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acidified potassium iodide solution. The mixture was 
poured into 75 ml. of water, heated 15-20 min. on a steam-
bath and neutralized with 15% sodium hydroxide. Addi­
tion of 0.5 g. of methone in 10 ml. of 9 5 % ethanol precipi­
tated 0.1576 g. (5.390 X 10~i mole, 89%) of formaldehyde 
methone derivative m.p. 187.5-188.5°. 

A 0.39-g. sample of S-£-chlorobenzylthiuronium 2,2,3-
trimethyl-3-butene-l-sulfonate was dissolved in methanol 
and passed over Dow-X-50 cation exchange resin to liberate 
the free sulfonic acid. The column was eluted with meth­
anol. Bromide-bromate titration gave an unsaturation 
value of 103%. 

4-Methyl-4-hydroxy-2-pentanesulfonic Acid Sultone (X). 
—Evaporation of the solvent from the organic layer (sepa­
rated from the aqueous layer after hydrolysis of the suifona-
tion of 4-methyl-2-pentene) with gentle heat gave only 
decomposition products. Evaporation without heat gave 
a residual amber oil. This was dissolved in ether and satu­
rated at 0° with pentane. Cooling to —78° produced 
colorless crystals melting at about —48 to —44°. Carbon 
and hvdrogen analyses on two different samples gave C, 
46.76 and 46.83; H, 8.24 and 7.72. The theoretical values 
are: C, 43.89; H, 7.37. Neutral equivalents on different 
samples ranged from 270-311 (calcd. 164). The molecular 
weight, determined cryoscopically in acetic acid, was 141. 
The sultone decomposed at room temperature within a few 
hours. 

3,4-Dimethyl-4-hydroxy-2-pentanesulfonic Acid Sultone 
(XI).—The two crops of crystals of crude sultone as pre­
cipitated from ether solution with pentane melted at 50-
53° and 50-58°. Recrystallization of the first crop gave 
material melting at 42-43°. After standing for five months 
the solid melted at 74-76°. The 42-43° melting material 
on recrystallization from ether-pentane melted at 4 3 -
43.5°, but a second crystallization raised the m.p. to 70-
73°, and a final crystallization gave material, m.p. 76-77°. 
Recrystallization of the initial material, m.p. 50-58°, 
gave the higher melting form. The infrared spectra of the 
42-43° and 76-77° materials were identical except for two 
additional weak absorption bands at 10.95 and 12.5 M 
present in the lower melting form. These appear to be 
dimorphic forms of the sultone, rather than cis-trans 
isomers. 

Hydrolysis of 2,3-Dimethyl-2-phenyl-3-hydroxy-l-butane-
sulfonic Acid Sultone (XII).—Four grams (0.0167 mole) of 
XII was hydrolyzed in 400 ml. of water at steam-bath tem­
perature, and the solution diluted to 500 ml. Titration of 
a 20-ml. aliquot with standard base showed the presence 
of a theoretical quantity of sulfonic acid. Bromide-bromate 
titration of a 50-ml. aliquot gave an unsaturation value of 
147% (a small amount of solid precipitated). 

A previous paper1 reported the substituent effect 
of the Curtius rearrangement of the various substi­
tuted benzazides in toluene; in the weto-substituted 
benzazides, the polar nature of the substituents 
controlled the rate, whereas, in the para-substi-

(1) Y. Yukawa and Y. Tsuno, T H I S JOURNAL, 79, 5530 (1957). 

Repetition of this experiment using 10% potassium hy­
droxide gave a solution an aliquot of which showed 190% 
unsaturation on bromide-bromate titration (high unsatura­
tion values are typical of unsaturated sulfonic acids with a 
branch at the double bond; see ref. 8). Neutralization of 
the major portion of this solution with hydrochloric acid 
and evaporation gave 3.0 g. of potassium salts (84%). 
Coulometric titration1 ' of a sample gave 7 1 % unsaturation. 
S-£-Chlorobenzylthiuronium 2,3-aimethyl-3-phenyl-l-bu-
tene-1-sulfonate, m.p. 171-172°, was obtained in 62% yield 
(after three crystallizations, assuming 7 1 % initial unsatura­
tion) from the potassium salts. 

Anal. Calcd. for C20H25O3N2S2Cl: C, 54.47; H, 5.72. 
Found: C, 54.25; H, 5.51. 

An identical derivative was obtained from the potassium 
salt isolated from the "neu t ra l " hydrolysis. 

The infrared spectrum of the potassium salt from the 
basic hydrolysis showed no absorption in the 11.2 ̂ u region. 
The ultraviolet absorption spectrum of an aqueous solution 
showed a maximum at 258 mji (ema]t 210), typical of an 
alkylbenzene, and no high intensity absorption at 244 m/i, 
characteristic of styrenes. 

2,3-Dimethyl-4-hydroxy-2-butene-l-sulfonic Acid Sultone 
(XVIII).—The sulfonation was carried out using 12.0 g. 
(0.146 mole) of 2,3-dimethyl-l,3-butadiene, 11.4 g. (0.142 
mole) of sulfur trioxide, 13 ml. of dioxane and 200 ml. of 
ethylene chloride. After hydrolysis, the organic layer was 
concentrated under vacuum at room temperature to give 
a sizable quantity of oil. Distillation in a Hickman still 
at 100° and 0.3 mm. gave 1.5 g. (6.5%) of XVIII , m.p. 40-
41°. Crystallization from ether failed to raise the melting 
point. 

Anal. Calcd. for C6H10O3S: C, 44.44; H, 6.22. Found: 
C, 44.95; H, 6.37. 

The aqueous layer contained only 30% of the sulfur tri­
oxide used ( 3 % as sulfate and 27% as sulfonic acid), sug­
gesting that the yield of sultone was much higner than was 
isolated. 

Repetition of this experiment using pentane to precipi­
tate the sultone from the organic layer gave a 16% yield of 
sultone. 

These experiments were performed at an early stage of the 
work and the precautions later adapted for the hydrolysis 
stage were not employed. It seems likely that the yield 
could be improved substantially over that realized. 

EVANSTON, I I I . 

tuted one both electron releasing and attracting 
substituents in any case retarded the rate as com­
pared with the unsubstituted. These results are 
somewhat unusual and differ from the Lossen,2 

(2) T. F. Bright and C. R. Hauser, ibid., 61, 618 (1939); W. B. 
Renfrow, Jr., and C. R. Hauser, ibid., S9, 2308 (1939). 
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Kinetic study of the Curtius rearrangement of various substituted benzazides was carried out in acidic solvents such as 
acetic acid, aqueous acetic acid and acetic acid containing sulfuric acid. The rate for a given substituent was increased by 
the changes of solvents in the order: toluene, acetic anhydride, AcOH, aq. AcOH and AcOH containing H2SOi, In acetic 
acid containing sulfuric acid, a linear Hammett correlation was observed. This result on the substituent effect was similar 
to that of the Schmidt reaction and was different from that of the Curtius rearrangement in toluene. However, in acetic 
acid without H2SO4, the linear Hammett plot was not given; the rates of the derivatives containing para electron releasing 
groups were nearly equal to that of parent compound. The analogous shape of Hammett plot was obtained in aqueous 
acetic acid and acetic acid containing lithium chloride. The energy of activation varied considerably by the change of 
substituent. In acetic acid without sulfuric acid, the change of log PZ was parallel with that of activation energy, whereas 
the log PZ was constant in the presence of sulfuric acid. 
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Hofmann3 and Schmidt4 rearrangements. These 
facts would indicate that the effect of the bond 
energy of the breaking N-N bond predominates 
over that of the polar contribution of the substit-
uent, as in the case of the decompositions of the 
benzenediazonium salts5 and the arylazotriphenyl-
methanes.6 The difference from the results ob­
tained in the Lossen and Hofmann rearrangements 
may be elucidated in terms of the diminished 
double bond character of their breaking bonds, 
N-O-Acyl and N-halogen. However, the Schmidt 
rearrangement, the thermal decomposition of the 
adduct of benzoyl residue with hydrazoic acid in 
the presence of sulfuric acid, does not differ from 
the Curtius rearrangement as far as the breaking 
bond is concerned. I t is apparent, therefore, that 
the dissimilarity of the substituent effect in both 
reactions must be attributed only to the effect of 
the sulfuric acid in the former as an acid catalyst, 
to which our attention was directed. 

Recently, Newman and co-workers7 demon­
strated that the Curtius rearrangement was sen­
sitive to an acid catalysis, whereas the influence of 
the acid catalysis on the substituent effect of this 
reaction has not yet been clarified. In this re­
spect, kinetic study of the Curtius rearrangement 
was carried out in acidic solvents for the purpose 
of obtaining some information of the substituent 
effect or the mechanism of the Curtius rearrange­
ment by the comparison of the acid-catalyzed 
Curtius with the Schmidt rearrangements. 

Results and Discussion 
The rates of the decomposition of a number of 

substituted benzazides were determined in acetic 
acid, acetic anhydride and acetic acid containing 
water, sulfuric acid and lithium chloride. In all 
runs excellent first-order plots were obtained cover­
ing over a period of S0% reaction. The rate 
constants obtained are listed in Tables I, II and 
III. From these constants the energies of acti­
vation and log PZ were calculated using the method 
of least squares, and the values are given also in 
Tables I and II. 

As the solvent varied, the rate for a given substit­
uent was reduced in the order; acetic acid contain­
ing sulfuric acid, aqueous acetic acid, acetic acid 
containing lithium chloride, pure acetic acid and 
acetic anhydride. In these solvents the rate was 
much higher than that in toluene. 

In acetic acid containing sulfuric acid (20% vol.), 
electron releasing groups accelerated and electron 
attracting groups retarded the rate. A plot of the 
logarithms of the rate constants at 44.70° against 
sigma constants gives a straight line, as shown in 
F i g 1. T h e regress ion l ine is o b t a i n e d b y t h e s t a ­

ts) C. R. Hauser and W. B. RenfroW, Jr., THIS JOURNAL, 59, 121 

(1937). 

(4) L. H. Briggs and J. W. Lyttletone, / . Chem. Soc, 421 (1943). 
(5) M. L. Grossley, R. H, Kienle and C. H. Benbrook, T H I S JOUR­

NAL, 62, 1400 (1940); C. K. Ingold, "Structure and Mechanism of 
Organic Chemistry," Cornell University Press, Ithaca, X. Y-, 1953, 
pp. S00-S02; E. S. Lewis and E. B. Miller, T H I S JOURNAL, 75, 429 
(1953). 

(6) S. G. Cohen and C. H. Wang, ibid., IS, 5.S04 (1953); G. L. 
Davies, D. H. Hey and G. H. Williams, J. Chem. Soc, 4397 (1956). 

(7) M. S. N'ewman and H. L. Gildenhorn, T H I S JOURNAL, 70, 317 
(1948); R. A. Coleman, M. S> Nawman and A, B. Garrett, ibid,, Ii, 
4S34 (10»4), 

TABLE I 

KINETIC RESULTS FOR THE DECOMPOSITION OF SUBSTITUTED 

BENZAZIDES IN ACETIC ACID CONTAINING SULFURIC ACID 

( 2 0 ^ VOL.) 

Substituent 

P-HO 

P-C2H5O 
P-CH3O 

P-Z-C1H9 

Xone 

P-Cl 
P-XO2 

W-XO2 

Temp., 
5C. 

29 
44 
45 
44 
24 
29 
45 
29 
44 
34 
44 
54 
44 
44 
65 
45 
65 

1 

10! X ki° 

56 =r 0,01 24 .5 

PZ' 

14 ,SS 
70 
02 
70 

i O 

70 
75 
70 
75 
70 
70 
20 
02 
20 

10.6 =t 
11.0 =fc 
8.22 ± 
0 567 ar 
1.100 ± 
S 13 zfc 
0 707 i 
4.95 ± 
1.095 =fc 
3 93 =fc 

13 13 ± 
1.995 ± 
(1.991 zb 

11 S = 
0 740 -
8.6S zfc 

' The averaged rate constant in 
averaged standard deviation of 
rhenius activation energy in kcal. 
min. 

.08 

.1 

.10 

.002 24.8 14 90 

. 0r>6 

.05 

.006 24 9 14.82 

.04 

.005 24.9 14.73 

.02 

.06 

. CiOiS 

007 25 8 14.75 
.02 
.006 26.1 14.S0 
08 

reciprocal min. and the 
rate constants. 6 Ar-

rri' ' I e - 1 . c In reciprocal 

TABLE II 

KINETIC RESULTS FOR THE DECOMPOSITION OF SUBSTITUTED 

BENZAZIDES IN ACETIC ACID 

Substituent 

P-HO 

P-CH3O 

p-t-CH, 

XTone 

Temp., 
0C. 

55.60 
65.20 
70.20 
74.50 
75.00 
54 85 
59.50 
65.20 
75.50 
76.00 
55.00 
65.20 
70.00 
75.50 
55.60 
62.00 
65.20 
65.90 
70.00 

10' X *i 

2.405 ± 0 
7.35 =b 

12.56 zfc 
20.8 ± 
21.2 =fc 

2.054 ± 
3.41 ± 
6.634 ± 

21.0 ± 
21.2 zc 

2.57 ztz 
8.29 zfc 

13.93 =fc 
26.26 ± 

2.452 ± 
5.20 =fc 
7.68 ± 
8.13 ± 

12.55 zfc 

a 

01 
0,5 

.H4 
1 
O 

. 004 

.03 
016 

.1 

.3 

.02 

.02 

.062 

.014 

.013 

.026 

.05 

.026 

.04 

A£t* 

25 0 

25.5 

25.7 

25 9 

log 
PZ' 

14 43 

14.27 

14.50 

14.59 

74.50 21,57 zfc .04 
79.98 37.5 zfc .3 

p-Cl 65.20 6.052 zfc .012 26.1 14,64 
81,00 34.2 ± .2 

P-XO, 55.00 1.471 ± .0064 27.0 15.16 
65 20 5.15 ± 02 
70.00 8.60 ± .06 
74.77 15.83 ± .05 

W-XO2 65.20 3.55 ± .02 28.6 16.01 
70.00 6.243 ± .006 
76.10 13.39 zfc .02 
80.00 21.0 zfc .17 

" The averaged rate constant in reciprocal min. and the 
averaged standard deviation of rate constants. b Ar-
rhenius activation energy in kcal. moU"' . ' In reciprocal 



April 20, 

T H E RATE 

Sub­
stituent 

P-HO 
P-CH1O 
/>-/-C4H9 

Xi me 

P-Cl 
p-XO. 
ffl-XO; 

P-HO 
P-CH3O 
P-Z-CH9 

X one 
P-Cl 
P-XOo 
W-XO: 
P-HO 
p-CHbO 
P-Z-C4H9 

X'one 
P-Cl 
P-XOo 
w-XO? 
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TABLE III 

S OF THE DECOMPOSITION' 

BENZAZIDES AT 65 

Solvent 
AcOH-H2O (2u r ; vol. 

AcOH-LiCl (0.25 .1/) 

ACiO 

OF 

20c 

SUBS! 

THE SUBSTITUTED 

10! X *i 
(min. O 

14.2 ± 0 
13.1 ± 
15.68 ± 
13.44 ± 
9.45 ± 
7.90 ± 
5.44 ± 
9.82 ± 
8,776 ± 

10.30 ± 
9.41 ± 
6.81 ± 
5.37 ± 
3.867 ± 
3.92 ± 
3.10 ± 
4.694 ± 
4.42 ± 
3.72 ± 
3.79 ± 
2.70 ± 

1 
1 
03 
06 
04 
06 
02 
20 
013 
08 
02 
06 
03 
012 
02 
02 
012 
03 
02 
02 
02 

2009 

tistical treatment3 excluding the point for para-
nitro derivative. This correlation line is repre­
sented by the equation 

log*, = -1.09<7 - 2.399 
The slope of this regression line, rho value, is 
-1.090 ± 0.06S; the standard deviation from the 
regression line is 0.020 and the correlation coef­
ficient is 0.990. The value of rho, —1.09, is much 
higher (more negative value) than that for the re­
action in toluene1 ( — 0.33 concerning the meta-
substituents only). 

In acetic acid without sulfuric acid, the rate for 
a given substituent was markedly increased rela­
tive to the rate in toluene. The Hammett plot 
gave a straight line except strongly electron re­
leasing para groups and para nitro group. The rate 
of />ara-hydroxy and para-methoxy groups are 
nearly equal to that of the parent compound. 
The rho of this reaction is —0.46, which is slightly 
higher than the value in the solution of toluene. 
By the addition of lithium chloride and water to 
this solvent, the rate was slightly increased, but the 
consistent pattern of the Hammett plot in pure 
acetic acid was revealed (Fig. 2). The rho-value 
was slightly increased, — 0.53~ —0.55. 

In acetic anhydride, para electron-releasing 
groups showed a remarkable retardation of rate as 
compared with that of the parent compound. The 
shape of the Hammett plot in this case is the same 
as that in toluene. This plot is also given by 
shifting the shape of plot obtained in toluene along 
the vertical ordinate. Both reactions are cor­
related by the equation 

log fcacetie anhydride = log fetoluene + 0.315 

It would be of considerable interest to compare 
with the patterns of these Hammett plots in various 
solvents. 

Concerning the substituent effect of the Schmidt 
rearrangement, Briggs and Lyttletone4 reported 

(8) B. H. T»S« Ch'm, FU,i., SJ, m 11963), 

- 2 . 0 0 

- 0 . 4 - 0 . 2 0.0 0.2 0.4 11.6 0.8 

a. 

Fig. 1.—The Hammett plot of rate constants of the re­
arrangement of benzazides in acetic acid containing sulfuric 
acid at 44.70°. 

Fig. 2.—The Hammett correlations of the rearrangement 
of the benzazides at 65.20°; (A) in SO^ aqueous acetic 
acid; (B) in acetic acid containing LiCl (l/< M); (C) in pure 
acetic acid; (D) in acetic anhydride. 

about the half-lives for the reaction of various 
substituted benzoic acids with hydrazoic acid in the 
presence of sulfuric acid. According to their 
results, the rate was favored by electron releasing 
groups. The reciprocal logarithms of the half-
lives are found to be almost linear against the Ham­
mett sigma constants. A plausible mechanism 
proposed7,9 could be represented as 

(9) T. Hin«, "PhysicM Organic Crie-nUtry," McGraw-Hill Book 
Co., las,, New York, N, Y., 1656, p, 321, 



2010 YASUHIDE YUKAWA AND Yrno TSVXO Vol, Sl 

R H 

H O - C" -r X— X - : X 

O 

R H 

\ 
C - X - X = T = X 

O 
R 

C = - X - X H 

HO 

R 

• C - X + X-

O H -

The addition of the hydrazoic acid with the oxo-
carbonium cation, R-CO+ , may be a fast step and 
the decomposition of this intermediate adduct 
seems to be the rate determining step. 

An azide is converted into its conjugate acid by 
a strong acid such as sulfuric acid. This conju­
gate acid may be formally identical with the adduct 
of hydrazoic acid with oxocarbonium cation. The 
acid-catalyzed Curtius rearrangement should be, 
therefore, similar to the Schmidt rearrangement in 
their rate-determining process and also presumably 
in their transition state. This leads us to assume 
that the effect of the substituents on the rate in 
both cases must be close together. 

The above assumption is justified by the rate 
sequence, as shown in Table I and Fig 1, of the re­
arrangement in acetic acid containing sulfuric 
acid (20% vol.). This is the comparable condi­
tion with that of the Schmidt rearrangement. 
The rate of each substituent in this solvent in­
creased to 50 ~ 100 folds of that in toluene. More­
over, a straight Hammett correlation line was 
obtained only in this solvent. This fact does 
suggest that in this solvent the effect of the polar 
contribution of substituents to the rate predomi­
nates over that of the resonance contribution to the 
bond energy of the breaking N-N bond. It is 
similar to the result of the Schmidt rearrangement, 
in contrast to that of the uncatalyzed Curtius 
rearrangement in toluene. 

On the other hand, the rate in acetic acid without 
sulfuric acid, is found to be increased considerably 
as compared with that in toluene. The higher rho 
value than that in toluene appears to be an evi­
dence of some increase in polar contribution of 
substituents. However, the failure of the Hammett 
relation (Fig. 2) shows that the increased polar 
contribution of substituent in this solvent is not 
sufficient to give a regular polar sequence. The 
same is true of the results in aqueous acetic acid 
and acetic acid containing lithium chloride (Fig. 2). 

Sulfuric acid in acetic acid may produce acetic 
anhydride, which could be expected to influence 
on the rate by accelerating the rate or increasing 
the polar contribution of the substituents. In this 
situation, the effect may be significant in acetic 
anhydride. The result in acetic anhydride showed 
no individuality of the anhydride on the substit­
uent effect to the rate. Another possible effect 
of the sulfuric acid may be a salt effect. This ef­
fect is also excluded by the experimental evidence 
that the addition of lithium chloride to the solution 
did not exert any remarkable effect on the polar 
contribution of the substituent to the rate. Fur­
thermore, the salt effect of the strong acid or 
strongly solvated proton would be considered to 
be smaller than that of lithium salt.10 

(10) J. E. Leffler and Shin-Kung Liu, T H I S JOURNAL, 78, 1949(1956). 

In general, as the polarity of solvent is varied, 
the contribution of the substituent is changed.11 

Therefore, it is important to ascertain whether the 
similar substituent effect given in toluene prevails 
in the other solvent of high polarity or not. The 
result in acetic anhydride provides an evidence of 
this. The rates in other higher solvating solvents 
were found to be higher than that in toluene or 
acetic anhydride;12 furthermore, in several sol­
vents, such as phenol and aniline, higher than in 
acetic acid. The substituent effect in them, how­
ever, is closely similar to that in toluene.1'-' Hence 
the polarity of solvent does not appear to affect 
the nature of the substituent contribution in this 
reaction. The participation of the solvent, which 
has higher solvating power, is presumably distin 
guished from that of sulfuric acid. 

The addition complex of an azide with sulfuric 
acid or the protonated azide undergoes decompo­
sition to give a positively charged intermediate, 
whereas the usual Curtius rearrangement of azide 
involves an electrically neutral intermediate con­
taining an electron deficient nitrogen atom 

CcII5 H-SOj C0H5 H,SO, 

C - X - + X2 

The rate of reaction involving the charged re­
action center of transition complex must be in­
fluenced by the polar nature of substituent, as 
would presumably fit the Hammett equation.13 

In the acid-catalyzed rearrangement, the rate of 
decomposition would be influenced by the electrical 
nature of substituents, if the reaction center be­
comes more positive at the transition state than 
the initial state. Hence, the substituent effect of 
the acid-catalyzed reaction may differ markedly 
from that of uncatalyzed reaction. 

The decomposition of benzazides, however, failed 
to give a regular Hammett sequence in 25% aque­
ous acetic acid solution containing sulfuric acid 
(25%), or in aqueous dioxane solution containing 
sulfuric acid or hydrochloric acid.14 The linear 
Hammett relationship was obtained only in the 
presence of anhydrous acid (10 ~ 35%). Thus the 
contribution of sulfuric acid as Lewis acid appears 
to be effective to give a regular Hammett sequence, 
and iu the protonated azide, substituents influence 
the rate in the same manner as they influence the 
rate of rearrangement in toluene. 

On the energies of activation (Table I and II), 
there is a clear contrast between the acetic acid 
containing sulfuric acid and that without sulfuric 
acid. In acetic acid without sulfuric acid the 
energies of activation and log PZ are varied in paral­
lel over a range of 25 ~ 29 kcal. mole -1 and 14 ~ 16 
min. - 1 This phenomenon has been observed in 
various rate processes,15 especially in the Curtius 

(11) D. A. Brown and R. F. Hudson, J. Chem. Soc, 883 (1953). 
(12) Y. Yukawa and Y. Tsuno. unpublished. 
(13) This is suggested essentially by a Referee. He suggests also 

that the ^-hydroxy and ^-metboxy groups would show greater electron-
release than described by the normal sigma constant, in the electro-
philic reaction. However, the deviations of these groups from Ham­
mett relation appears to be involved within experimental uncertainty. 

(14) Y. Yukawa and Y. Tsuno. to be published. 
(15) J. E. Leffler, J. Org. Chem , 20, 1202 (1955). 
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rearrangement, by both solvent change16 and sub-
st i tuent change in toluene.1 1 7 The plots of acti­
vation energies against log PZ for the Curtius re­
actions in acetic acid gave a straight line lying 
below those in toluene. On the other hand, in the 
presence of sulfuric acid, the energy of activation 
is considerably changed, whereas the log PZ is 
remained nearly constant (14.S m i n . - 1 ) . For a 
given substituent, the energy of activation in this 
solvent is slightly less (about 1 kcal. mole - 1 ) than 
tha t in acetic acid without sulfuric acid. Sulfuric 
acid might rather freeze out the entropy (to give a 
constant log PZ) than lower the energy of acti­
vation. 

Then, it is reasonable to conclude tha t the rate 
sequence obtained in acetic acid containing sul­
furic acid is a t t r ibuted to the effect of Lewis acid 
catalysis by the sulfuric acid, thereby, the dis­
similarity in the subst i tuent contribution of the 
Curt ius rearrangement and the Schmidt rearrange­
ment would be caused by no intrinsic difference of 
their transition states but the change in the con­
dition of reaction. 

Experimental 
Materials.—AU azides were prepared by the methods 

previously reported.1 Lithium chloride used were a reagent 
grade and dried over phosphorus peutoxide to a constant 
weight. 

Solvents.—Acetic acid, which had been partially frozen 
and distilled, was heated under reflux with phosphorus 
peutoxide for 15 hours and carefully fractionated. The 
middle fraction, b .p . 117.5-8.3°, n"-bu 1.3700, was collected. 

Acetic anhydride was purified by refiuxing with calcium 
carbide for 12 hours and fractionally distilled. The middle 
fraction, b .p . 139-40°, was collected. 

The stock solvents, 20% aqueous acetic acid, was pre­
pared bv diluting 200 ml. of water with acetic acid to 1000 
ml. (at 20°). 

The acetic acid containing sulfuric acid was prepared by 
an addition of 200 ml. of 100', o sulfuric acid into 500 ml. of 
acetic acid at 0° and the dilution with acetic acid to 1000 ml. 
at 20°. The accurate content of sulfuric acid was deter­
mined gravimetrically as barium sulfate. It was found to be 
4 moles per l i t e r , / = 0.9S98. The acetic acid used for this 
solution was prepared by refiuxing and fractionating the 
mixture of commercial acetic acid (1500 ml.), acetic an­
hydride (100 ml.) and coned, sulfuric acid (10 ml.), middle 
fraction, b.p. 117-118.5°, being collected. 

A solution of lithium chloride in acetic acid was prepared 
as follows: lithium chloride (0.5 mole) was dissolved into 
500 ml. of acetic acid, the insoluble salt was filtered off and 
250 ml. of this solution was diluted to 1000 ml. The ac­
curate content of the chloride was determined as silver 
chloride: 0.25 mole per l i te r , / = 0.9S2G. 

Rate Determinations.—The rate measurements were car­
ried out by the same procedure as the previous one.1 

The temperatures of the reaction bath were maintained 
to a constancy of ±0 .01° , and the uncertainty of tempera­
ture would be" within ±0 .03° . 

The reaction mixture was not stirred, but the powdered 
glass was added to the reaction flask in order to prevent 
supersaturation by nitrogen gas evolved. All reactions 
were followed over a period of at least three half-lives of 
azide decomposition. The infinity reading, Km, was taken 
after an interval of time equal to 9 ~ 1 0 times as much as 
the half-life of reaction. The volume of nitrogen was ob­
tained quantitatively (close to the theoretical amount) . A 
plot of the log (Km — K) against time gave an excellent 
straight line covering over a period of three half-lives of the 
reaction (Fig. 3), and the rate constants were eval­
uated from an equation 

£, I = 2.303 [log Ka, - log ( K» - V)] 

(IU) M. S. Newman, S. H. Lee, Jr., and A. 13. Garrett, THIS JUUR-
NAi., 69, 113 (1947). 

(17) Y. Yukawa and Y. Tsuno, ibid., 80, 0340 (195S). 

In the cases of solvents, acetic acid, aqueous acetic acid 
and acetic acid containing lithium chloride, the measure­
ments were made in 100 ml. of them. The initial concen­
tration of azides were about 0.05 mole per liter. For all 
runs the duplicated measurements, differed in initial con­
centrations within 0.1~0.03 mole per liter, were made at 
the same time. The results showed that the initial concen­
tration did not give any significant effect on the rate without 
ones in an aqueous acetic acid. The values listed in the 
tables and discussed above are the mean values of the dupli­
cated results. The reproducibilities of these rate constants 
appear to be within 2 % , which is demonstrated in Fig. 3. 
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Fig. 3,—The plots of log (Va> - K) vs. time; (A) m-
KO2C6II1CON3 at 70.00° in AcOH; (B) C6HiCOX3 at 54.75° 
in AcOH-H2SO1; (C) P-J-C4H9C6H1COX3 at 75.50° in AcOII. 

In acetic acid, the rates were measured at several dif­
ferent temperatures. From these values, the linear Ar-
rhenius plots were obtained. Newman16 reported the rates 
for unsubstituted benzazide as follows: 0.0(12245 unin. - 1) 
at 55°, 0.00828 at 65° and 0.0217 at 75°. These are in 
good agreement with the values in TaI)Ie II, but the value 
at 65° is somewhat higher. From the Arrhenius plot ob­
tained by combining the rate constant in Table II with 
Newman's, the value of the rate constant of the present 
study, 0.00708 at 05.20°, is more preferable. The small 
content of an acetic anhydride in acetic acid did not affect 
on the rate. 

The reactions in an aqueous acetic acid solution the rate 
constants were fluctuated sensitively by those initial con­
centrations. The preliminary experiments in 50 ml. of 
this solvent (azide, 0.005 mole) gave the following results: 
(subst., A1 in min."1 at 65.20°) p-HO, 0.0180; />-CH30, 
0.015; />-<-C4H9, 0.0185; mm., 0.0175; /P-NO2, 0.00871 
and Hi-NO2, 0.00638. These are slightly higher than those 
in 100 ml. of an aqueous acetic acid solution. However, 
the effect of small difference in initial concentration was 
negligible. 

The measurements, in acetic acid containing sulfuric acid 
and in acetic anhydride, were carried out in 50 ml. of sol­
vents. The initial concentrations were about 0.1 mole per 
liter. The rates for several substituents in 100 ml. of the 
latter solvent did not deviate from the values in 50 ml. 
solvent. The duplicated runs of double concentration gave 
an identical rate constant within an experimental uncer­
tainty. In the case of the former solvent, the slight change 
in the initial concentration of azides did not affect the rate. 
All runs in this solvent were of pseudo first order, but at 
low temperature, 25-35°, the lower initial rates were ob­
served over 30-60 minutes, which is somewhat longer as com­
pared with other solvents. This would be attributed to 
the slower dissolution of azides to this solvent. The dis­
solution of p-t-CiH? derivative was markedly slow and this 
showed the longest period of the decrease of the initial rate 
constant. Avoiding this effect, the solution of azides was 
shaken vigorously for about ten minutes before the meas­
urement was started. 

The reaction products were detected as acetauilides. 
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Synthesis of Cyclopropane Derivatives. Precursors for Dimethylenecyclopropane and 
Trimethylenecyclopropane 
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Two diamines, ira»s-l,2-bis-(dimethylaminomethyl)-cyclopropane and iratfs-2,3-bis-(dimethylaminomethyl)-l-methylene-
cyclopropane, desired as precursors for projected syntheses of dimethylenecyclopropane and trimethylenecyclopropane, re­
spectively, have been obtained via the reaction sequence R(CO2H)2 - • R(COCl)2 -»• R(CONMe2)2 — R(CH2NMe2J2. The 
various transformations were effected in good yields starting from »rans-l,2-cyclopropanedicarboxylic acid and trans-i-
methylenecyclopropane-2,3-dicarboxylic acid (Feist's acid). Examination of the infrared spectra of some fourteen cyclo­
propane derivatives confirmed the view that absorption bands in the 9.8-10.0 and 11.5-11.7M regions are not reliable for 
indicating the presence of a cyclopropane system in a molecule. 

The increasing interest in the chemistry of cyclo­
propane derivatives is due in part to the prediction 
of non-classical aromatic character for certain un­
saturated cyclopropyl compounds. Application of 
the molecular orbital (LCAO) method in the calcu­
lation of the electron derealization energies, bond 
orders and free valence indices of a number of small 
ring compounds predicts derealization (resonance) 
energies of about 34, 16 and 29 kcal. for the cyclo-
propene cation (I), methylenecyclopropene (II) 
and trimethylenecyclopropane (III), respectively.2 

CH; 

I II 

Since the results of these calculations are essen­
tially qualitative due to the known limitations of 
the method used and the approximations intro­
duced, the only true test of their reliability must 
eventually lie in the synthesis and study of the 
compounds in question. A derivative of I, the 
triphenylcyclopropenyl cation, has recently been 
synthesized.3 The success in obtaining this rela­
tively stable cation not only supports experimen­
tally the reliability of the theoretical conclusions 
cited above but also stimulates synthetic effort to­
ward other non-classical aromatic compounds in the 
cyclopropane series. 

The cyclopropane compounds of particular in­
terest are those which contain exo or endo double 
bonds. Besides the naturally occurring cyclopro-
pene sterculic acid4 and the methylenecyclopro-
pane Hypoglycin A6 the number of, and routes to, 
such cyclopropyl compounds are meager. For this 

(1) U . S. R u b b e r Resea rch Fel low, 1957-1958. T h e work repor t ed 
here was a b s t r a c t e d from p a r t of t he d i s se r t a t ion p resen ted by Danie l 
T . Longone in S e p t e m b e r , 1958, t o t h e G r a d u a t e School of Cornell 
Un ive r s i ty in pa r t i a l fulfillment of t he r e q u i r e m e n t s for t he degree of 
Doc to r of Ph i lo sophy . 

(2) J. D . R o b e r t s , A. St re i twieser , J r . , a n d C . M . R e g a n , T H I S 
J O U R N A L , 74 , 4579 (1952). 

(3) R . Breslow, ibid., 7 9 , 5318 (1957). 
(4) K. L. R i n e h a r t , J r . , W. A. Nilsson and H. A. Wha ley , ibid., 80, 

503 (1958). 
(5) J . A. C a r b o n , W. B. M a r t i n and L. R. S w e l l , ibid., 80, 1002 

(1958) ; R . S. d e R o p p , cl al., ibid., 80, 1004 (1958). 

reason, a careful study of the applicability to cyclo­
propane systems of standard classical transforma­
tions utilized successfully in the larger, strainless-

-(CHj)7CH3 

-(CH2),C02H 

sterculic acid 

CH2CHCO2H 

C H 2 = \ J NH2 

Hypoglycin A 

ring homologs to convert dicarboxylic acids to diol-
efins would be valuable.6 This paper describes the 
synthesis and characterization of intermediates to 
be used for such a study. They are derived from 
two of the more readily accessible cyclopropane-
dicarboxylic acids, /raws-l,2-cyclopropanedicarbox-
ylic acid (XII) and Feist's acid (XX). 

Derivatives of <raw5-l,2-Cyclopropanedicarboxylic 
Acid(XII).—The dicarboxylic acid XII, obtained 
from a-bromoglutaric ester (IV) by the method de­
scribed by Ingold,7 served as the starting material 
for synthesis of the cyclopropane derivatives given 
below. 

^ C O 2 H E t Q H [ 

^ - C O 2 H 
XII 

1, SOCl2 

2, Me jNH 

i 

H+ ^r CO2Et 

^sL 
LiAlH, 

^J -CONMe 2 

^ J - C O N M e 2 

XV 

CO2Et 

r 
1, LiAlH1 

2, Ac1O, AcOH 
3, Ac2O 

1 
CH2OAc 

H2OH 

CH2OH 

MeOH, 
NaOMe 

VI 

PBr3 

CH2OAc 

VII 

LiAlH, 

^ T CH2Br 

" ^ - C H 2 B r 

VIII J 
Me,N 

+ _ 
>+- CH2NMe2 .J-CH2NMe3Br J 

^ i - C H 2 N M e 2 ^ i - C l 

XI 

-CH2NMe3Br 
+ 

IX 

C y c l i z a t i o n of t h e b r o m o e s t e r IV via i n t r a m o l e c u ­
la r d e h y d r o b r o m i n a t i o n w i t h m e t h a n o l i c p o t a s -

(B) (a) A. T . Blomquis t and U. T . Longone , ibid., 79, 3OKi (1957); 
(b) A. T . B lomquis t , J. Wol insky, Y. C. Mcinwald and D. T . Longone , 
ibid., 78 , (»057 (1956). 

(7) C K Ingold, ./. Chnil S,n , 119, 305 (1921). 


