
Tetrahedron Letters No.34, pp. 2379-2384, 1964. Pergamon press Ltd. 
Printed in Great Britain. 

THE SOLVOLYSIS OF 2,2,4,4-'fETRAMETHnCYCLOBUTA~ DERIVATIVES 

Lloyd J. Dolby and Charles Wilkins 

Department of Chemistry, University of Oregon 

Eugene, Oregon 
(Received 29 June 1964) 

The observation that trans-2,2,4,4-tetramethylcyclo- 

butane-l,+diol Is cleaved in acid much more rapidly than the 

cis-Isomer has been Interpreted to Indicate internal - 
participation by hydroxyl in the 

Our interest in four-membered cyclic oxonlum Ions led US 

to study this problem in greater detail. Wilcox and Bealy 

have found 

dlols with 

solvolysls 

similar to 

that the study of the rate of cleavage of the 

acid is inconvenient but It Is likely that the 

of the corresponding hydroxy tosylates Is quite 

the acid-catalyzed decomposition of the dlols (2). 

In accord with the results of Wilcox and Bealy (2) our 

kinetic studies show that the trans-hydroxy tosylate 

aolvolyzes much more rapidly than the cis-isomer. Extrapo- 

lating our data for the cia-Isomer, the trans/cls rate ratio 

at 45’ in 80$ ethanol-water is about 1000. We find that the 

trans-hydroxy tosylate yields the unsaturated aldehyde, 
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2,2,4-trimethyl-3-pentenal,in 85% yield and the c-hydroxy 

tosylate yields the unsaturated aldehyde and its hydration 

product, 3 3,5,5-tetrameth~~tetrahyd~o-2-furanol (Z), each in ) 

45% yield. Our kinetic results are summarized in Table I. 

-__--_ -_-- 
TABLE I 

Rate Constants for the Solvolysis of cis and trans- 

2,2,4,4-Tetramethylcyclobutane Derivatives 

in 8~$ Ethanol-Water 

Compo,und Temp. 105 k AH+ AS" 

OC. set -11 kcal. e.u. _- 

eis-+Hydroxy-2,2,4,4- 99.90 
tetramethylcyclobutyl 

7.7840.26 

Tosylate 114.60 32.121.4 
26.920.3 -5.4+0.5 

cis-3-Hydroxy-2,2,4,4- 
tetramethylcyclobutyl 99.90 7.00+0.24 

Tosylate-3-d 

trans-3-Hydroxy-2,2,434- 
--%?%amethylcyclobutyl 

44.51 17.+1.2 

Tosylate 

Wilcox and Nealy have presented further kinetic evidence 

that there is no Internal participation by hydroxyl in the 

transition state for the solvolysis of the trans-hydroxy 

tosylate (2). However, no evidence has been presented which 

rigorously excludes an intermediate bicyclic oxonium ion. 

If the symmetrical bicyclic oxonium ion intervenes in 

the solvolysls of either hydroxy tosylate, the carbons 

initially bearing the hydroxyl and tosyla'-e croups become 

equivalent. The substitution of deuterlum for hydrogen at the 

hydroxyl bearing carbon would thus result in nleftn1c aldehyde 
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of 2,2,*,4-tetramethylcyclobutane derivatives 2381 

at the vinyl position and the aldehyde carbon. 

With this in mind we examined the preparation of cis and 

trans-3-hydroxy-2,2,4,4-tetramethylcyclobutyl tosylates-3-c. 

The labeled tosylates can be prepared by the reduction of the 

corresponding keto tosylate. The keto tosylate was obtained 

in 95% yields from the chromic acid oxidation (3) of the 

mixture of monotosylates prepared by treating the commercially 

available dlol mixture with one equivalent of E-toluenesulfonyl 

chloride in pyridine. The keto tosylate, m.p. 121.5 - 123', 

showed the expected elemental composition and spectroscopic 

properties. Reduction of the keto tosylate with sodium 

borohydride or lithium aluminum hydride afforded pure cis- 

hydroxy tosylate in 70% yields.* The remainder of the 

material was not accounted for and may well represent trans- 

isomer which was not stable under the basic reaction 

conditions. Reduction of the keto tosglate with diborane 

yielded a mixture of hydroxy tosylates containing about 35% of 

the trans-isomer as analyzed by Infrared spectroscopy and rate 

measurements. The mixture of cis and trans-hydroxy tosylates 

could not be separated by fractional crystallization or 

* Pure cis and trans-hydroxy tosylates were prepared from 
the pure alcohols essentially as described by Wilcox and 
Nealy (2). In our hands, reaction times of 2 hours give 
higher yields than those previously reported. 
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chromatography partly because of the high reactivity of the 

trans-Isomer. Similar reduction of the keto tosylate with 

lithium aluminum deuteride and diborane-s yielded the 

required labeled hydroxy tosylates. 

Pure cls-3-hydroxy-2,2,4,4-tetramethylcyclobutyl 

tosylate-3-d was solvolyzed in 8o$ ethanol-water and the 

product :?,2,4-trlmethyl-3-pentenal was Isolated and purified 

by vapor phase chromatography. The proton magnetic resonance 

spectrum of the product aldehyde showed no aldehyde proton 

absorption near 0.64rand the ratio of the vinyl proton 

absorption to methyl proton absorption was unchanged from that 

of unlabeled material. The labeled aldehyde was converted to 

the corresponding 2,4-dlnltrophenylhydrazone and Its proton 

magnetic resonance spectrum lacked the aldimine proton peak at 

2.43 /rwhlch was present In unlabeled material. A mixture of 

the labeLed derivative containing 5% of the normal 2,4- 

dlnltrophenylhydrazone exhibited a readily observable peak at 

2.437. 

The study of the labeled trans-hydroxy tosylate was 

complicated by the Inaccessibility of pure trans-material. 

However, solvolysls of the tosylate mixture In 80% ethanol- 

water for 7 minutes at 100' results In complete reaction of 

the trans-Isomer whereas only 3% of the cls-Isomer Is _ 
destroyed. Labeled cis-hydroxy tosylate was recovered from 

the reaction mixture In 62% yield. The 2,2,4-trlmethyl-3- 

pentenal obtained from the solvolysls of the labeled trans- 

hydroxy tosylate was again found to contain deuterlum only at 

the aldehyde carbon. These results clearly rule out a 
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syametrlaal blcyclla oxonlum Ion intermediate In the 

solvolysls of both the cl8 and tMlns-3-hydroxy-2,2,4,4-tttra- 

methylcyclobntyl tosylates. 

Although It appear8 that Internal participation by oxygen 

18 not Involved in the solvolysls of the tranr-hydroxy 

tosylate, the origin of the large trane/cls rate ratio la not 

clear. In an effort to gain uome additional InformatIon, we 

have measured the kinetic Isotope effect caused by the lntro- 

ductlon of deuterlum at C-3 In the cis-hydroxy tosylate. The 

Isotope effect was determlned from several sets of rate 

measurements carried out almultaneously on labeled and 

unlabeled material. We find k.&, = 1.1 + 0.05 whlah Is 

larger than expected for an ordinary secondary Isotope effect 

caused by an isotopic substitution 80 remote from the reacting 

center (4). While this relault cannot be Interpreted with 

confidence, the magnitude of the effect Is about that observed 

for the 8olvolyel8 of exo-2-norbornyl brosylate-exo-5,6-s 

(4,5). Thus It appears that there Is participation by carbon 

3 in the traneltlon state. The carbonlum Ion shown below may 

be an important contributor. 

, 

f7\ HO 
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