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The Reaction of Anhydrochloralurethanes with Ketene Acetals
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The reaction of anhydrochloralurethanes (I) with ketene acetals (II) has been found to give novel carbamate
derivatives (III) in quantitative yield. The intermediacy of a cyclic intermediate, an oxazine derivative (IV),

was confirmed by spectroscopic methods, although several attempts to isolate IV have been unsuccessful.

mechanism for formation of IV is discussed.

In 1968 Ulrich and coworkers) established the
structure and the synthetic method of N-(2,2,2-trichloro-
ethylidene)alkoxycarbonylamine (I), commonly called
anhydrochloralurethane. They also reported that the
C=N double bond of I was highly reactive and easily
attacked by several nucleophiles, such as water, alcohols,
and amines.!

In a previous report from this laboratory, we have
demonstrated the potentiality of I as a dienophile in
a Diels-Alder reaction.?

A literature survey reveals that investigations about
the reactivity of I have mainly noted the C=N double
bond.1-3)

Since the CCl; group is equivalent to the CO,H
group, I might be valuable for constructing the «-
amino acid skelton. However, the synthetic applica-
tion of I is rather limited.4

As judged from the structure of I, we have been
intrigued with the supposition that I, as a heterodiene
(C=N-C=0),% might formally undergo a [4+2] Diels-
Alder type reaction with inverse electron demand
against an electron-abundant nucleophilic olefin to give
an adduct.

In this report, we should like to present the results
obtained in the reaction of I with ketene acetal (II)
to give novel acyclic carbamates (III), and also con-
vincing evidence for the intermediacy of cyclic oxazine
derivatives (IV) which could arise from the above-
mentioned reaction.

Results and Discussion

When I (R=GC,H;) and excess II (R'=C,H;) in
benzene were heated under reflux for 15 h, a single
product was obtained in a quantitative yield. Elemen-
tary analysis as well as spectral investigations established
the structure as IITa. Although its parent peak was
missing, the mass spectrum had a peak corresponding
to M+t-CCl, fragment ion as the base peak originating

The

responding to —CH,CH(CCI;)—, accompanied by the
signals of NH and two —OCH,CH,.

A plausible mechanism for the formation of III is
shown in Scheme 1:

A Diels-Alder type reaction between I and II in a
sense of inverse electron demand affords a dihydro-1,3-
oxazine (IV),% hydrolysis (by atomospheric moisture
or work-up) of which will give III.

Although the adduct (IV) was not obtained in a
pure state, its existence was confirmed as follows. The
crude product-mixture just after the reaction gave an
additional peak in GLC along with that of III. Taking
as an example the case of the reaction between Ia and
IIa, in the mass spectrum [Fig. 1(a)], the parent peak
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from the fragmentation f at the nitrogen atom. The Fig. 1. Mass spectra of the reaction products between
NMR spectrum showed a typical ABX pattern cor- Ia and IIa.
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in the reaction between VI, instead of anhydrochloralur-
ethane (I), with ketene acetal. However, also in this
case the adduct (XI) was not stable toward any con-
ventional methods of purification, and the hydrolyzed
product X was again produced in quantitative yield
. \ , AR (Scheme 4).
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Fig. 2. IR spectra of the reaction products between Ia H0 3
and Ila. Vi +O%'|\0R' i i OR'| — 'il R’
(a) For the crude products in the reaction of Ia and HS 07 or COCH 02
IIa. (b) For the analytically pure IIla. 3
Ia.R=CyHg Xt Xa: R'=C,Hg
of IV (R=R’'=C,H;), m/e 333, and the peak due to b:R'=CH, b:R'=CH,
M+ - CCl; of IV, m/e 216, which were absent in the
Scheme 4.

spectrum of IITa [Fig. 1(b)], were clearly observed.
The IR spectrum in CCl, solution [Fig. 2(a)] had
only a small NH absorption band, which grew gradually
significant after several hours in air, when the absorp-
tion band at 1680 cm~ due to the C=N bond became
disappeared. The crude reaction mixture was gradually
hydrolyzed by atmospheric moisture. The intentional
treatment of the reaction mixture with dil hydro-
chloric acid rapidly afforded III. It should be noted
that the addition reaction giving IV is highly regio-
selective as far as the product is concerned.

An alternative path giving III from I and II may
be the one shown in Scheme 2, in which a zwitterionic
intermediate (V) would expel the neutral ethylene
molecule as the leaving group. This mechanism
could also explain the regioselectivity of the reaction.

However, this scheme cannot be compatible with
the spectral data mentioned above, and the fact that
the reaction Ib with IIb gave a similar product IIIc
cannot be adequately explained by this scheme (In
this case a neutral molecule as a good leaving group
cannot exist).

More recently, Arbuzov el al. reported? that the
reaction between  N-(2,2,2-trichloroethylidene)acet-
amide (VI) and 2,3-dimethylbutadiene (VII) gave
an oxazine derivative (VIII) together with the normal
Diels-Alder adduct (IX). The oxazine derivative
(VIII) and its crystalline salt, on reaction with strong
acids, were obtained in pure form (Scheme 3).

We expected similar oxazine derivatives to be isolable

Based on these facts, we can safely conclude that
the mechanism depicted in Scheme 1 is highly plausible.

In summary, a Diels-Alder type reaction with inverse
electron demand between anhydrochloralurethane and
ketene acetal takes place, giving novel carbamate
derivatives. This reaction might emerge as a powerful
synthetic route to a-amino acids. The investigation
aiming at this point is currently under way in this
laboratory.

Experimental

All the temperatures are uncorrected. The IR spectra
were obtained on a Shimadzu IR-27 spectrometer. The
mass spectra were taken by Hitachi RMS-4 Mass Spec-
trometer. The NMR spectra were obtained on a Varian
EM-360 spectrometer, TMS being chosen as the internal
standard.

Reaction of N-(2,2,2- Trichloroethylidene ) ethoxycarbonylamine (Ia)
with Ketene Diethyl Acetal (Ila). Refluxing a benzene
(26 ml) solution of CCI;CH=NCO,C,H; (Ia) (260 mg,
1.19 mmol) and ketene diethyl acetal (360 mg, 3.10 mmol)
for 15h gave a yellow oily mixture after evaporation of
benzene and ketene dicthyl acetal. After hydrolysis with
dil hydrochloric acid, this mixture was distilled under vacuum
to afford a quantitative yield (365 mg, 1.19 mmol) of IIla,
bp 100—104 °C/0.15 mmHg. IR (CCl,): 3320, 1740 (broad)
cm~t. MS: mfe 260 (119, M*-OC,H;), 262 (11), 264
(3), 188 (100, M+-CCl,), 142 (33), 116 (41), 70 (36), 59
(81), 56 (37). NMR (CCl,): ¢ 1.28 ppm (t, 6H, -OCOCH,-
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CH,), 2.68 [dd, 1H, jJ=15.2, 3.6 Hz, —~CH,CH(CCl,)-],
3.18 [dd, IH, J=15.2, 9.0 Hz, -CH,CH(CCl,)-], 4.16 (q,
4H, -OCOCH,CH,-), 4.91 (m, |H, -CHCCl,-), 5.48 (d, 1H,
J=10.0 Hz, NH). Found: G, 34.82; H, 4.74; N, 4.60%.
Calcd for C,H,,CI,NO,: C, 35.26; H, 4.60; N, 4.57%,.

Reaction of Ib with Ila. Refluxing a benzene (32 ml)
solution of Ib (320 mg, 1.56 mmol) and an excess of Ila for
15h gave an oily mixture. After being left at room tem-
perature for several days, the reaction mixture turned into
a white solid of IIIb (458 mg) quantitatively, mp 71.5—
73.5°C after recrystallization from hexane. IR (Nujol):
3300, 1750, 1710 cm~t. MS: mfe 260 (3%, M+-OCH,),
262 (3), 264 (1), 246 (11, M+-OC,H;), 248 (11), 250 (3),
174 (100, M+-CCl,), 132 (30), 128 (52). NMR (CCl,):
0 1.27 ppm (t, 3H, -OCH,CH,), 2.69 (dd, 1H, -CH,CH-
(CCly)-], 3.07 [dd, 1H, -CH,CH(CCl)-], 3.71 (s, 3H,
~OCOCH,), 4.18 (q, 2H, -OCOCH,CH,), 4.92 (m, 1H,
-CHCCly-), 5.50 (d, 1H, NH). Found: G, 32.74; H,
4.18; N, 4.809%. Calcd for CgH,,Cl,NO,: C, 32.85; H.
4.13; N, 4.79%,.

IIIc was similarly obtained from Ib and IIb (15 h; 1009%,),
mp 96—99 °C (hexane). IR (Nujol): 3350, 1760, 1730 cm—1.
MS: mfe 246 (8%, M*-OCH,), 248 (7.5), 250 (2), 160
(100, M+-CCly), 138 (80). NMR (CCl,): ¢ 2.69 ppm
[dd, 1H, -CH,CH(CCl;)-], 3.08 [dd, 1H, -CH,CH(CCl,)-],
3.70 (s, 6H, ~-OCOCH;), 4.88 (m, 1H, -CHCCl;-), 5.50 (d,
1H, NH). Found: G, 30.24; H, 3.64; N, 5.04%,. Calcd
for G;H,(CI;NO,: C, 30.19; H, 3.62; N, 5.03%.

Reaction of N-(2,2,2-Trichloroethylidene)acetamide (VI) with
Ketene Acetals (11). In a manner similar to the above,
Xa was obtained from VI and IIa (15h at 80 °C, 1009%,),
mp 61.5—63.0 °C  (hexane). IR (Nujol): 3300, 1740,
1680 cm~t. MS: mfe 230 (9%, M*T-OGC,H;), 232 (9),
(9), 234 (3), 158 (44, M+-CCly), 116 (100). NMR (CCl,+
CDCl,): ¢ 1.27 ppm (t, 3H, -OCH,CHj;), 2.08 (s, 3H,
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~COCH,), 2.72 [dd, !H, -CH,CH(CCl,)-], 3.13 [dd, 1H,
—-CH,CH(CCl,)-1, 4.17 (q, 2H, -OCH,CH,), 5.32 (m, 1H,
—-CHCCl,~), 6.43 (d, 1H, NH). Found: C, 34.49; H,
4.44; N, 5.28%,. Calcd for CH,,Cl,NO,: C, 34.75; H,
4.37; N, 5.069%,.

Similarly, Xb was obtained from VI and IIb (15h at
80 °C, 100%), mp 132.0—132.5 °C from hexane and ben-
zene (1:1). IR (Nujol): 3300, 1760, 1680 cm~t. MS:
mfe 230 (4%, M+-OCH,), 232 (4), 234 (1), 144 (33, M+
-CClL), 102 (100). NMR (CCL+CDCl): ¢ 2.09 ppm
(s, 3H, -COCH,), 2.73 [dd, 1H, -CH,CH(CCl;)-], 3.10 [dd,
1H, -CH,CH(CCl,)-], 3.73 (s, 3H, ~-OCOCHj;), 5.27 (m,
1H, -CHCCl,-), 6.27 (d, 1H, NH). Found: C, 32.13;
H, 3.85; N, 5.369%,. GCalced for C,H,,Cl3NO;: C, 32.03;
H, 3.84; N, 5.349%.
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