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wag extracted (CH,Clz, 3 X 60 ml) and the extract was concen-
trated. The residue was partitioned between 2 N HCI and
ether. The 2 N HCI fraction was basified (209, KOH) and re-
extracted (ether). Removal of the ether gave an oil (3.34 g,
52%), which was essentially 14 (R = CHj;) from nmr spectros-
copy. This was characterized as the biscyclamate: mp 126—
128°; vmax 3240 (m), 1584 (m), 1290 (s), 1270 (s) 1208 (s), 1170
(s), 1080 cm ™ (s); Amel™ benzenoid absorption; nmr (free base)
57.10 (0, 4), 3.64 (s, 2), 2.24 (s, 3), 2.04 (s, 3).

Anal. Calcd for CmszNz'ZCeHmNOsS: C, 54.15; H, 8.39;
N,9.72. Found: C,53.89; H,8.66; N, 9.60.

Attempted Catalytic Reduction of 6 (R = H) to 5.—Compound
6 (R = H) (2.07 g, 0.011 mol) was hydrogenated (room tempera-
ture and pressure) in ethanol over PtO. (100 mg). Hydrogen
was consumed (410 ml), the reaction mixture was filtered through
Celite, and the ethanol was removed. The residue was an oil
(0.02 g), identical (nmr, ir) with 2-(3-aminopropyl)-1,2,3,4-tetra-
hydroisoquinoline (4) prepared by NaBH, reduction of 1 (n =
2). The dihydrochloride melting point (263-265°) was identical
with that of material above,

Attempted Reduction of 6 (R = H) to 5.—Compound 6 (R =
H) (3.74 g, 0.02 mol) was dissolved in dry THF (30 ml) and added
to a well-stirred slurry of LiAlH, (1.9 g) in THF (100 ml) under
nitrogen. The mixture was refluxed overnight. The excess re-
agent was decomposed with saturated sodium potassium tartrate
and the mixture was filtered through Celite. The filtrate was
diluted with ether, well washed (saturated salt solution), dried
(MgS0,), and concentrated to yield an oil (3.31 g) identical (ir,
nmr) with the starting material 6 (R = H).
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Mercuric Acetate-EDTA Oxidation of Compound 9.—Com-
pound 9 (700 mg, 0.0035 mol) was added to a solution of mercuric
acetate (1.14 g, 0.0035 mol) and EDTA disodium salt (1.3 g,
0.0035 mol) in 2% aqueous acetic acid (50 ml). After 2 days
at room temperature, the mixture was made basic (209, KOH)
and extracted (ether). The ether was washed (saturated NaCl
solution), dried (MgS04), and removed. The resulting oil (420
mg) was distilled in a hot box (0.05 mm). The distilled material
(380 mg) was examined: pmex 1650 cm~! (m), 1620 (m); nmr 3
8.34 (d, ~0.25), 6.18 (d, ~0.5), 5.34 (d, ~0.5); mass spectrum
m/e 216, 200, 187, 157, 129; 200 — 157 is loss of - CH;=NCH,,
linked by a metastable peak at 123.2; 157 — 129 is loss of C;Hj
linked by & metastable peak at 106.0.

Registry No.—1 (n = 1), 37384-28-4; 1 (n = 2),
37384-29-5: 3 (n = 1), 37394-04-0; 3 (n = 2), 21130-
96-8; 4, 5596-87-2; 5, 37393-84-3; 6 (R = H, bis-
cyclamate), 37393-83-2; 7, 37413-11-9; 8, 37393-85-4;
10, 37393-86-5; 13 (R = H), 37393-87-6; 14 (R = H,
biscyclamate), 37393-88-7; 14 (R = CH,;, biscycla-
mate), 37393-89-8.
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An approach to the synthesis of nitrogen analogs of the tetrahydrocannabinols which preserves the integrity
of the trans ring fusion and a natural location of the double bond is reported in the pres_ent study. i The con-
densation of o-anisylidenemethylamine (10) and glutaric anhydride yielded trans- and cis-1-methyl-5-carboxy-

6-(0-methoxyphenyl)-2-piperidones (11 and 12).

Subsequent O-demethylation and cyclodehydration of the

trans diastereomer provided the tricyclic lactone 16, which was converted into the corresponding gem—dimgthy}
alcohol 18. Cyclodehydration of 18 gave the key tricyclic intermediate 23, which was also obtained inde-

pendently vin the methyl ester 13 of 11.

alcohol 24, which on treatment with BBr; gave the trans bromide 25.

Treatment of the trans ester 13 with CH,MgBr yielded the tertiary

Dehydrohalogenation of 25 provided a

mixture of olefins 26 and 27, which could be cyclized to the key intermediate 23 in CF;COOH. Configurational

and conformational assignments were made by nmr spectroscopy.

Subsequent methylations and reductions

of 23 provided the corresponding carbinolamines, enamines, and amines.

It has been shown that the biologically active con-
stituents of Cannabis are A~irans-tetrahydrocannabinol
(A*-THC) 12 and A'®-frans-tetrahydrocannabinol

CSHH

(AY®-THC) 2.2 The absolute configurations of Al-
THC and A'®-THC at C-3 and C-4 are R.*
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In view of the generally recognized psychotropic
activity of the THC’s?® a striking structural feature
of these molecules is the absence of nitrogen. How-
ever, a number of THC nitrogen analogs have been
reported. Thus far, the synthesis of most of these
nitrogen analogs has been based on the early work of
Adams and Todd and their collaborators,® who con-
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densed ethyl 3-methyleyclohexanone-2-carboxylate (3)
with olivetol (4) in the presence of phosphorus oxy-
chloride to give the benzopyrone 5. Treatment of 5
with methylmagnesium iodide provided the unnatural
and less physiologieally active A*-THC 6. By con-

OH
o HO CsHy;
4
COOEt
3 ° o CHy,
5

o] CiHy,
6

densation of appropriately substituted piperidones
with olivetol under similar conditions followed by
Grignard methylation, aza analogs 7,7 8,8 and 9° have
becn prepared. ®P

CH,

N CHa

OH N

Z 7

OH

o] C5 HII [e} CsH“

OH

o CiHy,
9

Anker and Cook synthesized compound 8 in 1946
and reported it to have no analgesic activity.® Razdan,
et al., repeated the synthesis of compound 8 and re-
ported in 1968 that it is an active CNS agent similar
to compound 7, reported by Pars, ef al.” Both com-
pounds were found to depress spontancous activity
and produce analgesia in mice.!t The pharmacologic
activity of these nitrogen analogs encouraged the
synthesis of the quinuclidine derivative 9, which was
also reported to be an active CNS agent. 't

Since the unnatural A® isomer 6 is considerably less
potent in animals'? and in man'® than the trans iso-
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mers 1 and 2, it may be concluded that the stereo-
chemistry of the terpene ring is an important factor
in terms of any physiological response. Therefore,
we have undertaken a new approach to the synthesis
of nitrogen analogs of the THC’s in which the integrity
of the trans ring fusion and a natural location of the
double bond are preserved. An additional factor
which should be considered in the design of a synthetic
route to these compounds is its potential versatility
toward structural modification, since the preparation
of a series of structurally related compounds should
prove of value in the elucidation of paramcters as-
sociated with the biological activity. With these con-
siderations in mind, we chose dl-trans-1,5,5-trimeth-
yl-2-0%0-1,2,3,4,4a,5,10b - heptahydro[1 ]benzopyrano-
[4,3-b]pyridine (23) as our first objective.

The condensation of o-anisylidenemethylamine (10)

NCH,

o
|

CH,
10

and glutaric anhydride in refluxing xylene proceeded
smoothly to yield a diastereomeric mixture of piper-
idones 11 and 12, which could be separated by frac-
tional crystallization. These trans and cis diastereo-
mers were converted into their methyl csters 13 and
14 by treatment with diazomethane. By analogy
with the condensation of Schiff bases and succinic
anhydrides,'** the major diastercomer would be ex-
pected to have the trans configuration while that of
the minor diastereomer would be cis. In addition,
the aromatic ring in both trans and cis diastereomers
may be expected to occupy the axial conformation in

11, R, = COOH, R, = CH;

13, R, = COOCH,, R, = CHs
15, R, = COOH, R, = H

18, R; = C(CH;»0H, Ry = H
24, R, = C(CH;),0H, R: = CH;
25, R1 = C(CHa)zBI‘, Rg =H
26, Ry = C(CH;)=CH,, R, = H

view of the planar amide linkage containing two tri-
gonal atoms and with reference to the work which
has been done on A strain in cyclohexenes.’  These
expectations regarding the configurations and con-
formations of these compounds were verified by nmr
as follows. The signal for the methoxycarbonyl pro-

(14) N. Castagnoli, Jr., J. Org. Chem., 34, 3187 (1969).
(15) M. Cushman and N. Castagnoli, Jr., ibid., 86, 3404 (1971).
(18) F. Johnson, Chem. Rev., 68, 375 (1968).
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Hg

= COOH, R, = CH,
14, R, = COOCH;, R, = CH;

12, R,

tons of the methyl cster of the major trans diastereo-
mer 13 appears at § 3.75 ppm whereas the correspond-
ing signal of the minor diastercomer 14 appears at §
3.56 ppm. Inspection of Dreiding models reveals
that thce methoxycarbonyl protons of the equatorial
ester group of 14 may cxperience the shielding effect
of the aromatic = cloud whereas those of the axial
ester group of 13 may not. Iurther support of these
assignments is provided by the coupling constant of
H,in 11 (J = 2.5 Hz) in comparison with the coupling
constant of Hy in 12 (/ = 5 Hz). This is as expected
since in comparable systems the coupling constants for
dicquatorial protons arc invariably significantly smaller
than those of axial-cquatorial protons.'” Ifinally,
the trans lactone 16, a key intermediate in our overall

synthetic plan (see below), exists as a rigid diequatorial
conformer. This conversion from the diaxial arrange-
ment in the ring open system, e.g., 11 to diequatorial
16 was accompaniced by a change in coupling constant
for Hs from 2.5 Hz for 11 to 13 Hz for 16. It is firmly
established that the nmr spectra of compounds con-
taining six-membered rings show coupling constants
for diaxial protons in the range of 8-13 Hz and dicqua-
torial protons in the range 1-5 Hz. 7

The relative amounts of 11 and 12 present in the
crude reaction product could be cstimated by integra-
tion of the O~CHj singlets in the nmr spectrum.  Based
on these values, the mixture contained 889, of the
trans diastercomer and 1297 of the cis. In order to
determine the thermodynamic equilibrium for the
methyl esters 13 and 14, cach diastereomer was heated
in McOH in the presence of an cquivalent of CH;O~
The mixture obtained in this way starting from cither
pure trans or pure cis contained 929 of the trans iso-
mer and 89, of the cis, determined by integration of
methoxycarbonyl proton signals in nmr spectra.  Com-
parable results were obtained by pyrolysis of the trans
acid 11.

The next step in our approach to the model aza
analogs of THC involved formation of the trieyelic

(17) L. M. Jackman and 8. Sternhell, ““Applications of Nuclear Magnetic
Resonance Spectroscopy in Organic Chemistry,” 2nd ed, Pergamon Press,
Llmsford, N. Y., 1969, p 288,
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compound 16. Attempted conversion'® of the methyl
ether 11 into 16 via the phenol intermediate 15 with
HI in acetic acid gave unexpectedly the coumarin 17,

O

NHCH,
/

o o
17

The ir spectrum of the solid reveals strong lactone
and amide carbonyl bands as well as an N-H band at
3280 em~! which shifts to 2425 em~! after deuterium
exchange with D,0, consistent with the proposed sec-
ondary amide structure.!®* The nmr chemical shift
value (8 7.65 ppm) of the olefinic proton singlet agrees
well with the 6 7.72 ppm value reported for the cor-
responding doublet in coumarin.® The remaining
nmr signals as well as the mass specetral, uv, and micro-
analytical data also support this structure (scc IEx-
perimental Scetion for details).

Synthesis of the desired tricyclic lactone 16 was
finally accomplished by a two-step sequence. The
methyl cther 11 was converted into the phenol 15 by
treatment with boron tribromide in mcthylene di-
chloride.?2? The phenol underwent cyclodehydration
smoothly to compound 16 in the presence of dicyclo-
hexylearbodiimide. Attempted thermal cyclization of
phenol 15 to 16 gave instead the same coumarin 17
isolated by HI trcatment of compound 11. Since
both 11 and 16 could not be converted into 17 by heat-
ing, it would appear that compound 15 is an obligatory
intermediate in the formation of the coumarin,

Treatment of 16 with cexcess methylmagnesium
bromide in tetrahydrofuran at 0° provided the lactam
18 as the sole isolable product. When the lactone
16 was treated with methylmagnesium bromide in
refluxing xylenc for 6 hr, glpe analysis showed the
isolated product to be a 3:1 mixture of two compo-
nents which could be separated by column chroma-
tography on ncutral alumina. Although the chemical
ionization mass spcetrum and clemental analysis of
the major component could be interpreted in terms
of the enamine 19, the nmr spectrum could not be

(18) R. Adams and R. B. Carlin, J. Amer. Chem. Soc., 68, 360 (1943).

(19) L. J. Bellamy, *The Infrared Spectra of Complex Molecules,” 2nd
ed, Wiley, New York, N. Y., 1958, p 207.

(20) Varian High Resolution NMR Spectra Catalog, No. 225.

(21) J. F. W. McOmie, M. L. Watts, and D. L. West, Tetrahedron, 34,
2289 (1968).



NITROGEN ANALOGS OF THE TETRAHYDROCANNABINOLS

rationalized on the basis of this structure. In partic-
ular, the signal for the C~CH; & to nitrogen appeared
at 6 1.26 ppm as a sharp singlet, which is at a higher
field than expected for an olefinic methyl signal. Fur-
thermore, the olefinic proton Hgy of 19 should appear
near 6 4.4 ppm.?? The only signal in this area appeared
as a singlet at § 4.18 ppm which may be assigned to a
benzylic proton. A review of the THC literature
revealed that a compound originally thought to be
A1®.3 4-c0s-THC . was reassigned structure 20 on the
basis of its nmr speetrum.?® Consideration of the
arguments for this reassignment led to the realization
that the corresponding structure 21 was consistent

CsHy
OH (o] CH
O \ 3 ™
Hg
OH
20 21

with our spectral data. The chemical shift value of
the benzylic proton Ha of 21 of 5 4.18 compares favor-
ably with the § 4.19 reported for the allylic benzylic
proton Hy of 20.  The § 1.26 value for the C-methyl «
to nitrogen in 21 also compares favorably with the §
1.36 for the corresponding methyl group of 20.

The second minor component of the reaction mixture
proved to be the product resulting from the addition
of four methyl groups to 16 yielding the diequatorially
substituted (Ja,s = 10.5 Hz) amine 22. Mixtures of

21 and 22 could be converted completely into 22 by
repeated subjection of the mixture to the Grignard
conditions in refluxing xylene.

The tricyclic amide 23 was obtained in 409 yield
by eyclization of the tertiary alcohol 18 in CF;COOH.
As in the conversion of 15 into 16, this reaction was
accompanied by a conformational conversion from
a diaxial to a rigid diequatorial ring system, as in-
dicated by a change in the coupling constant J4 s from
2.51t09.5 Hz.

An alternative route to the tricyclic amide 23 was
also established. Treatment of the trans ester 13
with methylmagnesium bromide in tetrahydrofuran
provided the corresponding tertiary alcohol 24, which
was converted with boron tribromide into the trans
bromide 25. Dehydrohalogenation of this bromide
25 gave a mixture of the olefins 26 and 27, which were
shown by nmr to be present in a 19:1 ratio, respectively.

In addition to the above two olefins, concentration
of the agueous HBr solution of this reaction mixture

(22) G. Btork, A. Brizzolara, H. Landesman, J. Szmuszkovicz, and R.

Terrell, J. Amer. Chem. Soc., 86, 207 (1963).
(23) Y. Gaoni and R. Mechoulam, ibid., 88, 5673 (1966).
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gave a crystalline solid material which proved to be
the amide hydrobromide 28.2¢* Comparison of the

OH

nmr spectrum in CDCl; of this material with that of
the corresponding amide 23 reveals downfield shifts
for the N-methyl group and all protons in the nitrogen-
containing heterocyclic ring. Furthermore, the mag-
nitude of this effect is greatest for the protons nearest
the positive charge. Treatment of the nmr samples
with a few drops of Py-d; or DO instantaneously gen-
erated the spectrum of the amide 23. Except for the
appearance of HBr, the electron impact mass spectrum
of the hydrobromide 28 was identical with that of the
amide 23. The empirical formula of the base peak in
both spectra was established as CsH,;NO by high reso-
lution, which is consistent with structure 29.. ‘Radical

H O
+ .+ _CH
T NHCH + 3
3 HAANS
A é__
o o)
29 23a

ion 29 may be formed by ring opening of the pyran®
followed by « cleavage of the amide 23a with loss of
a carbene.?®® The ir spectrum of hydrobromide 28
contained a broad absorption at 1650 cm™!, near the
vo=o (1660 em~Y) of amide 23. The amide 23 was
obtained after extraction of CHCl; suspensions of 28
with water.

The 19:1 mixture of olefins 26 and 27 was treated with
boiling CF;COOH for 35 min and the nonphenolic
material isolated in 7097 yield. Integration of the
NCH; groups at & 3.15 and 3.35 ppm of the crude isolate
indicated that the trans amide 23 and cis amide 30

(24) Houben-Weyl, ‘“Die Methoden der organischen Chemie,”” 11/2,
Georg Thieme, Leipzig, 1958, p 568.

(25) B. Wilhalm, A. F. Thomas, and F. Gautschi, Tetrahedron, 20, 1185
(1964). .

(26) H. Budzikiewicz, C. Djerassi, and D. H. Williams, *Mass Spectrom-
etry of Organic Compounds,” Holden-Day, San Franecisco, Calif.,, 1967,
pp 340~348.
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were present in a 17:3 ratio, respectively, During
separation of 23 and 30 by fractional crystallization,
a trace impurity was detected by glpe on SE-30 which
cocrystallized and cosublimed with the desired trans
amide 23. Column chromatography led to the separa~
tion of the trans and cis amides 23 and 30 from the
impurity. As had been observed with the ¢oumarin
17, the N-methyl doublet (/ = 5 Hz) in the nmr spec-
trum of the “impurity”’ collapsed to a singlet after
addition of D,O, suggesting the chromene 31. Al-
though the appearance of the signal for the four methyl-
ene protons as a sharp singlet was somewhat surpris-
ing, examples of other unsymmetrically 1,2-disubsti-
tuted ethylenes in which the four methylene protons
appear as a singlet have been reported.? The ir
characteristics of 31 were similar to those observed
for the coumarin 17. When the CF;COOH reaction
period was extended to 24 hr, the cis amide 30 (Jo 5 =
5 Hz) was the only isolable product, and none of 23
or 31 could be detected. Since the chromene 31 is a
symmetrical molecule, our. attention was directed to
the possibility that it is an intermediate in the epimer-
ization of 23 to 30. Therefore a solution of 31 in
CI3COOH was heated at the boiling point and the
reaction progress followed by nmr. Essentially com-
plete conversion of the chromene 31 to the cis amide
30 was observed within 3 hr. Evidently the epimeriza-
tion of 23 to 30 proceeds by cleavage of the benzylic
carbon-nitrogen bond to form intermediate 32a <«
32b, which then deprotonates to generate the chromene

23
[e] o] B
NHCH, "NHCH,
—_ ]
x
>
o/
e ° N
® \
32a A s 32b
)

o
NHCH,
=
o
31

31 or cyclizes to the cis amide 30. Similar results
were also observed on treatment of the tertiary al-
cohol 18 with boiling CI;COOH.

The carbinolamine 33 was isolated as a stable solid
in 639 yield after reduction of the amide 23 with a
large excess of lithium aluminum hydride in tetrahy-

(27) Varian High Resolution NMR 8pectra Catalog No. 106 and 129,
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drofuran. The corresponding amino aldehyde 34
and enamine 35 structures can be excluded due to the
lack of any aldehyde or enamine double bond absor-
bance in the solid state ir spectrum. Broad multiplets
were observed in the nmr spectrum for the methine
and methylene protons. The nmr spectrum recorded
16 hr after dissolution of the carbinolamine 33 showed
substantial conversion (>609) into the enamine 35.
The signal for the benzylic proton Hy appeared as a
distinet doublet (Ja,z = 10 Hz) at § 4.00 ppm. The
signal for the olefinic proton Hr has been assigned to
a-doublet (Je,r = 7 Hz) at § 6.19 ppm and the signal
for the remaining proton Hg corresponds to a multi-
plet at 64.95 ppm.2® This change in the nmr spectrum
was paralleled by the appearance of the ¢enamine double
bond (1650 cm~!) in the ir spectrum.?>??% This

CH
v
N

37 (m/e 230) 36 (m/e 229)

facile dehydration was also evident in the chemical
ionization mass spectrum of the carbinolamine 33
which showed no ion at m/e 248 corresponding to
protonated 33, but did show the iminium ion 37 (m/e
230) as the base peak along with the enamine radical
ion 36 (m/e229,47%).

Treatment of the trans amide 23 with an excess of
methylmagnesium bromide in boiling tetrahydrofuran
yielded the carbinolamine 38 as a stable solid in 86%
yield. As with carbinolamine 33, the corresponding
amino aldehyde and enamine structures could be ruled
out due to lack of any aldehyde or enamine double
bond absorbance in the solid state ir spectrum. In
contrast to carbinolamine 33, the nmr and ir spectra
recorded at 10-min intervals after dissolution of car-
binolamine 38 indicated essentially complete conver-
sion into the enamine 39 plus water within 1 hr. The
olefinic proton in the nmr spectrum of the enarpine 39
appeared as a multiplet at § 4.87 ppm and the ir spec-
trum displayed an absorbance at 1650 em™!, corre-
sponding to an enamine double bond.?? The enamine
39 could be isolated and characterized as an oil after

(28) H. Diekmann, G. Englert, and K. Wallenfels, Tetrahedron, 20, 281
(1984),

(29) N.J. Leonard and V. W, Qash, J. Amer. Chem. Soc., 76, 2781 (1954).

(30) N. J. Leonard, P. D. Thomas, and V. W. Gash, ibid,, 1T, 1552
(19535).
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dehydration of the carbinolamine 38. Unlike other
members in this series, the signal for proton Hj ap-
peared as a multiplet instead of the expected doublet,
presumably due to virtual long-range 'coupling.®!
Addition of D0 to CDCl; solutions of enamine 39
resulted in disappearance of the olefinic proton Hg
and the olefinic methyl group in the nmr spectrum
vielding the deuterated enamine 40%%:% ({y, for ex-

change approximately 15 min). In order to establish
that an exchange process had occurred rather than
decomposition, the reversibility of the reaction was
tested by back-exchange of deuterium in 40 with H,0.
Addition of H:O to CDCl; solutions of 40 resulted in
regeneration of the nmr speetrum of 39,

Proton Hys in the amine 41, obtained by catalytic
reduction of 38, appeared as a doublet (J4,5 = 11 Hz).
The presence of a single diastercomer was indicated by
the sharp melting point, the presence of single signals
for the N-CH; and C—~CHj; groups in the nmur spectrum,
and observation of a single peak on glpe. The rela~
tive configuration at C-2 was not assigned. Com-
pound 42 was obtained by diborane reduction of amide
23.

(31) R. M. Silverstein and G. C. Bassler, “Spectrometric Identification
of Organic Compounds,” 2nd ed, Wiley, New York, N. Y., 1968, pp 130,
131.

(32) W. H. Daly, J. G. Underwood, and 8. C. Kuo, Tetrahedron Lett., 4375
(1971).

(33) P. Beak and J. Bonham, J. Amer. Chem. Soc., 87, 3365 (1965).
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Experimental Section?*

o-Anisylidenemethylamine (10).—o-Anisaldehyde (136.15 g,
1 mol) and methylamine (34.17 g, 1.1 mol) were stirred for 5 hr
at room temp in 200 ml of CsHs in the presence of molecular sieves
(3A, 200 g). Following filtration and washing of the sieves with
henzene, the solvent was removed and the residue distilled at 70°
(0.2 mm) to give the Schiff base as a pale yellow oil (132.47 g,
899,): nmr & 8.68 (g, J = 1.5 Hz, imino H), 7.92-6.91 (m,
Ar), 3.77 (5, OCH,), 3.48 (d, J = 1.5 Hz, NCH,).
Anal. Caled for C,HuNO: C, 72.46; H, 7.43; N, 9.39.
Found: C,72.22; H,7.38; N,9.41.
trans-1-Methyl-5-carboxy-6-(o-methoxyphenyl)-2-piperidone
(11).—o-Anisylidenemethylamine (74.60 g, 0.5 mol) and glu-
taric anhydride (57.05 g, 0.5 mol) were heated in refluxing xylene
(100 ml) for 24 hr. Crystallization of a light yellow solid (109.92
g, 83%), mp 155-173°, was induced by scratching the hot solu-
tion. Analytically pure trans acid (71.68 g, 55%) was obtained
from the diastereomeric mixture by fractional crystallization
from 2-butanone (1 1.): mp 182-183; ir (XBr) 3400 (broad),
2900, 1715 (carboxylic acid »c=0), 1605 (lactam vg=o); nmr &
11.99 (s, COOH, exchangeable with D;0), 7.14 (m, Ar),
5.37 (d, J = 2.5 Hz, Ha), 3.86 (s, OCH;), 3.02 (m, Hgs), 2.89
(S’ NCH3)7 2.65 (m’ HE,F) 2.01 (m) HC.D)'
Anal. Calcd for 014H17N04: C, 6387, H, 6.51,‘ N, 5.82.
Found: C,63.70; H,6.47; N, 5.46.
cts-1-Methyl-5~-carboxy-6-(o-methoxyphenyl)-2-piperidone
(12).—The filtrate left after separation of the above trans isomer
was concentrated to a volume of 150 ml. After standing over-
night, the white solid (7.03 g), mp 170-204°, was collected. The
pure cis acid (12) (0.73 g, 0.69%,) was obtained after three re-
crystallizations from EtOH: mp 215-216°; ir (KBr) 3385 (b,
OH), 2890, 1710 (carboxylic acid vcwo), 1595 (lactam vgeo0);
nmr § 10.27 (s, COOH, exchangeable with D;0), 7.08 (Ar), 5.36
(d, J = 5Hz, Ha), 3.62 (s, OCHj), 3.24 (m, Hg), 2.81 (s, NCHy),,
2.19 (Il’l, CHz—CHz).
Anal. Caled for C, H;NO: C, 63.87; H, 6.51; N, 5.32.
Found: C,64.11; H,6.53; N, 5.40.
{rans-1-Methyl-5-methoxycarbonyl-6-(o-methoxyphenyl)-2-pi-
peridone (13),—An excess of CH;N; in EtOH-Et,0 was added
to the piperidone 11 (52.66 g, 0.2 mol). Evaporation of solvent
from the resulting solution left the methyl ester as a glassy
residue which crystallized from Et,O-pentane (100:55 ml) as a
colorless solid (45.52 g), mp 77-78°. An additional 4.06 g, mp
77-78°, was obtained after concentrating the filtrate to a volume
of 50 ml to give a total yield of analytically pure solid of 49.58 g,
89%: mp 77-78°; ir (KBr) 2000, 1735 (ester »c-0), 1640
(lactam vo—o0); nmr & 7.14 (m, Ar), 5.28 (d, J = 3 Hz, Ha),
3.86 (s, OCHs;), 3.75 (s, COOCHa), 2.99 (m, Hz), 2.84 (s, NCHj),
2.51 (m, Hg,»), 2.00 (m, He,p).
Anal. Caled for CisHgNOs: C, 64.97; H, 6.91; N, 5.05.
Found: C,65.02; H,6.89; N, 4.98.
cts-1-Methyl-5-methoxycarbonyl-6-(o-methoxyphenyl )-2-piperi-
done (14).—Evaporation of solvent from the filtrate after crystal-
lization of the trans acid 11 left a solid residue (38.24 g), mp
170-210°. An excess of CH:;N; in HtOH-Et:0 was added.
Evaporation of solvent from the solution left a quantitative
yield of diastereomeric esters 13 and 14 as an oil in a ratio of
3:1 (by nmr). The cis ester (0.13 g, 0.19,) was isolated by
fractional crystallization once from Et,O and twice from Me,CO:
mp 122-124°; ir (KBr) 2935, 1735 (ester vo=0), 1630 (amide
vo=0); nmr § 7.07 (m, Ar), 5.25 (d, J = 5 Hz, Ha), 3.78 (s,
OCH,), 3.56 (s, COOCH,), 2.79 (s, NCH;), 3.34~1.72 (m,
HB-—-)F).

(34) All reactions were performed under & nitrogen atmosphere, and
solvents were evaporated on a rotary evaporator under vacuum, Melting
points were taken on a Thomas-Hoover apparatus and are uncorrected.
Nrmr spectra were recorded on a JEOL JNM-4H-100 100-MHz instrument
and, except where noted, in CDCl; solvent. Chemical shift values are re-
ported in parts per million relative to TMS as internal standard. Ir spectra
were recorded on a Perkin-Elmer Model 337 spectrophotometer. Glpe
analyses were performed on Varian Aerograph Model 2100 gas chromato-
graph equipped with a flame ionization detector using a !/s in. X 6 ft column
of 3% SE-30 on Chromosorb W, 100-120 mesh., The electron impact mass
spectra were recorded on an AE1 MS-12 instrument at 70 ¢V and the chemiocal
ionization mass spectra were recorded on an AEl MS-001 spectrometer
modified for chemical ionization. Details of the instrumental modification
will be published elsewhere. Microanalyses were performed by the Micro-
analytical Laboratory, University of California, Berkeley., The uv spectrum
was recorded on a Cary 15 spectrophotometer,
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Anal. Caled for Ci:H1sNOs: C, 64.97; H, 6.91; N, 5.05.
Found: C,65.16; H,6.87; N, 5.08.
trans-1-Methyl-5-carboxy-6-(o-hydroxyphenyl)-2-piperidone
(15).—A solution of BBr; (25 g, 100 mmol) in CH,Cl; (200 ml)
was added dropwise to a solution of the piperidone 11 (8.69 g,
33 mmol) in CH,Cl, (225 ml) at room temperature. After
stirring 48 hr HyO (150 ml) and Et,0 (600 ml) were added. The
two phases were stirred for 2.5 hr before the organie phase was
separated. The aqueous phase was extracted with Et,0 (350
ml), and the combined organic phases were dried (MgSO,) and
concentrated to 25 ml (bath at room temperature) and the re-
sulting suspension left at 1° overnight. A white solid (6.04 g,
73%), mp 197-199°, separated and was recrystallized twice from
50% aqueous EtOH to provide the analytical sample: mp 202-
202.5°; ir (KBr) 3650-2500 (b, OH), 1735 (carboxylic acid
ve=0), 1580 (lactam wc—o); nmr (CDCly-Py-d;, 8:3) 10.01
ppm (s, COOH + OH, exchangeable with 12,0), 6.95 (m, Ar),
5.63 (d, J = 3 Hz, Hy), 3.28 (m, Hg), 2.95 (s, NCH;), 2.65
(m, Hg,r), 2.10 (m, He,p).
Anal. Caled for Cy3H:NO,: C, 62.64; H, 6.07; N, 5.62.
Found: C,62.60; H,6.17; N, 5.38.
trans-1-Methyl-2,5-dioxo-1,2,3,4,4a,5,10b-heptahydro[1] ben-
zopyrano[4,3-b]pyridine (16).—A mixture of the piperidone
15 (20.00 g, 80.2 mmol) and N,N'-dicyclohexylcarbodiimide
(16.54 g, 80.2 mmol) were heated in refluxing THF (175 ml)
with stirving for 2 hr.  The suspension was then stirred at room
temperature for 21 hr. The N,N'-dicyclohexylurea was filtered
off and the THF evaporated from the filtrate to give a quan-
titative vield (18.54 g) of the lactone, mp 149-152°. Crystal-
lization from CgHs gave the analytical sample: mp 150-152°;
ir (KBr) 1765 (lactone vcwo), 1645 (lactam »re-o); nmr § 7.26
(m, Ar), 4.57 (d, J = 13 Hz, Ha), 3.24 (s, NCH;), 2.88-1.73
(m) :HB—>F)-
Anal. Caled for CHsNO;: C, 67.52; H, 5.67; N, 6.06.
Found: C,67.51; H,5.97; N, 6.16.
3-(N-Methyl-8-propionamido)coumarin (17). A.—A mixture
of Ac:0 (6 ml), 579, aqueous HI (6 ml), red phosphorus (1.00 g),
and 11 (1.32 g, 5 mmol) was heated under reflux for 3.5 hr.
After cooling to room temperature, the red phosphorus was re-
moved by filtration and the filtrate in 59, aqueous NaHCO,
(100 ml) was extracted with CHCl; (100 ml). The CHCl
layer was separated and washed with 5% aqueous NaHCO,
(100 ml). Evaporation of the dried (MgS8O,) CHCI; solution
left the coumarin (0.48 g, 419;) as a white powder, mp 155-156°,
which was crystallized from EtOH to provide the analytical
sample: mp 156-156.5°; ir (KBr) 3280 (vn-un, shifted to 2425
em™! after deuterium exchange), 2910, 1710 (lactone vg=o),
1635 (amide vowo0), 1605, 1570 (amide II band), (CDCl;) 3450
(vx-H, shifted to 2555 em™! after deuterium exchange), 2930,
1715 (lactone veo), 1665 (amide vc—o), 1615, 1530 (amide II
band); nmr § 7.65 (s, C=CH), 7.15 (m, Ar), 6.58 (s, NH,
exchangeable with D,0, ¢, for exchange 10 min), 2.91 (t, J =
7 Hz, CH;), 2.77 (d, N-CH,;, J = 5 Hz, collapsed to a singlet
after deuterium exchange of N-H), 2.58 (t, J = 7 Hz, CHy);
electron impact mass spectrum m/e (rel intensity) 231 (25),
200 (32), 173 (100), 159 (18), 154 (19), 125 (30); high-resolution
mass spectrum, caled (for CiHi:NO;) m/e 231.0895, found
231.0896; uv max (CoH;0H) 307 nm (e 6940) and 274 (11,300).
Anal. Caled for CiyHisNOy: C, 67.52; H, 5.67; N, 6.06.
Found: C,67.37; H, 5.83; N, 5.89.
B.—irans-1-Methyl-5-carboxy-6-(o-hydroxyphenyl)-2-piperi-
done (15) (200.0 mg, 0.80 mmol) was heated neat at 204-206° for
0.5 hr. Trituration of the resulting oil with Me,CO (1 ml) gave
the coumarin in 809 crude yield. The analytical sample was
recrystallized twice from 2-butanone and once from EtOH.
The identity of the coumarin with that obtained above was
established by superimposable nmr, ir, and mixture melting
point behavior.

Epimerization Studies. A.—trans-1-Methyl-53-carboxy-6-(o-
methoxyphenyl)-2-piperidone (11) (131.6 mg, 0.5 mmol) was
heated neat at 204-206° for 0.5 hr. Treatment of the oily
product (132.1 mg) with an excess of CHaN, in EtOH-Et,0
followed by evaporation of solvent from the resulting solution
provided a quantitative yield of the trans %and cis esters 13 and
14, respectively, as an oil. The esters were identified as trons-
and cis-1-methyl-5-methoxycarbonyl-6-(0-methoxyphenyl)-2-pi-
peridone (13 and 14) by comparison of the nmr spectrum with
those of the previously isolated esters. Integration of the me-
thoxycarbonyl proton signals showed the ratio of trans/cis was
92:8.

CUSHMAN AND CAsTAGNOLI

B.—A solution of the piperidone 13 (27.7 mg, 0.
CH;ONa (5.4 mg, 0.1 mmol) in dry 1\/(IeOH (% m01)1 ;,n;:()}llg;cr;g
under reflux for 5 hr. The solution was cooled to room temper-
ature and CH,Cl, (10 ml) and H;O (10 ml) were added. The
separated CH,Cl, layer was dried (MgSQ,) and the solvent
evaporated, leaving a quantitative yield of esters as an oil. The
esters were identified as trams- and eis-1-methyl-5-methoxy-
carbonyl-6-(o-methoxyphenyl)-2-piperidone (13 and 14, re-
spectively) by comparison of the nmr spectrum with those of the
previously isolated esters. Integration of the methoxycarbonyl
proton signals showed that the ratio of trans/cis esters was 92:8.

C.—Exactly the same results were obtained when cis-1-
methyl-5-methoxycarbonyl-6-(o-methoxyphenyl)-2-piperidone
(14) was treated as in method B above (¢.e., the ratio of trans/cis
esters was 902:8),

trans-1-Methyl-5-dimethylcarbinol-6-(o-hydroxyphenyl)-2-pi-
peridone (18).—A solution of CH;MgBr (2 ml of a 3 M solution
in Et,0, 6 mmol) was added dropwise to an ice-cold, stirred
solution of the tricyclic intermediate 16 (231.3 mg, 1 mmol) in
THF (5 ml). After stirring for 0.5 hr at 0°, saturated aqueous
NH,Cl (5 ml) was added dropwise, the organic phase separated
and the aqueous phase washed with Et,0 (5 ml). The combined
organic layers were dried (MgSO,) and the solvent was evapo-
rated. Crystallization of the glassy residue from EtOH-Et,0
(1 + 2 ml) gave a solid (139.1 mg, 53%), mp 180-182°, which
was analytically pure after recrystallization from water: mp
182-183°; ir (KBr) 3475, 2930, 1600 (lactam wc-o); nmr
(CDCl-Py-ds, 4:1) 5 6.94 (m, Ar), 5.08 (d, J = 2.5 Hz, Hy),
2.85 (s, NCHy), 2.53 (m, Hg,r), 1.99 (m, Hp—p), 1.36 (s, CHs),
1.34 (s, CHy).

Anal. Caled for CsHuNO;: C, 68.42; H, 8.04; N, 5.32.
Found: C,68.10; H,8.08; N, 5.25.

trans-2-Methyl-5-dimethylcarbinol-2,6-N-methylimine-2,3,4,5-
tetrahydrobenzoxocin (21).—A solution of CH;MgBr (10 ml of a
3 M solution, 30 mmol) was added to a suspension of 16 (1.16 g,
5 mmol) in xylene (50 ml) and the resulting mixture stirred
under reflux for 6 hr. The reaction mixture was cooled to room
temperature and decomposed by addition of saturated aqueous
NH,CI (30 ml). The organic phase was separated and dried
(MgS80,), and the solvent evaporated. Glpe analysis (190°
column temp, N, flow rate 46 mi/min) of the residue showed one
major component (retention time 3.0 min) and one minor com-
ponent (retention time 4.3 min) present in a 7:3 ratio, respec-
tively. Elution from a basic alumina column (36 X 2 ¢cm, 100 g)
with CH,Cl, gave first compound 21 which was identified as the
major component by glpe. Evaporation of solvent left 21 as an
oil (0.34 g, 26%). The analytical sample was prepared by
evaporative distillation at 98°/5 u yielding a light yellow-colored
oil: nmr & 6.93 (m, Ar), 5.80 (b, OH), 4.18 (b s, Ha), 2.34 (s,
NCH,), 2.25-1.10 (m, Hp—x), 1.46 (s, C(CHs)), 1.26 (C-CHa);
chemieal ionization mass spectrum (CH, ionizing gas, 1.2 mm,
200° source temp) m/e (rel intensity) 262 (MHT, 100), 246 (14),
244 (14).

Anal. Caled for CieHuNOy: C, 73.53; H, 8.87; N, 5.36.
Found: C,73.88; H,8.89; N, 5.54.

trans-1,2,2-Tridimethyl-5-dimethylcarbinol-6-(o-hydroxy-
phenyl)piperidine (22). A.—Continued elution of the above
alumina column with CH,Cl, provided fractions containing the
minor component amine 22, which was obtained as an oil (0.04 g,
39). Evaporative distillation at 120° (0.6 mm) gave the
analytical sample: nmr 5 6.99 (m, Ar), 3.49 (d, J = 10.5 Hz,
H.), 2.05 (s, NCH;), 2.40-1.30 (m, Ha—r), 1.24 (3, CHy), 1.15
(s, CHy), 1.07 (s, CHy), 1.05 (s, CH;); chemical ionization mass
spectrum (CH; ionizing gas, 1.2 mm, 200° source temp) m/e
(rel intensity) 278 (MH*, 100), 260 (48).

Anal. Caled for CyHuNO,: C, 73.61; H, 9.81; N, 5.05.
Found: C,74.10; H,9.81; N, 4.85.

B.—A solution of CH;MgBr (3 ml of a 3 M solution in Et,0,
15 mmol) was added dropwise to a stirred, jce-cold solution of
compound 16 (462.6 mg, 2 mmol) in xylene (10 ml) under
nitrogen. The mixture was heated under reflux for 24 hr. The
reaction mixture was then cooled on an ice bath before decom-
position with saturated aqueous NH,Cl (20 ml). The organic
phase was separated and the aqueous phase washed with Et,0
(20 ml). FEvaporation of solvent from the combined, dried
(Mg80,) organic layers left an amber oily residue (383.0 mg).
Glpe analysis (180° column temp, N; flow rate 46 ml/min) of
the residue showed the presence of compounds 21 (retention time
3.0 min) and 22 (retention time 4.3 min) in a 53:47 ratio, re-
spectively. The oil was dissolved in xylene (10 ml) and was
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treated again with CH;MgBr (3 ml of a2 3 M solution in Et,0, 9
mmol). Following the same work-up procedure left an amber
oily residue (354.2 mg) which on glpc was shown to consist of a
15:85 mixture of 21 and 22. When repeated a third time, the
methylation yielded an oily residue (262.5 mg) containing 21
and 22 as a 7:93 mixture. Compound 22 was separated from 21
on a basic alumina column (133 X 1 em, 30 g), eluting with
CHCl;. Ewvaporative distillation of the residue obtained from
fractions containing 22 at 120° (0.6 mm) yielded a light amber oil
(132.1 mg, 24%) which was identical in all respects with the
previously obtained pentamethyl compound.

trans-1,5,5-Trimethyl-2-0x0-1,2,3,4,4a,5,10b-heptahydro[1]-
benzopyrano(4,3-b]pyridine (23). A.—The piperidone 18 (7.90
g, 30 mmol) in CF;COOH (75 ml) was heated at reflux for 45
min. The ratio of peak areas in the nmr spectrum of the re-
sulting reaction mixture at 8 3.74 (NCHj; of 30) and at § 3.52
(NCH; of 23) was 6:94, respectively. The residue obtained
after removing solvent was dissolved in Et;O (150 ml) and the
resulting solution washed with 5% aqueous NaOH (150 ml).
The aqueous layer was back-extracted with Et,O (150 ml). The
combined organic phases were dried (MgSO,) and the solvent
was evaporated to give a solid residue (5.45 g). Glpe analysis
(190° column temp, N, flow rate 35 ml/min) of the residue showed
one major peak (retention time 4.8 min). The crude product
wag chromatographed with CHCl; on a column of silica gel
(5.4 X 37 ¢m, Bio-Sil A, 200-325 mesh, 380 g). Evaporation
of solvent from fractions containing the major component by
gipe left a glass which crystallized from 509, aqueous MeOH
(10 ml) as a colorless solid (2.94 g, 409,), mp 99-104°. Sub-
limation at 100° (10 x) followed by recrystallization from Me,CO
provided the analytical sample: mp 102-104°; ir (KBr) 2953,
1670, and 1650 (lactam »ceo); nmr 6 7.06 (m, Ar), 4.21 (d,
J = 9.5 Hz, Ha), 3.15 (s, NCH,), 2.46 (m, Hgr), 1.74 (m,
Hp-p), 1.36 (s, C(CHs)); electron impact mass spectrum m/e
(rel intensity) 245 (86), 230 (39), 228 (14), 202 (18), 152 (29),
145 (11), 136 (68), 135 (100), 134 (61), 120 (14), 118 (14); high-
resolution mass spectrum, caled (for CisHpNOg) m/e 245.1416,
found 245.1427; caled [for CsH,NO (29)] 135.0684, found
135.0684.

Anal. Caled for C;Hy)NO:: C, 73.44; H, 7.81; N, 5.71.

Found: C, 73.57; H, 7.79; N, 5.82.
) B.—A solution of the 19:1 mixture of ¢rans-1-methyl-5-
1~sc_)propenyl-6-(o-hydroxyphenyl )-2-piperidone (26) and 1-methyl-
S-isopropylidene-6-(o-hydroxyphenyl)-2-piperidone (27) (15.45 g,
0.963 mol) in CF;COOH (150 ml) was heated at reflux for 35
min. The ratio of peak areas in the nmr spectrum of the reaction
mixture at § 3.74 ppm (NCH; of 30) and at § 3.52 (NCH; of 23)
was 14:86, respectively. The residue obtained after removing
CF;COOH was dissolved in Et;0 (300 ml), and the Et,0 solution
was washed with 5% aqueous NaOH (2 X 150 ml) and dried
(MgS0,). Glpe analysis (190° column temp, N, flow rate 35
ml /min} showed two peaks with retention times 4.8 (correspond-
ing to 23 and 30) and 5.8 min (corresponding to 31) with the
ratio of peak areas 92:8, respectively. Acidification of the
aqueous layer with concentrated HCl to pH 4 caused precipitation
of starting material (3.17 g, 209%,), identified by mp 205-209°
and by nmr. Evaporation of solvent from the Et,O layer left
a glass (10.85 g, 70%,), which was chromatographed with CHCl,
on a column of silica gel (5.4 X 86 cm, Bio-Sil A, 200-325 mesh,
880. g). Evaporation of solvent from fractions producing the
major glpc peak with retention time 4.8 min left a solid residue
(7.88 g) which when crystallized from 509 aqueous MeOH (16
ml).yielded pure 23 (5.41 g, 35%), mp 99-104°. Continued
elution of the column (eluent vol 3.9-6.11.) yielded 2,2-dimethyl-
3-(N-methyl-g-propionamido )chromene (31) (0.48 g, 3%), mp
134-137°. The analytical sample was obtained by crystallization
from 2-butanone: mp 144-144.5°; ir (KBr) 3260 (vn-x, shifts
to 2.400 em ™! after deuterium exchange with D,0), 2910, 1645
(amide »c.o0), 1575 (amide II band), (CDClL) 3450 (vx—wu,
shlft's to 2565 after deuterium exchange with D,0), 2960, 1660
(amide »¢.0), 1515 (amide II band); nmr & 6.97 (m, Ar), 6.05
(b, NH, gxchangeable with I);0, t1/, for exchange about 10 min),
6.04 (s, vinyl proton), 2.82 (d, J = 5 Hz, collapsed to a singlet
after D;0 addition), 2.44 (s, CH,-CH,), 1.42 (s, C(CH,),).

Anal. Caled for C:H,NO,: C, 73.44; H, 7.81: N, 5.71.
Found: C, 73.51; H, 7.76; H, 5.93.

C.—.—Water (20 ml) was added to a suspension of the hydro-
bromide 28 (1.24 g, 3.80 mmol) in CHCl; (40 ml). The CHCl,
layer was separated and the aqueous layer extracted with CHCl;
(20 ml). Evaporation of solvent from the combined, dried
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(MgS0,) organic layers left a solid residue (0.70 g) which was
recrystallized from 509 aqueous MeOH (2 ml) to yield 23 (0.51
g, 55%), mp 102-104°.
cis-1,8,5-Trimethyl-2-0x0-1,2,3,4,4a,5,10b-heptahydro(1] benzo-
pyrano[4,3-b] pyridine (30). A.—A solution of a 19:1 mixture of
trans-1-methyl-5-isopropenyl-6- (0-hydroxyphenyl)-2- piperidone
(26) and 1-methyl-5-isopropylidene-6-(o-hydroxyphenyl)-2-piper-
idone (27) (490.6 mg, 2 mmol) in CF;COOH (5 ml) was heated
at reflux for 24 hr, under which conditions conversion into this
cis eyclic product is complete. The solvent was evaporated and
the purple, oily residue dissolved in Et,O (20 ml). The solution
was washed with 5% aqueous NaOH (20 ml) and dried (Mg80O;)

and the solvent evaporated, leaving a solid residue (372.8 mg,

76%) mp 106-113°. The analytical sample was recrystallized
three times from acetone: mp 115-116°; ir (KBr) 2925, 1650
(lactam »c_o); nmr 6.97 (m, Ar), 4.63 (d, J = 5 Hz, Ha), 3.35
(S, NCHs), 2.45-1.60 (m, HB-—>F), 1.41 (S, CHa), 1.39 (S, CH:,')

Anal. Caled for CisHuyNO,: C, 73.44; H, 7.81; N, 5.71.
Found: -C, 73.42; H, 7.99; N, 5.65.

B.—A solution of the chromene 31 (31.3 mg) in CF;COOH
(0.6 ml) was heated (bath 82°) for 4 hr. The nmr spectrum of
the reaction mixture was identical with that of pure 30 in CFs-
COOH: nmr (CF:COOH) & 7.16 (m, Ar), 5.12 (d, J = 5 Hz,
Ha), 3.74 (s, NCH,), 3.14-1.77 (m, Hp-sr), 1.54 (s, CHj), 1.51
(S’ CH@)

"trans-1-Methyl-5-dimethylcarbinol-6-(o-methoxyphenyl)-2-pi-
peridone (24).—A solution of CH;MgBr (1 mol of a 3 M solution
in Et,0) was added dropwise to a stirred solution of compound
13 (69.33 g, 0.25 mol) in THF (1300 ml) at 0°. - The mixture was
stirred at room temperature for 2 hr and then cooled to 0° before
dropwise addition of saturated aqueous NH.Cl (1 1.). The or-
ganic phase was separated and the aqueous phase extracted with
Et;0 (600 ml). Evaporation of solvent from the combined,
dried (MgSO,) organic phases left a residue which was crystallized
from acetone (100 ml) to give 40.35 g of product, mp 107-109°.
Concentration of the mother liquors to 30 m! yielded additional
product (6.70 g, total crude yleld 68%), mp 107-109°. The
analytical sample was obtained by crystallization from CeHe
pentane and from aqueous EtOH: mp 108-109°; ir (KBr) 3370,
2920, 1615 (lactam vg.o); nmr & 7.08 (m, Ar), 5.02 (d, J = 3
Hz, H,), 3.86 (s, OCHy), 2.78 (s, NCHy), 2.49 (m, Hg,r), 2.17
(s, OH), 1.89 (m, Hp—p), 1.36 (s, CIy), 1.30 (s, CHy).

Anal. Caled for CisHyuNOs: C, 69.29;, H, 8.36; N, 5.05.
Found: C, 69.12; H, 8.20; N, 5.04.

trans-1-Methyl-5-(2-bromoisopropyl)-6-(o-hydroxyphenyl)-2-pi-
peridone (25).—A solution of BBr; (97 g, 0.39 mol) in CH,Cl,
(388 ml) was added dropwise to a solution of the piperidone 24
(35,78 g, 0.129 mol) in CH,Cl, (900 ml) at room temperature.
The susepension was stirred at room temperature for 48 hr before
dropwise addition of H,O (600 ml). The resulting mixture was
extracted twice with Et,O (1800 and 600 ml). Evaporation of
solvent from the combined, dried (MgSQO,) organic layers left 25
as a colorless solid (35.12 g, 849,), mp 129-132°. Recrystalliza-
tion from aqueous EtOH and from 2-butanone provided the
analytical sample: mp 134-135°; ir (KBr) 3400, 2950, 1600
(lactam veeo); nmr (CDClL-Py-d;, 1:1) & 6.95 (m, Ar), 5.06
(d,J = 4 Hz, Hy), 4.42 (b, OH), 2.81 (s, NCH;), 2.58 (m, Hg,»),
2.28 (m, Hg), 2.07 (m, Hep); 1.84 (s, C(CHy),).  The Beilstein
test for halogen was positive.

Anal. Caled for Ci;HoNO,Br: C, 55.22; H, 6.18; N, 4.29.
Found: C, 55.32; H, 6.14; N, 4.51.

trans-1-Methyl-5-isopropenyl-6-(0-hydroxyphenyl)-2-piperidone
(26),—Water (400 ml) was added to a hot solution of 25 (33.00
g, 0.101 mol) in EtOH (200 ml) and the mixture heated on a
steam bath for 30 min. The suspension was stored at 1° to yield
solid 26 (16.44 g, 669%,), mp 205-210°. The analytically pure
product was prepared by recrystallization from 2-butanone: mp
218-219°; ir (KBr) 3060, 2925, 1600 (lactam rg-o); nmr (CDCl;-
Py-d;, 3:1) 8 6.96 (m, Ar), 5.04 (d, J = 4.5 Hz, Ha), 4.88 (s, 1
olefinic proton) 4.78 (s, 1 olefinic proton), 4.15 (b, OH), 2.84
(S, NCH;;), 2.63 (m, I’IB,E,F), 1.83 (11], HcJ)), 1.76 (S, CCH’;)

Anal, Caled for CsHi:NOs: C, 73.44; H, 7.81; N, 5.7L
Found: C, 73.17; H, 7.67; N, 5.84.

trans-1-5,5-Trimethyl-2-0x0-1,2,3,4,44,5,10b-heptahydro[1]-
benzopyrano[4,3-b]pyridine Hydrobromide (28).—Evaporation
of solvent from the filtrate after crystallization of 26 left a glass
which crystallized on trituration with 2-butanone to give a
colorless solid (4.15 g, 139%,), mp 157-160°. The analytical
sample of the amide hydrobromide 28 was prepared by dissolution
in a minimum of CHCI; followed by precipitation with 2-buta-
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none: mp 177-178° dec; ir (KBr) 2950, 2315 (broad band) 1650,
1580, 1480, 1455, 1380, 1345, 1300, 1255, 1110, 1028, 965, 870,
822, 750, 650, 590, 505; nmr § 12.17 (s, OH), 7.08 (m, Ar), 4.73
(d, J = 9.5 Hz, Ha), 3.52 (m, Hg,r), 3.38 (s, NCHj;), 2.01 (m,
Hgop), 1.39 (s, CCHs), 1.36 (s, CCHs); chemical ionization mass
spectrum (isobutane ionizing gas, 0.5 mm, 200° source temp)
m/e (rel intensity) 246 (100) 245 (6), 135 (4); electron impact
mass spectrum m/e (vel intensity) 245 (61), 230 (28), 152 (22),
145 (14), 136 (58), 135 (100), 134 (47), 120 (17); 118 (14); 82
(28), 80 (28).

Anal. Caled for Ci;HyoNO;Br: C, 55.22; H, 6.18; N, 4.29,
Found: C, 55.18; H, 5.98; N, 4.09.

trans-1,5,5-Trimethyl-2-hydroxy-1,2,3,4,4a,5,10b-heptahydro-
[1]benzopyrano[4,3-b] pyridine (33).—A solution of compound 23
(2.45 g, 10 mmol) in THF (50 ml) was added dropwise to a
stirred suspension of LiAlH, (0.76 g, 20 mmol) in THF (50 ml)
at 0°. The suspension was stirred at room temperature for 24
hr and the reaction mixture decomposed by addition of H,O
(0.8 ml), 15% aqueous NaOH (0.8 ml), and finally H,O (2.4 ml).
After stirring an additional 2 hr, the white solid was filtered and
Et;0 (100 ml) added to the filtrate. Glpe analysis (150° column
temperature, N, flow rate 35 ml/min) of the filtrate indicated one
major product with retention time 5.9 min along with trace
amounts (<19%) of a material with retention time 7.1 min corre-
sponding to the retention time of pure 37 (see below). The or-
ganic solution was extracted with 5% HCI (50 ml) and, after
cooling on an ice bath the extract was adjusted to pH 11 by addi-
tion of 159, aqueous NaOH to precipitate a colorless solid (1.55 g,
63%), mp 109-110° dec. The solid was washed with water (15
ml) and air-dried. A sample obtained by removing the solvent
from an Et,0 solution of this product was analytically pure: mp
110-110.5° dec; ir (KBr) 3040, 2930, 1383, 1365 [8 C(CHs)l;
nmr (recorded immediately after dissolution of 33 in CDCl,) &
8.92 (b, 1 H, observed at —65° but not at 25°), 7.30 (m, Ar),
4.72 (b, 1 H), 4.03 (b, 1 H), 2.18 (s, NCHj), 1.98 (b, 5 H), 1.42
(s, CCHy), 1.17 (s, CCH;); chemical ionization mass spectrum
(isobutane ionizing gas, 1.0 mm, 220° source temperature) m/e
(rel intensity) 230 (MH* — H,0, 100),229 (47), 228 (11), 173 (11),
161 (11); electron impact mass spectrum m/e (rel intensity) 230
(15), 229 (82), 228 (14), 214 (38), 173 (11), 161 (11), 186 (10),
183 (36), 120 (13), 159 (12), 157 (27), 146 (13), 145 (100), 136
(21), 115 (13).

Anal. Caled for CsHuNO.: C, 72.84; H, 8.56; N, 5.66.
Found: C, 73.18; H, 8.44; N, 5.80.

trans-1,2,5,5-Tetramethyl-2-hydroxy-1,2,3,4,4a,5,10b-hepta-

hydro[1]benzopyrano(4,3-b]pyridine (38).—A solution of CH;-
MgBr (10 ml of a 3 M solution in Et:0, 30 mmol) was added to
a stirred solution of ecompound 23 (2.45 g, 10 mmol) in THF (25
ml). The mixture was heated at reflux for 73 hr. After cooling,
saturated aqueous NH,Cl (25 ml) was added. The organic phase
was separated and the aqueous phase extracted with Et,0 (2 X 25
ml). Glpe analysis (190° column temp, N, flow rate 35 ml/min)
of the combined organic phases showed only one peak with
retention time 2.2 min. The combined organic phases were
extracted with 5% aqueous HCl (50 ml), and the aqueous extract
was cooled on an ice bath before the pH was adjusted to 12 by
addition of 159, aqueous NaOH to yield a light yellow solid
(2.25 g, 869), mp 87-89° dec, which was washed with water
(2 X 5 ml) and with Et;0 (5 ml) and dried over P,0; at 25°
(5 u) for 2 hr: mp 87-89°; ir Mew 3120 (broad), 2915, 1385, 1365
[6 C(CHj):]; nmr (recorded 1 hr after dissolution of 38 during
which time conversion of carbinolamine into enamine 39 was
complete) & 7.08 (m, Ar), 4.87 (m, Hg), 4.48 (b, H;0), 3.90
(m, Ha), 2.14 (s, NCH,), 1.92 (m, Hz—p), 1.83 (d,
J = 1 Hz, vinylic CCH;), 1.41 (s, CCHj), 1.12 (s, CCHa);
chemical ionization mass spectrum (isobutane ionizing gas, 2.0
mm, 220° source temp) m/e¢ (rel intensity) 244 (MH* — H,0,
100) 243 (59); electron impact mass spectrum m/e (rel intensity)
243 (92), 229 (19), 228 (100), 214 (25), 145 (87).

Anal. Caled for CigHyNO;: C, 73.53; H, 8.87; N, 5.36.
Found: C, 73.68; H, 8.69; N, 5.43.

trans-1,2,5,5-Tetramethyl-1,4,4a,5,10b-pentahydro{1] benzopy-
rano(4,3-b]pyridine (39).—The carbinolamine 38 (261.4 mg, 1
mmol) was heated in an evaporative distillation apparatus at 80°
(0.2 mm) in the dark., The enamine 39 (189.1 mg, 78%,) con-
densed on the cold finger as an oil and was stored over CaS0O; at
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1° in the dark: ir (CDCl;) 2970, 1650 (enamine C=C), 1390,
1875 [8 C(CHs).]; nmr 8 7.08 (m, 4 Ar), 4.87 (m, Hg, exchange-
able with D,0), 3.90 (m, Ha), 2.14 (s, NCH;), 1.92 (m, Hp—p),
1.83 (d, J = 1 Hg, vinylic CCHj, exchangeable with D,0), 1.41
(s, CCHy), 1.12 (s, CCHjy); chemieal jonization mass spectrum
(methane ionizing gas, 0.5 mm, 200° source temp) m/e (rel
intensity) 244 (MH™*, 18), 243 (64), 228 (100); high-resolution
mass spectrum, caled 244.1701 (MH™), found 244.1700.

Anal. Caled for C,HuyNO: C, 78.97; H, 8.70; N, 5.76.
Found: C, 78.76; H, 8.53; N, 5.74.

trans-1,2,5,5-Tetramethyl-1,2,3,4,4a,5,10b-heptahydro[1] ben-
zopyrano[4,3-b]pyridine (41).—A solution of the carbinolamine
38 (2.09 g, 8 mmol) in acetic acid (100 ml) was hydrogenated in
the presence of 109 Pd/C (0.40 g) in a Parr hydrogenator (35 psi,
24 hr). The catalyst was filtered and solvent evaporated from the
filtrate at 16° (0.2 mm). Aqueous NaOH (5%, 80 ml) and Et.O
(80 ml) were added to the oily residue. The organic layer was
separated and the aqueous layer extracted with Et;O (80 ml).
The combined organic layers were dried (Na,S0,) and the solvent
evaporated, leaving a light brown, solid residue (1.89 g, 96%),
mp 87-90°. Glpe analysis (150° column temp, N, flow rate 37
ml/min) showed only one peak with retention time 4.4 min. The
analytical sample was obtained by sublimation at 60° (0.2 mm),
yielding a colorless solid: mp 91-92°; ir (CDCl;) 2920, 1385,
1370 [ C(CH;)y); nmr 6 7.10 (4 Ar), 3.79 (d, J = 11 Hz, Hy),
3.12 (b, Hq), 1.97 (s, NCH,;), 1.90-1.25 (b, Hp—r), 1.37 (s, C-5
CHy), 1.18 (d, J = 7 Hz, C-2 CHy), 1.13 (s, C-5 CHs); chemical
ionization mass spectrum (methane ionizing gas, 0.5 mm, 200°
source temp) m/e (rel intensity) 246 (MH*, 61), 245 (100), 230
(39); electron impact mass spectrum m/e (rel intensity) 245 (59),
231 (35), 230 (59), 173 (45), 162 (32), 148 (27), 145 (100), 134
(26); high-resolution mass spectrum, caled 245.1779 (M%),
found 245.1774.

Anal. Caled for C¢HuNO: C, 78.32; H, 9.45; N, 5.71.
Found: C, 78.09; H, 9.28; N, 5.63.

trans-1,5,5-Trimethyl-1,2,3,4,4a,5,10b-heptahydro[1] benzopy-
rano[4,3-b]pyridine (42).—A solution of compound 23 (735.9
mg, 3 mmol) in THF (6 ml) was added dropwise to an ice-cold
solution of diborane in THF (6 ml of a 1 M solution, 6 mmol).
The solution was heated at reflux for 2 hr and cooled and the re-
action decomposed by the dropwise addition of 6 N aqueous HCI
(6 ml). After stirring for 1 hr with evolution of H,, NaOH (2 g,
pellets) was added followed by H.O (4 ml). The organic phase
was separated and the aqueous phase extracted with Et,0 (3 X
10 ml). Glpe analysis (150° column temp, N flow rate 35 ml/
min) of the combined organic phases produced only one peak with
retention time 7.1 min. Evaporation of solvent from the com-
bined, dried (MgSOQ,) organic phases left a clear, colorless, oily
residue (459.8 mg, 66%,). The analytical sample was prepared
by evaporative distillation at 65° (10 u): ir (CDCl;) 2930, 1383,
1365, [ C(CH;)]; nmr 6 7.10 (m, Ar), 3.81 (d, J = 11 Hz, Ha),
3.08 (m, Hg.x), 2.18 (s, NCH;) 1.80 (m, 3 H), 1.37 (s, CCH,),
1.30 (m, 2 H), 1.13 (s, CCH;); chemical ionization mass spec-
trum (isobutane ionizing gas, 0.5 mm, 220° source temp) m/e
(rel intensity) 232 (MH+, 100), 231 (23) 230 (9); electron impact
mass spectrum 231 (100), 230 (31), 188 (19), 162 (62), 150 (21),
149 (62), 148 (87), 147 (19), 145 (44), 134 (32), 107 (21).

Anal. Caled for Ci;HuNO: C, 77.88; H, 9.15; N, 6.05.
Found: C, 77.95; H, 9.08; N, 3.97.
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