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bromide (645 mg, 2 mmol) were dissolved in DMF (20 mL) and
initially electrolyzed at an external voltage of 50 V. When the
reaction temperature reached 60 °C, the voltage was reduced to
about 30 V in order to maintain the temperature in the range of
50-60 °C. At the end of the electrolysis the temperature dropped
below 50 °C. At this point, the loss of weight of the zinc anode
amounted to about 1.3 g (20 g atom). The reaction mixture was
poured onto a mixture of 5% aqueous HCI (100 mL) and ice (50
g) and extracted with EtOAc (5 X 40 mL). The extract was dried
(MgSO0,) and concentrated under reduced pressure. The 011y
residue was purified by flash chromatography on silica gel 60 using
hexane/EtOAc/HOAc (66:33:0.5) as the eluent. According to this
procedure the following half esters have been obtained.

1-Ethyl 2,2-dimethyl-3-oxohexanedioate (6a): yield 2.11 g
(65%); colorless crystals; mp 40—42 °C (n-pentane); 'H NMR &
1.18 3H, t,J = 7T Hz), 1.30 (6 H, s), 2.45-2.82 (4 H, m), 4.12 (2
H, q,J = 7 Hz), 10.35 (1 H, s); *C NMR $ 14.0, 22.0, 28.0, 32.6,
55.3, 61.5, 173.6, 178.3, 206.5. Anal, Caled for C,gH,¢05: C, 55.55;
H, 7.48. Found: C, 55.68; H, 7.61.

1-Ethyl (+)-2-methyl-3-oxohexanedioate (6b): yield 1.70
g (66%); colorless oil; 'TH NMR 5 1.18 (3 H, t,J = 7 Hz), 1.31 (3
H,d,J =7 Hz), 2.561-2.59 (4 H,m), 3.52 (1 H, q, J = 7T Hz), 4.15
(2H, q,J =7Hz),9.11 (1 H, s); 13C NMR 6 12.7, 14.0, 27.9, 35.9,
61.1, 61.6, 170.6, 178.0, 204.5. Anal. Caled for C;H,,05 C, 53.46;
H, 6.98. Found: C, 53.62; H, 7.12.

1-Ethyl (&)-2-ethyl-3-oxohexanedioate (6¢): yield 2.17 g
(67%); colorless crystals; mp 42-44 °C (pentane); 'H NMR 6 0.86
(3H,t,J="7Hz),120 (3 H,t,J =7Hz), 1.83 (2 H, m), 2.41-2.96
(4H, m),3.34 (1H,t,J =7Hz), 415 (2 H, q,J = 7 Hz), 10.61
(1 H, s); 13C NMR § 11.8, 14.1, 21.6, 27.7, 36.1, 60.6, 61.4, 169.6,
1784, 203.4. Anal. Calcd for C,0H 05 C, 55.55; H, 7.46. Found:
C, 55.31; H, 7.59.

1-Ethyl (+)-3-0x0-2-propylhexanedioate (6d): yield 2.52 g
(73%); colorless oil; *H NMR 5 0.85 (8 H, t, J = 7 Hz), 1.19 (3
H,t,J = 7Hz), 1.24 (2H, m), 1.76 (2 H, t, J = 7 Hz), 2.45-2.91
(4H,m),342(1H,t,J =7Hz),4.14 (2H, q,J = 7 H2), 10.85
(1 H, 8); *C NMR 5 13.8, 14.1, 20.6, 27.8, 29.0, 36.1, 58.9, 61.5,
169.9, 178.2, 203.6. Anal. Calcd for C;;H,305: C, 57.38; H, 7.88.
Found: C, 57.67; H, 8.01.

1-Ethyl (+)-2-butyl-3-oxohexanedioate (6e): yield 1.83 g
(50%); colorless oil; 'H NMR 6 0.84 (3 H, t,J = 7 Hz), 1.17 (3
H, t, J = 7 Hz), 1.09-1.35 (4 H, m), 1.83 (2 H, m), 2.46-2.89 (4
H,m),339(1H,tJ=7Hz),414(2H,q,J = 7 Hz), 10.64 (1
H, s); 3C NMR § 13.8, 14.1, 22.4, 27.8, 28.0, 29.5, 36.1, 59.1, 61.4,
169.8, 178.4, 203.6. Anal. Calcd for C;;HyO5: C, 59.00; H, 8.25.
Found: C, 59.29; H, 8.56.

1-Ethyl (+)-2-hexyl-3-oxohexanedioate (6f): yield 2.49 g
(61%); colorless oil; 'H NMR 6 0.90 (3 H, t, J = 7 Hz), 1.11-1.39
(8 H, m), 1.21 (3 H, t,J = 7 Hz), 1.80 (2 H, m), 2.41-2.91 (4 H,
m),3.38 (1 H,t,J =7Hz),414(2H,q,J =7Hz), 10.356 (1 H,
8); 13C NMR 6 14.0, 14.1, 22.5, 27.3, 27.8, 28.3, 29.0, 31.5, 36.1, 59.2,
61.4, 169.8, 178.3, 203.5. Anal. Caled for C, H,O5: C, 61.74; H,
8.88. Found: C, 61.73; H, 9.07.

1-Ethyl 2,2-dimethyl-3-oxoheptanedioate (7a): yield 2.24
g (65%); colorless liquid; 'H NMR & 1.04-1.35 (9 H, m), 1.70-2.61
(6 H,m), 4.13 (2 H, q, J = 7 Hz), 10.83 (1 H, 5); 13CNMR:S 14.0,
18.9, 21.9, 32.8, 36.8, 55.5, 61.5, 173.7, 179.0, 207.4. Anal. Calcd
for CuHmOs: C, 57.38; H, 7.88. Found: C, 57.06; H, 7.79.

1-Ethyl (+)-2-methyl-3-oxoheptanedioate (7b): yield 1.55
g (48%); colorless liquid; 'H NMR & 1.00~1.44 (6 H, m), 1.72-2.85
(6H,m), 348 (1 H,q,J =7Hz),4.13 (2H, q,J = 7 Hz), 10.25
(1 H, 8); 3C NMR 5 12.7, 14.1, 18.5, 33.0, 40.2, 52.9, 61.6, 171.0,
179.1, 205.7. Anal. Caled for CyoHy605: C, 55.55; H, 7.46. Found:
C, 55.71; H, 7.63.

1-Ethyl (+)-2-ethyl-3-oxoheptanedioate (7¢): yield 1.55 g
(45%); colorless liquid; 'H NMR 5 0.80 (3 H, t, J = 7 Hz), 1.22
(3H,t,J =17Hz), 1.61-2.76 (8 H, m), 3.28 (1 H, t, J = 7 Hz),
413 (2H,q,J =7Hz),11.30 (1 H, s); *C NMR § 11.9, 14.1, 18.5,
21.6, 32.8, 40.7, 60.6, 61.4, 169.9, 178.9, 204.9. Anal. Calcd for
C11H505: C, 57.38; H, 7.88. Found: C, 57.11; H, 7.65.

1-Ethyl (+)-3-0x0-2-propylheptanedioate (7d): yield 1.83
g (50%); colorless liquid; 'H NMR 6 0.86 (3 H, t, J = 7 Hz), 1.20
(3H,t,J =7Hz), 1.62-2.08 (4 H, m, J = 7 Hz), 2.12-2.80 (6 H,
m,J =7 Hz), 340 (1 H,t,J =7 Hz), 415 (2 H, q,J = 7 Hz),
10.82 (1 H, 8); 13C NMR 5 13.8, 14.1, 18.4, 20.7, 30.2, 32.8, 40.5,
58.9, 61.3, 169.9, 179.0, 204.7. Anal. Caled for C;oHyOp: C, 59.00;

H, 8.25. Found: C, 59.17; H, 8.20.

1-Ethyl (£)-2-butyl-3-oxoheptanedioate (7e): yield 2.01g
(52%); colorless liquid; 'H NMR 6 0.85 (3 H, t, J = 7 Hz), 1.08-1.49
(7H, m), 1.66-1.98 (4 H, m), 2.13-2.71 (4 H, m),3.36 (1 H, t, J
=7 Hz),4.13 (2H, q,J = 7 Hz); *C NMR 5 13.8, 14.1, 18.4, 22.5,
28.0, 29.6, 32.8, 40.6, 59.3, 61.5, 170.2, 179.4, 205.1. Anal. Caled
for Cy3H»,05: C, 60.45; H, 8.59. Found: C, 59.97; H, 8.64.

1-Ethyl ()-2-hexyl-3-oxoheptanedioate (7f): yield 2.23 g
(52%); colorless liquid; 'H NMR 4 0.82 (3 H, t, J = 7 Hz), 1.18
(8H,t,J =THz), 1.48-2.64 (16 H, m), 3.18 (1 H, t, J = 7 Hz),
4.08 (2 H, q, J = 7 Hz); 1*C NMR § 14.1, 18.5, 20.7, 22.6, 27.5,
28.3, 29.1, 31.6, 32.8, 40.6, 59.1, 61.4, 170.0, 178.7, 204.8. Anal.
Caled for C;sHxOg: C, 62.91; H, 9.15. Found: C, 62.91; H, 9.37.

Typical Procedure for the Synthesis of a 4-Oxoalkanoic
Acid (on a Larger Scale). 4-Oxohexanoic Acid.¥ The bromo
ester 3b (36.20 g, 0.2 mol), succinic anhydride (1, 15.01 g, 0.156
mol), and tetrabutylammonium bromide (1.61 g, 0.005 mol) were
dissolved in DMF (50 mL) and electrolyzed at an external voltage
of 50 V. When the reaction temperature reached 60 °C the
external voltage was reduced to about 30 V to maintain the
temperature between 50 and 60 °C. The electrolysis was stopped
as the temperature dropped below 50 °C. The loss of weight of
the zinc anode amounted to 13.6 g (0.21 mol). The reaction
mixture was poured onto ice (300 g) and 10% aqueous HC] (200
mL) and then extracted with EtOAc (6 X 100 mL). The extract
was concentrated under reduced pressure. The residue was re-
fluxed with concentrated HCI (60 mL) and water (60 mL) for 1.5
h. Then the solvent was distilled off. Traces of water were
azeotropically removed with toluene. The residue was purified
by distillation yielding 4-oxohexanoic acid (10.7 g, 556%) as a
colorless crystalline solid: bp 147-150 °C (11 Torr); mp 36-38
°C (lit.¥ mp 37-38 °C).
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Dopamine autoreceptor agonists reduce the dopami-
nergic neurotransmission and are theoretical alternatives
to the postsynaptic dopamine D2 antagonists, commonly
used in the pharmacotherapy of schizophrenia.! Pre-
clamol, (-)-3-PPP, the first example of a dopamine auto-
receptor agonist,? suppresses neuroleptic induced abnormal
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movements in monkeys without inducing parkinsonism.®
The drug is now in clinical trials.

Dopamine Preclamol [(-)-3-PPP]

We report herein a synthesis of 3-PPP (1) bagsed on a
highly regioselective Heck reaction* catalyzed by palla-
dium.

Arylation of 1- propyl-l 2,3,6-tetrahydropyridine with
3-(benzyloxy)10dobenzene in the presence of silver nitrate®
in acetonitrile, gave 1-propyl-3-(3-(benzyloxy)phenyl)-
1,2,3,6-tetrahydropyridine (2). Palladium acetate/tri-o-
tolylphosphme was used as catalyst with triethylamine as
base. After hydrogenation of 2, racemic 3-PPP (1) was
isolated in 40% yield, based on the aryl iodide (eq 1).

PA(OAC),/
S Plo- lol);
O : /©\ AgNO’ _\_—
N 1 OBn NEY

= OBn H2 (50 psi)
Pd/C
N

2 1

(Benzyloxy)benzene (GC 22%) was also formed in addition
to 2 (GC 73%) in the coupling reaction. A saturated iso-
mer of 2 was detected by GC/MS analysis and found to
be less than 5% of the mixture. Subjecting 3-hydroxy-
iodobenzene to the same reaction conditions provided a
low isolated yield of coupled product (28%) and a con-
siderable amount of 3,3'-dihydroxybiphenyl.
Palladium-catalyzed arylation of aminoalkyl vinyl ethers
can be achieved with high regioselectivity via nitrogen-
chelation control.® We assume, in analogy, that the high
preference for 3-arylation (3-aryl/4-aryl > 14) in the re-
action with the cyclic allylamine is due to the formation
of a stabilized 5-membered o-palladium adduct.” Irre-

(3) Kovacic, B.; Le Witt, P.; Clark, D. J. Neural Transm. 1988, 74, 97.

(4) (a) Heck, R. F. Acc. Chem. Res. 1979, 12, 146, (b) Heck, R. F. Org.
React. (N.Y.) 1982, 27, 345. (c) Heck, R. F. Palliadium Reagents in
Organic Syntheses; Academic Press: New York, 1985,

(5) For the first examples of Heck reactions with silver additives, see:
(a) Karabelas, K.; Westerlund, C.; Hallberg, A. J. Org. Chem. 1985, 50,
3896. (b) Karabelas K. Hallberg, A. Ibid. 1986, 51, 5286. For the
suppression of lsomenzatlon by silver additives, see: (c) Abelmnn M M;
Overman, L. E. J. Org. Chem. 1987, 52, 4130. (d) Abelman, M. M,;
Overman, L. E. J. Am. Chem. Soc. 1988, 110, 2328. (e) Larock, R. C,;
Song, H.; Baker, B. E.; Gong, W. H. Tetrahedron Lett. 1988, 29, 2919
[¢4) Larock R.C,; Gong,W H J. Org. Chem. 1989, 54, 2047. (g) Larock
R. C.; Gong, W. H Baker, B. E. Tetrahedron Lett 1989 30, 2603. (h)
La.rock, R.C; Gong, W. H. J. Org. Chem. 1990, 55, 407. (i) Jeffery, .
Tetrahedron Lett. 1991, 32, 2121. For the first example of an asymmetric
Heck-type reaction in the presence of silver additives, see: (j) Sato, Y;
Sodeoka, M., Shibasaki, M. J. Org. Chem. 1989, 54, 4738.

(6) Andersson, C.-M.; Larsson, J.; Hallberg, A. J. Org. Chem. 1990, 55,
§757.

Notes

versible elimination of an HPd-species forms an inter-
mediate x-complex that finally provides 2. In the absence
of silver additives the yield of 2 is low, with high molecular
weight compounds being formed. Silver salts suppress
double-bond migration,> and consequently the formation
of reactive enamines is avoided.

We previously reported that a-arylation was achieved
exclusively with cyclic enamides.? Arylation of an allylic
carbamate,? in the absence or in the presence of silver
nitrate, resulted in low regioselectivity (eq 2), suggesting
that the amine nitrogen is important for the high selec-
tivity observed with 1-propyl-1,2,3,6-tetrahydropyridine.

NPy

OM: OMc
3 : 2
We believe that the regioselective arylation method
presented here may also be useful for the preparation of
other 3-aryl-substituted cyclic allylamines. Although this

method requires silver additives, the simplicity of the
experimental procedure merits attention.

Experimental Section

General. 'H and 1°C NMR spectra were recorded in CDCl,
at 300 and 75.4 MHz, respectively, with a Varian XL 300 spec-
trometer. Chemical shifts are reported as § values (ppm) relative
to internal tetramethylsilane. Low- and high-resolution mass
spectra were obtained on Finnigan 4021 (Data System Incos 2100)
and JEOL JMS-X102 mass spectrometers, operating at an ion-
ization potential of 70 eV. Quantitative gas chromatographic
analyses were carried out on a Varian 3300 instrument equipped
with a (2-m X 2-mm) glass column of 5% OV 17 on Chromosorb
W. A Varian 3700 instrument was used for capillary gas chro-
matography on a DB 1701 (30-m X 0.32-mm) column, GC yields
were determined using 2,3-dimethylnaphthalene as internal
standard. HPLC separations were performed with a LDC Consta
Metric III system equipped with a RI detector (LKB 2142 re-
fractive index detector). For flash chromatography TLC silica
gel 60 H (15 um, E. Merck, No. 11695) was used. Elemental
analyses were obtained from Mikro Kemi AB, Uppsala, Sweden.
The coupling experiments were carried out in a 50-mL, heavy-
walled and thin-necked Pyrex tube, sealed with a screw-cap fitted
with a Teflon gasket.

Materials. Triethylamine was distilled from potassium hy-
droxide; other commercially available chemicals were used without
further purification. Solvents for reactions and flash chroma-
tography were distilled and stored over appropriate molecular
sieves. 1-Propyl-1,2,3,6-tetrahydropyridine was prepared following
a literature procedure.!?

Procedure for the Arylation of 1-Propyl-1,2,3,6-tetra-

(7) For formation of carbon-palladium s-bond complexes with N,N-
dimethylallylamine, see: (a) Cope, A. C.; Kliegman, J. M.; Friedrich, E.
C.J. Am. Chem. Soc. 1967, 89, 287. (b) Izumi, T.; Takeda, T.; Kasahara,
A. Bull. Yamagata Univ. Eng. 1976, 14, 173. (c) Holton, R. A.; Kjonaas,
R. A. J. Am. Chem. Sac. 1977, 99, 4177. For preparation and crystal
structure analysis of palladium(II) complexes with homoallylic amines,
see: (d) Alyea, E. C; Dias, S. A.; Ferguson, G.; McAlees, A. J.; McCrindle,
R.; Roberts, P. J. J. Am. Chem. Soc. 1977, 99, 4985 (e) McCrmdle,R,
Ferguson, G.; Khan, M. A.; McAlees, A. J Ru.hl J. Chem. Soc.,
Dalton Trans 1981, 986. (t‘) McCrindle, R Ferguson, G McAlees, A.
J.; Ruhl, B. L. J. Organomet Chem. 1981, 204 273.

(8) Nllsson, K.; Hallberg, A. J. Org. Chem. 1990, 55, 2464.

(9) For selective y-arylation of acyclic allylimides see: (a) Johnson, P.
Y.; Wen, J. Q. J. Org. Chem. 1981, 46, 2767. (b) Kao, L.-C.; Stakem, F.
G.; Patel, B. A.; Heck, R. F. Ibid. 1982, 47, 1267. (c) Malek, N. J.;
Moormann, A. E. Ibid. 1982, 47, 5395. See also ref 8c. For corresponding
y-vinylation reaction see: (d) Arcadi, A.; Bernocchi, E.; Cacchi, S.; Ca-
glioti, L.; Marinelli, F. Tetrahedron Lett. 1990, 31, 2463. See also ref 9b.

(10) Ferles, M.; Kocidn, Q. Collect. Czech. Chem. Commun. 1974, 39,
1210.
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hydropyridine. Each of the reactants was dissolved or dispersed
in acetonitrile (a total of 10 mL) and was added to the reaction
vessel in the following order: palladium acetate (0.11 g, 0.50 mmol)
in 1 mL of acetonitrile, tri-o-tolylphosphine (0.61 g, 2.0 mmol)
in 1 mL of acetonitrile, 3-(benzyloxy)iodobenzene or 3-hydroxy-
iodobenzene (10 mmol) in 4 mL of acetonitrile, silver nitrate (1.7
g, 10 mmol) in 2 mL of acetonitrile, triethylamine (2.0 g, 20 mmol)
in 1 mL of acetonitrile, and 1-propyl-1,2,3,6-tetrahydropyridine
(5.0 g, 40 mmol) in 1 mL of acetonitrile. The reaction mixture
was magnetically stirred and heated at 100 °C for 4 h. The
reaction was allowed to cool and thereafter dispersed in diethyl
ether. The tarry mixture was filtered by suction, and the ethereal
solution was extracted with 0.5 M HCl. The combined water
phases were neutralized (2 M NaOH) and extracted with diethyl
ether. The organic portions were dried (Na,SO,) and evaporated
thoroughly. The excess of 1-propyl-1,2,3,6-tetrahydropyridine
was removed by Kugelrohr distillation (40 °C (1.3 mmHg)). The
residual oil was submitted to flash chromatography. Dichloro-
methane/methanol (95/5) was used as eluent for purification of
2 and dichloromethane/methanol (90/10) for purification of
1-propyl-3-(3-hydroxyphenyl)-1,2,3,6-tetrahydropyridine. The
crude product was dissolved in dichloromethane and evaporated
on coarse gel before application to the column. A 2-fold excess
of 1-propyl-1,2,3,6-tetrahydropyridine resulted in lower yields.

1-Propyl-3-(3-(benzyloxy)phenyl)-1,2,3,6-tetrahydro-
pyridine (2): yellow oil 1.37 g (43%); '"H NMR 4 0.90 (t, 3 H,
NCH,CH,CH,, J = 7.3 Hz), 1.55 (sext, 2 H, NCH,CH,CHj,), 2.24
(dd, 1 H, NCH,CHAr, J = 11.2 and 8.9 Hz), 2.38 (m, 2 H,
NCH,CH,CHj,), 2.85 (m, 1 H, NCH,CH==), 3.00 (dd, 1 H, NC-
H,CHAr, J = 11.2 and 5.4 Hz), 3.23 (m, 1 H, NCH,CH=), 3.62
(m, 1 H, CHAr), 5.05 (s, 2 H), 5.77 (m 1 H, NCH,CH=CH), 5.86
(m, 1 H, NCH,CH=), 6.80-7.28 (m, 4 H), 7.30~7.48 (m, 5 H); MS
m/z (relative intensity) 307 (M*, 27), 278 (16), 236 (29), 210 (12),
145 (41), 122 (10), 117 (21), 91 (100), 80 (18), 77 (10); HRMS (m/2)
for Cy;HasNO caled 307.1936, found 307.1927.

Anal. Caled for Cy HysNO: C, 82.04; H, 8.20; N, 4.56. Found:
C, 81.9; H, 8.4; N, 4.5.

GC yields before workup were 73% of 2, <5% of a saturated
isomer of 2, and 22% of (benzyloxy)benzene.

1-Propyl-3-(3-hydroxyphenyl)-1,2,3,6-tetrahydropyridine:
yellow oil 0.61 g (28%); mp (oxalate) 189-190 °C (methanol/
diethyl ether); 'H NMR (liberated amine) & 0.89 (t, 3 H, NC-
HzCHzCHs, J=173 HZ), 1.68 (sext, 2 H, NCHzCHzCHs), 227 (dd,
1 H, NCH,CHAr, J = 114 and 9.9 Hz), 244 (m, 2 H,
NCH,CH,CHjy), 2.88 (m, 1 H, NCH,CH=), 3.10 (dd, 1 H, NC-
H,CHAr, J = 11.4 and 5.6 Hz), 3.34 (br d, 1 H, NCH,CH=, J
= 17.3 Hz), 3.66 (m, 1 H, CHAr), 5.75-5.90 (m, 2 H, CH=),
6.64-7.20 (m, 4 H), 7.63 (v br s, 1 H, OH); MS m/z (relative
intensity) 217 (M*, 27), 188 (17), 146 (100), 131 (23), 117 (16),
72 (33).

Anal. Calcd for CgoH,4N,0; (0xalate): C, 68.68; H, 7.68; N,
5.34. Found: C, 68.3; H, 7.8; N, 5.3.

1-Propyl-3-(3-hydroxyphenyl)piperidine (1). A mixture of
2 (0.41 g, 1.8 mmol), 5% Pd/C (0.28 g, 0.13 mmol Pd), and
absolute ethanol (256 mL) was placed in a Parr shaking apparatus.
The reaction was pressurized with H, to 50 psi and shaken vig-
orously at room temperature for 10 h. The catalyst was removed
by filtration through Celite, and the solvent was evaporated. The
reaction yielded 0.26 g (93%: total yield, 40% based on 3-(ben-
zyloxy)iodobenzene) of the title compound 1 (100% pure according
to GC analysis). Compound 1 exhibited spectroscopic data in
agreement with the literature.l!

1-(Methoxycarbonyl)-1,2,3,6-tetrahydropyridine. To a
solution of 1,2,3,6-tetrahydropyridine (Aldrich; 25 g, 0.30 mmol),
triethylamine (84 mL, 0.60 mmol), and dichloromethane (300 mL,)
was added methyl chloroformate (24 mL, 0.31 mmol) dropwise
with stirring. After 3 h, the reaction was evaporated to dryness
and the resulting semisolid mass was extracted with diethyl ether.
The solvent was removed, and the crude product was distilled
to give 1-(methoxycarbonyl)-1,2,3,6-tetrahydropyridine (36 g, 86%)
as a colorless liquid, which exhibited 'H NMR data in agreement
with the literature.!?

(11) Loozen, H. J. J.; Brands, F. T. L. Rec. Trav. Chim. Pays-Bas 1981,
100, 333.
(12) Avasthi, K.; Knaus, E. E. Can. J. Pharm. Sci. 1981, 16, 52.

Phenylation of 1-(Methoxycarbonyl)-1,2,3,6-tetrahydro-
pyridine. A mixture of palladium acetate (0.11 g, 0.50 mmol),
triethylamine (2.0 g, 20 mmol), iodobenzene (2.0 g, 10 mmol),
1-(methoxycarbonyl)-1,2,3,6-tetrahydropyridine (5.6 g, 40 mmol),
and DMSO (8 mL) was stirred until homogenous and heated at
100 °C for 4 h. The cooled reaction mixture was diluted with
diethyl ether, filtered, and washed with water. The aqueous layer
was extracted with diethyl ether, and the combined organic phases
were washed once with water, dried (MgS0,), and evaporated.
The excess of 1-(methoxycarbonyl)-1,2,3,6-tetrahydropyridine was
thereupon removed by distillation (82-84 °C (9mmHg)). The
resulting material was subjected to flash chromatography using
pentane/diethyl ether (3/1) as eluent. The crude product was
dissolved in diethyl ether and evaporated on coarse gel before
application to the column. A yield of 1.56 g (72%) of a mixture
of two regioisomers, in a ratio of 3:2, was obtained. The two
isomers were separated by HPLC (a nucleosil silica gel column,
500 X 10 i.d., and eluation with heptane/ethyl acetate (95/5)).

Reactions in the presence of tri-o-tolylphosphine and silver
nitrate resulted in a similar regioisomeric ratio but in a slower
conversion. Structural assignment of the two isomers was con-
firmed by COSY, DEPT, and *C-'H HETCOR experiments.

1-(Methoxycarbonyl)-3-phenyl-1,2,3,4-tetrahydropyridine:
colorless crystals; mp 47-49 °C; 'H NMR 6 2.30 (m, 2 H, =
CCH,CHPhH), 2.99 (m, 1 H, CHPh), 3.16-3.32 (m, 1 H, NCH,),
3.74, 3.78 (s, 3 H, CO,CHy), 4.10, 4.25 (br d, 1 H, NCH,, J = 12.0
Hz), 5.01, 5.10 (m, 1 H, NCH=CH), 6.85, 6.99 (d, 1 H, NCH=CH,
J = 8.1 Hz), 7.19-7.39 (m, 5 H); °C NMR 4 29.28 (CH,), 38.52
(CH), 47.60, 47.93 (CH,), 52.96 (CHj), 106.10, 106.30 (CH), 124.87,
125.32 (CH), 126.88, 127.18, 127.34, 128.47 (CH), 142.91 (C), 153.76
(C); MS m/z (relative intensity) 217 (M*, 20), 104 (100), 91 (15).

Anal. Caled for C;3H;sNOy: C, 71.87; H, 6.96; N, 6.45. Found:
C,71.7; H, 6.8; N, 6.5.

1-(Methoxycarbonyl)-4-phenyl-1,2,3 4-tetrahydropyridine:
colorless oil; 'H NMR 6 1.82 (m, 1 H, NCH,CH,CHPh), 2.14 (m,
1 H, NCH,CH,CHPh), 3.51 (m, 1 H, CHPh), 3.55-3.76 (m, 2 H,
NCH,), 3.79 (s, 3 H, CO,CH}), 4.93, 5.03 (m, 1 H, NCH=CH),
6.96, 7.10 (d, 1 H, NCH=CH, J = 8.2 Hz), 7.19-7.36 (m, 5 H);
13C NMR 5 81.07 (CH,), 38.11 (CH), 40.36 (CH,), 53.04 (CH;),
108.88, 109.08 (CH), 125.62, 125.99 (CH), 127.65, 128.31, 128.46,
128.56 (CH); MS m/z (relative intensity) 217 (M*, 49), 202 (100),
158 (19), 140 (20), 130 (25), 115 (38), 103 (15), 91 (34), 77 (18);
HRMS (m/z) for C,sH;sNO, caled 217.1103, found 217.1104.

Anal. Caled for C;3HsNO,: C, 71.87; H, 6.96; N, 6.45. Found:
C, 70.6; H, 6.9; N, 6.5.
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Introduction

B,y-Unsaturated esters and lactones, which are impor-
tant functionalities in naturally occurring compounds,! can
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