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The reaction 5-benzylidene-2,3,4,5-tetrahydropyridine (1) with nucleophilic reagents, such as sodium
tetrahydroborate, lithium tetrahydridoaluminate, organometallic reagents, pyrrole, or ethyl propiolate, has
been studied. The reaction of 1 with sodium tetrahydroborate, lithium tetrahydridoaluminate, phenylmag-
nesium bromide, butyllithium gave exclusively respective 1,2-adducts. The reaction with pyrrole gave a tri-
cyclic 1:1 adduct while 1 formed a 1:2 adduct with ethyl propiolate.

As an extension of our recent work directed toward
the synthesis of 5-benzylidene-2,3,4,5-tetrahydropyri-
dine (1)? which is featured with the @, B-unsaturated
imine moiety fixed in s-trans conformation, we have
investigated its reactivity toward nucleophiles. Two
reaction modes are a priori expected: 1,2-addition of a
nucleophile (Nu~) to the C=N bond would provide a
2-substituted 3-benzylidenepiperidine (2), whereas con-
jugate addition (1,4-addition) of a nucleophile would
afford 5-(a-substituted benzyl)-2,3,4,5-tetrahydro-
pyridie (3) (Scheme 1). Compounds having the general
structure 2 have recently attracted considerable atten-
tion in view of their potential clinical application as
antihistamine and anticholine drugs.? On the other
hand, the cyclic imine 3 may serve as a useful precursor
to a variety of piperidine alkaloids and other natural
alkaloids.? Herein we wish to report the results of such
reactions of 1 with several nucleophiles which have
been carried out in an attempt to synthesize these
compounds (2 and 3).

Results and Discussion
Hydride Reduction of 1. Reduction of the C=N

bond of 1 with a hydride reagent (1,2-addition) would
produce 3-benzylidenepiperidine (2a, Nu=H), to which

14—

addition

access has thus far been difficult using the conventional
synthesis methodology.? On the other hand, 1,4-
reduction would ultimately afford 3-benzylpiperidine
(4) via partially reduced 5-benzyl-2,3,4,5-tetrahydro-
pyridine (3a, Nu=H). It is generally accepted that in
the reduction of a,B-unsaturated ketones 1,4-reduction
tends to be more preferred with sodium tetrahydro-
borate than with lithium tetrahydridoaluminate.¥ In
practice, however, the reduction of 1 with eitherreagent
gave exclusively desired 2a in 90% (NaBH4, methanol,
r.t.) or 85% (LiA1Hjs, ether, 0 C). Structural identifi-
cation of 2a was based on spectral data (MS, IR, and 'H
and 3C NMR). A molecular ion peak at m/z 173 in the
mass spectrum was consistent with the molecular
formula (Ci12H1sN). TH NMR spectrum showed a chara-
cteristic singlet at 8 6.27 due to the benzylidene proton
and one exchangeable proton at §2.13 (NH) in addi-
tion to eight methylene and five aromatic protons. The
IR spectrum indicated a medium band at 1650 cm~ due
to the C=C bond conjugated with the phenyl group. In
line with these data, its 3C NMR spectrum exhibited
ten peaks, six of which showed up in the sp2-C region
(6 123.03—139.72), suggesting the presence of one C=C
bond besides the aromatic ring.

Such a selective 1,2-hydride reduction of 1 is surpris-
ing for two reasons; (a) as described earlier, sodium
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tetrahydroborate reduction of a,B-unsaturated ketones
or aldehydes normally gives a mixture of 1,2- and 1,4-
reduction products with the latter being predominant.?
(b) lithium tetrahydridoaluminate reduction of 3-
phenyl-2-propenal shows a discrete tendency depend-
ing on the reaction temperature; 3-phenyl-2-propen-1-
ol is produced at —10°C as a result of preferential
1,2-reduction,® whereas at 25°C in diethyl ether 3-
phenyl-1-propanol is obtained exclusively.® It should
be noted here that in the case of 1 possessing an a,f-
unsaturated imine structure with a phenyl group at the
B-carbon, the reduction with lithium tetrahydrido-
aluminate at higher temperature (tetrahydrofuran,
reflux, 0.5h) resulted in the same product 2a (79%
yield); neither 3a nor 4 was detected.

Reaction with Organometallic Compounds. The
less reactive trend of the benzylidene C=C bond of 1
toward nucleophiles in comparison with e,8-
unsaturate aldehyde was exposed more clearly by the
reaction with organometallic compounds. Thus the
reaction of 1 with excess phenylmagnesium bromide
in diethyl ether at room temperature provided 3-
benzylidene-2-phenylpiperidine (2b, Nu=Ph) exclu-
sively in 56% yield. The structure of the product 2b was
confirmed by combustion analysis and spectral data
(MS, IR, 'H and 13C NMR). The molecular formula
(Cis8H19N) was established by elemental analysis (C,
H, and N) and mass spectral molecular weight, m/z 249
(M*). The assigned structure was compatible with the
IH NMR spectrum which revealed characteristic signals
at 6 1.93 (brs, 1H, NH, exchangeable with D20) and é
5.90 (br s, 1 H, benzylidene proton) in addition to
aromatic and alicyclic protons.

An analogous reaction mode was observed in the
reaction of 1 with n-butyllithium at —78°C in THF
which resulted in the formation of 3-benzylidene-2-
butylpiperidine (2c; Nu=n-Bu) in 95% vyield. The
structure of 2c was characterized by the spectral data
(MS, IR, 'H and BCNMR). The 13C NMR showed
eight aliphatic carbons (8 14.14—61.33) and six sp2-
carbons (6 122.00—137.82); the peak due to the C=N
bond was not detected, suggesting that the 1,2-ad-
duct was the sole product. In agreement with this
conclusion, the 'H NMR indicated one benzylidene
proton (8 6.27). but no peak around 8 8 due to azome-
thine proton was detected.

It is noteworthy that both phenylmagnesium bro-
mide and phenyllithium react with a,B-unsaturated
imines, which can assume an s-cis conformation, to
provide 1,4-adducts exclusively.”? The above reaction
therefore suggests an important synthetic approach for
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introduction of various alkyl or aryl substituent at C2
of the piperidine bearing exocyclic double bond at C3.
Hence the present two-step sequence for preparation
of such compounds (2b, 2c) starting from 2,3,4,5-tetra-
hydropyridine!:® is much simpler and more economi-
cal than the previous methods.9-19

In order to prepare compounds of type 3, we exami-
ned the reaction of organocuprates (I) (Li[R2Cu],
R=alkyl or aryl). However, desired 1,4-adducts could
not be obtained under various conditions; only the
starting material was recovered unchanged.

Reaction with Other Nucleophiles. The pro-
nounced tendency of 1,2-addition of the above anionic
nucleophiles could be reversed by the use of nonanionic
nucleohiles, such as pyrrole. The reaction of 1 with
excess pyrrole at 130 °C for 14 h gave 5-phenyl-1,3,4,4a,
5,9a-hexahydro-2H-pyrrolo[1°,2’:1,5]pyrrolo[2,3-b]pyri-
dine(6) in 32% yield. Structural assignment was
based on analytical and spectral data (MS, IR, 'H
and BC NMR). The presence of the fused pyrrole ring
was evident by IR (1490 cm™!, pyrrole ring skeletal
vibration) as well as by 13C NMR spectrum (four sp?-
carbons at & 101.51(d), 111,85(d), 111.85(d)t and
142.32(s)). In its tH NMR spectrum, the three olefin
protons absorbed at 6 5.83(d, J=3 Hz), 6.27(t, J=3 Hz)
and 6.70(d, J=3 Hz) and two protons at & 5.10(d,
J=6 Hz) and 4.01(d, J=6 Hz) were assigned to the ben-
zylic proton and the methine proton adjacent to the two
nitrogen atoms, respectively. These NMR data were
consistent with the tricyclic structrue 6. This was also
supported by analytical and mass spectral data.

Structure 6 suggested possible intervention of inter-
mediate 5, which may have been formed by 1,4-addition
of pyrrole to the conjugated imine system of 1 (scheme
2). The reaction may be regarded as an electrophilic
substitution of 1 with pyrrole which usually undergo
such reactions preferentially at C2. This reaction there-
fore presents striking contrast to the previously men-
tioned examples of 1,2-addition of charged nucleophiles.
It is very interesting that such a complex heterocyclic
system can be constructed in one step by this reaction.

The other uncleophile examined was ethyl propio-
late which is usually regarded as an electrophile
because of its electron deficient triple bond. However,
its conjugate base often functions as a nucleophile.1?

Thus the reaction of 1 with ethyl propiolate (r.t., 13h,
73%; reflux, 0.5 h, 68%) afforded 9. The structural eluci-
dation of ethyl 4-[1-(2-ethoxycarbonylvinyl)-1,4,5,6-
tetrahydro-3-pyridyl]-4-phenyl-2-butynoate (9) was
based on spectroscopic data (MS, IR, 'H and !3C NMR).
The mass spectral molecular ion peak (M*+=367) as well

Scheme 2.

T Two signals are degenerated at the decoupling condition (see Experimental).
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as 13C NMR spectrum (a total of 20 peaks) established
the molecular formula (C2eH2s04N). The presence of a
trans C=C bond was suggested by 13C NMR (6 88.58 (d)
and 150.33 (d)) and 'H NMR (6 4.85 (d, /=12 Hz) and
7.42 (d, J=12 Hz)).12 The proton absorption at § 4.85
disappeared upon addition of D20 in agreement with
the general behavior of the B-proton of an enamine
system.!® The other double bond was identified as a
part of the endocyclic enamine segment on the basis of
IBCNMR (6 127.42 or 127.96 (d) and 133.54 (s)) and
IH NMR (6 4.76(s)). The triple bond was evident by
BCNMR (6 77.47 (s) and 82.67 (s)) as well as by IR
(2220 cm™1!).

The formation of 9 could be most simply rationa-
lized by initial attack of one molecule of ethyl propio-
late at the nitrogen of 1 to form the zwitter ion 7 and
subsequent 1,6-addition of a second molecule of the
acetylenic ester via the nitrilium ion intermediate 8.12
A similar reaction has previously been observed be-
tween pyridine and metyl propiolate to afford the 1,2-
dihydropyridine 10.19

@25 C-COMe

i SSCHCO Me
10

In summary, although our intention to synthesize
both 2and 3 could not entirely be satisfied in the present
investigation, compounds 2 are potentially useful as
anticholine or antihistamine drugs and the unantici-
pated formation of compounds 6 and 9 is intriguing
not only because of the initial mechanism (1,4-
addition) of their formation, but also because of their
unique structural feature which is otherwise only
difficultly accessible.

Experimental

All reactions were performed under dry inert conditions.
Solvents used were purified by distillation over appropriate
drying agent under dry nitrogen atmosphere. Mass spectra
were measured on a Hitachi-Perkin Elmer RMU-6D spec-
trometer. Infrared spectra were recorded on a JASCO DS-
403G spectrometer. 'H NMR spectra were obtained with a
JEOL MH-100 spectrometer. 3C NMR spectra were recorded
on a JEOL FX-90Q spectrometer operated at22.5 MHz. Typi-
cal acquisition parameters were spectral width 5000 Hz, flip
angle 30° and pulse delay 2s with 8192 data points. The
13C NMR spectral data of the products (2a, 2b, 2c, 6, and 9)
were collected in Table 1 and assignments were rationalized at
the end of this section. All chemical shifts were reported in é
relative to internal tetramethylsilane.

5-Benzylidene-2,3,4,5-tetrahydropyridine (1).? A mix-
ture of 2,3,4,5-tetrahydropyridine trimer (a-isomer) (32.5 g,
0.131 mol) and benzaldehyde (45.6 g, 0.430 mol) in absolute
methanol (500 ml) was heated under reflux for 4h. After
removal of the solvent in vacuo, the residue was fractionally
distilled to afford 28.0g(42%) of 5-benzilidene-2,3,4,5-
tetrahydropyridine (1): bp 108—110 °C (0.25 mmHg)

Reaction of 1 with Sodium Tetrahydroborate. Sodium
tetrahydroborate (509 mg, 13.5 mmol) dissolved in methanol
(20 ml) was added dropwise with stirring to a solution of 1
(1.085 g, 6.35 mmol) in methanol (30 ml) atambient tempera-
ture. After additional 2 h stirring, concentrated hydrochloric
acid (10 ml) was added to the reaction mixture. After removal
of the solvent, water (15 ml) was added to the residue. The
resultant solution, saturated with potassium carbonate, was
extracted with diethyl ether. After drying the extract over
anhydrous sodium sulfate and subsequent removal of ether in
vacuo, 3-benzylidenepiperidine (2a) (984 mg, 90%) was
obtained as colorless oil. 'H NMR(CDClIs): 8 1.57(quintet,
J=6 Hz, 2H), 2.13(s, 1H), 2.50(t, J=6 Hz, 2H), 2.90(t, J=6 Hz,
2H), 3.37(s, 2H), 6.27(s, 1H), and 7.00—7.40(m, 5H); IR(neat):
745 and 700 cm~}; MS: M+=173.

Reaction of 1 with Lithium Tetrahydroaluminate. Ar A
solution of 1 (983 mg, 5.75 mmol) in absolute ether (10 ml)
was added dropwise with stirring to dry dietyl ether (15 ml)
suspended with lithium tetrahydridoaluminate (500 mg,
13.2 mmol) at 0°C. After additional 2 h stirring, ice-water
was added to the reaction mixture. The organic layer was
separated, dried with anhydrous sodium sulfate, and evapo-
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TaBLe 1. C-13 cHEMICAL sHIFTS (6) FOR 1, 2a—2¢, 6 AND 9%
1 2a 2b 2c 6 9
C6 163.64 C2 55.42 65.98 61.33 C9a 69.72 c2' 127.429)
C5 131.70 C3 139.72 142.48 142.37 C4a 50.66 C3'"  133.54
C4 21.63 C4 27.85 27.41 26.11 C4 23.16 C4" 24.11
C3 25.03 C5 29.04 28.98 28.98 C3 25.35 C5" 25.02
C2 49.70 C6 47.02 45.24 43.39 C2 41.39 ce' 45.94
Ca 136.11 Ca 123.03 124.93 122.00 C5 47.00 C4 56.99
cr 135.93 cl 137.44 137.71 137.82 cr 137.74 cr 135.71
c2' 129.43» c2' 128.832  128.88»  128.94» C2' 128.33® c2' 128.88v»
Cc3' 128.42v C3' 128.07»  127.96» 128.01» C3' 127.69» C3' 128.34D
(oY 128.00 C4' 126.23 126.23 126.12 (oFY 126.52 C4' 127.969
cl 141.34 31.48 Cbha 142.32 C3 82.67
c2" 127.96" 29.36 C6 111.85 C2 77.47
c3" 128.29®) 22.81 Cc7 101.51 Cl 153.04
C4'" 126.99 14.14 C8 111.85 Cux 62.19
Cp 13.98
C1' 150.33
c2'''  88.58
Cy 169.08
Co 59.21
Ce 14.57

a) Measured in CDCl, on a JEOL FX-90Q spectrometer operated at 22.5 Hz (See Experimental section for

acquisition conditions).

rated to afford 2a (843 mg, 85%).

B): A solution of 1 (529 mg, 3.09 mmol) in dry tetrahy-
drofuran (10 ml) was added to dry tetrahydrofuran (15 ml)
suspended with lithium tetrahydridoaluminate (494 mg,
13.0 mmol) under reflux. After continued reflux for 30 min,
ice-water was added to the reaction mixture. The organic
layer was separated, dried with anhydrous sodium sulfate,
and evaporated to leave 2a (421 mg, 79%).

Reaction of 1 with Phenylmagnesium Bromide. A solu-
tion of bromobenzene (2.5 ml, 23.9 mmol) in absolute dietyl
ether (14 ml) was added under nitrogen atmosphere to magne-
sium powder (600 mg, 24.7 mmol) to form phenylmagnesium
bromide. Subsequently, a solution of 1 (1.070 g, 6.26 mmol)
dissolved in absolute ether (6 ml) was added to the Grignard
reagent. The mixture was stirred for 14 h atambient tempera-
ture and then poured into ice-cold 10% hydrochloric acid.
The usual work-up followed by purification by silica-gel
column chromatography using diethyl ether/dichlorome-
thane (1:1) as an eluant afforded 3-benzylidene-2-phenylpip-
eridine (2b) (870 mg, 56%); mp 60.0—60.5°C (sublimed,
uncorrected); 1H NMR (CDCls) 8 1.67 (quintet, J=6 Hz, 2H),
1.93 (broad s, 1H), 2.17—3.00 (m, 4H), 4.43 (broad s, 1H), 5.90
(broad s, 1H) and 7.00—7.56 (m, 10H); IR (KBr) 754, and
692 cm™1; MS m/z 249 (M*); Found: C. 86.71; H, 7.47; N,
5.85%. Calcd for CisHsN: C, 86.70; H, 7.68; N, 5.62%.

Reaction of 1 with Butyllithium. Butyllithium dis-
solved in hexane (1.51 mol/1, 4 ml) was added under nitrogen
atmosphere to a cold (—78 °C) solution of 1 (500 mg, 2.92
mmol) in tetrahydrofuran (10 ml) and stirred for 45 min at
—78 °C. The reaction was quenched with 10 ml of water and
the resultant solution, saturated with potassium carbonate,
was extracted with ether. The extract was dried over an-
hydrous sodium sulfate and the ether removed in vacuo.
3-Benzylidene-2-butylpiperidine (2c) was obtained as colorless
oil. tTH NMR (CDCls) 6 0.93 (t, 3H), 1.01—2.00 (m, 8H), 2.20
(broad, 1H), 2.33—3.33 (m, 4H), 3.60 (t, 1H), 6.27 (broad
s, 1H) and 7.20 (m, 5H); IR (neat) 740 and 695 cm=1; MS m/z
229 (MH).

b, ¢) Assignments may be reversed.

Reaction of 1 with Pyrrole. 1 (989 mg, 5.78 mmol) was
dissolved in pyrrole (10 ml) and heated under reflux for 14 h.
After removal of excess pyrrole in vacuo, the residue was
purified by dry alumina column chromatography using hex-
ane-dichloromethane-diethyl ether (1:1:1) as an eluent to
afford 5-phenyl-1,3,4,4a,5,9a-hexahydro-2H-pyrrole[1’,2’:1,5]-
pyrrolo[2,3-b]pyridine (6) (442 mg, 32%); mp 82.5—83.0°C
(sublimed, uncorrected); 'H NMR (CDCls) 6 1.20—2.23
(m, 5H), 2.40—3.00 (m, 3H), 4.01 (d, /=6 Hz, 1H), 5.10 (d,
J=6Hz, 1H), 5.83 (d, J=3 Hz, 1H), 6.27 (t, J=3 Hz, 1H)
6.70 (d, J=3 Hz, 1H) and 7.00—7.57 (m, 5H); IR (KBr) 1490
(pyrrole ring), 748, 733, 720, 705 and 672 cm~!; MS m/z 238
(M*); Found (Calcd): C 80.63 (80.63), H 7.55 (7.61), N 11.91
(11.75).

Reaction of 1 with Ethyl Propiolate. A): A mixture of
ethyl propiolate (9.77 mmol) and 1 (500 mg, 2.92 mmol) dis-
solved in benzene (20 ml) was heated under reflux for 30 min
under nitrogen atmosphere. After removal of solvent in
vacuo, the residue was purified by dry silica-gel column chro-
matography using hexane-dichloromethane-diethyl ether
(2:1:1) as an eluant to afford ethyl 4-[1-(2-ethoxycarbonylvin-
yl)-1,4,5,6-tetrahydro-3-pyridyl]-4-phenyl-2-butynoate (9) (725
mg, 68%).

B): A mixture of ethyl propiolate (9.77 mmol) and 1 (456
mg, 2.67 mmol) dissolved in benzene (20 ml) was stirred under
nitrogen atmosphere at ambient temperature for 13 h. After
removal of solvent in vacuo, the residue was purified as de-
scribed above to provide 9 (713 mg, 73%). 'H NMR (CDCls) 6
1.20 (t, J=7 Hz, 3H), 1.25 (t, J=7 Hz, 3H), 1.43—2.00 (m, 2H),
2.20—2.60 (m, 1H), 2.70—3.00 (m, 1H), 3.33 (t, 2H), 4.12 (q,
J=7Hz, 2H), 4.20 (q, J=7 Hz, 2H), 4.76 (s, 1H), 4.85 (d, J=12
Hz, 1H exchangeable with D20), 6.50 (broad s, 1H), 7.00—
7.47 (m, 5H) and 7.42 (d, J=12 Hz, 1H); IR (neat): 2220
(-C=C-), 1710 (-C=C-CO-0-), 748, and 698 cm~!; MS m/z
367(M*).

BC NMR Spectra. 13C NMR chemical shift values
are tabulated in Table 1. The assignment was made chiefly
by the splitting pattern under off-resonance decoupling
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conditions and by comparison with the compounds having
similar (or partially similar) structures. The numbering of
carbon atoms (see the structures in the schemes) is in some
cases provided only for the sake of easy comparison.

5-Benzylidene-2,3,4,5-tetrahyropyridine (1): The low field
signal of imine carbon atom was already described.? The
assignment of C2’ and C3’ signals was based on the spin-
lattice relaxation times (71). Thus, it is expected that C3’
relax faster than C2’. The chemical shift data for styrene!®
was also taken into consideration.

3-Benzylidenepiperidines (2a—c): Comparison with the &
values for 2a—c with those of 1 leaves little uncertainty in the
assignment except that the assignment for C2’ and C3’ may be
reversed. The differentiation of signals due to two aromatic
rings of 2b was made based on the assumption that C1’—C4’
resonances are in much the same field among three com-
pounds 2a—c.

5-Phenyl-1,3,4,4a,5,9a-hexahydro-2H-pyrrolo(1’,2’ : 1,5 jpyrrolo-
2,3-bjpynidine (6). Of the two monoprotonated carbon resonances
at 6 47.00 and 6 50.66, the latter can be assigned to C4a
because of apparently shorter relaxation time due to the
greater number of protons in the vicinity. Of the four sp?-
carbons of pyrrole moiety, two give a degenerate signal at §
111.85, which should inevitably be assigned to C6 and C8
from chemical shift consideration. Thisassignment was con-
firmed by the observation that under weak decoupling condi-
tion the peak split into a pair of doublet with different split-
ting which reflects the distance between the carbon in ques-
tion and the nitrogen atom. A high-field shift of unprotonat-
ed a-carbon resonance into protonated B-carbon region seems
characteristic of a-carbons of 1,2-disubstituted pyrrole.1®

Ethyl-[1-(2-ethoxycarbonylvinyl)-1,4,5,6-tetrahydro-3-pyridyl |-
4-phenyl-2-butynoate (9): There are in 9 four sp2-hydridized
enamine carbon atoms, of which the signal due to the un-
protonated C3” is assigned based on chemical shift consi-
deration. Peaks at 6 88.58 and 150.33, are assigned to C2”’
and C1”, respectively, since the corresponding carbon nu-
clei of enamino ester resonate at 6 84.0 and 160.6, respective-
ly.1" Hence, the peak at 8 127.42 or 127.96 is due to C2"”’, an
unsaturated a-carbon of 1,2,3,4-tetrahydropyridine moiety
which resonates at 6 132—133.18

Of the two signals at 6 77.47 and 82.67 due to two sp-hyb-
ridized carbons, the latter which shows a small coupling with
H4 is assigned to C3. Of the signals due to two sets of OCH2-
CH3s moiety, peaks at 8 13.98 and 62.19 are assigned to C8and
Ca, respectively, based on comparison with the é values for
ethyl propiolate.!® Similarly, C=O signal in higher field as
an ester carbonyl carbon (8 153.04) was assigned to C1.19 This
is an additional support for the presence of -C=CCOO-
moiety.

The present work was partially supported by a Grant-
in-Aid for Scientific Research No. 443007 from the
Ministry of Education, Science and Culture.

Reaction of Benzylidenetetrahydropyridine

1275

References

1) Y. Nomura, T. Bando, Y. Takeuchi, and S. Tomoda,
Bull. Chem. Soc. Jpn., 56, 3199 (1983).

2) S. Ohki, N. Ozawa, Y. Yabe, and H. Matsuda, Chem.
Pharm. Bull., 24, 1362 (1976), and references cited therein.

3) For comprehensive reviews on the piperidine
alkaloids, see; “The Alkaloids,” ed by M. F. Grundon, The
Chemical Society, London (1976), 7, pp. 54—64.

4) a)H. C. Brown and H. M. Hess, J. Org. Chem., 34, 2206
(1969); b) W. R. Jackson and A. Zurgiyah, J. Chem. Soc., 1965,
5280.

5) F. A. Hochstein and W. G. Brown, J. Am. Chem. Soc.,
70, 3484 (1948).

6) R.F.Nystromand W. G. Brown, J. Am. Chem. Soc., 70,
3738 (1948).

7) a) H. Gilman and G. C. Gainer, J. Am. Chem. Soc., 71,
2327 (1949); b) H. Kogen, K. Tomioka, S-1. Hashimoto, and
K. Koga, Tetrahedron Lett., 21, 4005 (1980).

8) Synthesis of 2,3,4,5-tetrahydropyridine; C. Schopf, A.
Komazak, F. Braun, and E. Jacobi, Justus Liebigs Ann. Chem.,
559, 1 (1948).

9) Bischler-Napieralski reaction; S. Sugasawa and S.
Ushioda, Tetrahedron, 5, 48 (1959).

10) a) A. I. Meyers and J. J. Ritter, J. Org. Chem., 23, 1918
(1958); b) R. E. Gawley and E. J. Termine, Tetrahedron Lett.,
23, 307 (1982).

11) R.M. Acheson, “‘Advances in Heterocyclic Chemistry,”
ed by A. R. Katritzky, Academic Press, New York (1963), Vol 1,
pp. 125—165.

12) Although the value of the coupling constant (J=12 Hz)
between the olefinic protons fallsin “an ambiguous range” as
an informative evidence for stereochemical assignment, a-
amino-a,B-unsaturated esters, obtained by the reaction
between enamines and ethyl propiolate, generally possess the
C=C bond having trans configuration. It is therefore highly
likely that the stereochemistry of the C=C in 9 is trans: C. B.
Kanner and U. K. Pandit, Tetrahedron, 37, 3513 (1981).

13) A. G. Cook, “Enamines,” Marcel Dekker, New York
(1969), p. 117.

14) A. Crabtree, A. W. Johnson, and J. C. Tebby, J. Chem.
Soc., 1961, 3497.

15) G. K. Hamer, I. R. Peat, and W. F. Reynolds, Can. J.
Chem., 51, 897 (1973).

16) E. Breitmeier and W. Voelter, ““13C NMR
Spectroscopy,” Verlag Chemie, Weinheim (1978).

17) S. Rajappa and K. Nagarajan, J. Chem. Soc., Perkin
Trans. 2, 1978, 921; C1=84.0, C2=160.6 for
Me:NC2(Me)=C!HCOOEL.

18) Y. Nomura, T. Bando, Y. Takeuchi and S. Tomoda,
Tetrahedron Lett., 1979, 3453.

19) & values for ethyl propiolate HC3=C2C'OOC! H2C2?*-
Hs; Cl=152.8, C2=76.5, C3=75.1, C1’=62.4, C2'=13.9.






