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A series of pyrrolo}3,2,1-jk][1,4]benzodiazepines and pyrrolo[1,2,3-¢f][1,5]benzodiazepines which is related to
the clinically effective benzodiazepine, diazepam, has been prepared. Pharmacological data are presented which
demonstrate that some of the compounds have CNS activity in mice.

The remarkable clinical success of the 1,4-benzo-
diazepille antianxiety drugs'~—® (viz. diazepam, 1)
prompted our interest in the chemistry of the related
pyrrolo[3,2,1-7k][1.4 ]benzodiazepines (viz. 2) as a pos-
sible route to compounds with useful CNS activity.

CH.

Casual inspection of structure 2 will reveal that it
differs from 1 only by the insertion of a CH, between
the N-Me function and C-9 of the benzodiazepine
nucleus to form a new five-membered ring. At the
outset we were also intrigued by the possibility of
aromatizing the pyrroline ring to give a svstem, for-
mally a 1,7-disubstituted indole, which might have
both interesting biological activity and chemical re-
activity.

For one approach to this system, we envisioned a
Beckmann-type ring expansion of 1-ketolilodidine (4).
The preparation and chemistry of 4 had been studied
previously by Astill and Boekelheide* and by Rapoport
and Tretter® who were interested in intermediates suit-
able for the preparation of apo-8-ervthroidine. The
former investigators? explored both the Beckmann and
the Schmidt reactions on this ketone. They reported
that although various attempts to accomplish the
Beckmann rearrangement were unsuccessful the re-
action of 4 in CHCl; with NaXN; and H,SO, gave a
low vield of a substance which had a composition
and physical properties that could accommodate either
structure 14 or 12 (Scheme I). Because of our previous
experience® and the absence of experimental detail
in the paper cited, we reinvestiaged the Beckmann
rearrangement of 4-oxime. In agreement with the
previous work,* reaction of the oxime with either poly-
phosphorie acid” or refluxing HCO,H® or reaction of
the tosyloxy oxime with neutral alumina which had

{1) G. Zbinden and L. O. Randall, ddvan. Pharmacol., 8. 213 (1967).
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been deactivated with 197, H,0%°® gave nomne of the
expected rearrangement products. On the other hand
the reaction of 4 with NaXNj; in polyphosphoric acid™
gave a 73.59; vield of a 5:1 mixture of the isomeric
lactams 14 and 12 which could be separated by silica
gel chromatography. The structure assignments were
based on spectral data'' and the LAH reduction prod-
uct 29 of 14 which had a singlet for the C-7 protons
at 6 3.89 in the nmr spectrum.

From a mechanistic standpoint the formation of
14 and 12 by the Schmidt and not by the Beckmann
reaction is important since in this case the tetrahedral
intermediate I'* must be the immediate precursor
of the rearrangement products. The alternative tri-
goual intermediate I1'3 is analogous to the oxime in-
termediates necessary for the Beckmann rearrange-
ment; it should have electronic characteristics similar

+A\‘_‘
1

to those of the oxime intermediates and thus in this
case would not be expected to undergo rearrangement.
Failure of the Beckmann rearrangement in this case
must be due, at least in part, to a large contribution
of resonance structure III to the electronic nature
of the molecule.!41

Chloro derivatives 15 and 13 were similarly prepared
from 5-chloroindoline (61) e acid 3 and ketone 5. In
this case the Schmidt reaction gave a 67.69; vield
of 15 and 13 with an isomer ratio of 11:1. The
low yield of 13 prompted an alternate method for
its preparation (Scheme II). Nitration of l-acetyl-3-
chloroindoline with fuming HNO; in AcOH-Ac,O gave
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(11) Spectral data supporting tlie stractore may he found ac he end of
the Experimental Section.
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(16) Preparation of 81 by direct chlorination of l-acetylindoline followed
by aeid hydrolysis of the amide is an improvement over the lireracure
wethod |R. Ikan, E. Hofimuu, E. ). Bergmann, sl A, Gulon. Isyael J.
Chem., 2, 37 (1964)]. '1'his method is similar to that vsed Ly W. G. Gall.
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5-bromoindoline.
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36 whiclh was hydrolyzed with HCI in EtOH to give
5-chloro-7-nitroindoline (62). Reduction of 62 with
Zn and NaOHY gave diamine 37 which was isolated
as its HCl salt. Condensation of 37 with acrylic
acid in HCI'® produced 13 in 639 vield.

Dehydrogenation of 14 aund 12 with a 1'd-C catalyst
in refluxing deealin gave the expected products (16
and 10) without diffienlty. The analogons reaction
with 15, however, failed due to hydrogenolysis of the
Cl group. Dehydrogenation of 15 and 13 to give
17 and 11 was accomplished with 2,3-dichloro-5,6-
dieyano-1,4-benzoquinone (DDQ) in refluxing ben-
zene.'*  Compounds 16 and 10 reacted with CH,O
and MeNH in AcOH give the Mannich bases 26
and 19, respectively.  Several derivatives of the lactams
were prepared by alkylating the amide N with NaH
and an appropriate alkyl halide and/or by reducing
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34.R= (CHI)JN(CHLJJ

the amide with LAH. These reactions are
marized in Scheme 1.

Oxidation of 6 with activated MnO.2 gave imine 8
which wus ixalated as its hemiperchlorate salt in 73%¢
vicld. I addition to the usual speetral evidence cat-
alvtic (Pt) aud chemienl (NaBHy) reduction of 8 to 6
firmly cstablished the strueture of this unusual salt. 1t
ix of passing interest that oxidation of the 1.2-dihvdro
componnds 29, 39, and 58 with netivated MnO. was
unsuceessfil.

['ront its coneeption this investigation was desigied
to produce pyrrolo|3,2,1-jk][1,4 [benzodiazepines with
aromatic substituents at C-7.  This result was initially
achieved by alkylating lactams 14 and 16 with tri-
ethyloxonimmfluoroborate! to give imino ethers 22
and 9. The reaction of these compounds with 1Ph-
MgBr in refluxing #-Bu)?* gave the desired 7-phenyl
derivatives 31 and 18,  Successive reaction of 16 with

-

20) G, Iract amd T 1 MeGovern, ibid., 29, 1540 (1a64).
$21) L Meerwein, Oy, Sy, 46, (13 (1466).
i22) Q, Cervinka, Colicet, Czech, Chem, Commun., 24, 1116 1107505,
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PCl; and PhLi?® resulted in the l-chloro derivative
64 of 18. Nuclear chlorination by PCl; has been ob-
served previously.?* An attempt to apply the former
series of reactions to the preparation of 1,2,4,5-tet-
rahydro-6- phenylpyrrolo[1,2,3 - ¢f][1,5 ]benzodiazepine
failed due to the unsuccessful reaction of lactam 12
with triethyloxoniumfluoroborate. Apparently in this
case alkylation occurs at N-3 rather than at the lac-
tam carbonyl. The 6-phenylpyrrolo[1,2,3-¢f][1,5 ben-
zodiazepines were prepared (Scheme II) via the re-
action of 37 with ethylbenzoyvlacetate.® In addition
to 38 the isomeric compound 40 was also obtained
from this reaction. Reduction of 38 with LAH was
not successful. The reduction product 39 could, how-
ever, be obtained in 729 yield by the reaction of 38
with BH;.2%6  Acidification of enamine 40 with HCIO,
gave iminium perchlorate 42 which could then be
reduced with NaBH, to 41.%

An alternate method for the preparation of 7-phenyl-
pyrrolo[3,2,1-7k][1,4 ]benzodiazepines is shown in
Scheme III. Nitrosation of 5-chloroindoline (61) with
NaNO; and H.80. gave 35-chloro-1-nitrosoindoline
which was reduced to l-amino-5-chloroindoline (63)
with LAH.?® Condensation of 63 with 1-phenyl-2-

(23) E. E. Smissman and J. L. Diebold, J. Org. Chem., 80, 4002 (1965).
(24) W. Autenrietli and P. Mublinglhiaus, Chem. Ber., 39, 4048 (1906).
(25) W. Ried and P. 8. Stablliofen, tbid., 90, 828 (1957).

(26) H. C. Brown and P. Heim, J, Amer. Chem. Soc.. 86, 3566 (1964).
(27) N. A, Nelson, J. E. Ladbury and R. 8. P. Hsi, 1bid., 80, 6633 (1958).
(28) D. E. Ames and H. Z. Kucharska, J. Chem. Soc., 1509 (1962).
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propanone gave a hydrazone which without isolation
was cyclized to indole 44 with H80,in EtOH.2* Oxida-
tion of 44 with NalO in warm dioxane-H,O gave a
mixture of ketoamide 47 (R’ = H) and its hydrolysis
produet 51. A facile conversion of 47 (R’ = H) into
51 was accomplished with 6 N HCl in EtOH. Con-
densation of 51 with bromoacetyl bromide followed
by cyclization of the resulting bromoacetyl derivative
(47, R’ = Br) with methanolic NH,3! gave 9-chloro-1,2-
dihydro-7-phenylpyrrolo[3,2,1-7k][1,4 benzodiazepin-4-
(5H)-one (2). Application of this sequence to indoles
432% and 45% gave the corresponding benzodiazepines
54 and 563 without difficulty. In the latter series
the reaction of amino ketone 53 with ethyl glycinate-
HCI in refluxing pyridine®* (method N) gave a better
vield of 56 than did the bromoacetyl bromide-MeOH-
NH; (method M) sequence. Nitration of l-acetyl-7-
benzoylindoline (46, R’ = H) with fuming HNO; in
AcOH-Ac,0 gave an 84.29, vield of the pure 3-nitro
derivative (48, R’ = H). Conversion of 48 (R’ = H)
to 1,2-dihydro-9-nitro-7-phenylpyrrolo[3,2,1-7k][1,4]-
benzodiazepin-4(5H)-one (55) was accomplished wvia
amino ketone 52 by either method M or, preferably;
method N.

Reduction of 54 with LAH gave the hexahydro
derivative 58. Dehydrogenation of 58 with a Pd-C cat-

(29) A. N. Kost, L. G. Yudin, Yu. A, Berlin, and A. P. Terent'ev, J.
Gen. Chem. USSR, 29, 3782 (1959).

(30) L. J. Dolby and D. L. Booth, J, Amer. Chem. Soc.. 88, 1049 (1956).

(31) L. H. Sternbach, R, 1. Fryer, M. Metlesics, E. Reeder, G. Sach,
G. Saucy, and A. Stempel, J. Org, Chem., 27, 3788 (1962).

(32) A. N. Kost, L. G. Yudin, and A, N. Terent'ev. J. Gen. Chem.,
USSR, 29, 1920 (1959). -

(33) A synthesis of tlie 10-chloro derivative of 56 las been reported
[H. P. Harter and S, Lusberg, Acta Chim. Scund., 22, 3332 (1968)1].
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Yield,
No. Y Proceldire Myp, SC
o A6 « NO-NT
B (I " 113.5-114 .0
30 M .4 It 174175
62 80,7 u 125-126
i 35.6 « D18.5-220 dec
44 47.5 7} 205.5-206.5
47 (R = H) 205 1 1G5-164 .5
47 (R’ = Br) N8 i. 1G5.0- 1665
3l 98 .G I 125120505
43 2.2 b 1530- 140
44 WD ( 1191350
a3 88.9 K G8--64) .
16 (I’ = 1) 2408 1 1425
46 (17 = Br) RS 1, 1520 01505
48 (R = H) N Y « L0201
48 (R’ = Br) ) 4 L 160-171
32 8T Ix 25004
40 (I = ) 46 J 15241355
50 84.5 1N 1:24-125

@ See Experimental Section. * Lit.28 mp 145-146°.
7C Caled, 76.25; found, 75.79.

wins warmed in an oil bath under N, 1o 753° (bath temperature .
At this temp, a vigorans exothermie reaction took place. The
oil bath was kept at 75-05° for 1 hr, additional acrylouitrite
(10 ml) was added to the reaction which was then refluxed for
18 hr (bath temp 125°). The cooled reaction mixture was poured
into tce—water, made alk with coned NH,OH, and extracted with
(‘HyCl.. The extract was washed with water, dried (K.COy), and
coned.  The residual oil was distd nnder rednced pressure (0.0:
tunj to give: 2,76 g, bp 131-139°; 8.03 g, bp 132-141°; 7.306 g,
hp 141-143° (90.2 yield) of S-chlaroindoline-1-proptonitrile.

A stirred mixtnre of S~chloroindoline-1-propionitrile (8.22 g,
0.0398 mole) and 3N aq KOH (100 mb was refluxed under N. for
4 hr, cooled, and extracted with CH.CL. The nqg laver was cooled
in an lce bath and acidified to pl 3.0 with coned HCL The
erystalline produet was collected by filtration, washed with water,
dried, and recrystd from EtOAc¢-Skellysolve B to give 3.

8-Chloro-1,2,4,5-tetrahydro-6 H -pyrrolo|3,2,1-ij] quinolin-6-one
15)--A stirred mixture of 3 (11.5 g, 0.0512 mole) aud polyphox-
phorie actd (350 g) was heated nunder N, at 100--110° for 22 hr,
cooled, and poured into ice-water. “T'he resnlting mixtare was
nentralized to pH 4.5 with 50°% aq NaOH and extracted several

times with Bt:(). The Et.O extract was washed saceessively
with water, dil NaOH, and brine, dried 11COy), and coned nnder
redaced pressure.  Crystallization of the residue from IitOAe -

Skellysolve B (Darco G 60) gave 5.

9-Chloro-1,2,4,5-tetrahydropyrrolo[3,2,1-74] {1,4] benzodiazepin~-
7(6H)-one (15). 9-Chloro-1,2,4,5-tetrahydropyrrolo{1,2,3-¢f] -
{1,5]benzodiazepin-6(7H )-one (13). Method B.-—A stirred mix-
ture of 5 (4.15 g. 0.0200 mole) and polyphosphoric aeid (120 g)
was heated nnder N, to 30-60° and treated portionwise, during
1 hr with NaNy (L69 g, 0.0260 moles.  The mixture was kept at
50-60° for an additionad 4 hr and poured into ee-water. The
resnlting solation was rendered alkaline with 50¢, NaOH and
extracted several tines with CHCL. 'The extrac was washed
with hrine, dried (K.Col) and emed ander redneed pressnre.
Crystallization of the rexidue from MeOH-ItOAe (Darco G G0)
giave pure 15.

T'he mother lignor was coned and chromatographed on sitica gel
(100 g) with 44 MeOH-90¢ EtOAe. The second band ehited
from the cohumn wus ervstallized from 1MtOAce to give 13.

Further clation of the column with 10¢, MeOH-00¢, BtOA«
vielded additional 15.

1-Acetyl-5-chloro-7-nitroindoline (36).--A stirred mixture of
L-acetyl-5-chloroindoline (66.9 g, 0.342 mole), Ac.O (342 ml), and
HOAce (136 ml) was cooled to 10-15° and treated during 15 min
with a solution of fuming HNQ; 1359 gt in HOAe (342 mb).
The mixture was kept at 10-13° daring the addition and for an
additional 2 hr. It was then poured into cold H,0. The solid
wax collected by filtration, washed with water, dried, and re-
erystd from I5tOAe to give 36.

LA myp 1287
7 N Caled, 0.20; found, 6.75,
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11O Ae =k B Co e CING. ¢, LN
FtOAce-=k B Cdha(CINO ¢, 11, CL N
FtOAe ColdWCINL ) ¢, LN
FtOAe CUOLCEN )y C O HCHN
FtOH Cll, N ¢, CLN
CH COCH,CH, C L CIN CoH, L NS
CILCOOCH, CreHCINGY oI, CL N
F1OAe-8k B CrHaBrCEN O, ', i, Br, CLN
FiOAe-sk B Cufh.CING ¢, 1, CLN
1Ol Catly N oI N
IO ANT (WHEON ¢ H, N
Petr cther Cadh N ¢, H, N
FtOAe O HeN O, ¢ H, N
FiOAr CrHBeNO, ¢, 1, Br, N
CH.Cl-1MOH CO LGNGO, ¢, 1N
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FiOAe N0 LN
O CydhNTY ¢, 1L N
EtOAe-Sk B CoL NGO ¢, N

dllydrochlonde salte - ¢ Caled, d8.04; fomd, SATLL

EC Caled, 67.10; found, 66,60,

5-Chloro-7-nitreindoline (62). -A stirred mixtare of 36 ¢3.62
g, 0.0150 mole), 6 & HCH {30 ml), and EtO (100 mb) was re-
fluxed 1aider N, for 2 hr, and allowed to stand at amblent temp
for 18 hr. The reaction mixture which contained crystalline
product wax poared mto 1,0, The solid was collected by filtra-
tion, washed with HsQ, dried, and recrysid from EtOAe to give 62.

7-Amino-5-chloroindoline {37) Hydrochloride -—-A stirred mix-
fure of 36 (19.9 g, 0.100 moley, 054, EtOH (32 ml), and 2057 aq
NaOIl 8 ml) was warmed ander Ny to the reflax temp and
trented portionwize with Zn dusi (26 g) ot =ach a rate that the
mixtare retluxed without external heating. At the end of the
wdddition, the mixtire had changed from ved to light yvellow.
Additionat FrOH (13 ml) was added and the mixtnre was re-
finxed Tor 1 hr, cooled, and filtered. The solid wax washed with
Fityt).  ‘The combined filtrate was treated with a hitle Na&.()
and eoncentrated in veco. A snspenston of the residue i .0
wix extracted with Et.O. The extract was washed with hrine,
dried {K.COu and concentrnred i vacno. A solation of this
restdae in o lirtle EtOH was cooled inoan ice bath and acidified
with dry methanolic HCL  The resulting erystalline sohd was
collected by filtration and washed with FtOH. A small amonnt
of additional prodonet was ahtained by concentrating the filtrate.
The combined produet wus recry<td fenmmn 1101 (Dares G GOY to
give pare 37-HCL

9-Chloro-1,2,4,5-tetrahydropyrrotojl,2,3-¢f]11,ii| benzod}azepin-~
6{7H )-one (13;. Method C.--A mixture of 37 -HCL (20,0 g
0.100 maote), acrvlie acid (0.8 g, 0.150 mole), and 5.7 N HCH (14
mb) was heated on the steamn Duth {or 1.5 hr. The mixture went
into solntion and then solidified. The =olid was suspended iic
H.0 mnd made nmmoniaenl with coned NH,OH.  The resulting
mixtare was stirred for 1 hr and filtered.  The =olid was washed
with 1) dried, and reerysid from FLOAc 1o give 13,

4,5-Dihydropyrroto(1,2,3-cf} [1.5/benzodiazepin-617 /{ i-one
i10). Method DA mixture of 12 (17.5 g, 0.0930 mole), deeatin
280 mby and 1000 Pd-C was refluxed nnder Ny for 1.5 hr, cooled,
and ditated with Skellysolve 13 (1000 ). Thix mixture was
kept in an ice bath for 2 hr and then filtered.  The =olid wa~
washed with Skellysolve B and extracted with hot MeOH. The
MeOH extract was coned and the vesidne was erystallized from
MeOH-ItOAe to give 10.
9-Chloro-4,5-dihydropyrrolo(3,2,1-7i] |1,4] benzodiazepin-7~

{6H )~one (17). Method E.--A stirred mixture of 15 (10.0 g,
0.0450 mole), DDQ (12.3 g. 0.0542 mole), and dry Cells (200 1ml)
was reflaxed ander Nu for 7 hr, cooled, and filtered. The solid
wis =aspended in a mixtare of cold, dil NaO and CH,Cl.,
stirred for 30 min, and filtered.  ‘The CH,yCly solintion was washed
with brine, dried (K.CO 0 and coneentrated.  Crystallization of
the residac from THF Dacco G 60) gnve 2,20 g of 17. The =ticky
solid obtained trom the above filtration was mixed with Celite,
washed =everal rimes with cold, dil NaOH and H.(h and then
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extracted with hot MeOH-CH,Cl,. The extract was coned and
the residue was crystallized from THF to give 3.81 g of addi-
tional 17.

1-[(Dimethylamino)methyl] -4,5-dihydropyrrolo[3,2,1-7&] [1,4] -
benzodiazepin-7(6H )-one (26). Method F.—Aqueous (259%,)
Me,NH (2.43 ml) was cooled with stirring in an ice bath and
treated successively with HOAce (5.0 ml) and aq (37%) H.CO
(0.893 ml). This solution was allowed to warm to ambient
temp and was treated with 16 (1.86 g, 0.0100 mole). This mixture
was stirred, under Ny, for 2 hr and poured into ice~water. The
resulting solution was made alkaline with dil NaOH and was
extracted with CH;Cle. The extract was dried (K.CO;3) and con-
centrated in vacuo. The residne was treated with EtOAc and
a small amouut of insol material was removed by filtration.
The filtrate was coned and crystallized to give 26.

4,5-Dihydro-6-methylpyrrolo[3,2,1-7%] [1,4] benzodiazepin-7-
(6H )-one (23). Method G.—A stirred solution of 16 (10.0 g,
0.0538 mole) in dry DMF (500 ml) was cooled 111 an ice bath under
N: and treated with a 57.19% mineral oil snspension of NaH
(2.43 g). The resulting mixtnre was warmed on the steam bath
for 1 hr, cooled in an ice bath, and treated with a solntion of Mel
(8.38 g) in Et2O (90 ml). This mixture was kept at ambient
temp for 18 hr and concentrated in vacuo. The residue was
snspended i1 H;O and extracted with CH,Cl,. The extract was
dried (K.COs) and conced in vacuo. The residue was chromato-
graphed ou silica gel (800 g) with 509, Me,CO-Skellysolve B.
I'he product was the first material eluted from the colimn.
It was crystallized from EtOAc-Skellysolve B to give 23.

4,5-Dihydropyrrolo(3,2,1-7k] [1,4] benzodiazepine Hemiper-
chlorate (8).—A stirred mixture of activated MnQ; (26.6 g) and
CsHe (740 ml) was refluxed, under N, for 4 hr with azeotropic
distillation of H:O. It was then cooled and treated with 29
(13.2 g, 0.0765 mole). This mixture was refluxed for 18 hr, cooled,
and filtered. The solid was washed with CH;Cl; and the com-
bined filtrate was coned in vacuo. A solution of the residual oil
i Et;O was acidified with 709; HClOs. The yellow solid was
collected by filtration, washed with Et,0, and recrystd from
MeOH to give 8.

4,5,6,7-Tetrahydropyrrolo(3,2,1-jk] {1,4]benzodiazepine (6)
Hydrochloride from 8 —A mixture of 8 (0.500 g), abs EtOH
(50 ml), and NaBH; (0.50 g) was stirred under N; at ambient
temp for 18 hr and coned ¢n vacuo. The residue was mixed with
H,0O and extracted with CH;Cl,. The extract was washed with
H:O, dried (K;CO;), and coned. A solution of the residue in
EtOAc was acidified with dry ethereal HCI and the salt was
recrystd from MeOH-EtOAc to give 0.186 g of 6- HCI, mp 246.5—
248°, The analytical sample had mp 247-249°. It was identical
with the hydrochloride prepared from authentic 6 by ir and uv
spectral comparison. The mixture melting point was un-
depressed. Anal. (CH;CIN,) C, H, Cl, N.

7-Ethoxy-4,5-dihydropyrrolo[3,2,1-7%] [1,4] benzodiazepine
Fluoroborate (9). Method H.—A stirred solution of 16 (3.72 g,
0.0200 mol) in dry CH,Cl; (100 ml) was cooled in an ice bath,
under N, and treated with 25 ml (0.05 mole) of a CH,Cl; solution
of triethyloxoninm flitoroborate.2t The resulting solution was
kept at ambient temp for 19 hr, refluxed for 4 hr, cooled in an
ice bath, and treated with 7.92 g of 509, K;CQ;. The mixture
was stirred for a few min and filtered through K.CQO;. The fil-
trate was concd n vacuo, and the residue was crystallized from
CH,CL-EtOAc to give 9. A small second crop was obtained by
crystallizing the mother liquors using a small amount of silica
gel to remove the contaminants.
4,5-Dihydro-7-phenylpyrrolo(3,2,1-7k] [1,4] benzodiazepine

Hydrobromide (18) from 9. Method I.—A stirred suspension
of 9 (3.02 g, 0.01 mole) in Et;0 was cooled in an ice bath and
treated with a dil K;COj; solution. The mixture was stirred until
the yellow salt had dissolved. The aq layer was extracted with
Et;0 and the combined Et;O solution was washed with brine,
dried (K:COs), and coned in vacuo. A solution of the residual
oil (9, free base) in CsHg was concd #n vacuo to remove the last
traces of H,0.

Et;0 was distilled, under N, from a solution of 3 M ethereal
PhMgBr (5.0 ml) in n-BusO (20 ml). To the resulting refluxing
solution was added during 15 min a solution of 9 (free base)in n-
BnyO (15 ml). The resulting yellow suspension was refluxed for
8§ hr, cooled, and ponred into ice water. This mixture was
acidified with HCI and filtered throngh Celite. The solid was
washed with dil HCL and the filtrate was washed with Et,0.
The combined aq layer was cooled in an ice bath, made alkaline
with NaOH, and extracted with Et;0. The Et,O extract was
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washed with brine, dried (K:CO;), and concd in vacuo. A solu-
tion of the residue in EtOAc was acidified with dry methanolic
HBr and the resulting salt was recrystd from MeOH-EtOAc
(Darco G-60) to give 18,
1-Chloro-4,5-dihydro-7-phenylpyrrolo(3,2,1-jk] [1,4] benzodi-
azepine Hydrobromide (64).—A stirred mixture of 16 (4.65 g,
0.0250 mole), PCl; (11.45 g, 0.0550 mole), and dry CeHsg (150 ml),
nnder N, was kept at ambient temp for 1.5 hr and was refluxed
for 3 hr. The mixture was cooled and coned in vacuo. The residue
was twice suspended in C¢He with concentration after each addi-
tion. A stirred suspension of the resulting yellow—green solid in
Et,0 (150 ml) was cooled in an ice bath, under N, and treated
during about 30 min with 1.99 3/ PhLi (25 ml). This mixture
was allowed to remain in the ice bath for an additional 35 min
and was poured into HyO. The resulting mixture was filtered
through Celite; the solid was washed well with Et;0. The
filtrate was extracted with Et;0, and the combined Et;O extract
was back extracted with cold, dil HCL. This acid solution was
cooled in an ice bath, made alkaline with NaOH, and extracted
with Ety(). The Et;O extract was washed with brine, dried
(K,CO3), and conced in vacuo. An EtOAc solution of the residue
was acidified with dry methanolic HBr, and the salt was crys-
tallized from MeOH-EtOAc to give 64.
9-Chloro-1,2-dihydro-6-phenylpyrrolo[1,2,3-¢f] [1,5] benzodia-
zepin-4(5H )-one (38). 9-Chloro-1,2-dihydro-4-phenylpyrrolo-
[1,2,3-¢f] [1,5] benzodiazepin-6(7H )-one (40).—A solution of 37-
HCI (2.05 g, 0.0100 mole) in cold water was made alkaline with
NaOH and extracted with Et,0. The extract was washed with
brine, dried (K;CO;3), and coned in vacuo. A solution of the resi-
due in xylene (20 ml) was heated to the reflux temp, under Ny, and
treated during 26 min with a solution of ethyl benzoylacetate
(1.92 g, 0.0100 mole) in xylene (10 ml). During the addition and
for an additional 36 min the EtOH-water azeotrope was distd
from the mixture; the volume was kept constant by the addition
of fresh xylene (9.5 ml). The mixture was cooled and diluted with
Skellysolve B. The solid product was collected by filtration,
washed with Skellysolve B, and extracted with Et;0. The solid
remaining after the Et;O extraction was dissolved in CH,Cly—
MeOH, decolorized with Darco G 60, and crystallized to give 40.
The Et:0 extract was decolorized with Darco G 60 and crystal-
lized to give 38.
9-Chloro-1,2,4,5,6,7-hexahydro-6-phenylpyrrolo[1,2,3-¢f] [1,5] -
benzodiazepine Hydrochloride (39)—A stirred solution of 38
(14.8 g, 0.0500 mole) in dry THF (300 ml) was cooled in an ice
bath, under N;, and treated with a 1 M solution of BH; in THF
(150 ml). This solution was allowed to remain in the ice bath
for 1.5 hr and was refluxed for 2.5 hr. It was then cooled in an
ice bath, treated with 6 N HCl (22.5 ml), and coned in vacuo.
The residue was suspended in Et.O and water and made alkaline
with NaOH. The aq layer was extracted with Et;O and the
combined Et:0 layers were washed with brine, dried (K.COj3),
and coned in vacuo. A solution of the residue in EtOAc was
acidified with dry methanolic HCl and the resulting salt was
recrystd from MeOH-EtOAc to give 39.
9-Chloro-1,2-dihydro-4-phenylpyrrolo(1,2,3-¢f] [1,5] benzodi~
azepin-6(7H )-one Perchlorate (42).—A suspension of 40 (2.0 g)
in Et;O and 709 HCIO, was stirred for 2 hr. The solid was
collected by filtration, washed with Et.0, and dried to give 42.
9-Chloro-1,2,4,5-tetrahydro-4-phenylpyrrolo[1,2,3-¢f] [1,5] benz-
odiazepin-6(7H )-one (41).—A stirred mixture of NaBH, (2.5 g)
in abs EtOH was cooled iu an ice bath and treated, portionwise,
with 42 (2.51 g). The mixture was allowed to warm slowly to
ambient temp and stand for 22 hr under N,. It was then coned
in vacuo. The residue was mixed with H,O, stirred in an ice
bath for a few min, and filtered. The solid was washed with H:O,
dried, and recrystd from EtOAc to give 41.
7-Chloro-1,2-dihydro-4-methyl-5-phenylpyrrolo[3,2,1-A¢]in-
dole (44).—5-Chloroindoline (61.4 g, 0.400 mole) was added to a
solution of HaSO, (64.6 ml) in HxO (258 ml). The resulting stirred
solution was cooled in a salt—ice bath to —8° and treated with a
solution of NaNQ; (28.9 g) in H;O (120 ml) at such a rate that
the temp remained at —5° to —1°. The thick ppt which formed
was collected by filtration, washed with H,O until free of NO.—,
and dried under reduced pressure at 40° to give 71.0 g (97.29%,)
of 5-chloro-1-nitrosoindoline.

A solntion of the erude 5-chloro-1-nitrosoindoline (71.0 g, 0.389
mole) in dry C¢He (1650 ml) was added under No, during 30 min
to a stirred, refluxing suspension of LAH (15.5 g, 0.408 mole) in
Et;0 (1300 ml). The resulting mixture was refluxed for an addi-
tional 1.5 hr, cooled in an ice bath, and treated successively with
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H,O (15.5 ml), 159 ag NaOH (15.5 ml), and H,O (46.5 ml).
The solid was collected by filtration and the filtrate was coned
under reduced pressure. Distillation of the resulting oil gave
1.97 g, bp 153-136° (14 mm); 28.31 g, bp 156-160° (14 mm), and
13.13 g, bp 160-161° (14 mm) (72,35, yield) of 63. A =stirred
mixture of 63 (43.58 g, 0.297 mole), 1-phenyl-2-propanone (39.5 g,
0.297 mole), glacial HOAe (5.91 ml), and CeHs (760 ml) was
refluxed under N. for 2.5 hr with azeotropic distillation of H.O.
The resulting solution was cooled and coned nnder rednced
presstre. A solution of coned S0, (114.2 g) in abs KtOH
(792 ml) was added to the residue, and the resulting mixtnre wis
heated on the stcam bath for 10 min, cooled, and ponred into ice
wuter. The product pptd dnring the renction. It was collected
by filtration, washed with 1.0, dried, and cery=tallized from
Me.CO to give 44.
1-Acetyl-7-benzoyl-5-chloroindoline {47, R’ = H). Method J.
A stirred solntion of 44 (38.0 g, 0.142 mole) in 1800 ml of hot
dioxane (70-75°) was (reated, nuder N, during 1.5 hr with a
sohntion of NaIOy (79.0 g) in warm 1,0 (373 ml). The rexalting
mixtare was kept at abont 70° for 20 hr. cooled, poured into tee
1.0, and extracted several times with CHCl, The extracts
were washed with H.O, dried (MgSO,:, and coned nder redneed
pressare.  Crystallization of the restdne from Me,CO gave 8.64
g, mp 205-206.5°, aud 0.7 g, mp 202-203.5°, of recovered 44.
The mother liqguor was coned and chromatographed on silica gel
2 kg) with EtOAc. The first hand contained 7-benzoyt-o-
chlorindoline which was txolated ns 47 (R’ = Br), 3.85 g (C.17¢, )
mp 162.5-166.5°, The second bund eluted I'romi the colnma wax
ervstallized from EtOAc to give 47 (R’ = 111
7-Benzoyl-5-chloroindoline i51). Method K.---A stirred nix-
tare of 47 (R* = M) (1.95 g, 0.00652 mole), abs FtOH (33.3 mb).
and 6 & HCE (16.7 mb) was reflaxed ander Ny for 4 hir, cooled,
and poared mito ice-water.  The resalting mixture was made
alkatine with 504, nq NaOll. The vellow, cry=talline prodict
wis collected by filtration, washed (11,001, and dried 10 give 51.
7-Benzoyl-1-(bromoacetyl)-5-chloroindoline (47, R’ = Brl.
Method L.--A stirred nuxtive of 51 (1.50 g, 5.83 mole), CgH,
150 mb). and BrOH.COBr (2.35 g, 11.7 mole) was reflaxed for 45
min with a stow stream of Nu flowing throagh the svstem to flush
ont the HBr formed. The mixtare was cooled in aun ice bath
and ditated with Skelly=otve B {50 mlt. ‘The ervstulline prodact
was collected by filtration, washed with Skellysolve B, and re-
eryvstd from FtOAe-Rkellysolve B to give 47 (R’ = Bri  Addi-
tional produet was obtained by concentrating the Csllg-Skelly-
solve B filtrate.
1-(Bromoacetyl)-7-benzoylindoline 146, R° = Br). Method
L. A stirred solution of 50 (2.23 g, 0.01 mote) and C.H,N
10.806 ml, 0.01 mole) in Et,O was treated. ander N with a soln-
tion of BrCH,COBr (£.24 g, 0.012 mole) in a little Et,(0. The
resalting mixture wis stirred at room temp for 2.5 hr and ponred
into HaO. The solid proditet was colleeted by filtration, washed
with H.Q, dried in raeno, and erystatlized from EtOAe 1o give 46
(R = Br). A small nmmonnt of additional prodact wax ohraned
from the 16,0 filtrate.
9-Chloro-1,2-dihydro-7-phenylpyrrolo[3,2,1-ji|1,4]benzodi-
azepin-4(5H )-one (2). Method M.--A solation of 47 (R’ = Br)
(3.5 g, 0.0357 wole) in THF (525 ml) wus treated with 450 mtl
of MeOH that had been =atd at romn temp with NI ‘This
<olation wax stirred, nnder Ny, at room temp for 18 hrand coned
mder rednced pressire ar 20-25°, Fhe residae wis =<aspended
i H.O and extracted several times with CH,Cl,. "the extract
wax dried (K,COy) and coned nuder reduced pressnre.  Cry=tal-
lizntion of the residne from EtOAc-Skellyxolve B gave 2.
1-Acetyl-7-benzoyl-5-nitroindoline (48, R* = H).—A stirred
mixture of 46 (21.8 g, 0.0823 mole), Acyl} (823 ml), and HOA«
t41 ml) was cooled 10 10° and treated daring 15 min with finming
19045) HNOy (8.64 g, 0.123 mole); the temp was kept below 13°
dnring the addition. The reaction mixtare wa= allowed to warm
~lowly to ambient temup during 4.5 o and wasx then poared nto
ice—water,  This mixtare was stivred for 30 min, and the solid wax
coltected by filiration, washed (O, nud dvied 70 vacno. Crystal-
lization of this <olid from KtOH- CIHLCL gove prore 48 1R = 111
1,2-Dihydro-9-nitro-7-phenylpyrrolo|3,2.1-j/||1,4|benzodi-
azepin-4(5H )-one (55). Method N. - A =thrred nuxture of 52
(5.18 g, 0.0194 mole), ethyl glycinute- HCY (5.40 g, 0.0387 mole),
and C;H;N (40 ml) was refluxed under N. for 24 hr. During the
first 6 hr of the reaction C;H:N-1{.0-EtOH azeotrope 150 ml:
wies slowly distd Trome the venction and replaced with fresh diy
CLILN. Phe cooted rencrion mixtire wis coned ander redaced
pressnre. The residne was <aspended 1 eold Ha0), made am-
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moniacal, and extracted with CH,Cl;. The extract was washed
with H;O, dried (K:CO;), concd under reduced pressure, and
chromatographed on silica gel (250 g) with 609 EtOAc-409
eyelohexane. The first material elnted was recovered starting
waterial (52), 1.27 g mp 221.5-223°  Further elntion of the
colnmu gave 55 which wax erystallized from E1OAe-Skellysolve B
4,5,6,7-Tetrahydro-7-phenylpyrrolo|3,2,1-5k] (1,4 benzodiaze-
pine Hydrochloride {59). 4,5-Dihydro-7-phenylpyrrolo(3,2,1-ji!-
[1,4]benzodiazepine Hydrobromide (18) from 58. A stirred
mixture of 38 (5.00 g, 0.0200 mole), 10 Pd-C12.5 g, and decalin
00 mlj was reflaxed ander N. Tor 1.5 hr, cooled. and filtered
throagh Celite. The salid was washed with EGO and the com-
bBined filtride was setditied with cold, dit HCL The organte laver
wux sepurated from the ag bver and an insol gnm and was
wished with dil HCL The combined ag =olutton aind g
wis washed with O, eated with CHCle, and made atkaline
with NaOll. The ag layver was extracted with CH.CL and the
combined solntion was washed with water, dried (KOO0 and
caned. The residae was chiromatographed on =iliea gel 200 gi
with 2 N8, FrOAe a0 evelohexane: ban the prodac
thns obtained (145 g of a crvstalline HBr =alt, mp 2352459 deci
wis a1 mixtare of two compoands,  The hase was, thercfore, rve-
chiromatographed on sthen gel (100 g with 407 FiOAe-GOY
evelohexave, The first enmpoand chited was acidified with dry
methanoltic HCHiad ervstallized from MeOH - EIOAe to give 59,
The =ecomd compoand elated was acidified with dry methanolic
HBr and vrystathized from MeOH-10Ae to give 18.
7-Phenylpyrrolo}3,2.1-jk]|1,4|benzodiazepin-4(5H )-one (57).
6,7-Dihydro-7-phenylpyrrolo[3.2,1-;%| [1,4]benzodiazepin-4 (54 i

one (607 -1t} wius removed o o mixtare of 100 PdC
26 gt mad deealin (0l by disto. The resalting mixtoe

wis cooted, treated with 84 15,214 ¢ 0.02 mole), vetlnxed cander
N. for 1.5 hre, eooled, and filtered, The solid was washed with
a little FtOAe nod the FroAe solntione was caned 1o diryvness,
The vesidve wius combined with the decalin fittente and poared
anto o xiben gel 7400 20 eohmmn which had been prepared with
evelohexane, The material wis washed onto the cotamm with
evelohexnre and 1the eodan was elated saccessively with 1y
F1OAe=83' ¢ evcdohexane and FtOAe. The tirsi compoand ehited
fram the cohnun wax crvstattized from skellysolve B to give 57.
The =econd eomponnd elated from the colmun was erystatlized
fram FroAe-skelly=olve B 1o give 60, Recovered starting mu-
teriad {1345, 109 2 mp 1101149 was ohtained by farther clation
of the colamn,

4,5,6,7-Tetrahydro-7-phenylpyrroloi3,2,1-j4]|1,4] benzodiaz-
epine Hydrochloride (59) from 60.—A =olntion of 60 (162 mg, |
mmole) i dry THI (20 mb), nnder N. was cooled inaaice bath
and treated with n 13 =alation of BHy in THEF 3 mbs. This mix-
tnre was warned (o ambient temp diring 2 hr and was refinxed
for 2 hr. It was< then eooled, treated with 6.8 HCE 0.5 ) el
coned 7 oravico. Phe residue was mixed with dit NaOH and ex-
tracted with CH.Cl. The extract was washed with H.0), dried
(IGCO:, and coned. A sobition of the residae in FLOAe was
acidified with dry ethereal HCLand the <alt was erysiallized from
Me(HT-F1OAe 10 give 60 mg of 59, mp 2732752 dec,

4.5,6,7-Tetrahydro-7-phenylpyrrolo(3,2,1-j%| [1,4| benzodiaz-
epine Hydrochloride (59) from 18.--A mixture of 18 (0.723 g,
P 100 mgt and 959 BtOH (50 ml1 was hydrogenated at an
tnitial pressare of 28 kg an? for 4 he A0 min, The entalyst was
removed by fitration and the filteate was coned o vaerve. The
residae was mixed with dit NaO and extracted with CH.CL.
The extract was washed with .0, dried (KCOyn and coned.
An FtOAe solation of the residite was acidified with dry ciherent
HCL  The solid wax callected by filtration waad reorystd from
MeOI - E1OA vDhares GG o give 10130 @ of 59, mp 2755
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per million downfield from MesSi, Mags spectra were obcained on an Adas
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4-SUBSTITUTED PIPERIDINES, V

8: Uv max 229.5 (¢ 14,600), 246 (¢ 12,200); 251 (e 11,050),
335 (e 6160), 340 (e 6270), 388 mu (e 2520): ir 1660, 1630 cm~!
(C==N); mass spectrum m/e 170 (M*); nmr [(CD;).80] & 8.91
(s, 1, H-T).

9: TUv max 228 (e 16,800), 321 (e 6350), inflection 356 mu
(e 2450); ir 1635 em~' (C=N).

10: Uv max 215 (e 30,050), 298 (e 11,200), 308 (e 11,130),
inflections 222 (e 27,900); 236 (e 2400), 253 (e 6400), 285 mu
(e 8500); ir 1680 ecm~! (C=0).

12: Uv max 233 (e 27,900), 314 (e 3900), inflection 263 mpu
(e 4700); ir 1675, 1650 em ! (C=0).

14: Uv max 228 (e 21,200), 356 (e 4850), inflection 260 mu
(e 5700); ir 1635 cm~* (C=0).

16: Uv max 232 (e 21,950), 316 mu (e 7400); ir 1640 ecm !
(C=0).

18: Uv max 252 (e 12,300), 267 (e 11,100), 355 (e 4200), 401
(e 8050), inflection 224 mu (e 18,900); mass spectrum m /e
246 (M T).

20: Uv max 226 (e 22,300), 250 (e 7700), 299 mu (e 2350).

22: Uv max 227 (e 33,500), 352 (e 6200), inflection 263 mgu
(e 7100); ir 1650 cm~! (C=N).

29: Uv max 211 (e 24,000), 250 (e 6950), 293 mu (e 2300).

31: Uv max 262 (e 16,150), 464 (e 6300), inflections 224 (¢
12,000), 244 (e 11,400), 295 mu (e 10,000).

36: Uv max 244 (e 17,350), 342 mu (e 2650).

37: Uv max 222 (¢ 32,350), 246 (e 8070), 299 myu (e 2220).

38: Uv max 219 (e 28,300), 256 (e 33,200), 336 (e 7200), in-
flection 285 mu (e 10,150); ir 1675 cm~! (C=0); nmr (CDCl;)
§4.23 (t,2,J = 8 Hz, H-2),6 3.57 (8,2, H-5), 63,14 (1, 2, J = 8
Hz, H-1); mass spectrum m/e 296, 298 (M +).

40: Tv max 208 (e 33,800), 215 (e 33,200), 272 (e 32,500), 282
(e 32,400), 313 (e 1310), 426 (¢ 1150), inflections 233 (e 26,500),
262 (e 24,600), 322 (e 1195), 340 mu (e 514); ir 3300 (NH), 1650
em ™! (C=0); nmr [(CD;).80] 6 4.09 (d, 1, J = 2 Hz, H-3),
8 8.75 (5, 1, H-7); mass spectrum m/e 296, 298 (M *).
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41: Uv max 234.5 (e 31,050), 272 (e 8600), 281 (¢ 7800), 333
mu (e 3900); ir 3300 (NH), 1655 cm~! (C=0).

42: Uv max 220 (e 28,600), 236 (e 20,850), 262 (e 20,350), 272
(e 27,150), 282 (e 27,150), 314 (e 1800), 425 (e 1050), inflection
324 myu (e 1650); ir 1690 (C=0), 1620 cm~* (C=NXN).

46: Uv max 243 (e 24,800), 313 mu (e 2370); ir 1670 ¢m~!?
(C=0).

48:5% Tv max 343 (e 11,500), inflections 223 (e 18,300), 232
nmu (e 17,950);

54: Uv max 236 (e 29,950), 325 mu (e 3150); ir 1670 ¢m~!
(C=0).

57 Uv max 258 (e 16,650); 308 (e 7250), inflection 318 mpu
(6400); ir 1710 ¢em~* (C=0); nmr (CDCl;) § 4.68 (s, 2, H-3);
mass xpectrum m/e 260 (ALT).

60: Uv max 246 (e 20,410), 296 (e 5330), 304 (e 6030), inflec~
tion 284 mu (e 3290); tr 3340 (NH), 1690 em~! (C=0); nmr
HCD,)S0] 8 5.49 (s, 1, H-7), 3.83 (%, 2, H-3).

62: Uv max 244 (e 1%,950), 437 (e 6250), inflection 275 mpu
(e H700).

64:3 Uv max 220 (e 19,800), 252 (12,870), 276 (9800), 356
(4420), 401 my (e HSD0); tr 1615 ¢cm~* (C=N); mass spectrnm
mye 280, 282 (M ~).

Acknowledgment. —The authors are indebted to Dr.
E. C. Olson and his associates for physical and analyti-
cal data and to Mr. J. Robert Greeue for laboratory
assistarice.

(37) The nmr specirum [(C1)3).30] of 62 bad peaks at § 817 {d, J = 2
Htz) and 7.99 (broad singlet) for H-6 and H-4 which thus estblished the
locadion of the NOs.

(38) Tlie ninr spectrum [(C'1)3)2S0] of 64 was essentially the same as that
of 18 except (hat in 64 11-1 (§ 6.89, (, J = 3 Hz) was absent and H-2 was
represented by a singlet at 8.01.
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The synthesis of a new series of 4,4~disubstituted piperidines is described.

These 4-aminoalkoxy-4-arylpiperi-

dines are obtained by performing successively a Grignard reaction on N-carbethoxy-4-piperidone, transformation
of the tertiary alcohol in an ether, decarbethoxylation, and finally reaction of the secondary amine with a halide.
The compounds are good local conduetion anesthetics in laboratory animals.

In previous publications® of this series the synthesis
and pharmacological activity of several 4.4-disubsti-
tuted and 4-monosubstituted piperidines were described.
One of the most important series was that of the well-
known 4-aryl-4-hydroxypiperidine compounds? (I),
of which haloperidol, moperone, and trifluperidol are
the most important drugs.

OH
L—N

In a first trial to change the chemical structure of

{1} B. Hermans, P, Van Daele, C. van de Westeringh, C. Van der Eyecken,
). Boey, J. Dockx, aud P. Jaussen, J. Med. Chem., 11, 797 (1968),

(2) P. Janssen, C. van de Westeringh, A. Jageneau, P. Demoen, B. Her-
mans, P. Van Daele, K, Sclellekens, C. Van der Eycken, and C. Niemegeers,
ihid., 1, 281 (1939).

these compounds, a series of 4-lower alkoxy-4-aryvl-
piperidines (II) with anticonvulsant properties® was
svnthesized and a further variant was the introduction
of an amine funection in this 4-alkoxy group, giving a
new series of 4-aminoalkoxy-4-arylpiperidines (III) in
AN
which n = 2 or 3, —NAA’ stauds for lower dialkyl-
amino, piperidino, or hexamethyleneimino, R repre-
sentx H, Cl, CH;, or CK3, and, as in all our series, L can
be any substituent retaining the basic character of the
piperidine nucleus.
a
0—Alk O(CH,,N.
L—N A’

(3) P. Janssen, Belgian Patent 613,350 (1962); Chem. Abstr., §9, 1602
(1963).



