
Alnal .  (hlctl. for C i I ; H l s 0 :  c', 85.Oi; FI, 7.62. Fourid: (2 ,  
S5.W; H, 7.46. 

Benzoyl mesit?// ketom'ni~. 'I'he nitrosation nirthod of Ml'eiss- 
berger and Glass' was folloved using 4.75 g. (0.02 mole) of 
cu-tiiesitylucetoptieii~~~~e :md 1.5 g.  (0.035 mole) of butyl 
nitrite. B~?rizoyl niesitJ.1 Itetoximr n'ns obtained as a whitr 
solid, n1.p. 158-159" (froni ethanol); yield 2.0 g. (37%). 

. l ~ i o l .  Chlcd. for CL;H17?;O~: C TG.38; H 6.41; 1, 5.24. 
1;oiiiid: C:, 76.92, 7( i .S ;  H, fi.45) 6.21; T, 5.32. 

I;itrc.iion o f  l i ~ ! i z m / l  mesityl ketoxinze with benzrnes~iljonyl 
V / I / O J  i t / ( ,  r i i i t l  bow,  The reaction was run i n  the manirer de- 
wrilic,(l ;lIJOw iising 0.:) #. (O.nO:<:< I I ~ ~ I - )  of hnzoyl  nirsitJ-l 
I,rst oxi t i>(>,  O , i : 3  g ,  (0.00-1 inole) of 1Jc.nzrnesulfonyl chloride, 
: i t i t 1  0.lili g .  (0.016 mole) of sodium hydroxide in 25 ml. of 
\v:il(,i,. 'l'ho cthcr cstracts of the alkaline solution ) d d ? d  a 

c s l l o \ v  oil \vliirh \va3 chromatographed as before to yield 0.1-5 
g.  i : ( I  L L  of niesitotiitrile (identified by its infrared spectrum) 

) of :L solid, m.p. 127-129", believed to be 
torime benzoate. Infrared bands: yc-o 1650 
crn.-l Recrystallization ~ t t s  effected from 

. I ~ I / .  (hid. for G4H2,K\;03: C, 77.61; H, 5.70; N, 3.77; 

.\cidific.:~tioti of the alltalinr solution yieldrd 0.05 g. (12?2) 

f ' t ~ l t L l l l J ~ .  

I ~ ~ ~ i i t i ~ l :  (1, 77 .23 ,  77.G5; H, 6.28, 6.18; N,  3.52. 

i d  I ielixoio acmitl. 
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'I'hc ortho-Claisen Rearrangement. VII. The 
Krarrangement of Allyl p-Tolyl-2,6-cll Ether' 

Received .Ifarch 15, 1961 

Thcl wqucnce of reaction steps comprising the 
ortho-( 'Iniwn rearrangement is usually written as : 

It has tmw suggested4 that neit'her step 1 nor step 2 
is mwsih lc  and that step 1 is slow and rate-deter- 
niiiiiiig. This nppcars to bc an  eminently reasonable 
assumption since enolization (step 2 )  is ordinarily a 
vr1.y facile rcactioii whereas thc breaking and form- 
i ng of rarbon-oxygen and carbon-carbon bonds 
(stcp I )  docs not, occur so e a ~ i l y . ~  Indeed this has 

tigatioii was supported in part, by research 
45 from the rat ional  Science Foundation. 
lectric Foundation Fellow, 1960-61. 

(:;) From the thesis suhniitted by Eugene F. Wolfarth 
in  p i r t i ; i I  fiilfillnicnt of the reqiiirrnimts for the Degree of 
I )actor of I'liilowphy a t  The Ohio State Universit,y. 

~~ - -. . 

tiiid, Helu. Chim. L i ~ l a ,  20, 13 (1957). 
( 5 )  H o ~ v c ~ e i , ,  it has been 'shoN-n that 6-allyl-2,6-di- 

met hyl-2,4-cyclohesadienone rearranges with incredible ease 
to allyl 2,G-dimethylphenyl ether (the reverse of step 1) and 
4-sllyl-2,~i-dimethylphenol [D. Y. Curtin and R. J. Craw- 
ford, J .  - t ! i L  Cheni. Soc., 79, 3156 (1967)l. 

usually becn tacitly assiimcd in the intr~pretation 
of kinetic studies of this reaction.61i However, it 
was desirable to demonstrate that the abo1.e kinetic, 
scheme is a true representation of the facts. 

This demonstration could be accomplished by 
determining whether there was a kinctic isotope 
effect in the rearrangement of allyl p-tolyl-2,6-& 
ether or whether isotope fractionation occurred in 
the rearrangement of a niist,urc of allyl p-tolyl-3,B- 
d, ether and ordiliary allyl p-tolyl cthcr. A k i n d c  
isotopc rffect would indicantc that thr qtcp in\wlving 
carbon-hydrogen bond txcaking must detcrmine, 
a t  least in part, the ovcxr-all rate of rcaction. Iso- 
tope fractionation would occur if step 1 was rewr- 
sihle and step 2 was rate-controlling. 

RESULT5 -4SD DISCUbSION 

Allyl p-tolyl-2,6-d2 ether iva \  prc.pared by a qe- 

quence of reactions starting TI ith p-toluidine. h 
sample of p-toluidiiir was heatcd at  120" for ten 
hours with deuterium chloride in dcuterium oxide. 
This treatment was repeatcd with a frrih portion of 
deutcrinm oxide four tiinw. T h t  deuterated tolui- 
dine wa\ diazotized and the dinzoniuni solution 
clccompohed to  yield p-crchol-l-',6-d2 The (,resol was 
cuoinwted to allyl p-tolyl-2,B-d2 ether by treatment 
with allvl bromide iii thr prewncc of potassium 
c.arbon:i t r. 

Combustion of thr :-',;i-diiiitl.ot)eiisout e of the p -  
ol-2,li-d? to water folloncd by reductlon of the 

I\ atcr to  hydrogen and mass spectrometric analysis 
of thc latter showed that the cresol contained 1.51 
atom5 of deuterium per molcculc. .4 sample of the 
p-c.resol-2,6-dz was brominated to 2,6-dibromo-p- 
rrrso1 .I similar analysis of the X,5-dinitrohenzoate 
of this iubstance revealed 0 003 atom of deuterium 
pcr molecule of 2,(i-dihromo-p-crccol. This indicates 
that almost all of the deuterium \\*a\ incorporated 
iiito thc 2- and 8- positions of p-cresol. 

Thc kinetics of rearrangement of allyl p-tolyl-2,6- 
d? rther and allyl p-tolyl cthcr n e r ~  determined 
spcc.trophotometrically in cnrbitol as solvent. 
Thc hpecific rate constants for the rrarrangement 
of these ethers a t  thrcc temperaturri are listed in 
Table I. The rcactions were follon-cd to 72-75% 
completion in earh case, with sewn points being 
determined in each run. The activation parameters 
were calculated by standard methodsh and are also 
listed in Table I. L-sing the deviation listed for the 
individual rate constant$, the mean qtati.tical error 

(6) W. K. iyhite, 11. CT\\>nn, R .  bchlitt, C. (;irard, and 
W. Fife, J .  Am. Chem. SOC, 80, 3271 (10,58). 

(7)  W. N. T h i t e  and B. E Norcross, J .  Am. Chem. SOC., 
83, 1968 (1961) and W. S. White and IT K. Fife, J. Am. 
Chem. SOC., in press. 

( 8 )  A. A.  Frost and R. G Pearson, Kznelzcs and Xecha- 
nzsms, John Wilpy and #om, Inc., Xea York, 3'. Y., 1953, 
pp, 95-RT. 



TABLE I 
RATE CONSTAXTS A N D  ACTIVATION PARAMETERS FOR THE 

REARR.~S(:EJIENT OF ALLYL p-,ror,Yr, ETHERS 

Allyl p-Tolyl-2,6-& 
Allyl p-Tolyl Ether Ether 

t o  k X l o 5  sec.-l k X 105sec.-l 

199.70 i. 0 1 15.73 f 0.66 15.86 i. 0.14  
180.30 f 0.05 3 94 i. 0 05 4.08 f 0.07  
160.30 i. 0.05 0.784 f 0.004 0.761 i. 0.007 

A H  +a 30 .1  30 5 
AS +* -13.1 -12.3 

a Kcal./niole. Cal./deg./mole. 

calculatedg for the enthalpy and entropy of activa- 
tion is f 0.8 kcal./mole and f 0.9 cal./deg./mole, 
respcctiwly. Therefore, within the experimental 
error, the rate constants and activation parameters 
of the deuterated and nondeuterated allyl p-tolyl 
ethers are essentially identical. This indicates that  
the breaking of the ortho carbon-hydrogen bond is 
not kinetically important, and therefore, that  the 
first step of the reaction is rate-determining. In  the 
first step the ortho carbon changes in hybridization 
from sp2 to sp3, so a small secondary isotope effect 
was expected, but was not observed experimentally. 

Further substantiation of the above conclusions 
was obtained from the observation that when a 1 : 3 
mixture of allyl p-tolyl-2,6-d2 ether and allyl p-tolyl 
ether was rearranged to the extent of 50%, no iso- 
tope fractionation occurred. This was proved by the 
identity of the infrared spectra of the original ether 
mixture and of the cther recovered from partial 
reaction. 

It is therefore evident that  equation (1) cor- 
rectly represents the kinetic pattern of the ortho 
Claisen rearrangement. 

EXPERIMENTAL 

Preparation of p-cresol-d,6-dz A solution of 10 g. of p- 
toluidine (Eastman Kodak) in 25 cc. of concd. hydrochloric 
acid was placed in a 20 X 900-mm. heavy walled Pyrex 
combustion tube sealed a t  one end. Excess hydrochloric 
acid was removed by maintaining the tube a t  50" and 4 mm. 
pressure overnight. To the dry amine salt was added 10 cc. 
of 99.7y0 deuterium oxide and the tube was sealed. The 
tube was thermostated a t  120" for 10 hr. It has been shown'o 
that a t  this temperature, equilibrium for the ortho positions 
is established in 6-8 hr. The water was removed under 
redured pressure a t  50' and the exchange repeated four more 
times. 

The solid rrsidue (p-toluidine-2,6-d2 hvdrochloride) was 
takrn up in water and made slightly basic. The free amine 
uas  collected by filtration and dried. A solution of 10 g. 
(94 moles) of this amine in 300 cc. of uater containing 12 4 g. 
(126 moles) of sulfuric acid mas cooled to 3" Kith stirring. 
A solution of 7 2 g (105 moles) of sodium nitrite in 15 cc. of 

(9) E. L. Purlee, R. W. Taft, Jr., and C. A. DeFazio, 

( I O )  A. P.  Best and C. L. Wilson, J .  Chem. Soc., 239 
J .  Am. Chrm. Soc., 77, 837 (1955). 

( l Y 4 6 i  

water was added dropwise (a test for nitrous acid was o b  
tained after 15 min.). Excess nitrous acid was destroyed by 
addition of 4 g. of urea. The diazonium solntion was addcbtl 
to boiling mater in a flask set up for rapid steam distil1atio:i. 
The addition was complete in 30 min. A total of 3 1. of dis- 
tillate was collected. After salting out, the product w:tq 
extracted with petroleum ether (b.p. 65-70'), dried over 
magnesium sulfate, and distilled. There was obtained p -  
creso1-2,6-dz, b.p. 90-95' a t  15 mm. in 66.5% yield. 

Deuterium analysis. Using the procedure of Phillips and 
1ieenan,l1 a small portion of the p-cresol-2,A-dz was con- 
verted to  the 3,5-dinitrobenzoate, m.p. 184-188", reportpd' 
188.6". After diluting with normal p-cresyl 3,5-dinitroben- 
zoate to  give a deuterium content in the range of 0.6%. 
snfficient sample was burned in a modified combustion train 
to give 3-4 mg. of water. The water was collected in a 10-cm. 
length of 2-mm. glass tubing with the aid of a Dry Ice trap. 
The tubing was then sealed. The water was released into a? 
evacuated break-seal tube containing 2-3 g. of zinc dust. 
This tube was heated a t  400" for 4 hr. to  reduce the water to 
hydrogen. The resulting gas was introduced into a mas; 
spectrometer and the relative intensities of the H-H 
and H-D peaks determined. The spectrometer was Cali- 
brated with hydrogen gas of known deuterium content. 

And .  Cxlcd.: 0.576% D for 2.00 atoms D/moleciile. 
Found: 0.434y0 D for 1.51 atoms D/molecule. 
.1 small portion of the p-cresol-2,6-d2 was dissolved in 

water and excess brominc added. The precipitated 2,G- 
dibromo-p-cresol was taken up in ether, dried over mag- 
nesium sulfate, and the solvent removed. The 3,5-dinitro- 
benzoate ester was prepared as before and recrystallized 
from 1 : 1 benzenepetroleum ether to yield colorless crys- 
tals, m.p. 219-220.1'. 

Anal. Calcd. for ClaHeBr2NzOe: C, 36.55; H, 1.75; N, 6.09. 
Found: C, 36.54; H, 1.82; N, 5.98. 

Combustion of the sample, reduction of the water pro- 
duced, and mass spectrometric analysis showed there was 
0.003 atom yo excess deuterium per molecule. Thus essen- 
tially all the incorporated deuterium is located a t  the 
ortho positions. 

Preparation of allyl p-tolyl ethers. Both the allyl p-tolyl- 
and allyl p-tolyl-2,6-d2 ethers were prepared as described 
previously.6 1mmediat)ely prior t o  the final distillation, the 
ethers were chromatographed on Woelm I alumina, using 
petroleum ether (b.p. 65-70') as eluant. 

Kinetic measurements. The rearrangement kinetics of 
these ethers were determined spectrophotometrically in 
carbitol solvent in exactly the same manner as described 
by White et al.6 

Isotope fractionation study. A mixture of one part of allyl 
p-tolyl-2,6-d2 ether and three parts of normal ether was 
prepared and its infrared spectrum determined with .z 
Perkin-Elmer Model 21 spectrophotometer, using sodiiim 
chloride optics and a 0.03-mm. fixed cell. A portmion of the 
mixture (1 g.) was dissolved in 10 cc. of carbitol, sealed in a 
Pyrex test tube, and heated a t  180' for a period correspond- 
ing to  one half-life. The quenched sample was taken up in 
40 cc. of petroleum ether (b.p. 65-70') and washed eight 
times with 30-cc. port,ions of water and then with 30 cc. of 
10% sodium hydroxide. After a final wash with 30 cc. of 
brine, the petroleum ether solution was drird over magne- 
sium sulfate, and the solvent was removed. The infrared 
spectrum, taken in t,he same fixed cell, was identical to that 
of the starting mixture, indicating that no measurable iso- 
topic fractionation had occurred. 
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(11) &I. Phillips and G. L. Keenan, J. Am. C h m .  SOC., 
53,1926 (1931). 


