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Decarboxylation Reactions. IV.D Reaction of Schiff
' Bases with Trichloroacetic Anhydride .
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Shizuoka College of Pharmacy® -
(Received March 10, 1975)

General 3,3-dichloro-2-azetidinone formation in. good yield has now been realized
by a new reaction of trichloroacetic anhydride with Schiff bases. Process of the reaction
is characterized by the formation of carbon dioxide and carbon tetrachloride, mechanistical-
ly involving chlorine cation extraction from trichloroacetyl group by trichloromethyl
anion.

While the reaction of Schiff bases with trichloro- and tribromoacetic acid has been ex-
hibited® to give «-trihalomethyl-substituted amines with decarboxylation, a reaction of
the same with trichloroacetic anhydride has now been found to result in the formation of 3,3-
dichloro-2-azetidinones. N-Benzylideneaniline (I) was first allowed to react with trichloro-
acetic anhydride on heating their xylene solution at 135—137°. Process of the reaction was
indicated by observation of carbon dioxide emission. Prisms, mp 161—162°, obtained as a
product (839, yield) was assigned as 3,3-dichloro-1,4-diphenyl-2-azetidinone (II) by noting
well correspondence of its infrared (IR) [»KB 1768 cm~! (B-lactam carbonyl)] and nuclear
magnetic resonance (NMR) spectra with those of an authentic specimen prepared by another

route.®
— — (CC1:CO):0 —_ —
e - O
I

in xylene ¢CL-CO
I

With interest in this finding we were tempted to elucidate its mechanistic path, because
in the previous papers the formation of 3,3-dichloro-2-azetidinone derivatives from Schiff
bases has been effected only by the reactions with dichloroacetyl reagents, i.e., dichloroacetic
anhydride,® dichloroacetyl chloride with triethylamine,” and dichloroacetic acid with phos-
phoryl chloride in dimethylformamide.®

In the course of the reaction by distilling off from the end of the condenser tube with the
aid of a stream of air a volatile liquid was collected. By gas liquid chromatographic analysis
this liquid was shown to be composed of carbon tetrachloride. Taking account of this carbon
tetrachloride formation and the carbon dioxide emission overall sequence of the reaction
can be represented as follows.

<;>—CH=N~<;> + '(cc1300);o — {;>-§H—1\II-<;> + CCli + CO,

CCl-CO
I I
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2) Location: 2-2-1, Oshika, Shizuoka.
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It has been reported” that I reacts with acetic anhydride in the presence of acetic acid
to give the crystalline adduct, N-(x-acetoxybenzyl)acetanilide (III). On referring to this
fact it seemed very likely that the reaction may be initiated by a similar adduct formation.
A clear evidence of this adduct (IV) formation was provided by IR and NMR measurements
of a solution of I and trichloroacetic anhydride in 1: 1 molar proportion. These spectral data

are summarized in Table I. Its IR spectrum in chloroform was very
<—>-CH—N—/ _> similar to that of III exhibiting two carbonyl absorptions, 1775 cm~1
= = and 1700 cm~Y.  Their higher wave numbers were consistent with the

¢o CHs contributions of the neighboring electron-attracting trichloromethyl
&H, groups. Also in its NMR spectrum in deuterochloroform the existence
o of IV would allow the assignment of the band at ¢ 8.16 to the methme
hydrogen similarly to that of III.
Tasre I. Spectral Data of I, ITI, and IV
X,
co
Q—CH N—@ (CXCO)s @((IZ)H—N
. 1
I G0
CXs
III or IV
_ Compound IR »CHCh cmt ‘ . NMR® ¢ (in CDCly)
1 1628(C=N) - 8.32(1H, s, -CH=) 7.6 —8.0 (2H, m, H(y/ and Hy)
7.0 —7.55(8H, m, ar H) ’
III (X=H) 1748(0-C=0) 1670(N-C=0)  8.17(1H, s, )CH-) 6.65—6.9 (2H, m, H(, and Hg)
R . 7.0 —7.3 (8H, m, ar H)
IV (X=Cl) 1775(0-C=0) : 1700(N-C=0)  8.16(1H, s, JCH-) 6.8 —7.8 (10H, m, ar H)

a) abbreviations: s=singlet, m=multiplet, ar==aromatic

“When we speculate on a mechanism of the formation of IT from the adduct a path shown
in Chart 1'seems very probable, in which trichloroacetate ion liberated from the adduct under-
goes decarboxylation and the resulting trichloromethyl anion extracts a chlorine cation from
N-trichloroacetyl group so as to give IT and carbon tetrachloride. Mechanistically this reac-
tion would be therefore distinguished from the previously reported reactions with the dichloro-
acetyl reagents. *While the latter involves the proton extraction from N-dichloroacetyl group
of the adduct’ by the bases, the former is unique in the chlorine cation extraction from N-
trichloroacetyl’ group by trichloromethyl anion. No' such chlorine cation extraction has
appedred in literature other than that arising in the reaction between pvrldme N oxide and
trichloroacetic anhydride.® :

The reaction was extensively examined with a number of N-benzyhdeneamhnes possessing
one substituent in each of them. The reactions were processed under the conditions similar
to those carried out with I at the temperatures effecting considerable emission of carbon
dioxide. Results are summarized in Table II yielding the corresponding 8,3-dichloro-1,4-
diaryl-2-azetidinones in good yields in all the runs. Substituent effect can be deduced from
these data indicating that electron-releasing substituents'accelerate the reaction.~ Additionally
the reaction with N-benzylidene—l—naphthylamine was carried out to give the corresponding

7)" H.R: Snyder, D.B. Bright, and JC ‘Lorénz, j Am Chem Soc., 73,»1836 {1951) ; AW Burgstahler,
ibid., 73; 3021 (1951). X e
8) T. Koemg and J. Wieczorek, J, 07g Chem 35 .508. (1970)
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Chart 1

TaBLE II. Reaction®) with N-Benzylideneanilines Possessing
o Varied Ring-substituents

XL Do Dy — x-enn-d By

Een-Co
< v Reaction Reaction Yield®»

temp. (°C) time (hr) (%)
H H ) 135—137 3 83
H Cl 143—145 3 : 73
H CH,0 135—140 1.5 96
H NO, 145—148 8 51
Cl H : 138—145 3 ' 87
CH O H ‘ 125—128 1.2 92
(CH )N HO 80— 82 2 ' 30
NO, H 140—142 6 55

a ) molar ratio: Schiff base (0.03 mole)/trichloroacetic anhydride=1/1.3; solvent: xylene (30 ml)
b)" based on the product isolated :
¢) solvent:'dioxane (30 ml)

TasLe III. Reaction® with N-Benzylidenealkylamines
{ >CH—NR — { >CH—NR
= CCL-CO .

R ' Reaction ; Reaction Yield®

temp. (°C) time (hr) : (%)
. 137—140 ' 2.2 80
CH2—<:> 143—145 6 84
CH20H2'—<:> 131—135 1.2 89
o 135—137 1 97
w-CoH, 140144 4 a7

a) molar ratio: Schiff base (0.03 mole}/trichloroacetic anhydnde 1/1.3; solvent: xylene (30 ml)
‘ b) based on the product isolated
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3,3-dichloro-2-azetidinone in a excellent yield. Furthermore it was also realized that several
N-benzylidenealkylamines reacted smoothly to give the corresponding 3,3-dichloro-1-alkyl-4-
phenyl-2-azetidinones as shown in Table ITI. Appearances of f-lactam carbonyl absorption
at 1767—1792 cm~! in their IR spectra evidenced the 3,3-dichloro-2-azetidinone structures.

Experimental®

Reaction of Schiff Bases with Trichloroacetic Anhydride General Procedure: The following thirteen:
Schiff bases used (see Table IT and III) as substrates of the reaction of trichloroacetic anhydride were synthe-
sized, showing melting and boiling points as in the parentheses; N-benzylideneaniline (mp 46—67°), N-ben-
zylidene-p-chloroaniline (mp 60—61°), N-benzylidene-p-anisidine (mp 68—69°), N-benzylidene-p-nitro-
aniline (mp 115—116°), N-p-chlorobenzylideneaniline (mp 60—61°), N-p-methoxybenzylideneaniline (mp
59—60°), N-p-dimethylaminobenzylideneaniline (mp 97—98°), N -p-nitrobenzylideneaniline (mp 88—=89°),
N-benzylidéne-1-naphthylamine (mp 71—72°), N-benzylidenemethylamine [bp 92—93° (34 mmHg)], N-
benzylidenebenzylamine [bp 147—148° (6 mmHg)], N-benzylidene-g-phenethylamine (mp 33—34°), N-ben-
zylidenecyclohexylamine [bp 154° (21 mmHg)]. :

To a solution of each 0.03 mole of the Schiff bases in 30 ml of dry xylene was added 0.039 mole of tri-
chloroacetic anhydride and the mixture was heated with constant stirring in a stream of dry air free from
CO, in order to check emitting CO, by Ba(OH), solution. The reaction temperature was maintained at 125—
148° effecting considerable emission of CO, for several hours. The run with N-p-dimethylaminobenzylidene-
aniline is an exception of the above procedure, which was processed at 80—82° using dioxane in place of
xylene. After subsidence of the CO, emission the reaction solution was concentrated under reduced pres-
sure. The evaporated residue was crystallized in most cases and the crystals were collected by filtration
after digested with isopropyl ether, or when oily residue was obtained it was digested with a small amount
of isopropyl ether or petr. ether and cooled to give crystals. The resulting crystals were recrystallized from
appropriate solvent.

By the above procedure the corresponding 3,3-dichloro-2-azetidinones were obtained as listed in Table
IV with their physical and analytical data. Reaction conditions and yield of each of the runs are recorded
in Table IT and III.

Acknowledgement The authors are indebted to the members of Analysis Center of this college for
microanalyses.

9) All melting and boiling points are uncorrected. IR spectra were determined on a Hitachi EPI-G2 spec-
trophotometer. NMR spectra were taken at 60 MHz with a Hitachi R-24 spectrometer using tetra-
methylsilane as an internal standard.
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