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while that for benzonitrile as 225 mp (e 
12,000)42 and Xi::ho1 225 mp (e 12,600).44 Again the 
role of the amino group is clear in producing a large 
(3 mp) bathochromic shift as  well as an appreci- 
able hyperchromic effect. 

TABLE VJI 
NITRILE FREQUEKCIES FOR SUBSTITUTED CYANAMIDES 

C = S  (cm.-l) 
Pure CHCla 

Compound Liquid Soln. 

Ilimethylcyanamide 2200,a 2212b 2218' 
Diethylcyanamide 2202,a 2210d 2209' 
Dially lcyanamidc 2215' 
p-Aminobenzonitrile 2221e 
Benzonitrile 2230e 

a Private rommunication from I h .  G. H. Dorion, Ameri- 
can Cyanamid Co., Stamford, Conn. hl. navies and 
\V. J. Jones, Trans. Faraday Soc., 54, 1454 (1958). ' J. P. 
Jcsson and H .  W. Thompson, Spectrochiin. Acta, 13, 217 
(i058). Ref. 39. e Ref. 1 1 .  

EXPERIMENTAL45 

4-A niinospiro [ ~3-cyclohexene-l ,9'-$zcoren,e] -3-carbonilrile 
(I) .  This compound was prepared as described previously.lb 

(44 )  R.  .4. Morton and A. L. Stubbs, J .  Chem. SOC., 1347 
(1940).  

4-Amino-1 '-oxo-Sf,&'-dihydrospiro A3-cycloh~xene-l $'( 1 '- 
H )-naphthalene] -3-carbonitrile ( 11) and 1 '-oxo-Jf,4'-dihydro- 
spiro [cyclohexane-l,Z'(l 'H)-naphthalene] (XI). The prepa- 
ration of these compounds will be fully described in a subse- 
quent communication. 

3-Cyanospiro[cyclohexane-1,9'-j2uoren]-4-one (VII).  This 
compound was prepared by the published pro~edure.~s  
It was found that  dilute solutions of VI1 in chloroform or 
methanol decomposed within 2-3 days to produce a yellow- 
ish brown color with an unmistakable cyanide odor. Refrig- 
eration and/or exclusion of air and moisture retarded this 
decomposition only for a day longer than before. These 
decomposition products were not investigated further. 
vmai . 2252 (unconjd. C=S),  2198 (conjd. C=N), 1736 
(C=O in six-membered ring with C=N substitution on 
o-carbon)*, and 1639 cm.-l  (conjd. C=C). It appears that  
this compound is essentially in the enolized form VI1 for the 
following reasons: The absorption band at 2198 cm.-1 is 
much more intense than that at 2252 cm.-l. The appearance 
of a well-defined band at 1639 cm.-l indicates a conjugated 
C=C group while the intensity of the C=O band a t  1736 
cm.+ is relatively weak for this group. 

-CHCIS. 

WRIGHT-PATTERSON AIR FORCE BASE, OHIO 

(45)  All melting points were taken on a Fisher-Johns 
apparatus with a calibrated thermometer. Infrared spectra 
were determined on a Perkin-Elmer Model 21 Spectro- 
photometer. Ultraviolet spectra were determined on a Cary 
Model l l M S  Spectrophotometer in 9570 ethanol (distilled) 
solutions ca. 5 X lO-6M. 

(16)  D. A. Stauffer and 0. E .  Fancher, U. S. Pat.  2,647,- 
896 (1953); cf. Chem. Abstr., 48, 9405 (1954) and J .  Org. 
Chem., 25, 935 (1960). 
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Thc ultraviolct and visible spectra of a number of mono- and dihalogeno azobenzenes are reported. The changes in wave 
length and intensity produced by the substituents are correlated with their electronic and steric effects, and are compared 
with analogous results previously obtained for azoxybenzeneu. 

Although the spectra of individual subst'ituted 
azo1)enzenes can be found in the literature, t'here 
have been few attempts a t  a systematic study of the 
effects of substituents on the light absorption of the 
nzobenzene system. In  this paper results have been 
obtained for a series of mono- and dihaloazoben- 
zencs (see Table I) and the spectra are discussed and 
compared with our previous data on substituted 
nzoxykxnzenes. Our measurements were deter- 
mined in absolute ethanol solutions [in which 

(1 )  Pxrt 11; J .  Am. Chem. Soc.,  78, 3363 (1956).  
( 2 )  (:L) Brunel Col l~ge of Technology, London, W. 3; 

(:3)(:t) .4. I3ur:tsoy, J .  C'heni. SOC., 1865 (1937):  ( b )  
( I ) )  Uriivcwity of Purrto Rico at  hlayaguez. 

, ,  , I 

A .  H. Cook, 1). G. Jones, and J. B. Polya, J .  Chem. SOC., 
1:315 (1x39). 

( 4 )  1'. I I .  (;ore and 0. H. Wheeler, J .  Am. Chem. SOC., 
78,21M)(1956). 

solvent the photochemical (trans + cis) isomeriza- 
tion is most suppressedsa] after standing overnight 
in the dark, and there is little doubt that  the data 
refer to solutions containing negligible amounts of 
the c i s - i~omers .~~  

The azobenzenes showed three distinct regions of 
absorption in the ultraviolet and visible parts of 
the spectrum, with bands a t  220-240 mp, 320-360 
mp, and 430-460 mp. The first two bands were 
relatively intense (A, 10,000-20,000), whereas the 
visible band was considerably weaker (A, 400- 
1000). This low intensity band has been assigned 
by Burawoy3" to a radical transition in the azo 

(5)(a) W. R. Brode, J. H. Gould, and G. hI. Wyman, 
J .  Am. Chem. Soc., 75, 1856 (1953); ( b )  W. R. Brode, J. H. 
Gould, and G. M. Wyman, J .  Am. Chem. SOC., 74, 4641 
(1!)52). 
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TABLE I 
ABSORPTION SPECTRA OF AZOBEKZENES~ 

Bands 

Substituent 
- 

4 Fluoro 
4-Chloro 
4-Bromo 

4-Methyl 

4-Methoxy 
4,4’-Difluoro 
4,4’-Dichloro 
4,4’-Dibromo 
4,4’-IlimethyI 
4,4’-Dimethoxy 
3,3 ‘-Difluoro 
3,3 ‘-llichloro 
3,3’-Dibronio 
3,3’-Diiodo 

2,2’-Dichloro 
2,2’-Diiodo 

2,2’-Uimethyl 

2,2’-Dimethoxy 

2,4,6,2’,4’,6’-Hexahronio 

4-Iod0 

E 
227 (12,600) 
227 (15,400) 
228 (12,600) 
228 (13,600) 
232 (14,100) 
230 5 (12,700) 

227 (12,600) 
227 (13,100) 
235 5 (13,800) 

235 (11,300) 
328,244 (6,500) 

227 (1  1,800) 
227 (9,900) 
227 (2Gj700) 

- 

227 (12,200) 

227 (11,800) 
221 (20,iOO) 
250 (10,100) 
227 (13,000)‘ 

227,237 (8,500) 

272 (11,600) 

K 
320 (17,300) 
321 (19,600) 
325 (23,800) 
328 (19,800) 
331 (25,000) 
323 (21,000) 

345 (14,400) 
325 (16,800) 
331 (26,600) 
326 (24,800) 
330 (19,300) 
354 (13,100) 
320 (20,300) 

320 (13,300) 
318 (19,400) 

320 (14,100) 

320 (14,100) 

327.5 (12,400) 

315 (14,100)‘ 
330 (16,400) 
315 (8,500) 
366 (11,900) 
302 (11,900) 

R 
437 (510) 
432 (500) 
450 (610) 
440 (780) 
443 (820) 
440 (590) 
442 (590) 
430 (1480) 
432 (545) 
Submergedb 
440 (850) 
435 (840) 
427 ( I  ,500)C 
4.35 (520) 
435 (450) 
435 (340) 
415-422 (850)d 
428 (840) 
435 (450) 
482.5 (270) 

442 (590) 

Submergede 

474 (1,020) 

a Spectra determined in absolute ethanol. n’ave lengths (A)  in mp; molar extinction coefficients ( e )  in parenthesis. ’ 440 
mp = 1,020. ‘ Inflection. Five structure. e 400 m p  = 2500. 

linkage (an R-band), since similar maxima are found 
in aliphatic compounds. Thus, azomethane 
(CHsS=SCH3)  had A,,, 347 mp(A, < and 
A’-met’hylazobenzene (C6H6=?JCH3) had A,,, 403.5 
mp(Am 87) [as well as A,,, 259.5 mp(A, 7800)].3a 
More recently Birnbaum, Linford, and Style’ have 
suggested that t’he transition is of an  n + Vo type, 
an unpaired electron on the azo group being trans- 
ferred to  a r-electron orbital. The band of high in- 
tensity in the rcgion of 320-360 mp has been at- 
tributed3” to an electronic transition throughout 
the whole conjugat’e system, involving both aro- 
mat’ic rings and the azo group (an n-n or 3’ -t V 
transition?), thus constituting a K-(conjugation)- 
band. The maximum a t  220-240 mp was not re- 
corded in many of the earlier measurem~nts ,~  but’ it, 
seems probable that t’his band arises from an elec- 
t’ronic excitation of the benzene rings alone’ (an 
E-band), since very similar bands are found in 
azo~ybenzenes~ and stilbenes.’ The maximum will 
lie that  of the B-band (X,,,,. 205 mp, A ,  63009) of 
benzene displaced to longer wave lengt’hs by substi- 
tution. 

The effect of substituents on the E-band of azo- 
benzenes was found to be very small (Table I), as 
the wave lengths remained constant and there mere 

(6)  A. Hantzch and J. Lifschitz, Rer., 45, 3011 (1912). 
( 7 )  P. P. Birnbnum, J. H. Linford, and I). K. G .  Stj.lp, 

(8) H. RIcConncl, J .  Chenz. PhUs., 20, 700 (105’2). 
( 9 )  K. Boivden and E. A.  Brsude, J .  Chert(. SOC., loti8 

Trans. Farad.  Soc., 49,  735 (1953). 

(1952). 

only small differences in t,he inknsities ; the situa- 
tion with the corresponding band in azoxybenzenes 
mas ~ i m i l a r . ~  The K-band, however, was greatly 
affected in both wave length and intensity by substi- 
t’ution. In  the 4-monohalo series there was a regular 
increase in both wave length and intensity for 
fluoro (+ Imp) ,  to chloro ( + 3  mp), to  bromo ( f 8  
mp) and the iodo compound ( + I 1  mp) .  The se- 
quence F< C1 < Br < I is the one generally oh- 
servedlO and is the order of the increasing mesom- 
eric effect of these atoms. The large displarements 
of the p-methoxy compound (+23 mp) reflects the 
large mesomeric effect of the methoxy group, while 
the small displacement for I.,-meth2;lazoheiizene (in 
which no niesomeric effect can operate) is in agree- 
ment, with small hyperconjugative contribut ion of 
t,he methyl group. The 4,-l’-dihalo series showed 
the expected order of suhstituent effects (F < C1 < 
Br). The displacements, houw-er, are larger (I‘ + 5 ,  
C1 + 10, Br + 16 mp) than for the mono derivat ivcs, 
and both halo atoms must contribute nearly equally 
to the polarization of the molecule. 1:or the cor- 
responding azo~ybenzenes,~ the displacements were 
somewhat smaller (F + 2 ,  C1 +7, Br +10 mb).  
The 4,4’-dimethylazohenzene exhihited a small 
shift of 10 mp, which was twice that for moiiosuhti- 
t,ution, while the 4,4’-dimethoxy compound sho\vc,cl 
a displacement (+34 mp) which was less than (3or1- 
ble that  of the nionomethoxy derivat i\.e (+25  nip). 

(10) Cf. .l,.l’-dihalodiphen!Is, B. Killixtnson nnd \I-. 11. 
Rodebush, J .  A t t ~  Chetti. SOC., 63, 3018 (1941). 
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The 3,3’-dihaloazobenze1ies, in which the halogen 
atoms are in positions meta to the azo linkage, 
exhibited no displacement of wave length (except 
for a small hypsochromic shift, in the diiodo com- 
pound). This is to  be expected since the mesomeric 
effect of these atoms cannot be operative. 

In  the case of the 2,2’-dihalo derivatives there 
were small bathochromic shifts together with a 
decrease in intensity which was more pronounced 
for the iodo substituent than for the less bulky 
chloro atom. Moreover, 2,2’-dimethyl- and 2,2’- 
dimethoxyazobenzene exhibited a splitting of the 
I<-band into two peaks, which was probably due l o  
steric hindrance to coplanarity. Similar splitting 
has been observed in the spectra of azoben~enes .~  
2,1,6,2’,4’,G’-Hexabromoazobenzene, having four 
large bromine atoms in all four ortho- positions, 
showed the expected large hypsochromic shift 
( -  18 mp), as well as a considerable decrease in 
intensity.” X decrease of the molar absorbancy 
of an ortho- substituted compound with respect to 
that of the para- isomer can be used to cdculate the 
angle of distortion (0) from coplanarity, by assum- 
ing that the intensity in the absence of steric effect5 
is the same as that of the para-isomer. Values of 
e, calculated from the formula cos2 0 = Aon,/AP,,112 
(where A”, and AD, are the molar absorbancy coeffi- 
cients of the ortho- and para-isomers, respectively) 
for a number of azobenzenes are given in Table 11, 
together n ith previously determined data for SUI)- 
stituted a~oxybenzenes.~ While noncoplaiiarity 
increased in the sequenced CH30 < CH, < C1 for 
substituted azobenzenes, the corresponding values 
for azoxybenzenes were with CH3 < C1 < CH,O 
It is probable that in 2,2’-dimethoxyazobenzene, 
the t n  o substituents can be accommodated on 
either side of the central nitrogen linkage with only 
qmall out-of-plane twisting ( 1 8 O ) ,  whereas iiitro- 
durtion of the azoxy oxygen atom encroaches upon 
the available space and substantial rotation (72’) 
of the aryl groups results. 

TABLE I1 

ZENES, AZOXYBENZENES, A N D  STILBENES 
L)EFORJIATION ANGLES OF 2,2’-DISCBSTITUTED AZOBEN- 

e 
Substituent eou e P a  e Azo e hzoxy*  Stilhenee 

hIethyl 16,400‘ 19,300 23” 38” 280d 
Methosy ll,YOOc 13,100 18” 72”  __ 
Chloro 14,100 20,800 35” 51” - 

a eo and q, denote molar absorption intensities of ortho- 
and para-azobenzenes. Ref. 4. Uouble maxima; higher 
wave-lrngth value used. Calculated from data of  R. N. 
Bealc and E. hl. F. Roe, J .  ‘ tm.  Chenz. SOC., 74,2302 (1952)). 

(11) J. S. P. Blumberger [Rec. trap. chim., 63, 127 (1944)l 
predicted b), means of model diagrams that steric inter- 
fererwe was likrly to o w u r  hrtwren the azo linkage and 
orlho- aiitxtituonts i n  azohrnzene. 

( 1 2 )  E. A.  Braiide and F. Sondhcimer. J .  C h e w  Soc., 
3 i 5 4  (l!l55j. 

Substitution by a polar group did not, in general. 
produce regular or predictable chaiiges in the posi- 
tion and inteiisity of an R-band,3a arid this was also 
found for the visible band of the azobenzenes. 

X-ray diffraction measurements have shon nl, 
that the azobenzene molecule is planar with the two 
benzene rings trans to each other across the azo- 
bond and this i. supported by dipole moment meas- 
urements. cis-.lzobenzrnes have hem prepared’j 
and they have :I wenher K-band than the corre- 
\pending trans isomers, although their R-bands are 
more inteiiie Ib Hodgson,16 has suggested that the 
reactions of czs-axohenzeiielda and the difference in 
the dipole moments of trans- and c~s-azoherizene~~~ 
ran he explained if  the compoinid were a mixture of 
azoxybenzene and hydrazobenzene. However, the 
infrared spectrum” it as consistent n ith the czs- 
isomer being a pure wbstnnce. Hodgson cited as 
evidence against the czs-azobenzene structure the 
fact that  it does not show a displacement of the 
visible band with respert to the trans-compound 
However, his argument is valuele~i iince this band 
i i  an R-band and systemic tlisplacements such a5 
those found in the K-band m i n o t  he expected. 
JIoreover, neither azoxybenzene nor hydrazoben- 
zene display R-hands (see below) The IT-band$ 
of cis-azobenzenes showed the expected shift to 
shorter wave length, resultiiig from the decreased 
resonance energy in the noiiplannr molecule. l 3  

The absorption spectra of azoheiizenes showed 
some important general difference5 to  the spectra of 
azoxybenzene. Xzoknzenes poiseis a characteriq- 
tic visible band (near 340 mp), while azoxybenzenes 
have no maximum above 370 nip. In addition, 
iome azobenzenes have an E2-band near 260 mp, 
while no azobenzene examined had a maximum in 
this region. The bathochromic effect of substituents 
was very similar but was more pronounced with 
substituted azobenzenes, suggesting that conjuga- 
tion is easier in the azobenzene system. S o  experi- 
mental data, however, relating to this have been 
published. 

EXPERIMEKTAL 

Compounds. The preparation of many of the azobenzcnes 
has been previously described. l* The monohalo compounds 
were prepared by Sandmeyer reactions1ja, l 9  on p-aminoszo- 
benzene. 

(13) J .  11. Robertson, J .  Cheni. Soc., 4W (1941 ). 
(14)(a) G .  S. Hartley and R. J. K. LcFcvrc, J .  C h e w  

SOC., 531 (1939); ( h )  T. W. Camhell, \V. A.  11cAllistcr, and 
33. T. Rogers, J .  .Im. (Them. SOC., 75, 864 ( 1953). 

(15)(a)  A.  11. Cook, J .  Cheiri. Soc., 876 (1938); ( b )  h. H. 
Cook and I>. G .  Jones, J .  Cheni. SOC., 1300 (1939). 

(16) H. H. Hodgson, J .  C‘hoii. Soc., 1007 (1948). 
( 1 7 )  K. S. TetloLv, Itcsearch, 3, 187 (1!)50). 
(18) P. H. Gore and ( i .  K. Hughw, , I  i ts tr .  J .  Sei. Res., 

3A, 136 (1950): 4.4, 185 (1951). 
f 19) I ) .  A.  ,’hirlc-y, ntlitbsis of Org:tiii(* I~itc~rmedist~es,” 

John TVilcy and Sons, I . ,  Sf;\\- Yorli, S .  Y., 1!)51, p. 18-1; 
K.  Soclting and A. \Vr.rrier, Her . .  23, 3252 (1890); C. \Vill- 
gcxrodt and C. Smith, fit-?., 37, 131 1 (1904). 
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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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LOYDOY, TT3, E\GLA\D 
h I 4 Y B G C E 2 ,  P. R. 

(20) T i .  H. Pausacker and J. G. Scroggie, J .  Cheni. Soc., 

(21) P. H. Gore and G.  Ii. Hughes, unpublished results. 
4003 (1954), givc m.p. 153". (22) J. T. Ed\\arcls, J .  Chciri. Soc., 222 (19561, givcs 

m.p. 212-3'. 
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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). 


