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Reduction of strychnine, strychnidine, brueine, and brieidine with Na and methanol and ethanol o lignid

ammonia cleaves the allylic ether linkage at Cu,.

Depending npon the conditions, the 21,22-olefinic boud may
escape reduction, or concomitantly undergo partial or coniplete saturation.
reactions are accompanied by conversion of the Cy-carbonyl to a secondary hydroxyl group.

With stryehnine aud briueine these
The seco dertvistives

NI, XII, and XIV, forned by reductive fisston and saturation of the 21,22-boud, are potent antidepressant ngents
in experimental aninals at doses showing no strychnine-like convulsaut uctiviey.

Clemo and King? have reported that stryvchnine (I)
and strychnidine (IT) were converted by Na and ethanol
in liquid ammonia into amines which were formulated
as the bis-seco derivatives V and VI, respectively.
Such structures would result from concomitant fission
of the C-0 and C-N bonds involving the allvlie 23 and
20 positions, and, while mauy similar secissions of
allylic ethers have been observed,? to our knowledge no
related metal-ammounia cleavages of allylic amines
have been reported elsewhere in the literature; indeed,
N-ullyl and methally]l piperidines are converted by Na
and methanol in liquid ammonin to the corresponding
saturated amines without undergoing detectable fis-
ston.  This paper records a reinvestigation of the
mitial reductions, their extension to brueine and bruci-
dine, and the results of biological testing of several of
the products.

R

VII, R = H; R! = O1 NILLR =H; R' = OH
VIILR =R!'=H XILR=R'=H
IX, R = CH;0; R!' = OH XL, R = CHyO; R = OH
X, R=CILO; Rt = H XIV, R = CHO; R' = H

Reduction of stryehnine under Clemo and King's
conditions gave a product, mp 164-166°, agreeing
closely with the literature value of 165°,% which showed
an aceurate analysis for the molecular formula CoiHos-
N0, as required by structure V. The substance
exhibited typically indoline ultraviolet absorption and
hydroxyl but no amide infrared absorption and was
resolved by thin laver chromatography into two main

(1) Postal address: P. 0. Box 8294, Philadelphia, Pa. 19101,

(2) G.R. Clemo and T. I, King, J. Chem. Soc., 1661 { 1L48).

(3) H. Smith, “Organic Reactlons in Liqubl Ammouia," Interscience
Publishers, Inc., New York, N. Y., 1963, v 162, and references there cited.

4) T.J. King, J. Chem. Soc., 898 (1951).

components with a trace of a third. Now, reduetion
of T ta V¥ can, theoretically, give four distinet stere-
oromers varving in the configuration of the Cy-
hydroxyl and the gemometrical relationship nf the
Co-Cogethylidene group with remainder of the poly-
cyvelie skeleton, so that the formation of three products
seemed unexceptipnable. However, structures uf type
V were excluded by the pmr spectrum which, while
showing an expected one-proton signal aseribable to the
carbinolamine proton at 'y, displaved high-field
signals typical of C-methyl protons totalling only 2.9
protous 1 strength,  These signal strengths were
estimated by relating a sevies of multiplets in the avo-
matie region to the four protons at C—Cy (see Table 1
which presents speetral data on the substrate and
product it this and the other reductions deseribed
herein).  The C-mmethyl resornances comprized n
triplet 2.4 protons strong, and a doublet approximately
0.5 proton strong, associable, respectively, with the
methy! pratons in an ethyl group and a group of the
cthylidenecyeloalkyl type. The vinylie proton =ignal
required for the ethylidene group was also digplayed i
the correct multiplicity and strength. Repetition of
the reduetion on a larger seale (sce Experimental Sce-
tion) gave a related product of lower melting point
(158-162°) and higher optical rotation with elemental
analysis  corresponding to the moleenlar formmla
CoHosNoOa.  This substance was resolved by thin
layver chramatography into one principal and one trace
component, the former having the same B¢ as the minor
of the two main eomponents from the small-zeal:
reduction, That it contained an ethylidene group of
the ethylidencevelpalkyl type was demonstrated by the
pmr spectruin which showed the required methy]
doublet, 1ow three protons strang, and the associated
one-praton vivlie proton quartet.  Also present was
the expected one-proton multiplet attiibutable to the
carbinolamite Cy protoun. The foregoing data are
satisfactorily interpreted by assigning the methyl and
vinvlic proton signals to the Csy and Cwe protons,
respectively, in structures of types VII and XTI which
would be formed by fission of C-O bonds only.  Ac-
cordingly, the first reduction product can be defined ax
a mixture of structures of types VII and XTI, and the
second as a mixture of structures of type VII. Al-
though VIT and XTI can cach exist as four stereoizomers,
each constituent appears to travel ag one component i
thin layer chramatography. The partial reduetion of
the A2 bhowd may possibly be due to the initial forma-
tion, by typieal allvlie C-0) fisslon with double-bond
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and XIII.  Other ions at mde 362 and 364 were con-
sistent with the loss of 2 moles of H:O from IX and
XIII, respectively.

Blologlcal Activities.—In view of the known analeptic
and convulsant properties of strychnine, it was of
interest to establish whether any of the strychnine
derivatives described here showed related effects. The
1:4 mixture of the hydroxysecostrychmdines VII
and XTI (containing ca. S09% of the latter), upon exami-
nation by the self-stimulativn method!! for its anti-
depressant effect upon the central nervous system of the

behaved very much lLike the clinically effertive
antidepressant imipramine’®' at a comparable dose,
showing powerful amphetamine-potentiating (:mti—
depressant) avtivity at a dose of 5 mg kg, and well
marked tranquillizing activity at a dose ut 25 mg; ]\;,',
bLoth admimstered intraperitoncally. The anqm]-

lizing effect was nicelv reversed by amphetamine.
Notably, there was no sign of @ strychnine-like con-

vulsant activity at either dose, and simple observation
of the animals revealed no untoward side effects.  This
activity seems to be due tv XTI, since pure VII was in-
active i the same test, That the Ca-ethyl group is
necessary for antidepressant activity is indicated by the
similar activity of the dihydrogecostryehnidine X1
and its brucidine analog XTIV, and the almst complete
absence v activity of the A*' analog X, The first
two compounds had approximately the same potency
as the VII-XT mixture at the H-ing/ kg dose.

Experimental Section

Melting points were measured on a Kofler block and are
corrected. Optical rotativns were determined at 589 (sodinrm
p line) and 436 mu on ca. 19 solutions in CHCL; with the Zeiss
Photoelectric precision polarimeter 0.005°.  Thin layer chronia-
tography (tle) was conducted ou silica gel chromatoplates pre-
pared with rice-starch binder,'* with irrigation by CHCL—Cslle
mixtures (3:2 by vol. unless stated otherwise) previously sutn-
rated with NH,OH [ and processing of the chromatogranis with
the Draggendortf reagent.'® NMass spectra were determined with
an Atlas CH-4 mass spectrometer.

Strvehuine and brucine, both homogeneons by tle, were pur-
chased from the Mallinekrodt Chemical Co., St. Louts, Mo., and
Muthesor. Coleman and Bell, East Rutherford, N.J., respectively.
Strychnidine was prepared by reduction of strychuine with
LIAIFY and had mp 248-251° (it 256° (in vacuo),'' '8 246-
248918 246°,10 258° (in vacuo)?], [a)n —79.7° (CHCL) [lit.
[a]®p —8.2° (CHCL),S |a]'p —63° (CHCL)®].  10-Dehydro-
brieidine was prepaved from brieine by reduetion with LIAHT2
and had mp 191-192° fie2t IRT.5-180°). We were unable to
convert L0-dehvdrobrneidine to hrneidine with Raney nickel
as previously described.??

10y A, Burger in " Maelicinal Chemisory,” AL UOuatger, 12d., Intersience
Pnlilishers, Ine., New York, N. Y., 1960, 1) 389.

(111 T.. Stein, '"'Psyvchosomatic Meslieine, " 1. H. Nodine and J. 11, Mover,
1od., Lea and Feliger, Philadelphia, Pa., 1062, p 297; L. Stein anl J. Seifter,
Nejence, 134, 286 (1961},

€12) W, Selindler and 1. Haefliger, Hele. Chim. Aeta, 3T, 172 (14541).

(13) R. Xubn, Schweiz, Med, Woekschr., 87, 1145 (1957).

1) L. L. Smith and T. Foell, J. Chromuatog.. 9, 339 (1962).

(15 1. Labler and V. Cetny, Collection Czech. Chem. Commun., 38, 2032
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(1 M. S-hriftman, J. Am. Dharm. Assoc., Sei. Ko, 48, 111 11959),

1171 1. Karrer, (!, ., Eungster, and P. Waser, Helr. Chim. e, 32, 2381
(19401,

18y L Tafel, Ay, 8301, 285 (18Y8).

) G. R, Qlemo, W. H. Perkin, Jr., and R. Robitison, J. Chem. Soc., 1381
(1927,

{201 G, W, Kennerand M. A, Mautrray, hal., 406 (1850).

21t 8P Yindlay, J. Ani. Chem, Soc.. T8, 3008 (1851},

1229 1. Karrer and 11, Vleisel, Hele. Chion. Arte. 86, 1520 11495141,

Brucidine (IV)..—Zine dust ¢85 g) was added portionwisc over
Pl with vigorons stiveing to dehyvdrobmeidine? ¢2 gy tn 11N\
HCT (500 il The solution was strongly basttied with 1ar,
agieots NaOLH ciee bath) and the }nu(ln( Lowas extracted s CHOL
and recrystadlized Trom methanol 6o give hronvidine ¢ I Do nip
Q01-205° clit, 200 -208.5°.20 TOS- DS G 0 G627, 1)
- 1IN",

General Directions for the Reduction of Alkaloids.  -Nodinm
wits added piecemenl over (520 e {thme hderval Ay oo
vigoronsly stivred suspenston of the alkaloid i Liguid aonnonie
contiaining methanol or ethanol. After a further 045 min (e
interval By, NHCU was added and the N1l was allowed 1)
evaporate. Water wax ndded (o the residne, and, nidess stared
otherwise, the produet was filterpd of, dried, and reervsiallized.

Reduction of Strychnine to VII and XL -M:terials nsel were
strvelmie 12 g), Na (15 g, Nl 00 mib), ethanol 52 ol
NILCT 02 gh Thme itervalds were A, 45 e B, Itmin, The
produet was reerystallized Trow ethyl meetate (o give the mixore
ol T0& Dy doxy-23, 24-secoxtryehnidine (VI and 218 22-dihydie-
Tog-hydroxy-25,24-secostryelnidine CNTp as needles 112 ap
mp 164 166°%0 Jed?n 421.4°, tefil, +209°0 teo two prapipad
spots, R 038 und (122 with o teace of a thivd, Ay 06

Anal, Caled for CyllaNoOy, ColllaNoODy: G, 700, T80 T
5.1 N, N2, 80 respectively, Fomed: ¢, 74010 L S0t N

Reduction of Strychnine to VII. - Materiads nsud were strveli-
nie (200 Y, Na (14 ) N1 (LG LY ethanol (200l NHLCLé pn
Thie intervals were A, 1O by B o The VIT (9.0 @) hadd mygy
15N-162° (Teonn ethyl acetater; Jal¥n 400.2°, talils 41207
e, one mador comtponent 2 U508, with the 1raee of o seeomwl.
s 045,

Anal.  Caled Tor CollygNG e () 74.0; H, 7.7
4.0 11 T

Reduction of Strychnidine to XIL.-—Materials nsed were
strvehnidine £25 g), Na (15 2) NTe 3 Ly, methanol (24 mibs,
NILCHC20 gh Thme intervals were A, 2.0 Iy 13, 15 i, The
produiet was recrvstadlized from Calle K1OAe 1o give the N1
(115 g as » benzence solvate: mp 160-165° (softening above
120°0 Tn shtlarly prepared samples, wider vanges of melting
point, ey, 1T8-185° (softening above 163°5, 175-200° (sol tening
above 13095, were observed: tle, one nndor component Ji 043,
with a (rce of o seend, 27 0.54.

Anal. Caled for CallaNGD - OLCHH ) TS T S N,
T Fonnd: )R 840 N, TLL

An alignot of the solvate was distilled
to give NTT as o glass.

Adnal, Caled for CpllaNLO: ¢ 7770 T ST
TS0 8T

The acetate had wp 1H4-159° (drom hexanels e (CHCHE
CelTe, 723, onte mgjor spot By 053, Analignot, alter distillation
at 195° (bloek) (2 mun) had mp 160° {softening above 13077
and slmwed ester bt not mudde earhonyl absorption i the
mfraved.

Anral,  Caled Tor Cplla NGOy (4, Th4: I, 8250 N, T
Found: ) 75.¢; 1, 8.5 N, 7,0,

Reduction of Brucine to IX and XII.--Mauaterials used werp
Droetne (5 g), Na (5 g), NH, (500 b)), ethanol ¢35 by, N1LCT
(10 gy Thoe intervals were A) T hey B, 0l The produet.
in henzene, was ]»mmlm*(l throngh alimii aued reervstallized
from acetone-ether to give the mixtire of 10&hydrox RAR
secobricidine {INY and 21g22-dihvdro-10&hy dm\\-" 3. 2d-s0en-
briveidine (XTI ax nosolvate (1.5 g3, mp 163-170°, An aligquon
was distilled at 200-220° (bloek (2 mu) to give the mixtire -
a glass: e, rwo nejor spots A 027 sand 01T (teailing

Anal. Caled for CudlnNoDs, Ul LaNGDg O L5, 69
N, 7.6, 8.0; M, 398, 400, Tonnd: ¢, 7000 I, 7.6, M — N
(by mass speetronietry ), 380, 382,

Reduction of Brucidine to X.---Muterials uxed were hrnetdine
9o Na (3 ) N, G300 ml), methanol (2 ml). Tine intervals
were A, 90 min: 13, 10 min, The pl()dll(l wits extraected with
CHCL and an alignot was distilled at 190-210° (block) (2 nus
to give the 23,24-secobrneidine as n glass;  Ue (CHTCL-CUT;,
7:3), one component g 027,

nal. Caled Tor Cudly Nl 2, 7220
C, 72,1, I, S5 N, T

The acetate Yorned o gluss, hp 200° (block) 2 mmd one
cotpotent K (40

o U,

2507 i blocky 02 v

Fonnd: ¢

I, 7.9; N, 7.0 Found:

JoAL Gipttand, WOl Perkin, amel R Rebinson, o Clop, Soe 162
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Anal. Caled for CuHypN:Os: C, 70.7; H, 7.6; M, 424.
Found: C, 69.7; H, 7.6; M (by mass spectrometry), 424,

Reduction of Brucidine to XIV.—Materials used were brucidine
(4 g), Na (3.5 g), NH; (400 ml), methanol (4 ml), NH,CI (4.0 g).
Time intervals were A, 30 miu; B, 45 min. The product was
recrystallized from acetone to give the 21£22-dihydro-23,24-
secobricidine asg a solvate (2 g); mp 192-196°; one major spot
R: 0.11, with a trace of a second, R; 0.16. The desolvated sub-
stance, prepared by drying in zacuo, had mp 195-202°,

NEw PsycHOTROPIC AGENTS.
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Anal. Calcd for CzaHazNanl C, 71.8; H, 8.4. Found: C,
71.6; H, 8.4.
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New Psychotropic Agents.

VIII." Analogs of

Amitriptyline Containing the Normeperidine Group
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A series of compounds related to the previously reported 5-[3-(4-carbethoxy-4-phenylpiperidino)propylidene]-
10,11-dihydro-5H-dibenzola,d]cycloheptene has been prepared. These include analogs in which the tricyclic
ring and piperidino group were separated by one- to three-carbon side chains in differing states of oxidation. In
several cases the corresponding reversed esters were also prepared. Related compournds were made in which the
dibenzocycloheptere ring was replaced by an iminodibenzyl, a phenothiazinyl, or a benzhydryl grouping. The
preparation of a number of novel intermediates is discussed including that of a dibenzocycloheptene 3-spiroepox-
ide. Analgetic testing showed that several of the compounds had activities in the range of morphine.

The preparation, in these laboratories, of a series of
dibenzocvcloheptenes possessing distinet psychotropic
activities has been reported.? Two of the compounds,
amitriptyline (Ia) and nortriptyline (Ib), have been
used successfully in the treatment of depressive dis-
orders.? One of the analogs which we had studied was
Ie, in which the terminal amino function, NR;R,,
formed part of the 4-carbethoxy-4-phenylpiperidine or
normeperidine group. When the sparingly water-
soluble hydrochloride salt of Ie was given intraperi-
toneally to mice and rats, it exhibited some of the phar-
macological properties of the antidepressant drugs, but
appeared to lack significant analgetic effects. The in-
fluence of the normeperidine group was seen, however,
on subsequent oral administration. Due, possibly, to
better absorption from the gastrointestinal tract (at
Iarge doses a portion of the unchanged compound had
been found in the intraperitoneal cavity), it exhibited
an analgetic action in the range between morphine and
meperidine.

It is well known that replacement of the N-methyl
moiety of meperidine by appropriate groups can lead
to compounds with markedly enhanced analgetic ac-
tivities.* On oceasion it has been possible to dissociate
the morphine-like effects of the parent drug to obtain
agents which possess antiperistaltic* or antitussive’
actions together with minimal or no narcotic properties.
Accordingly, a series of compounds related to Ic was
prepared having the common structural features shown
in II. Those derived from the dibenzocycloheptene
ring (A = CH,CH,or CH=CH; B = carbon) carrying

(1) Part VII: M. A. Davis, G. Beaulieu, J. R. Watson, and J..P.
Charest, J. Med. Chem., 9, 860 (1966).

(2) (a) 8. O. Winthrop, M. A. Davis, G. S. Myers, J. G. Gavin, R. A,
Thomas, and R. Barber, J. Org. Chem., 27, 230 (1962);: (b) J. Stewart,
M.-P. Charest, and F. Herr, J. Med. Chem., 6, 338 (1963).

(3) F. Hafliger and V. Burckhardt in “Psychopharmacological Agents,”
Vol. 4-1, M. Gordon, Ed., Academic Press Inc., New York, N. Y., 1964, p 35.

(4) R. A. Hardy, Jr., and M. G. Howell in "“Analgetics,” G. deStevens,
¥d., Academic Press Inc., New York, N. Y., 1965, p 179.

(5) M., A. Davis, U, 8. Patent, 3,094,528 (1963),

LD @“;D

AR
CHCH,CHN_ CsH;
- =X
Ia, R,=R,=CH, z
b, R,=H; R,=CH, I
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