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Anal. Calcd. for C, H,,05: C, 73.20; H, 12.87. Found: C, 72.90; H, 12.52
The spectral patterns (IR, IH NMR and MS) of 2b, 2¢ and 2d are similar to that of 2a.
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N-(DIPHENYLMETHYLENE)—0.,8-DIDEHYDROAMINO ACID ESTERS.
THERMAL AND LEWIS ACID INDUCED DIMERIZATIONS
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N-Protected o,B-didehydroamino acid esters are useful synthons in the synthesis of o-
amino acids.! N-(Arylidene)-a.,B-didehydroalaninates have been used as Michael acceptors
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for the preparation of either alkyl or phenyl B-substituted alaninates;? a similar procedure
using advantageously the alkyl N-(diphenylmethylene)-a,B-didehydroalaninates 1a,b has
been reported.? The didehydro-a-imino acids 1a-d contain a 2-aza-1,3-diene system, which is
known to give readily electrocyclic reactions yielding pyridine derivatives.* Actually, in the
course of the cited synthetic studies,>3 [4+2] cyclodimerizations of the imino acid synthons
were observed and the derived tetrahydropyridines have been isolated on occasion. These
cyclodimerizations were considered as troublesome side-reactions, since they might limit the
synthetic use of didehydroamino acids. In fact, the methyl N-(arylidene)didehydroalaninates
have been reported to dimerize even at very low temperatures;2 besides, the
tetrahydropyridine derivative 3a had already been isolated as a by-product from the synthesis
of 1a (<5%). Thus, we decided to investigate these cyclodimerizations further both in order to
use more properly la-d in the synthesis of amino acids and to explore the synthetic potential
of these reactions. The results of our work are summarized as follows.

I - Ph__Ph 1
CHR, n a 2 |
2
145°C 2.5h
ROL™ “N={ ——> CO, R,
Ph Ph
L d
2
AICl; / CH,Cl,
r.t. , 6h ”
Ph_ Ph Ph__Ph
R,
R \IT AlCL/CHClL, g j,l/
Ry N _rt, 10 min 2 CO.R
< 2y
O, R Ph
R1OZC N 27 R1O2C 'l\l Ph
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4a,b 3a,b
a) Ri=CHs; Ra=H ¢) Ry=CHs; Ry=CH3 (Eand Z)
b) Ri=CoHs; Ra=H d) R;=CH3; Ry =Cg¢Hs(E and Z)

The thermal cyclization of 1a,b at 145° and the subsequent prototropic equilibria gave
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the 2,2-diphenyl-3-(N-diphenylmethylenamino)-1,2,3,4-tetrahydropyridine-3,6-
dicarboxylates 3a,b in good yields. Below 110°, the rate of the reactions was very slow. At
145°, (Z)-1¢ and (Z)-1d did not give any detectable amount of the cycloadducts and the (E)-
1c and (E)-1d rapidly isomerized to the Z isomers.> Using AICl,, a typical catalyst of the
Diels-Alder reaction, we surprisingly obtained from 1a,b the acylic dimers, dialkyl 2,5-di-(N-
diphenylmethylenamino)-2-hexen-1,6-dicarboxylates (4a and4b). Compound 4a was also
isolated as a by-product (18%) in the thermal dimerization of 1a. The course of the Lewis
acid catalyzed reaction of 1a,b to 4a,b may be rationalized by invoking the highly sterically
congested tetrahydropyridines 3a,b as intermediates. This hypothesis is supported by the very
rapid rearrangement of 3a,b to 4a,b when they were treated with AICl;. Accordingly, under
the same reaction conditions, (Z)-1c¢,d and (E)-1¢,d were unreactive. In conclusion, it has
been demonstrated that the cyclodimerization of 1a,b has some limited, albeit interesting,
applications in the synthesis of both tetrahydropyridines 3 and hexendioic amino acids 4. It
has also been shown that the cyclodimerizations of 1a,b can compete with other synthetic
procedures only at temperatures above 110° or in the presence of a Lewis acid. These results
have prompted the study of the [4+2]-cycloadditions of dienophiles to the 2-aza-1,3-diene
system of la-d, in the perspective defined by Ghosez and others.* Work is in progress to
assess the scope of these reactions in the synthesis of dihydro- and tetrahydropyridines.®

EXPERIMENTAL SECTION

xylate (32).- Methyl N-(diphenylmethylene)-o,B-didehydroalaninate (1a)® (2.65 g, 10 mmol)
was heated without any solvent and in the normal atmosphere at 145° for 2.5 hrs in an open
pyrex glass tube. The resulting mixture was purified by flash-chromatography (silica gel;
cyclohexane-ethyl acetate 95:5) and crystallization, thus giving 2.06 g (78%) of 3a, mp. 210°
(ethyl acetate-hexane). IR (CDC;): 3360, 1720 cm™; 'H NMR (200 MHz, CDCl,): 8 2.1-2.46
(Part of ABX system, 2 H, CH,, J,g = 12.06 Hz; ], = 3.33 Hz); 3.38 (s, 3H, OCHj); 3.49 (s,
1H, NH); 3.59 (s, 3H, OCH,); 4.62 (t, 1H, vinyl H, J , = 3.33 Hz); 6.96-7.90 (m, 20ArH).

Anal. Calcd for C34H30N204 C,76.96; H, 5.70; N, 5.28. Found: C, 76.74; H, 5.76; N, 5.19

xylate (3b).- Following the procedure described for 3a, from 2.79 g (10 mmol) of ethyl N-
(diphenylmethylene)-o,B-didehydroalaninate (1b),? 1.80 g (65%) of 3b was obtained, mp.
147-149° (CH,Cl,-hexane). Spectroscopic data (IR, NMR) and melting point are identical to
those of a sample obtained according to ref. 3.

Dimethyl 2,5-di-(N-Diphenylmethylenamino)-2-hexen-1,6-dicarboxylate (4a). From la.- A

solution of 1a (0.27 g, 1 mmol) in dry CH,Cl, (10 mL) was stirred for 6 hrs at r.t. in presence
of an equimolecular amount of AICl,, with the exclusion of moisture. The mixture was then
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poured into an ice-cold NaHCO; sat. solution (10 mL); the suspension of aluminum
hydroxide was filtered on Celite, the organic layer was separated, washed with H,O0, dried
over anhydrous Na,SO, and evaporated. 4a was obtained by flash chromatography (silica gel;
cyclohexane-ethyl acetate 95:5) and crystallization (0.15 g, 57%).
EFrom 3a.- A solution of 3a (0.53 g, 1 mmol) in dry CH,Cl, (10 mL) was stirred for 10 min.
with AICl; (1 mmol). Work-up as in the procedure from la gave 0.45 g (85%) of 4a, mp.
128-129° (ethyl acetate-hexane). IR (nujol): 1740; 1720; 1635; 1615 cm’l. 'H NMR (200
MHz, CDCly): 8 2.75 and 4.20 (2m, ABX system, 3H, =N-CH-CH,); 3.55 (s, 3H, OCH,);
3.70 (s, 3H, OCHy,); 5.92 (t, 1H, vinyl H); 7.00-7.80 (m, 20ArH).
Anal. Calcd for C3,H,oN,0O,: C, 76.96; H, 5.70; N, 5.28. Found: C, 76.80; H, 5.81; N, 5.21

i 12.5-di-(N-diphenyl ino)-2-hexen-1.6-di late (4b) From 1b.- As in
the procedure from la, 0.28 g of 1b (1 mmol) afforded 0.20 g (72%) of 4b.
From 3b.- As in the procedure from 3a, but in presence of 2 mmol of AICl,, 0.56 g of 3b (1
mmol) afforded 0.53 g (96%) of 4b, mp. 141° (ether-hexane). IR (nujol): 1735; 1710; 1640;
1615 cm’l. 'H NMR (200 MHz, DMSO-dg): 6 1.22 (t, 3H, CH,-CH,), 1.23 (t, 3H, CH,-CH,);
2.65-2.72 (m, 2H, CH,); 4.02 (q, 2H, CH,-CH,); 4.09 (q, 2H, CH,-CH,); 4.22 (m, 1H, H-5);
5.93 (t, 1H, vinyl H); 7.11-7.42 (m, 20ArH).
Anal. Caled for C;H,N,0,: C, 77.40; H, 6.13; N, 5.01. Found: C, 77.22; H, 6.31; N, 4.89
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6. In preliminary cycloaddition experiments (toluene, reflux, 8 hrs), 1a and dimethyl
acetylenedicarboxylate reacted to give the expected trimethyl 2,2-diphenyl-1,2-
dihydropyridine-3,4,6-tricarboxylate in about 50% yield, mp. 214-215° (toluene). This
structure was confirmed by spectroscopic (IR, NMR) and microanalysis data.
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