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TABLE I11 

BENZENE IS 60% DIOXASE AT 25.20' 
REACTION O F  SODICM PHENOXIDE WITH 2,4-DISITROCHLORO- 

Rate  
Coeffi- 

NaOH Phenol  cient," 
used. phenol 1 .  mole-' l.4rCll0, used, 

mole,!. mole/l. mole/]. Mole NaOH sec.-1 X 10' 

0,0149 
,0151 
.015l 
,0151 
,0151 
.0151 
,0152 
,0154 
,0151 
,0152 
,0151 
,0152 
,0152 
,0152 

0,0299 
,0302 
,0302 
,0151 
,0151 
,0151 
,0152 
,0154 
,0151 
.0152 
,0151 
.0152 
.0152 
,0152 

0.0299 
,0302 
.0608 
,0670 
,0712 
,1212 
,1206 
,1207 
.0151 
,0304 
,0469 
,0765 
. OG05 
,0718 

1 .00  
1 .00  
2 .01  
4.44 
4 .71  
8.02 
7.96 
7 .81  
1.00 
2.00 
3 .11  
5 .04  
3.97 
4.74 

11.75 
11.58 
11.95 
12.38 
12.07 
11.12 
11.18 
11.12 
11.58 
12.23 
11.92 
11.67 
12.72 
12.40 

Runs arc listecl in the chronological ordcr in uhich they 
11 cre performed. 

aqueous dioxane were prepared as previously described.2 
Aniline was redistilled and stored under nitrogen. 2,4-Di- 
nitrodiphenylamiiie, m.p. 157-157.5" (lit.* 156-156.4"), 
was prepared from aniline and 2,4-dinitrochlorobenzene and 
was recrystallized twice from absolute ethanol. Commer- 
cial 2,4-dinitrophenylhydrazine was recrystallized. 

Apparatus.-Thermostats were constant t o  lt0.02", and 
thermometers were checked against Kational Bureau of 
Standards-certified thermometers. Pipets were calibrated. 
Photometric measurements were made with a Beckman 
model B spectrophotometer. 

Rate Measurements.--;ill runs 1% itli phenoxide ion and 
two runs with aniline wcre followed by titration of chloride 
ion according to  the procedure previously described.a 
Most of the aniline runs and a11 the hydrazine runs were 
followed by photometric n~casurements,~ made a t  400 or 410 

2 4 6 8 
Moles phcnol/mole KaOH. 

Fig. 1.-Rate of reaction of phenoxide ion with 2,4-dinitro- 
chlorobenzene as affected by phenol concentration. 

m r  for aniline runs and at 450 my for hydrazine runs. Some 
difficulty was experienced with deterioration of hydrazine 
standard solutions. Eventually, a procedure was developed 
whereby a stock solution of hydrazine of approximately the 
desired concentration was prepared and aliquots were with- 
drawn as nearly simultaneously as possible (a) for combina- 
tion with 2,4-dinitrochlorobenzene in 60% dioxane to start 
a kinetic run and (b) for addition to excess aqueous acid in 
preparation for titration against standard potassium iodate 
solution.1° Rate coefficients and energies and entropies of 
activation were calculated by appropriate standard expres- 
sions. 

(9) J. F. Bunnett  and II. D. Crockford, J .  Ckem. Educafdon, 53, 552 
(195G). 
(8) T. L. Davis and A. A.  Ashdown, THIS JOURNAL, 46, 1052 

(1924). 

(10) R. A. Penncman and L. F. Audrieth, Aiial. Chew., 20, IO58 
(1948). 
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The litliiuin salt of 2,ii-diiiictli)-lplieiiol has been found to react with methyl iodide (in the absence of any other solvent) 
to form, in addition to  38% of the expected methyl ether 111, 22% of 2,6,6-trimethyl-2,4-cyclohexadienone (I). The dienone 
readily forms a dimer (IT) which is now shown by an examination of the infrared and ultraviolet spectra and the dipole 
moment of 1.71 D. measured in cyclohexane to  have the structure -2. The dienone, after dimerization, readily can be sepa- 
rated by distillation of the ether I11 under reduced pressure. The dienone can then be recovered from the dimer (which may 
be purified by recrystallization) by distillation a t  higher temperatures. The method thus is a practical one for the synthesis 
of such dienones. 

In the course of a study of the formation of 
cyclohexadienones by the direct o-alkylation of 

0- Li+ 0 

I \-CHp + CHSI --+ CH7$(cH3 
CHs '"'0 / I  

phenol salts with organic halides2 i t  has been found 
that 2,6,6-trimethyl-2,4-cyclohexadienone (I) is 
readily prepared by the reaction of lithium 2,6- 

(1) Supported in part  by the  Office of Ordnance Research, U. S. 
Army. 

(2) (a) D. Y .  Curtin and R. J. Crawford, Chemistry & Indzisfry ,  313 
(1956); (h )  THIS JOURNAL, 79, 3156 (1957); ( c )  D. Y. Curtin and 
K. K. Frnser, Chemisfry  &' Induslry ,  1358 (1957); (d) D. Y. Curtin.  
R. Crawford and M. Wilhelm, Tnrs JOURNAL, 80, 1391 (1958); (e) 
D. Y. Curtin and AT. Wilhelm, J. Org. Chem.,  23,  9 (1958). 

OCH, 
I 
\-CII~ + LiI f dimer + C I I ~ - -  0 I11 

I1 
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dimethyl-phenoxide with iiiethyl iodide a t  150". 
The dienone I forms a solid dimer I1 on standing at  
room temperature. 'The yield of dienone I to- 
gether with dienone present ill the forni o f  the 
dimer TI amounted to 29;. It  was accoriipaiiied 
by :38yLj of L'.fi-diiiiethylanisole (111) (forined by 
i)-niethylatiori of the lithium salt), 'The ratio of  
oxygen to carboii attack is thus 1.7 ant1 the rxtic) of 
attack of oxygen to :Ittack of carbon at CL single 
o-position, 3.4. The ether 111 was readily rc- 
inoved from the tliiiier by tlistillatioti under reduced 
pressure antl, since the dimer call be reconverted to 
tiiencirie by distillation a t  higher temperatures, a 
simple method of separating dieriorir froni the ether 
111 is available. 

The structure of  the tliiiicr 11 is the priiici1)al 
subject of the present report. Absorption a t  I T 2 3  
and liiS2 c ~ i i . - ~  in the infrared spectrum of a lo$: 
solution of I1 in carboii tetrachloride leads to the 
conclusion that  there is present one conjugated antl 
one unconjugated carbonyl function and thus to the 
consideration of structures A-I). The gener:iliza- 
tioii that  such Diels- -Alder additions lead to the 
vudo-product favors structures -4 or E,  but escep- 
tioris have been noted previously3 to the rule of 
crdo-addition and so this argument cannot be con- 
sidered conclusive. Examiliatioil of niolecular 
models suggests that  methyl-oppositions would be 
present in structure R which would be absent in X 
~uid  so might be considered to  favor structure 
'This argument, however, cannot be considered 
coinpelling. Several  investigator^"^ have pre- 
pared dienone dimers froni dienones related to  I 
but iu 110 case has there been evidence which would 
iustify a final structural assignment to the diiiiers 
studied. 

The di1)ole i i i i i i i i t ~ i i t  of' the rliriier I I tletertiiiiicd i n  
cyclohesaiic niakes 1)ossible :L choice aiiioiig the 
struc*tiires . \ - I ) .  'I'hc iiiwsiirc(1 iiioiiierit I V ~ S  I .7 I 

A 1.06-2.95 O. 6 2.95-3.91 0.  

C 4.58-6.10 D. D 4.98-6.65 D. 

I). This v d u t  is aliiiost certainly too large, liow\.- 
t%\.er. because in the structures under consideration 
the  atom jmhrization must be appreciable. The 
iuoments calculated for structures -1-I3 are re- 

( 3 )  Cj .  R R. LYoodward and 11. Baer, THIS J O U R N A L ,  66, til,; 
, 194-I). 
4) €i. Conror  and R. A. Firestone. bb id . ,  78, 2'290 (195b). 
(.-)) F, Kallierer and H. Schmid, Hrln'. Chiin A c t o ,  40, 779 (19371 
( 6 )  E;. Alder, E;. 1%. l'lock and 11. Lessenich, Ckctn. Rcr., 90, l7U9 

(1957). 



at 1665 and 1645 cm.-1. 
vacuum gave a partially dimerized residue. 

Removal of the cyclohexane under 

Anal. Calcd. for CsHieO: C, i9.4; H, 8.9. Found: 
C, 79.4; H, 8.9. 

Dipole Moment Determination. Apparatus.-The ap- 
paratus used in determining the electric moment consisted 
of a BC-221 Frequency meter adapted in the mariner de- 
scribed by Thompson and R o g e r ~ . ~  The cell was constructed 
of three stainless steel cylinders held concentrically by 
Teflon spacers, the assembly being mounted in a glass en- 
velope. The cell of about 30-ml. capacity was filled and 
drained through a tube entering a t  the bottom. All such 
operations were carried out with the cell fixed in position 
in the constant temperature bath.  The apparatus was 
calibrated by obtaining frequency readings as a function of 
dielectric constant of the medium in the cell; the purified 
liquids used for this purpose were benzene, cpclohexaiie antl 
toluene. The cell was immersed in a constant temperature 
bath of 23.97 =t 0.02". Density and refractive index de- 
terminations were also made a t  this temperature. In  de- 
termining densities a 6-ml. pycnometer was used; the re- 
fractive indices were determined by use of a Bausch and 
Lomb precision refractometer fitted with a sodium lamp as 
source. 

Materials.-Thiophene-free reagent-grade benzene was 
purified by recrystallization followed by distillation from 
phosphorus pentoxide in an efficient column packed with 
glass helices. The product of this distillation was stored 
over sodium wire; 0.87435. Reagent grade toluene 
was purified by passing it through a 60 X 1.2 cm. column 
of alumina, 100 mesh, and carefully fractionating the 
middle portion. Storage was over sodium wire; dt4 0.86310. 
Cyclohexane was purified by  passage through a 60 X 1.2 
cni. column of 100 mesh alumina, followed by careful frac- 
tionation. The product, dza 0.77410, was stored over so- 
dium wire. 

Procedure .-The cyclohexane solutions of I1 were made 
up by weight, and were of weight fractions 0.03829, 0.02060 
and 0.00929. The dielectric constant, refractive index and 
density of each solution was determined, from which values 
of &/bw2, bn2/bw'?, and 3 ~ / 8 w  of 1.048, 0.157 and -0.345 
were calculated, where zcq is mole fraction of solute, E is dielec- 
tric constant, n is refractive index and Y is volume per g. 
The method of Halverstadt and Kumler'O was employed in 
calculating the polarization per gram of solute, p2, and the 
refractivity per gram, r 2 .  The values so obtained were 
0.4915 and 0.2794, respectively, leading to values of 133.7 
:itid 76.0 cm. 3, respectively, for the total niolar polarization 
Pz and the niolar refractivity, Rn. The latter value is to 

(9) H. R. Thompson and hI. T. Rogers, J. Chern. Educ. ,  32, 20 
(1955). 
(10) I. F. HRlverstadt and W. D. Kiimlcr, Tnis IOURNAL, 64, 2988 

(1942). 

~ . ~~. - - 

Aug. 20, 1958 eXO-CiS-3,6-ENDOMETHYLENE-A4-TETRAHYDROPHTHALIC , kNHYDRIDE 434 1 

be compared with the value 78.1 ~ m . ~  determined from the 
sum of bond refractivities." The difference between P2 
and Re, 57.7 ~ n 1 . ~ ,  represents the sum of the orientation 
and atom polarizations. 

If all of the net polarization, j 7 . i  c ~ n . ~ ,  is considered to  be 
due to  orientation polarization, a calculated moment of 1.71 
D. results. 

The carbonyl groups in 11 are pointing in nearly opposite 
directions, the angle between them being probably 160- 
170 '. In p-benzoquinone the arrangement of oppositely 
directed carbonyl groups leads to  an atom polarization12 of 
8-10 ~ m . ~ .  This presumably arises as a result of each car- 
bonyl having one degree of bending freedom. If oppo- 
sitely directed pular groups have additional degrees of free- 
dom as a result of deformation modes peculiar to the atoms 
which separate them, the atom polarization is further in- 
creased. For example, -1,-1-'-dicyanobiphenyl has an atom 
polarization of 36 c ~ i i . ~ ,  whereas for p-dicyanobenzene it is 
only 12 ~n1.~.13 

In  the coinpound under consideratioii here there are a 
number of pussibilities for low-frequency bending modes 
which would causc a change in the angle between the car- 
bonyl groups, antl thus contribute to  atom polarization. 
If it is assumed that the atom polarization is 25 ~ m . ~  a 
moment of 1.2i  I). is calculated. This amount of atom 
polarization is not unlikely for the molecule under consi- 
deration. Thus, although a precise value of the moment 
cannot be calculated because of the uncertainty in the atom 
polarization, a reasonable estimate of the latter quantity 
leads to a value for the moment which is of the same mag- 
nitude as that estimated from models of one of the isomers. 
Any improved value must be smaller and therefore still con- 
sistent only with structure -1. 

Calculation of Theoretical Moments for Structures A-D. 
-The carbonyl-carbonyl angles assumed are angles shown 
under the structures presented in the text. They were esti- 
mated visually from "Student Molecular Models" of the 
0. H. Johns Glass Co., Toronto, Canada, a liberal allow- 
ance being made for distortion from what is believed to  be 
the most stable conformation. The moments were calcu- 
lated from the equation 

the values of 3.8 and 2.9 D k i n g  those reported for 3,5-di- 
methy1-2-cyclo11eseno11e and fenchone, re~pect ively, '~  
chosen as the closest models for which data are available. 

(11) A. I. Togel, \V, T. Cresswell, 0. I I .  Jeffrey and J. T.eicester 

(12) J .  IT, Smith, "Electric Dipole Moments," liutterworths, Lon- 

(13) Reference 12,  11. ?i?. 
(1%) H. I,. n o d e  and G. T'cJkri-t, Z, 9 h y s i k .  Ciietn., B8, 60 ( l P 3 l l l .  

J .  ChciJZ. SO<., 514 (1952). 

don, 1955, p. 2il. 
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The Hydration of cxo-cis-3,6-Endomethylene-A4-tetrahydrophthalic Anhydride' 
13s JEROME -4. BERSON AND SHIGETO Svzr-sr 
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'The hydratioil reactioii ( I f  tlir title givvs t a ~ ~ - - 4 - I i ~ t l r o ~ y - e x o - c ~ . ~ - ~ ~ , ~ ~ - e 1 ~ 1 1 ~ ~ 1 1 1 ~ ~ l 1 ~  le~~t~l iexah~dr~.~I ,hthal ic  acid. The struc- 
ture of the product is proved 1)). alternate syrithesis from e.ro--l,5-e~~1~x~-~.~.0-~i~-L:,~-e1id01i1ethyleiieliexaliydr1~~~litlialic itn- 
hydride. 

111 coniiection with another study, it was rieces- 
sary for us to prepare exo-4-hydroxy-exo-as-3,ti- 
endomethylenehexahydrophthalic acid (11). 

0-co 
!I I11 

(1) This research u a s  supported by the United States Air Force 
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Reproduction in whole or in part IS permltted for any  purpose of the Substance ( I r a )  to which this structure had been 
United States Government assigned had been reported by Alder and co-work- 


