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REACTIONS OF 2, 2'-BIPHENYLDICARBOXALDEHYDE
J. C. Hawthorne, E. L. Mihelic, M. S. Morgan, and M. H. Wilt

Mellon Imstitute
Pittsburgh 13, Pemnsylvania

Although 2,2'-bipnenyldicartoxaldehyde (I) was first reported by Kemmer
and Turnmerl in 1911 and later by other workers,2 it has received only limited study
tecause no simple method nas existed for iis preparation. Recent studies® on the
ozonolysis of phenanthrene have resulted in a relatively simple preparation of toe
dialdehyde from a potentially abundant starting material. The ready availability
of this dialdenyde thus served as a practical stimulus to our investigation of its
chemical tehavior,

2,2'-Bighenyldicarboxaldenyde, I, #as reacted #ith ammonia and primery amines
to give Schiff-iype tases. ¥hen I was heated with ammonium nydroxide, 5-nydroxy-5H-
ditenz{e,z)azepire {II) was formed. The structure of II was assigned from elemental
analysis and its infrared and 0 spectira. Irfrared adsorpticn tands appeared at
.15 u (=N=C-=) ard 3.2-3.3 u (=C-H). “nen I was reacted with Dernzylanmine, zethylamine,
or anilipe, 2,2'-ti(N-tenzylbenzylidenimine) (IIIa), 2,2'-bi(N-methyltenzylidenimine)
(I1Iv), or 2,2'~bi(N-phenylbenzylidenimine) (IIIc) were the respective products.
F. Mayer22 reported IIIc from the -éacticn of N-(g-icdobenzylidene)aniline and "Natur-
zupfer C". Infrared adsorpticn dends for the ~-N=C- linkage in these compounds cecurred
at 6.10 to 6.15 u.
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Tnen II, IIIa, and IIIb were refluxed with aqueous sodium nydrosulfite,
6,7-dihydro-5H-dibenz(c,e]azepine (IVa) end the &-substituted derivatives (IVb and
IVe) were the respective products. Hydrosulfite reduction of 2,2'-biphenyldicarbox-
aldehyde monoxime also gave IVa.

Raney nickel catalyst was sufficiently active for the low-pressure hydrogena-
tion of IIIc to IVA but not II to IVa., However, hydrogenation at algher pressure of
an ethanolic solution of I and methylamine over Raney nickel ylelded IVe., Low-
pressure hydrogenation of I with benzylamine and methylamine over palladium catalyst
gave the respective products, IVb and IVe. Cnly representative azepines were prepared

by the various methods of reduction, and no attempt was made to study exhaustively the )
several different possible combinations. p
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IVa R=H (from II).
b R = Benzyl (from IIIa) g
¢ R = Methyl (from IIIDb)
d R = Phenyl (frem IIIc)

It was found unnecessary <o isolate the Sehiff Yases prior to reducticn by
sodium hydrosulfite, By first refluxing I with the proper amine in methanol followed
by treatment with the aydrosulfite, é-allyl (V), é-(3-dimethylaminopropyl) (VI),
6-(3-diethylaminopropyl) (VII), and é={2-aminoethyl)-6,7-dihydro-5H~-divenz(c,e]azepine
(VIII) were also prepared.

¥ith the exceptiica of the latter three derivatives, these 6,7-dihydro-
azepines nad teen prepared by the reacticn of 9,0'-bis{bramcmethyl)biphenyl with /
ammonia or with primary amines.® A second method involved the reaction of dipnenic
anhydride with ammonia to give diphenamic acid. Diphenamic acid was cyelized to
diphenimide, whick was in turn reduced ty lithium aluminmum hydride to IVa.S

The present zmeinod of synthesizing these azepines is superior %o previous
methods because of *he availatility of ihe initial starting material, cheranthrene.
The ylelds of the azerpires, isclazed as acil salis, ranged from 37 to 92%.

During the present work, a 3ritish patent® was granted to Hoffman-LaRcche
Ccmpany for the reductive aminaticn of %he dialdehyde to azepines. However, the use
of scdium hydrosulfite in reductive aminaticn of an aldehyde appears to be novel,

Rardall and Smith? screened the &-sutsiituted azevines for pharmacclegical
activity and demonstrated their antiepinepnrine progerties. V was the mcst effective
member of the group tested.

When a solution of IIIa in N,N-dimethylformamide was refluxed with copper s
chromite, dehydrocyclization occurred to yield 2,3-diphenyldibenz(f,n]quinoxaline (IX). 4
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Soaratore9 reacted I and g-phenylenediamine in methanol for 48 hcurs and
obtained a glass, m.p. 52-57° C, for which he assigned the probable structure of
l5ﬂ-dluenZOLC e]benzimidazo(l, 2-a]azenlne (X). An uncnaracterized nydrochloride

melted at 260—26>° C.

o
2=Csila(NH2)2 ::[:::::
I N7 N\ or
AN \N
\ |
- — A 7
£ Xa

.In our nands, the product from ihis reactiion was obiained as a crystalline
solid, m.p. 18%-190° £, and was thoughi to exhitit polymorphism. Two different
crystal forms were 1so¢ated wnicn nad different infrared specira as Nujol mulis but
the same spectrum in carbon disulfide and the same empiricel formula. The MMR spectrum
confirmed structure X rather than Xa.

A more convenient synthesis is to react the dialdehyde with g~pnenylene-
diamine dihydrochnloride in isopropyl alconol, wherein the azepine precipitates
presumably as the dihydrochloride monchydrate. The free base can be regenerated oy
treatment with alxali., The melting point of the hydrocnloride is not definitive
vecause it is believed to exist as the dihydrochloride, the monohydrocnloride mono-
hydrate, as well as the dinydrochloride monohydraue. Decomposition occurs during
melt.ns point determinaticn, and the recorded mel irg point may te tnat of a decom-
positicn product.

“ren II was treated witz aqueous sodium bisulfite and then reacted with
potassium cyanide, 5-cyano-5i-dibenz(c,e]azepine (XI) was ovtained. #¥hen the dialde-
nyde was reacted with armonium chloride and potassium cyanide, XTI was isolated in
almost gquantitative yield.

N

= cN

I 1) NaiSOs NH4C1 I
2) KCN KCN
a
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Acid hydrolysis =f XI gave a product, 5H-dibenz{c,e]azepine-5-carboxylic
acid (XII), which could anci be sufficiently separated from inorganics for charac-
terization., The acid complexed with metallic ilons to give colored, water-insoluble
caelates. The copper chelate (XIII) was characterized.
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Nitrosation of IVa resulted in 6-nitroso=-6,7-dihydro-5H~ditenz(c,e]azepine
(7Tn
xzrn.
NO

XIv

On acetylation of II by acetic anhydride, the 5-acetoxyazepine was not
isolated, but rather 2-diacetoxymethyl-2f-acetyliminomethylbiphenyl (XV). The reac-
tion mighu involve the isomeric structure, XVI.

I
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II was reacted with copper ion to give an insoluble complex, the structure
of which could not be determined. However, II was reacted with ethylene glycol and
cupric acetate to form 5,5'~-ethylenedioxybis(5H-dibenz(c,e]azepine) (XVII). Mono-
nydric alconols gave 0ils which were not identified,

OCH2CH20

\ /

m( OA.Q)Z
(HOCHz)z
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Wnen 1 was reacted with two molecular equivalents of acetophencne in the
presence of sodium hydroxide, a 35% yield of 2,2'-bis(l-nydroxy-2-tenzcyletayl)-
oiphenyl (XVIII) was isolatéd, and 2,2'—diphenide (XIX) was identified as a ty-product.
¥ith an equal molecular ratio of reactants, a 35% yield =f XVIII and 2 37% yield of
XIX, resulting frem a competing Cannizzaro reaction, were isolated. ZReaction of {VIII
with acetic anhydride afforded 2-diacetoxymethyli-2'-{venzoylvinylene)zipnenyl (XX).

| =3
CH~CHa~C-Cells CH=CH-C-Cas
CeHsCCCH3 AcxC : ' '
NaCH .
CB-Clia-C~Cafis CE-0CCCHs
R (0134 Q CCOCH,
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2,2'-Bis(nydrexymethyl) tipnenyl (XXI) was cttained from I oy eiiker catalytic
aydrogenation over Raney nickel or reduction by aluminum Isopropoxide. The dicl nas
Deen prepared oy lithium aluminum aydride reduction of Yimeihyl dipnenatal® and dignenic
acidll or oy lithium torchydride reduction of dimetnyl diphenate,?@

Hz/Ni
or AL{CCH(CHa)ala

Ma.yer2a had preparsd 9,l0-phenanthraquincne by a cyanide-catalyzed venzoin-
type condensation of 2,2'-biphenyldicartoxaldenyde. It was found, ncwever, that the
intramolecular condensation was also light-catalyzed, although a geroxide, such as
zenzoyl peroxide, was necessary as an initiator.'? The choice of solvent had a marked
effect upon ihe yield of the quinone (Table I).
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Table I

Yield of Phenanthraquinone Obtained from Irradiation
of 2,2'-Biphenyldicarvoxaldenyde ian Various Solvents

Yield of
Solvent Phenanthraquinone, % Reaction Conditions
4-Butyl Alcohol 5 Irradiation (Mercury Are) for 48
Acetic Acid 15 hours at room temperature; 3 hours
Benzene 5 at reflux. Ope weight per cent
Ethyl Ether o] benzoyl peroxide catalyst. h
Tetrahydrofuran o] : J
Xylene o]
Acetone 32
The yield in acetone was increased from 32% to 50% by reflux for 72 hours.
The remaining material was unreacted dialdehyde. /
':EESI.]‘ menta.ll“ . /
5~Hydroxy=-SH-dibenz{c,elazepine (II). Four grems of I was refluxed with 2

28% ammonium hydroxide (&0 ml.) for 15 min, The mixture was cooled, and the colorless
5-nydroxy-SH-dibenz[c,elazepine (3.7 g.; 97%), m.p. 126.8-128.8° C, was collected. .
I
Anal, calecd. for Ci4H1iNO: C, 80.36; H, 5.20; N, 6.70. Found: C, 80.59;
H: 5-59; N; 700.0- ) /

2,2'-Bi(N-benzylvenzylidenimine} (IIIa). I (2.1 g.; 0.0l mole), dissolved ;
in toluene (30 ml.), was refluxed witn benzylamine (2.20 ml.; 0.02 mole) for 15 min.
The toluene was evaporated under reduced pressure, leaving an oil, Trituration #ith
water afforded the solid 2,2'-bi(N-benzylvenzylidenimine) (3.86 g.; 99%), m.p. J4~- «
97° C. Recrystallization from g-heptane gave crystals #ith a m.p, of 36-97° C.

Anal. caled. for CagHaeNo: C, 86.56; H, 6.23; N, 7.21. Found: €, 36.53;
H, 6.25; N, 7.2L.

2,2'-Bi(N-methylbenzylidenimine) (IIIb). I (4.2 g.; C.02 mole) #as heated 1
at 75-80° C in 15% aqueous monomethylamine (45 ml.) for 1 ar. wita stirring. The !
colorless crystals (4.66 g.; 98%), m.p. 1l44-146° C, were collected. Recrystallization o
from n-peptane gave the pure 2,2'-bi{N-metnylbenzylidenimine), m.p. 151.0-152.2° C.

Anal. calcd. for CiedysNo: €, 81.32; H, 6.82; N, 11.86. Found: ¢, 81.32;
H, 6.34; N, 11.84.

2,2'-Bi(N-ohenylbenzylidenimine) (IIIc). I (2.1 g.; C.0l zole) and aniline '
(2.04 g.; 0.021 mole) were rerluxed in tolueme (.0 ml.) for 2 ar., w#ith water teing J

collected in a Dean-Stark itraps. After evaporation of the toluemne, the residue was
dissolved in boiling np-neptane and the solution cooled. Lighi-yellow erystals (3.22 3.;
89%) of 2,2'-bi(N-phenylbenzylidenimine), m,p. 93.4-97.2° C, were cbtained. Further
recrystallization from g-neptane gave the pure compound, m.p. 97.6-95.C° ¢ (lis.,
98-99° (C) .22

6,7-Dihydro-5H-dibenz(c, 2]azepine {IVa), Metnod A. II (3.C z.; and sodium i
hydrosulfite (9.C g.) were refluxed in water (1CC mi.) for 3C min. <n csoling ke !
solution, colorless crystals separated and were collzctied. Addiiional zaterial #as
separated by adding sodium chioride zo tne filtrate. The ccmbined solids were iissolved
in water (200 zl.) containing concentrated hydrochloric acid (20 ml.), and tne soluticn
was refluxed for 30 min. After concentrating the solution to 50 ml. and cooling,
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6, 7T-dihydro-SH~dibenz{e,e]azepine hydrochloride (3.0 g.; 92%), m.p. 290.2-291.2° C
(1it,, 286-288° C),*° separated.

Method B: I (2.1 g.; 0.0l mole) in methancl (30 ml.) was added to a solu-
tion of nydroxylamine nydrochloride (0.7 g.; 0.10 mole) in water (300 ml.). The
precipitated 2,2'-bighenyldicarboxaldehyde monoxime (2.0 g.; 91%), m.p. 97-99° €,
was collected. !

Anal. calcd. for Ci4HiiNOa: C, 74.65; H, 4.92; N, 6.2L. Found: C, 74.63;
H, 4.96; N, 6.30.

The monoxime (1.0 g.; 0.005 mole) and scdium hydrosulfite (4.0 g.; 0.023
mole) were refluxed in water (30 ml.) for 30 min. The solid which separated cm cooling
was ccllected and refluxed for 30 zin. in 10% hydrochloric acid (50 ml.). The solu-
tion was cooled and .nmeutralized with sodium bicarbomate to precipitate 6, 7-dihydro-
5H~-diberz{c,elazepine (0.7 g.; 31%), m.p. 38-93° C. Since the amine had not been
reported as a solid, it was dissolved in ethyl ether, and the hydrochloride, m.p.
290-291° C, precipitated with hydrcgen chioride, The infrared spectrum was identical
1o that of the product frem Method A.

6-Benzyl-6,7-dinydro-5H-dibenz{c,elazepine (IVb). I (2.1 g.; 0.01 mole)
and verzylamine (1.6 mi.; O.CL> mole) were refiuxed in toluenme (15 ml.) for Ll har.
Water cf reascticn was collected in a Dean-Stark trap. The toluene was removed under
an air tlast, and the remaining 0il, dissolved in methanol, was refluxed for 45 min.
with sodium hydrosulfite (10 g.) in water (50 ml.). -The methanol was distilled from
ihe mixturs and the cooled aqueous phase decanted from the semisolid material. The
latter was refluxed with 2% hydrochloric acid (100 ml.) and the solution filtered.
The ccoled filtrate was made basic (pH 12) with sodium hydroxide. The precipitated
2il was extracted intc ether and the sther dried over potassium hydroxide pellets.
Anhydrous hydrogen chloride was passed into -the ether until the precipitation of
4=tenzyl-6,7-dinydro-3d-disenz{c, e]azepine hydrochloride hemihydrate (2.99 g.; 87%),
a.p. 203-203° ¢ (lit., 205° C),4¢ was ccmplete.

Methicdide, &-Mathyl-6-benzyl=-$,7-dihydro-5H-dibenz{c,e]azepinium iocdide,
m.p. 136~138° C (lit., 188-18%° C).40

H-Metnyl-6, 7=dihydro-5H-dibenz[c,e]azepine (IVe). I (4.2 g.; 0.02 mole) was
neated at 85° C with stirring in J0% monomethylamine (25 ml.) for 30 min, The 2,2'-
ti{N-methylbenzylidenimine) was ccllected and boiled with sodium hydrosuifite (12 g.)
and water (75 ml,) for 30 min., allowing the volume tc te reduced to 20 ml. Woen
cocl, thne agueous pnase was decanted from the semisolid product. After washing and
drying, this material was dissclved in p-heptane, and anhydrous hydrogen chloride
was passed into the solution until precipitation of é-methyl-6,7-dinydro-5H-dibenz-
[c¢,e]azepine hydrochloride (4.0 g.; 81%), m.p. 221=-224° C, was ccmplete.

Methiodide. 6,6—Dimetbyl-6, 7-dihydro->H-ditenz{c,e]azepinium iodide,
n.p. 287-289° C (Lit., 287-288° C).4¢

Hydrogenation. A golution of I (0,0238 mole) and two molecular equivalents
of the appropriate amine in ethanol (35 ml.) with the appropriate catalyst (10% on the
dialdehyde) was subjected to hydrcgenation in a low-pressure (50-60 p.s.i.g.) auto-
clave (Parr Instrument Company) or in a Magne-Dash autoclave (Autoclave Engineers)
at higher pressures. After hydrogenaticn and removal of catalyst and solvenmt, the
residue was refluxed with water (300 ml.) and sufficient aydrochlorie acid to give
pH 2. Any unreacted dialdehyde w#was collected by filtratiom, and the filtrate was
concentrated to allow crystallization of the azepine hydrochloride.
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2t Hydrogen Tempera=- Time, = Yield,

Product Catalyst Pregsure, p.8.i.g. ture, °C hr. % m.p., °C

IVa Raney Ni 850 75 17 " 5L 287290

IVa 5% Pt on Carbon 800 35 24 " 84 284-290

Vb 5% Pd on Carbon 60 30 8 - 91 202-208

IVe 5% Pd on Carbon 60 50. 7 -7 221-227

6~Fh ihydro-JH~dibenz{c,e]azepine (IVd). 2,2'-Bi(N-phenylbenzyliden~

imine) (2.27 g.) in ethanol (50 ml.) was hydrogenated over Raney nickel (0.1 g.) at
room temperature and 50 p.s.i. oressure for 7 hr. Afier removal of catalyst and
evaporation of the etnanol, the semisolid product was crystallized from p-heptane to
give 6-phenyl-6,7-dinydro-5H~-dibenz(c,elazepine (1.3 g.; 76%), m.p. 37-90° C. Upon
recrystallization, the m.p. was 89,5~91.6° C. .

Anal, caled. for CpoHy7N: N, 5.17. Found: N, 5,38.

6=41171-6, 7-dinydro-SH-dibenzic,elazepine (V). - I (4.2 g.; 0.02 mole) and
allylamine (3.1 mi.; 0.041 mole} were refluxed in metnanol for 5 min. A solution of
sodium hydrosulfite (15 g.) in water (75 ml.) was added to the cooled solution and the
mixture refluxed for 30 min. After distilling over the methanol, the suspended oil
was axtracted into ethyl ether from the cocled aquecus phase. - After drying the ether
extract over potassium hydroxide, erude é~allyl-6,7-dihydro-SH-dibenz(c,alazepine
hydrochloride (4.88 g.; 90%), m.p. 190-200° C, was precipitated by hydrcgen chloride.
Recrystallization from methanol-ethyl ether gave a 57% yield, m.p. 214-215° C (11t.,
214~215% C).42

6=( 3-Dimethylaminopropyl) -6, 7-dihydro-5H~-dibenz (¢, e]azepine {VI). Dimethyl-
aminopropylamine {(Union Cerbide Chemicals Company) (4.90 g.; 0.043 mole) was added to
a solution of I (10 g.; 0.048 mole) in methemol (15 ml.). A&fter 5 min,, a soluticn
of scdium nydrosulfite (30 g.) in water (330 ml.) was added ard the solution refluxed
for 1 nr. After removing two-thirds of the solvent by distilleticm, 10% aqueous
sodium hydroxide (75 ml.) was added to the cooled solution to precipitate the azepire
as an oil. The oil was extracted into ethyl ether. The ether phase was washed well
with water, separated, and eveporated from the amine. The azepine was dissolved in
isopropyl alconcl and reacted with exceas hydrogen chloride. Crystalline 6-(3-di-
methylaminopropyl)~6,7-dinydro->E~ditenz{c,e]azepine dihydrochloride monohydrate, m.p.
227-230° C (dec.), seperated from the sclution. The yield was 10.9 g. (62%). This
material was recrystallized from isopropyl alcohol to a m.p. of 231.2-232.3° C (dec.),

Anal, caled., for Ciefaglls - 23CL +H20: C, 61.45; H, 7.60; C1, 19.10; N, 7.55.
Found: C, 61.29; 3, 7.3L1; C1, 12,64; N, 7.35.

&=(3=-Diatnrismincorscyl) -5, 7-dinydrc-SH-dibenz{c,elazepine (VII). The
6= 3~dietn 12mincoToTyL) derivative was gsTenarad similariy to the previous compound.
The dihydrechloride was oo d cuescent {or 2asy aandling, so the dipnosphate was
prepared oy dissolwring <oz amine in zetheznci (40 mi.) and 85% phosphoric acid (8.5 g.).
After crystallization was compliate, 17..4 Z. {7C% yield) of 6~(3~diethylaminopropyl)-
6, 7=dinydro-5t-divenzic,e]azepina dizncsprate monchydrate, m.p. 220-223° C (dec.)
(lit., 226-222° C),3 was obtained., After recrystaliization from ethanol-water, the
pure compound melied at 221.5-223.35° ¢ (éec.).

Anaj. caled. for CpiHoglNs « ZHaPC4 » 520 G, 48.27; H, 6.94; N, 5.36. Foundr
C, 48.82; H, 6.72; N, 5.19. .

19 -6, 7-dihydro=-55-dibenz
(2.0 ml.; 0.02 mole) was added to a soluticn of I (4.2 Z.; 0.02 mole) in methenol at
room temperature. After 5 min., sodium aydrosulfize (10 z.) in water (50 ml.) waa
added and the mixture refluxed fzor 1 hr., Af%er cocling, “he aquecus phase was de—
canted and the residue refluxed with 5% aqueous sodium aydroxide (2C ml.) and toluene
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(20 ml.) for a few minutes, dissolving the product in the toluene layer. The organic
phase was separated, washed with water, and dried over potassium hydroxide pellets.
The crude 6~(2-eminocethyl)-6,7-dihydro-5H-divenz{c,e]azepine dihydrochloride (4.6 g.;
74%), m.p. 225-260° C, was precipitated by hydrogen chloride. Recrystallization from
methanol gave the pure compound (3.9 g.; 63%), m.p. 268=-270° C.

Anal. caled. for Cygff1aNa » ZC1l: C, 61.73; H, 6.47; N, 9.00. Found: C,
61.42; H, 6.29; N, 9.38.

J-Dmbeg,ildlbenz[x hlguinoxaline (IX). I (5.0 g.) and benzylamine (5.1 g.)
were refluxed in tolusne (20 ml,) for 30 min. The water of reaction was collected in
a Dean-Stark trap, After evaporation of the tcluene, the residual oil, in N,N-di-
zmethylformamide (35 ml.), was refluxed with pcwdered copper chromite (C.5 g.) for
2 ar, After removal of cataliyst and =oJ.v=nt, the oily residue was :rltara‘ted with
methancl (15 ml.). The insoludle gportien (1.5 g.), m.p. 260-265° C, was crystalliized
from benzens to give crystals (1.4 g.; 15%), m.p. 272-275° ¢ (1it., 2720 C).15

15Hd-Dibenzolc, e]benzimidazo(l, 2-ajazepine (X), Method A. A solution of I
(2.10 g.) and g-pnenylenediamine (1.C8 g.) in methanol (40 ml.) remeined at ambient
temperature for 48 ar. 4After removal of the solvent by vacuum evaporaticn, a benzene
(25 ml.) solutizn of tbe residual oil was absorbed on e column (2 X 16 cm.) of neutral
alumina (Bio Rad AG7, 1CC-2C0 zesk). Zlution with benzene gave 2.35 g. of a solid,
m.p. 135-150° C. anrys‘ca._z.lzatlon from tenzene gave the produc‘c (1.37 g.; 50%), m.p.
189-190° C. Picrate, 279-261° C (dec.) (Lit., 278-280° C).° ,

. Apal, caled. for CpoHigN2: C, 85.08; H, 4.99; N, 9.93., Found: C, 85.08;
H, 5.34; N, 10.15.

NMA: The chemical shift value for the aliphatic protons was 5.03 7 (a.rea
ratio: aromatic to aliphatic protons, 5.5; theory, 6.0). A compariscn of 1.82 t for
the methine proton in salicaldoxime and 6. 38 7 for the methylene protons adjacent to
the phenyl group in N,N,N' N'-tetrabenzylmethylene diaminel6 led to the assigmment of
structure X rather than structure Xa.

The disldenyde (2.10 g.) and g-phenylenediamine dinydrochloride (1.51 g.),
dissolved in methanol (25 ml.) (a deep-red solution), were haated at reflux for 20
min., (red color was discharged). The volume 7as rﬂduced by one-nalf and the mixture
cooled. The crystals thus formed (2.36 g.), m.p. 252-256° C begicning at zmbient
temperature, were collected. If 2 sample were J.n‘croduced into the melting poing
block at 240° C, the sample melted with gas evolution, solidified, and remelted at
252-256° C. The infrared spectrum contained peaks at 2.8 u, 3.8 u, and 4.3 u. Thus
the composition X » ZHC1l » Ho0 was assigned. A sample of the above, neated at 140° C
under vacuum, lost 4.34% in weight (theory for 1Hz0: 4.83%) and now melted at 256~
260° C. The 2.3 u peak was now missing in the infrared spectrum of the dinydrochloride.
X« ZHCL (1.0 g.) was recrystallized from isopropyl alcohol (25 ml,) and water (1 ml.).
The crystals (0.5 g.) now melted at 263-267° ( when placed in the apparatus at 240° C
(m.p. 240-245° C from ambient temperature). The infrared spectrum row contained peaks
at 2.3 g and 3.8 p but none at 4.3 u, giving support to the composition X . HCL . H20.

Anal, calcd. for CzoHiaNz - HC1 - HzO0: N, 8.32; C1, 10.53. Found: N, 8.40;
Cl, 10.40.

Methed B. I (2.10 g.; 0.0l mole) and o-phénylenediamine dihydrochloride
(1.81 g.; C.0L mole) in isopropyl alcohol (50 ml.) were refluxed for 2 hr. The reac—
tion mixture was cooled to 0° C and filtered. The residue (2.34 g.) was washed with
cold isopropyl alcohol (1C ml.) and dried. The aydrocnloride was dissclved in boiling
95% ethanocl (20 ml.), and water (60 ml.) was added. Tke solution was made alkaline
(pH 8) with aqueous 2C% scdium aydrexide solution. The azepine base separated. After
concentrating to cne-half cof the volume, the free base was collected. The yield wes
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1.99 g. (70%) of buff-colored product melting at 185-188° C. Crystallization from
benzene gave rhomboid-like crystals, m.p. 186-1899 C. Recrystallization from
O-heptane gave mixed crystals, which on repeated recrystallization from g-heptsne
gave solely a needle form, m.p. 189-192° C. /

Anal. caled. for CaoHisNa: C, 85.08; H, 4.99; N, 9.93. Found: C, 85.26;
H, 5.28; N, 10.19. 1

The needle form of X could be reconverted to the rhomboid form by dissclving /’
in methanol,- evaporating to an oily semisolid, and crystallizing fram ethyl acetate. i
A few repetitions of this process gave solely the rhomboid form of X, m.p. 188-191° C,

Anal, caled, for CooHigNa: C, 85.08; H, 4.99; N, 9.93. Found: C, 85.24; ;

H, 5.05; N, 9.85. /1
/

/

Comparison of the infrared spectra of the two forms in Nujol mulls showed i
sufficient dissimilarity to suggest polymorphism. The rhomboid form showed bands at
6,2 p and 14.1 p, which were absent in the needle form. The needle form showed bands
at 10.8 p and 11.9 u, which were absent in the rhomboid form. Solution infrared
spectra of the crystal forms in carbon bisulfide were idemtical, with no absorption
at the above wave lengths.

5-Cyano~SH-dibenz[c,elazepine (XI), Method A. A solution of II (6.3 g.;
0.03 mole) in acetic acid (30 ml.) was added to a solution of sodium bisulfite (3.1 g.;

0.03 mole) in water (75 ml.) and evaporated to drymess. A solution of potassium 4
cyanide (1.9 g.; 0.03 mole) in water (30 ml.) was added to the residue dissolved in
water (200 ml.), The solution was heated at 90° C for 1 hr., 5-Cyano-5H-dibenz(c,e]- P
azepine (5.0 g.; 82%), m.p. 150-152° C, precipitated. Recrystallization from ethyl
acetate-p-heptane gave & m.p. of 154~156° C. y

Anal, caled. for CsHygNa: C, 82.56; H, 4.62; N, 12,83, Found: C, 82.46;
H, 5.21; N, 12.84. ’

Method B. A solution of I (21.0 g.; 0.1 mole) in methanol (300 ml.) was
slowly poured into water (3 1.) containing ammonium chloride (16 g.; 0.33 mole) and J
potassium cyanide (6.5 g.; 0.01 mole)., The solution was refluxed for 30 min. and ]
cooled. The 5-cyano-5H-divenz(c,e]azepine (20 g.; 99%), m.p. 150-153° C, was collected, |
washed with water, and dried.

5H-Divenz[c¢,e]azepine-5-carboxylic Acid (XII). 5-Cyano-5H-dibenz{c,e]azepine ‘
(2.6 g.; 0.012 mole) was refluxed for 2 hr. in 67% sulfuric acid (50 ml.). The cooled /
reaction solution was poured into cold water (100 ml.) contaiming sodium hydroxide
(34.6 g.). The pH of the solution was then adjusted to 6.8, and the solids, consisting
of the product and sodium sulfate, which separated were collected and dried. 5H-Dibenz
[c,e]lazepine-5-carboxylic acid was extracted from the solid into hot methanocl. Evapora~
tion of the methanol gave 2.4 g. (87%) of the acid, m.p. 249-253° C. Since the acid
was difficult to free of sodium sulfate, an analytical sample was prepared in the form
of a water-insoluble copper chelate, XIII. A solution of copper sulfate pentahydrate
(0.628 g.; 0.0025 mole) in water (25 ml.) was added to a solution of the acid (1.1 g.;
0.005 mole) in water (25 ml.). The lavender-colored complex (1.2 g.), m.p. 221-222° C,
which precipitated was collected, washed, and dried. ’

Anal, caled., for (C,sH;oNOa)aCu . 2H20: C, 62.98; H, 4.22; Cu, 11.10; H20,
6,29, Found: C, 63.10; H, 4.20; Cu, 10.77; Ha0, 6.12.

6=Nitroso-6, 7~dihydro-5H-dibenz(c,e]azepine (XIV). Sodium nitrite (2.8 g.;
0.04 mole) was added to a solution of 6,7-dihydro-5H-dibenz(c,e]azepine hydrochloride
(2.0 g.; 0.009 mole) in water (150 ml.) and hydrochloric acid (2.0 ml.). 6é=Nitroso-
6, 7-dihydro-SH-dibenz(c,elazepine (1.8 g.; 93%), m.p. 107-112° C (dec.), which crystal-
lized from solution, was collected and dried.
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Anal. calcd. for Cy¢HjoN20: C, 75.00; H, 5.36; N, 12.50. Found: &, 74.90;

H, 5.55; N, 12.53.

2-Diacetc y1-2! -acetyliminotivheryl (¥7). 1II (2.3 g.) was refluxed in
acetic anhydride (30 ml.) for 30 min. AfTer remcvirg toe sxcess acetic anaydride oy
vacuum distillation, the crude product (3.5 g.), m.p. 132-160° C, was washed with ethyl
acetate (15 =l.). The undissolved material was 2-diacetoxymethyl-2'-scetylimincmethyl-
bigeenyl (2.0 g.; 51%), m.p. 177-181° C. Recrystallization from ethyl acetate gave
the pure compcund, m.p. 184~18€° C.

Anal. caled. for CaoHi1sNOs: C, 67.97; H, 5.42; N, 3.98. Found: C, 67.81;
H, 5.40; N, 4.26.

5,5'~Ethylenedioxyois( SH-divenz{c,2a]azepine) (XVII). Cupric acetate monmo-
hydrate (7.5 g.; 0.038 mole) was added to a solution of II (15 g.; 0.072 mole} in

" ethylere glycol (150 ml.) and water (23C ml.) and the mixture refluxed for 1.5 ar.

Precipitated cupric nydroxide was removed ty filtration and chloroform added <o the
£iltrate. The cnloroform was washed with 7% aquecus sodium bicartonate (300 mi.) and
then wiih water. Ar.*er separation, the chlcroform layer was evacorat.ed to a volume
of 2C0 xzl., and p-neptane was addea to cause crystallizaticn of the crude product
(1.7 z.; /-,:) m,p. 227~232° C. Recrystallizatica from chiorofcrm~aceione gave tae
pu.r° compound, M.p. 244-246° C.

Aral. caled. for CapgHoeN20z: C, 80.96; H, 5.44; N, 6.30, Found: C, 80.79;
H, 5.58; N, 5.26,

2,2'-Bis{l-nydroxy~2-venzoyletkbyl)bivhenyl (XVIII). A soluticn of scdium
aydroxide (2 1 g.) in water (80 ml.) was added 0 a solution of I (4.6 g.; 0.022 mole)
in ethanol (30 =ml.). Acetophencme (5.2 g.; 0.C44 mole) was added to the resulting
solution over a l-min. pericd. Coloriess crystals scon formed and after only several
minutes were collectaed, washed with ethanol (-5 to 0° C), and dried. This crude
2, 2'-c’s("-wd:oxy-z-cenzovletbyl)olunezvl weighed 3.5 g. (55%), m.p. 175-185° C,
Rec lization from methanol gave the pure compound, m.p. 238.5-239.0° C (dec.).

Anal, caled. for CaeHzs04: C, 79.75; H, 5.8l. Found: .C, 79.74; H, 5.69.

The use of ome molar equivalenmt of acetopnencme as apove gave 35% yield of
XVIII and 57% yield of diphenide, m.p. 1241309 C (Lit., 132° C).' The infrared spec-
trum was identical with that of authentic diphenide.

2=Diacetoxymethyl-2'-{benzoylvi ipk 1 (XX). 2,2'-Bis(l-hydroxy~2-
benzoyletnyl)biphenyl (6.0 g.) was refluxed in acet:.c annydride (lCO ml.) for 1 ar.
The -acetic anhydride was removed by flash evaporaticn., The residual oil was dissolved
in ethanol; from which, on comcentration, 3.9 g. (70%) of crude 2-diacetoxymethyl-2'-
(venzoylvinylene)tiphenyl, m.p., 197-204° C, was obtained. Recrystallization from
ethyl acetate gave the pure cocmpound, m.p. 208.5-209.5° C. -

Anal. calcd. for CpgHazOs: C, 75.30; H, 5.36; N, 19.34. Found: C, 74.92;
H, 5.46; N, 19.62. ,

2,2'-Bis(hydroxymethyl)biphenyl (XXI), Method 4. Aluminum isopropoxide
(2.8 g. ,‘0 014 mole) was mixed with anhydrous isoprcpyl alecohol (100 ml.) containing
I(4.2g.; 0.02 mole). Acetone was distilled from the reacticn throuygh a 12-in.
Vigreaux columm followed by the majority of the isopropyl alechol. The cooled reaction
mixture was poured into 2C% hydrochloric acid (100 ml.). The precipitated 2,2'-bisg=~
(hydroxymethyl)biphenyl (4.0l g.), m.p. 92-100° C, was collected, washed, and dried.
Recrystallization from benzene gave 2.79 g. (65%) of material melting at 109.4~1C9.8° C
(1it., 112-113° C).10
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Method B. I (15 g.) in ethanol (1CO ml.) was hydrogenated {50 p.s.l.) over
Raney nickel catalyst (0.5 g.) at 52° C for 18 nr. After removal of the catalyst by
filtration, the ethanol was flash evaporated and the residue recrysteliized from
benzene to give 12.4 g. (8l#) of 2,2'-bis{hydroxymetnyl)biphenyl, m.p. 109.0-109.8° C,

: 9,10-Phenanthraquinone. A solution of I (2.1 g.; 0.0L mole) in acetane
(100 ml.) Containing renzoyl peroxide (0.02 g.) was refluxed for 72 hr. with con-—
tinucus irradiation from a mercury vapor lamp (Hanovia Chemical and Masmuifacturing
Company, Type 16200; filter removed) at a distance of 5-6 in. The solution was
aerated at ‘the rate of approximately 0.0¢6 S.C.F.M. The acetone was {lash evaporated,
and a 50% yield of 9,lC~pnenanthraquinone, m.p. 196-206° C (lit., 206-207° ¢),*7 was
recovered ty washing the residue with ethyl ether. The material dissolved in the
ether was largely unchanged dialdehyde, identified by an infrared spectrum.

Other sclvents~3i~tutyl alconol, acetic acid, tenzene, ethyl ether, tetra=-
hydrofuran, and xylene-—wsre emplcyed similarly, except ithat the reaction time was
48 hr. at room temperature follicwed by 3 br. at reflux.
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