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Anal. Caled for Cou:HpN:Ous: 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,Cl (4.0 g).
Time intervals were A, 30 min; B, 45 min. The product was
recrystallized from acetone to give the 21£22-dihydro-23,24-
secobnicidine as 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 vacuwo, had mp 195-202°,
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Anal. Caled for Ci3H2NOs: C, 71.8; H, 84. Found: C,
71.6; H, 8.4.

Acknowledgments.—We thank Dr. Larry Stein and
his associates of the Psychopharmacology Section of
these laboratories for the biological testing data, and
Dr. D. DeJongh and Mr. J. Hribar, Wayne State
University, Detroit, Mich., for the mass spectra.
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A series of compounds related to the previously reported 5-[3-(4-carbethoxy-4-phenylpiperidino)propylidene]-
10,11-dihydro-3H-dibenzo[a,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 compounds were made in which the
dibenzocycloheptene 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 dibenzocycloheptele 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
dibenzocycloheptenes possessing distinet psychotropice
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 Ic 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
large 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 M.-P.
Charest, J. Med. Chem., 9, 860 (1966).

(2) (a) 8. O. Winthrop, M. A. Davis, G. 8. 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. Ckem., 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,
Fdl., Academic Press Ine., New York, N. Y., 1965, p 179.

(5) M. A. Davis, U. 8. Patent, 3,094,628 (1963),
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CHCH,CH,N

A
R, Q\B/O
{ | CaH,
SR
Ia. R,=R,=CH, Z

b, R,=H;R,=CH, I
¢, NR(R;=4-carbethoxy-4-phenylpiperidino

a one- to three-carbon side chain, Y, in differing states
of oxidation are listed in Table I. As well as the usual
normeperidine group (Z = CO,C.H;), we have also
prepared some of the compounds in the form of their
reversed esters (Z = OCOC,H;) in the hope of increas-
ing the analgetic potency. Table II lists compounds
where the dibenzocycloheptene ring has been replaced
by a heterocycle, vdz., 5-iminodibenzyl or 10-pheno-
thiazinyl. A series of related compounds derived from
iminodibenzyl has been claimed to possess antipsychotic
properties,® while 2-substituted 10-phenothiazinyl ana-
logs of Ic exhibited antihypertensive activity.” Several
compounds were prepared in which the bridging group,
A, is absent; these benzhydryl analogs are listed in
Table III. They are related to 2,2-diphenylbutyro-
nitrile derivatives having antidiarrheal (IIIa)8s and

SV

C

IIla, R =C¢H;; R’=CO,C;H; (diphenoxylate)
b, R=piperidino; R’=CONH, (pirinitramide)

(6) Yoshitomi Pharmaceutical Industries, Ltd., British Patent 1,017,986
(1966): Chem. Abstr., 64, 17559 (1966).

(7) H, 8., Lowrie, U. S, Patent 3,112,308 (1963).

(8) (a) P. A. J. Janssen, A, H. Jageneau, and J. Huygens, J. Med. Pharm.
Chem., 1, 299 (1959): (b) C. van de Westeringh, P. Van Daele, B, Hermans,
C. Van der Eyeken, J. Boey, and P. A. J. Janssen, ibid., 7, 619
(1964),
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2 in which the dibenzoeyeloheptene ring, bearing v 5-
hydroxyl group, is joined to the heteroeyele by
methylene echain.  The 10.11-dihydro analog could not
be obtaimed dite to the innevessibility of the correspond-
ing epoxide (sce below).  Componund 11, an acetyvlenie
ateohol, was prepared by condensation of the trieyvelic
ketone with  I-propargvinormeperidine (V1) nsing
sodanmide m liquid ammonia-cther mixture (method
(1).  Others have condensed basie alkynes with dinryt
ketones using sodamide cither e lquid ammoniat
or in benzene,'* or KOH in cther® %% These con-
ditions were mmsneecessful inoonr hands as wns the use
of lithium amide in ammonin'™  To prepare eom-
pounds i which an oxygenated funetion was lovated in
the alkylene side chain, Mannich renctions were earried
out with H-ncetyvl-10,11-dihydro-5H-dibenzo[a.d Jeveto-
heptene (VIIa) (method H).  This ketone has been
converted to Mannich basces with primary and second-
ary amines;™  with normepertdine in hoiling 1,2-di-
methoxyvethane,'® we obtained the product (15A) in
moderate vield. The resetion failed. however, with
4-phenyl-4-piperidinol, but the desired product (16)
could be obtained by an amince-cxchange reacetion!®?
between the carbinol and methiodide of the 5-(3-di-
methylaminopropionyl) compound (VIID)™ (method
I). The resulting Mannich base decomposed on at-
tempted propionylation.

The interaction of an w-hadoalkyl dibenzazepine or
phenothiazine swith the appropriate piperidine follow-
ing method A gave the compounds listed in Table T1.

The benzhydryl analogs in Table IT1 were preparcd
by procedures simil:u to those deseribed above with two
additional approaches being used. Thus 23, o benz-
hvdrol, was prepared in low vield by the interaction
of 1-(3-ox0-3-phenylpropyl)-4-phenyl-4-piperidinol with
phenyllithium (method J); phenvlmagneshim bromide
was used unsuceessfullv. The poor vields of tertiary
aleohols frequently imcurred on treatment of Mannich
bases with Grignard rengents has heen attributed, in
part, to cnolization.”  The three carboxylic acid esters
(31-33) were readily obtained by Horenstein-1'hlicke
condensation® of 1-(2-chlorocthyvl)normeperidine with
the appropriate 2.2-diphenyv]-2-substituted avcetic acids
(method ). These compounds nre related 1o 2 series
of substituted benzilates prepared by IKlosa which
have beenr reported to o possess good  spasmolytiv,
atlgetie, and psyvehotropie effects ™ Similar com-
pounds were also reported as antitussives.** The ap-
plication of method A to 3-bromo-1.1-diphenylacetone

113) W. J. Croxall and J. W, Dawson, 1. 8. Facenc 2,581,420 11052,

(I J. 16 Biel, U, 8. atent 3,192,112 £1045).

115) H. PoW. Huggill and J. ). Ruse, J. Chen, Soey, 3345 (1950),

114) This reagent has been used fiir the comlensation of propiolic esters
with ketones: of. F. K. Rauuio awl J.. T'. Remsberg. Jr.. J. Org. Chem.,
26, 1436 (1960).

(17y M. 1. Hartzler, J. Jdm. Chemn, Soc., 83, 4090 (191},

{18) 1. Holm, U. 3. Patent 3,215,739 {1055,

(19) 8. Hirai, R, G. arvey, and .V, lensen, Tefvahedron letters,
1123 (1963).

(20) F. M. Fry and . L. May, J. Urg. Chem., 24, 116 {1D5),

(21) R. Baltzly and J. W. Billinghurst, 1., 30, 4330 (19651.

(22) H. Horenstein aml H. Pillicke, Ber., T1, 1644 (1938).

123) J. Klosa, Amh. Pharm., 286, 218 (1853); 287, 321 (1bd4); 288, 42
1455y J. Prakt. Chem., 16, 258 (1962): 1. Kupke and 8. Geissler, Arzne-
ingttel-Forsch., 18, 312 (1963): H. Hiller, F. Schulz, and W. Scheler, Apixu
Biol. Med. Ger., 10, 357 (196:); H. Hiiller and W. Seclieler, i41d., 11, 22Q
(1963); I'. (O, Dandiyn and 8, 8 Ruugia, Aveh, fntecn, Hhurmacodyn., 149,
403 (1964) .

(24) F. 1. Doyle, M. D. Mehta, R. Warl, I, Lainbridye, and Tt ML
Vieviwn, J. Med. Chera., 8, 571 (19UH),
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(VIITa) gave the normal displacement produer (26)
with normeperidine but with d-phenyl-4-piperidinol
both the displacement {27) and rewrrangenient (28)
products were obtained in tow yvields. A sinnlar re-
arrapgentent has been reported for the interation of the
bromo ketone wnd diethylamine to give the dicthyl-
amide (X)) in snrdl anonnts,

IINR:
(ClTCOCHR ~———> 1 CITD)LCOCHN R +
VIIa, B = DB N
L R - 1
(Cl L CHLCON R
X

Two intaresting differences were noted bhetween the
stabilities of the Mannieh bases derived from the mter-
action of 1.1-diphenylacetone (VIIIb) and its dibenzo-
cveloheptene analog (VIIa) with normeperidine.  An
aqueous-alcoholic solution of the salt of the benxdivdryl
compound (30) gradually decomposed at room te-
perature in the same manner as that reported lor the
diethylamino analog.®® It also underwent a reverse
Mannich reaction in the presence of acetone and formal-
dehyde to give the acetone-derived product (XI). In
both imstanees the dibenzocycloheptene nnnlog (15)
waz unatfected.

C.H:
} CH,COCH,
Vil — ( CGH5>2COCHzCHeNC>< THeRo. -
CO,C.H;
30
CH:
CH3COCH2CH._.N(—_—><
CO,C.H.

Xl

Most of the required intermediates were obtamed hy
vonventional procedures and pertinent details e given
in the Experimental Section. A destred precursor for
1. 5-bromomethyl-10,11-dihydro-5H-dibenzo [a.dJevelo-
heptene (XIIh) could not be prepared by the action
of HBr or PBr; on the carbinol (XIla); the corre-
sponding p-toluenesulfonate (XIIe) was used for the
amination.  Tardieu*? has converted the 10,11-dehydro
analog of carbinol X1Ia to its H-chloromethyl derivative
using hydrochloric acid or thionyl chloride.

The action of dimethylsulfonium methyhde on AGH-
dibenzo[a.d]evclohepten-d-one gave the spiroepoxide
(V) in good yield. The use of dimethylsulfoxonium
methvlide also gave the epoxide rather than the 10,11-
niethano ketone. 1t has been reported® that with
certain unsaturated  carbonyl  systems  the  former
viide gives cpoxides through carbonyl addition while
the latter attacks the double bond to form cyvelopro-
panes. Lfforts to preparc the 10.11-dthydro analog of
the spiroepoxide were unsuccessful.  The 10,11-dihydro
ketone formed a deep red color on treatment with the
oxonium ylide but was recovered unchanged on dilution
with water. It reacted similarly with the methylsul-

(25) R. M. Daodsen, I Fo Morello, mind W, G. Dauben, J. _1m. Chew,
Soc., T6, 606 (1u341; of. R. I, Lutz aud J. W. Wilsen, J. Org. Chewn., 12, 707
(19473,

(26) W. Wilson and Z.-Y., Kyi, /. Chere. Soe., 1321 (1052).

(27) J. Rigaudy and P. Tardiea, Compt. Rend., 248, 1538 (1030): Cheow,
Abstr., 83, 17989 (1959); . Tuulien, Adaw. Clom. (Paris). 6, D115 il
Chem. Abstr., BT, 5857 (1012).

(UR) 15, J. Corey amd M. Chlaykevsky, J. v Chepe, Soel, 87, 100530
(DG).
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TasLE IV
PHARMACOLOGICAL PROFILE OF REPRESENTATIVE COMPOUNDS

Analgesia EDso Spontaneous motility Mydriasis Antispasmodic®
Route of LDso, (tail flick). (hot plate), Dose Effect, Dose, Fffect, Dose, Effect,
Compd admin mg/kg meg/kg mg/kg mg/kg % meg/kg units® mg A
6 ip 600 £+ 42 7+£0.7 19 £ 4 7 +32 7 1.7
15 +175
po >1200 18+ 3 81 £ 11 23 4.2 8] 118
18 146
7 ip 450 8§+0.2 13+£0.2 8 +241 7 1
15 +975
po 750 131 32+6 12 0 6 86
12 238
9 ip 450 1.44+£0.2 1.1+£0.07 1.5 +22 1.4 3.8
3 +117
po 750 2.8+0.3 2.8%+0.5 2.8 6.4 1.5 208
3 350
10 ip 280 >150 >200 150 —68 100 0
po >1200 >300 >300 223 0 1.5 70
90
12B ip >1000 >100 14 +222 14 0
28 +990
po >1200 14 £ 2 23 +4 14 0 7 150
14 360
14 ip 125 1.6+0.2 6+0.5 1.5 +10 1.6 1.2
3 +44
po 175 2.6+0.4 11+2 2.6 0 1.3 220
2.6 200
19 ip >1200 140 £ 10 145 = 17 145 —~83 145 2
po 450 400 280 14
20 ip 180 12+0.6 14 +=2 12 92 12 0.6
24 +278
po 850 22+ 4 36 =4 22 1.6 370
22 310
21B ip 530 20+ 4 45 = 14 20 — 38 20 4.2
40 +195
po 600 42+ 8 67 = 10 40 4.6 21 146
42 208
298 ip 380 >160 118 =9 94 —-71 4.2
o >1200 38 =% 3 20 0
Morphine sulfate ip 275 4.3+0.5 5=£2 3 +101 4.3 3.6
10 +78
po 1000 20 £ 2 133 20 4 10 370
20 360
Meperidine HCI ip 145° 22 £ 2 67 = 10 22 + 167 22 5.4
44 +46
po 268 81=%=5 764 81 15.6 40 250
80 790

e In rats.

The effect is the per cent increase h1 residual BaSOs on the stomachs of treated rats chmpared to untreated coutrols.

b Values in agreement with the findings of C. M. Gruber, E. R. Hart, and C. M. Gruber, Jr., J. Pharmacol. Exptl. Therap., 73, 319 (1941).
¢ Units of increase over pupil diameter in control groups; a score of 40 represents maxinial dilatation.

finyl carbanion,? but efforts to trap any ring-derived
anion by treatment with CO, also gave unchanged ke-
tone. The observation that 1,1-diphenylethvlene did
not form the epoxide with perbenzoic acid*® was paral-
leled in the case of 5-methylene-10,11-dibydro-5H-

0

CH,X

XIla, X=0H
b, X=DBr
¢, X=0Tos

(29) E.J. Corey and M. Chavkovsky, J. 4m. Chem. Soc., 84, 866 (1962);
J. Org. Chem.. 28, 254 (1963); C. Walling and L. Bollyky, ibid., 28, 256
(1963): G. A. Ruseell, H. D, Becker, and J. Schoeb, 1bid., 28, 3584 (1963).

(30) G. T. Newbold and F. 8. Spring, J. Chem. Soc., 247 (194D).

dibenzola,d]cycloheptene on treatment with 3-chloro-
perbenzoic acid.

5-(2-Bromoethylene) - 10,11 - dihydro - 5H - dibenzo-
la,d]eycloheptene, required for the preparation of 3
and 4, was prepared from the corresponding hydroxy
compound. This was obtained from the unsaturated
acid (XIV) which was first hydrogenated to XV and
then reduced with LiAlH,. The olefinic acid has been
previously described,23! but a preferred route involved
the action of HBr on either the isopropyl (XIIIa) or
the t-butyl ester (XIIIb) of the related 5-hydroxy acid.
Decarboxylation became important if the reaction was
carried out at elevated temperatures and an attempted
one-step conversion of XIIIb to the saturated acid
(XV) using hydriodic acid gave no acidiec product.

(31) C. van der Stelt. A. Haasjes, H. M. Tersteege, and W. TlL. Nauta,
Nec. Trav. Chim., 84, 1466 (1965),
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Recently, a similar approach has been successfully
applied for the conversion of the benzhvdryl analog of
XI1IIb to 3,3-diphenylpropionic acid.”  An attempted
preparation of the ethyl ester of the olefimie neid NIV
from 10,11-dihvdro-3H-dibenzo|a.d Jeyclohepten-a-one,
tricthyvl phosphononcctate,® and NaH was unsuccesstul.

2L, =00 -

CHCO.H
XlIfa, R=CH(CH,).
b. R=C(CH,), X
CH,COH
XV

Pharmacology.---The pharmacological profile, in mice,
of 12B as an analgetic agent is compared to that of
morphine and meperidine in Table IV. The data for
scveral of its analogs are also included while more limited
testing for the remaining members of the series is pre-
sented in Table V.

Taple V
INTRAFERITONENM, ANALGETIC ACTIVITIES
Tail flick 151D,

oyl Lo, mg ke mg/ ke
2 > 1200 >40(1
3 25 16 £ 6.7
0 25 .44 0.2
sB RN >60
1B ISt 5.6 =2
17 11 >20
25 O 21 =404
26 125 B3O =0
SDA 225 16 4+ 2
31 401 Ky o= 4
2 > 1600 400 = 05
513 > (i1 >40M1

* Dihvdrochloride salt used; of. Table I, Tontnale g,

Analgesin In mice was measurced by the tail flick
method of D’Amour and Smith?** as modified by Wit-
kin* and by the Lot plate test.® The EDg’s and their
standard errors were calculated by the method of AMiller
and Tainter.’™ The effeet of the compounds on the spon-
tancous activity of mice was measured by the method
of Chappel, ef al.® The mydriatic effect in mice at
doses cquivalent to the tail flick ED;e was determined
as previously deseribed. ™ The antispasmodic activity
was 1 measure of the effect on gnstrie motility or delay
in emiptying time.®®  The test compound was admin-
istered orally to starved rats at doses equal to the

132 T Muoriwake, J. Org. Chere,, 31, 483 {1466).

(33) W, 8. Wadsworth, Jr., aud W. [ Emwmous, J. dm. Chem. Soe,,
88, 1733 (1461).

131) ¥. K, D'Amour awl D. L. Smith, J. Pharmacol. Exptl. Therap.. T2,
T 11941,

(35) 1. B. Witkin, M. Maggio, unil W, Ii, Barrett, Proe. Soc. Frptl. Biol.
Med., 101, 377 (1959).

136) Q) Woolfe and A, D DMaclhienalil, J. Fharraweol. Feptl. Therap., 80,
300 (10-11).

137) L. ¢ Aliller sl 3. L. Tainter, Fcoe. Soe, Exptl, Bld. Med., 87, 261
[QEDEYE

(38) . 1. Chappel, G. A. Grant, 8. Archibald, aund R. Pagueute, J. dm.
Jhacean. Assoe., Ser, £l 46, 497 (18567).

30 MG Sregen and COT Chapgel. anpoablished resnlts,

Val. 1

mouse analgesin B and at half this value.  After
hr the animals were given 2 1l of 4047 BaS0O, meal and
2 hr after the meal they were killed. The residnad
BasSO, in the stomachs of the treated animals was com-
pared to that found in the controls and s expressed
A8 PCL cent Inerease.

It was found that the original member of the series,
12B. had good analgetic activity, being in the range
of morphine wher: given orally. It differed from the
latter in being more active ininereasing motor activity
and in being virtually inactive in the myvdrinsis test.
Its effect on gastrie motility wis abont the saune as tht
of an cquianalgetiv dose of morphine, but both agents
were less aetive in this respeet than meperidine. The
structural variations of 12, summarized in formanla 11
and listed m Tables 1-111, have given o nunber of
mteresting results. In the series of dibenzoeyvelohep-
tene analogs (I'mbile 1), shortening the alkyvlene ehain
to two varbon atoms (3, 6. 7) did not appreciably alier
the analgetic poteney but, i all enges. prepation of the
reversed esters (5,9, 14) led to the most aetive agents.
Intraperitoncally in the tatl flick assay, these were abont
three times more potent than morphine and orally,
about scven times. The role of the d-substituent on
the pipertdine ring was also seen in 8B (4-O11), 10
(Atcdouhle bond), and 17 (4-carboxamido-4-piperi-
dinn): these were all devoid of activity. Replawing
the dibenzoeyveloheptene ring by an mmnodibenzyl or
2 phenothinzine ring (19, 20. 21B, Table 11) tended to
lower the netivity,  Unlike the parent compound (12B)
these Last two normepertdine-contaming compounds did
exhibit anadgetie activity when given intraperitoneally
as indeed did most of the other aetive members cited
above.,  In the benzhydeyl series (Table TT1), the direet
analog of 12B (29B) was notably less aetive.  The pair
of reversed esters (9. 25) were, however, about equally
active, bt the benzyvlhyvdeyl commponnd  was roie-
siderably more taxic. The Mannivh hases in both series
(15B, 30A) were also effeetive compounds, the di-
bhenzoeveloheptene derivative being among the maost
active of the normal esters. The three diphenvlaeetie
actd dertvatives (31, 32, 33B) showed only wenk ae-
tivity,

Experimental Section

Melting points were read on w Thomas=Hoover Uni-Medl
apparatus.

10,11-Dihydro-5H-dibenzo|«,!]cycloheptene-5-carboxylic Acid
Methyl Ester.—A solntion of the above acid* (20,6 g7 in meth-
anol (300 ml) was =aturated with IICl and heated under reflux
avernight.  The solvent was remaved in eacuo, and a CHClg =alu-
tian of the produci wax extracted with aqueons NallCO; 1o give
30.0 g (957) ul ester, mp 13--05° (from hexane).

dnal. Caled far Crllig)e G 80.02; T 6050,
SLAS; 1, G,

10.11-Dihydro-5H-dibenzo|,]cycloheptene-5-methanol

(XIIa).~--The above methyl ester (38.0 g, 0.15 male) was re-
duced with TAAUT, (3.7 g, 0.15 mole) in ether (SDO wl) giving
20.4 g (8897) uf the carbinel, mp 64-63° (from ethanal-hexane).
For material prepared by a different merhod® the reparted
nielting point was 46-30°,

The correspondiog p-toluenesulfomale  ester  (Xlles, mp
107-108° (1.2t mp 101-103°), was prepaved; A2 962 my
(e 1170).

o O

Gl MLV Devie, S0 O, Wiadheay d Srewart, FooAL Sunalueea, ol 1
Herr, /. Meh Chem,, 6, 251 11963).

(41) L. Cioranescu, A. Bueur, M, Elan, M. Dancea, 3. Voiea, and L1
Nelitzescil, fee. Howowine Chiw, 10, 161 (19651; Chere. lis/y., 68, 1T10&
{1YGAY,
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Spiro{ 5H-dibenzo[a,d]cycloheptene 5,2'-Epoxide} (V). A—
NaH (509, dispersion, 1.15 g, 0.024 mole) was freed of mineral
oil and added to dry dimethyl sulfoxide (DMSO) (30 ml). The
mixture was heated at 60-75° for 45 min, cooled to 0°, and diluted
with dry tetrahydrofuran (THF) (30 ml). A solution of tri-
methylsulfonium iodide (4.9 g, 0.02 mole) in DMSO (25 ml)
and THF (10 ml) was added followed by 3H-dibenzo[a,d]cyclo-
hepten-3-one#? (4.1 g, 0.02 mole) dissolved in THF (10 ml).
The reaction mixture, which was a light red color, was kept at
0° for 30 nmin and allowed to warni to room teniperature (1 hr).
It was poured into cold water to give 4.0 g (919) of material,
nip 85-8Y°, which contained no residual ketone. Recrystalliza-
tion from cyclohexane gave the pure epoxide: mp 91-93°;
»CEO8 450, 800 em ! (epoxide); Amor 287 mu (e 15,500).

Anal. Caled for CgH,:0: C, 87.24; H, 5.49. Found: C,
87.28; H, 5.33.

B.—Diniethylsulfoxonium methylide was generated from tri-
methylsulfoxonium iodide (6.1 g, 0.03 mole) and NaH (509,
1.32 g, 0.03 mole) in DMSO (25 ml) at room temperature. The
preceding ketone (4.7 g, 0.02 niole) was added, and the niixture
was stirred for 1 hr at 25° followed by 1 hr at 50-55°. The
solid obtained by dilution with water coutained the product plus
a little ketone; one recrystallization from cyclohexane gave 2.1 g
(42¢7.) of the epoxide, mp 8§9-90°.

10,11-Dihydre-5-hydroxy-5H-dibenzo[a,d]cycloheptene-5-acetic
Acid Isopropyl Ester (X1IIa).—Followilg a procedure of Sisido,*3
the Grignard reageut prepared from ethyl bromide (43.5 g,
0.4 nmole) and Mg (9.8 g, 0.4 g-atom) in ether (200 ml) was cooled
to 5° while diethylamine (29.4 g, 0.4 mole) in ether (100 ml)
was added dropwise. The mixture was then heated under
reflux for 0.5 hr, cooled again to 3°, and treated dropwise with a
solution of 10,11-dihydro-5H-dibenzo[a,d]cyclohepten-3-one?
(41.6 g, 0.2 mole) and isopropyl acetate (20.4 g, 0.2 mole) in
ether (200 nil). After heating under reflux for an additional
2 hr the mixture was hydrolyzed with ice-water and NH,CL
The aqueous layer was separated and extracted with ethylene
dichloride (emulsions were broken by the addition of dilute HoSO,
to pH 3). The extracts were conibiied with the ether layer,
then dried and evaporated. There was obtained 36.0 g (389;) of
produet, mip 1D1-103° (from 2-propauol), ABOR 964 mu (e 502).

Anal. Caled for CyHaO3: C, 76.98; H, 7.32. Found: C,
77.30; 1, 7.14.

10,11-Dihydro-5H-dibenzo[a,d|cyclohepten-5-ylideneacetic
Acid (XIV). A.—A solution of XIIIb2 (108.0 g, 0.33 mole) in
acetic acid (1 1.) was cooled in an ice bath and saturated with
gaseons HBr. It was kept overnight, part of the solvent was
removed <n vacto, and water (1 1.) was added. The precipitate
was dissolved in CHCIs and extracted with dilute, aqueous NaOH.
Acidification of the alkaline layer gave 77.0 g (939.) of product,
mp 160-170° (from benzene-hexane); lit.2.8 172-173°, 168-
170°.  If the reaction mixture was heated on the steam bath
for 0.5 hr, the yield of carboxylic acid dropped to 449, while
heating for 5.5 hr gave only the decarboxylated product, 3-meth-
ylene-10,11-dihydro-5H-dibeuzo[a,d]cycloheptene, 2 mp and mnip
63-65°.

B.—A solution of XIIIa (3.0 g) in CHCI; (25 ml) was kept at
10° and treated with HBr for 2 hr. It was then kept at room
temperature avernight, poured into water (30 ml), and processed
as above to give 2.6 g (669;) of the unsaturated acid, mp 168-
170°.

The reaction was repeated at 0° for 15 miu, and the mixture
was processed at once. The only isolated product in this case
was the isopropyl ester of XIV (3.5 g, 749), mp 63-64° (from
hexane), ™ 261 nip (e 12,750).44

Anal. Caled for Cyulln0,: C, 82.16; H, 6.90.
82.43; 11, 6.69.

10,11-Dihydro-5H-dibenzo[a,d] cycloheptene-5-ethanol.—A
solutiont of 10,11-dihydro-3H~dibenzo[a,d]|cycloheptene-5-acetic
acid (XV)su4 (31.7 g, 0.13 mole) in THF (201) ml) was added
dropwise to LiAlH, (10.6 g, .28 mole) in the same solvent (300
ml). The mixture was heated under reflux for 1.5 hr, cooled,
and treated successively with water (11 ml), 209; NaOH (8 ml),
alid water (37 nil). Removal of the precipitate and evaporation
of the solvent gave 18.5 g (629,), mp 59-60° (from cvclohexane),
AEOH 9668 mu (¢ 604).

(42) A. C. Cope and 8. W. Fenton, J. Am. Chem. Soc., T8, 1673 (1951).

(43) K. Sisido, H. Nozaki, and O. Kurihara, ibid., T4, 6254 (1952).

(44) Preparation carried out by Mr. R. Otson.

(45) L. G. Humber, M. A. Davis, R. A. Thomas, R. Otson, and J. R.
Watson, J. Heterocyclic Chem., 8, 247 (1966).

Found: C,
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Anal. Caled for CrHi30: C, 85.67; H, 7.61.
85.78; H, 7.40.
5-(2-Bromoethylene)-10,11-dihydro-5H-dibenzo[a,d]|cyclo-
heptene.—A solution of PBr; (11.9 g, 0.04 mole) in dry benzeie
(50 ml) was added dropwise and with cooling to a solution of the
preceding carbinol (10.5 g, 0.04 mole) in benzene (30 nil) con-
taining pyridine (0.1 ml). The mixture was stirred for 2 hr
at room temperature and then heated under reflux for 0.5 hr.
It was cooled and poured into water, and the organic layer
was distilled to afford 6.4 g (489 ) of the bromide, bp 154-158°
(0.01 mm). The oil solidified on standing; mp 354-55°, un-
changed on recrystallization from pentane, A2 266 mu (e 545).

Anal. Caled for C;Hi:Br: C, 67.93; H, 5.69; Br, 26.33.

Found: C, 67.69; H, 5.50; Br, 26.54.

5-(2-Bromoethylidene)-10,11-dihydro-5H-dibenzo[a,d]|cyclo-
heptene.—The interaction of 10,11-dihydro-5-hydroxy-5H-di-
benzola,d]cycloheptene-3-ethanol? (10.0 g, 0.4 mole) and PBry
(34 g, 0.12 mole) in benzeune (1) ml) was carried out as above
except that the heating time was decreased to 10 niin. There
was obtained 11.0 g (989 ) of product, nip 11D-111°, unchanged
on recrystallization from hexane; Ao 246 nig (e 15,800). For
material prepared by a different method, the reported melting
point was 108-110°. An attempted preparation from the diol
and boiling 48¢7 HBr was unsuccessful.

5-(2-Bromoethyl)-10,11-dihydro-5H-dibenz[b.f|azepine.—A

solution of 10,11-dihydro-3H-dibenz[b, flazepin-3-ethanol® (7.5 g,
0.03 mole) In dry benzene (70 ml) was cooled to 3° and treated
with PBr; (8.4 g, 0.03 mole) in benzeue (30 nil). The mixture
was processed as described above to give 4.0 g (42%.) of material:
mp 90-01° (from hexane); M 211, 234 mu (e 26,100, 9450),
The compound could not be obtained conipletely pure and was
used as such for the preparation of 18.

5-(3-Chloropropyl)-10,11-dihydro-5H-dibenz[b,flazepine was
prepared in 35 yield as desciibed,®® bp 160-166° (0.3 mm),
lit.# bp 150-160° (0.2-0.3 mm).

Anal. Caled for C:HsCIN: Cl, 13.06; N, 5.16. Found:
Cl, 12.82; N, 4.81.

1,1-Diphenyl-1,3-propanediol.—A solution of 3,3-diphenyl-3-
hydroxypropionic acid ¢-bntyl ester®? (44.9 g, 0.15 mole) in THF
(601 ml) was reduced with LiAIH, (8.6 g, 1).22 niole) giving 32.0 g
(949) of the diol, mp 87-90°. A pure sample was obtained
from 2-propanol-hexane; mp 91-93°; lit.*% far a niixture of
isomers, mp 87-9D°.

Anal. Caled for CsH,;0.:
79.03; H,7.14.

A 3-p-toluenesulfonate ester was prepared following a pro-
cedure used for the corresponding dibenzocycloheptene analog,2
It rapidly decomposed on attempted isolation and was used in the
crinde form for the preparation of 22 by method B.

3-Bromo-1,1-diphenyl-1-propene. A.—A solution of the pre-
ceding diol (15.0 g, 0.07 mole) i1 dry benuzene (100 ml) was kept
at 5° while PBr; (18.4 g, 0.07 mole) dissolved in the sane solvent
(100 ml) was added dropwise. The mixture was heated under
reflux for 2 hr, cooled, and poured iuto water. Distillation of the
organic layer afforded 15.5 g (869 ) of product, bp 132° (1.1 mmn1),
mp 41-42°) raised to 42-43° on recrystallization from pentane;
1it.52 mp 37-39°; Ano™ 254 mu (e 17,900).

B.—A solution of 1,1-diphenyl-1-propene®! (24.2 g, 0.125 mole),
N-bromosuccinimide (22.2 g, 0.125 mole), and benzoyl peroxide
(0.1 g) in CCL (100 ml) was heated under reflux for 16 hr. The
precipitate was filtered, the solvent was evaporated, and the
residue was recrystallized from pentane to give 22.9 g (679;) of
the bromo olefin, mp 44-46°. TUsing this procedure, Zieglers?
obtained an oil, bp 96-98° (1D.05 mm), which conld not be solidi-
fied due to the presence of an inipurity.

Anal. Caled for C;H;Br: Br, 29,511,

Found: C,

C, 78.92; H, 7.06. Found: C,

Found:  Br, 29.31.

(46) R. D. Hoffsommer. D. Taub, and N. L. Wendler, J. Med, Chem.,
7.392 (1964).

(47) (a) Rhéne-Poulenc, French Patent 1,215,599 (1960);: Chem. Abstr.,
66, 14488 (1961): (b) J. R. Geigy, A.-G., British Patent 907,785 (1962):
Chem. Abstr., 58, 5646 (1963).

(48) J. W. Cusic, U. 8. Patent 3,123,610 (1061).

149) H. M. Walborsky and C. Columbini, J. Org. Chem., 27, 2387 (1962),

(50) K. Ziegler and P. Tieinann, Ber., 86, 3406 (1922).

(51) S. C. Hussey, C. S. Marvel, and F. D. Hagar, J. Am. Chem. Soc.
62,1122 (1930).

(32) K. Ziegler, A. Spith, E. Schaaf, W. Schumann, and E. Winkelmann,
Ann. Chem., 861, 80 (1932).
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4-Bromo-1,1-diphenyl-1-butene. A.-—A procedure for tle
preparation of «-(3-chloropropyl)benzhydrol®® was adapted us
follows. An ethereal solution of phenylmagnesivm bromide
(3 M 100 ml, 0.3 mole) was added to a salution of ethyl 4-hronio-
butyrate (19.45 g, 0.1 mole) in ether (130 ml) at 0°.  The salintion
was heated nuder reflux for 2 hr and decomposed with ice-cold
NHCH solntion, and the product was extracted with benzen..
The solvenl was removed, and a portion of the residie was Ivi-
turated with hexane to give o-(3- hmmuplup\I)ben/h\ drol, mp
05-05°, Amd® 238 niuw (e 913). The main portion gradnally
nnd(zrwent dehydration at room emperalure or on warming Lo
45° in vacuo. The process was completed by heating it in ben-
zene mder reflux for 3 hr with a cerystal of lodine.  Distillalion
afforded the hromo olefin (1.9 g, 38/, bp 14D--15D° 10.4 1,
25D LEDSY, Mo 252 g (e 14,420), lit.3* bp 140-148° (0.33 mi).

B.—A mixture of 1,1- dlphen}I L4-butanedials® (12,1 g) and
4800 HBr (60 ml) was heated under reflux for 2.3 hr.  Water
(20D ml) was added, and the praduct was taken into benzenc.
Distillation gave 1.4 g (7397) of the bromo olefin, bp 1311° (0.0
min ).

4-Carbethoxy-4-phenyl-1-propargylpiperidine (VI).-~A sthred
mixnire of 4-carbethoxy-4-phenylpiperidine (from 2.8 g, (LOS
male of the hyvdrochloride) and Na,CO; (14 g) in benzene (200 1)
was treated dropwise with a salution of redistilled propargyl
bromide (7.4 g, D.0O7 mole) in benzene (1D ml). The solulion
was kept at room temperature for 1.5 hr, diluted with ether (5D
ml), and filtered. Carbon dioxide was added, the precipitate
was filtered, and the solvent was evaporated giving 13.6 g (72/7)
of ])t'odn(l Jup 48-49°, unchanged on recrystallization from
pentane: vooc® 3515 (Ca=C), 1718 em ! (ester C==1)). The nse
of 1 equiv of triethylamine as condensing agent was equally
satistactory.

Anal. Caled for CpHaNOL: €, 70.24; 1, 7.80; N, Q16
Found: C, 75.48; 11, 7.73; N, 1.57.

The hydrobromide had mp 187-188° (from 2-prapanol).

Anal.  Caled for C;HBrNO.: €, 57.00: 1, 6.30; Br, 22.68.
Found: €, 37.34; H, 5.98; Br, 25.06.

2,2-Diphenyl-2-ethylthioacetic Acid.-- A modification of the
published® procedure was used.  Concentrated HSO4 (135 ml)
was added dropwise (1.5 hr) to a stirred niixture of henuilic
aeid (100 g, 0.44 mole) and ethanethiol (33 g, 0.53 niole) in glacial
acelie acld (30O mi); the internal temperatire was maintained
at 411°,  After half of the acid had been added, the mixture was
homogeneorns, and ared color developed; o precipitate then sepa-
rated, The niixture was stirred al room temperature for an
additional L4 hr and poured intn ice—water (600 mil). The
precipitate was washed well with water and dissolved in CHCl,,
and this sulution wus repeatedly extracted with water until all
Iraces of mineral acid were removed.  Kemoval of the solvent
left 110 g (9247) of prodnet, mp 128-132°. One recrystallization
from CCly gave 00.5 g, mp 131-132°, in agreement with the re-
ported valie.

Method A. 5-[3-(4-Carbethoxy-4-phenylpiperidino)propyl-
idene]-10,11 -dihydre-5H - dibenzo|a,d]cycloheptene (12A).—A
solution  of  3-(3-bromoprapylidene)-10,11-dihydro-3H-dibenzo-
la,d]cveloheptene? (10.0 g, 0.03 mole), 4-carbethoxy-4-phenyl-
piperidine (6.5 g, 0.03 mole), and triethylamine (3.2 g, 0.03 mole)
in dry benzene (3 ml) was heated under reflux for 18 hr. The
mixtire was cooled and diluted with dry ether (74 ml), and the
precipitate wax filtered. The residnal secondary anline was
removed by the addition of Dry Tee, and the filtered solution was
evaparated in vaciro.  The residnal vil was Treated with charconl
in hot hexane to give 12.8 g of produet, mp S6-87°.  An analyi-
lenl sample was obtained oo revrystallization Trom ethanol
see, Table Ty ABOT 937 my (e 15,700).  The ase of 4 second
cquivalent of the secondary amine as the acid acceptor gave
siniilar results.

Smadl samples of the base were 1reated with 1 equiv of the
following ncids: eitric, monopotassium phthalate, acetic, fumaric,
malonie, eyclohexylsulfamie, p-toluenesulfonic, sulfuric, HsPOy,
hypophosphorous, and HCL  The acetate salt was the most
water soluble, but none dissolved between 0.5 and 1¢,. A 49

(53) F. A. Barrett and 8. Wilkinson, British Patent 683,950 {1952).

t54) S. 11, Graham and A. J. 8. Williams, J. Chem. Soc., 4066 (1959).

(51) ¥. Hamaguchi, Yakugaku Zasshi, 8%, 1088 (1962);: Chem. Abstr.,
58, 1402 (1963).

(56) T.. (i, Brain, I, I'. Doyle, K. Hardy, A. A. W, Long, M. D. dehtu,

D. Miller, .1, 11, C. Nayler, M. J. Soulal, 1i. R. Siave, and (3. R, Thomas,
J. Chem. Sve,, 1445011962),
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suspeasion ol the micrmized hydrachloride m saline was vl
fm the biological stndies.

5-{2-(4-Hydroxy-4-phenylpiperidino jethylidene!-10,11- dlh)(lI‘O-
oH dibenzo[a.i/|cycloheptene (8A).--A well-<ihved mixmre of

-{2-bramoethylidene)-1(,1 l-dihydra- A1 -dibeyizo Lo dfeveln-lup-
rtene (155 g, aad male), 4-phenyvl-d-piperidinel (7.5 w, paay
niale), and powdered NawCOy (11D g3 b T-bntanad (170 il was
healed nnder retlux for 20 hr. Acetvore 230l s was cohilal, and
the filtered =udntion was evaparnted /o caewo.  The vesidne was
dissolved iy CHCL and ether and freated with a Hode Dy T
the insoluble malerials were filtered,  Removal of vhe sodvens
left 13 4 e mp 130-108° Neeryvstallizaton gave D5 g of proad-
ety Ao _4(1111pte 13,711y,

\Iethod B.--5- 12-g4 (arbelhoxy-4-phenylpiperidino)ethylen(»j-
10,11-dihydro-5H-dibenzo[u,d]cyclohepten-5-01  Hydrochloride
(6)~-A =ulnthor of 10, H-dihyvdra-3-hydrmxy-al -dibenzofo,dfi-
eyveloheptene-i-cthanal p-tnluenesnlfonatess IT S g, (LaH moles
and d-carhethoxy-4-phenvipiperidine dram 26,2 ¢, LAUT mde
uf the bydrachloride) in methanol (100 il was kepl o vaon
temperatnre far 2 hee The temperature wax geadnadly vaised 10
hoiling and held there Tor 18 b The solven! was evagnuoaled
and yeplaced by ether, and the precipitate was fltoed. The
=olnton was extraeled with aqueons NallCOy and dried, e«
ment with CO. remaved the nnchanged narmeperidine, oud 1he
residunt oil, obtained ou vanoval of the solvent, was converted
1o the hydvochlarides AE" 251, 257,252 mp de 480, G135, G20+
vield 7.1 g

Method (. 5-]2-(4-Carbethoxy-4-phenylpiperidino jethyl-
idene]-10,11-dihydro-5H-dibenzo[a./]cycloheptene Hydrochlo-
ride (7)-A =ulntian of 6 (1.8 g) in cthanol was <utiraied with
HCT and heated nuder refin for 2.5 he, . Remaval af vhe <alvon
followed by ane reerystallization of le( rexidhie Drom ethinod
cther gavi (LS g ol praduct, mp 174-170°, A D) g te 16,000

The =altx with hydvachiovie and gl\(mup 1(1\1»11(1;11 acids were
water soluble 1o the exten? af ahant 6,177 Thixe with e
mileie, oxalic, and hydrabramie acid were les< xaluble.

Method D. 5-[2-(4-Carbethoxy-4-phenylpiperidino jethylenc|-
10,11-dihydro-5H-dibenzo[a,{]cycloheptene Hydrochloride ¢31.

Compomd 7 (4.0 g dissolved in othawal (HEE mb) was bvdyos
genated wnder 5 kgdem® and 257 nsng PUeatady=t, Abot 730,
of the thearetieal anwnm! of hvdrogen wax coomnmed xl'l( 27 b
Reervstallization of the vende prodael gave 10 g0 AV 263 mp
le SDS ).

Method k. 5-]2-(4-Phenyl-4-propionoxypiperidino)cthyl-
idenei-10,11-dihydro-5H-dibenzo v, /}cycloheptene  Hydrobro-
mide {9).-~A solution of the piperidinnl 8A (6.5 ) b prapivase
anhvdride (65 ml) cantaining concentrated 11801 (0.1 ml) was
hented at 70° far 4 hr and a1 90° for 17 hr. The salvent was re-
moved 7n vacuo and a bhonzene =olition al the vesitie was ex-
tracted with severnd portions of dilute NallCO; =alntian. The
ail obtained on evaparniion conlained n strong ester-ciovhonvi
Dand GER™ 1741 e =) and only a trace ol the starting aleahal.
The hydrabromide was rearystallized 1o give 5.0 g, P ANGILE RIS TITN
le 16,500

Method F. 5-(4-Carbethoxy-4-phenylpiperidinomethy!)-5H-
dibenzo[a.d]eyclohepten-5-01 (2).~-A salutian of The =piroepoxide
V{7.8 g, 0.04 maole) and 4-carberhoxy -4-phewipiperidine fTram
26.9 g, . 1D mote of the hydrochloride) in absalnte erthansl (4010l
was lieated under reflux for 4 hr. The =olvent was evaporated
wnd replaced by ether (130 ml), and the sohition was prealed with
COs. The precipilate was filtered, and the selulion was evign.-
raled Ta give the erude product oz an ol This was converted
ta the oxalale salt, mp 197--108° dee 1fvam ethaualy, which voald
nat: he abl 11)1((1 pure.  Hegeneralion of 1the hase gave 5.2 g af
maleriad, }\,,, OO M (e 153,100,

Method G. 5-13-(4-Carbethoxy-4-phenylpiperidine )-1-
propynyi]-10,11-dihydro-5H -dibenzo[a,d]cyclohepten-5-01  Hy-
drochloride (11).--A solution nf 4-carbethoxy-d-phenyl-1-
propargyipiperidine (VI, L34 g, 0.005 mole) in dry ether (20 )
was added to sodamide (from 0.12 g, 0107 g-aiam of sodinm) in
liguid NT; (20wl Afler 3 min, w0 =olution of nL1-dilivdres
All-dibenzo[a,d Juyclohepten-i-ane (L5 g, (LOOY mole) in ether
110 ml) was added drapwise, and the mixture was stivved for
I hr.  An excess of NIT,CL was added, the N1 was allowed
evaporaie, and The precipitate was filtered.  Ttemavad of i
solvenl gave an oll 12,3 g) which on ritteadion witly hal hexane
and erystallization from etliyvl neetite Nirmshed o cample of 1he
base (1,1 gy mp 1A6-1572, which eonld not be vdnained pwve.
The hydrachlorde had mp 1801817 dec: AP 20T, 200 ik
(e (D2, 842, 87T1)
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Method H. 5-[3-(4-Carbethoxy-4-phenylpiperidino)pro-
pionyl]-10,11-dihydro-5H-dibenzo[a,d] cycloheptene (15A)—
Paraformaldehyde (1.8 g, 0.06 mole) was added to a mixture of
VIIans (7.1 g, 0.03 mole) and 4-carbethoxy-4-phenylpiperidine
hydrochloride (8.6 g, 0.03 mole) in 1,2-dimethoxyethane (40 ml).
The reaction mixture was heated under reflux for 1 hr, treated
with an additional 1.0 g of paraformaldehyde, and heated for
another 2 hr.  After cooling, a little insoluble material was re-
moved by filtration, and the solvent was evaporated. The
residue, ou shaking with CHCIl; and NaHCO; solution afforded
the crude base as an oil. Conversion to the hydrobromide salt
gave 7.8 g mp 186-188°. An analytical sample had mp 192-
193°, MrOH 264 mu (e 890).  The spectrum of an aqueous solution
remained the sanie after keeping for 1 week at room temperature.

Regeneration of the base gave material, mp 109-110°, AEH
264 mu (e 910). It was converted to the hydrochloride salt,
mp 181-182°. Heating this salt (0.1 g) with 379, aqueous
formaldehyde (5 drops) and a little HCl in acetone (3 ml) on the
steam bath for 10 min gave only unchanged material; mp and
nimp 181-182°. This stability may be compared to that of
the nonbridged analog (30, see below).

Method I. 5-[3-(4-Hydroxy-4-phenylpiperidino)propionyl]-
10,11-dihydro-5H-dibenzo[a,d] cycloheptene Hydrochloride (16).
—5-(3-Dimethylaminopropionyl)-10,11-dihydro-3H-dibeuzo[a,d]-
cycloheptene (VIIb) hydrochloride was prepared as de-
scribed?® fron1 VIIa except that the heating time was increased
to 48 hr.  The product, mp 177-178° (lit.® mp 175-176°), was
converted to the methiodide which could not be readily purified.

Powdered Na,CO; (2.1) g) was added to a sohition of 4-phenyl-
4-piperidinol (0.533 g, D.003 mole) in dry DMF (15 ml) followed by
the above methiodide salt (1.65 g, 0.004 mole); a strong odor of
trimethylaniine was evolved, The mixture was stirred overnight,
filtered, and added to water (100 ml). The precipitate thus
formed was collected in ether, and the solution was dried and
evaporated to give 1.2 g of an amorg)hous solid. This was
converted to the hydrochloride (0.6 g), AESH 263 my (e 826).

Method J. 1.1-Diphenyl-3-(4-hydroxy-4-phenylpiperidino)-1-
propanol Hydrochloride (23).—A solution of 1-(3-ox0-3-phenyl-
propyl)-4-phenyl-4-piperidinol® (7.8 g, 0.025 mole) in dry THF
(25 ml) was added dropwise to phenyllithium from Li (2.2 g,
0032 g-atom) and bromobenzene (24.7 g, 0.16 mole) in THF
(1n0 ml). The reaction mixture was heated under reflux for
1 hr, cooled, and poured into ice-cold NH,CI solution. Extrac-
tion of the product into benzeue followed by removal of the
solvent gave 15.0 g of a gummy solid which coutained none of the
starting ketone.  Recrystallization from ethyl acetate or nitro-
methane—ether gave 1).8 g of material, mp 176-177°, which was
not the desired product. It was eventually obtained, as the
hydrochloride (1.6 g), from the mother liquors; AESH 238 mp
(e652).

1-(3,3-Diphenyl-2-oxopropyl)-4-phenyl-4-piperidinol Hydro-
chloride (27).—A mixture of 3-bromo-1,1-diphenyl-2-propanoue®
(1.1 g, 0.0N4 mole) and 4-phenyl-4-piperidinol (1.3 g, 0.008 mole)
in dioxane (15 ml) was stirred for 16 hr at room temperature.
Ether (25 ml) was added, the precipitate was filtered, and the
solvent was evaporated leaving 1.3 g, mp 167-169°. This prod-
1ct was dissolved in acetone-ether and the hydrochloride (0.2 g)
was prepared: nip 195-196°, »#59" 1733 em—t (C=0), A\
257 mu (e8153).

1-(3,3-Diphenyl-1-oxopropyl)-4-phenyl-4-piperidinol (28).—
The filtrate from the preparation of the preceding hydrochloride
was evaporated and the residue was recrystallized from ethyl

(37) We wish to thank Dr, P. V. Petersen of Lundbeek Co., Copenhagen,
for a generous sample of this ketone.
(38) C. L. Stevens and C. T. Lenk, J. Org. Chem., 19, 538 (1954).
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acetate to give 0.2 g of material, mp 191-192°, i 1625 cm—!
(amide C=0), Aed® 258 my (e 723).
1-(4,4-Diphenyl-3-oxobutyl)-4-carbethoxy-4-phenylpiperidine
Hydrobromide (30A).—The Maunich reaction between 1,1-di-
phenyl-2-propanone (8.4 g, 0.04 mole), 4-carbethoxy-4-phenyl-
piperidine hydrochloride (11.3 g, 0.04 mole), and paraformalde-
hyde (2.4 g, 0.08 mole) in 1,2-dimethoxyethane (45 ml) containing
5 drops of conceintrated HCI was carried out as described for
method H. The niixture was heated for 3.5 hr, cooled, and di-
luted with ether. The precipitated hydrochloride was combined
with a further amount obtained by evaporation of the solvents
and trituration of the residue with ether, giving a total of 16.1 g.
It was converted »ia the free base to the hydrobromide: mp
103-195° dec: N2% ®F 258, 200 mu (e 515, 202). 1)n keeping
this solution for 1 week at room temperature or for 2 hr at 70°
the two peaks were obscured by end absorption and the shape of
the resulting curve was very sinilar to the one described by Wil-
son and Kyi® for the deconiposition of a related Maimich base.
A portion of the purified salt was converted to the hydrochloride
30B, mp 169-171° (see Table III).
1-(3-Oxobutyl)-4-carbethoxy-4-phenylpiperidine Hydrochloride
(XI). A.—A portion of the crude base described in the preceding
experiment (which contained some unchanged paraformaldehyde)
was dissolved in acetone and treated dropwise with ethereal
HCL During the addition an exothermic reaction set in and the
initially formed precipitate redissolved. The mixtnre was chilled
and the deposited product was recrystallized from acetonitrile—
ether; mp 160-161° dec¢, undepressed by the sample prepared
below; Aoo™ 258 mu (e 322).

Anal. Caled for C)gHzeCINOgZ C, 63.54,; I{, 771 CI, 11).43:
N, 4.12. Found: C,63.9n; H, 7.97; Cl, 10.48; N, 4.01.

When a sample of purified base in-acetone was treated with
ethereal HCI, only the expected hydrochloride of 1-(4,4-diphenyl-
3-oxobutyl)-4-carbethoxy-4-phenylpiperidine (30B) was ob-
tained; mp and mmp 165-167°.

B.—A nixture of 4-carbethoxy-4-phenylpiperidine hydro-
chloride (10.8 g, 0.04 mole) and parafornialdehyde (2.4 g, 0.08
mole) in acetone (40 nil) and ethanol (15 ml) containing 5 drops
of concentrated HCI was heated under reflux for 10 hr. Filtra-
tion and evaporatior-ofthe solvent gave 13.4 g (999 ) of product,
mp 162-163° dec. Recrystallization from acetone gave a sample,
mp 162-164° dec. For material prepared by a different route,
Protiva, et al.,% report mp 147-150°.

Method K. 2-(4-Carbethoxy-4-phenylpiperidine)ethyl 2,2-Di-
phenyl-2-ethoxyacetate (32).—A solution of 2.2-diphenyl-2-
ethoxyacetic acid® (5.12 g, 0.02 mole) and 1-(2-chloroethyl)-4-
carbethoxy-4-phenylpiperidine (from 6.7 g, 0.02 mole, of the
hydrochloride)®! in 2-propanol (40 ml) was heated under reflux
for 16 hr. The solvent was evaporated, and the residue was
shaken with NaHCO; solution and ether. Evaporation of the
ether gave an oil which crystallized from pentane; mp 81-86°
(5.0 g). An analytical sample had mp 87-88°,
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