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FEACTIONS OF 2,2' -BIPHENYLDICBRBOXBLDEIMlE 

J. C. Hawthorne, E. L. Mihelic, M. S. Morgan, and M. X. 'KLt 

,MeUon Ins t i tu te  
Pittsburgh 13, Pennsylvania 

Althsugk 2 2' -cigk:enyldicar'coxaldehyde (I) was f i r s t  reported by Kermer 

3ecent st.dddFe$ sn the 

m e  reaay a-mi la j i l i ty  

an& Turne-1 in 19l.i and l a t e r  by other workers,2 it has received on ly  limited study 
because no sinpln zetkod has existed f m  its 2repazatLon. 
ozanolysis 3f 2henant;zrene have resulted 3-1 a relativekg s h p l e  prepu 'a t im sf the 
dialdn&-de fron a so ten t ia i iy  abundant s tar t ing m t e r i a l .  
of t h i s  dialcehyde t3u.s served as a practical  st-tirmLL.~s to  3ur i,nvestigai,ion of its 
chemicai tekavi.zr. 

2 , 2 ' - a l ~ * e ~ l d i c a r i o x d i d e i ~ d e , ,  I, .#as reacted Kith Ymnania and primary amines 
Wen I Tas heated ~ t h  ammonium hydroxide, 5-hyd.roqy-Sif- 

ibe s t m t u r e  of I1 was assigned fmm elemntai  
to give Sciiiff-t:qe 'zases. 
di'cenztc,e]azepice (11) vas f3rzed. 
y 9 s i s  m d  iss  i?i^rared mi :XI spectra. 
O.LJ u (-H=C-) zcci j.2-j.3 p (<.-a). k e n  1 xas reacted v i f i  berzyianine, zethylamine, 
o r  ani l ize ,  2 , 2 '  -oi( ?I-'cenzylsem~lidenhine) ( I I Ia)  , 2,2' -hi(  :I-tcetbyjrljenzyiidpnirnie) 
( IIIj), .sr 2,i' -bi( N - o n e n y l b e n z y l i d ~ e )  ( I I Ic )  were the respec+,ive -,rodxc:s. 
F. !;fayeSa reported I I I c  from -he ?eac:ion of N-(q-iodobwjlidene) aniline and 

k f ra red  adsorption can& apceared a; 

iu;fer C" .  
a t  6.10 to 6.15 U. 

h - r u e d  adsorpion bands for &&e -H=C- linkage in zhese canpounds 
"Natur- 
occurred 

N-R N-a 
II II 

III (a) R = Benzyl 
5 )  R = ,&thy1 t 2) R = Phengl 
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T'en 11, IIIa, and IIrO vere refluxed KFth aqueaus sodium hydrosulfite, 
6,7-dihydro-SX-dibenz[c,e]azepine (ma)  and the 6-substituted derivatives (IVb and 
IVc) were the respective products. 
aldehyde n o n o d e  also gave ma. 

t ion  of I I I c  to  Nd  but  not 11 t o  Na. :ioweAe.rer, hydrogenation at -her pressure of 
an ethanolic solution of I and metbylamine over Xauey nickel yielded IVc. 
pressure hydrogenation of I miA& benzylamine and methylambe over +Uadiuin ca+,al;-st 
gave The respective products, Ivb and IVc. cnly representative wepines w e 2  ?repared 
by the  various nethods of reductim, and no attempt was made t o  study exhauti'rely +.e 
several different possible combinations. 

Ilydmsulfite reduction of 2,2'-biphenyldicarbox- 

Raney nickel catalyst  was sufficiently active for the low-pressure igdmgena- 

Low- 

IVa R - H  (from n) 
5 R = Benzyl (from I I Ia )  
c R = Methyl (from IIIb) 
d R = Phenyl ( f m  IIIc) 

It w a s  found unnecessary t o  isolate  the Schiff Sues prior t o  reduction by 
sodium hydrosulfite. 
by treatment mith the hydrosulfite, &al lyl  (V) , &-( 3-dimethylamhopmpyl) (VI), 
6-(3-diethylamimpro?yl) (VII), and 6(2-aminoet~l)-6,7-dihydrn-SH-dibenzEc ,*lazepine 
(VIII) re re  also prepared. 

'Nith *he oxce3ticn of t be  la tzer  three derivatives, these 6,7-d&j-dn- 
azepines had Seen prepared 5y -21s reaction of p,~' -bisfbramomethyl)biphenyl v t t h  
m n i a  or  xi*& ?rbary 
anhydride .Ria amonia :a give d i p k e d c  acid. Diphenamic acid vas cyclized t o  
diweninide, which B ~ S  in 3 1  reduced 3y li+&m aluminum hydride to  ?Xa.' 

ay f i r s t  refluxing I w i t h  the proper ambe i n  methand followed 

A second nethod involved the reaction of diphenic 

?-e ?resen; xe+,kod 3f q ~ z i ~ s i z - i n g  +hese azepines i s  superior t o  prei,%us 
methods because of "22  avai lab i l i tg  2f t iye initial. s t a r t i z q  material, :&emtbrene. 
The yields of &he azeFkes,  Ficla;ed 3s x i 2  s z l t s ,  ranged frcm 57 to  92$. 

C c m p n y  for  tke reductive minatioz? 3f tiie didldebjde t o  azepines. 
of scdium hydrosulfite in reductive ar inat lso of a aldehyde appears t o  be novel. 

miog t n e  ?resent vxk, z ~ r i ~ i s ~  2atente was granted t o  Xoffznan-Laliocke 
Xowever, %e use 

R a d &  ana smith7 screeEed Lks 6-su'cstituted azepines for phannacclcgical 
ac t iv i ty  and demonsmated their antiepinewrine j rsger t ies .  
maber of the group tested.  

chromite, dehydmcyclization occurred t o  yield 2,3-di$1enyldibenz[f,h]quinoxaUne (LX) .' 

V oa5 the mst effeczive 

When a solution of IIIa in N,N-diine~lfo~?namide i7as refluxed w i t h  copper 
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Ix 

Sparatores reactec I and pphenyienediamine 's methanol for  La hcurs a d  
obtained a glass, m.p. 5 2 - 5 7 O  C ,  for which ne u s i q e d  +be probable swxture of 
lYd-diSenzoic, e] benzhidazoil, 2-aIazepine (X) . An mcnaracterized $d.mcklloride 
nelted a t  260-265O C. 

Xa x 

.In our hands, T;ne p rduc t  frw *Ais reaczion was obtahed 9s a m y s t a l l h e  
solid,  m.9. 189-190O 5, uld vas thought to  e w e i t  ?oljrmorphisn. '?xu dzfe ren t  
crystal  t'orins were isolated M c h  had different infraced spectra as Nujol mul ls  t;ut 
the s u e  spectrum in carbon disulfide a d  the same empiricel formula. 
confi,med structure X ra ther  than Xa. 

,The GdR spectrum 

A mre convenkmt synthesis i s  t o  react the dialdehyde w i + t A  p%en.yl.ene- 
Cirmine dikycl-ochloride in isopropyl alcohol, Therein the azegine prsci2i ta tes  
presmabiy as the di&ydmchloride monohydrate. m e  free base can be regenerated by 
t rea t ina t  h x h  dlkali. 
because it  is believed t o  e e s t  as &&e di-ydmchloride, ~e mono+jdmc,iloride m o -  
hydrate, as well as the dihydrochloride monohydrate. Decomposition occurs dur ing  
meltbg point de tembat i sn ,  and the  recorded nelt iog aoint may be  *&at of 3. decom- 
positicn groduct. 

The melting point 3f the 'hydrochloride i s  ria definit ive 

;?ken I1 ivas treated ;Cit;l aqueous sodim bisu l f i te  and Lien reacted ivi-h 
Fotassim cyanide, j-cj-anC-ji+dibenzic, ?lazepine (XI) vas obtained. '&en the dialde- 
hyde :7as reacted v i th  y?monium chloride and potassium cyanide, .XI was isolated Ln 
alnost quantitative j i e ld .  

1) N a i i S 0 3  
2) KCN 

I WCl 
XCN 

XI 
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acid (XI), which could not be sufficiently separated fmrn inorganics f o r  charac- 
terizati3n. 
chelates. 

Acid 'hydrolysis sf ,XI gave a pmdcct, ~ -d i j enz [c , e ]azep ine - j - ca rbo~ l i c  

acid conpiexed i v ixh Eetdi l ic  ians to give -colored, water-insoluble 
Tne copper chelate (WI) vas characterized. 

Xi 
32SOI 0-0 - 

XI1 

& N-----Cll--N q 
\ / 

c-0 
/ 0 U \ 

XI11 

Nit-usatian 3f N a  resulted in 6-nitroso-6,7-aihydrc-%-dibenz [c, e] azepine 

NO 
I 

m 
On acetylation of 11 by acet ic  anhydride, the 5-aceto~-azepine 7pas aot 

isolated,  but rather 2-diaceto~thyl-2'-acetyliiuhonethylbi~er~.i (23). 
t i a n  ii5giit irvolve 'he isomeric structure,  XVI. 

me reac- 

A C 2 3  
___) 

XVI xv 
I1 was reacted with copper ion to  give an insoluble complex, the structure 

zf ThicS m u l d  not be determined. 
cupric acetate to  farm 5,5'-ethylenedioxybis( 5~--diOenz[c, el azepine) (XVII) . 
hydric alcohols gave o i l s  lPfiich were not identified,  

However, I1 w a s  reacted w i t h  ethylene gljrcol and 
Mno- 

I1 I N i  I 
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ihes-1 vas reacted with two mlecular  equivalents of acetophenone in the 
presence of s o d i u  -bydmxide, a 555  yield ?f 2,2'-bis( l-'i1ydroxg-2-benz~~lethyL)- 
biphenyl (XVIII) waj isolated, ana 2,2'4igi1enide (w() w a s  idexsif ied as a 3ppmduct. 
Yitb an equal mlecular  ra t io  Df reactants, a 35$ b5eI.d sf Xj'IiI ad. I 57% -yield .zf 
XIX, resulting f r c m  a coqet ing C a d z z a r o  reaction, xere isolated.  2eaction of ;CTiiI 
~ L t h  acetic anhydride a f f w d e d  2-aiacetc1xyiaPwi-2~-( benzoyl*lene)5i_3henyl (W) . 

XVIII 

+ 

XayerZa had prepared 9,lO-pb.enanthra~one by a cyanide-catalyzed benzoin- 
type condensatia of 2, 21-3iphenylaicar~xaldehjrde. 
intrano1ec.da.r conadensation vas a lso  ligint-catalyzed, aLtnougn a pergxide, sucn as 
senzqrl jeroxide, was necessary as an ini t la tor .L3 
effect  l;on tne f i e l d  3f ~e +ne (Table I). 

I t  sas found, ncwever, -k-at -de 

%e cnoice of solvent nad a marved 
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Tab le  I 

solvent 
$-Butyl Alcohol 
Acetic A c i d  
Benzene 
Ethyl Ether 
Tetrahydrofuran 
w== 
Acetone 

- Y i e l d  of 

5 
15 

5 a t  reflux. One weight ger cent 
0 b e m a y 1  peroxide catalyst. 
0 
0 
32 

Phenanthraquioane, 5 Reaction Coadftions 

k a d i a z i o n  (-my drc)  fur  1,8 
hours a t  m o m  temperamre; 3 h m s  

The yield in acetone was increased from 3 6  to  .5€$ by reflux for 72 hours. 
The remabing material was unreacted dialdehyde. 

5 - H m W  -5Ei-dibenz[c,elazepine (11). Four grams of I was refluxed w i t t ~  
28$ ammonium aydroxide (60 ml.) for 15 min. 'he mixture was cooled, and 'the colorless 
5-5rdmxy-SH-dib~[c,eIazepine (3.7 g.; 97%), m.p. 126.8-y8.8° C, w a s  collected. 

Anal. calcd. for C1,H1lNO: C, 8.36; 3, 5 . 2 0 ;  N, 6.70. Found: C, 30.59; 
R, 9.59; N, 7.00. 

2 ,  2f -B i (N-oenzy lbenzg l ide~e )  ( I I Ia)  . I (2.1 g. ; 0.01 mole) , dissolved 
in toluene (30 m l .  ) , was refl-uxed wita benzylanine (2.20 id. ; 0.C2 nale) for 15  nin. 
The toluene mas evaporated *;rider reduced pressure, Leaving an o i l .  3 i t u r a t i o n  K i t h  
water afforded the solid 2 , 2 ' - b i ( 2 j - O ~ l b e n z l j l d ~ e )  (3.66 8 . ;  39$!, m.p. 34- 
97O C. Recrystallization from p h e p t a n e  pave crystals ui+h a m.p. 3f 9c+?i"i' c .  

Anal. calcd. for C=.$Ia&: C ,  86.56; H, 6.23; N, 7.21. Found: C, 86.53; 

2 . 2 ' - ~ i ( N - ~ e t ~ ~ l S e n z s l i d ~ e )  (IIISl. I (4.2 g.; 0.02 m l e )  zas neated 

8,  6.25; N, 7 . Z .  

a t  75-80° C i n  15% aqdeous rnonornethylunine (45 d.) for 1 hr. with stiET-. 
colorless c rys ta l s  (4.66 g.; 98$), n.2. l&!,-l.46° C, 'Rere collected. Recq.malLzaticm 
from n-heptane gave the p u r e  2,2'-bi(N-menylben~lideniminej , m.p. 151.0-152.2O C. 

The 

h a l .  calcd. f3r C1gIl8N2: C, 31.32; 3, 6.32; X, U.86. Found: C, 81.32; 

2.2'  - B i (  N-ohenylbenzyliaenimine) ( I I I c ) .  

iI, 6.34; N,  l l . 34 .  

I (2.1 g.; C.O1  mie) and anilhe 
(2.04 g.; 0.021 inole) 'ReTe refluxed in Toluene (20 id.) for 2 x. , RL1;3 xater zebg 
collected in a 3ean-Stark trzc. 
dissolved in h i i i n g  g-negtane and +de solution cooled. 
8%) of 2 , 2 f - b i ( N - p h e n j r i b e n z y L i d ~ e ) ,  m.2. 95.697.2O C, uere cotainec!. 
recrystall ization from pheptane gave the pure compund, m.p. 9 7 . 5 - 3 9 . G O  C (Liz., 
98-99O C).2a 

Bi ter  evaporation 52 the cokerie, -=he rosidue w a s  
Lighz-yellm crystals  ( 3 . 2 2  pi. i 

?urtter 

6,7-Dihydro-j+3iibenz (c, e ]  azerhe  ( FTa), Me+hod A. I1 ( 3  .C z ,  d ;O&JUI I 

hydmsulfi te (9.G g.) w e r e  refluxed in w ~ i w  ( X C  e.) f o r  IC 0. ;n czcLi=g :&e 
solution, colorless crysta ls  separated and w r e  collrcted.  -1ddi:imai z a : e r i d  xa3 
separazed Dy adding s&lm chisride TO 'de f i l t r a t e .  
i n  r a t e r  (200 d.) containing ccncentrated hydrochloric acid (20 d . j ,  and -de solutim 
w a s  refluxed for 30 m i n .  

The comoined sol i ts  m e  5 b S O l T d  f 

After  concentrating the solution t o  50 ml. and  coo^, 



269. 

6,7-dihydro-SR-dib~[c,e]wepine hydrochluride (3.0 g.; 92$), ru.p. 290.2-29LP C 
( l i t . ,  286-288Q C), separated. 

t ion  of hydroqlarOine hydrochloride (0.7 g.; 0.10 niule) inwater (300 id.). The 
precipitated 2, 2t-oiph~ldicarbox81dldehyde m m a e  (2.0 g.; 91$), n ~ p .  9'7-99* C, 
vas collected. 

Method 8. I (2.1 8.; 0.01 m l e )  in methanal (30 ml.) rpag added to a solu- 

Anal. oalcd. for  C L J I L ~ N O ~ :  C, 74.65; 3, 4.92; N, 6.a.  Fonnd: C, 74.63; 

T3e m o x h e  (1.0 g. ;  0.%5 m l e )  and scdium hyd?msulfite (4.0 g.; 0.023 

3, &%; X, 6.30. 

w l e )  were refluxed in water ( 5 0  ml.) for 90 m i n .  
was collected a d  refluxed f a r  30 &. in 10% aydmchloric acid (50 d.). 
r ioc  was cooled and neutralized w i t h  sodim bicarbonate t o  precipi ta te  6,7-dihydm- 
5X-dibw[cJe]azephe (0.7 g.; 31$), m.p. 38-93O C. Since the amine had not been 
reported as a solid, it was dissol-red i-n ethyl  etDer, and the  hydrochloride, m.?. 
290-291O C, ?reci?i:ated xi*A k,-drcgen cbioriae. Be  infrared spectrum m s  ident ica l  
t3 that  sf +the procuct fxra SLzhod A. 

'he solid which separated QT1 COO- 
"he Soh- 

6-3erzyI.-6 7-dih5rdro-~~-dibenz[cJe]azepine (IVb). I (2.1 g.; 0.01 mle) 
and b w y l a m h e  (1.6'mi.; O.Cl.5 xole) were refluxed in toluene (15 Id.) for 1 hr. 
?later cf reaction i7as collected in a Dean-Stark trap. The toluene w a s  reamed .mder 
M air Lias-,, ana tbe remainkg o i l ,  dissolved in methanol, was refluxed f o r  45 min. 
xi-a scdiun bydrosull'ite (10 8 . )  in mater (50 ml.) .  The methanol s a s  distilled from 
-Le ziixtL-e aad The cooled aqzeous ghase decanzed from the  semisolid inateI-ial. 
l a t t e r  xas Tefluxed xith hydmchloric acid (100 nit.) and the solution filTered. 
3 e  ccoled f i l t r a t e  Tas sade basic (pH 12) with sodim hydroxide. 
3 i l  vas extracted i n t o  e'aer an2 the sther dried 3ver potassium hydroxide pellets.  
i2nnydrms i;rdmger- cklsride w a s  ?assed into the ether u n t i l  the preciDitation o i  
&benzyl-6,7-cE1ydii-Sii-dibenz[c , e] azephe hydrochloride hemihydrate (2.99 g. ; 8'81, 
z.?. M3-MSO C ( E t . ,  2 G j o  C),4c ivas ccmplete. 

The 

The precipitated 

S -Lh~~y l -6 ,7 -d~y~- jH-d ibenz [c , e ]azeu ine  (IVc). I (4.2 g.; 0.02 mole) was 
heated a t  djo C viLh s3r5&- -h 30% mmornethylamine (25 d.) f a r  30 a. %e 2,2'- 
t i (  N-eey-yl.5e.mylideninine) was ccllected &-boiled w i t h  sodium ' gdrosul f i te  (12 g. ) 
ard aa ter  (75 EL.) fcr 30 m b . ,  s l l o d a g  the  volume t c  be reciuced t a  20 Irl. Xcen 
cool, the aqueous -mase vas decanted from the semisolid product. After xa?Aing and 
*&I, x i s  natef ia l  xas dissclved in q-heptane, snd anhydrous hydmgen d o r i d e  
xas ?assed irit3 the soh t ion  u n t i l  precipitation ?f 6-methyl-6,7-d~dro-5ii-dibenz- 
[c,e]azepine hydrochloride (4.0 g.; 81%) , m.p. 22l-224O C,  was ccncplete. 

.&tiiodide. 6, &Dimethyld, 7-dihydm-jh-dibenz[c , e] azepinlum iodide, 
m.p. 2 8 7 - 3 m .  , 287-288O C) .4c 

Hydmgenatian. A solution of I (0.0238 mle) and two molecular equivalents 
of the appropriate amine in ethanol (35 nit.) with the appropriate catalyst  (16 on the 
dialdehyde) was subjected t o  hydrcgenation in a low-pressure (50-60 p.s . i .g . )  auto- 
clave (Parr Bstlument Company) or in a ;\dagne-Dash autoclave (Autoclave -beers) 
a t  higher pressures. A f t e r  hydrogenation and remo-sal o f  catalyst  and solvent, the 
residue was refluxed Kith water (300 d.) and suff ic ient  hydr0cUolol-i~ acid t o  give 
pH 2. Azy urreacted dialdehyde uas collected by f i l t ra t icm,  and the f i l t r a t e  was 
concentrated t o  a l l -  crystal l izat ion af the azepbe  hydrochloride. 



270. Hsdrog- Temp-- Time, Yield, 
Pmduct Catalyst pressure, p . s . i . g .  ture, OC hr, % n.p., OC 

17 x 281-290 
a5 SC- 284-290 

91 202-208 

ITa Eaney N i  850 
Na 5% P t  on Carbon 500 
m 5% Pd on Carbon 60 50 18 
IVC 5% Pd on Carbon 60 50 7 97 221-227 

- 
75 24 

6 - P h e n . y l - 6 , 7 - d ~ ~ - d i b e n z f c ,  elazepine (Ivd) . 2,2~-Bi(N-pheaylheZ1zy~deu- 
W) (2.27 8 . )  in ethanol (50 6L.) was hydrogenated o ~ e r  Raney nickel (0.1 g-) a t  
room t w e p t u r e  and 50 ?.s.i. pressure fo r  7 hr. 
evaporation of the e+thenol, the semisolid product was crystzd&zed frcJm q-heptane to  
give 6-pheny1-6,7-~~0-5H-dibe[c ,e]azepine (1.3 g.; 76$), m.p, 37-90° C. 
recrystallization, the m.p. m a  89.5-9L6O C. 

After r w v a l  a f  catalyst and 

Upon 

Anal. calcd, fo r  C&l#: N, 5.17. Found: N, 5.38. 

6- l l l l ; r l -6 ,7-d~y~-;?I-dibenzic ,e]azep~e (V). - I (4.2 g.; 0.02 mle) and 
al ls lamhe ( 3.i ai. : O.GL1 mie) were refluxed in methanol for  5 min. A solution 3f _ . -  ~ 

sodium hyr i r&l f i t e ' ( l j  g.) in water (75 d.) mas added t o  the cooled solution and the 
mixture  refluxed fgr  30 &. 
was extracted in to  ethyl e ther  r'mm the cooled aqueous phase, After drsing the ether 
extract oYer wtassiun hydroxide, crude & ~ 1 - 6 , 7 - d i h y d r o - 5 € i - d i b ~ [ c , ~ ~  azephe 
hydrochloride (4.86 8.; W$), m.p. 190-200° C, w a s  precipitated by m g e n  chlor ide.  
Zecrystall ization from methanol-ethyl ether gave a 5% g i d d ,  m.p. 2 L 4 - 2 1 5 O  C (Ut., 

After d i s t i l l i ng  oTer t h e  z&hanol, the suspended oil 

214-2150 c) .4a 

6-( 3-Di~~e~;hylamino~rooyl) -6,7-dihydm -5H-dibenz[c,e]azeuine (VI). Dimethyl- 
aminopropyianine (Union Carbide CnaJPicais Ccmuany) (4.90 g.; 0.04.8 mole) ivas added to 
a sol.&ion cf I ( i o  g.; 0.048 mole) in nethano1 (15  m L ) .  
of scdim i-~ydrn.suUita (30 g.) in sa te r  (330 d.) was added Sro the solution refluxed 
for  i iu'. 
sodiup'h@roxide (75 m l . )  w a s  added t o  the cooled solution to precipitate the azepire 
as an o i l .  
r i t h  vater, separa+ed, and evapmsted from the amine. The 3zeOine was dissolved k~ 
i30pTOpY1 ~ ~ c c J ? - s ~  and reac5ed xi+A excess hydrogen chloride. 
ffiet'.yiaminopropyl)-6,7-diQ,-dro-Z-diberz[c, e] azepine dihydmchloride monahydrate, m.p. 
22'?-230° C (dec.), separated f x m  the sclution. The yield w a s  10.9 g. ( 6 s ) .  Thfs 
sar;er',al vas r e c q s t f i z e a  frm isop,copyl alcohol to a m.p. of 231.2-232.3O C (dec.). 

After 5 min., a soi?lticn 

After ~.ezoviog t w o - w d s  of the solvent by dis t i l l a t ion ,  10% aqueous 

me o i l  aas  extracted. into ethyl ether. The ether phase was washed well 

C r y s t a 7 l i n P  6-(3-&- 

-.kid, czled. fo r  C13.3241,!2 E C 1  - &O: C, 61.45; if, 7.60; CI, 19.10; N, 7.55. 
Fo-;nd: C, 61.29; 5 ,  7.3:; C1, 2.k; !i, 7.?5. 

< I  p D i , e t > ~ i ~ - ~ ~ r ~ ~ - ~ ~ )  -6,7-d*g&T-?d-dibenz[c, e ] a e p b =  (VII). 

0-( 3ifie+2--- 2 J J . A  , r : q G ~ - - ~ , y 7  9 - J -  - j .'e-' - , a d i 3 ; z  -.-- ' 739 ;:o?L-P~ s-kil.ar4 ts the y e v ' , w  c-. 
B e  c i ihy i~~r i ixLce  xas TOG Seliz-u?lesc-sx. :or aasy iandXng, so the di$ospha+e was 
pregarod 5j d i ~ s o l - r i ? !  a s  m i x  2 2 2 1 ; & ~ 1  ( 4 G  L.) and 85% phosphorfc acid (8.5 g.1. 
After crystallizatim 'cas = . c ~ ~ s I P ,  17.1 a .  ( 7 s  yield) o f  b(3-diethylaminopmpyl)- 
6,7-df..k,ydro-5E-diijenzic, PI 2 z s ~ h  ?i&csgkase mnohgG-ate, m.p. 220-223O C ( d e . )  
(lit., 2x-2220 C )  , 3 vas octa imd.  
p u r e  corqound zelted at 221.5-223. j0 C (CPC. 1 . 

C, 48.82; 3, 6:?2; N, 5.19. 

(2.0 ml.; 0.02 mle) was added t3 a sokJlticn o f  1 i4.2 3 . ;  0.02 mle) 
room t -pera ture .  After 5 ab. , sodim hydzosulfize (LG g.) in water (50 ml.) was 
added wid the  miXturs refluxed fz? I 3. AfLf"e r  C o C i . ~ ,  %e aquecus phase w a s  de-  
canted and the residze refluxed wit& 2 aqueous ~ 0 6 k i i i  LpL7xi.de ( X  ml.) and t a L u e n e  

After rocTs ta l i i za t ion  front ethanol-water, the 

ilnai. caicd. f c r  C2.X2&. ZIi3iCC4 E&: i, 48.27; Ef, 6.94; K, 5.36. F o ~ :  

6-( 2-iuxiaoeti371) -6,7-d~jdr0-5~4Y2e~2 Cc , e] azeuine ( V I I I )  . ,rthglenediami~~ 
methanol at 
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(20 ml.) for a few minutes, dissolving the  product in  the toluene layer. The organic 
phase w a s  separated, washed vi th water, and dried over potassium hydroxide pellets. 
The crude 6-(2~aminoethyl)-6,7-di.hydro-%-dibenZ[cJe]azep~e dihydmclrloride (4.6 g.; 
74%) , m.p. 225-260O C, rn precipitated by hydrogen chloride. RecrystaUization frcm 
methanol gave the -me compound (3.9 g. ; 63%) , m.p. 268-Z7Oo C. 

61.42; I?, 6.29; N, 9.38. 
Anal. calcd. for Cl62,X2 - Z C l :  C, 61.73; E, 6.47; N, 9.00. r'ound: C, 

2,3-Diu~enj r l~ iSenz[ r ' ,h ]quinox~.e  (IX). I ( 5 . 0  g.) and bowlamine (5 .1  g.) 
xere refluxed in t s b a e  (20 d . 1  f3r 30 The water 3f reaction w a s  collected in 
a Deaa-Stark trap. After wzpora t im gf -he toluene, the resi&& o i l ,  io N,N-di- 
setwlformamide (35 .nl.), ras reflaxed xLth powdered copger chromite (6.5 g.) for  
2 ;Zr. After ,-erso-~al 3f cazaiyst lad soiven3, the o i ly  residue ?as x i t m a t e d  d-ch 
methand (15 d.). 
fmn jenzens t a  give crystais  (1.4 g.; 15$) , P.P. 272-275O C ( l i t .  , 2?Z0 C )  .Is 

Zie insoluble yar t iaa  (1.5 g.), m.p. 260-265O C, was CrYstdLlized 

lSB-Dibenzo[c, =]'3enzi3idazoC1,2-ajazepine (X) , Me-ttod A. A solution of I 
(2.10 9.) 3nd ~-~-ieqrlenediamine (1.28 g,) in ffiethanol (40 d.) remained a t  ambient 
ten?erature f c r  r;B nr. .L*ter removal of the solvent by -racuum evanoratim, a benzene 
(25 d..) solutizn cf -ae residual o i l  was absorbed on a column ( 2  x 16 cm.) of neutrd. 
zl-a ( E o  3ad dG7, 1CC-2CO zesk). 
iz.p. 135-150O C. Secrystali ization from benzene gave the product (1.37 g.; 50$), m.p. 
lS9-l9G0 C. 

Zlution wi-ch benzene gave 2.35 g. 3f a solid, 

Ticrate, 279-281O C (dec.) (lit., 278-280° C )  .' 
.Inal. calcd. f o r  CmHI4N2: C, 85.08; 8, 4-59; N, 9.93. Found: C,  85.08; 

The chemical shift value fo r  +the aliphatic p o t s n s  w a s  5.03 T (area 

E, 5.34; N,  1G.15. 

ratis: anmatic t o  aliphatic protons, 5.5; theory, 6.0). A comparison of 1.62 T f o r  
the metnine groton ;d salicaldoxime and 6.38 T f o r  *&e methylene protons adjacent t o  
',ne pnenyl group in ~ , N , ~ ' , N I - t e ~ a b ~ ~ e ~ l ~  diamine16 led t o  the assignment o f  
st,ructure X rather than structure Xa. 

dissolved in methanol (25 m l . )  fja deep-red solution),  se re  heated aT ref lux f o r  20 
min. (red color was discnarged) . 
cooled. 
temperature, were collected. 
block a t  C ,  the sample melted w i t h  gas evolution, solidified, and remelted at 
252-256O C. 
the cornpsitian X - 2321 - H20 was assigr?ed. A sample of the above, heated a t  l4O0 C 
under vacum, l o s t  4.34% in weight (theory f o r  IH20: 4.635) and now nelted a t  256- 
2600 C. 
X .2iC1 (1.0 9.) was recrystall ized from isopropyl alconol (25 ml.) and xater (1 ml.). 
The c r ~ ~ a l s  (0.5 g.) now melted a t  263-267O C when placed in  the apparatus at Z O O  C: 
(m.p. &O-2LJ0 C from ambient temperature). Tne iafrared spectrum cow contained ?eaics 
a t  2.9 p and 3.8 p but none at 4.3 p, giving sugport w the composition X. HCl. azo. 

,%B: 

The diald-rde (2.10 .) and pphenylenediarmhe dihydrochloride (1.21 g.), 

The volume vas reduced by one-haLf c d  "&e mixture 
The c r j s t a l s  thus fomed (2.3 g.) , in. p. 252-256O C begbning a t  a b i e n t  

If a sample were introduced in to  *&e rnelz-ing poing 

The infrared spectrum contained peaks a t  2.8 p, 3.8 p, and 4 . 3  p. Thus 

The 2.3 p peak vas now clissbg i n  the infrared spectrum of +he dii-qdrociilcrida. 

Anal. calcd. f o r  CaHI4N2 . i I C l .  &O: N, 8.32; C1, 10.53. Found: N, 6.40; 

Method E. 

c1, 10.40. 

I (2.10 g. ; 0.01 male) and s-phenglenediamine dihydrochloride 
(1.81 g.; 0.01 zole) i n  isopropyl alcohol (50 d.) were refluxed f o r  2 ;hr. 
t ion  d x t u r e  was cooled to  Oo C and f i l tered.  
cold i sq roTj1  alcohol (10 d.) and dried. 
35% e'hanol (30 d.), and water (60 ml.) was added. 
(pii 8) wich aqueous 2C% scdium hydrcxide solution. 
concentratiag to me-kalf cf $he 7rQ131ume, *he free base w a s  collected. 

The reac- 
The resiche (2.34 g.) was rrrashed w i t h  

The @&oci;iLoride sas dissclv2d in boiling 

The azepine b a s e  separated. mer 
The solution was @e glirn7ine 

The -yield was 
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1.9 g. (7%) of buff-colored product melting a t  185-188O C. 'Crystalliz&ion fram 
benzene gave rhomboid-like crystals, m.p. 186-189O C. Recrystallization from 
a-heptane gave mixed crystals,  which on repeated recrystal l izat ion fmmpheptane 
gave solely a needle form, m.p. 189-192O C. 

Anal. calcd. f o r  C20H14N2: C, 85.08; H, 4.99; N, 9.93. Found: C, 85.26; 
H, 5 . 2 8 ;  N, 10.19. 

The needle f o m  of X could be reconverted t o  the rhomboid form by dissolving 
in  methanol, evaporating t o  an o i ly  semisolid, and crystal l iz ing from ethyl acetate. 
A few repeti t ions of t h i s  process gave solely the rhomboid form of X, m.p. 188-191O C. 

E, 5.05; N, 9.55. 

sufficient dissimilarity t o  suggest polymorphism. 
6.2 p and 14.1 w, which were absent in the needle form. 
a t  10.8 
spectra of the crystal  forms Fn carbon bisulfide were identical ,  With  M absorption 
a t  the above wave lengths. 

Anal. calcd. for CaHl&: C, 85.08; H, 4.99; N, 9.93. Found: C, 85-24; 

Comparison of the infrared spectra of the two forms in Nujol mulls showed 
'ke rhomboid form showed bands a t  

The needle form showed bands 
Solution infrared and 11.9 p, which were absent in the rhomboid form. 

5-Cyano-5H-dibenz[c,e]azepine ( X I ) ,  Method A. 
0.03 mole) in acetic acid (30 ml. )  w a s  added t o  a solution of sodium bisu l f i te  (3.1 g.; 
0.03 mole) in water (75 ml.) and evaporated t o  dryness. 
cyanide (1.9 g.; 0.03 mole) in water (30 ml.) was added to  the residue dissolved in 
water (200 EL.), 
azepine (5.0 g.; 82%), m.p. 150-152O C, precipitated. Recrystallization fran ethyl 
zcetate-pheptane gave a m.p. of 154-156O C. 

A solution of 11 (6.3 g.; 

A solution of potassium 

The solut ion w a s  heated at 90° C f o r  1 hr. 5-Cyano-SH-dibenz[c,e]- 

Anal. calcd. for C15H10N2: C, 82.56; H, 4.62; N, 12.83. Found: C, 82.46; 

Method B. 

3, 5 . 2 l ;  N, 12.84. 

slowly poured into water ( 3 1. ) containing ammonium chloride (16 g. ; 0.33 mole) and 
potassium cyanide (6.5 g.; 0.01 mole). 
coaled. 
washed with water, and dried. 

(2.6 g.; 0.012 mole) was refluxed for 2 hr. in 67% sulfur ic  acid (50 m l . ) .  
reaction solution was poured in to  cold water (100 ml.) c o n t a i d q  sodium hydroxide 
(34.6 g.). 
of the product and sodium sulfate ,  which separated were collected and dried. 
[c,e]azepine-5-carboxylic acid w a s  extracted fmm the sol id  in to  hot methanol. 
t ion  of the  methanol gave 2.4 g. (87%) of the acid, m.p. 249-253O C. 
w a s  d i f f i c u l t  to f ree  of sodium sulfate,  an analytical  sample was prepared in the form 
of a water-insoluble copper chelate, X I I I .  A solution of copper &ate pentahydrate 
(0.628 g.; 0.0025 m l e )  in water (25 ml.) was added t o  a solution of the acid (1.1 g.; 
0.005 mole) in water (25 ml.). 
which precipitated was collected,  washed, and dried. 

A solution of  I (21.0 g.; 0.1 mole) in methanol (300 ml.) w a s  

The solution was refluxed for 3U min. and 
The 5 -cyan~5H-d ib~[cYe]azep ine  (20 g.; 9%), m.p. 150-153O C, was collected, 

SH-DibenZ[c,e] azepine-5-carboxylic Acid (XII) . 5-Cyano-SH-dibenz~c,e] a z e p h  
The cooled 

The pH of the  solution was then adjusted t o  6.8, and the solids, consisting 
SH-Dibem- 

Evapora- 
Since the acid 

The lavender-colored complex (1.2 g.), m.p. 2 2 1 - 2 2 2 O  C, 

Anal. calcd. for (C1=,EIloN02)2Cu. 2H20: 

6-Nitroso-6.7-dih~dr-5H-dibena[c.e]azeoine ( X r T l .  

C,  62.98; H, 4.22; Cu, lJ.10; H20, 
6.29. Found: C, 63-10; H, 4.20; CU, 10.77; HS, 6.12. 

Sodium nitrite (2.8 g.; 
0.04 mole) was added to a solution of 6,7-dihydm-jii-dibenz[c,e]azepine hydrochloride 
(2.0 8.; 0.009 mole) in water (150 ml.) and hydrochloric acid (2.0 d.). 
6,7-dihydro-SH-dibenz[c,elazepine (1.8 g.; 93%), m.p. 107-lU.O C (dec.), which crystal- 
lized from solution, w a s  collected and dried. 

6-Nitroso- 
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ha. calcd. fo r  C1+H=P:20: C, 75.00; 3, 5.36; N, 12.50. Found: C, 74.90; 

2-Diacetoq7nethg.1-Z1-acetylFmFnobiphe~1 (T). 

H, 5 . 5 5 ;  N, 12.53. 

acetic anhydride (50 zL.1 for  31i ZLR. 
Vacuum disti-llation, the crude product (3.5 g.), m.p. 132-160O C, m s  washed &Kith e"WL 
acetaze (15  z l . )  . n e  undissolved r a t e r i a l  s a s  2-diacetoxym+&l-Zt -acetTlbbmethyl-  
S i p e n y l  (2.0 g.; SI$), m.2. 1i"7-18:0 c .  
the pure compound, 3.9.  184-186O C. 

3, 5.400; N, 4.26. 

11 (2.3 g.) was refluxed in 
bi;er rem-?- Tile J X Z ~ S S  +cezic anvdrxae SJ 

Eiecrysall ization fmm ethyl acetate gave 

A n a l .  calcd. for  C2,3i19N05: C, 67.97; €I, 5.42; N, 3.98. Fcxmd: C ,  67.81; 

5 ,  j -Ewlenedioqois (  %-dibenz [c , e J azepine) ( xVII)  . C U ~ C  aceta5e mom- 
hydrate (7.5 E.: 0.038 mole) was added to  a solution of I1 (15 $.; 0.G7.2 mle: i~ 
e ~ ~ ~ - l e l l e ' ~ l ~ c ; o l ~ ( l j O  d.) and water (30 id..) and %he m u r e  refluxed fa r  1.5 &. 
Croci3itated cupric pydroxide was removed 'cy r ' i l t r a t i m  and cdlorofom added -a *e 
f i l t r a t e .  
then ~ - 2 -  vater. After segaration, the chlcroform layer mas evagorazed t o  a .rolume 
sf 2CG d., and p-cepzane vas added t o  cause crystal l izat ion of -de c n d e  -poduct 
( z . 7  z.; T S ) ,  2 . p .  227-232O C .  
pure coq~ound, n.p. 24, -2 .~+6O C .  

9, 5.58; N, 6.26. 

nyL,xxi.de 7 2.1 g. ) in sater (80 ml. ) was added to a solution of I (4.6 g. ; 0.022 mnle) 
i n  e+?a;ol  (80 d.). 
solution over a :--. jericd. 
zhuzes  Bere collec-.ed, mshed d t n  ethaoof (-5 t o  Oo C ) ,  and dried. m s  crude 
2,2~-Cis(I-:-;rd--3~-2-'ceozoyle+~l)'cipher~yl iveighed 5 . 5  g. (5551, m.p. 175-165O C .  
F,ecz-s-szallizatisn flum nethano1 gave the pure conipound, m.p. 238.5-239.0° C (dec.). 

The cnloror'orm Ras ivashed w i t 3 1  7% aqueous sodim b i C a r c O M t 2  (joo Id-.) and 

Xecrystallizaticn from chiomfzrm-acetc)ne gave tke 

hal. calcd. fo? C3oEi24N202: C y  80.96; H, 5 . 4 4 ;  N, 6.30. F a d :  C ,  80.79; 

2,2'-ais( 1 - ~ ~ ~ o l O I - Z - b e r ~ o y l e ' ~ l ) 5 i ~ e n y l  (XVIII) . A solution of scdilm 

Acetogaenone ( 5 . 2  0 . ;  O.C& Eole) was added t o  zhn result- 
Cdorress  c q s t a l s  scon f a m e d  and after 013l.y sever& 

h a l .  calcd. f o r  C&I2804: C ,  79.75; 3 ,  5.81. Fousd: C ,  79.74; 9, 5.53. 

The use czf me  molar equivalent of acetopLenone as above gave 355 yield of 
XVIII and 57% yield of diphenide, 3 .p .  1&-130° C ( l i t . ,  132O C).' 
trum xas identical  With ziiat of auaen t i c  diphenide. 

benzoylethyl)bi$tw71 (6.0 g.) was refluxed in acetic annydride (1CO m l . )  f o r  1 br. 
Tne acetic anhydride ipas removed Sy f lash evaporation. 
i n  ezhanol, frm vhich, on concentration, 3.9 g. (70%) of crude 2-d iace tox~me-~l -2~-  
(benzcflvinylene) biphenyl, n. p. 197-204O C ,  w a s  obtained. 
e thyl  acetate gave the pure campound, m.p. 208.5-209.S0 C. 

The infrared spec- 

2-Diacetonmethyl-2' -( benzoylvixxylere) biphn-1 (my. 2,2' -Bis(l-bydroxy-2- 
The residual o i l  w a  dissolvpd 

Bec,qyszWzation 

Anal. calcd. for C2&im05: C, 75.30; H, 5.36; N, 19.34. Fomd: C, 74.92; 
H, 5.46; N, 19.62. 

2, Z1-Bis(hydrolrgmethyl)biphenyl (XI), Zkthod A. Alminum isopmpoxide 
(2.8 g.;-O.OU Eole) ms mixed w i t h  anhydrous isoprc;pyl alcohol (100 ml,) cont&Iing 
I (4.2 g.; 0.02 aole). 
Vigreaux column followed 3y the  major i ty  of the isopropyl alcchol. 
mixture vas poured into X$ hydrochloric acid (100 d.). The precipitated 2,2'-bis- 
(hydroxymethy1)biphengl (4.01 g.), m.p. 92-100° C, w a s  collected, Washed, and dried. 
Recrystallization frcm benzene gave 2.79 g. (65%) of material m e l t -  a t  u)9.4-109.8c C 

Acetone was d i s t i l l e d  from .the reactian through a 12-in. 
The cooled reaction 

(Ut . ,  U2-U3° C). l0  
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Rmey nick& cat&-st (0.5 g.) a t  520 C for 18 hr. after remaval of the cat- by 
f i l t r z t ion ,  '&e ethacol =as fiasn evaporated md xhe residue r e c r p t a l e d  from 
benzene t o  give 12.4 g. (819%) of 2 , 2 ' - b i s ( ~ ~ l g m e * ~ l ) b i p h e n g l ,  ~ p .  109.0-109.80 C, 

d solution of 1 ( 2.1 g. ; 0.01 mole) in acetaue 
(100 IL) containing 'c~mzql aeroldde (0.02 g.) was refluxed for 72 hr. w i t h  con- 
tinuous i r r ad ia t im  frcm a ziercury vapor lamp (Hanovia Chemical and 
Company, Type 16200; f i l t e r  removed) a t  a distance o f  5-6 in. 
aerated a t  the r a t e  of appmximateQ 0.06 S.C.F.U. 
and a 50% yield of 9 , 1 G p n ~ t b r a q ~ ~ ,  m.3. 196-Pb0 C (lit., 206-207O C ) , 1 7  'KBS 
recovered by ivashhg the residue ~ L t h  etkyl etner. 
ether w a s  largely unchanged dialdehyde, identified by an infrared spectrum. 

Method 3. I (i5 g.) in ethaadL (100 Id.) 'Ras hydrogenated (50  P.s.~,) mer 

9 , 1 o - ~ e n a n ~ a @ n c m e .  

'lhe solution was 
'fil2 acetone was flash evaporated, 

The material dissolved in the 

Other scl-ents-&-.-butyl alconol, acetic acid, 'semene, ethyl ether, te t ra-  
hydrofuran, and Q-lae-wsre emp1Gyed similarly, except ';hat -&e reaczion tiine X ~ S  

@ hr. a t  room Temperstme r'oilcwea 'by 3 *m. st reL2ux. 
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