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insufficient ( — )-phenyl-«-butylcarbinol available for frac
tionation of the product; it was simply distilled. 

To 11.79 g. of phenylisobutylcarbinol, Ia]22D - 2 . 4 8 ° 
(neat), dissolved in 40 ml. of 9:1 methanol-glacial acetic 
acid, was added 0.55 g. of freshly prepared platinum oxide 
catalyst.30 The mixture was shaken 24 hours in a Parr 
hydrogenator. After removal of catalyst and evaporation of 
methanol, the residual liquid was taken up in ether and 
shaken with 10% aqueous potassium carbonate until evolu
tion of carbon dioxide ceased, then dried over potasssium 
carbonate. The infrared spectrum of the crude product after 
removal of ether showed none of the absorption characteris-

(30) Prepared from spent residues by the procedure of R. Adams, V. 
Voorhees and R. L. Shriner, "Organic Syntheses," Coll. Vol. I, John 
Wiley and Sons, Inc., New York, N. Y., 1948, p. 463, using potassium 
nitrate rather than sodium nitrate in the fusion step. 

Introduction 
The frequent manifestation of increased re

activity due to participation by neighboring groups 
is well recognized. The classical work of Winstein 
and his co-workers8 has provided numerous ex
amples, including the acetoxyl group, the methoxyl 
group, the halogens and the aromatic ring as 
participating groups. More recently, the oc
currence of participating interaction has been 
recognized in medium ring compounds.4-7 

On the other hand, the chemical behavior of 
cyclohexane systems has been adequately inter
preted in general by considering only the chair 
conformation. 

Previous examples of 1,4-interaction across a 
six-membered ring are sparse. The reactions of 
a variety of 4-substituted cyclohexyl derivatives 
have been studied by Owen and Robins,8 but only 

(1) Supported in part by the National Science Foundation, G-2387 
and G-5921. 

(2) A portion of this material has been presented in a preliminary 
Communication, D. S. Noyce and B. R. Thomas, T H I S JOURNAL, 79, 
755 (1957). 

(3) For recent papers: R. Heck and S. Winstein, ibid,, 79, 
3432 (1957); R. Heck, J. Corse, E. Grunwald and S. Winstein, 
ibid., 79, 3278 (1957); L. Guodman.S. Winstein, and R. Boschan, ibid., 
80, 4312 (1958); S. Winstein and A. H. Fainberg, ibid., 80, 459 
(1958), and earlier papers. 

(4) A. C. Cope, S. W. Fenton and C. F. Spencer, ibid., 74, 5886 
(1952); A. C. Cope, R. J. Cotter and G. G. Roller, ibid., 77, 3590, 
3594 (1955). 

(5) H. L. Goering, A, C. Olsen and H. H. Espy, ibid., 78, 5371 
(1956). 

(6) V. Prelog, K. Schenker and W. Kung, HeIv. CMm. Acta, 36, 
471 (1953); V. Prelog and K. Achenker, ibid., 36, 2044 (1952); V. 
Prelog and V. Boarland, ibid., 38, 1776 (1955); V. Prelog, H. J. 
Urech, A. A. Bothner-By and J. Wursch, ibid., 38, 1095 (1955). 

(7) A. T. Blomquist and P. R. Taussig, T H I S JOURNAL, 77, 6399 
(1955). 

(8) L. N. Owen and P. A. Robins, J. Chem. SoC, 320 (1949). 

tic of the phenyl group and was identical with that of the 
(— )-cyclohexylisobutylcarbinol from the Grignard reduc
tion except for a weak band in the former spectrum at 5.9 
M, probably due to acetic acid. The product was fraction
ated a t 20 mm. through a 2 5 " X Vie" glass spiral column. 
The take-off was controlled automatically and the head tem
perature read by means of a thermocouple. The fifth and 
last fraction, 1.54 g., «2 0D 1.4641, had a maximum rotation: 
[a] 27D —1.74° (neat). Its infrared spectrum was superim-
posable on that of ( —)-cyclohexylisobutylcarbinol; the 
band in the crude hydrogenation product at 5.9 /x had dis
appeared. 
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meager evidence of transannular participation was 
obtained. The monotosylate of £ra«s-l,4-cyclo-
hexanediol failed to give any 1,4-epoxycyclohexane, 
but 2raws-l,4-diiodocyclohexane was obtained from 
both cis- and /raws-l,4-di-£-toluenesulfonyloxy-
cyclohexane. 

Bennett and Niemann9 have suggested that 1,4-
bridged cyclic halonium ions may be involved in 
the reactions of 4-iodocyclohexanol and 4-bromo-
cyclohexanol. Goering and Sims10 have recently 
suggested the incursion of the 1,4-bridged bromo-
nium ion in the rearrangement of dibromocyclo-
hexanes with ferric bromide. 

Reaction through an appropriate boat conforma
tion has been observed in some steroids11 and 
sugars.12 

We have undertaken an investigation of inter
action across 6-membered rings, which may require 
the incursion of a boat conformation. In a pre
vious report Noyce and Weingarten13 have observed 
such interaction in the ether-acid chloride rear
rangement, but failed to find evidence for partici
pation accompanying the solvolysis of methyl 3-
tosyloxycyclohexanecarboxylate. 

Since the preliminary report of the results to be 
discussed here was presented,2 a further example of 
1,4-interaction has been presented by Heine14 in 
the hydrolysis of 4-chlorocyclohexanol. Barner, 

(9) E. L. Bennett and C. Niemann, T H I S JOURNAL, 74, 5076 
(1952). 

(10) H. L. Goering and I.. L. Sims, ibid., 79, 6270 (1957). 
(11) V. R. Mattox, R. B. Turner, L. L. Engle, B. F. McKenzie, 

N. F. McGuckin and E. F. Kendall, / . Biol. Chem., 164, 569 (1946). 
(12) D. A. Rosenfeld, N. K. Richtmyer and C. S. Hudson, THIS 

JOURNAL, 70, 2201 (1948). 
(13) D. S. Noyce and H. I. Weingarten, ibid., 79, 3093 (1957); 

79,3098(1957); 79,3103(1957). 
(14) H. W. Heine, ibid., 79, 6268 (1957). 
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The ethanolysis of cis- and frows-3-methoxycyclohexyl tosylates appears to be normal. The acetolysis of trans-4-mathoxy-
cyclohexyl tosylate shows evidence for internally assisted acceleration of rate. The products formed, 9% cii-4-methoxy-
cyclohexyl acetate, 2 5 % <ra».s-4-methoxycyclohexyl acetate and 66% 4-methoxycyclohexene, substantiate the rate accelera
tion. I t is suggested that a large fraction of the reaction is proceeding through the symmetrical bicyclic oxonium ion I I . 
Such an intermediate explains the large amount of net retention of configuration in the derived acetate. 
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TABLE I 

ETHANOLYSIS OF 3-MBTHOXYCYCLOHEXYL ARE.\*ESULI-;ONATES, 75.09° 

Compounds 

c/s-3-Methoxycyclohexyl brosylate 
Mixed 3-methoxjxyclohexyl brosylate 
c-is-3-Methoxycyclohexyl tosylate 
Mixed 3-methoxycyclohexyl tosylate 

° Rate relative to cyclohexyl tosylate. Calcd 

kd, X 10', sec.-i 

2.27 ± 0.01 
2.47 ± .0 
0.494 ± .01 

.. assuming p* = 

k,ran, X W', See. " ' 

4.24 ± 0.2 

0.734 ± 0.02 

-3 .00 . 

(T* 

0.18 
0.18 

Calcd. b 

0.29 
0.29 

Obsd. 

0.19 
0.285 

Dreiding and Schmid16 have also observed tha t 
the ^-toluenesulfonate of transA- (/ '-hydroxy-
phenyl) -cyclohexanol gives a bicycloheptane deriva
tive upon t rea tment with potassium /-butoxide. 

In acyclic systems 1,4-participation is much 
more common. Winstein16 '17 observed substantial 
rate acceleration in the solvolysis of 4-methoxy-
1-butyl p-bromobenzenesulfonate and related com
pounds. Oae18 has reported rate acceleration in 
theformolysis of 4-bromo-l-methoxypentane. Sim
ilarly marked acceleration was observed in the 
hydrolysis of 4-chloro-l-butanol (with the forma
tion of tetrahydrofuran) by Heine, Miller, Barton 
and Greiner.19 Similar acceleration is observed 
with 4-phenylthio-l-chlorobutane.2 0 

Results 
Behavior of 3-Methoxycyclohexyl Arenesulfo-

nates.—We first examined the ethanolysis of 3-
methoxycyclohexyl tosylate and 3-methoxycyclo
hexyl brosylate. Anchimeric assistance, involving 
a 4-membered ring, in this system, is perhaps not 
to be expected, though the geometrical factors may 
well assist. I t has previously been concluded 
that the ethanolysis of 3-ethoxypropyl tosylate2 1 

and brosylate17 is normal.17 '22 Lindegren and 
Winstein23 find no evidence of anchimeric assistance 
by a 7-halogen but do find evidence of assistance 
by a 7-hydroxyl, methylthio or acetoxy group. 
Doering and Young24 have considered the "pos
sibility of 4-membered, neighboring group inter
act ion" in the reactions of 1,3-butanediol. 

The cis isomer of 3-methoxycyclohexanol was sep
arated via the hydrogen phthala te ester and its 
piperazine salt. At tempts to separate the pure 
trans isomer were not successful. The kinetic 
measurements were therefore made on the pure 
cis isomer and upon the mixed isomers. The results 
are presented in Table I. 

The results are normal. I t is to be noted tha t 
the rate constants agree satisfactorily with pre
dicted values, based upon a p* <r*26 correlation using 
the data collected by Streitwieser.22 '26 

(15) R. Burner, A. S. Dreiding and 11. Schmid, Chemistry &> Indus
try, 1-137 (1958). 

(10) S. Winstein, Expcrienlia Suppl., I I , 137 (1055). 
(17) S. Winstein, E. Allrcd, R. Heck and R. Glick, Tetrahedron, 3, 1 

(1958). 
(18) S. Oac, THIS JOURNAL, 78, 4032 (1956). 
(19) H. W. Heine, A. D. Miller, W. H. Barton and R. W. Greiner, 

ibid., 75, 4778 (1953). 
(20) H. Bohme and K. Sell, Bm., 81, 123 (1948). 
(21) P. M. Laughton and R. E. Robertson, Can. J. Chem., SS, 

1207 (1955). 
(22) A. Streitwieser, Jr., Chem. Revs., 56, 697 (1956). 
(23) C. R. Lindegren and S. Winstein, Abstracts of Papers, 123rd 

Meeting American Chemical Society, Los Angeles, Calif., March, 
1953, p. 30 M. 

(24) W. E. Doering and R. W. Young, TmS JOURNAL, 11, 2997 
(1952). 

(25) R. W. TaIt, Jr., ibid., 75, 4231 (1953). 

As pointed out by Streitwieser26 such a cor
relation is useful in establishing the order of magni
tude to be expected for such rates, bu t not suf
ficiently refined to give precise prediction. In 
particular no account is taken of the well known 
difference between axial and equatorial isomers. 

From the conclusion tha t the solvolyses of the 3-
methoxycyclohexyl tosylates are normal, derived 
information regarding the conformational states 
of the methoxycyclohexyl tosylates is forthcoming. 

In the earlier report of Noyce and Weingarten13 

it was concluded tha t the rate ratio of 4.6 in acetic 
acid for the solvolysis of /row.s-3-carbomethoxy-
cyclohexyl tosylate relative to cis-3-carbomethoxy-
cyclohexyl tosylate was normal, considering the 
polar factors in conjunction with conformational 
factors. 

For the solvolysis of the 3-methoxycyclohexyl 
tosylates a rate ratio for trans:cis of 1.5 is observed. 
In this instance the methoxyl group is smaller than 
the tosylate group and therefore the tosylate is 
predominantly equatorial in both the cis and trans 
isomers. Using a value of 1.7 for the /1-value of 
the tosylate group27 and a value of 0.74 for the 
methoxyl group,25 m-3-methoxycyclohexyl tosylate 
is 97% in the di-equatorial conformation, and trans-
3-methoxycyclohexyl tosylate is 8 3 % in the confor
mation with an equatorial tosylate group. I t is then 
straightforward to calculate a rate ratio of 1.35, if 
one assumes tha t the effect of the methoxy dipole 
does not specifi cally favor one isomer. These results 
tend to support the higher value of 1.728 for the A-
value of the tosylate group, rather than the lower 
value of Eliel and Ro.32 

The solvolysis products of an isomeric mixture 
of cis- and ira»i'-3-niethoxycyclohexyl tosylate in 
acetic acid were a mixture of olefin and acetate. 
The olefin was entirely 4-methoxycyclohexcne, 
and the acetate was a mixture of cis- and trans-5-
methoxycyclohexyl acetate. I t was demonstrated 
tha t 3-methoxycyclohexene is stable under the 
acetolysis conditions. 

Behavior of 4-Methoxycyclohexyl Tosylate.— 
The rate data obtained are presented in Table I I . 
The configurational assignment is discussed in the 
previous paper.33 

(26) A. Streitwieser, Jr., ibid., 78, 4935 (1956). 
(27) S. Winstein and H. J. Holness, ibid., 77, 5562 (1955). 
(28) An estimate of the A -value for the methoxyl group may be 

derived from the A-value of the hydroxy! group, 0.3-0.9!»~!1 and the 
increment of a methyl group one atom from the ring, i.e., the difference 
of A-values for methyl and ethyl. Recent measurements in this 
Laboratory support a value of 0.74 for the methoxyl group (unpub
lished observations of Lloyd J. Dulby). 

(29) R. A. Pickering and C. C. Price, T H I S JOURNAL, 80, 4931 
(1958). 

(30) IJ. L. Eliel and C. A. I.ukash, ibid., 78, 5980 (1957). 
(31) S. J. Angytil and D. J. McIIugk, Chemistry & Industry, 1147 

(1'.If)CO. 
(32) E. L. Eliel and R. S. Ro1 THIS JOURNAL, 79, 5995 (1957). 
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TABLB II 

RATES OF SOLVOLYSIS OF 4-METHOXYCYCLOHEXYL TOSYLATES 

cis-
AcOH 

EtOH 
trans-
AcOH 

EtOH 

P* = -

NaOAc 

0.53 
.06 
.54 

0.53 
.20 
.60 
.51 
.53 

AC2O 

0.59 
.06 
.58 

0.59 
.21 
.06 
.58 
.58 

-3.49.M h Assumed p* = 

ROTs 

0.2878 
.030 
.2777 
.030 

0.2932 
.1091 
.030 
.2632 
.2603 
.030 

-3 .00 . 

Temp., 0C. 

75.01 
75.09 
89.99 
75.09 

75.00 
74.94 
75.09 
89.97 
90.07 
75.09 

k\ X 10=, sec."1 

2.12 ± 0 . 1 4 
0.766 ± .02 

10.7 ± .5 
.654 ± .01 

5.71 ± 0 . 2 2 
4.22 ± .23 
3.20 ± .11 

31.7 ± 1.1 
30.3 ± 0 . 8 

2.48 ± 0 . 0 4 

(T* 

0.066 

.066 

.066 

.066 

Calcd. 

0.59° 

.636 

.59 

.63 

«H 
Obsd. 

0.18 

.25 

.74 

.96 

Rate acceleration is clearly observed for trans-4-
methoxycyclohexyl tosylate, which undergoes either 
ethanolysis or acetolysis faster than the cis isomer. 
The kinetic results at 75° lead to the initial con
clusion that the rate of acetolysis is 5.6 times that 
to be expected (1.35 X 3.20U766). The question 
of the magnitude of acceleration is considered 
further below. From the results it is also apparent 
that this ratio does not change a great deal with 
temperature. 

Were an internal interaction by the 4-methoxyl 
group responsible for the acceleration, the bimolecu-
lar reaction with sodium ethoxide should give a 
much more normal rate ratio. Accordingly, the 
bimolecular rates of reaction with sodium ethoxide 
in ethanol were measured. The result expected is 
obtained, namely that the cis isomer undergoes 
reaction faster than the trans isomer (ki X 10° 
mole -1 sec. -1 is 303 ± 15 for the cis isomer and 
59.1 ± 1.7 for the trans isomer). 

The Products of Solvolysis.—The acetolyses of 
4-methoxycyclohexyl tosylates give different mix
tures of 4-methoxycyclohexene and 4-methoxy
cyclohexyl acetates. When the acetolyses are 
carried out at 75° in the presence of 0.6 molar 
sodium acetate, 0.3 molar /ra«5-4-methoxycyclo-
hexyl tosylate affords 66% 4-methoxycyclohexene, 
24% £raw5-4-methoxycyclohexyl acetate and 10% 
m-4-methoxycyclohexyl acetate. Solvolysis of the 
cz's-tosylate under identical conditions yields more 
4-methoxycyclohexene (83%) and only inverted 
/raw.y-4-metnoxycyclohexyl acetate (17%). These 
analyses were obtained using a carefully standard-
zed extraction procedure followed by vapor phase 

chromatography. The accuracy of the analyses 
(±2%) was demonstrated by carrying standard 
olefin-acetate mixtures through the entire pro
cedure under identical conditions. In addition to 
the characteristic vapor phase retention times for 
the olefin and acetates these compounds were 
characterized further in other product runs where 
the several species were isolated by chromatography 
on alumina. 

The infrared spectra of the olefinic fractions ob
tained from the solvolysis of either isomer were 
identical with that of 4-methoxycyclohexene and 
showed no evidence of 3-methoxycyclohexene. 

(33) D. S. Noyce, G. L. Woo and B. R. Thomas, J. Org. Chem., in 
press. 

The infrared spectrum of the acetate derived 
from «'s-4-methoxycyclohexyl tosylate was identi
cal with that of authentic /raws-4-methoxycyclo-
hexyl acetate. Hydrolysis afforded the alcohol 
which was converted to /ra?w-4-methoxycyclo-
hexyl-3,5-dinitrobenzoate (m.p. 125.5-126.5) which 
showed no depression when mixed with an authen
tic sample. 

In the case of the acetates derived from transA-
methoxycyclohexyl tosylate, hydrolysis to the 
alcohols afforded samples which could be analyzed 
easily for isomer content by infrared spectra. The 
infrared spectrum of the 4-methoxycyclohexanols 
showed that 71% of this mixture was the trans 
isomer. This is in good agreement with the value 
(71 obtained by vapor phase chroma
tography of the parent acetate mixture. The 3,5-
dinitrobenzoate (m.p. 125.5-126.5°) of the trans-
4-methoxycyclohexanol was isolated from this mix
ture. 

The products of acetolysis were also examined 
under additional conditions (Table III). 

TABLE III 

PRODUCTS OF SOLVOLYSIS OF 4-METHOXYCYCLOHEXYL TOSY

LATES 

Temp., 0C. 

cis 
60 
75 

120" 

trans 
60 
75 
75 
75 

120" 

NaOAc 

0.58 
.58 
.58 

0.58 
.00 
.20 
.58 
.58 

4-Methoxy-
cyclohexene 

% 

80 
83 
82 

67.7 
696 

(66) 
66.4 
74 

Methoxy-
, cyclohexyl 

acetate, % 

8.7 
8.4 

10.6 
9.6 
7.5 

trans-i-
Methoxy-
cyclohexyl 
acetate, % 

20 
17 
18 

23.6 
9.66 

23.4 
24.0 
18.5 

" In refluxing acetic acid. b A mixture of olefins arises in 
the absence of sodium acetate; see text. 

In the absence of sodium acetate at 75°, the 
ratios of the normal products are perturbed, and 
the reaction mixture takes on an additional com
plexity. Rearranged olefin is formed to the extent 
of 15%, 3-methoxycyclohexene being identified 
by its vapor phase retention time. Two additional 
peaks appeared, one accounting for 11% of the 
total reaction mixture, which showed a shorter 
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retention time than the methoxycyclohexyl ace
tates (possibly a cyclohexenyl acetate). A second 
fraction (2%) of longer retention time was also 
observed. Otherwise there are no striking changes 
in product ratios. 

Discussion 
Magnitude of Acceleration.—The rates of the 

ethanolysis and acetolysis of cw-4-methoxycyclo-
hexyl tosylates both fall below the predicted values. 
This fact was initially troublesome. However, 
more recently available data provide a probable 
explanation. 

It is difficult to assign a precise value to the polar 
effect of the methoxyl group. It is known that the 
direction of a dipole influences the ease of develop
ment of a charge in cyclic systems. For example, 
the dissociation constants of the cis- and trans-3-
bromocyclohexanecarboxylic acid show a sensi
tivity to the molecular geometry,34 although the 
carboxyl group is predominantly equatorial in 
both isomers. Noyce and Weingarten13 have con
cluded that the rate ratio for the acetolysis of cis-
and £rare5-3-methoxycarbonylcyclohexyl tosylates 
shows a similar sensitivity to the directional polar 
influences. 

In recent publication, Martin and Bartlett33 

have concluded that the rigid geometry of 2-
chloro-l,4-endoxocyclohexane decreases the re
activity of the halogen some 60 times more than 
would be expected from comparison with a simple 
2-methoxycyclohexyl halide, using both the dipole 
interaction calculations of Winstein and Grun
wald36-38 and the p*<r* treatment.26-26 

We conclude that the rate ratio of the cis- and 
£rawi'-4-methoxycyclohexyl tosylates provides sub
stantial evidence for an internally assisted reaction 
pathway for the trans isomer. The trans isomer 
undergoes solvolysis faster than the cis isomer. 
Normal expectation would be for the cis isomer, in 
which there is a higher proportion of the axial 
tosylate, to undergo solvolysis more rapidly than 
the trans isomer. It is also to be noted that the 
activation parameters (AH* = 2G.5 kcal./mole 
and AS* = —5.80 e.u. for ci5-4-methoxycyclohexyl 
tosylate and AH* = 27.2 kcal./mole and AS* = 
— 0.3 e.u. for £rares-4-methoxycyclohexyl tosylate) 
are consistent with the proposal of an internally 
assisted pathway. 

The product studies indicate that about one-
third of the 4-methoxycyclohexyl acetate formed 
in the solvolysis of the ira«s-tosylate has the in
verted cis configuration. This represents one of 
the products of normal solvolysis. Since the geom
etry of the ew-tosylate is unfavorable for meth
oxyl participation we have assumed that it under
goes normal solvolysis and that therefore a normal 
solvolytic process in this system leads to a 5:1 
olefin-acetate ratio. On this basis one may cal
culate that about 55% of the products in the 
acetolysis of /raws-4-methoxycyclohexyl tosylate 
arise from a "normal" solvolytic process. It 

(34) S. Siegel and J. G. Morse, T H I S JOURNAL, 75, 3857 (1953). 
(35) J. C. Martin and P. D. Bartlett, ibid., 79, 2533 (1957). 
(36) ,S. Winstein, Ii. Grunwald and L. L. Ingraham, ibid., 70, 821 

(1048). 
(37) S. Winstein and E. Grunwald, ibid., 70, 828 (1948). 
(38) E. Grunwald, ibid., 73, 5458 (1951). 

follows that the assisted solvolysis of trans-4-
methoxycyclohexyl tosylate affords 25% trans-^-
methoxycyclohexyl acetate and in addition about 
20% 4-methoxycyclohexene. 

The previous discussion leads us to propose the 
following reaction sequence (Chart I). The initial 
reaction for the assisted pathway is to the internally 
solvated ion pair I, which then may react further 
to give the bridged bicyclic oxonium ion II. 

CHART I 
REACTION SCHEME FOR THE ACETOLYSIS OF 4-METHOXY-

CYCLOHEXYL TOSYLATE 

It is interesting to compare the magnitude of 
the an chimeric assistance in the present instance 
with the results obtained for 6-methoxyalkyl 
benzenesulfonate by Winstein, Allred, Heck and 
Glick.17 

The rate of solvolysis of 5-methoxy-2-hexyl 
bromobenzenesulfonate relative to sec-butyl bro-
sylate is 163.17 In the present instance the normal 
and assisted rates are very nearly equal. Thus, 
for 4-methoxycyclohexyl tosylate the driving 
force for participation almost exactly counter
balances the energy required for the chair-boat 
transformation. In the acylic examples of Winstein, 
Allred, Heck and Glick the 5-membered oxonium 
intermediate involves the eclipsing of the groups 
about 3 C-C bonds. Thus, the driving force for 
the methoxyl group is approximately 6 kcal. for 
the eclipsing energy + 3.5 kcal. (representing the 
net acceleration in the acyclic system). In the 
cyclohexyl case the assisted rate almost exactly 
counterbalances the chair to boat change, plus 
some additional strain energy. Thus, the present 
data appear to place an upper limit on the chair-
boat conformational energy difference of somewhat 
less than 9 kcal. 

Experimental30 

a's-3-Methoxycyclohexanol.—The mixture of cis- and 
Zra»s-3-methoxycyclohexanols, prepared by hyrtrogenation 
of resorcinol monomethyl ether over Raney nickel, was con
verted to the hydrogen plithaiate.™ The initial product was 
a viscous oil which failed to crystallize. 3-Methoxycyclo-
hexyl hydrogen phthalate (2.0 g.) was treated with a solution 
of 0.98 g. of piperazine hydrate in acetone. On cooling 

(39) AH melting points are corrected. The infrared spectra were re
corded with a Baird Infrared Spectrophotometer Model B. Analyses 
are by the Microanalytical Laboratory, University of California. 

(40) J. Kenyon, "Organic Syntheses," Coll. Vol. 1, 2nd ed.. John 
Wiley and Sons, Inc., New York, N. Y., 1941, p. 418. 
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overnight, the solution deposited crystals, m.p. 114-118°. 
Three crystallizations from acetone afforded 0.4 g. of the 
piperazine salt, m.p. 125.5-126.5°. Regeneration of cis-3-
methoxycyclohexyl hydrogen phthalate afforded crystals 
from acetone-petroleum ether, m.p. 103.5-104.5°. 

Anal. Calcd. for Ci6Hi8O6: C, 64.73; H, 6.52. Found: 
C, 65.01; H, 6.70. 

With these seed crystals, larger quantities of «s-3-meth-
oxycylohexyl hydrogen phthalate were obtained by frac
tional crystallization, m.p. 104-105°. 

M.y-3-Methoxycyclohexyl Tosylate.—A cold solution of 
10 g. of eis-3-methoxycyclohexanol in 30 ml. of pyridine was 
rapidly added to 16 g. of ^-toluenesulfonyl chloride. After 
12.hours the reaction mixture was diluted with water, ex
tracted with chloroform, and the chloroform extracts washed 
successively with dilute sulfuric acid, sodium bicarbonate 
and water. After drying the chloroform solution over anhy
drous magnesium sulfate, the chloroform was removed under 
reduced pressure to afford «'s-3-methoxycyclohexyl tosylate 
as a clear colorless liquid, 13.9 g. (64%). 

Anal. Calcd. for C H H 2 0 O 4 S : C, 59.13; H, 7.09; S, 
11.27. Found: C, 58.90; H, 7.14; S, 11.34. 

Similarly the tosylate of the mixed isomer was prepared. 
,4Ma/. Found: C, 59.09; H, 7.18; S, 11.47. 

as-3-Methoxycyclohexyl-^-Bromobenzenesulfonate.— 
The brosylate was prepared in a similar fashion, and crystal
lized from petroleum ether, m.p. 34-35°. 

Anal. Calcd. for C3H17O4BrS: C, 44.70; H, 4.91; Br, 
22.88; S, 9.18. Found: C, 44.50; H, 5.03; Br, 22.72; S, 
9.33. 

The brosylate of the mixed isomers was a liquid. 
Anal. Found: C, 44.98; H, 5.13; Br, 22.67; S, 9.01. 
cis- and <ra»s-4-methoxycyclohexyl tosylates were de

scribed previously,38 m.p. 87-88.4° and 66.5-67.5°, respec
tively. Other preparations of iraws-4-methoxycyclohexyl 
tosylates after careful purification showed m.p. of 65.5-
66.2° and 67.2-68.2°. 

Product Isolation from Acetolysis. A. m-4-Methoxy-
cyclohexyl Tosylate.—A solution of 2.0 g. of cis-4-methoxy-
cyclohexyl tosylate and 1.10 g. of sodium acetate in 200 ml. 
of dry acetic acid were heated at 87° for 3 days. The diluted 
reaction mixture was extracted with pentane, and the pen-
tane extracts washed with sodium bicarbonate. Total re
covery was 0.9 g. of products. The mixture of olefin and 
acetate was separated by chromatography on alumina 
(Merck). There was obtained from the early fractions 0.33 
g. ( 4 1 % yield) of 4-methoxycyclohexene, identified by in
frared spectrum. There was no indication of the presence of 
3-methoxycyclohexene (absence of band at 10.80 n). The 
later fractions afforded 0.5 g. ( 4 1 % yield) of crude trans-4-
methoxycyclohexyl acetate, identified by infrared spectrum. 
A small sample was hydrolyzed to the alcohol, and con
verted to /raws-4-methoxycyclohexyl 3,5-dinitrobenzoate, 
m.p. and m.m.p. 125.5-126.5°. 

B. l>a»s-4-MethoxycycIohexyl Tosylate.—Similarly 
2.0 g. of <raws-4-methoxycyclohexyl tosylate was heated on 
the steam-bath for two days in acetic acid with a slight excess 
of sodium acetate. Chromatography afforded 0.55 g. (76%) 
4-methoxycyclohexene, and 0.7 g. (22%) of 4-methoxycy-
clohexyl acetate, which appeared to be largely trans isomer 
upon comparison of infrared spectra. The alcohol, obtained 
by hydrolysis was converted to the 3,5-dinitrobenzoate, 
m.p. and mixed m.p. 125.5-126.5°. A small quantity of 
lower melting material, m.p . 90-117°, was isolated from the 
mother liquors. 

C. 3-Methoxycyclohexyl Tosylate.—Acetolysis at 90° of 
9.1 g. of the mixed cis-and /rares-3-methoxycyclohexyl tosyl
ate afforded on fractionation 30% of mixed cis- and trans-3-
methoxycyclohexyl acetate, and 50% of olefin identified by 
infrared spectrum as 4-methoxycyclohexene. I t was also 
demonstrated that 3-methoxycyclohexene was stable under 
the reaction conditions. 

Kinetic Methods.—Volumetric equipment was calibrated 
in the usual manner. A 5-ml. automatic pipet was cali
brated under the actual conditions of the kinetic run by pipet
ting aliquots of acetic acid (at 75°) into a weighed flask at 
room temperature. Temperature control was maintained 
±0 .02° by a mercury thermoregulator and electronic relay. 
Potentiometer titration, employing a Beckman pH meter, 
model H, with standard glass and calomel electrodes was 
used to follow all acetolyses, using 0.03 N £-toluenesulfonic 

acid in acetic acid as t i trant. Five-ml. aliquots of the reac
tion mixture were removed for titration and the end-point 
was determined to ±0 .03 ml. 

At higher concentrations (0.1-0.3 M tosylate) the kinetic 
method was altered. Aliquots of the reaction mixture were 
withdrawn and quickly cooled to 20°. A 3.00-ml. sample 
was withdrawn and the excess sodium acetate titrated with 
0.13-0.14 ./V perchloric acid in glacial acetic acid using brom 
phenol blue as indicator. 

Acetic acid was fractionated from a slight excess of acetic 
anhydride. The water content was 0.05 ml./liter by Karl 
Fischer titration. Acetic anhydride, 0.6 g./liter, was added 
and the acetic acid was used in this form. 

Ethanol was dried by the diethyl phthalate procedure, and 
the water content was below the limits of the Karl Fischer 
method (less than 0.01%). Ethanolic sodium ethoxide was 
prepared by dissolving clean sodium in the above ethanol. 
It was standardized by adding a weighed excess of potassium 
hydrogen phthalate, and titration with 0.01 N hydrochloric 
acid. Ethanolic sodium ethoxide showed no variation in 
titer under the conditions of a kinetic run during the first 24 
hours. Over more extended periods of time the titer 
changed, necessitating the use of calculated rather than ex
perimental infinity titers. 

Kinetic Calculations.—The rate constant for ethanolysis 
of fraras-3-methoxycyclohexyl brosylate was calculated 
from the rate of solvolysis of a mixture of cis- and trans-3 
methoxycyclohexyl brosylate. From infrared spectral data 
an estimate of the compositions of the isomeric alcohols (70% 
cis) was obtained. From the kinetic data (Table IV) the 
rate constant at the end of the run (2.45 X 10~6 sec. - 1) 
agrees satisfactorily with the independently determined 
value (2.27 X 10 - b sec. - 1) for the cis isomer. Assuming that 
only m-3-methoxycyclohexyl tosylate remains, one obtains 
the result that 66% of a's-3-methoxycyclohexyl brosylate is 
present in the original mixture and that the rate constant for 
the ethanolysis of 2rares-3-methoxycyclohexyl brosylate is 
4.2 X 10 - 6 sec. - 1 by a procedure very similar to that used by 
Brown and Fletcher.41 Data for a typical experiment are 
given in Table IV. 

TABLE IV 

ETHANOLYSIS OP AN EPIMERIC MIXTURE OF cis- AND trans-3-

Time, 
sec. 

X 10- ' 

0 
1.47 
3.60 
6.71 

12.2 
21.3 
31.2 
39.1 
64.3 
77.2 
97.8 

Titer, 
ml. of NaOH 

(0.1156 N) 

0.770 
1.195 
1.745 
2.608 
3.820 
5.485 
6.890 
7.753 
9.395 
9.875 

10.348 

Concentration X 102 

, isomer——^ 
cisa trans 

1.532 
1.482 
1.412 
1.316 
1.160 
0.9447 

. 7540 

.6309 

.3555 

.2649 

.1658 

0.848 
.800 
.743 
.639 
.515 
.345 
.211 
.135 
.0306 
.0102 
.0000 

Av. 

Integrated 
rate for 

trans isomer, 
ki X 10» 

sec. ' 

2.96 
3.67 
4.22 
4.12 
4.22 
4.45 
4.71 
4.21 
4.52 

4.24 ± 0.22 

" Calculated using 2.303 log (C1/Ch) = k(h - / a ) , where 
h = 97.8 sec. X 103, Cb = total concentration, and k = 
2.27 X 1O-5 sec . - 1 from previous run. 

Refinement leads to the data reported in Table I . 
The second-order rate constants for the reaction of 4-

methoxycyclohex3Tl tosylate with sodium ethoxide were cal
culated from the integrated rate equation, and also by the 
approximate formula of Ingold.42 

Corrections were made for the volume expansion of eth
anol at 75°. 

Product Analysis by Vapor Phase Chromatography.—Both 
cis- and /ra«s-4-methoxycyclohexyl tosylates were solvolyzed 
as 0.3 molar solutions in acetic acid under the conditions of 
the kinetic experiments. After 13 half-lives at 75° the prod
ucts were isolated by a standardized pentane-ether extrac-

(41) H. C. Brown and R. S. Fletcher, THIS JOURNAL, 71, 1845 
(1949). 

(42) C. K. Ingold, J. Chem. Soc, 225 (193G). 



890 FREDERICK D. GREENE AND WILLIAM W. REES Vol. 82 

tion from an aqueous solution of the reaction mixture. Sol
vent was removed with a modified Podbielniak distillation 
column. The products were analyzed using an Aerograph 
A-100 gas phase chromatograph equipped with a five-foot 
Silicone oil-chromosorb column. 

The accuracy of the technique was demonstrated by 
extracting known mixtures of the solvolysis products from 
acetic acid-sodium acetate-acetic anhydride mixtures. Con
centration and volume conditions were identical, with only 
the relative proportions of olefin and acetate being varied. 
A direct relationship between area under the effluent peaks 
and mole fraction was observed. 

From /rows-4-methoxycyclohexyl tosylate there was ob
tained 67.2 ± 1.2% 4-methoxycylohexene (retention time 1 
minute 10 seconds) and 32.8 ± 1.2% 4-methoxycyclohexyl 
acetate (retention time 5 minutes 5 seconds). A duplicate 
run gave 65.6 ± 0 .3% and 34.4 ± 0 .3% olefin and acetate, 
respectively. The acetate fraction gave on hydrolysis a 

mixture of cis- and /ra«s-4-methoxycyclohexanols, which by 
infrared analysis contained 71.4% trans isomer. The acetate 
fraction showed on a second vapor phase chromatographic 
analysis 70.9% /ra«.s-4-methoxycyclohexyl acetate (retention 
time 28 minutes) and 2 9 . 1 % £M-4-metnoxycyclohexyl ace
tate (retention time 30 minutes). There is thus indicated 
66.4 ± 2 % 4-methoxycyclohexene, 24.0 ± 2%, trans-i-
methoxycyclohexyl acetate and 9.6 ± 2%. eis-4-methoxy-
cyclohexyl acetate. 

In like fashion, cw-4-methoxycyclohexyl tosylate afforded 
83.0 ± 2 % (82.4 ± 1, 83.6 ± 1) 4-methoxycyclohexene 
and 17 ± 2% (17.6 ± 1, 16.4 ± 1) fran.s-4-methoxycyclo-
hexyl acetate, both identified by infrared spectrum. The 
infrared spectrum of the latter showed only trans isomer to be 
present. 

A similar procedure was used for product runs at other 
temperatures. 
BERKELEY 4, CALIF. 
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Cyclic Diacyl Peroxides. V.1 Reaction of Phthaloyl Peroxide with Norbornylene 

BY FREDERICK D. GREENE AND WILLIAM W. R E E S 2 

RECEIVED JULY 24, 1959 

The reaction of phthaloyl peroxide and norbornylene in carbon tetrachloride solution affords the cyclic phthalate of cis-
exo-2,3-bicyclo[2,2,l]heptanediol (I) in 20% yield, the cyclic phthalate of ex0-2-sj>»-7-bicyclo[2,2,i]heptanediol (II) in 
10% yield, phthalic anhydride in 10% yield and the addition product of carbon tetrachloride to norbornylene(IV, 2-chloro-
3-trichloromethylbicyclo [2,2,1] heptane). Kinetic data indicate peroxide consumption by bimolecular reaction with nor
bornylene and establish that peroxide consumption by free radical chain decomposition is unimportant under these condi
tions. The formation of the 2,7-norbornyl phthalate (II) and earlier data are suggestive of the intervention between re-
actants and products of configurations possessing considerable positive charge at a carbon atom of the original double bond. 

In a previous study3 the reaction of the cyclic 
diacyl peroxide, phthaloyl peroxide, with olefins 
was shown to be general and to obey second-
order kinetics. The marked similarity observed 
in the relative reactivity of phthaloyl peroxide, 
peracetic acid and dibromocarbene toward ali
phatic olefins and the available data on product 
compositions were interpreted in terms of bi
molecular reaction of neutral peroxide with olefin. 
Additional evidence on the nature of the phthal
oyl peroxide-olefin reaction is provided by the 
present study employing norbornylene. 

Results 
Reaction of phthaloyl peroxide with norbornylene 

in carbon tetrachloride at reflux affords a mixture of 
products, four of which were obtained in pure form. 
The major product, isolated in 20% yield of purified 
material, is a one-to-one adduct of the peroxide 
and the olefin, m.p. 204-205°. This compound is 
assigned structure I, cyclic phthalate of cis-exo-
2,3-bicyclo[2,2,l]heptanediol, on the basis of the 
phthalate absorption in the infrared at 1735, 
1300 and 1130 cm. - 1 ; the close similarity in 
ultraviolet spectrum, Xmax 272 (log e, 3.07), to that 
of dibutyl phthalate; and alkaline hydrolysis to 
phthalic acid and m-e.w-2,3-bicyclo [2,2,1] hep-
tanediol, identified by direct comparison with an 
authentic sample. A second one-to-one adduct, 
II, m.p. 142-143°, was isolated from the reaction 
mixture in 10% yield. The infrared spectrum 
showed a strong twin-peaked carbonyl band (1737 

(1) Part IV, F. D. Greene, THIS JOURNAL, 81, 1503 (19S9). 
(2) General Electric Fellow 1957-1958. This article is based upon 

a portion of the Ph.D. thesis of W. W. Rees, 1958. 
(3) F. D. Greene and W. W. Rees, T H I S JOURNAL, 80, 3432 (1958). 

and 1712 cm. -1) and absorption in the carbon-
oxygen region at 1300, 1148 and 1125 cm."-1. 
In the ultraviolet the compound showed maxima 
at 279 In1U (log e 3.22) and 285 im* (log e 3.20). 
Alkaline hydrolysis of the adduct yielded exo-2-
5y«-7-bicyclo[2,2,l]heptanediol in 73% yield, iden
tified by direct comparison with authentic ma
terial. On the basis of this evidence, adduct II 
is assigned the structure of the cyclic phthalate of 
the 2,7-diol. 
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Examination of the infrared absorption spectrum 
of the original product mixture showed absorption 
in the carbonyl region at 1855 and 1790 cm. -1, 
attributed to phthalic anhydride, and at 1780 
cm. - 1 (in addition to the phthalate bands described 
above). The phthalic anhydride was isolated in 
10% yield. The material absorbing at 1780 
cm. - 1 was not isolated but is presumed to be 
lactonic ortho-ester, compounds of type III. 
In the reaction of phthaloyl peroxide with cis-
and iraws-stilbene compounds of type III are 
major products,4 showing strong absorption at 
1778 cm. - 1 in the infrared. 

The fourth product isolated from the reaction 
was a liquid of analysis corresponding to a one-to-
one adduct of norbornylene and carbon tetra-

(4) F. D. Greene, ibid., 78, 2250 (1956). 


