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(12H), 2.55 (2H, 4, J=17 Hz), 3.67 (3H, s), 4.1—4.3 (2H, m), 5.0—5.7 (3H, m). MS m/e: 363 (M*--1), 331,
289, 229.

Verseifung von II Die Verseifung erfolgte mit 309, NaOH-Losung (30 Minuten, unter Riickfluss)
und die Reinigung durch priparative DC (Kieselgel, Laufmittel: CHCl,;/MeOH, 5: 1). y-Lakton: Farbloses
Ol CH,,0;. Ber. C, 44.44; H, 6.22. Gef. C, 44.11; H, 5.97. IR: v cm~? 3400, 1760. NMR (in CD,0OD):
62.4 (1H, d, J=16 Hz), 2.9 (1H, dd, J==16 Hz, 6 Hz), 3.75 (2H, m), 4.0—4.7 (3H, m). Die Identifizierung
erfolgte durch Gaschromatographie (fz: 18.5) und IR-Vergleich. Zur GC des y-Laktons benutzte man ein
Shimadzu-Gerat GC-1C mit Flammenionisationsdetektor (Tragergas: N,). Eine Trennkolonne, beladen
mit 1.59, SE-30 auf Gaschrom P 60/80. Anfingliche Kolonnentemperatur: 150°. Temperatur steigende
Geschwindigkeit: 2°/Min. Trigergas-Geschwindigkeit: 50 ml/Min.

Danksagung Wir danken Herrn Professor W.-Ch. Shieh vom National Chung-Hsing University
fiir die Hilfe beim Sammeln des Pflanzenmaterials.
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Lactams. XIIL.D Improvements in the Synthesis of Ethyl
trans-5-Ethyl-2-oxo-4-piperidineacetate?

Tozo Fuj, Suiceyukr YosHiruji, and Masasar OuBa
Faculty of Pharmaceutical Sciences, Kanazawa University®
(Received July 4, 1977)

A highly stereoselective, efficient synthetic route to ethyl ¢rans-5-ethyl-2-oxo-4-
piperidineacetate (11a) from 1-benzyl-2,4-dioxo-5-ethylpiperidine (2) is described. The
steps involved are conversion of 2 into 1-benzyl-5-ethyl-2-oxo-1,2,5,6-tetrahydropyridine
(6) through the lactam alcohol (5), the Michael condensation of 6 with diethyl malonate
followed by alkaline hydrolysis, decarboxylation of the resulting frans-lactam dicarboxylic
acid (8a) to the #rans-lactam acid (9a), and debenzylation of 9a followed by esterification.

Keywords functionalized lactams; stereoselective synthesis; NaBH, reduction;
dehydration; Michael addition; hydrolysis; decarboxylation; debenzylation; esterifi-
cation

The 3-ethyl-4-piperidineacetic acid skeleton may be one of the most efficient, common key
synthons conceivable for syntheses of a number of structurally related benzoquinolizidine
and indoloquinolizidine alkaloids. In our recent synthesis of dl-emetine,®* dl-ankorine,?
dl-alangicine,® dl-dihydrocorynantheol,® and di-dihydrocorynantheine,® we featured the intro-
duction of an adequate phenethyl carbon skeleton onto the nitrogen of the title compound
(11a),” the appropriate form of this important synthon, with the “lactim ether method”®
developed newly. During the course of these alkaloid syntheses, the necessity of securing a
substantial amount of the common intermediate 11a provided the occasion for modifying
our previous synthetic route®!® (1-2—3—4—9a,b—10a,b—11a,b).
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Probably the most salient feature of the original route is that both the t7ans- (9a) and the
cis-isomer (9b) can be easily obtained”® in pure form by the hydrogenation (Pt/H,, EtOH, 1atm,
20°) of the unsaturated lactam acid 4.0  Although the stereoselectivity in this reduction is
rather poor (9a:9b=>58 : 42)," the cis—trans isomerization of the N-benzyl derivative (9b)
or the debenzylated derivative (10b) under thermal or acid hydrolytic conditions” enables
the overall stereochemical yield of the lactam ester 11a to reach to an acceptable one. On the
other hand, esterification of the cyanoacetic ester 3 (EtOH-HCI), followed by hydrolysis and
decarboxylation with boiling aq. HCI, gives 41V in only 34%, yield.” Since the low yield in
this step was the only major problem of our original scheme,®1? we first tried to improve it.

When 3 was heated in EtOH-conc. H,SO, for 14 hr and the product was treated with
boiling AcOH-aq. HCI for 15 hr, 4 was produced in 559%, yield. Being unsatisfied with this
result, we next examined an alternative, stereoselective route to 9a from 2 (Chart 1), which
was essentially the same as adopted by Battersby and Turner!® for the N-(3,4-dimethoxy-
phenethyl) analog or by one (T. F.) of us for the debenzylated analog.1®)

CH,Ph
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2) AcOH+HCI CH.CO.H
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CIHZPh O N z O E A or - O g
O N CHz(COzEt )2 H H hOt HC] H
O Sem- Cln Ul == 1
Et Et Y Et " "Et
HCH(CO,Et), H CH,CO.R CH.CO-R
6 Ta 10a : R=H ~ 10b:R=H
' 11a : R=Et 11b : R=Et
Chart 1

Thus, reduction of 2 with NaBH, in EtOH furnished the lactam alcohol 5 (99%, yield)
as an oil, presumed to be a diastereoisomeric mixture, which was dehydrated to the unsatu-
rated lactam 6 (929, yield) by heating with Ac,0-AcONa for 7 hr. The Michael addition

11) Although the location of the double bond in the acid 4® has remained uncertain for a long time, our
recent study (T. Fujii, H. Kogen, S. Yoshifuji, and K. Iga, Abstracts of Papers, 43rd Meeting of Hokuriku
Branch, Pharmaceutical Society of Japan, Kanazawa, November 20, 1976, p. 10) has established it as in
structure 4.

12) A. R. Battersby and J. C. Turner, J. Chem. Soc., 1960, 717.
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of malonate anion to 6 and alkaline hydrolysis of the adduct 7a provided the dicarboxylic
acid 8a (869, overall yield from 6). By the analogy of the N-(3,4-dimethoxyphenethyl)
analog!® and related derivatives,'® the major product was assigned the #rans stereochemistry
(8a). It was also supported by the noise-decoupled carbon-13 nuclear magnetic resonance
(NMR) spectrum of 8a in Me,SO, which exhibited the methylene carbon signal of the ethyl
group at 23.4 ppm (downfield from internal tetramethylsilane). This band position was
close to that (22.5 ppm)” observed for the #rans-acid 10a, while far from that (19.4 ppm)?
for the cis-acid 10b. Decarboxylation of 8a was effected in boiling 609, aq. AcOH for 6 hr
to give the #rans-acid 9a (749, yield) as well as the cis-acid 9b (49, yield). In a separate
experiment, a precise ratio of both isomers (9a : 9b=88 : 12), formed during the decarboxyla-
tion, was measured C-13 NMR spectroscopically as reported” before. The #rans-acid 9a was
also transformed into the cis-isomer (9b) to the extent of 99, under the same reaction condi-
tions. Although we are not certain whether the frans—cis isomerization occurs before and/or
after the decarboxylation of 8a, it seems to proceed through a mechanism similar to that
proposed previously for the cis2frans isomerization of 9a,b and 10a,b in boiling 6 ~ aq. HCL.
Debenzylation of 9a was then effected with Na in liquid NH,,!%1% and the debenzylated
product (859, yield) was isolated in the form of the lactam acid 10a and the lactam ester 11a.
Esteri-fication of 10a [HCI-EtOH (1: 9, w/w), 15°, 16 hr]'® afforded the desired compound
(11a) in 969, yield. '

The ketonic cleavage of the lactam keto ester 1 was originally carried out in boiling
6.7% aq. HCI for 3 hr, giving 2 in 849, yield.® In the present work, replacement of the
mineral acid by boiling 109, aq. AcOH!® could raise the yield of 2 to 989%. The success
of this procedure is probably due to the milder acid conditions under which the lactam ring
could be kept intact.

Yet another synthetic route to 11a,b is that of Preobrazhensky et al.,'” who converted
diethyl glutaconate into 1la,b by the Michael condensation with ethyl cyanoacetate followed
by ethylation, selective saponification, decarboxylation, and reductive cyclization. In spite
of the closer study of this route by van Tamelen ¢f al.,'® however, the poor overall yield of
11a,b has not been improved. Thus, the present modification of our original route would
be the choice of the method for preparation of the key intermediate (11a).

Experimental

All melting points are corrected; boiling points, uncorrected. See ref. 7 for details of instrumentation
and measurement. The following abbreviations are used: b=broad, d=doublet, d-d=doublet-of-doublets,
m=multiplet, s=singlet, t=triplet.

1-Benzyl-2,4-dioxo-5-ethylpiperidine (2) A mixture of the lactam keto ester 1% (196 g, 0.646 mol)
and 10% (v/v) aq. AcOH (21) was refluxed for 4.5 hr. After cooling, the reaction mixture was extracted
with benzene (3 X500 ml). The combined extracts were washed successively with sat. aq. NaCl, sat. aq.
NaHCO,, and sat. aq. NaCl, dried over anhyd. Na,SO,, and evaporated to dryness i vacuo, leaving 2 (146 g,
98%) as a yellowish brown, fluorescent, viscous oil, identical [by comparison of infrared (IR) spectrum]
with an authentic sample.” Rapid distillation of part (32.6 g) of the crude sample gave a colorless, viscous
oil (29.4 g), bp 172—173° (1 mmHg); IR »i3 cm~2: 1726 (CO), 1656 (lactam CO); NMR (CDCl;) 4: 0.82
(3H, t, /=7 Hz, CH,CH,), 1.04—1.98 (2H, m, CH,CH,), 2.2—2.54 (1H, m, H¢y,), 3.1——3.62 (2H, m, Hy’s),
3.40 (2H, s, Hy’s), 4.68 (2H, s, CH,CH;), 7.35 (5H, s, CH,).

13) T. Fujii, S. Yoshifuji, and K. Ikeda, Heferocycles, 5, 183 (1976), and references cited.

14) S. Sugasawa and T. Fujii, Chem. Pharm. Bull. (Tokyo), 6, 587 (1958).

15) We have confirmed by means of C-13 NMR spectroscopy” that the trans—cis or the cis—#rans isomeri-
zation of 10a or 10b did not occur at all under these esterification conditions, but the same esterification
at 32° (16 hr) or at reflux gave a mixture of both isomeric esters (11a, b). The details will be published
elsewhere shortly.

16) Patterned after the procedure of Y. Ban, Pharm. Bull. (Tokyo), 3, 53 (1955).

17) R. P. Evstigneeva and N. A. Preobrazhensky, Tetrahedron, 4, 223 (1958), and references cited.

18) E. E. van Tamelen and J. B. Hester, Jr., J. Am. Chem. Soc., 91, 7342 (1969).
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1-Benzyl-5-ethyl-2-0x0-1,2,5,6-tetrahydro-4-pyridineacetic Acid (4) To a cooled solution of the cyano-
acetate 39 (72.0 g, 0.22 mol) in a mixture of EtOH (250 ml) and H,O (6 ml) was added dropwise conc. H,SO,
(200 g) with stirring over a period of 1.5 hr, After having been heated at reflux for 14 hr, the reaction
mixture was poured into ice-water (11), separating an oil. The suspension was kept standing for 30 min
with occasional shaking, heated in a water bath (50—55°) for 30 min, and kept standing again at room temp.
for 2 hr. The mixture was then extracted with AcOEt (1 X 600 ml, 1 X 400 ml, 4 x 200 ml) and the combined
extracts were dried over anhyd. Na,SO,. Removal of the AcOEt from the extracts by distillation left a
dark brown oil, which was heated with a boiling mixture of AcOH (200 ml), conc. aq. HCI (240 ml), and
H,0 (180 ml) for 15 hr. The resulting mixture was evaporated to dryness ¢» vacuo to leave a dark brown
oil, which was extracted with warm 109 aq. Na,CO, (6 X200 ml). The combined aqueous extracts were
washed with AcOEt, made acid to Congo red with conc. aq. HCl. The pale brownish crystals that resulted
were filtered off, washed with H,O, and dried to furnish crude 4 (33.0 g, 55%), mp 110—118°. Recrystalliza-
tion from 50%, aq. EtOH gave colorless needles, mp 126—126.5° (with slight effervescence), identical (by
mixed melting-point test and comparison of IR spectrum) with authentic 4.9

1-Benzyl-5-ethyl-4-hydroxy-2-piperidone (5) To a stirred, ice-cooled solution of the above crude
lactam ketone (2) (28.0 g, 120 mmol) in EtOH (300 ml) was added portionwise NaBH, (2.29 g, 60 mmol)
in 30 min. After the solution was stirred under ice-cooling for 4 hr, acetone (4 ml) was added and the solvent
was removed by vacuum distillation. After addition of H,0 (100 ml), sufficient 10% aq. HCl was added
to produce a weakly acid (pH 2—3) suspension, which was extracted with CHCl; (1 x 200 ml, 2x 80 ml).
The combined extracts were washed with H,O (2 x 50 ml), dried over anhyd. Na,SO,, and evaporated to
dryness in vacuo, leaving 5 (28.0 g, 99%) as a pale yellow oil, presumed to be a diastereoisomeric mix-
ture.

1-Benzyl-5-ethyl-2-0x0-1,2,5,6-tetrahydropyridine (6) A mixture of the foregoing alcohol(s) (5)
(72.0 g, 309 mmol), Ac,O (600 ml), and powdered anhyd. AcONa (75.0 g, 910 mmol) was heated at reflux
for 7 hr. The anhydride was evaporated iz vacuo and H,O (300 ml) was added to the residue. The mixture
was extracted with benzene (1 x400 ml, 2x 200 ml), and the combined extracts were washed successively
with 1% aq. NH; (3 X 100 ml), 5% aq. Na,CO, (3 x 100 ml), and H,O (2 x 100 ml), dried over anhyd. Na,SO,.
Evaporation of the benzene left a dark brown oil, which was distilled to give 6 (61.4 g, 92%) as a colorless
oil, bp 146—147° (3 mmHg); MS mje: 215 (M+); UV 225 ™% 253.5 nm (¢ 3060); IR &% cm-1: 1667, 1612
(C=C, lactam CO); NMR (CDCly) é: 0.82 (3H, t, /=7 Hz, CH,CH,), 1.2—1.56 (2H, m, CH,CH,), 2.14—2.5
(1H, m, Hey, 2.98—3.52 (2H, m, Hy’s), 4.51 and 4.73 (1H each, AB type d’s, /=15 Hz, CH,C,H,), 5.98
(1H, d-d, J=1.5 and 10 Hz, H¢y, 6.49 (1H, d-d, J=3.5 and 10 Hz, Hy,), 7.37 (5H, s, C;Hj).

trans-1-Benzyl-5-ethyl-2-oxo0-4-piperidinemalonic Acid (8a) To a stirred solution of diethyl malonate
(4.80 g, 30 mmol) in a mixture of Na (518 mg, 22.5 mg.-atom) and abs. EtOH (15 ml) was added dropwise
in 20 min a solution of 6 (3.23 g, 15 mmol) in abs. EtOH (12 ml), and the resulting solution was heated under
reflux for 5 hr. After addition of AcOH (1 ml), the mixture was evaporated to dryness iz vacuo, and H,0O
(50 ml) was added to the oily residue. The resulting suspension was extracted with benzene (3 x 50 ml),
and the extracts were washed successively with 5% aq. Na,CO; (2 X 25 ml) and H,0 (3 x 20 ml), dried over
anhyd. Na,SO,, and evaporated in vacuo, leaving a brown oil. The excess of diethyl malonate was removed
from this oil by vacuum distillation [100-~105° (bath temp.) (3 mmHg), 1 hr], and a reddish brown oil (7a)
(5.20 g) that remained was heated with a mixture of EtOH (30 ml) and 2 v aq. NaOH (15 ml) a t50° (bath temp.)
for 20 hr, Evaporation of the resulting solution left a light brown sirup, which was dissolved in H,0 (20 ml).
After the aqueous solution was washed with benzene (3 x 20 ml) and acidified (pH 1) with 109, aq. HC],
it was extracted with CHCl; (1 x50 ml, 2 x 30 ml). The combined CHCI; extracts were washed successively
with H,0O (20 ml) and sat. aq. NaCl (2 x 20 ml), dried over anhyd. Na,SO,, and evaporated % vacuo to provide
crude 8a (4.11 g, 869%) as a slightly brown solid, mp 139—144° (dec.). Recrystallization from 359%, (v/v)
aq. EtOH yielded an analytically pure sample as colorless prisms, mp 152—153° (dec.); MS m/e: 319 (M+);
IR yYut cm~1: 1736 (CO.H), 1677 (medium), 1590 (lactam CO);1®» NMR (Me,SO-dg) 6: 0.75 (8H, t, /=7 Hz,
CH,CH;), 0.9—1.9 (4¢H, m, CH,CH;, H(y, H¢y), 2.16—2.52 (2H, m, H,)’s), 2.80—38.48 (2H, m, H,)’s), 3.44
[1H, d, J=7 Hz, CH(CO,H),], 4.49 and 4.63 (1H each, AB type d’s, /=15 Hz, CH,C;H,), 7.16—7.64 (5bH, m,
C.H;), 12.84 (2H, b, CO,H’). Aunal. Calcd. for C,,H,,NO,: C, 63.94; H, 6.63; N, 4.39. Found: C, 64.15;
H, 6.49; N, 4.32.

trans-1-Benzyl-5-ethyl-2-oxo0-4-piperidineacetic Acid (9a) A pure sample (79.6 g, 249 mmol) of 8a
was heated with boiling 609, (v/v) aq. AcOH (1.61) for 6 hr. The solvent was evaporated in vacuo and
the residue was dissolved in CHCl; (800 ml). The CHCI, solution was washed with H,O (2 x 200 ml), dried
over anhyd. Na,SO,4, and evaporated in vacuo to leave a colorless solid (68.6 g), mp 102-—106°. Recrystalli-
zation of the solid from AcOEt (200 ml) provided 9a (50.5 g, 74%) as colorless plates, mp 106—108°, identical
(by mixed melting-point test and comparison of IR spectrum) with an authentic sample.”? The mother
liquor from this recrystallization was evaporated ¢n vacuo to dryness, and the residue was recrystallized twice

19) For abnormality of carbonyl frequencies observed for lactams carrying a carboxyl group, see T. Fujii,
S. Yoshifuji, and A. Tamai, Chem. Pharm. Bull. (Tokyo), 19, 369 (1971).
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from AcOEt-hexane (1:1, v/v) (2: 1, v/v) gave colorless prisms (2.64 g, 4%), mp 100—102°, identified with
authentic c¢és-lactam acid 9b.”

In a separate experiment, an analytically pure sample (120 mg, 0.37 mmol) of 8a was heated under
reflux for 6 hr with 609 (v/v) aq. AcOH (2.4 ml). The solvent was removed by vacuum distillation to
afford a colorless solid, which was dried and dissolved in CDCl; (2 ml). Analysis of the CDCl; solution by
means of C FT NMR spectroscopy? revealed that it contained an 88 : 12 mixture of 9a and 9b.

In yet another experiment, a pure sample of 9a was treated in the same way as described above for 8a,
and the material recovered from the reaction mixture was analyzed in the same way, disclosing that it was a
91: 9 mixture of 9a and 9b.

trans-5-Ethyl-2-oxo-4-piperidineacetic Acid (10a) To a stirred solution of 9a (5.51 g, 20 mmol) in
liquid NH; (250 ml) was added in small pieces Na (1.38 g, 60 mg.-atom) over a period of 1.5 hr. After the
mixture was stirred without any external cooling for 2 hr, liquid NH, (400 ml)} was added. The resulting
turbid mixture was further stirred in the same manner until it was freed from the liquid. The residual,
colorless solid was dissolved in H,0 (30 ml), and the aqueous solution, after having been made acid to Congo
red with conc. aq. HCI (ca. 6 ml), was extracted with benzene (2 x 100 ml) without delay. From these benzene
extracts, the starting N-benzyl derivative (9a) (284 mg, 5.2%), mp 106—108°, was recovered. The aqueous
solution that remained was kept in a refrigerator overnight, and the colorless needles that resulted were filtered
off, washed with cold H,O (3 x 3 ml), and dried to give 10a (2.08 g, 56%), mp 146—148°, identified (by mixed
melting-point test and comparison of IR spectrum) with an authentic sample.”'® The aqueous filtrate
and washings were combined and evaporated in vacuo to dryness. The residue, after having been dried
thoroughly in a desiccator, was stirred in 10%, ethanolic HCl (25 ml) at 15° (bath temp.) for 24 hr. The
EtOH was evaporated in vacuo, and H,0O (20 ml) was added to the residue. The aqueous solution was
basified with Na,CO,, salted out with X,CO,, and extracted with benzene (3 x 20 ml). The combined benzene
extracts were dried over anhyd. Na,SO, and evaporated toleave a yellowish orange solid, mp 78—90°. Recrys-
tallization of the solid from isopropyl ether furnished 11a (1.23 g, 299, yield from 9a) as colorless pillars,
mp 93.5—94.5°, identical (by mixed melting-point test and comparison of IR spectrum) with an authentic
sample.”*® The total yield of the debenzylated products (10a, 1la) was 859%,.

Ethyl #rans-5-Ethyl-2-oxo-4~piperidineacetate (11a) A solution of 10a (222 mg, 1.2 mmol) in 109,
ethanolic HCl (12 ml) was kept at 15° (bath temp.) for 16 hr. The solution was evaporated i»n vacuo, and
sat. aq. NaHCO, (10 ml) was added to the residue. The resulting mixture was extracted with CHCI, (1 x 20
ml, 2x 10 ml), and the combined extracts were washed with sat. aq. NaCl (15 ml) and dried over anhyd.
Na,SO,. Evaporation of the solvent left 11a (246 mg, 969%,) as colorless pillars, mp 92—94°, identical (by
mixed melting-point test and IR spectroscopy) with an authentic sample.?s1®
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