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PREPARATION AND DIELS-ALDER REACTION OF N-CARBOMETHOXY-5-ETHYL-1.2-DIHYDROPYRIDINE:

AN APPROACH FOR THE SYNTHESIS OF CATHARANTHINE

x
Stanley Raucher ! and Ross F. Lawrence

Department of Chemistry. University of Washington. Seattlie. Washington 98195

Abstract: N-carbomethoxy-5-ethyl-1,2-dihydropyridine (1) may be prepared by the bromination
of N-carbomethoxy-3-ethyl-1,2,5,6-tetrahydropyridine (10), and subsequent double dehydrobromination
with EtAICIleMPA; this diene undergoes Diels-Alder reaction with dimethyl methylenemalonate 2) to

give the isoquinuclidine (3), an intermediate in our planned approach to catharanthine.

The key step in our planned approach for the synthesis of the Iboga alkaloid catharanthine
(4) invoives the Diels-Alder reaction of N-carbomethoxy-5-ethyl-1.2-dihydropyridine (1) with an
appropriate dieneophile such as 2. Since isoquinuclidines have been previously prepared by the

2.3.4

reaction of N-carboatkoxy-1.2-dihydropyridines and various dienophiles. this approach is limited

by the availability of the requisite dihydropyridine 1.

MeO,CN | JLC — MeO,CN l
X MeO,C 0,Me MeO,C = n
CoMe CO,Me

1 2 3 4

Fowler2a has developed an excellent route to N-carbomethoxy-1.2-dihydropyridine by the

reaction of pyridine, methyl chloroformate. and NaBH4; unfortunately. use of this procedure with
3-ethylpyridine (5) affords N-carbomethoxy-3-ethyl-1.2-dihydropyridine (g).5 the incorrect regioisomer
for a catharanthine synthesis. However, Fowler has converted 6 to 1 by a reduction. bromination,

double dehydrobromination sequence.6
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5 6
We have recently empioyed a bromination - double dehydrobromination sequence for the

synthesis of an ﬂ-acy!-s-ethyl-l.2-dihydropyr|dlne.7 Our observation that EtAICI2/HMPA effects doubie
dehydrobromination of a vicinal dibromide derived from an N-acyl-tetrahydropyridine under mild
conditions was crucial to the success of this transformation.7 We now wish to report the application
of this method for the regioselective synthesis of N-carbomethoxy-5-ethyl-1,2-dihydropyridine (1), and

to describe the Diels-Alder reaction of 1 with 2.

Conversion of 3-ethylpyridine (5) to N-benzyi-3-ethylpyridinium chioride (7). followed by
reaction with NaBH4 in EtOH gave N-benzyl-3-ethyl-1.2,5.6-tetrahydropyridine (9) in greater than
95% overail yield as a light yellow liquid: (bp 150°C at 0.1 mm).8 The first hydride addition to 7
occurs with the same regloselectivity as that observed in the conversion of 5 to 6. however. in the
case of the N-alkyl-1.2-dlhydropyridine 8 subsequent protonation at the 5-position. and reduction of
the resulting iminium species occurs. Treatment of a 0.5 M solution of 9 in benzene with methyl
chloroformate (2 equiv) at reflux for 5 hours. and purification by vacuum distillation gave an 83%

8.9 Reaction

yield of N-carbomethoxy-3-ethyi-1,2,5,6-tetrahydropyridine (10): (bp 77°C at 0.40 mm).
of 10 with Br2 (1 equiv) in CH20l2 at 0°C and purification by flash chromatography"0 and
crystallizaton from hexane/ether gave the dibromide 1_1_8 as coloriess needles in 89% yield (mp
56-58°C, llt.6 §7-58°C). The desired dihydropyridine 1 was obtained in excellent yieid under
extremely mild conditions utilizing our EtAICI2/HMPA double dehydrobromination procedure7 on the
dibromide 11. Thus. addition of a 25% solution of EAICI, in hexane (5 mi. 2.5 equiv) to a
solution of 11 (4.0 mmob in HMPA (20 mb, followed by heating under an argon atmosphere at
60°C for 1.5 hours and aqueous workup gave a 90-95% yield of 1 as a colorless liquid of
sufficient purity to be used in the Diels-Alder reactlon.8 This compound is reasonably stable and
may be stored for several weeks at -10°C. Although the exact role of the EtAICI2 in this process
is not yet fully understood. it appears to be functioning as both a Lewis acid 1o assist in
weakening the carbon-bromine bonds toward heterolytic cleavage and as an acid scavenger” o

consume the liberated hydrogen bromide.
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Dimethyl methylenemalonate (2) was selected as the dieneophile for initial studies of the
Diels-Aider reaction. Although a number of procedures have been reported for the preparation of
the corresponding diethyl esler..|2 the methyl ester polymerizes quite readily. hence we found it
more convenient to generate 2 in situ by the two-phase oxidation of a CCI4 solution of dimethyl
(phenyselenoymethyimalonate (13) with excess 30% H202 (10 equiv) at 20°C for 2 hours, followed
by separation of the organic layer and drying with Na2804, The selenide Ea was prepared by
treatment of dimethyl methylmalonate (12) with NaH (1.5 equiv) in THF and then addition of PhSeBr
(1.5 equiv). The Diels~Alder reaction was carried out by heating a solution of 1 (3.0 mmob and 2.

prepared from 6.6 mmol of 13, in CCI4 (45 mi at reflux under an atmosphere of argon for 6

hours. Evaporation of the CCI4 and purification by flash chromatography (10% Et20/CH Ci,) gave

2”2
3 as a colorless liquid in 68% yielcl.a
NaH PhSe H,0,
CH,CH(CO,Me), ——  CH,c(co,Me), —  CH,—C(co,Me),
PhSeBr
12 13 2

We are currently investigating the generality of the EtAICi2/HMPA double dehydrobromination

procedure, and pursuing the synthesis of catharanthine.

Acknowledgment. This research was supported PHS grant number CA 32976 awarded by the
National Cancer Institute, DHHS. GC/MS data were obtained on a VG 7070 GC/MS and associated

VG 2035F/B data system, funded by NIH Biomedical Research Development Grant 1 508 RR 09082.



2930

m
@)

3)

(4)

(5

6)

N
8)

(€]

a0
an
a2

REFERENCES AND NOTES

Fellow of the Alfred P. Sloan Foundation. 1980-1984.

(@ F. W. Fowler, J. Org. Chem., 37. 1321 (1972). (b) E. E. Knaus. F. M. Pasutto. and
C. 8. Giam, J. Heterocycl. Chem., 11. 843 (1974); (¢c) E. E. Knaus. F. M. Pastutto.
C. S. Giam., and E. A. Swinyard, ibid., 13, 481 (1976). (@) E. E. Knaus and K. Redda.
Can. J. Chem., 55, 1788 (1977): (e P. S. Mariano. D. Dunaway-Mariano. P. L. Huesmann,
J. Org. Chem., 44. 124 (1979); < P. A. Wender, J. M. Schaus. and A. W. White.
J. Am. Chem. Soc., 102. 6157 (1980).

Desethylicatharanthine synthesis: (@) R. J. Sundberg and J. D. Bloom, Tetrahedron Lett., 5157
(1978); (» R. J. Sundberg and J. D. Bloom, J. Org. Chem., 45, 3382 (1980). ibid., 46. 4836
(1981); (¢ C. Marazano. J. L. Fourrey. and D. C. Das. J. C. S. Chem. Commun., 37
a98mn.

Dihydropyridine reviews: (@ D. M. Stout and A. |. Meyers, Chem. Rev., 82, 223 (1982): (b
J. P. Kutney. Heterocycles, 7. 593 (1977). (¢) U. Eisner and J. Kuthan, Chem. Rev., 72. 1
1872,

P. Beeken. J. N. Bonfiglio, ). Hasan, J. J. Piwinski, B. Weinstein, K. A. Zollo, and F. W.
Fowler, J. Am. Chem. Soc., 101. 6677 (1979).

Reduction of 6 with NaBH,/CF;CO,H in benzene to give 10. bromination to 11, and double
dehydrobromination with 1,4-diazabicycio[2.2.2)octane in dimethylformamide at reflux gave 1.
F. W. Fowler, personal communication. July 23, 1979,

S. Raucher and R. F. Lawrence, Tetrahedron, in press.

All compounds gave spectra in accord with their proposed structures. NMR spectra were
recorded on a Varian EM-360L (60 MH2) instrument; chemical shifts are reported in ppm
downfield from TMS and coupling constants are reported in Hz: 1 NMR (CDCiz) 6 1.0 .
J=7. 3H). 1.7-2.2 (m. 2H), 3.75 (s. 3H)., 4.3 (dd. J=2 and J=3, 2H), 5.3-58 (m, 2H), 6.4-6.7
(m, TH): MS. m/e 167 (M*), 166. 152, 122, 107, 93, 59. 2 NMR (CCly) 6 3.8 (. 6H), 6.45
(s. 2H); MS. m/e 144 (M*), 113, 59. 3 NMR (CDCiz) & 1.0 . J=7. 3H), 1.6-3.3 (m, 7H),
3.68 (overiapping singlets, 9H). 5.1 (m, 1H), 6.0 (m, 1H): IR (CH20l2) 1745, 1700, 1455,
1400. 910 cm~': MS m/e (CI) 312 (M+1+), 280, 237, 168, 167, 145 High Res MS Calcd.
for CygHy1NOg: 311.1368; Found: 311.1324. 6 NMR (CCly) 6 1.0 «. J=7. 3H). 1.7-2.2
(m, 2H), 3.7 (s. 3H). 41 (m, 2H), 48-52 (m, 1H), 54-57 (m, 1H)., 6.4-6.7 (m, 1H). 9
NMR (CDClg) & 0.97 (t. J=7, 3H), 1.6-2.3 (m, 4H), 2.3-2.6 (m, 2H), 2.84 (d. J=2, 2H). 3.55
(s. 2H), 5.4 (brs. 1H), 7.3 (s. 5H). 10 NMR (CDCig) 8 1.0 (. J=7. 3H). 1.7-23 (m. 4H).
3.4 @, J=6, 2H), 3.6 (s. 3H)., 3.7 (d. J=2, 2H), 5.45 (brs. 1H): IR (neath 1715, 1680. 1455,
1420, 1290, 1245, 1210, 1120, 870. 775 cm._1 11 NMR (CDCig) & 1.1 (. J=7. 3H). 1.7-3.5
(m. 6H), 3.7 (s, 3H), 3.8-4.3 (m, 2H)., 4.6 (brt. 1H): IR (CHQCIQ) 1710, 1470, 1450, 1240,
1195, 1115, 1005 cm.-.| 13 NMR (CDClg) 6 1.67 (s, 3H). 3.68 (s, 6H), 7.2-7.8 (m, 5H); MS
m/e 302 (M+*), 300. 166, 154.

S. Raucher, J. E. Macdonald. and R. F. Lawrence. J. Am. Chem. Soc., 103, 2418 (1980).

W. C. Still, M. Kahn, and A. Mitra, J. Org. Chem., 43. 2923 (1978).

B. B. Snider. D. J. Rodini. R. Conn, and S. Seaifon. J. Am. Chem. Soc., 101, 5283 (1979).
W. Feely and V. Boekelheide. "Organic Syntheses.” Collect. Vol IV, Wiley, New York. N. Y.
1963. p 298 and references cited therein.

(Received in USA 21 March 1983)



