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A number of secondary enamines and cyclic enol ethers (2-methylenetetrahydrofuran
derivatives) were synthesized by the reaction of O-methylbutyrolactim and 2,2-dieth-
oxytetrahydrofuran, respectively, with compounds that have an active methylene link.
The absence of reversible cis-trans isomerization was established in a study of the
PMR spectra of these compounds. The configuration of the secondary enamines is de-
termined by the possibility of the formation of a strong intramolecular hydrogen
bond between the carbonyl-containing substituent and the NH group. 1In the case of
the cyclic enol ethers it was shown that the energy barrier to cis-—trans isomeriza-
tion is greater than 25 kcal/mole and that, as a consequence of this, the geometri-
cal isomers can be separated preparatively.

It has been previously shown by means of PMR spectroscopy that reversible cis-trans isom
erization is characteristic for derivatives of cyclic enamines, viz., l-methyl-2-methylene-
pyrrolidines (I). The free energy of activation (AG7) ranges from 9.4 to 19.7 kcal/mole,
depending on the nature of substituents R and R'; this was explained primarily by stabiliza-
tion of the dipolar transition state of isomerization at the C~C bond [1, 27].
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The aim of the present research was to study the cis-trans isomerization of secondary

enamines II and enol ethers III and to compare the results with data for tertiary enamines I.

Pyrrolidine and tetrahydrofuran derivatives II and III were synthesized by the reaction

of O-methylbutyrolactim (IV) and butyrolactone diethylacetal (V) with the appropriate com-
pounds with an active methylene link:
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1, Il @ R=CN, R’=COOCHs; b R=CN, R'=CONHy ¢ R=COCH,; R’=COOC,t;
d R=CN, R'=COOCH;; e R=R'=CN; f R=R'=COCHy g R=R’=COOCHsh
R=R’=COOC,Hs

It should be noted that, in contrast to N-methylpyrrolidone diethylacetal [3], lactone
acetal V undergoes condensation under relatively severe conditions and only with sufficiently

strong CH acids. Thus we were unable to carry out the reaction of acetal V with acetophenone
and phenylacetic ester.
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TABLE 1. PMR Spectra of Secondary Enamines II
[
Com- . ppmt
pound -
3-H 4-H 5-H NH COOCH, | COCH; |G,H; or NH, solvent
Ila 2,96 2;15 3,74 8,98 _ — 1,30 (CHj), CDCl,
421 (CHy)
b | 285 | 203 3,67 9,75 — — | 650 (NHy) d;~-DMF
1lc 3,15 2,02 3,64 11,68 — 2,40 1,32 (CHs), CDCl;
491 (CH,) _
11d 2,96 2,15 3,73 8,92 3,74 _— — CDCl;
Ile 2,93 2,19 3,69 7,52 —_ — —_ CDCl3
2081 | 214 | 372 | 950 | — — — dy-DMF
1t 3,08 2,06 3,68 | 11,45 — 2,38 — CDCl;
ifg 3,13 2,04 3,64 9,50 3,72 — — CDCl;
3,75
TABLE 2. PMR Spectra of Enol Ethers III
8, ppm Equilib~
Com- rium Solvent
ound n
p 3H | 4-H | 5H [COOCH)COCH; Colls NH, OZCOHCHH
i}
1,32 CH
[ila 2 _ b 3 .
3,32 27 | 4,60 ?'g? 852 87 CDCl;
i J— 3 3 .
3,14 | 2923 | 471 %4 CH. 13
b hes cHs | 4. DM
3,27 | 2,18 | 4,60 418 CH, 100 5, DMSO
Mib | 313 | 226 | 473 | — | — — 7,08 60
7,27
3,29 | 2,20 | 453 7,08 40 d;-DMF
N 6,88
) 1,31 .
flfe | 3,14 438 + — 1233 {15 CHs 50
2,11 4’18 —_ CDCl;
3,10 4,39 221 [yge CHe 50
3,06 439 | — | 225 P20 cu, 50
2,05 4)11 —_ d;, DMSO
3,01 4,35 2,13 4’18 CHa 50
111d 3,33 | 2,28 | 461 | 3,78 — — —_ 90
318 | 298 | 477 | 382 — 10 CDCls
3,26 | 2,17 | 4,59 | 3,71 — — — 100 d,-DMSO
1le 3,14 | 2,34 | 4,75 —_— — — — - CDCls
315 [ 2,23 | 473 | — — — — — dg-DMSO
mE | 314 {213 | 445 | — |243 — — -— CDClg
2,24
3,02 | 2,06 | 4,44 —_ 2,35 — —_ — d,~-DMSO
2,12
Iig | 318|215 442|372 | — — — — CDCl;
3,78
3,08 | 2,07 | 4,36 | 3,65 — — — — d.~-DMSO
3,62
Imh | 288 | 1,84 | 410 | — — (096 cy — — CDCls
1,00 3
1% o




Data from the PMR spectra of II and III are presented in Tables 1 and 2. One set of sig
nals was present in the PMR spectra of secondary enamines IT. Neither prolonged heating of
the solutions (at 70°C for 10 h) nor varying the solvent led to the appearance of signals of
the second isomeric form. The configuration of the isomer was determined on the basis of a
comparison of the data from the PMR spectrum of the unsymmetrically substituted compound with
the corresponding data for symmetrical derivatives. Thus the chemical shifts of the 3-H pro-
tons in the dicyano and dicarbomethoxy derivatives (ITe, g) and in enamine IId are, respec~
tively, 2.93, 3.13, and 2.96 ppm, which made it possible to unambiguously assign to IId a
structure in which the ester group approaches the ring NH group. A similar configuration was
assigned to IIla.

In the case of IIb,c the type of configuration of the isomer was established on the ba-
sis of a comparison of the chemical shift of the proton of the NH group. Recording the spec-
tra at —60 to +60°C showed that the § value remains virtually unchanged, which constitutes
evidence for the presence of a strong Intramolecular hydrogen bond in the molecule. A com-
parison of the Syy value for Ilc with the Oyp values for symmetrically substituted enamines
I1f,g made it possible to establish that an intramolecular hydrogen bond is realized in ena-
mine IIc through the keto carbonyl group rather than through the ester carbonyl group.

[lg/l§7/CN N C00C,Hs [;N:l§§/C0CH3 [;w;l;h/coocus
]
“ ~cH “ofJ\ocng

1
H H
COOCH, L.o7 cn, L
id 11,68 ppIn 11,45 PP 9,50 ppm
Tic if g

The configuration of IIb was similarly established from the presence of an intramolecu-
lar hydrogen bond in the molecule,

The presence of a chelate hydrogen bond in secondary enamines I1la-d explains the great
energic favorability of this isomer and the complete absence of the second possible isomeric
form.

In an investigation of the PMR spectra of enol ethers III it was found that either two
isomers are present in the sample immediately (IIIc) or that a freshly prepared solution in-
itially contains one isomeric form, and the second form develops in it after prolonged heat-
ing (at 70°C for 10 h) (IIIa,b,d).

Data on the equilibrium concentrations of the isomers were obtained for IITa-d (Table
2). An examination of these values makes it possible to conclude that the principal factor
that determines the composition of the isomeric mixture is the steric factor, and the isomer
in which the bulkier group is remote from the methylene group in the 3 position of the ring
is therefore more favorable. Thus, for example, the isomeric form in which the ester group
is cis-oriented relative to the ring oxygen atom predominates for I1IIa,d (90% IIIa and 87%
ITId). When the volumes of substituents R and R' are equal, the percentage of the second
isomeric form increases; this also occurs for enol ethers II1b,c.

Broadening of the signals of the isomers was not observed in the PMR spectra of the enol
ethers recorded at high temperatures (up to 180°C in de¢-DMSO); this constituted evidence for
a high activation barrier to cis-trans isomerization of the investigated compounds (AG# > 25
kcal/mole). This made it possible to assume that separation of the mixture of isomers into
individual components could be realized in this case. In fact, we were able to accomplish
this for IIlc, which is a mixture of geometrical isomers (1:1), by means of preparative
chromatography on Silufol UV-254 plates (elution with ethyl acetate).

The higher barrier to isomerization of 2-methylenetetrahydrofuran TIT as compared with
tertiary enamines I is evidently due to the considerably greater energy of the ground state
and, chiefly, transition state A* (see [1,2] for the large role of the transition state in
such cases) because of the lower degree of favorability of localization of the positive
charge on the oxygen atom than on the nitrogen atom (B).

*In transition states A and B the anionic center and the vacant orbital are situated in mu-
tually perpendicular planes.
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TABLE 3. Characteristics of ITe,g and IIId-h

- Found, ]
com- b, G (mm) % Empirical | C21¢ P Yield,
poun c u N formula c a N T

Ile* 63,1 5,1 31,7 C7H7N3 ) 63’2 573 31,6 92
Ig 155—156 (2) | 54,6 | 7.1 67 | CeHuNO, [543 | 65 | 70 | 72
Iid 186—187 (3) | 57,6 { 5,5. 8.1 CgHgNO3 575 | 54 8,4 63
1ile 166—167 (2) | 62,8 | 49 | 207 C/HgN.O {627 | 45 | 209 | 83
if 123—124 (2) | 64,1 7.1 — CoH,205 643 | 71 o 67
11 141142 (2) | 540 | 60 | — | CioHwOs |[540 | 60 | — | 54
i1 162163 (3) 1580 | 7.1 | — Culie0s 1579 | 70 | = |

*This compound had mp 167-168°C.

EXPERIMENTAL

The PMR spectra were recorded with an XL-100 A spectrometer with tetramethylsilane as
the internal standard.

Compounds ITla-c,f and IIla,b were synthesized by known methods [4-6].

2— (Methoxycarbonylcyanomethylene)pyrrolidine (IId). A 1.98-g (20 wmmole) sample of O-
methylbutyrolactim (IV) was added to 1.98 g (20 mmole) of methyl cyanoacetate. After spon-
taneous heating was complete, the reaction mixture was allowed to stand for 1 h. The precip-
itate was removed by filtration, washed with ether, and dried to give 3 g (90%) of TId with
mp 130-132°C (from alcohol). TFound: C 57.7; H 6.21; N 16.8%. CgH;oN20,. Calculated: C 57.8;
H 6.0; N 16.9%.

Compounds Ile,g were similarly synthesized (see Table 3).

Yo

2~(Acetylethoxycarbonylmethylene) tetrahydrofuran (IIIc). A mixture of 2.6 g (20 mmole)
of ethylacetoacetate and 3.2 g (20 mmole) of butyrolactone diethylacetal (V) was refluxed for
5 h with removal of the liberated alcohol by distillation. The reaction mixture was then dis-
tilled to give 3 g (76%) of IIIlc with bp 160-161°C (5 mm). Found: C 60.7; H 7.4%Z. CioH1.04.
Calculated: C 60.6; H 7.17.

Compounds IIId~g were similarly obtained (see Table 3).
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