™.

N-Chlorocarbonyl Enantholactam /Ila; X= —(CH,)s—/

Yield: 16.8 g (87.4%); viscous oil; b.p. 103—105°C/ 0.13 Pa (decomp.)
IR spectrum (film): 2920(m), 1790(s), 1715(vs), 1440(m), 1360(m), 1330(m), 1225(m),
1190(s), 1115(m), 1082(m), 995(m) and 730(m) cm™.

N3-Chlorocarbonyl-N8-acetyl-7,7-dimethyl-6-thia-3,8-diazabicyclo/3.2.1./octan-
-2-one /IMa; X= —CH,—~CH—S—C(CH3),—CH—/
| N

COOCH;

The crude product was suspended in ether (50 ml), stirred at 5°C for 10
minutes, crystals filtered and dried. Yield: 23.5 g (85%); m.p. 105—T7°C.
IR spectrum (CHzClg): 1800(s), 1730(s), 1660(vs), 1400(s), 1290(s), 1200(vs), 1160(s) and
1110(m) cm™.
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'H NMR spectrum (CDCls): 1.46, 1.68 and 1.53, 1.68/4s, 2 C(CHj)s/ 2.22, 2.30/2s, COCHyg/,
3.7—4.3/m, CHy/, 4.43, 5.08/ 2s, C4—H/, 5.7, 6.2 /2m, Cs—H/.

N-Chlorocarbonyl Acetanilide /IIb; R;=CsHs, R,=CH;/

To a solution of acetanilide (13.5 g; 0.1 mol), triethylamine (11.1 g; 0.11 mol)
and methylene chloride (100 ml) trimethylchlorsilane (12 g; 0.11 mol) was added
and the reaction mixture was mixed for 1 hour at a temperature of 40°C. Preci-
pitated triethylamine hydrochloride was filtered off, mother liquor cooled to 0°C
and a 20% solution (w/w) of COCIl; in toluene (52 ml) was added over a period
of 15 minutes. The reaction mixture was stirred for 1 hour at 0°C, cold water (50 ml)
added and after 1 minute the organic layer was separated, dried (MgSQ,) filtered
and evaporated under reduced pressure. The crude product was suspended in
n-hexane (30 ml), stirred for 5 minutes, filtered off and dried. Yield: 13.7 g (69.4%);
m. p. 55—57 °C.

IR spectrum (KBr): 1765(s), 1730(s,b), 1610(w), 1490(w), 1490(w), 1425(m), 1370(m),
1195(s,b), 1010(m), 825(m), 760(s), and 700(m) cm™.

General Method for the Preparation of Mixed Anhydrides (IV)

To a solution of acid (4 mmol), pyridine (0.32 g; 4 mmol) in methylene chloride
(10 ml), solution of N-chlorocarbonyl lactam or sec. amide (4 mmol) in methylene
chloride (10 ml) was added over a period of 10 minutes at 0°C. The reaction
mixture was stirred for 15 minutes, cold water (20 ml) added and after 1 minute
the organic layer separated, dried (MgSQ,), filtered and evaporated under reduced
pressure.

Phenylacetic N-carboxy butyrolactam anhydride /IVa; R = C¢HsCH,,
Yield: 0.83 g (73%); viscous oil; IR spectrum (film): 2920(m), 1820(s), 1750(s),
1362(w), 1328(w), 1035(vs) and 725(m) cm™.

'H NMR spectrum (CDClg): 1.80—2.25 (m, CHj), 2.35—2.75 (m, CH;—CO), 3.55 (s,
CHy—Ph), 3.711—4.20 (m, CHs—N), 7.20 (s, CgHj).

Phenylacetic N-acetyl, N-phenyl carbamic anhydride

/IVb R = C5H5CH2, R1 = CéHS, Rz = CH3/

Yield: 0.85 g (72.9%) viscous oil; IR spectrum (CHyClp): 3015(w), 1822(vs),
1760(vs,b) 1600(m), 1500(m), 1200(vs) and 1035(vs) cm.

Phenylacetic N3-carboxy-N®-acetyl-7,7-dimethyl-6-thia-3,8-diazabicyclo-
-/3.2.1.Joctan-2-one anhydride (IVa; R = C¢HsCH,,
X = —CH,—CH—S—C(CH,),—CH—/

N |

|

l
COCH,;

Yield: 0.76 g (51%); viscous oil; IR spectrum (CH:Clp): 3015(w), 2920(w), 1825(s),
1755(m,sh), 1715(s) and 1035(vs) em™.

Rearrangement of Mixed Anhydrides (IV) into N-Acyl Lactams
(Semicyclic Imides) /VI/
N-Phenylacetyl butyrolactam /VI; R = C¢HsCH, X = —(CH,)y—/

A solution of mixed anhydride IVa /R=CgH;CHz, X=—(CHz)s—/ (0.5 g; 2 mmol),
triethylamine (0.01 g; 0.1 mmol) and methylene chloride (10 ml) was stirred for
10 hours at 25°C. The solvent was evaporated and ether (5 ml) added and stirred
for 5 minutes, filtered off and the mother liquor was evaporated to oily residue.
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The crude product was chromatographed over silica gel using a benzene-acetone
gradient. Compound with Ry 0.65 (system A) was separated.
Yield: 0.19 g (47%); m.p. 50—1°C.

Anal. C19H13NO;z (203.1) calc’d: C 70.90; H 6.45; N 6.89%
found: C 70.50; H 6.10; N 6.67%0

IR spectrum (CHaClp): 2980(w), 1740(vs), 1695(s), 1356(s), 1230(w), 1190(m) and
1070(w) cm™.

'H NMR spectrum (CDCls): 1.75—2.22 (m, CHz), 2.36—2.75 (m, CH>CO), 3.60—3.90
(m, CH:2N), 4.17 (s, CH2CgH3;) and 7.20 (s, CgHs).

N3Phenylacetyl-N8-acetyl-7,7-dimethyl-6-thia-3,8-diazabicyclo/3.2.1/octan-
-2-one /VI; R = C¢HsCH,;, X = —CH,—CH—S—C(CH;3),—CH—/
N

COCH;

A solution of mixed anhydride IVa (R=CgH;CHo,
X = -CHz——(':H-—S—C(CHak—CH——)

N. f

COCHs

(0.38 g, 1 mmol) in toluene (10 ml) was stirred for 8 hours at 100°C. The reaction
mixture was cooled to 25°C, extracted with water (10 ml), dried (MgS0,), filtered
and evaporated. The residue was stirred with ether for 5 minutes at 0°C and
crystals were filtered off. Yield: 0.12 g (35%); m.p. 154—6°C. /Lit. *m. p. 154—6 °C./

N-(N’-2’,2,2’-Trichloroethyloxycarbonyl-p-g-phenylglycyl)-butyrolactam
|
/VI; R = Cé¢Hs—CH—NH—CO—0—CH,CCl;, X = —(CH,);—/

a) To a solution of N-2,2,2-trichloroethyloxycarbonyl-p-a-phenylglycine (0.65 g, 2
mmol), pyridine (0.16 g, 2 mmol) and benzene (15 ml) solution of N-chlorocarbo-
nylbutyrolactam (0.29 g 2 mmol) in benzene (5 ml) was added dropwise during
10 minutes at 15°C and the reaction mixture stirred for 2 hours. Crystals were
filtered off and the mother liquor was extracted with water, dried (MgSQy), filtered
and evaporated under reduced pressure. The residue was crystallised from ether
and m-hexane.

Yield: 0.16 g (20.6%); m.p. 138—140°C;[a]p® + 20° (¢ 0.5; CH:Cls); Ri 0.73
(system B).

Anal. CisH13N204Cly (393.86) calc’d: C 45.70; H 3.84; N 7.11; Cl 26.96%
found: C 45.65; H 3.50; N 7.05; Cl 26.20%

IR spectrum (KBr): 3340(s), 1745(vs), 1680(s), 1535(s), 1365(vs), 1247(s), 1100(m), 1040(m),
820(m), 705(m) and 715(m) cm.
'TH NMR spectrum (CDClg): 1.70—2.28 (m, CHy), 2.31—2.70 (m, CH,—CO), 3.43—4.00
(m, CH;—N), 4.61 (s, CHs—O), 6.03 (d, J = THz, NH) 6.48 (d, J = 7THz, CH), and 7.27
(S, CGHS)-

b) To a solution of 2,2,2-trichloroethyloxycarbonyl-p-a-phenylglycine (0.65 g,
2 mmol), N-chlorocarbonylbutyrolactam (0.29 g, 2 mmol) in benzene (15 ml) at 80 °C
pyridine (0.16 g, 2 mmol) was added and the reaction mixture was stirred for 2
hours. Crystals were filtered off and the mother liquor was worked up as described
above.

Yield: 0.22 g (27.9%0); m.p. 139—140 °C.
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N-(N’-Benzyloxycarbonyl-p-a-phenylglycyl)-butyrolactam

/VI; R = CgHs—CH-—NH-—CO—O—CH,C¢Hs, X = —(CH,);—/

To a solution of N-benzyloxycarbonyl-p-a-phenylglycine (0.57 g, 2 mmol), N-
-chlorocarbonyl butyrolactam (0,29 g, 2 mmol) in benzene (15 ml) at 80 °C, pyridine
(0.16 g, 2 mmol) was added and the reaction mixture was stirred for 2 hours.
Crystals were filtered off and the mother liquor was extracted with water (2 X 10
ml), dried (MgSOy), filtered and evaporated under reduced pressure. The residue
was chromatographed over silica gel using methylene chloride-ether gradient. A
compound with Rt 0.56 (system B) was separated.

Yield: 0.25 g (35%); m.p. 97—8 °C; [a]p?® — 28" (¢ 0.25, CHyCl,).

Anal. CapHpoN2Oy (352.38) cale’d: C 68.11; H 5.72; N 7.90%
found: C 68.35; H 5.73; N 7.78%0

IR spectrum (KBr): 3355(m), 2980(w), 1740(s), 1718(vs), 1685(vs), 1525(s), 1455(w),
1365(s), 1240(vs), 1195(w), 1080(w), 1040(m), 756(m) and 700(m) cm .

'H NMR spectrum (CDClg): 1.55—2.17 (m, CHy), 2.12—2.67 (m, CH;—CO), 3.27—3.93
(m, CH;—N), 4.92 (s, CH:—0), 5.81 (d, J = 8Hz, NH), 6.44 (d, J = 8Hz, CH) and
6.75—17.45 (m, 2 CgHj).

Formation of Symmetrical Anhydrides (VIL):
Bis (N-2,2,2-trichloroethyloxycarbonyl-n-a-phenylglycine) anhydride (VII);

R = C(Hs—CH-—-NH—CO—0O-—CH,CCl,

a) To a solution of N-2,22-trichloroethyloxycarbonyl-p~a-phenylglycine (0.65 g,
2 mmol), pyridine (0.16 g, 2 mmol) and methylene chloride (10 ml), solution of
N-chlorocarbonyl butyrolactam (0.29 g, 2 mmol) in methylene chloride (5 ml) was
added dropwise during 5 minutes at 0°C. The reaction mixture was stirred for
2 hours, crystals were filtered off and washed with cold methylene chloride (1 ml).

Yield: 0.2 g (31%); m.p. 183—5°C.
UV spectrum (dioxan) Amax: 252 nm (log ¢ 3.19), 258 nm. (log ¢ 2.98) 264 nm (log
¢ 2.86) (shoulder)
IR spectrum (KBr): 3350(s), 1825(s), 1715(vs), 1515(s,b), 1380(w), 1350(w), 1320(w),
1295(w), 1235(m), 1080(vs), 1045(vs), 940(m) 820(w), and 720(s) cm'L.
'H NMR spectrum (DMSO-dg; Jeol 90 Mc): 4.91 (s, CH:0), 5.32 (d, J = 10Hz, CH),
7.28—17.46 (m, Cg¢Hs) and 8.75 (d, J = 10Hz, NH).

b) According to the procedure described above, benzene was used as a solvent,
and reaction mixture was stirred at 15°C for 2 hours. Crystals were filtered off,

stirred with cold water for 5 minutes at 5°C, filtered off and dried.
Yield: 0.35 g (55%0); m.p. and spectral data as above.

N-Benzylphenylacetamide (IX; R = R, = CHsCH,)

To a solution of mixed anhydride IVa (R=CgH;CHy—; X = —(CH3z)3—) (0.6 g,
2.4 mmol) and methylene chloride (15 ml), solution of benzylamine (0.27 g, 2.5 mmol)
in methylene chloride (5 ml) was added at 0°C and the reaction mixture stirred
for 2 hours. After addition of water (15 ml) the mixture was stirred for 5 minutes
and the organic layer separated, dried (MgSOa4), and after filtration, the solvent
was evaporated under reduced pressure. The residual solid was stirred with ether
and crystals were filtered and dried.

Yield 0.44 g (82.2%0); m.p. 118—121°C. Lit. *: m.p. 122°C. Ry: 0.43 (system A)

The mother liquor was evaporated under reduced pressure and the residue
chromatographed over silica gel using benzene-acetone gradient and the compound
with Rf 0.56 (system A) was separated.

Yield: 0.017 g (3.2%) of compound X /R; = CgH3zCH:; X = —(CHy)s—); m.p.
64—6 °C.
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N-(N’-Benzylcarboxamide)-butyrolactam (X; Ry = C(HsCH,, X = —(CH,);—)

To a solution of N-chlorocarbonyl butyrolactam (0.74 g, 5 mmol) and toluene
(20 ml) at 0°C, benzylamine (1.1 g, 10 mmol) was added and the reaction mixture
stirred for 1 hour. Benzylamine hydrochloride was filtered off; mother liquor was
mixed with water (15 ml) and dil. hydrochloric acid (1:1) added till pH 3. The
organic layer was separated, washed with water (15 ml), dried (MgSO, filtered off
and evaporated. The residue was stirred with ether and crystals filtered off.
Yield: 0.68 g (62%); m.p. 65—6°C; R; 0.55 (system A)

Anal. C12H14NoOp (218.25) calc’d: C 66.03; H 6.47; N 12.84%
found: C 65.73; H 6.17; N 12.57%

IR spectrum (KBr): 3315(m), 1695(s,b), 1530(m), 1480(w), 1380(m), 1263(m), 835(w),
753(m), 695(m), and 655(m) cm.

'H NMR spectrum (CDCls): 1.75—2.30 (m, CHbs), 2.40—2.8 (m, CH>—CO), 3.63—4.12
(m, CHy—N), 4.40—4.70 (m, CH:CgHj), 7.60 (s, C¢Hjs) and 9.10 (b, CO—NH).

N-Benzyloxycarbonyl-p-a-phenylglycine benzylamide (IX;

R = CgHsCH—NH—CO—O—CHz—C(,Hs, Rl = C6H5—-—CH2)

To a solution of N-benzyloxycarbonyl-p-a-phenylglycine (1.14 g, 4 mmol), pyri-
dine (0.32 g, 4 mmol) and methylene chloride (10 ml), a solution of N-chlorocarbonyl
butyrolactam (0.62 g, 4.2 mmol) and methylene chloride (5 ml) was added at 0°C
and the reaction mixture stirred for 20 minutes. A solution of benzylamine (0.43 g,
4 mmol) in methylene chloride (56 ml) was added dropwise over period of 15 minutes
and the reaction mixture stirred for 1 hour at 0°C. Water (15 ml) was added, the
mixture was stirred for 5 minutes, the organic layer separated and dried (MgSOj).
After evaporation the solid residue was recrystallised from ethyl acetate.

Yield: 1.29 g (85%0); m.p. 186—190°C; [a]p®®— 105" (c 0.5, CH.Cly); R 0.73
(system B).

Anal. CssHsNoOs (374.42) calcd: C 73.77; H 5.92; N 7.48%
found: C 73.30; H 5.60; N 7.10%

IR spectrum (KBr): 3310(s), 1688(s), 1650(vs), 1520(s), 1254(s), 750(m) and 695(s) cm™.
H NMR spectrum (DMSO-dg): 4.28 (d, J = 6Hz, CHx—N), 5.06 (s, CH20), 5.34 (d,
J = 8Hz, CH—N), 6.90—7.70 (m, 3 Cg¢Hj), 7.97 (d, J = 8Hz, NH—CO—O0), and 8.75
(m, NH—CO).

N-Benzyloxycarbonyl-p-a-phenylglycyl-L-phenylelanine methyl ester

(IX; R = CgHs—CH—NH—CO—0—CH,C¢H;, R, = C;Hs—CH-—COOCH;).

To a solution of N-benzyloxycarbonyl-p-a-phenylglycine (0.57 g, 2 mmol), pyri-
dine (0.16 g, 2 mmol) and methylene chloride (10 ml), a solution of N-chlorocarbonyl
butyrolactam (0.30 g, 2 mmol) in methylene chloride (5 ml) was added dropwise
during 5 minutes at 0°C. The reaction mixture was stirred for 20 minutes, a solution
of r-phenylalanine methylester (0.36 g, 2 mmol) in methylene chloride (5 ml) was
added and the solution stirred for 1 hour. Water was added, the mixture stirred
for 5 minutes, the organic layer separated, washed with water (10 ml), dried
(MgS04) and filtered off. Evaporation of solvent gave solid residue which was
recrystallized from isopropanol.

Yiled: 0.69 g (77%); m.p. 166—8°C; [a]p?®—22.7° (¢ 0.44, CH:Cly); R¢ 0.75
(system B).

Anal. CyHzN205 (446.5) calc’d: C 69.93; H 5.87; N 6.27%
found: C 70.25; H 6.05; N 6.52%0

IR spectrum (KBr): 3320(s), 1735(m), 1685(m), 1645(s), 1520(s), 1440(w), 1380(w),
1377(w), 1345(w), 1255(m), 1230(m), 1045(w), and 700(s) cm.
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'H NMR spectrum (CDCls): 2.95 (d, J = 5Hz, CH>C¢Hj), 3.73 (s, CHs0), 5.06 (s,
O—CHy—CgH;), 5.28 (d, J = 7THz, CH), 6.33 (d, J = 7THz, NH) 6.44—7.50 (m, NH,
CH, 3Cg¢Hj).

6-/N-(Benzyloxycarbonyl)-p-a-phenylglycylamido/-penicillanic acid benzyl
ester (XII; Z = C4H;CH,—0O—CO—, R = CsH;CH,, Y = C(CH;);, W = H/

To a solution of N-benzyloxycarbonyl-p-a-phenylglycine (0.57 g, 2 mmol), py-
ridine (0.16 g, 2 mmol) and methylene chloride (10 ml), a solution of N-chlorocarbonyl
butyrolactam (0.29 g, 2 mmol) in methylene chloride (5 ml) was added at 0°C and
the reaction mixture stirred for 15 minutes. A solution of 6-aminopenicillanic acid
benzylester (0.58 g, 1.9 mmol) in methylene chloride (10 ml) was added and the
reaction mixture was stirred for 1 hour at 0°C. Cold water (15 ml) was added, the
mixture stirred for 5 minutes, organic layer separated, dried (MgSOu), filtered and
evaporated. The crude residue was chromatographed over silica gel using a methy-
lene-chloride-ether gradient. Two compounds were isolated.

Compound XII/Z = CgH;CH;—O—CO, R = C¢H5CH, Y = C(CHzs)2, W = H); with
Rt 0.75 (system B).

Yield: 0.87 g (75.5%0); foam; (amorphous product®®); [a]p*® + 90° (c 0.5, CH:Cly).

Anal. C31H31N30eS (573.65) calc’d: C 64.90; H 5.45; N 7.33; S 5.59%
found: C 65.22; H 5.64; N 7.52; S 5.12%

IR spectrum (CHClg): 3390(m), 3010(m), 1783(vs), 1725(s), 1690(s), 1490(s), 1295(m),
1260(m), 1195(m), 1150(m), 1040(m) and 960 (m) cm .

'H NMR spectrum (CDClg): 1.30 and 1.40 (2s, 2CHjy), 4.30 (s, C3—H), 4.90 and 5.03
(2s, 20CH,—CsHs), 5.00—5.65 (m, CH, Cs—H, C¢—H), 6.07 (d, J = THz, NH), 6.77
(d, J = 8.5Hz, NH) and 6.90—17.50 (m, 2Cg¢Hs).

Compound XIII/R = CgH;—CH,, X = —(CHs)s—, Y = C(CHj)2/ with R; 0.66 (system
B) yield: 0.075 g (9.5%); m.p. 115—118°C; [a]p® + 100° (c 0.5, CH:Cly).

IR and 'H NMR spectral data identical to spectra of sample prepared by procedur
described below. E

6-(Butyrolactam-N-amido)-penicillanic acid benzylester
(XIII, R = Cﬁf‘IscHz—, X = —(CI‘IQ)E,-—, Y= C(CH3)2/

To a solution of 6-aminopenicillanic acid benzylester (0.6 g, 2 mmol), triethy-
lamine (0.3 g, 3 mmol) and benzene (20 ml), solution of N-chlorocarbonyl butyro-
lactam (0.29 g, 2 mmol) in benzene (10 ml) was added at 0°C and the reaction
mixture stirred for 2 hours. Crystals of triethylamine hydrochloride were filtered
off, the mother liquor was washed with water (10 ml) and stirred with water (10
ml) by addition of dil. HCl (1:1) till pH 2.5. The organic layer was separated,
washed with water (10 ml), dried (MgSOQ,), filtered and evaporated. The solid residue
was chromatographed over silica gel using a methylene chloride -ether gradient.
Compound with R; 0.66 (system B) was separated.

Yield: 0.57 g (68.3%0); m.p. 115—8°C; [a]p®® + 100° (c 0.5, CH,Cl).

Anal. CsoH2sN3O5S (417.47) cale’d: C 57.54; H 5.55; N 10.07; S 7.68%0
found: C 57.32; H 5.33; N 10.10; S 7.20%

IR spectrum (KBr): 3240(m), 3200(m), 2965(m), 1775(vs), 1745(s), 1710(vs), 1520(vs),
1382 (m), 1300(m), 1250(m), 1200(m), 1180(m), 970(m), 745(m), and 690(m) cm™.

'H NMR spectra (CDCls): 1.44 and 1.67 (2s, 2CHj), 1.77—2.33 (m, CHj), 2.41—2.80
(m, CHs—CO), 3.70—4.00 (m, CHs—N), 4.55 (s, C3—H), 5.22 (s, CH:0), 5.50—5.87 (m,
Cs—H, C¢—H), 7.47 (s, C¢Hs) and 9.33 (d, J = 8Hz, NH).

6-(D-a-aminophenylacetamido)-penicillanic acid trihydrate (ampicilline
trihydrate) /XX; R =Z = W = H, Y = C(CHs),/

To a solution of N-chlorocarbonyl butyrolactam (6.45 g, 44 mmol), pyridine
(0.05 g) and acetone at —10°C, sodium salt of N-(1-methoxycarbonylpropen-2-yl)-
-p-a-phenylglycine (11.6 g, 43 mmol) was added and the reaction mixture stirred
for 5 minutes. The resulting mixture, containing the mixed anhydride, was added
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with vigorous stirring into a solution of sodium salt of 6-aminopenicillanic acid
(8.2 g, 38 mmol) in water (30 ml) and acetone (30 ml). The reaction mixture was
stirred for 1 hour at —10°C, dil. HCl (1 :1) added dropwise to pH 2 and stirring
was continued for 15 minutes by adding more acid if necessary. The mixture was
extracted with methylenechloride (150 ml), the aqueous layer was concentrated at
low temperature and reduced pressure to remove acetone. Dil. NaOH (20%) was
added dropwise till pH 5 at 10°C. A suspension was stirred for 2 hours at 10°C,
crystals were filtered and washed with acetone.

Yield: 9.55 g (62%0) ampicillin trihydrate. [a]p* + 291° (¢ 0.5, H,O) water: 12.9%
Microb. assay: 97.5%.
IR spectrum identical to standard.

6-(D-a-amino-p-hydroxyphenylacetamido)-penicillanic acid trihydrate
(Amoxycilline trihydrate) /XII; R = Z =H, W = OH, Y = C(CHa),/

To a solution of N-chlorocarbonyl butyrolactam (6.45 g, 44 mmol), N-methyl-
morpholine (0.04 g) and acetone (65 ml) at —20°C potassium salt of N-(1-methoxy-
carbonylpropen-2-yl)-p-a-amino-p-hydroxyphenylglycine (12.3 g, 40 mmol) was added
at —209C and the reaction mixture stirred for 10 minutes. The resulting mixture,
containing the mixed anhydride was added with vigorous stirring to a solution of
triethylamine salt of 6-aminopenicillanic acid, prepared by dissolving 6-aminopenici-
lanic acid (8.2 g, 38 mmol) in water (30 ml) and acetone (30 ml) with addition
of triethylamine (3.8 g, 38 mmol). The reaction mixture was stirred for 1 hour at
—20°C, dil. HCI (1:1) was added dropwise at 0°C to pH 2. Methylene chloride
(80 ml) was added, the mixture stirred for 2 minutes, the aqueous layer separated
and was again extracted with methylene chloride (80 ml). After filtration conec.
NH4OH was added dropwise to pH 5 and the suspension was stirred for 2 hours at
59C. Crystals were filtered, washed with acetone and dried.

Yield: 11.2 g (70.5%0) amoxicilline trihydrate. [a]p?® + 293° (¢ 0.2, H»O) water:
13.2%. Microb. assay: 95.2%

IR spectrum identical to standard.

7-/N-(Benzyloxycarbonyl)-pD-a-phenylglycylamido/-3-methyl-3-cephem-
-4-carboxylic Acid Diphenylmethyl Ester /XII; R = CH(C¢Hs),,

Z = C¢HsCH,—O0—CO—, Y = —CH,—C—CH;, W = H/

a) To a solution of N-benzyloxycarbonyl-p-a-phenylglycine (0.57 g, 2 mmol),
pyridine (0.16 g, mmol) and methylene chloride (10 ml), a solution of N-chlorocarbo-
nylbutyrolactame (0.29 g, 2 mmol) in methylene chloride (5 ml) was added at —10°C
and the reaction mixture stirred for 15 minutes. A solution of 7-amino-3-methyl-
-3-cephem-4-carboxylic acid diphenylmethyl ester (0.70 g, 1.85 mmol) methylene
chloride (10 ml) was added and the mixture stirred for 2 hours at 0°C. Cold water
(10 ml) was added, the mixture stirred for 5 minutes. The organic layer was
separated, washed with 5% HCl (5 ml), water (10 ml), 1IN NaHCO; (5 ml), water
(10 ml) and dried. After filtration solution was evaporated and solid residue ery-
stallized from benzene.

Yield: 0.94 g (78.4%0); m. p. 203—5 °C; [a]p®® — 10° (c 2, CH2Clp); Rt 0.77 (sistem B).

Anal. C37H33NSOGS (647.72) calc’d: C 68.61; H 5.14; N 6.49; S 4.95%
found: C 68.30; H 5.20; N 6.49; S 4.30%

IR spectrum (KBr): 3310(m), 1775(s), 1710(m), 1685(m), 1658(vs) 1520(s), 1375(w),
1355(w), 1297(w), 1235(w), 1218(m), 1150(w), 935(w) and 690(m) cm™.
'TH NMR spectrum (DMSO-dg): 2.00 (s, CHs), 3.30—3.50 (m, CHs—S), 5.00 (d, J =4
Hz, Ce—H), 5.08 (s, CH:Cg¢Hs), 5.50 (d, J = 8Hz, CH—Cg¢Hj), 5.50—5.85 (m, C;—H),
6.87 (s, CH—O), 7.20—17.70 (m, 4CgH;), 8.05 (d, J = 8Hz, NH—CO), and 9.30 (d, J = 8
Hz, NH—CO—O0).

. b) To a solution of N3-chlorocarbonyl-N8-acetyl-7,7-dimethyl-6-thia-3,8-diaza-
bicyclo/3.2.1./octan-2-one (0.55 g, 2 mmol) in methylene chloride (10 ml), a solution
of N-benzyloxycarbonyl-p-a-phenylglycine (0.57 g, 2 mmol) pyridine (0.18 g, 2.3 mmol)
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in methylene chloride (5 ml) was added and the reaction mixture stirred for 15
minutes. A solution of 7-amino-3-methyl-3-cephem-4-carboxylic acid diphenylmethyl
ester (0.60 g, 1.6 mmol) in methylene chloride (5 ml) was added and the reaction
mixture stirred for 1 hour at 0°C. Cold water was added (10 ml) and worked up
as under a/. A solid residue was chromatographed over silica gel using a methylene-
chloride-ether gradient. Compound with R; 0.77 (system B) was separated.

Yield: 0.87 g (84%); m.p. 203—5 °C.

7-/N-(2’,2’,2’-Trichloroethyloxycarbonyl)-p-a-phenylglycylamido/-3-methyl-
-3-cephem-4-carboxylic acid 2°,2’,2’-trichloroethyl ester /XII;

|
R = CllCCH,—, Z = Cl,,CCH,—0—CO—, Y = CH,—C—CH;, W = H/

a) According to previous procedure for XII (under a/) using N-2’,2’2’-trichloro-
ethyloxycarbonyl-p-a-phenylglycine and 2’,2’,2’-trichloroethyl ester of 7-ADCA in-
stead of diphenylmethyl esier the crude product obtained was chromatographed
over silica gel using methylene chloride -ether gradient. A compound with Rt 0.78
(system B) was separated.

Yield: 0.86 g (78.2%); m. p. 104—6 °C; IR and 'H NMR spectral data are indentical
to the data reported in the literature!‘.

b) The procedure was repeated using N-chlorocarbonylvalerolactam instead of
N-chlorocarbonyl butyrolactam. A crude product was purified by crystallization from
carbon tetrachloride and ether.

Yield: 0.83 g (75%0); m.p. and specira identical.

7-/N-(2’,2’,2’-Trichlorethyloxycarbonyl)-p-a-phenylglycilamido)-3-methyl-
-3-cephem-4-carboxylic acid diphenylmethyl ester

/X1I; R = CH(C¢Hs),, Z = Cl,CCH,—0—CO—, Y = CH—C—CH;, W = H/

a) According to the previous procedure using diphenylmethylester instead of
trichlorethyl ester, a crude product was obtained, which was purified by crystalli-
zation from isopropanol.

Yield: 0.87 g (84%); m.p. 177—183%; [0]p?® — 10° (c 0.5, CH2Cly); R 0.76 (system
B). /Lit.% [a]p? —8.6 (¢ 1, dioxane)./

IR spectrum (KBr): 3320(s), 3035(w), 2950(w), 1785(vs), 1715(vs), 1670(vs), 1530(m),
1500(m), 1453(w), 1375(m), 1225(s), 723(m), and 700(m) cm™.

'H NMR spectrum (CDClg): 1.96 (s, CHzs), 3.03 (m, CH>—S), 4.58 (s, CHs—O0), 4.75
(d, J = 5Hz, C¢—H), 5.37 (d, J = THz, NH), 5.66 (2d, J=5 and 9Hz, C;—H), 6.45 (d,
J = 7THz, CH), 7.90 (s, CHO), and 6.86—7.50 (m, 3C¢H; and NH).

b) The procedure was repeated by using N-chlorocarbonyl caprolactam instead
of N-chlorocarbonyl butyrolactam.

Yield: 0.88 g (68.7%) of the product with the same physical and spectral data
as those reported under a/.
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SAZETAK

Aktiviranje karboksilnih kiselina s pomoéu mjeSovitog anhidrida s N-acil-N-alkil
karbaminskom kiselinom

Miée Kovalevié, Jure J. Herak i Branimir GaS$pert

Priredeni su mjeSoviti anhidridi IV reakcijom Kkarboksilnih kiselina III s
N-klorokarbonil laktamima (IIa) i sekudarnim amidima (IIb). Dekarboksilacijom IV
daju poluciklicke imide VI, dok sporednom reakcijom nastaju simetri¢ni anhidridi
VII. Aminolizom su iz IV dobiveni amidi karboksilnih kiselina u visokom iskori-
Stenju i Cisto¢i. Stoga je IVb iskoristen za pripravu aminosupstituiranih beta-lak-
tamskih antibiotika (XII), $to je nova metoda aktiviranja N-zasSti¢enog fenilglicina
(IIfg), tijekom aciliranja 6-APK odnosno 7-ADCK (XI).





