
Synthesis of Some Dibenzo[b,f][l,5]diazocines and Uibeiizo[b,f][1,4]diazocines 
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was established by acid hydrolysis to give 4-chloro-2- 
nitro-S-methylaniline and o-benzoylbenzoic acid. 
Conversion of XIX to the desired dibenzo [b,f] [1,4]- 
diazocine (IV) mas effected by reductive cyclization in 
poor yield. 

Pharmacological Results.-It is apparent from the 
test data listed in Table I that  the compounds synthe- 
sized do not have activity profiles comparable to chlor- 
diazepoxide, diazepam, and oxazepam. There is no 
indication from the tetrabenazine reversal test results 
that  the compounds might be interesting as potential 
antidepressants. Compound XI1 shows antitremorine 
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potency comparable to trihexylphenidyl but is not ac- 
tive vs. oxotremorine indicating that it may be acting 
by blocking the metabolism of tremorine. 

Experimental Section2 
2-Benzamido-N-(4-chlorophenyl)-N-methylbenzamide (V).- 

A mixture of p-chloro-N-methylaniline3 (25.0 g)  and isatoic 
anhydride (28.8 g)  was heated at 160-170" for 5 hr. After cool- 
ing, the highly viscous crude product was triturated in 2 : l  
benzene-hexane (300 ml). Solid material (8.3 g) was removed by 

(2) All melting points (uncorrected) were determined on  a Thomas- 
Hoover capillary melting point apparatus, ultraviolet absorption spectra 
in methanol solution, and infrared spectra as  Nu jo l  mulls. The  nmr  spectra 
were recorded on a Varian Associates A-60 spectrometer a t  60 Rlc/sec with 
JIerSi as internal standard. 

(3) L. E. Mills, U. S. Patent  1,935,5 i5  (1933). 
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All iehts were carried otit  iisirig CF 1 male mice (18-22 g). lhhes are oral iit 1rii11ig1~:itn~ pel. kilograin riiiless other 
Lowest dose prodiicitig significant eflfect. S. Irwin in "Ailinial aiid Cliiiical Pharrnacdiigical Techttiques iti Ilriig Ev:ilii:iiioti," 

E. h. Swiiiyard, W. C. Bri)\vti, :itid J. 13. Nodirie and P. E. Siegler, Ed., Yearbook Medical Publishers, Chicago, Ill., 1064, p 317. 
L. S. Goodman, J .  I'harmacoT. Exptl. Therap.,  106, 310 (1952). e G. 11. Everett mid I t .  I(. I<ichards, ibtd. ,  81, 402 (1!144). 

filtrtttioii and the filtrate vias coilcentrated to iiii orange oil (35 g). 
The oil was dissolved in benzene ( 7 0  ml) attd chromatographed 
on aliimitia i500 g) .  The column w:t' eluted with benzene fol- 
lowed hy CHC1, (400-in1 fractioiis). The CHCI, eluates were 
comhiiied 117 g), pyridine ( 7 5  ml)  aiid benzoyl chloride (12.0 gl  
were added, iiiid the mistitre \vas refluxed for 4 hr. The cooled 
reaction mixtiire wa.: poiired over :i mixtiire of ice and coiiceti- 
trnled IICl 150 ml). the resiiltant orange giim was extracted 
with ether, aiid the ether ,soliition w a , ~  washed with water, dried 
iSa?SOa), :tiid ev:rporated yielding a yellow viscous oil (14.4 g). 
The oil i i i  heiizeiie (40 ml) \vas chromatographed oil :tlumin:t 
1200 g )  a i d  the roliimii was elritetl with benzene followed by 
CITCI, (200-ml fracptioiis). The betwetie eliiat 
lized from acetone-petrolerim ether ( b p  30-60') 
mp 151-1.32". The analytical sample, obtained 
tion from the same solvent system, had nip 
6.01 ( s ) ,  6.15(vs)p.  

:inaZ. Calctl for C~~Il-Il,C1X20,: (:I, 0 . 7 2 ;  S ,  i . 6 S .  Foiitd: 
C I ,  9 . i 8 ;  N, i.6:3. 
Attempted Cyclization of V.-A mixture uf V (0.9 g )  aiid poly- 

phosphoric: acid (9.0 g )  was heated with stirring at  150-160" 
for 3 hr. The  cooled reaction mixture w w  stirred iitto cold water 
(3) nil) rewlting iii the formation of R white solid which J T ~ F  

collected, washed with water, and air dried: 0.5 g, m p  102-107" 
allizatioii from acetone-water aeparatioti was 
heii?-1-3,1,4H-beii8ox:~z-4-[irie~ (0.15 g) aiid S- 

heiizoylaiithrai~ilic: acid5 (0.16 g), 110th identified by comparison 
with aritheiitic samples. 

N-( 2-Benzoyl-4-chIorophenyl)-N-methyl-2-nitrobenzamide 
(VII).---.-i solutioii of j-chloro-2-methylaminobenzophenoiie~ 
(12.5 g )  aiid o-r~itrobeiixoyl chloride (10.0 g) in toluene (100 ml) 
was reflused overnight. The solution was concentrated until 
precipitation began then diluted with petroleum ether. 0 1 1  

cooling, the rrude prodrict separated and was filtered off, washed 
with petr.r~leitm ether, :rnd air dried: yield 20.1 g, m p  136-140". 

(4) 11. 'I. Zentmyzr arid E. C .  \Vagner, J .  Ory.  C h e m . ,  14, 067 (1049). 
( 5 )  R. E .  Steiger, i h i d . ,  9, 396 (1944). 
( 6 )  I*. 11. Sternbach, R. I. Fryer, IV. Xletleairs. G.  Yacli. and  .i. S t e m w l  

I ~ I ~ O , ,  17, :3781 (1962). 

The Liiia1ytic:il ~:iiitl)le was obiiriiied 
ethyl acetate: rnp 142-14:3', A,,,,,, 6.03 j s j  

.Inal. Cnlcd for C ~ l I i l ~ C I X , O ~ :  C. 
Foruid: C, 63.S:): f I ,  :;,:IO: S,  i . l S .  

2-Chloro-5,6-dihydro-5-methyl-6-oxo-lZ-phenyldibenzo~/~,,~~ - 
[1,5]diazocine (HI).-To :I stirred rcfluxitig solutiori of VI I 
(2.0 g )  mid Sf1,Cl i 1.6 g) i i i  L'-nielhos!eth:iiiol (20 nil)  anti 1v:itci' 
( 5  ml), i i , o t i  filitigs ( 1 .(j g )  wcr'e :idded, portiotiwise, ovev 1.3 hi.. 
i l f ter  : l i t  u d d i t i o i i n l  reflux pwiod of  1.5 hr the iwr t io i t  rnislui,(a 
a n s  filtered, the  filtrr cake n x s  washed \vel1 with Iioiliiig iiieth:iirc~l. 
aiid the cointiiiied fil t latex irere cvapor:ited to  tlryties.. 1j t~-  

talliziitioii of the iesidiie f i ,or i i  CII,Cl2-hes:ii~e :Llfordetl I .2 g 
l l f  prodlicl, Ill], %0G-210°. 1"llrther 1' ,talliz:itioii froni a w -  
tlllle-peirlilellIlI ether Y t i  the ineltiitg poiiit t i l  4'1:-1-214": 
A,,,,, 6.00 (vsj, 6.16 ( ~ h j  p :  1111ir (CI)Cl,i,  6 = 3.24 (SCII , .  :; I I .  
.shnrp h i i d )  ppin. 

s, 8.0s. ~ o l l t l c i :  c,  IO: ir,  4.5:: CI, XN: s. ~ 4 .  
.tnuI. C:ilcd for C'2,11i;C'lX:O: C', 72.i': 11, 4.36: Cl, 10.22: 

N-(2-Benzoyl-4-chIorophenyl)-2-nitrobenzamide (VIII).---:I 
.ohtioil of 2-:tn~itio-~-chlor~~h~iizo~lietic~tie (45.2 a )  : t i i d  o-iiitrti- 

1 g)  it1 to lue i ie  ( 3 0 0  nil)  wits refiuscd [ IV(T-  

night, cotiretittxtetl ea. SIr;.  c.iirileti, :itid d i l i i t c d  with petroleririi 
ether ( 3 0 0  nil). Thri rrr idt :  protirirt w:i> collcc~tetl hy filtr:itiiiii, 
washed with pc~troleiun ether, :iiitl  air tlriecl: yield 74.4 g, n t ] i  

taliiz:~ticiit i'i,oiii itictliutiol :i1Foi&xl 61:4 g, 
illiz:ctiuii froin the a a n w  ~ i ~ l v r i i t  
ir pule yellow l ieedles: r n p  1 ti?. 

163': A,~,t,L3,1)6(m)~ 6.92((m), 6 .05  (m-w)p.  
.lncd. Calrd f(ir C?111~yCl11;~04: C', (3 .0! ) ;  11,  3.44: 4 ,  i .Y(i .  

Foruid: C, 62.01: 11, 3.30: K, 7.54. 
2-Amino-N-(2-benzoyl-4-chlorophenyl)benzamide ( I X k  

Fullowitig the proredure d .ibed i i i  the preparation of I11 
using VI11 (26.9 g ) ,  ?ilT,Cl 3 . i  g): methoxyethnriol (220  nil). 
water (55 ml), nittl iroti filittgs (23.7 g), there was otitsiited 16.9 g 
of product, nip 1.51 --1.3', :liter rec dlizat ion from CH,CI,- 

the :iiialytical sample: 

3-( 2-Benzoyl-4-chlorophenyl)-2,2-dimethyl-l,2,3,4-tetrahydro- 
4-quinazolinone (X).--The procedure for the preparation rif IS 
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in the preceding experiment was followed, except that  the crude 
product was dissolved in boiling acetone and the solution was 
filtered free of insoluble salts and then diluted with petroleum 
ether until precipitation began. The crude product was col- 
lected (11.0 g, mp 177-185" from 18.1 g of VII I )  and recrystal- 
lized from acetone yielding X (8.9 g), mp 214-215'. Further 
recrystallization from the same solvent gave the analytical 
sample; mp 217-218'; A,,, 3.03 (m-s), 5.97 (s), 6.14 (vs) P. 

Anal .  Calcd for C2,Hl9C1N2O2: C, 70.65: H, 4.90; N, 
7.17; C1, 9.07. 
Hydrolysis of X.-A solution of X (3.0 g)  in concentrated 

HCl(100 ml) was refluxed for 3.5 hr. A yellow solid precipitated 
during this time. The reaction mixture was evaporated to 
dryness and the residual powder was warmed in 10% Na2C03 
(40 ml) for 20 min. The product ( I X )  was collected by filtration, 
washed with water, and air dried; yield 2.7 g: mp 148-151'. 

2-Chloro-5,6-dihydro-6-oxo-12-phenyldibenzo[b,f] [ 1,5] diazo- 
cine (XI).-.4 stirred solution of I X  (16.9 g) in xylene (1700 ml) 
containing p-toluenesulfonic acid (1.7 g)  was refluxed for 6.5 hr. 
1)uring this period a total of 900 ml of solvent was removed 
dropwise via a Ileaii-Stark separator. The remaining solution 
was refluxed overnight and concentrated to about 200 ml, and 
hexane was added. The crude product was collected, washed 
with hexane, and air dried; yield 17.2 g, mp 160-174'. Re- 
crystallization from CH2C1,-hexane afforded a CH2Cl2 solvate 
of the prodirct (8.7 g), mp 217-220". Further recrystallization 
from the same holvent system raised the melting point to 218- 
220". The analytical sample was dried in z'acuo a t  140" over- 
night; mp 220-221'; A,,, 3.15 (m-w), 5.98 (s), 6.10 ( m )  p .  

Anal .  Calcd for C20H,&lS20: C, 72.20: H, 3.94; C1, 
10.66; N, 8.42. Foirnd: C, 72.09; H, 4.15; C1, 10.83; N, 
8.43. 

2-Chloro-5,6-dihydro-5-( 2-dimethylarninoethyl)-6-0~0-12- 
phenyldibenzo[h,f] [1,5]diazocine (XII).-A stirred mixture of 
X I  (2.4 g), T a H  (0.43 g of a 53.370 dispersion in mineral oil), 
and benzene (100 ml) was refluxed for 1 hr and cooled. A 
solution of 2-dimethylaminoethyl chloride (1.0 g)  in benzene 
(10 ml) was added and the reaction mixture was refluxed over- 
night and cooled, and water (50 ml) was added dropwise. The 
benzene layer was separated and the aqueous layer was reex- 
tracted with benzene. The combined benzene lagers were ex- 
tracted with loc& HC1 and the extracts were basified with con- 
centrated SHrOH. The crude product, isolated by extraction 
with CHC13, amounted to 2.3 g, mp 115-158'. Recrystallization 
from ether-petroleum ether afforded 1.13 g of XII ,  mp 169-171'. 
The itnalgtical sample was obtained by recrystallization from 
acetolie-ether-petroleum ether; mp 172-173", A,,, 6.10 (5) I.(. 

Anal. Calcd for C24H2,ClN30: C, 71.35; H, 5.49; C1, 8.78; 
Iv, 10.40. 

2-Chloro-5,6-dihydro-5-( 3-dimethylaminopropy1)-6-oxo-12- 
phenyldibenzo[b,j] [1,5] diazocine (XIII).-From X I  (5.4 g), NaH 
(0.96 g of a 53.3% dispersion in mineral oil), and r-dimethyl- 
aminopropyl chloride (2.6 g), following essentially the procedure 
described for the preparation of XII ,  there was obtained 3.9 g 
of crude product in the form of a highly viscous yellow oil. The 
free base (1.7 g)  was dissolved in the minimum volume of warm 
acetone arid treated with maleic acid (0.48 g)  in acetone solution. 
The crude maleate was isolated and recrystallized ethyl acetate- 
acetone affording yellow crystals, mp 188-189', yield 0.87 g. 

Anal.  Calcd for CrjH,,ClN,O. CaH404: C, 65.24; H, 5.28; 
K, 7.87. Found: C, 65.11; H, 5.40; S, 7.80. 

2-Chloro-5-methyl-6-oxo-12-phenyl-5,6,11,12-tetrahydro- 
dibenzo[b,f] [1,5]diazocine (XIV).-Compound VI1 (4.5 g) was 
dissolved i r i  ethanol (150 ml) and reduction was effected a t  room 
temperature aiid a pressure of 4.2 kg/cm2 of hydrogen in the 
presence of a 557 Pd-C catalyst (0.2 g)  over a period of 7 hr. 
The solutions from two s:uch runs were combined, the catalyst 
was filtered off, mid the ethanol was evaporated yielding an oily 
solid. This solid \vas treated with boiling bellzelle (5  ml/g of 
solid) and the irisoluble portion was filtered off giving product 
(2.6 g), nip 244-248". Recrystallization from CHzC12-hexane 
furnished XIV (1.9 g), mp 249-251'. The analytical sample, 
obtained by recrystallization from the same solvent system had 
mp 251-253"; A,,,3.04 (m) ,  6.13 (vs) p. 

Anal. Calcd for C21HliC1NyO: C, 72.30; H, 4.91; C1, 
10.17: S, 8.03. Foiind: C, 72.00; H, 5.55; C1, 10.54; N, 
7.80. 

Compound I11 (1.0 g)  was dissolved in glacial acetic acid 
(150 ml) and reduced at room temperat>ure and a hydrogen pres- 
Sure of 4.2 kg/cm2 in the presence of PtOz (0.01 g) as catalyst over 

Found: C, 70.52; H, 5.15; N,  7.17; C1, 9.01. 

Found: C, 71.48; H, 5.37; C1, 8.81; S, 10.43. 

a period of 2 hr. The catalyst was filtered off and the filtrate was 
evaporated to dryness. Crystallization of the residue from 
CH2C12-hexane afforded crude product (0.26 g), mp 240-250". 
Further recrystallization from acetone-petroleum ether raised 
the melting point to 244-246". This product was shown to be 
XIT- by mixture melting point determination and by comparison 
of infrared spectra. 

2 4  2-Amino-N-methylbenzamido)-5-chlorodiphenylmethane 
(XV).-A solut,ion of VI1 (7.2 g) in ethanol (150 ml) was hydro- 
genated a t  room temperature and a pressure of 4.2 kg/cmz 
hydrogen in the presence of a 57, Pd-C catalyst (0.35 g)  for 4 hr 
and a t  46-50" for 9 hr. The catalyst was filtered off and the 
filtrate was evaporated to  give a viscous oil (6.5 g) which was 
dissolved in benzene ( 3 5  ml) and chromatographed on a column 
of alumina (65 g). Elution with 1 :2  CHC1,-benzene and with 
2 : l  CHC13-beiizene gave colorless and amber oils which were 
crystallized from ether-hexane affording crude product (2.8 g), 
mp 111-115'. Recrystallization from CH2CL-hexane yielded 
XI7 (1.2 9): mp 117-119'; A,,, 2.85 (m),  2.92 (m) ,  6.10 ( 8 )  p ;  
nmr (CI)Cl3), 6 = 3.03 (NCH,, 3 H, sharp band), 3.73 (CH?, 
2 H) ,  4.59-4.68 (NH?,  2 H, broad band) ppm. 

Anal. Calcd for C21Hl&1N20; C, 71.88; H, 5.46; N, 7.99. 
Found: C, 71.95: H, 5.62; N, 8.06. 

1 l-Acetyl-2-chloro-5-methyl-6-oxo-12-pheny~-5,6,11,12-tetra- 
hydrodibenzo[b,f] [1,5] diazocine (XVI).-A solution of XIV 
(3.2 g)  and acetic anhydride (1.9 g)  in toluene (100 ml) was re- 
fluxed for 7 hr and then evaporated to dryness. Recrystalliza- 
t,ion of the solid residiie from ethyl acetate-hexane afforded the 
product' (1.1 g), mp 229-230". Further recrystallization from 
the same solvent system raised the melting point to 230-231 ', 
Amax 6.03 (vs) p. 

rlnal. Calcd for C2aH&lN2O2: C, 70.66: H,  4.91; C1, 
9.07. Found: C, 70.52; H, 5.00; C1, 9.37. 

2-Chloro-5-methyl-12-phenyl-5,6,11,12-tetrahydrodibenzo- 
[b,~"]  [1,5]diazocine (XVII).-To a stirred suspension of LiAlH4 
(1.65 g) in anhydrous ether (400 ml) I11 (3.9 g) was added, and 
the mixture was refluxed for 18 hr, cooled, aiid treated with 
successive portions of water (1.48 ml), 15% NaOH (1.48 ml), 
and water (4.44 ml). After stirring the mixture for 0.5 hr, the 
salts were filtered off aiid washed thoroughly with ether. The 
combined ether filtrates were evaporated to a yellow oil, which 
was crystallized from hexane to give the crude product (2.8 g), 
mp 129-134'. Recrystallization from acetone-petroleum ether 
furnished X I T I  (2.0 g); mp 132-133"; umr (l)kfSO-ds), 6 = 
2.80 (NCH3, 3 H, sharp band), 4.05, 4.24 (CH,, 2 H, AB quartet, 
J = 15.5 cps), 5.90 ( >CH, 1 H, singlet) ppm. 

Anal .  Calcd for CPIH1&!lN:?: C, 75.34; H, 5.72;  N, 8.37. 
Found: C, 75.01; H, 5.46; K, 8.38. 

ll-Acetyl-2-chloro-5-methyl-l2-phenyl-5,6,11,12-tetrahydro- 
dibenzo[b,f] [1,5]diazocine (XVIII).-A solution of XVII (1.0 g)  
and acetic anhydride (0.76 g) in toluene (50 ml) was refluxed 
for 6.5 hr, coilcentrated to ca. 25 ml, diluted with petroleum 
ether until cloudy, and chilled. The crystalline solid which 
separated was collected by filtration and air dried: yield 0.67 g, 
mp 152-154'. Recrystallization from CH2C12-hexane gave the 
analytical sample: mp 155-156'; A,,, 6.0 (s)  p ;  nmr (DhfSo- 
de), 6 = 1.70 (CHaCO, 3 H, sharp band), 2.93 (NCH3, 3 H, 
sharp band), 3.73, 4.39 (CH,, 2 H, AB ciirartet), J = 13.5 cps), 
6.397 >CH, 1 H)  ppm. 

Anal .  Calcd for ClqH21ClK;IO: C. 73.28. H. 5.62: C1. 9.41. 
I ,  I ,  

Found: 
2-Benzoyl-N-(4-chlorophenyl)-N-methylbenzamide (XX).-A 

solution of o-benzoylbenzoic acid (104.5 g) and oxalyl chloride 
(70.2 g) in benzene (50 ml) was heated on a steam bath for 1.5 hr. 
Solvent and excess oxalyl chloride were evaporated and the chilled 
residue was treated with a solution of p-chloro-Y-methyl- 
aniline3 (50 g) in pyridine (250 ml). The reaction mixture was 
refluxed overnight, cooled, diluted with water (250 ml), and 
acidified with concentrated HCl (200 nil). The acidic mixture 
was extracted first with ether (total of 1300 ml) and then with 
CHCla (total of 600 ml). Evaporation of the dried (Na2S04) 
CHCl, solution yielded an oily solid which was recrystallized 
from CH&-hexane to give XX (30.0 g), mp 139-141". Further 
recryst'allization from the same solvent system raised the melting 
point to 142-143'; A,,, 6.02 (s), 6.08 (vs) p. 

Anal. Calcd for C21Hl&lNOz: C1, 10.14; Iv, 4.01. Found: 
C1, 9.94, N, 4.08. 

Evaporation of the dried (NaeSOd) ether layer yielded an oil 
which was dissolved in warm benzene (3-4 ml/g of oil) and chro- 
matographed on a column of alumina (10 g of aliimina/g of oil). 

C, 72.83; H,--5.?i: (?I, 9.10.' 




