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Summary

A series of new 10,11-dihydro-5H-dibenzo[b,fIsilepins are prepared from the
reaction 0,0’-dilithiobibenzyl with the chlorosilanes HSiCl;, CICH,CH,CH,SiCl;,
MeSiHCL, and MeSi(CH,CH,CH,Br)Cl,. The only isolated silepin product
produced from HSICl; is the spiro derivative. The silepin product produced from
MeSiHCI, reacts with N,N-dimethylallylamine in the presence of H,PtCl; to give
silipramine, a tricyclic derivative which is related to the clinically effective antide-
pressant, imipramine. The silepin produced from (o-LiCsH,CH,), and MeSi-
-(CH,CH,CH;Br)Cl, was converted to the diethylaminopropyl derivatives as well
as the unsaturated analog. 10-Bromo-5,5-dimethyl-10,11-dihydro-5H-dibenzo-
[b,flsilepin reacts with N-methylpiperazine to give the 10-(N-methylpiperazinyl)-
substituted product but with competing dehydrobromination which is the pre-
dominant reaction with 2-dimethylaminoethanol.

Introduction

The discovery in 1952 of the therapeutic use of chlorpromazine (I) in the
treatment of psychiatric disorders led to a series of investigations associated
with structural modifications which could increase the potency of such anti-
psychotic agents and minimize the side effects of these drugs [1]. One such
structural modification involved replacement of the S bridge in I by an ethano
bridge to give the dibenzazepine, imipramine (II). Initial clinical tesis of II
demonstrated relatively little antipsychotic behavior but instead a specific value
in treatment of depressive states. In general tricyclics with central six-membered
rings exhibit antipsychotic behavior and those with central seven- and eight-
membered rings exhibit antidepressant behavior. The introduction of an ethano
or other 2 or 3 atom linkage between the benzo groups causes the benzo groups
to twist relative to each other and we have developed a set of structural param-
eters to describe these ring systems [2,3]. In the study reported here the specific
modification introduced into the tricyclic system is the inclusion of a silicon
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heteroatom in the central ring. In"the title compound smptamme (I1I}), an SiMe
rumt replaces the mtrogen in W have prevmus!y reported:the: synthesxs and
characterization of silicon: analogsof phenothiazines [4]; T, and thloxanthenes '

:{51
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Those tricyclic derivatives which are in clinical use contain a three-atom side
chain terminated by a nitrogen functional group. Several reactions of the silepin
framework are described which result in the introduction of such a groupmg

either at silicon or the ethano lmkade as well as reactlons which mtroduce unsa-
- turatlon at. the 10 ll-posxhons

Results :and dlscussmn

We have prewously reported the synthesis of 10 11—d1hydro-5H -dibenzol&,f}-
metallepins which include Si, Ge, Sn or Pb heteroatoms as well as the chemical
reactions and spectroscopic properties of such systems [6]. The tricyclic metalle-
pin framework is most efficiently generated by reaction of o0,0"-dilithiobibenzyl
(ITV), with® I(?%.,,l\/ICl,g..== (x'=0, 1). ‘The reaction of IV with a variety‘of ‘chlorosilanes,
chosen so that further substitution at silicon in the | nng closed product should
be possible, were originally investigated and the results are summarized in’
Scheme 1. The reaction of IV with other commermally available sﬂanes,

SCHEME 1

@ HSiClz (1)c135; @b
,_, ,_, “(@) MeMgX

(Wa) R = Me' B5-14%
(ZI5) R= OH 2-9%

() 11%

(Md) 52%
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.H,NCH,CH,CH,Si(Me)(EtO), and MeSi(CH,CH,CN)CIl, resulted in coupling but
not ring closure for the former and formation of intractible gums with the latter.
Several reaction conditions were explored in an effort to convert the chloro-
“propyl group of VIa into a dimethylaminopropyl group and these were uniform-
ly unsuccessful. The attempts included refluxing a solution of VIa and excess
dimethylamine in hexane, heating VIa and Me,NH in a sealed tube at 100°C/24 h
“and stirring VIa and LiNMe, at room temperature for five days {7]. Such diffi-
-culties were not encountered in conversion of a bromopropyl group to a diethyl-
aminopropyl group. Silipramine (III) was prepared in highest yields from hydride
addition of Vic to N,N-dimethylallylamine (eq. 1). Both III and VII were success-
fully converted into crystalline hydrochloride salts by reaction with hydrogen
chloride gas in an ether/chloroform mixture. Unlike imipramine hydrochloride,
the hydrochloride salt of silipramine (III) is isolated as the hydrate and the struc-

NMez O O HNEta
. Haptciﬁ csws

NMeg NEtz

(XX} 72% (MII) 82%

ture has been confirmed by a solid state structural study [3]. Attempts to prepare
a crystalline fumarate salt of ITII was unsuccessful and reaction with gaseous
HBr resulted in ring cleavage.

The antidepressant potency of iminostilbenes[1] corresponds closely to those
of iminobibenzyls such as 11, therefore methods were explored to introduce unsa-
turation in the 10,11-positions of III and VII. Direct reaction of VII with N-
bromosuccinimde followed by addition of diazabicyclononene according to a
previously established proceedure[6a] did not result in formation of the desired
products but a sequence of steps starting with VId did prove to lead to VIII,
albeit in low yields (eq. 2). A crystalline hydrochloride salt of VIII was obtained
by the same method described for IIL.

TCeHs
(Q)DBN i sHe S‘
Me/ I/Z/Br

CClg
L*N::tg
[avarss)

Introduction of the side chain at a carbon atom of the ethano bridge should

be possible via the 10-bromo derivative. These reactions tended to be complicated

by a dehydrobromination reaction which produced the silepin X (eq. 3). In an

attempt to introduce a Me,NCH,CH,0O— side chain at the 10-position, reaction

of brominated Ve with 2-dimethylaminoethanol resulted in a >50% conver-

sion to the silepin X. This dehydrobromination reaction produced higher yields
of X than had previously been reported with diazabicyclononenef6a}. Prepara-

tion of IX was reported by Protiva and coworkers after our work had been com-

pleted [8]1.
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The possibility of introduction of an exocyclic double bond in the 10-posi-
tion of Ve was also explored by reaction of the phosphonium salt prepared
from brominated VIe with BulLi and trapping the Wittig reagent with cyclo-
hexanone. Although the color characteristic of the Wittig reagent was observed
and decolorization cccurred on addition of cyclohexanone the only product
that could be identified were X and Ph,;PO. Attempts to oxidize the 10-position
of Vle with CrQOs; in acetic acid under conditions reported for oxidation of 9,9-
dimethyl-9,10-dihydro-9-silaanthracene[ 9] were unsuccessful as was the attempt
to convert the 10-brominated derivative of Ve to the alecohol with AgNO,/H,0O
in methyl cellosolve, followed by oxidation with CrOs.

The structural relationship between silipramine and imipramine has been dis-
cusssed in detail [3]. Insertion of the larger sized silicon atom relative to sp3-C
or to sp3-N in the 5-position {as a one-atom bridge) tends to decrease the twist
of the benzo groups relative to each other and to increase the distance between
the benzo group centers. A crystal structure analysis of IX has been completed
and the piperazinyl group is found to occupy the pseudoequatorial position in the
boat conformation in contrast to the analogous sulfur heterocycle (S in the
5-position) in which the piperaziny! substituent occupies the pseudoaxial posi-
tion. Attempts‘ to obtain solid state data from the crystalline hydrochloride
salt of VIII have thus far been hampered by the lack of suitable crystals.

Experimental

All reactions which involved organolithium reagents and chlorosilanes were
carried out under an atmosphere of dry N, in flame-dried glassware.

The commercial reagents, Me281012, Ci/W\ SiCl;, HSiCl;, MeSiHCIl,, Me,-
NCH.CH=CH,;, HNE®,, MeN_ _NH, diazabicyclononene, Ph;P and HOCH,-
CH.NMe, were used as supplied. N-Bromosuccinimde [10] was recrystalhzed
from water prior to use.

The 5,5-dimethyl- 10 11-d1hydro-5H—deenzo[b flIsilepin [6e], 0,0 -dlbromobl-
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benzyl [11] and methyl(3-bromopropyl)dichlorosilane {12] were prepared by
published procedures.

Proton NMR spectra were recorded in CCly or CDCl; on a Varian T-60 spectrom-
eter (internal TMS as a reference unless otherwise specified). Mass spectral data
were collected at 70 eV on an AEI MS-1201B mass spectrometer.

Analyses were performed by Galbraith Laboratories, Inc., Knoxville, Tennessee.

Reaction of o,0'-dilithiobibenzyl with chlorosilanes

(a) HSiCl;. The general procedure has been described in detail [6a]. A solu-
tion of trichlorosilane (4.2 ml, 0.040 mol) was added to a solution of 0,0’-di-
lithiobibenzyl prepared from o0,0’-dibromobibenzyl (15 g, 0.040 mol) and n-
butyllithium (0.097 mol, 1.2 M). After the mixture had been heated at reflux
for 1 h a solution of phenyllithium prepared from bromobenzene (6.7 ml, 0.063
mol) and lithium (0.91 g, 0.13 mol) was added and the mixture heated again at
reflux for 1/2 h. After hydrolysis and evaporation of the ether the insoluble solid
which separated was removed and the residue distilled to give an oil, b.p.
125—210°C/0.01 mmHg, 4 g. From the viscous oil which remained another 0.3 g
sample of crystalline solid was obtained which was combined with the previously
isolated solid. Two recrystallizations from hexane/chloroform gave 0.82 g (11%)
of pure spiro derivative V, m.p. 173.4—174.5. (Found: C, 86.21; H, 6.05. C,5H;4Si
caled.: C, 86.60; H, 6.19%.) 'H NMR (CCl,) 6 (ppm) (external TMS): 7.6—6.7
(m, 16, Ar); 3.2 (s, 8.0, CH,CH,). m/e 388.

Attempts to separate 5-phenyl-10,11-dihydro-5H-dibenzo[b,flsilepin com-
parable to an authentic sample {6c] from the distilled oil were unsuccessful.

(b) CI3SiCH,CH,CH,Cl and MeMgX. A solution of 0,0'-dilithiobibenzyl
prepared from o,0'-dibromocbibenzyl (30 g, 0.088 mol) and n-butyllithium (0.18
mol, 1.6 M) and a solution of 3-chloropropyltrichlorosilane (13.5 ml, 0.088
mol) in 200 ml ether were added simultaneously to 100 ml ether. After addition
the mixture was heated for 12 h and MeMgBr (0.088 mol, 2.5 M) added and
heating continued for an additional 2 h. After hydrolysis and evaporation of
the ether the residue was distilled to give 13 g oil, b.p. 125—175°C/0.01 mmHg.
The solid which precipitated from the distilled oil was removed and was shown
to be unreacted o0,0'-dibromobibenzyl (4.0 g). The remaining oil was eluted over
silica gel, and the silepin VIa, was collected in 50% C¢Hg/hexane, 1.44 g (6.3%).
(Found: C, 70.70; H, 6.82. C,3H,,CISi calcd.: C, 71.64; H, 7.02%.) 'H NMR
(CCl,) & (ppm) (external TMS): 7.6—6.8 (m, 7.3, Ar); 3.2—2.9 (t + s, 5.5, CH,Cl +
ArCH,CH,Ar); 1.8—0.7 (m, 5.4, CH,CH,Si); 0.45 (s, 2.9, SiMe). m/e 300 (based
on 35Cl). Another fraction which eluted with 45% EtOAc/CsHs was consistent
with the silanol VIb, 2.02 g (8.8%). 'H NMR (CClL) é (ppm) (external TMS):
7.8—6.9 (m, 7.5, Ar); 3.2—2.8 (overlap of t, s, br s, 6.2, SiOH, CH,Cl + ArCHzCl—IzAr)
2.0—0.9 (m, 5.2, CH,CH,Si). m/e 302 (based on *°Cl).

When the reaction was repeated with the exception that the 3-chloropropyl-
trichlorosilane was added to the dilithiobibenzyl followed by addition of freshly
prepared MeMgl the yields of VIa and VIb were 5.3% and 1.7% respectively. If
the MeMgBr was added to the Cl;8i M\ Cl prior to the addition to the dilithiobi-
benzyl, 14% yield of VIa was obtained and no VIb.

(c) MeSiHCL,. To a solution of dilithiobibenzyl prepared from o,0'-dilithio-
bibenzyl (10.0 g, 0.0294 mol) and n-butyllithium (0.060 mol, 2.0 M) was added
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_fMeSxHCI2 (3 0 m 0 029 mol) dlssolved in ether and the mlxture stm:ed for
‘48 h'at room temperature After hydrolyms and workup, distillation gave 3 5g

(BT Vip an nil: hn- 1nl-'1'——1 9(\°{"In 07 mmHBs 1 NMR (OO Y S fhnm)-

IAUG /TR VAl g CGlr Ully Depred AAj e B B1IIRIL I 5. 22 LNIVRIIWL (I8 U ‘PH"“‘J

‘77—68(m 82 Ar); 5 .2-4.9 (q, 0.8; SiH): 315(5 3.8, CH,CH,): 060—058
(d, 3.2, SiMe). - m/e:224.-The oil was used. Wlthout further punﬁcatlon for reac-
- tions mth _N,N-dimethylallylamine.

(d) BrCH,CH,CH,Si(Me)Cl,: To a solutlon of the dlhthloblbenzyl prepared
from 0,0'-dibromobibenzyl (9.5 g, 0.027 mol) and n-butyllithium (0.054 mol,
2.0 M) was added methyl(3-bromopropyl)dichlorosilane (6.4 g, 0.027 mol).
‘After hydrolysis and workup, Kugelrohr distillation gave 4.9 g (52%) Vid. 'H
NMR (CClL,) 8 (ppm): 7.65—6.7 (m, 8.1, Ar); 3.35—2.8 (overlapping t + s, 5.9,
CH,Br and CH,CH,; 2.0—0.8 (m, 4.5, CH,CH,Si); 0.55 (s, 2.5, SiMe). m/e 344
(based. on "°Br). The product was used without further punfrcatron for reaction
with dlethylamme.

5-Methyl—5 { 3-dxmethylammopropyl)-10 11-dihydro-5H-dibenzo [b f]szlepm
hydrochloride - hydrate, silipramine (III)

A sample of Vic (2.33 g, 0.0104 mol) and 4 ml of N, N—dlmethylallylamme
to which two drops of H,PtCl,/t-BuOH had been added were heated at reflux
for 18 h. After stripping the volatiles, Kugelrohr distillation gave III, an oil, b.p.
130—140°C/0.1 mmHg, 2.31 g (72%). 'H NMR (CCL) 6 (ppm): 7.7—6.7 (m, 8.1,
Ar); 3.03 (s, 4.2, CH,CH,); 2.2—1.7 (overlapping t + s, 7.2, CH,N, CH,CH,);
1.7—0.67 (m, 4.7, SiCH,CH,); 0.42 (s, 2.7, SiMe). m/e 309.

The free base III was dissolved in ether which contained 10% CHCI; and
gaseous HCl added until the solution became cloudy. Additional CHCl; was
added until the solutign became clear. The HCI salt of ITI crystallizes slowly
(1.5 g). An analytical sample was obtained after two recrystallizations from
xylene/chloroform, m.p. 160—161.5°C as the hydrate. (Found: C, 6.21; H,
8.35. C;oH;,NSi - HCI - H,O caled.: C, 66.02; H, 8.25%.) *H NMR (CDCl;) é
(ppm): 7.5—6.7 (m, 8.7, Ar); 3.1 (s, 3.9, CH,CH,); 3.0—2.4, 2.6 (overlapping

-m + s, 8.0, CH,NHMe,"); 2.0—0.7 (m, 4.6, CH,CH;); 0.57 (s, 2.8, SiMe).

Attempts to prepare the fumarate salt of III in EtOH produced cils which
could not be included to crystallize and addition of HBr to III caused ring
cleavage.

5-Methyl-5-3-diethylaminopropy!)-10,11-dihydro-5H-dibenzo [b,f]silepin -
hydrochloride

A solution of VId (3.0 g, 0.0083 mol) and 5 ml anhydrous diethylamine in
30 ml dry benzene were heated at reflux for 16 h. The precipitated Et,NH,*Br~
(1.17 g) was removed, the filtrate stripped, and the residue distilled on a Kugel-
rohr to give an oil, VII, b.p. 145—160°C/0.2 mmHg (2.4 g, 82%). 'H NMR
(CCL) 6 (ppm): 7.6—6.4 (m, 7.2, Ar); 3.0 (s, 4.3, ArCH,CH,Ar); 2.6—1.7 (over-
lapping t + g, 5.8, CH,N(CH;CHj),); 1.2—0.56 (overlapping m +t, 11, CI_I;CE_;Sr
and N{CH,CH,),); 0.43 (s, 2.7, SiMe). m/e 337.

Gaseous HCI was bubbled into a solution of VII (1.5 g) in 40 ml 15% CHCI3
in ether to give a crystalline solid, VII - HCl, m.p. 124—125°C. (Found: C, 70 38;
H, 8.66. Can,I\ISl HCI caled.: C, 70.68; H 8.57%.).
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5-Methyl-5-(3-dimethylaminopropyl)-5H-dibenzo [b,f]silepin - hydrochloride
A slurry of VId (8.0 g, 0.023 mol) and N-bromosuccinimide (3.9 g, 0.022

. mol) was heated to reflux and irradiated with a GE sunlamp until all the inso-
luble solid had become less dense than CCl,. After removal of succinimide (2.2
g, 100%) the volatiles were stripped and the oil residue redissolved in fresh CCl,
(50 ml) and a solution of diazabicyclononene (4.0 g, 0.032 mol) in 20 ml CCl,
added dropwise. The solution was heated at reflux for 1.5 h during which time
it turned-a dark green. The reaction mixture was hydrolyzed with water and
extracted with 400 ml ether. After the volatiles were removed the residue was
distilled to give crude 5-methyl-5-(3-dimethylaminopropyl)-5H-dibenzo{b,f]-
silepin, 3.6 g, b.p. 185—200°C/0.3 mmHg. A sample was purified by elution of
1.5 g over 50 g silica gel. The purified silepin (0.88 g) eluted with 30% benzene
in hexane. 'H NMR (CCl;) 6 (ppm): 7.4—6.8 (m, 9, Ar); 6.67 (s. 1.9. HC=CH);
3.2—2.8 (t, 2.1, CH,Br); 1.4—0.6 (m, 4.3, CH,CH,Si); 0.55 (s, 2.8, SiMe). m/e
270 (based on "°Br).

The crude silepin (2 g) and diethylamine (4 ml) were dissolved in 20 ml ben-
zene and heated at reflux for 4 h. After removal of Et,NH,*Br™ (0.44 g) the
filtrate was stripped to give a yellow oil which was eluted over 70 g basic alu-
mina. 5-Methyl-5-][ 3-diethylaminopropyl)-5H-dibenzo[b,flsilepin (0.99 g) was
eluted with 20% MeOH in benzene.

The oil was dissolved in 15% CHCI; in Et,0 and gaseous HCI added. The
precipitated solid (0.66 g) was recrystailized from xylene/chloroform to give
VIII - HC], m.p. 174—174.5°C. (Found: C, 70.51; H, 8.20. C,,H,,NSi - HC1
caled.: C, 71.06; H, 8.08%.) 'H NMR (CDCl;) § (ppm): 7.3—6.8 (m, 8.5, Ar),
6.55 (s, 2.0, CH=CH); 3.0—2.3 (br. m, 6.5, CH,N(H)(CH,CH;),); 1.8—0.62
(overlapping m + £, 9.8, SiCH,CH, and N(CH,CH,).); 0.75 (s, 3.6, SiMe).

5,5-Dimethyl-10-(N-methylpiperazinyl)-10,11-dihydro-5H-dibenzo [b,f]silepin -
fumarate

A slurry of 5,5-dimethyl-10,11-dihydro-5H-dibenzo[ b,flsilepin (3.7 g, 0.016
mol) and N-bromosuccinimide (2.8 g, 0.016 mol) in CCl, (25 ml) was heated to
reflux and irradiated with a GE sunlamp until succinimide formed. After removal
of succinimide and removal of the CCl; the oil residue was heated with N-methyl-
piperazine (5.5 ml) in 25 ml toluene for 10 h. After removal of N-methylpipiera-
zinium bromide (2.7 g) the solvent was stripped and the residue distilled cn a
Kugelrohr apparatus to give an oil, b.p. 145—170°C/0.2 mmHg, 3.5 g. Elution
of the product over 75 g basic alumina gave 0.84 g of a mixture of starting
material and 5,5-dimethyl-5H-dibenzo[b,f]silepin (X) (approximate ratio 1 : 2),
which was eluted with 256—50% hexane in benzene and IX (2.55 g) which was
eluted in benzene and 10% MeOH in benzene. The oil IX, crystallized slowly
on standing, m.p. 64—66°C. '"H NMR (CDCl;) 6 (ppm): 7.9—6.8 (m, 7.7, Ar);
3.7—3.1 (m, 2.7, ArCH,CHAr); 2.8—1.7 (m, 11.5, (CH,CH,),NMe); 0.47 (s, 6.1,
SiMe,). m/e 336.

To a boiling solution of IX (0.748 g, 0.00223 mol) in 5 ml EtOH was added
fumaric acid (0.258 g, 0.0023 mol) in 5 ml boiling EtOH. Slow precipitation
occurred to give 0.863 g IX - fumarate, m.p. 201—203°C. (Found: C, 66.21; H,

.7.49. C,sH3,N,0,Si caled.: C, 66.21; H, 7.06%.)



was'stm:ed for. 48 h: fhen heated at reﬂu?xior 6 h:The = -
and 5% NaOH added to the re51due followed by extrac- S

sﬂlca ‘gel. and the ,fractlon which emted Wlth 50% benzene in hexane was iden- .
- tlcal ‘to:an-a authentlc sample of 5 5-dlmethyl-5H-d1benzo[b f]sﬂepm[Sa] (1 46
. ‘gs 61%) .

,:Reactzorz of 5 5—Dlmethyl-1 0 1 1-dzhydro-5H-dzbenzo [b,f]szlepm wzth NBS and

’ trzphenylphosphme ,

CnAC slurry of sﬂepm (2.7 0 g, 0 0113 mol) and N—bromosuccm1m1de (2 01 g,

- 0 0113 .imol) was heated to reflux in CClL, untll succmumde formed. After

' removaI of the succinimide (1.06 g) the CCl, was’ ‘removed, the residue dlssolved
~in xylenes (50'ml) and tnphenylphosphlne (3.0g,0.011 mol) added The solu-
tion was heated at reflux for 20 h and then the solvent removed to give an oil

~ which: slowly crystalhzed The sexm-sohd was slurried with ether and n-butyl-

- lithium-added (0.012 mol, 2.4 M) to give a red-brown solution. The solution
decolonzed when cyclohexanone (1.5 ml) was added. The solution was hydrolyzed
‘with water and’ extracted ‘with ether. After removal of the ether the residue was
: eluted over 50 g silica’ gel “The fraction which eluted with 60% benzene in

g »hexane (0. 40 gy exhibited spectroscopic properties identical to a sample of

: authent’c X. A total of 0 46 g of Ph;PO was recovered from the methanol
l'—eluant : , ,

Bzologzcal testmg T ' '

“. The HClsalts of I, VII and VIO as Well as the fumarate salt of IX have been
-_'tested for 'CNS activity and exhibit similar patterns of activity; however, the

" potency is. I%s than that of standaxd pharmacologlcal agents used for i compa:— :
vlson* L A
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