
VOL. 2li  

[ C O S T R I B r T I O S  FROM .IRTHC-R 1). LITTLE, ISC.] 

3Iolec~ular Complexes of the Biphenylenes. r-Complexes with 
Tetracyanoethylene 

$pectroscupic :iiitl  theriiiutl!.ii:~~iiic propi,rties f o r  cliargc~-transfer conipli~xrs of l ~ i p h e n ~ - l r ~ i e  and three of its substituted 
derivatives n-itli t c t rac~~ai ioe th~- l r l l r  have IXWI c.oniparet1 ivith these properties for s i i i i i l :~  complrscs of fluorello :ind the  
:ik>-liitec+ heiize~iw. The sigiiific:inci. of the gre:it,er stahilit,~. of the  l i i p h ~ ~ n y l e n ~ ~  coiiipleses :ind a difiereiice in the obseri.rd 
isokinetic rt~lationsliip for the  t w o  types of c~oniplexes is discussed i n  ternis of the cross-ring inter:ictions in biplir~n\.lene and  
the geonirtr!. of thi' coniplr\-rP. 

I S  TE 0 1) U ( 'TI 0 S 

The theory aiid chenii.-try of biphenyleiie (I)  have 
beeii the subjects of a iinliiber of recent reviews.? 
Thus far. m-itleiice for "c~!-c.lnhutadieiioid chnracter" 
of the central ring has l m n  ;iclduced either from the 
ultravioiet hpect riiiii. Tvhich exhibits abiiorimilr 
long wave-length 
of di$ubstitutioii 

iiaiice iiiternctioii 
case little can be 

;ibsorptioii. or I'rom the results 
reactions. which indicate reso- 

I 

hetwcvii the rings.'" I n  eit,her 
said about the arouj~c l  state of 

biphenyleiie. as  the iiltra~ioiet spectrum is iiiti- 
mately concerned with thc iintwc of the ground 
:ind the elcctronic~allj excaitecl +t:ites, u-hilc the 
rates of aroniatic ,-iil)*titiitioii reactions are cle- 
pendent upoii the stahilitJ- of a highly distoi~ted 
intermediate such its I1 rchti1.c t o  the ground 
state.  

The piwent c~ommuiiic~ttioli 011 the spectroscopic 
a i d  thermodyiiamic properties of bipheiiylene- 
tetrncyaiioethyleiie tTCA-1,:) charge-traiisfer com- 
plexes clescarihes a part of ii more extensive program 
deeigiied to  deteriniiic the effects of both niinor and 
m:ijor perturbntions of the ~-e lec t ro i i  s>.steIn of 
hip he I I y I en[> , 

EXPEl<I>IEST.iL 

l'hi. nirtliotl i i w l  ~v:is similar to  th:it of .indrrn.s and Kee- 
fer3 and .\lerrifipltl :ind Phillips,: rxcept that  tetracyano- 

i,thj.lene \ \as  iisrd i i i  cscess rather than  the hydrocnrbon, 
and all spectra w r e  taken in  dichloroniethane solution. 

.Ifateri'ci!s. Tetrxc!anoeth!.leiie and the biphenylenes 
were prepared by literature methods5 and purified to  
constant inelting points by recrystallization and subli- 

i coniinercinl sample similnrly purified. 
The properties of the prepared biphen!.lenes were as follows: 
Iiphenylene, ni.p. 110-110" irec. 110"), k:1750a 360 (log 6 

'3.80). 345 (3,59)))  340 (:3.63)> 250 (4.00), 241 nip (4.60);  
l,gdimeth!-ll,iphen!.iriie, n1.p. 80-81 (rec. 79-80"), 
A,,,, 367 (4.08!: :348 (3 .05) ,  254 (<5.15), 245 nip (4.88);  
~,7-dimeth~.lbiphriiylriir,  n1.p. 1 11-112" irec. 110-11l0 ), 

360 (3.68), 3-15 ,3.58), 340 I 3.58), 25;  (5.10), 218 nip 
(4.78);  '.;-diii;ethos!.biphexiylene, m.p.  108-108.5" (rec. 
107-108"): X2YSoH 362 14.15'1, 342 (4.08), 25G (5,10), 2% nip 
(4.91). 

dtalid:irtl solutions of the  reagents ( c a .  0.1.11 for tetra- 
cyanoethylene and en. 0.00111f for t h e  biphenylenes) were 
prepared in reagent grade dichloromethnne at 22" and ali- 
quots of these solutions tvere mixed and made iip to  volume 
:it 22' for t h e  deterniination of spectra. The concentrations 
:it the  temperatures a t  ivhich the  spectra were taken were 
corrected for the thermal coefficient of cubical expansion 
of dichloromethane ( +0,12(-; per degree a t  Oo6)). 

IMei,i i i inai<o>z of eppc t ra .  Visible spectra were obtained on 
:i Brckniann JIodel DIi  In tomat ic  recording ultraviolet 
spertrophot onieter equipped n-ith a t hermost at ed cell 
holdcr. The refcwnce cell w:is filled Kith a solution of the  
:ippropri:ite concentration of tetrac)-aIioethylene in dichlo- 
roinethnne. 'Thermal equilibration of the sample n'as 
c,nsured 11). retr:iring the  spectrum periodically until the  
:ihsorption remained constant, I n  no case \vas there evidencr 
of further reaction, ns indicated 11y the  constancy of the 
n imrpt  inn n.it h time. 

C?HI@H 

.\S.iLTSIS OF THE D.iT.4 

I .  1 he deterinination of association constants for 
T-complexes from the concentration dependence of 
their elertroiiic absorption spectra has received 
detailed tre:itmeiit, e l s e ~ ~ - h e r e . ~ , ~  It is only necessary 
to note in connection with this work that the usual 
roles of the r-base as the excess reagent and the 
rr-acid :is the coiitrolliiig reagent were inverted. 
This niodification u x s  :idvisable because of the 



s E IW" I.; 12 1 90 1 MOLPCULAIt COMPLEXES O F  THE BIPHGKYLESES 

TABLE I 
Si~wrRohcoPIC . ~ N I )  THERMODYNAMIC PROPERTIES O F  SOME TCX~G-T-COMPLESES 

T = 22'; Solvent = CH2C12 ____ 
h" -AH, - A S ,  

T-Base (mp) emax f 10% K ,  f 10% Kcal./Mole f 0.3 Cal./I>eg. f 1 

2,i-Diniethylbiphenylenr 765 1160 132 7 . 4  15 .6  

2,7-Dimethoxybiphenylene 840 1720 10% 5 . 2  8 . 6  

Fluorene 570 2000 1 !In 4 . 0  7 . 8  

1,8-Dinicthylbiphcnylcnc '715 1670 100 6.4 12 .2  

Biphenylene 680 500 80 2 . 8  1 .0  

(lit.4 = 1430) (lit. '  = 18) 
-. 

a Determined from Merrifield and Phillips4 morc accurate valiie of 

small amounts of the biphenylenes available for 
study, and led to the final expression' 

where (B) is the molar concentration of the n-base, 
l is t>he cell lengt'h, log l o / l  is the optical densit'y, 
E is the molar ext'inction coefficient of the a- 
complex, (TCSE) is the molar concentration of 
tetracyanoethylene, and K ,  is the association con- 
stant, for formation of the complex expressed in 
liters p e r  mole. For all 1 : I  complexes, then, a plot 
of y us. l/(TCSE) should be linear and yield E as 
the reciprocal of the y intercept and the product' 
K , E  as the reciprocal of the slope. Such plots of 
the results from spectroscopic data on four bi- 
phenylenes and fluorene are given in Fig. 1. 

It is necessary to consider possible errors intro- 
duced by this modified analysis of the a-complex 
spectra. First, it is quite possible that the presence 
of a large excess of the n-acid, tetracyanoethylene, 
would favor the formation of 2 :  1 complexes. This 
source of error is, however, ruled out by t'he linear- 
ity of the plots in E'ig. 1. Second, the values of 
I/(TCKE) are limited by the solubility of tetra- 
cyanoethylene in dichloromethane (ca.  5 g./l. 
at  2 2 O ) ,  thus R long extrapolation is necessary in 
order to obtain the intercept, 1 , '~ .  It' can be seen 
that fhe magnitude of the error thus introduced in 
the value of ] / E  will depend upon the stabilit'y of 
the complex; t,hose complexes with a large value of 
K-i.e. a gentle slope in the plot of Fig. 1-will 
give more accurate values for l / e .  An estimate of 
the magnitude of this error can be obtained by a 
cmisideration of t'he fluorene-tetracyanoethylene 
complex. Analysis of this complex by the present 
method gave a value of E = 2000, xhile Xerrifield 
and Phillips,4 by the more usual analysis, obtained 
a value for e = 1430. These values are in quite good 
agreement when the sharp slope of the plot for the 
fluorene-tet'racyanoethylene complex-a result of 
the comparative instabilit,y of the complex-is 
caonsidered. As is evident from t>he other, more 
gently sloping plots of Fig. 1,  the biphenylene- 
tetracyanoethylene complexes are considerably 

(i) Cf. Equation 3 in ref. 4 ( the  sign of the term l / e  
shoiild be positive rather than negative). 

4 

1 
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Fig. 1 .  Analysis of the concentration dependence of the 
visible absorption maxima for some tetracyanoethylene-r- 
Complexes: I, 2,i-dimethylbiphenylene (right-hand coord- 
inate);  11, 1,8-dimethylbiphenylene (right-hand coordinate): 
111, 2,i-dimethoxybiphenylene (right-hand coordinate); 
IV biphenylene (left-hand coordinate); V, fluorene (left- 
hand coordinate) 

more stable than the fluorene-tetracyanoethylene 
complex, hence the probable error in E from these 
data is of the order of 10%. 

I n  order to obtain similar plots a t  different tem- 
peratures only one observation is necessary, if it 
is assumed that E is temperature independent.4 
I n  this way, the temperature dependence of K ,  
for the several complexes was determined. K ,  was 
then converted to the equilibrium constant, K,, 
expressed in mole f i  actions, by multiplication by 
the molarity of dichloromethane a t  the tempera- 
ture in question and AH and AS for the complexes 
were determined by plotting log K ,  2's. I/?" as 
shown in Fig. 2 .  

The spectroscopic and thermodynamic properties 
thus obtained for the tetracyanoethylene a-com- 
plexes studied in this work are shown in Table I. 



I 

1.0 c 

I 

I I 

L 

? 0 -- .? L-.J ----I 

3.2 3.3 3.4 3.5 3.6 3.7 
I /T x 103 

Fig. 2. Temperature dependence of K for some tetra- 
cpnoethylene-s-complexes: I, 2,:-dimethylbiphenylme; 
11, 1,8-dimethylbiphenylene; 111,2,7-dimethoxybiphenylme; 
IV, biphenylene; V, fluorene 

Equilibrium constants in this table are given in 
terms of mole fract ions ( i .e . ,  K,) in order that they 
may be directly comparable n-ith earlier work. 

DISCLXSION O F  RESULTS 

The plots in Fig. 2 emphasize the fruitlessness 
of attempting to discern any simple trend in the 
relative values of the equilibrium constants for the 
biphenylene-tetracyanoethylene conipleses. The 
value of the constant for 1,8-dimethylbipheiiylene, 
for instance, can be taken as greater than, equal to 
or less than that for 2,7-dimethoxybiphenylene, 
dependent upon the temperature chosen, within the 
33” temperature range investigated. Kevertheless, 
it, is also apparent from Fig. 2 that the biphenylene- 
tetraryanoethylene complexes are considerably 
more stable than tmhe fluorene-tetracyanoethylene 
complex. The motivation toward the choice of 
fluorene as a model compound n’as, in part, derived 
from the fact that the conjugated phenyl rings in 
this substance are held copolanar, as is the case 
with biphenylene. Thus, any increase i n  ,stability 
of the biphenylene-tetracyanoet hylene complexes 
could reasonably be ascribed to increased electronic 
interaction between the benzene rings in the com- 
ples a5 compared with fluorene. Thc inore favorable 
equilibrium (by a factor of five or more) for thc 
biphenylene-tetracyanoethylene compleses as com- 
pared n-ith the fluoreiie-tetracyanoethylelle com- 

plex thus coiistitutes the first demonstration of 
delocalization between the rings of a biphenylene 
system n-hich is derived neither from a considera- 
tion of excited states (as in the “abiiormal!’ ultra- 
violet spectrum of biphenyleneza), nor from a 
consideration of a highly distorted ”activated 
complex” (as in the aromatic substitution reactions 
of bipheiiylene and its derivatives?”), but from a 
stable entity, the charge-transfer comples, which 
may represent a Ices violet perturbations of the 
electronic system of biphenylcne. If “complete!’ 
delocalization of biphenyIene is assumed, a crude 
estimate of the cspected stability of the biphenyl- 
ene-tetracyaiioeth3-leiie complex can be reached 
by considering biphenylene as a planar “diphenyl- 
benzene“. The effect’ of the introduction of one 
conjugated planar phenyl group on the benzene 
nucleus can be estimated by a comparison of fluor- 
ene (Kw = 18.0, statistically corrected K = 9.0) 
wit’h benzene ( K ? ? c  = 2.0).4 Xssuming that this 
st~abilization energy is additil-e, a hypothetically 
fully conjugated, planar “dipheii~lbeiizeiie” would 
have KF = 40.5, t h w  suggesting a predicted 
1<2?1 = 81 for hiphenylene. -1 similar analysis based 
upon literature v:11ues4 for the equilibrium constants 
of biphenyl, p-terphenyl, and fluorene lends to  a 
predicted Ii2p = 100 for biphenylene. I t  can there- 
fore .be seen that ,  within the contest of the es- 
pected effect of phenyl conjugation on the stability 
of charge-transfer complexes with tetracyanoethyl- 
ene, the observed equilibrium constants of 80 or 
greater of such complexes with biphenylenes evi- 
deiice a very real stabiliz a t ‘  ion. 

Previous articles4s10 roncerned with charge- 
transfer spectra have generally applied the results 
to a determination of ionization potentials of the 
hydrocarbons from either ultraviolet, 3pectra or 
free energies of formation of their complexes. The 
correlations suggested by llerrifield and Phillips4 
for tetracyanoethylene compleses, though vali- 
dated neither theoretically nor empirically, have 
been utilized to calculate the ionization potentials 
giyen in Table 11. These authors suggeqted that the 
empirical relationship 

;,,, = 0.48: I ,  - 1.80 (e.v.1 (2’1 

yielded a fair description of the data for the meth- 
ylated benzenes, though the application to naph- 
thalene (and, hence. very probably, to the biphen- 
ylenes) was very poor. h better linear correlation 
of I F ”  for the complexes with the ionization poten- 

18) This ronclilsion is suggested by the fact that’ both 
the nctivation energies and free energy changes nccompany- 
ing s-compl(~s forinntion are generally quite smnll RS coni- 
pared ivith t%lectronic excitation nicrgies and activntioii 
energies of aromatic substitution  reaction^.^ 

(0 )  8. P. McGlynn, Chem. Recs., 58, 1113 (1058); L. 1;. 
Orgel, (S!tnrt .  Revs., 8, 422 (1954). 

(10) G. Briegleb and J. Czekalln, -4ngeuann‘tp C h o n i ~ ,  72, 
401 (1080). 



TABLE I1 
1’REI)IC‘rED VALUES FOR T H E  IONI‘LATIOX POTENTIALS OF 

SOME BIPHENYLEKES 

- A F o 2 s ,  
Iical . /  I p n  

Fluorene 1 . 7 1  8 . 1 3  
Uiphcnylenc 2 . 5 0  7 .37  
1,8-Dimethylbiphenylcne 2 , 6 0  7 , 2 8  
2,7-I)imethos!,biphen).l- 

t’no 2 . 7 2  7.20 
2,7-l>iinc:thylbiplien~lenr: 2 . 8 5  7 .15  

<*0111p01111d hIole E. v. 
17,550 7 . 1 5  
14,700 6 . 4 0  
14,000 G . 2 2  

11,900 5 .71  
13,100 6.00 

a As dr~terniincd from Equation 3 .  * As determined from 
Equation 2. 

tials of the hydrocarbons was found by these authors 
as expressed in the empirical relationship. 

AFo = 0.0510 I ,  - 11,230 cal. (3) 

It is unlikely that either of these expressions will 
adequately predict the ionization potentials of the 
biphenylenes, as has been shown by the original 
authors, Equation 2 is no longer satisfactory when 
applied to the fused ring aromatic, naphthalene. 
It may be noted that ionization potentials for the 
biphenylenes as determined from Equation 2 are 
extraordinarily low. Furthermore, the already 
noted variations in relative equilibrium constants 
of the biphenylenes near room temperature ren- 
ders any correlation of ionization potential with 
standard free energy change, as in Equation 3, 
suspect. Correlations of the ionization potential 
with P,,,,, or with the free energy change a t  some 
temperature far removed from room temperature 
may well exist in the biphenylene-tetracyanoethyl- 
m e  complexes, but discovery of their nature awaits 
the determination of the ionization potentials of 
the biphenylenes by Some independent method. 

Although the apparently random fluctuatioiis of 
the equilibrum constants of tetracyanoethylene 
complexes with the substituted biphenylenes near 
room temperature effectively prohibit the applica- 
tion of even the crudest of linear free energy 
correlations, they suggest the possibility of a linear 
enthalpy-entropy“ relationship, and, indeed, the 
clear linearity of that relationship in the present 
case is illustrated i n  I’ig. 3. Although the physical 
meaning of this phenomenon in this and other cases 
remains somewhat obscure, it has been stated by 
Leffler” that “the existence of the [isokinetic] 
relationship is evidence favoring a constant 
mechanism.’’ This consideration, of course applies 
to equilibria as well as to reaction rates. For this 
reason, the data obtained previously by RIerrifield 
and Phillips4 for tetracyanoethylene complexes 
with a number of substituted aromatics were 
reinterpreted in order to obtain AS values and 
provide an opportunity for the revelation of any 
functional connection Ivith the 4 H  values. The plot 

(11) J. E. I,rffler, J .  Orq. Chem., 20, 1202 (1955). 

8 1  f / 1  
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Fig. 3. Plots of enthalpy us. entropy for a number of tetra- 

cyanoethylene-r complexes 

thus obtained is also reproduced in Figure 3. There 
is, clearly, a near-linear correlation of AH-AS for 
the investigated hydrocarbons. T h i s  correlation, 
however, leads to a l ine of entirely digerent slope 
from that obtained from the biphenylenes. The utility 
of this result is further amplified by the fact that 
fluorene (again corrected statistically) falls in line 
with the alkylated benzenes as indicated in Fig. 3.  
Thus, simply the introdiiction of a planar phenyl 
group in conjugation with the benzene ring or 
fusion of a planar ring is not sufficient to displace a 
.Ir-base from the line. The displacement of the bi- 
phenylenes to give an entirely new series is, there- 
fore, the- result of a common, and quite probably, 
a unique characteristic. 

Throughout the discussion thus far, some re- 
Ptriction, however vague, on the geometry of the 
hiphenyltne-tetracyanoet hylene complexes has been 
tacitly assumed. Thus, in comparing benzene and 
bipheiiylene systems, tetracyanoethylene has beeii 
implicxitly visualized as being closer to one of th-> 
benzene rings of biphenylene. In  a potentially peri- 
pherally conjugated system like biphenylcnc this 
arrangement is certainly not a necessary one and 
perhaps not even a deslrable one. We suggest that 
a more attractive explanation of our results 1- 

embodied in a pictorial representation as in 111. 
with tetracyanoethylene lying in a plane parallel 
to that of the hiphenylene and symmptricirlly p l a c ~ l  
over fhe potential cydobuiadiene ring (rotational 

N“ / \c 

N N 
111 



iqomer not implied). The concept of stabilization of 
a cyclobutadiene system through complex forma- 
tion is not new,I2 although significant stabiliza- 
tion in such a loosely bound state as that in a 
charge-transfer or n-complex would be a novel 
and intriguing circumstance. The inordinate stabili- 
ties of the biphenylene complexes and, more perti- 
nently, the requirement of a geometry somewhat 
different from that of the substituted benzene com- 

(12) R. Criegee and G. Schroder, Ann.,  623, 1 (1959). 

plexes as imposed by the different isokinetic rela- 
tionship, are eabily reconciled to the new geometry. 
We do not advocate this dibenzocyclobutadiene- 
tetracyanoethylene n-complex more vigorously 
because a clear physical interpretation and a defini- 
tion of the limits of applicability of the enthalpy- 
entropy correlation have not yet been described. 

We hope that work in progress will establish the 
geometry of other more firmly associated complexes 
of the biphenylenes. 
CAMBRIDGE40, l I A S 5 .  
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Synthesis of 8-Fluoro-10-methyl-l,2-benzanthracene1 

MELVIK S. NEWhlAN AND EDWARD H. WISEhlrlN2 

Received January 5, 1961 

The synthesis of &fl~1oro-l0-methy1-1,2-beneanthracene is described. The elimination of a fluorine atom during the Elbs 
pyrolysis of 1-(3-fluoro-2-methylbenzoyl)naphthalene (VI)  is noted. 

I n  this paper we report the synthesis of 8-fluoro- 
lO-methyl-1,2-benzanthracene (V), in continua- 
tion of a previously described program3 to provide 
all of the monofluoro-lO-methyl-l,2-benzanthra- 
cenes for carcinogenic studies. 
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The 3-fluorophthalic anhydride needed for the 
synthesis was prepared by oxidation of 2,3-di- 
methylfluorobenzene, obtained by decomposition 
of 2,3-dimethylbenzenediazonium hexafluorophos- 
 hate.^ As a byproduct in this reaction, 2,2’- 
3,3’-tetramethylbiphenyl was isolated, the iden- 
tity of which was established by synthesis from the 
known5 2,8dimethyliodobenzene. 

2,3-Dimethylfluorobenzene was oxidized to 3- 
fluorophthalic acid in high yield by potassium per- 
manganate in aqueous pyridine solution. Distillation 
of the acid gave the required 3-fluorophthalic an- 
hydride (I). The anhydride (I) was also prepared 
by heating 3-chlorophthalic anhydride with po- 
tassium fluoride, a method described6 while our 
work was in progress. In our handsJ7 however, the 
yields obtained with small quantities could not be 
reproduced on a larger scale. 

Attempts to oxidize 2,3-dimethylfluorobenzene 
with nitric acid led to the formation of 2-methyl-3- 
fluorobenzoic acid, the structure of which was 
established by decarboxylation to o-fluorotoluene 
and by conversion to 3-fluoro-2-methylaniline8 
by the Schmidt R e a ~ t i o n . ~  

Condensation of the anhydride (I) with naphtha- 
lene under Friedel-Crafts conditions gave 2-( 1- 
naphthoyl)-3-fluorobenzoic acid (11) exclusively. 
This parallels the reaction’O of 3-chlorophthalic 
anhydride, in that  condensation occurs a t  the 

( 4 )  K. Rutherford, paper to be published in Canadian 

( 5 )  A.  Klages and C. Liecke, J .  prakt. Chem., (2)  61, 323 

(e) A. Heller, J .  Org. Chem., 25, 834 (1960). 
( 7 )  This work was carried out by hlr. V. DeVries. 
(8) G .  Lock, Ber., 69, 2253 (1936). 
(9) K. F. Schmidt, 2. angew. Chem., 36, 511 (1923). 

Journal of Research. 

(1900). 


