
semicarbazone, after tlir?e crystullizations from water, 
melted3' a t  184-185.5". 

a-Chloroacetyl-a-methyl-y-butyrolactone (XI).-To a 
solutioii of 10.0 g. of a-acetyl-a-methyl-y-butyrolactone 
(X) in 20 ml. of dry beiizene was added 9.6 g. of sulfuryl 
chloride, and the resulting solution was allowed to stand a t  
room temperature uritil gas evolution had ceased. After 
gently warmiiig on the steam-bath for 15 inin., the solvent 
was removed a t  reduced pressure, leaving a pale yellow oil 
which crystallized 011 standing overnight in the refrigerator. 
The yield of crude product was 12.4 g. (lOOYc), m.p. 34- 
38'. One recrystallization froin chloroform-petroleum 
ctlier a t  -50" gave 9.9 g .  (8092) of ivhite crystals, 1n.p. 
37-42'. Three further recrj-stallizations from chloroforin- 
pctroleurn ether raised the 1n.p. of ail analyticai sample to 
46.5-47 O .  

.1?z/z1. Calcd. for C7H&100: C ,  47.60, H, 5.14. Found: 
C ,  47.82; H, 5.26. 

Convcrsioii t o  the phenyl sulfone XIa \vas effected bj- re- 
fluxiiig for 1 hr. a solution of 0.9 g. of the chloro coinpoutid 
and 1.0 g. of sodium betizenesulfinate in 10 nil. of 5 0 ~ ~  
eth:tnol. Two rccrystallizations from ethanol ga\-c Tvhite 
prisms, m.p. 00.5-91.5°. 

A nnl. Calcd. for CI3HlaO6S: C, 55.38; H, 5.00. I'ountl : 
C ,  55.16; H, 5.17. 

Acid Hydrolysis of a-Chloroacetyl-e-methyl-7,-butyrolac- 
tone (XI) to 2,3-Dihydroxy-2,3-dimethyltetrahydrofuran 
(XXIaj.---=\ mixture of 31.0 g. of the crude chlorolactone 
S I  a n d  100 ml. of lyG hydrochloric acid was heated on the 
5tcani-hath for 2.5 hr.  until carbon dioxide was no longer 
evcilved. The reaultiiig dark brown solution was neutral- 
iziatl wit l i  solid sodium bicarbonate arid then extracted 
three times with ether to remove all of the deeply colored 
material, which was disc:trded . Tlic remaining clear aque- 
ous solutioii was continuously extracted with ether fcr 96 
lir., the ether extract was dried over sodium sulfate and the 
etlicr wai removed a t  tlie steaiii-bath, leaving a colorlcss 
oil wliieli en-stallizecl on cooliiirr in  the  refrirerxtor for sev- 

In a periodate titration by the  method of Jackso1i,3~ :L 
253-mg. sample of XI consumed 409 nig. (1.00 equiv.) of 
sodium metaperiodate, after a reaction time of two I i o u r a .  
The calculated value, based on a mulecu1,rr weight of 132, 
410 mg. 

Reaction of 2,3-Dihydroxy-2,3-dimethyltetrahydrofuran 
(XXIa) with Sodium Metaperiodate.---A s<>lutioii of 4.6 g. of 
the diol XXIa  and 7.5 g. of sodium inctaperiixlate iii 130 
tnl. of water was allowed to  stand a t  rcmn temperature for 
4 hr. and then coiitinuously extracted with ctlicr for 24 lir. 
The ether extract was dried and the solvent i \ : t s  reiriovetl 
leaving a colorless liquid, which n-a.; distilled. T w o  frac- 
tions were collccted. 

Fraction 1 (0.4 g.) \vas collected :lt :?L'->:i" (30 l i i n i .  1 .  

It \!-as identified as acetic acid by prepnration of the  P-broinii- 
phenacyl ester, n1.p. and mixed in.p. 84.5-S3..iC. 

Fraction 2, l.ii g., b.p. i2-73' (0 m n i . ) ,  v a 5  iilciitifictl 
as :t mixture uE 4-liydroxy-2-butanc,Ilc :tiid 4-:icetoxy-.'- 
butanone by coinp;irisoii of the priipertics shown iii Table I 
r~ i t l i  sj-tithetic samples atid 1,- inixed m . p . ' j  c i f  derivatives. 

TABLE I 

I'roduct 

C ,  5-1. I;i 
11, 8.21; 
72-73 ( 8 )  
1:1"1 
20 
3.350, 1 i X  
1715-1TU9. l%6 

" J. T. HXJ-S, C;. 17. Hagcr, I { .  AI. Etigelrriarin and H. M. 
Spurliu, THIS JOURNAL, 73, 53360 (1951). The reportrtl 
\-dues are: b.1). 73--iCio (12 inin.), n"n 1.4290. * E .  11. 
Rucliniaii :mil H. Strgcn?, ih id . ,  67, 400 (1946), repirt 
b.p.  76-,8" (8 inin.) .  C. 1-1. Hoffman, et u l . ,  ibid., 79, 
23163 (1957), give 7 z 2 k  1.414>? 

. ____ _ _  .- 

(31) Vv'hile the present work was in progrecs, 1'. PI'. Stepanov ani1 ( Y ? )  IC. 1.. Jackson, i n  "0rg:iuic 1<1~a1~t i~~11s,"  Yo1 1 1 ,  J t > l l i i  \VtlL'y 

(33) I. S. Sazarov, I,. A .  Razltsyna and I .  I .  %.rrel.k;tyA, % h f l r .  
0. I;. Smirnov, Zhur .  Obshcizei Rh i in . ,  27, 1042 (1957) (C.  A , .  62,  ?7L7 
(1<J,58)1, reported the  fnllowing properties' frrr the lactone X ,  h .p .  123- 
126' (18 nun.), n2% 1.%501; for the semicarbazone, m.p. 100°. 

arid Sonn, Inc., New York, S .  Y.. 19 i4 ,  p. 3 c i l .  

Obshciici Khiv? , ,  27, GOO (I 'Ji7) (C'. A , ,  61, 16383 (lP37)'i. 
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The Curtius Rearrangement. 11. The Decomposition of o-Ehbstituted Beiizazides 
in Toluene 

B Y  XrASUHIDE YUKSW.1 AND I'VHO 'fSCN0 

RECEIVED XAY 26, 1958 

l'he ratei of tlecoriipositioii of six o-substituted benzazides were determined volumetrically by collectiug the nitrogeii 
evnl\-etl. Thc relative reac- 
tivities followed the order of the bulkiriess of o-substituents. although the changes were relatively small compared to the 
divergence between o-isomers and vz-, p-isomers. These results are attributed to the increase in the steric requirement of 
the migratiiig group, aiid discussed ill terms of the steric restriction of resonance of the benzene ring with the azidocarboriyl 
resitluc, arid tlic steric compression of migrating group. 

The rates of o-substituted derivatives were much higher than those of 712- aiid p-derivatives. 

111 ; L I I  clnrlicr pai)er,l the cffcct of n -  arid 1)- 
substituents 011 the rate of the Curtius rearrange- 

( 1 1  Y. ~ ~ ~ k ~ , ~ , . ~ ~  cinii Y. ~ ~ , ~ n ~ ~ ,  THIS J ~ ~ T ~ K . I I , .  79, 5330 (195i). 

irient of betizazides was rcportcd :i11rl t1isc.u 
'flie kinetic study of this rearrangement 113s now 
been extended to o-substituted benzazides. 
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Experimental 
Materials .-The method of preparation of o-substituted 

henzazides was essentially the same as that of Curtius and 
others.2 All azides were prepared from the corresponding 
esters in satisfactory yields. 

o-Hydrosybenzazide was prepared by the usual method3 
from the hydrazide (m.p. 147'): Colorless plates (m.p. 
27-8', in 8047, yield) were obtained on recrystallizations 
from aq. alcohol and ether. o-Nitrobenzazide was obtained 
from the hydrazide (m.p. 12.1-125') in yield by the 
Curtius method . 4  Recrystallizations from ethcr gave pale 
yellow needles having m.p. 36-38'. 

o-Bromobenzazide was prepared by the following proce- 
dure. The hydrazide (m.p. 152-153') was obtained from 
the ethyl ester (b.p. 131' (12 nim.)) quantitatively. Four 
grams of the hydrazide was dissolved in 4 ml. of concd. 
hydrochloric acid and 100 ml. of water. This solution was 
covered with 50 ml. of ether. An aq.  solution of sodium 
nitrite (4 g. in 30 ml.) then was added dropwise to this solu- 
tion with stirring a t  - 5  ,- 0". Stirring was continued for 
30 min. a t  the same temperature. Then the ethereal layer 
was separated, washed with cold water and dried over cal- 
cium chloride with cooling. The solvent was removed as 
completely as possible under reduced pressure yielding 
colorless liquid, 3.5-3.7 g. When the reaction was carried 
out with high concentrations of hydrochloric acid, a red- 
brown liquid resulted. The colorless liquid product was 
taken up into 10 nil. of anhydrous toluene and dried again 
over calcium chloride. One-third of this solution which 
was separated from drying agent was used for a rate meas- 
urement without further purification. Nitrogen gas was 
evolved quantitatively on decomposition of this sample. 
When the decomposition product was treated with a small 
amount of water and allowed to  stand for several days, 
syn-di-o-bromophenylurea was obtained; m.p. 220-222" 
from alcohol. The above procedure for azide preparation 
should be undertaken carefully with cooling lower than O' ,  
to avoid an occasional explosion or a vigorous evolution of 
gas. This appears to  be the most appropriate procedure in 
terms of purity of the product and safety, and was em- 
ployed as a general procedure for the preparation of other 
azides. 

o-Toluplazide was prepared from the corresponding hy- 
drazide (m.p. 184.3-5.0" from toluene), by the general pro- 
cedure.6 

o-Chlorobenzazide was obtained in the same manner from 
o-chlorobenzhydrazide. The hydrazide was obtained in 
80% yield by refluxing (10 hr.) the alcoholic solution (75 
ml.) of 20 g. of the ethyl ester (b.p. 116.5-117.0° (12 mm.)) 
and 15 g. of 85% hydrazine hydrate. Recrystallizations 
from anhydrous toluene gave white needles, m.p. 114 
116.5' (reported* 109-110°). 

Anal. Calcd. for CTH7Oh'zCl: C, 49.30; H, 4.10; N, 
16.41. Found: C, 49.11; H, 4.13; N, 16.50. 

The decomposition of o-chlorobenzazide yielded di-o- 
chlorophenylurea (m.p. 234-23iO) quantitatively. 

o-Methoxybenzazide was prepared by the general method, 
o-Methoxybenzhydrazide mas obtained by refluxing the 
alcoholic solution (75 ml.) of 25 g. of the ester (b.p. 129' 
(12 mm.)) and 15 g. of 80% hydrazine hydrate for 10 hours. 
The solvent was evaporated as completely as possible and 
the crude material having 1n.p. (3-78' was separated. 
I<ecrystallization from anhydrous benzene and toluene 
gave the pure hydrazide, m.p. 100-101" (reported' 83-86"), 

Anal. Calcd. for C ~ H I O O ~ N ~ :  C, 5i.82; H ,  6.07; N, 
16.86. Found: C, 57.68; H, 6.06; N, 17.07. 

When the above alcoholic solution was refluxed for only 
2 hr., a product having m.p. i8-8l0 was obtained in low 

(2) P. A. S. Smith, "Organic Reactions," Vol. 11, John Wiley and 
Sons, Inc. ,  New York, N. Y., 1949, p. 337; Houben-Weyl, "Methoden 
der Organischen Chemie," Band VII I ,  Georg Thieme Verlag, Stutt-  
gart, 1952, p. 676. 
(3) A. Strauve and R. Radenhausen, J .  Orakl.  Chem.,  121 5'2, 239 

(1895). 
(4) T.  Curtius and 0. Trachmann, i b i d . ,  [2] 51, 168 (1896); A. 

Strauve and R. Radenhausen, ibid., 121 52, 231 (1895). 
(5) Y. Tsuno, Memoirs Insl .  Sci .  Ind. Res., O s a k a  Uniw. ( J a p a n ) ,  

l S ,  183 (1958); R. Stolle and H. P. Stevens, J .  p r a k l .  Chem.,  121 69, 
366 (1904). 
(6) L. Kalb and 0. Gross, Bey.,  58B, 727 (1926). 
(7) P. A. S. Smith, Trrrs JOURNAL, 76, 436 (1954). 

yield. The  melting point was not changed by further re- 
crystallizations from benzene, toluene or alcohol.* 

Solvent .-Toluene purified by the usual method was 
heated under reflux with sodium metal for five days under 
protection from atmospheric humidity by a drying tube con- 
taining phosphorus pentoside. I t  was carefully fraction- 
ated and stored over sodium, b.p. 110.3-110.5°. 

Kinetic Runs.-The rates of the reaction were followed 
by the rate of the evolution of nitrogen gas. The apparatus 
and the procedure of the rate deterinination were described 
previously.' The temperature of the reaction .bath was 
maintained constant within 0.01". Stirring of the reaction 
mixture was not undertaken but the powdered glass was 
added to the reaction flask to prevent the supersaturation of 
nitrogen. 
In the case of the solid azides, o-nitro- and o-liydrosy- 

benzazides, about 5 mmoles of sample was decomposed in 
75 ml. of toluene and the rates were measured by collecting 
the nitrogen evolved. The other o-derivatives are liquid 
and their further purification is impossible. Hence the liquids 
obtained were used directly for the rate measurements. The 
toluene solution of an azide, one-third of the sample pre- 
pared from 20 mmoles of the corresponding hydrazide, was 
transferred into 75 ml. of toluene a t  a constant temperature 
with shaking, and the volumes of nitrogen were followed to  
75 N 90% completion of the reaction. For each run of o- 
nitro- and o-hydroxybenzazides, the final volume of nitrogen 
evolved mas close to the theoretical amount. For the liquid 
azides, the final volume of nitrogen indicated that the con- 
tent of an azide in a sample solution was always about 80 - 
90% of the amount calculated from the starting hydrazide; 
therefore the content in a sample was about 5 N 6 mmoles. 

The preparation of an azide and the rate measurement 
were repeated for several times, to  avoid the effect of im- 
purities due to  the incomplete purification of sample. 

'CXrith o-bromobenzazide, the addition of the hydrazide 
(less than 100 mg.) to  the reacting solution did not affect 
the rate. When the preparation of a liquid azide was 
carried out with a high concentration of hydrochloric acid, 
somewhat higher initial rates were observed and the first- 
order plot was concave upward. The use of excess aqueous 
sodium nitrite solution to  hydrochloric acid appeared to  be 
necessary to  obtain satisfactory kinetics. Duplicate runs a t  
different concentration of azide (3 - 10 mmoles) gave 
strictly the same rate constant. 

The reaction products were detected as syn-diphenyl- 
ureas by treating with a small amount of water, except for 
o-hydroxybenzazide, which gave a benzoxazolone, m.p. 132O, 
as a sole product. 

Results 
The decomposition of o-substituted benzazides 

in all cases followed first-order kinetics accurately 

Some typical runs are shown in Fig. 1. The rate 
constants obtained are listed in Table I. In all runs 
but those of the o-methoxy derivative, the average 
deviation from the mean value of the rate constants 
is less than lY0 and the reproducibility of the 
constants obtained from the two or three experi- 
ments is within 2y0, as shown in Fig. 1. Although the 
liquid azides followed first-order kinetics satis- 
factorily within a precision of 1% or less, they ap- 
peared to  be slightly inferior in their reproducibili- 
ties (2% or less) than those of the crystalline azides 
(less than 1%). This presumably can be attributed 
to incomplete purification of the liquid azides. 
Other effects, such as those of the concentration 
of azide and of the supersaturation, were not ob- 
served. 

Decomposition of o-methoxybenzazide gave a 
quantitative amount of nitrogen, although in four 
runs no linear first-order plot except a run a t  47.60' 
was obtained. The run a t  47.60' gave a straight 
plot and nearly the same rate constant as that of 

- 0.4343 kl X t = log (1,'- - V )  - log V m  

(8) H. H. Fox and John T. Gihas, J .  Org. Chcm., 17, 1653 (1952). 
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Fig. 1.-Plots o f  log (I', - against time t of the de- 
compositions of o-substituted benzazides: -3-, o-nitro- 
benzazide a t  51.80'; --0--, o-metliylbenzazide a t  44.50"; 
- 0--, o-niethoxybenzazide at 47.60". 

the o-methyl derivative. It seems likely that the 
reactivity of the o-methoxy derivative is ap- 
proximately the same as that of o-methyl com- 
pound. 

The temperature coefficients of rate constant 
were determined over 20'. Plots of log k us. 1 IT are 
linear. ilctivation energies and log PZ were cal- 
culated from the rate constants using the method 
of least squares. They are given also in Table I .  
The least square treatment indicates that  the 
average deviations of the experimental log k from 
the regression line of the Xrrhenius equation are 
i.O.002 for the crystalline azides and +0.005 for 
the liquid azides. They are somewhat larger than 
those of the p-derivatives (less than *0.001).' 
The uncertainty in the activation energy is esti- 
mated to be in all cases less than +0.5 kcal. and in 
the log PZ less than *0.20 reciprocal minute. 
'Therefore, the variation of activation energy and 
log PZ with the o-substituents may be entirely 
significant with respect to the experimental un- 
certainty . 

Discussion 
I t  may be noted that the rates of the rearrange- 

ment for the o-substituted benzazides were much 
greater (30-200 fold) than that for the unsubsti- 
tuted compound except in the case of o-hydroxy- 
benzazide. The unexpectedly high stability of the 
o-hydroxy derivative presumably was due to 
chelation or hydrogen bonding of the hydroxy and 
the azidocarbonyl groups. Thus, the reactivity of 
this compound will not be considered in the fol- 
lowing discussion. 

The rates of decomposition of o-substituted 
berizazirles a t  33.00', the relative rates to the 
unsubstituted benzazide and the ortho; para rate 
ratios of corresponding substituted compounds 
are listed in Table 11. As the polar effect (induc- 
tive and resonance polar) is assumed to be ap- 
proximately the same in the o-position as in the 
p-position, the ortholpara rate ratios may be a 
rough function of any other factor than polar 

T.4RLE 1 
KISETJC RESULTS OF IHE CUKTIIT5 1 < h A K R A \ C O 3 l h \  I Ut.' 

THE 0-STRSTITTTED BESZAZIDES 
Sub- 

stituent 

IIO 

CH30 

CH3 

Br 

c1 

KO? 

Temp.,  
O C .  

78.60 
84.70 
90. 7'0 
94. 20 
09. 00 
30.00 
4 7 , 6 0  
24.50 
30.00 
35.00 
44.50 
48.50 
25.00 
30.00 
35.00 
40 .  00 
45.00 
26.00 
30. 00 
3 5 .  00 
37'. 70 
40.05 
44.50 
35.2L 
44. i 0  
45.02 
54.80 

kI X 102' AE*b 

0.0819 zt 0.0006 33.3 
,1802 + .0015 
,383 * ,003 
. 5 8 i  z= .002 

1 ,027 =t ,0083 
0.20-0.24 

2 113 i 0 . 0 4  
0,1073 d= ,0002 X 3 , 5  

,225 zt ,0008 
,427 i ,003 

1.306 i ,011 
2.13 i ,016 
0.2(30 i ,0015 22.0 

. 4 i G  i .I102 
571 =I= ,007 

1.501 I!C 006 
2.72 i .02 
0 .  1904 i . 0008 22 2 

,340 f ,004 

,851 =I= ,003 
1.148 z!z ,003 
1.87 i .012 
0.2315 i. ,00095 24.7' 

,765 * ,007 

im c ,0020 

7% i .003<5 
2.37 zt .01 

log 
PZC 

16 81) 

14 32 

13.57 

13 ,53 

14 S5 

a The averaged rate constant in reciprocal tniii. and the 
Arrhenius activation energ!- in kcd .  average deviation, 

In  reciprocal min. 

TABLE 11 
THE EFFECT OF THE O-SUHSTITUESTS 

k o / k  P 

H 4 25 x 1 0 - 5 a  I 1 1 0 
0-CI-I:j 4 27 x l o r 3  1I)O 131 1 0 . 0  
(J-CH,O 4 3  x 1 0 - 3 f  liiil' I jO'  8 r, 

8 ,  0 o-Rr 8 71 x 10-j 2113 - I  I 

<l-CI 6 .29  x 1 0 - 3  14; 208 .5 G 
o-soz 2 . 2 5  x 10-3 .xi i0 - . -  
a-HO 1 . 2  X l(1-G' 0 .025 0 .044  

a Kate in reciprocal miu. 'i Relative rate a t  35.00' to 
the unsubstituted benzazide. c The oitholpnia rate ratio 
a t  35.00D, the rates of p-substituted benzazides a t  35.00" 
are calculated using the .lrrhenius equation from the data 
of ref. 1. The or thojparu  rate ratio at 30' for the Lossen 
rearrangement, data from ref. 9 .  Calculated from the 
data of ref. 1. 0 Extrx- 
polated using the Arrhcnius equation. 

f a ~ t o r . ~  It may be plausible to assume that the 
most decisive factor in  the present reaction is a 
steric one. The relatil-e rate also appears to be 
a rough function of the steric factor, since the 
relative rate parallels the out1zo;'para rate ratios. 
'This leads us reasonably to a further assumption 
that the role of the polar Fdctor is not large in the 
reactivities of n-substituted benzazides, as seen 
in the case of nz- anti fi-derivatives.' 

Subst. I< 36 ."in a Rel. rateh ko./kDc (Lossen) (1 

.>-- 

.? '7 

f l n  expected value, see Result. 

, ! I )  Acti\-ity may liecome w m e v  h a t  less than one in the  concentrated 
solutions However. I t  appear> to lie negligible in  the concentratirin 
range used in the present study. 
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A point of interest is that the introduction of an 
o-substituent, an electron-releasing as well as an 
electron-attracting group, increases the rate to a 
great extent as compared with the parent com- 
pound. The distinct divergence in rates of all o- 
substituted from the unsubstituted derivatives 
and the high ortholpara rate ratios of the cor- 
responding substituents are undoubtedly to be 
attributed to the steric effect of ortho groups. 
A similar divergence was not found in the Lossen 
rearrangement,lO as shown in Table 11. The 
contribution of a-groups to the rate is expected to 
result either from the steric restriction of resonance 
oE aryl with azidocarbonyl residues in the initial 
state or the steric compression by an increased 
bulkiness of the migrating group, or from 
both. 

As previously reported,’ unsubstituted and m- 
and fi-substituted benzazides appear to be stabi- 
lized by resonance of the benzene ring with the 
azidocarbonyl residue, and consequently their 
reactivities were determined mainly by changes 
of the bond energy of the N-Nz bond. Therefore, 
inhibition of this resonance interaction would be 
expected to accelerate the reaction remark- 
ably. 

In the rearrangement of saturated aliphatic 
acylazides, in which the resonance effect of the 
migrating group on the breaking N-N2 bond may be 
negligible, the rate was much higher than that of 
benzazide.“ For instance, hexahydrobenzazide 
and diethylacetazide exhibited comparable rates to 
those of the o-substituted benzazides (CsHa1-, 
5.95 X lou3 and (CZHs)zCH-, 16.5 X min.-l 
a t  34.75’, respectively) .ll Furthermore, the rates 
of saturated acylazides were found to be favored by 
an increased bulkiness of the migrating group, while 
rate changes with structural changes were not so 
large as the ortholpara rate ratios (e.g., the rate 
ratio, (C2H5)$2H-/n-C3H‘i-I is only 5.56 at  34.75O).I1 
Thus the rate enhancement of o-isomers appears too 
large to attribute only to the effect of steric com- 
pression of the migrating group. In contrast, the 
difference of reactivity between cinnamoylazide 
and phenylpropionylazide (and phenylacetazide) 
was found to be about one hundred fo1d.l’ It may 
be reasonable to consider that  the inhibition of 
resonance may be sufficient to cause a rate ac- 
celeration of some hundred fold. These facts sug- 
gest that  the difference in reactivity between o- 
and $-isomers of benzazide depends largely on the 
effect of the steric restriction of resonance in the 
initial state, and only slightly on the steric compres- 
sion of the migrating group. 

In an arylcarbonyl azide, the resonance contri- 
bution of the benzene ring brings an increase in the 
degree of the double bond character of the breaking 
bond, N-N2 bond, and stabilizes the molecule in 
the initial state. When the substituent is in the 
o-position, the resonance interaction of the ben- 
zene ring with the azidocarbonyl residue would be 
reduced by the restriction of the coplanarity and 
as a result, the resonance stabilization of the initial 
molecule would be lost and the bond energy of 

(10) R.  D. Bright and C. R. Hauser, THIS JOURNAL, 61,618 (1939); 

(11) Y .  Yukawa and Y .  Tsuno, unpublished. 
W. B. Renfrow, Jr.,  and C. R. Hauser, ibid., 69, 2308 (19371. 

breaking X-Nz bond, therefore, the activation 
energy of the decomposition, would be decreased.12 

However, the role of steric compression also 
should not be neglected, because this is one of the 
important rate-determining factors in the rear- 
rangement of aliphatic acylazides.13J4 The dual 
effect of the steric factor would be, more or less, 
operative in an acceleration of the reaction rate. 
As the polar factor appears to be less effective than 
the steric factor in this reaction, the rate may 
follow the order of a steric parameter or that  of the 
effective bulkiness of substituents. But the effect 
of substituent change is far smaller than the diver- 
gence of the o-isomers from the other isomers. 

Recently, TaftI5 has proposed a measure, Es, of 
the steric factor of substituent in aliphatic and 
o-substituted benzoic acid derivatives from ester 
hydrolysis. The Es value decreases in the order 
NO2 > Br, CHz > C1 > CH30 in o-substituted 
benzoic acid, but Br > C1 > CH30 > CH3 in a- 
substituted acetic acid. In  the racemization of 
optically active biphenyls, l6 two series of steric 
effectiveness were obtained; NOz > Br > C1 > 
CH3 > CH30 and Br > CH8 > C1> NO2 > CH30. 
These are insufficient to permit a definite estimation 
of the steric effectiveness of each substituent in the 
present reaction, because the relative effectiveness 
of the steric factor was varied by changes of posi- 
tion to which the substituent group attached. 
The relative reactivity and the ortholpara rate 
ratio of this reaction appear to follow roughly the 
sequence of Es values for a-substituted acetic acid, 
or the former sequence of biphenyls, except for the 
nitro group. The relatively low reactivity of the 
o-nitro derivative presumably is to be attributed 
to the polar contribution of the strongly electron- 
attracting nature of this group. The same result 
in the ortholpara rate ratio as in the relative rate 
may not be restricted to  what was mentioned above, 
since the ortholpara rate ratio appears to be not 
sufficiently free from the polar effect of substit- 
uents. This is true in the case of the Beckmann 
rearrangement of acetophenone oximes. l7 

Another point of interest is that  the enhance- 
ment by o-substituent is much greater in the Cur- 
tius rearrangement than in the Lossenlo (Table 11) 
and the Beckmann rearrangements, of which the 
ortholpara rate ratios were reported to be 107 for 
CHs, 15 for C1 and 6 for NO*.’’ This may be ex- 
plained in terms of resonance interaction of the 

(12) A Reieree suggests that  the electron deficient nitrogen atom is 
brought closer to  the a-electron cloud of the ring by the proximity of 
o-group. This situation might be accompanied with the steric re- 
striction of resonance. 

(13) Observed also in other rearrangements; see Y. Yukawa and 
T. Yokoyama, Memoirs l i t s t .  Sci. Iitd. Res., Osaka Unio., 13 ,  171 
(1956). 

(14) The steric compression appears to  suggest the existence of a 
backside-participation of the migrating group. Since the driving force 
of this reaction usually has been considered to be the process of N-Nx 
bond fission, the contribution of the steric compression would be less 
effective to  the rate than tha t  of the restriction of resonance, which 
directly favors the process of the N-h-2 bond fission. 

(16) R. W. Taft ,  Jr., “Steric Effects in Organic Chemistry,” John 
Wiley and Sons, Inc., New York, PI’. Y., 1958, Chap. 13, pp. 556-675. 

(16) R. L. Shriner, R. Adams and C. S. Marvel in H. Gilman, “Or- 
ganic Chemistry,” 2nd ed., Vol. 1, John Wiley and Sons, Inc., New 
York, N. Y., 1943, pp. 362-368. 

(17) D. E .  Pearson and W. E. Cole, J .  Org. Chem., 80, 488, 494 
(1955). 
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Fig. 2.-The correlation hetwcen activation energy and 
log PZ of the decompositions of 1 arious substituted benza- 
zides: upper line, 0, m- and $-substituted benzsndes; lower 
line, 3, o-substituted berizazide3. 

benzene ring with the breaking bond in each 
parent compound. The double bond character 
of the breaking bonds in oximes and hydroxamic 
acids is negligible as compared with that of azides; 
hence the above resonance is less effective in oximes 
and hydroxamic acids than in azides. Data indi- 
cate that  the rate ratios of cyclohexyl to phenyl 
derivatives are 12 in the Lossen,lo 25 in the Beck- 
inannl* and 140 in the Curtius rearrangements 
The ratios appear to correspond to the acceleration 
attributable mainly to the loss of the resonance sta- 
bilization of phenyl derivatives and presumably 
parallel to the acceleration due to the steric re- 
striction of resonance by the o-group. 

In view of these facts, the resonance stabiliza- 
tion would be expected to play a more important 

(18) 1’. Yukawa  and 11. Kawaknmi, unpublished data. 

role in the Curtius rearrangement than in the others, 
and the steric restriction of resonance by the o- 
group would accelerate the reaction to a greater 
evtent in the Curtius than the other rearrangemeiits. 
-1 further point of interest is found in the 

rhenius parameters obtained (given in Table 1) 
o-Substituted compounds provide niutli low c‘r 
energies of activation and slightly lower log P% 
factors than those of the m- and $-isomers, except 
for the o-hydroxy compound. The more bulky the 
group in the o-position, the faster the rate and the 
lower the energy of activation. The restriction 
of the resonance or an increase in steric effect at- 
tributable to the o-substitution would be reflected 
primarily in the energy of activation and onlv 
slightly in the log PZ factor. Moreover, the acti- 
1 rttion energy parallels the log PZ factor and both 
are correlated linearly.1p19 The plots of AE* ? ’ \ .  
log I’Z in ortho series are ranged below the line of 
i n  and @-substituted derivatives, as shown in Fig 
2. Only the o-hydroxy compound falls above the 
nr-,p-correlation line The vertical displacement 
of the ortho correlation line from that of nz-.p 
derivatives may refer mainly to the contribution of 
the steric restriction of resonance between the 
benzene ring and the azidocarbonvl residue. except 
the o-hydroxy derivative. It is, therefore, reason- 
able to consider that the difference of about 3 kcal. 
between both lines would be equal to the additional 
conjugation energy of the m-,p-substituted phenyl 
groups to that of the azidocarbonyl residue in the 
initial state. The effect reflected in the log PZ 
term is difficult to understand in terms of the re- 
striction OF resonance The decrease in log PZ 
with the bulky group may presumably be attrib- 
uted to the other terms, such as the steric rc- 
striction of solvation and the changes in the degree 
of the freedom of motions. 
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Kinetic and Equilibrium Studies of Cyclic Ketal Formation and Hydrolysis1z2 
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The work herein reported was undertaken to  ob- 
tain information about the hydrolytic stability of 
cyclic ketals derived from 1,3-propanediol and its 
2,Zdialkylated analogs. We thought that  from a 
study concerned with rate and equilibrium fea- 

(1) This work reported was abstracted from the  Ph.D. thesis of 

(2)  We acknowledge with thanks the support of the office of Ord- 

(:ii IIuldrr uf the St;md.ird Oil <‘AI.  of Ind ima  Fellowship, 1’35ti- 

R.J.H., The Ohio State University, 1957. 

nance Research during part of this program. 

l Y j 7 .  

tures of the reactions valuable information conceni- 
ing the use and preparation of cyclic ketals as block- 
ing agents for ketonic functions would be obtained. 
We also foresaw that further knowledge of the gem- 
dialkyl effect might be gained. For comparative 
purposes ketals of ethylene glycol were included 
since such ketals are commonly in use. 

To this end ketals were prepared from cyclohexa- 
none, cyclopentanone and 2-methylcyclopentanonc 
and ethylene glycol, 1,3-propanediol, 2,2-dimethyl- 


