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I?$'-Dinzethoxybenzene. The 2,2'-diniethoxyazobenzene1* 
(2.6 g.) in ether (50 ml.) and benzene (20 ml.) was treated 
a t  0" with lithium aluminum hydride (0.6 g.) in ether (20 
ml.). The color of the solution changed from red through 
yellow t o  apple green. After stirring at room temperature 
for 30 min., aqueous ammonium chloride was added a t  0". 
The organic layer was separated, washed with water, dried 
and the solvent removed. The residue was chromatographed 
on alumina from benzene giving a yellow fore-band, which 
afforded yellow crystals (0.32 g.) of the azo compound, 
m.p. 152-153°,20 and a main hand of unchanged azosy 
compound. 

2,d'-Diiodoazobenzene. The 2,2 '-diiodoazosybenzene'jb was 
similarly reduced to  the azo derivative, orange needles, 
m.p. 194OZ1 
2,~,fi,2',Q',fi'-Hexabromoazohenzene. This was obtained by 

a Rallach rearrangement of hexabromoazoybenzenezl as 
dark purple crystals, m.p. 213°.22 

Absorptzon speclra The Lpectra \$ rrc dritc>rmincd in '11)- 

solute ethanol as solvent with 'tn Uniram S P. 5000 sp~ct ro-  
photometer, using 1-em. quartz cells n ith thc conrrntra- 
tion of compound chosen to  give optical densities beti5cen 
0.4 and 0.8 
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The ultraviolet absorption of a number of substituted bcnzsnils has been measured in anh) drous methanol. Somc previous 
measurements are incorrect, because of the ready hydrolysis of the compounds in aqueous solvents. The electronic and steric 
effects of various substituents are discussed and compared with previous data  on substituted azobenzenes. 

Although the ultrariolet spectrum of benzanil 
itself has been reported a number of t'imes3 the oiily 
detailed study of substituted benzaiiils is that  of 
Pmets aiid Delvaux4 who measured the spectra of 
some twent'y benzanils in neut,ral, acid, and alkaline 
solution. However, their data showed 110 systematic 
relationships of wavelength and iiit'ensity. Thus, 
N-4-methoxy- and a-4-m~thoxybenzanil~ were re- 
ported to have A,,, 276 ( E  19,500) and 230 mp ( E  

26,000), respectively, aiid N-3-nitro- and a-3- 
nit,robeiizanil to have A,,,, 264 ( 5  39,200) and 277 
m p  ( t  17,000), respectively (all in neutral solution). 
In  previous studies of the structurally related azo- 
henzenes,l ph~nylnitroiies,~" and azosybenzenesfib 

(1) Part  111, J .  Org. Chem., 26, 3293 (1961). 
(2)(a) University of l'uerto xt LIayagu~x, P. It. ( b )  

Brunel College of Tcchnologj-, London, W.3, England. 
(3)(a) P.  Ramnnt-Luras and J. Hoch, Bull. soc., chini. 

France, 3,  918 (1836); ( b )  L. N .  P'crgnson and G. E. I<. 
Branch, J .  Anz,  Chem. Soc., 66,  1407 (1944);  ( c )  P. Gram- 
mctticnkis, Brcl l .  soc. chini. France, !)G (1951); ( d )  F. Bohl- 
rnarin, U e r . ,  84, 860 (1951); and csrlier rcfercnccs cited 
t hcwin . 

( 4 )  G .  Siiicts and A.  Delvaus, Bul l .  SOC. chitii. R e l y c s ,  56, 
106 194i).  

( 5 )  lY-dcnoted substitlltion in thcl ring attarhed t o  the 
nitrogen atom and 01- in the other ring. 

( 6 ) '  ( a )  0. H. Kheeler and P. H. Gorp, J .  Am. Chetn. Soc., 
7 8 ,  3363 (1856); (b )  P. H. Gore and 0. H. Wheeler, J .  
.I t n .  Cheni. Soc., 78, 2160 (1956). 

differences in the spectra were observed to be 
systematic. Because of the apparent anomaly of the 
benzanils it \\as decided to prepare a new series of 
these compounds and to investigate their spectra. 

Preliminary measurements gave variable mlucs 
of both wavelength intensities with different ham- 

ples of 95% ethanol, and the spectra changed fur- 
ther on standing. In  100% methanol, however, the 
spectra were completely rcproducihle a i d  did not 
vary with time (Table I).7 The reason for thcl ixri- 
able results previouily found using $It>% et hanol ( ~ 1  

not be due to a photochemical rcactioii,8J. as irradia- 
tion had little effcct on the spectra of t)enz:uiil i n  
methaiiol (Ta1)le I) .  However, in the prcscncac of 
water (95% methanol) a slow. presumably hydroly- 
t ic  change took place, and this was very grwtly 
accelerated by traces of mineral acid (Tablt: I ) .Xb 
The final spectru~n \\as that  evpcctcd for a mixturr. 
of the hydrolysis products of hcnzanil ; ben~alde- 
hyde A,,, 242 ( E  14,000), 248 nip ( E  12,500)g aiid 
aiiiline A,,,,, 230 nip ( e  S,OOO).1" The data of Smcts 

( 7 )  Our own vnl~ies agree Imt with the determiii:itioii of 

(8) ( a )  C:f.  11. J. ICnmlct wild 1,. A .  Kaplm, J .  O r g .  ( ' / ion . ,  

(9 )  E. A.  13raude and F. Sondheimer, J .  Chetn. Soc., 

(10) E. A.  Bmude, / Inn .  R e p .  C h o ? ~ .  SOC. (London), 42, 

13ohlrnniin, ref. :<(I. 

22, 5 i 0  (1957); ( I ) )  11. J. Iianilet, pcmoiial rotnniiifric.ntioii. 

8754 (1955). 

105 (1945). 
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T.4BLE I 
SPECTRA OF BEKZANIL IN VARIOUS S O I , ~ E N T S ~  

Initially 260 (16,000), 305 (8,600)* 
After 20 hr. 260 (16,000), 305 (8,550)' 
After 48 hr. 260 (16,000), 305 (8,550)' 
After 9 days 260 (15,500), 305 (8,000)* 
Sunlight 1 hr.c 260 (15,500), 305 (8,800)' 
U.V. 1:mp 10 min.d 260 (15,450), 305 (8,800)' 

9570 hlethanol 
260 (15,500), a t  300 (9,050) 
260 (15,500), a t  300 (9,000) 
At 260 (12,100), a t  300 (6,550) 
inax. 252 (13,600) 
At 260 (5,300), a t  300 (1,400) 
max. 242 (17,700) 
1.5 x 10-311 HC195% Methanol 

After 5 min. At 260 (3,100), max. 247 (9,200) 
After 10 min. At 260 (2,700), max. 245 (10,400) 
After 30 min. At 260 (2,600), max. 215 (14,000) 
After 1 hr. At 260 (2,600), max. 245 (14,000) 

a \Vave lengths ( A )  in mp; molar extinction coefficients 
( e )  in parenthesis. * Inflection. Irradiation in Pyrex vessel 
ni th  direct sunlight. Irradiation in Pyrex vessel with a 
long wave-length ultraviolet lamp. 

Initially 
After 2 hr .  
After 24 hr. 

Aftcr 8 days 

and Delvaux, determined in aqueous media and in 
the presencle of acid, must therefore be,considered 
unreliable. 

The spectra of the substituted beiizanils were 
accordingly determined in anhydrous methanol 
(Table 11). The rompounds showed two distinct 
regions of absorption [designated Ez-(electronic) 
and I<-(conjugation) bands; see beloir] as wcll as 
high end-ahqorptioii bclow 220 nip, which could be 
resolved as a maximum a t  220-230 nip (El-band) in 
a few cases. The lmid a t  ca. 260-290 mp was gener- 
ally more inten*e than that a t  ca. 310 mp and this 
later hand was encountered as a shoulder or in- 
flection in many caws. Both these hands vary in 
wave length and intensity on substitution. The 
absorption in the region of 220 mp is considered by 
analogyfit8 to arise from electronic transitions in the 
benzene ring, and is related to the E-hand of ben- 
zene (ca. 203 mp, E 63,300l1) displaced by suhstitu- 
tion to higher wavelengths. 

The higher intensity ( E  16,000-20,000) band in 
the region 2630-290 mp can he attributed to an Ez- 
hand, arising from electronic transitions in part of 
the molecule, involving one benzene ring and the 
central (--CH=S-) linkage.12 N-hlethylbenzali- 
mine (CsI-15 C H  = N CH3, A,,, 247 mp, E 17,2003") 
aid AT-ethylhenzalimine (CsH5CH =- S C2H5; 
A,,, 245 mp, E 15,9003b), lacking the substituent 
effect of one phenyl ring have maxima a t  slightly 
shorter wave lengths, but of the same intensity as 
the &-band in benzanil, and do not exhibit maxima 
a t  higher wave lengths. Similarly AY-phenyldiethyl- 

(11) IC. Bowden and E. A. Braude. J .  Chem. SOC.. 1068 , -  
(1952). 

ref. Gh. 
(12) A similar En-band is found in some azoxybenzenes, 

TABLE I1 

E.a.0 2G0 (16,000) 305 (8,600)' 

a-p-Hydroxy 226 (16,800) 295 (17,500) 314 (18,800) 
0-p-Xlethosy 223 (17,400) 286 (18,000) 312 (17,500) 
S-p-Nitro E.a. 264 (17,500) 335 (16,400) 
.\'-p-Hydroxy E.a .  263 (18,600) 332 (18,900) 
A'-p-Chloro 222 (13,400)c 262 (16,100) 312 (9,400) 
.V-p-Bromo E.a. 263 (17,450) 312 (10,700) 
n'-p-Iodo 227(14,500)c 262(20,200) 316(11,600) 
.T-ni-Kitro EA. 262 (15,900) 315(6,!)00)c 
S-7%-Chloro E.a. 260 (17,200) 312 (7,400) 
S-o-Kitro E.a. 264 (15,700) 323 (8,900) 
.\'+Hydroxy E a .  263 (14,500) 345 (8,300) 
IT-o-Chloro E.n. 260 (18,200) 312 (6,600)c 
.\'+Bromo E.a. 260(17,100) 315(5,050)c 
S-0-Iodo E a .  253 (18,100) 315 (4,300)' 
p,p'-Dinitro 227 (18,100) 279 (15,100) 340 (10,200) 
p,p'-Dihydroxy 221 (15,800) 282 (15,300) 330 (17,500) 
p,p'-1)ichloro E.a. 268 (18,600) 316 (12,100) 
p,p'-Ilibromo E.a. 272 (22,800) 320 (14,200) 
p,p'-Iliiodo 228 (16,000) 283 (19,900) 322 (16,100) 

a Spectra determined in anhydrous methanol. Kave- 
lengths ( A )  in nip; molar ahsorption intensities (e )  in paren- 
thesis. * E.a. denotes end absorption below 220 mp. In- 
flection or shoulder. 

a-p-Nitro E.a .  200 (13,500) 335 (10,400)C 

ketimine (CsH5 N=C (CsH5)Z; A,,, 250, E 12,000; 
300 mp E 2,000'3) has a high intensity maximum 
very similar to that in benzanil. An Ez-band mas 
not found, however, in the spectra of azobenzenes. 
The second high intensity band a t  longer wave 
length (ca. 310 mp) is considered to be due to an 
electronic transition throughout the whole molecule 
involving both aromatic rings and the central 
-CH=X-- linkage, and is accordingly a conjuga- 
tion (I<-band). A band of very similar wave length 
and intensity was also found in azobenzenes,' 
azoxyhenzenesfib and pheiiylnitrones.6a 

The effect of suhstituents on the position and 
inteiisity of the Ez- and K-hands will be considered 
in turn. Substituents in a para position in the AT-ring 
produced only small wavelength shifts of the E,- 
band (SOz + 4, HO + 3, CI + 2, Br + 3, and I + 2 
mp). However, para-substituents in the a-ring 
produced much larger displacement of this band 
(SO2 + 30, HO + 35, M e 0  + 26 mp). This would 
be expected on the basis of the assignment, as the 
formation of electroiiically excited polar forms in-. 
volving half the molecule will be aided by the un- 
shared pair of electrons on the nitrogen atom, which, 
in the case of the &-substituted compounds, will be 
a t  the end of the conjugate system. The sequence 
CH30 < KO2 < HO of displacements for the p-a- 
derivatives is the one expected from the relative 
magnitudes of their mesomeric effects.I4 The Latho- 
chromic spectral shifts for N-m- and N-o-compounds 

(13) 1'. de Gaouck and R. J. W. Le Fbvre, J .  Chem. SOC.. 
1X57 (1939). 

(14) C. K. Ingold, Structure and Afechanism in Organic 
Chemistry, Cornell University Press, Ithaca, N. Y., Chapt. 
11. 



like those for the S-p-compounds were too small to 
demonstrate the influence of substituents. An ex- 
ception occurred with N-o-iodobenzanil, which 
showed a negative displacement (hypsochromir 
shift) of -7 mp with respect to benzanil itself, or 
-9 mp n i th  respect to the corresponding para 
isomer. This displacement is most probably due to 
the large steric size of the iodine atom which results 
in a distortion of the molecule from the planar con- 
figuration necessary for full resonance interaction 
with the central grouping. The effect of two para 
substituents (SOz 19, HO 22 ,  C1 8, Br 12, I 2 3  mK) 
was greater than that of a single substituent in the 
S-p-position but the shifts for the p,p'-dinitro and 
p,p'-dihydroxy compounds 11 ere still less than those 
for the a-mono substituted derivatives (+30 and 
+35 mp, respectively). The order of the displace- 
ments of the dihalogen compounds of CI < Br < I 
is the order commonly encountered in the spectra of 
aromatic compounds,lj and has been noted in azo- 
benzenes' and azoxybenzenes,6b being probably due 
to the order of mesomeric release of electronic 
charge.I5 

The E(-band of the benzanils shoived very con- 
siderable differences in both wave length and in- 
tensity on substitution. In the case of the a-p-com- 
pounds the shifts in wave length mere small for a 
hydroxy (+9 mp) or methoxy (+7 mp) substituent, 
but were quite large for a nitro group (+30 mp), re- 
flecting the increased conjugation possible with this 
group. The N-p-hydroxy and Y-p-nitrobenzanils 
also showed large displacements (of +27 and $30 
mp, respectively) and the halogen atoms exhibited 
increases in both wavelength (Cl, Br + 7 ,  I + 11 
mp) and intensity n i th  the same general order 
(C1 - Br < I) as observed in the Ea-hand. The 
differences in the .V-ortho compounds, however, 
were less regular. The N-o-nitro derivative has a 
displacement (of + 18 mp) which iq consistent with 
the smaller mesomeric effect of the nitro groups in 
an ortho position. However the large displacement 
(+40 mp) of the o-hydroxy compound is most 
probably due to hydrogen-bonding of the hydrogen 
atom of the hydroxyl group with the unshared 
electron-pair of the nitrogen atom, and hydrogen- 
bonding has also been detected in the near infrared 
spectra, of the a-o-hydroxy derivative.16 The N-o- 
halogen compounds showed displacements in wave- 
length from chloro to bromo (C1 + 7, Br + 10 mp), 
but no further displacement for the iodo analogue 
and the intensity of absorption decreases in the 
order C1> Br > I, the reverse of the behavior of the 
par a isomers. These differences are consistent with 
the increasing steric effect of these halogen atoms 
(cf. the Ez-band of N-o-iodobenzanil, and quantita- 
tive discussion below). The wave-length displace- 
ments of the p,p'-disubstituted benzanils followed 

(15) W. H. Schubert, J. RI. Craven, and H. Steadly, 

(16) H. Hayer, Z.  Electrochemie, 47,451 (1941). 
J. Am. Chem. SOC., 81,2695 (1959). 

the same order as that of the corresponding IV-p- 
mono substituted compounds ( S O ,  + 35,  HO + 23 ,  
C1 + 11, Br + 15, I + 17 mp) and their valucs 
were only slightly greater showing that a second 
substituent does not lead to any further large in- 
crease in conjugation in the molecule. A similar ef- 
fect was noted in azobenzenes and azoxybenzenes,6b 
although in these cases a second substituent has a 
proportionally larger effect. 

The angle of deformation (0) from coplanarity 
produced by an ortho-substituent can be calculated 
from the relation cos2e = E O / E P , ~  where EO and tp 
are the intensities of absorption of the ortho and 
para isomers, respectively; the assumption being 
made that the intensity of the ortho isomer in the 
absence of steric effects could be the same as that 
of the para isomer. The angles so calculated for the 
N-o-halogenobenzanils were 33' for chloro, 46' for 
bromo, and 53' for iodo. The sterically analogous 
o-dichloroazobenzene6b gave 35' while the bulkier 
azoxybenzenesl had higher values (C1 51', Br 59O, 
and I 59'). 

I t  is interesting to compare the spectra of the 
benzanils with the spectra of the closely related 
azobenzenes, the structural difference being in the 
central linkage (-CH=X- versa -K=pJ-). 
The benzanils showed no absorption maximum 
above 350 mp, whereas azohenzenes' have a weak 
intensity maximum (the R-band) near 440 mp. 
In  addition the Ez-band shown by all benzanils was 
not found in the spectra of azobenzenes. The 

TABLE I11 

Lit. M.P. Substituent M.P. 
- 

a-p-iYitro 
a-p-Hydroxy 
a-p-Methoxy 
K-p-Nitro 
.Y-p-Hydroxy 
S-p-Chloro 
S-p-Bromo 

S-m-Kitro 
S-m-Chloro 
S-o-Kitro 
,Y-o-Hydroxy 
,V-o-Chloro 
A'-o-Bromo 

p,p'-Dinitro 
p,p'-Dihydroxy 
p,p'-Dichloro 
p,p"-Dihromo 
p,p'-Diiodo 

,V-p-Iodo 

S-o-Iodo 

50-51 O 

92 O 
200 O 

64 
118' 
190" 
64 a 

68" 
86 
T 3 O  
35" 
72 Od 

84 
56-57 O 

45 
56-57"/ 

205" 
215' 
115' 
1450h 
1850i 

52 O 

930* 
195"' 
64" 

117-119"' 
190-191 O Q  

62-63 O b  

66"' 
82-84"' 
74"Q 

Oil' 
- 

890e 
Oilc 
Oilc 
- 

202-203 ' 
202OQ 
110-1 11"' 
- 
- 

a Reference 4. A. Roe 
and J. A. Montgomery, J .  Am. Chem. Soc., 75, 910 (1953). 

Anal. Calcd. for CI3H10K2O2: C, 69.0; H, 4.45. Found: 
C, 68.6; H,  4.5. e Z. Holzbecker, Chem. Listy, 47, 1023 
(1953). / A n a l .  Calcd. for C13HloX1: C, 50.8; H, 3.3. Found: 
C, 50.6; H, 3.4.0 K. A.  Jensen and N. H. Bang, Ann., 548,106 
(1941). Anal. Calcd. for C13H9NBr2: C, 46.0; H, 2.7.  
Found: C, 46.8; H, 2.9. Anal. Calcd. for CuHgNI2: C, 
38.0; H, 2.1. Found: C, 36.3, H, 2.0. 

0. Fisher, Ber., 14, 2525 (1881). 
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IGband of the benzanils was generally a t  a shorter 
navelength and of lower intensity than that of the 
azobenzenes. The reason no doubt lies in the smaller 
resoiian~e energy of the -C=K- group and the 
heats of combustion of benzanil and a~obenzene '~  
show that the former has a considerably lower 
resonance energy. 

A further difference between benzanils and 
nzobenzenes is the formation of stable cis-isomers 
of the latter. h t tempts  to isolate cis-benzanils have 
not been Irradiation of solutions of 
bcnzanil produced no change in magnetic suscepti- 
t,ilitylg arid RS found in the present work (Table I) 
n o  appreciable change in the absorption spectra. 

EXPERIMENTAL 

Campozmdfi. The benzanils were prepared by condensing 
ccntiniolar quantities of the appropriate benzaldehyde and 

(17) G. E. Coats and L. E. Sutton, J .  Chem. Sac., 1187 
(l!M). 
(18) F. Icrijhnke, Rer., 71, 2593 (1938); J. Van Alpen, 

K e c .  traa. chim., 61, 875 (1942). The two crystalline forms 
of a-o-hydrosybenzanil have been shown to be allotropes. 
ir. de Gaouch and R. J. IT. Le FBvre, J .  Chem. Sac., 741 
(1!)38). 

(l!)) S. S. I3hatnajer, P. 12. Kapur apd 11. S. Hashmi, J .  
Itzd. C'hertl.. SOC., 15, 573 (1938). 

aniline, by dissolving them in the minimum volume of 
absolute ethanol, warming slightly on a steain bath and 
allowing t o  stand a t  room-temperature overnight. They 
vierc recrystallized from ethanol, or from benzene-hexane, 
in the case of the more soluble compounds. Their melting 
points, together with literature values, are given in Table 111. 
The anilines used were Eastman-Kodak white label samples. 
Many of the sLLbstituted benzaldehydes were freshly pre- 
pared by the Etard oxidation of substituted toluenes.2o 
The solid benzanils are stable and samples have been stored 
in tightly stoppered tubes for over 2 years without any 
change in melting point or spectrum. 

Absorption spectra. The absorption spectra were deter- 
mined in Rlerck reagent grade methanol, dried with mag- 
nesium methoxide, employing a Beckman I). U. spectrom- 
eter mounted in an air-conditioned room with relative 
humidity of 40-45% and temperature 22 i 1'. The cells 
used were conventional silica cells with loose-fitting caps and 
no special precautions were taken to exclude atmospheric 
moisture. The spectra Lvere determined immediately on 
making up the solution and again after 1 hr., when in no 
case were any differences noted. 
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Reactions of 2,2,3,3-tetraphenylethylenimine I and 2,2-diphenyl-3,3-di-p-tolylethylenimine I1 have been studied. Com- 
pound I was converted (a) to tetraphenylethane by catalytic hydrogenation, (b) to benzophenone by periodic acid, and 
( c )  to tetraphenylethylene, tetraphenylethylene oxide, and benzophenone by treatment with hydrochloric acid. Compound 
I1 was converted to p,p'-dimethylbenzophene and to a hydrocarbon by treatment with hydrochloric acid. The course of the 
reactions is discussed. 

Study of the decomposition of azobisdiphenyl- 
methane in the presence of thiophenol,2 and then in 
the presence of benzophenone azine led to the con- 
clusion that diphenylmethyl radical adds rapidly to 
henzophenone azine, leading to 2,2,3,3-tetraphenyl- 
ethyleneimine 

I 
H 
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G.4214, and E'ulbright and Guggenheim Fellowships to 
Y.G.C. 

(2) C. H. Wang and S. G. Cohen, J .  Am. Chem. Soc., 79, 
1924 (19.57). 

Subsequent experiments3 indicated that I was also 
formed in decomposition of the azo compound in the 
presence of benzophenone hydrazone, ammonia 
being formed in this reaction. Also, diphenylmethyl 
radical from decomposition of the azo compound 
reacted rapidly with the azine from p,p-dimethyl- 
benzophenone, leading to 2,2-diphenyl-3,3-di-p- 
tolylethylenimine3 

(II)(p-CHr46H4)?-C--C-(CeHs)? 
\ /  x 

I 
H 

Although the oxide4 and sulfide5 of tetraphenyl- 
ethylene have been known for some time, the 

(3) C. H. Wang and S. G. Cohen, J .  Am. Chem. SOC., 82, 

(4) A .  Behr, Ber., 5, 277 (1872). 
4688 (1960). 


