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Thermal dimerization of methylallene has been investigated in a static system at  170' for various lengths of 
time. On the basis of spectral data and chemical evidence, the structures of all seven dimethyl-1,2-dimethylene- 
cyclobutanes possible from the dimerization are assigned, namely trans- and cis-3,4-dimethyl-1,2-dimethylene- 
cyclobutane (1 and 2), 3-methyl-2-methylene-syn-ethylidenecyclobutane (3), 3-methyl-2-methylene-anti-ethyl- 
idenecyclobutane (4), syn,syn-l,2-diethylidenecyclobutane ( 5 ) ,  anti,syn-1,2-diethylidenecyclobutane (6 ) ,  and anti,- 
anti-l,2-diethylidenecyclobutane (7). The relative amounts of compounds 1-7 produced at  low conversion are 
25:4:37: 18: 13:3:0.5. As the reactionproceeds, however, the relative amounts of 1,2,3,  and 4 decrease. 

Allene has long been known to give two dimeric prod- 
ucts, 1,2- and 1,3-dimethylenecyclobutane, in a rat,io 
of 8 5 :  15 along with various oligomers upon heating.' 
However, none of the latter type of dimer (head to tail) 
has been reported as being formed in the cases of dimer- 
izat'ion of substituted allenes. On the basis of t,hese 
observations, it has been postulated that' combination 
of two molecules of allene occurs initially between two 
central carbon atoms to form a relat'ively stable bisallyl 
diradical which then collapses to t,he products.2 Al- 
though t'he stereochemist'ry of the substituted allene 
dimers had long been unknown, recent work on dimer- 
izations of t r i b r ~ m o a l l e n e , ~ ~ ~  trichloroallene,6 methyl- 
a11enej6 chloroallene,' and 1,3-dimethylallene* revealed 
that the major products are those wit,h subst'ituents 
trans on t'he cyclobutane ring and syn on the exocyclic 
double bonds. Interest has also focused on the stereo- 
chemistry of dimer products from optically act,ive and 
racemic chiral a l l e n e ~ . ~ , ~  

In  view of the close relationship of allene dimeriza- 
tion t'o the degenerate thermal rearrangement of 1,2- 
dimethylenecyclobutanes,6 #lo dimerization of methyl- 
allene was studied in hopes of providing additional 
information on the thermal rearrangements of trans- and 
cis-3,4-dimethyl-l,2-dimethylenecyclob~tane~ (1 and 
2). In  this work, the characterization of the seven 
possible nongeminal dimethyl-l,2-dimethylenecyclo- 
butanes and their distribution from the thermal dimer- 
ization of methylallene are recorded. 

Dimerization of Methylallene. -Thermal dimeriza- 
tion of methylallene in a flow system has been re- 
ported,12 but no compounds were separated or identi- 
fied; only the molecular weight, 105.9 (Victor Meyer 
method), of a fraction boiling from 75 t o  135" (760 
Torr) was obtained. The results of dimerization of 
methylallene in a static system at  170" for various 
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lengths of time are given in Table I. Preparative vpc 
on dibutyl tetrachlorophthalate (DBTCP) allowed 

TABLE I 
PERCENTAGES OF DIMER PRODUCTS FROM METHYLALLENE 
(AT 170") I ~ Y  ORDER OF INCREASING RETENTION TIME ox 

DBTCP CAPILLARY VPC COLUMN 

time, ::o:- ,' q q y Q 9 y 
hr 1 2 3 4 5 6 I 

37 18 13 3 -0.5 1 25 4 
13" 10 2 32 14 29 11 2 
20 4 0.6 25 7 46 15 2 . 5  

a Recovered methylallene, 32% (minimum); dimer, 29%; 
less volatile material, 8%; nonvolatile material, 31%. 

isolation of each peak except 4, which was obtained as 
a mixture with 3. Large quantities of pure 4 could be 
obtained from pyrolysis of 1 .6 

Structural and Stereochemical Assignments. Spec- 
troscopic Studies.-From the uv of each material, it 
was clear that all were cisoid, conjugated dienes, and 
the nmr spectral data (Table 11) allowed assignment 
of the stereochemistry in every case.13 Thus, ring 
proton resonances in 1 are a t  higher field than those of 2 
indicating that 1 had trans dimethyls while 2 had the 
cis stereochemistry. Secondly, methyl groups syn 
on the double bonds would be expected to be deshielded 
by the adjacent double bond and therefore a t  lower 
field than the anti methyl groups. The nmr spectra 
and vpc retention times of both 6 and 7 were identical 
with those of the two 1,2-diethylidenecyclobutanes ob- 
tained from the base-catalyzed isomerization of cis- 
1,2-divinylcyclobutane. l4 

Chemical Studies. -Chemical evidence for the as- 
signments was also obtained. Thus, to distinguish 
between the 3,4-dimethyl compounds, 2 was syn- 
thesized by an unambiguous route shown in Scheme I. 

Thus compound 2 was synthesized from the sensi- 
tized, 2 + 2 photocycloadduct of maleic anhydride and 
2-butyne1l6 namely 8, by  reduction first with lithium 
aluminum hydride and then with hydrogen gas in 
methanol over a platinum catalyst giving, mostly, cis- 

(13) For background in interpretation of the relative chemical shifts 
in these systems, see N. S. Bhacca and D. H. Williams, "Applications 
of NMR Spectroscopy in Organic Chemistry," Holden-Day, San Francisco, 
Calif., 1964, pp 47,88,89. 

(14) (a) P. Heimbach and R.  Schimpf, Angew. Chem., Int. Ed. Engl., 8 ,  
206 (1969); (b) P. Heimbach, private communication: (0) the authors 
thank Dr. Heimbach for a generous sample of this mixture. 

(15) R. Criegee, U. Zirngibl, H. Furrer, D. Seebach, and G. Freund, C h e m  
B e y . ,  97, 2942 (1964). 
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1. OH- 

4. H*-EtOH 

5. LiAIH, 
6. TsCI-pyridine 
7. NaI 1 ,  trans 2, cis 

2. H+ 

W k )  UX 7( EtlO-&Ot 

11 8. KOH X CO2Et 
10, meso + threo 

UV 
Compd max 

1 244 
2 245 
3 248 
4 248 
5 247 
6 249 

7 252 

TABLE I1 
Uva AND N M R ~  DATA FOR ALL CsHll HYDROCARBONS REPORTED HEREIN 

7 ------ Ir ~- - 
Vinyl H’s em-Methylene H’s Ring tertiary H’s Ring secondary H’s Vinyl Me H’s Ring Me R’s 

5 .03  s, 4 .64  s 2.38 m 1.18 d 
5 .03  s, 4.65  s 2.97 m 1.06 d 

5 . 2  q 4.98 s, 4 .75  s 2 .7  m 2 . 7 m ,  2 . 1  m 1.78 d 1 . 2  d 
5 .64  m 5 . 0  s, 4 . 6  s 2 . 8  m 2 . 8 m ,  2 . 1 2 m  1.62 d 1 . 2  d 
4.98 q 2.40 s 1.77 d 
5.47 q, 5 . 0  q 2.45 br s 1 . 6 ,  1 .7  

(2 d’s) 
5 .33  q 2.48 s 1.55 d 

12 216 
13 216 

6.32 (dd) 1 H; 5.49 (9) 1 H; 4.7-5.3 (m) 4 H; 1.77 (9) 3 H; 1 .70  (d) 3 H 
6 .33  (dd) 1 H; 5 . 0  (m) 6 H; 2.23 (9) 2 H; 1.05 (t) 3 H 

5 In isooctane, reported in nanometers. At 100 MHz in carbon tetrachloride reported in parts per million downfield from TMS. 

1,2-bis(hydroxymethyl) -cis- 3,4- dimethylcy~lobutane~~ 
(Q), which was treated with excess tosyl chloride in 
pyridine, doubly displaced with iodide ion in acetone, 
and doubly dehydroiodinated with molten potassium 
hydroxide, according to the method of Dorko.16 The 
volatile material was a 1 : 9 mixture of two compounds 
identical with the first and second vpc peaks, respec- 
tively, from the methylallene dimerization. It was 
also found that hydrogenation with 10% palladium on 
carbon as catalyst gave the same mixture. 

Large quantities of both 1 and 2 were available by 
reductive dimerization of diethyl ethylidenemalonate 
to give meso- and threo-1,1,4,4-tetracarbethox~-2,3- 
dimethylb~tanel~ (10) (1: 1 mixture), which could be 
cyclized to 1,1,2,2-tetracarbethoxy-3,4-dimethylcyclo- 
butane (11) and decarboxylated to a mixture of 3,4- 
dimethylcyclobutane-1,2-dicarboxylic acids, l7 which, af- 
ter esterification, were reduced with lithium aluminum 
hydride and then converted to a nearly 1 : 1 mixture of 
1 and 2 by the elimination sequence described above. 
Compounds 1 and 2 were identical with the first and 
second vpc peaks from the methylallene dimerization, 
respectively. 

To distinguish between the two 2-ethylidene-4- 
methyl compounds, 3 was subjected to vapor phase 
pyrolysis a t  260°6 and gave nearly quantitatively (90%) 
a triene, 3-methylene-4-methyl-trans- l14-hexadiene 
(12). The trans stereochemistry was assigned in anal- 
ogy to  Gil-Av’s finding that 3-methylcyclobutene gave 

(16) E. A. Dorko, J .  Amer. Chem. Soc. ,  87, 5518 (1965). 

(17) I. Vogel, J. Chem. Soc., 594, 1985 (1927). 

The authors 
thank Professor R.  Cargill for the details of this procedure. 

trans-l,3-pentadiene upon pyrolysislSa and Frey’s re- 
sults with the thermolysis of 1,2,3,4-tetramethyl- and 
1,4-dimethylcyclobutene.18b~~ The triene 12 could only 
arise from 3 by a 1,5-hydrogen shift19 to give l-vinyl- 
2,3-dimethylcyclobutene, which would be expected18,20 
to ring open to 12. On the other hand, the anti ma- 

r l 

terial 4 underwent substantially slower conversion to 
12 under these conditionsne 

Lastly, to distinguish between 5 ,  6,  and 7, the first 
two were individually subjected to vapor phase pyrol- 
ysis a t  260” and each gave clearly a new triene, 2- 
ethy1-3-methylene-l,4-~entadiene (13) , also via the 
1,5-hydrogen shift; 7 was relatively inert under the 
reaction conditiom6 

(18) (a) E. Gil-Av and J. Shabtai, J .  Org. Chem., 29, 257 (1964); (b) 
H. M. Frey, D.  C. Marshall, and R.  F .  Skinner, Trans. Faraday Soc.,  61, 
861 (1965); (c) G .  R. Branton, H.  M. Frey, and R.  F .  Skinner, ibid., 62, 
1546 (1966). 

(19) R. B. Woodward and R.  Hoffmann, J. Amer. Chem. Soc., 87, 2511 
(1965). 

(20) See (a) E. F. Kiefer and J. Y. Fukunaga, Tetrahedron Lett.,  933 
(1969); (b) E. F. Kiefer and C. H. Tanna, J .  Amer. Chem. Soc., 91, 4478 
(1969), for analogous reactions. 
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Discussion 
Dimer Distributions.-The data of Table I reveal 

that some chemical fractionation of the dimers oc- 
curred during the first 65% of reaction. Thus, as the 
reaction proceeded, the percentages of 1 and 2 decreased 
relative to the other materials, as did those of 3 and 
4, albeit somewhat less. Nevertheless, there had been 
relatively little fractionation thus allowing the con- 
clusion that the dimer distribution after 1 hr of reaction 
reflects the relative energetics of pathways leading to 
the dimers. After extended reaction periods, chemical 
fractionation is very possible owing to  the difference 
in reactivity of the various products undergoing secon- 
dary reactions in the mixture. It is known that tetra- 
methyl- 1,2-dime t hylenec y clobu tane undergoes polym- 
erization much faster than 1,2-diisopropylidenecy- 
clobutane and l-isopropylidene-2-methylene-3,3-di- 
methylcyclobutane in the dimerization of 1,l-dimethyl- 
allene.2°bN21 

A second conclusion is that the dimer distribution 
reflects the relative thermodynamic stabilities of the 
various compounds within the first family, namely, 
1 and 2, but not in the other two, 3 and 4, or 5 ,  6, and 
7. Inspection of models reveals that nonbonded inter- 
actions would render 3 less stable than 4, and 5 should 
be less stable than 6,  which in turn mould be less stable 
than 7. Unfortunately, there is presently no experi- 
mental verification of these expectations. Nonetheless, 
it does appear that the transition states for formation 
of dimeric product reflect the stability of products only 
a t  the developing doubly allylic cyclobutane bond and 
not a t  the residual unsaturated linkages. It is not ob- 
vious what is responsible for the dimer distribution 
obtained in the methylallene dimerization, but it is 
possible that as a result of various twisting motions 
associated with a concerted, or effectively  SO,^ cyclo- 
addition, the sterically most favored orientation of 
addends at  the transition state is drawn inexorably into 
the highest potential energy well on the energy surface 
responsible for formation of two of the three families . 
of dimeric products. 

Experimental Section 
General.-Nuclear magnetic resonance spectra were recorded 

on Varian A-60 and HA-100 spectrometers. Carbon tetrachlo- 
ride was used as a solvent with TMS (or chloroform) as an in- 
ternal lock in frequency sweep mode; chemical shifts are re- 
ported as 6 values in parts per million downfield from TMS. 
Infrared spectra were obtained with Perkin-Elmer Model 137 
and 137G spectrophotometers in the indicated phase. Vapor 
phase chromatography was performed on Varian Aerograph 
A9OP-3 and Series 1220-2 (capillary) instruments using dibutyl 
tetrachlorophthalate (DBTCP) as liquid phase. For separation 
and purification, a 15 ft X 0.25 in. column with 30% DBTCP 
on 60-80 Chromosorb W was used and operated at  130', 40 
psi, and 60 ml/min of helium. A 200-ft DBTCP capillary col- 
umn operated at  90" and 30 psi was used for analysis. Mass spec- 
tra were taken on an AEI MS-9 mass spectrometer operating at  
70 eV. Melting points were measured with a Thomas-Hoover 
capillary melting point apparatus without correction. 

Dimerization of Methylal1ene.-Heavy wall 5-ml tubes, which 
were washed with dilute ammonium hydroxide solution and dried, 
each containing 450 p1 of methylallene (99+% by vpc), were 
evacuated and sealed at  liquid nitrogen temperature. Four 
such tubes were placed in a 150-ml stainless steel bomb, which 
contained about 10 ml of benzene for balancing the vapor pres- 

(21) s. V. Lebedev, J.  Ruse. Phys .  Chem. Soc., 4S, 1735 (1911); Chem. 
Abstr.,  6, 1373 (1912). 

sure of methylallene a t  reaction temperature, and heated at  170' 
in an oven for the desired lengths of time. The compositions 
of the dimers were determined by analyses of the samples taken 
from several individual tubes on a 200-ft DBTCP capillary col- 
umn. Retention times were compared with those of authentic 
samples. The average percentage compositions of the dimers 
obtained from pyrolyses for 1, 13, and 20 hr are shown in Table I .  

The reaction mixture from a 13-hr reaction (5.78 g) wm frac- 
tionated bulb to bulb, giving 1.83 g (31.6%) of unchanged 
methylallene, from 760 to 135 Torr a t  room temperature, 1.66 
g (28.8%) of a dimer fraction from 10 to 0.5 Torr a t  room tem- 
perature, 0.5 g (8.650j0) of a liquid at  0.5 Torr a t  95", and 1.79 g 
(31%) of a residue. After passage of 1.5 g of the distilled dimer 
mixture through a preparative DBTCP column, the following 
compounds, 1-7, in the order of increasing retention time were 
obtained. 

trans-3,4-Dimethyl-l ,Z-dimethylenecyclobutane (1 ) .-Nmr 
and ir spectra were superimposable in all respects on those of the 
pure compound obtained by independent synthesis (see below). 
cis-3,4-Dimethyl-l,2-dimethylenecyclobutane (2).-Nmr and 

ir spectra were superimposable in all respects on those of the pure 
compound obtained by independent synthesis (see below). 

3-Methyl-2-methylene-syn-ethylidenecyclobutane (3).73- 
Methyl-2-methylene-syn-ethylidenecyclobutane (3) was obtained 
pure by passage three times through the DBTCP preparative 
column: nmr (CC4,  100 MHz) 6 1.2 (d, J = 6 Hz, 3 H), 1.78 
(d with fine structure, J = 6 Hz, 3 H) ,  2.1 (m, 1 H) ,  2.7 (m, 
2 H), 4.75 (s, 1 H), 4.98 (s ,  1 H), 5.2 (q with fine structure, I H); 
ir (CCl4) 3.24 (w), 3.3 (sh), 3.38 (s), 3.42 (s), 3.48 (m), 6.0 (m), 
6.14 (m), 6.92 (m), 7.31 (m), 11.43 p (s); uv (isooctane) 239, 
248 (A,,,), 258 nm; m/e 108.0946 (calcd for CsHI2, 108.0939). 

3-Methyl-2-methylene-anti-ethylidenecyclobutane (4).-3- 
Methyl-2-methylene-anti-ethylidenecyclobutane (4) was not ob- 
tained pure from the dimer mixture, since even with repeated 
injections through the column it was still contaminated by 3. 
However, it could be isolated from the pyrolysate of the stereo- 
specific thermal rearrangement of 1 (see below). 

syn,syn-l,2-Diethylidenecyclobutane ( 5 ) :  nmr (CCla, 100 
MHz) 6 1.77 (d, J = 7 Hz, 6 H), 2.4 (s with fine structure, 4 
H), 4.98 (9, J = 7 Hz, 2 H) ;  ir (CClr) 3.3 (sh), 3.37 (s), 3.42 
( s ) ,  3.49 (m), 4.28 (w), 6.94 (m), 6.99 (m), 7.26 (sh), 7.32 (m), 
9.54 (w), 9.77 (w), 10.73 p (m); uv (isooctane) Amax 247 nm; 
m/e 108.0946. 

anti,syn-l,2-Diethylidenecyclobutane (6): nmr ( c c h ,  100 
MHz ) 6 1.6, 1.7 (2 overlapped d's, J = 7 Hz, 6 H),  2.45 (broad 
s ,  4 H),  5.0 (q with fine structure, J = 7 Hz, 1 H), 5.47 (q 
with fine structure, J = 7 Hz, 1 H);  ir (CCla) 3.3 (m), 3.38 (s), 
3.4 (s), 3.49 (m), 3.52 (sh), 4.28 (w), 6.06 (w), 6.98 (m), 7.08 
(sh), 7.3 (m), 10.35 (w), 10.7 (w), 12.08 p (9); uv (isooctane) 
241,249 (A,,,), 250 nm; m/e 108.0946. 
anti,anti-1,2-Diethylidenecyclobutane (7).-This compound 

was isolated after repeated injections: nmr (cc14, 100 MHz) 
6 1.55 (d, J = 7 Hz, 6 H), 2.48 (s, 4 H), 5.33 (q with fine struc- 
ture, J = 7 Hz, 2 H);  ir (CC14) 3.3 (w), 3.37 (m), 3.4 (m), 3.42 
(m), 3.5 (w), 6.04 (w), 6.94 (m), 7.3 p (w); uv (isooctano) 
243,252 (Amax), 262 nm; mle 108.0937. 
cis-3,4-Dimethyl-l,2-dimethylenecyclobutane @).-To a cold 

solution of 8 g (42 mmol) of recrystallized p-toluenesulfonyl 
chloride in 20 ml of pyridine was added a cold solution of 2 g 
(13.9 mmol) of crude cis-1,2-bis(hydroxymethyl)-~is-3,4-di- 
methylcyclobutane16 (9) in 10 ml of pyridine and the solution was 
stirred for 3 hr at 0". Then to the reaction mixture was added a 
small volume of ice water. After the mixture was stirred for 
20 min, it was poured into ice water. The solid precipitate was 
filtered from the mixture and dissolved in ether. This ether 
solution was dried over anhydrous magnesium sulfate and evap- 
orated in uucuo, giving 4.4 g (70% yield) of white crystals. Re- 
crystallization from ether-pentane gave cis-3,4-dimethyl-cis- 
1,2-bis(tosyloxymethyl)cyclobutane: mp 102-103'; nmr (CD- 
Cla, 60 MHz) 6 0.9 (m, width at  half-height 8 Ha, 6 H), 1.9- 
2.8 (complex m, 4 H), 2.43 (s, 6 H), 4.05 (m, width at  half- 
height 8 Hz, 4 H) ,  7.54 (A2B2, J = 8 Hz, 8 H); ir ((%) 3.36 
(sh), 3.46 (m), 7.32 ( s ) ,  8.4 (sh), 8.5 p (8 ) .  

To a boiling solution of 6.2 g (41.3 mmol) of sodium iodide in 50 
ml of acetone was added a solution of 4.4 g (9.75 mmol) of the 
ditosylate in 45 ml of acetone. After the reaction mixture was 
refluxed for 33 hr, it  was evaporated to dryness, and the residue 
wm dissolved in ether. The yellow ether layer was then washed 
with a saturated aqueous sodium sulfite solution until the organic 
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layer was colorless. After having been washed with water and 
dried over anhydrous sodium sulfate, the solvent was evapo- 
rated, giving 3.38 g (95% yield) of a pale yellow viscous liquid, 
cis-~,~-dimethyl-cis-l,2-bis(iodomethyl)cyclobutane: nmr (CD- 
Cla, 60 MHz) 6 1.02 (m, width at half-height 8 Ha, 6 H),  1.68- 
2.83 (complex m, 4 H),  3.25 (complex m, 4 H). 

The diiodide was added to molten potassium hydroxide under 
the reaction conditions described by Dorko.16 A liquid pyroly- 
sate was obtained in 40y0 yield which was analyzed on a DBTCP 
capillary column indicating a major peak greater than 90%. 
The major component was isolated in the pure form by passage 
of the crude pyrolysate through a preparative DBTCP column: 
nmr of 2 (cc14, 100 MHz) 6 1.06 (d, J = 7 Hz, 6 H),  2.97 (com- 
plex m, width a t  half-height 14 Hz, 2 H), 4.65 (s, 2 H), 5.03 
(s, with fine structure, 2 H);  ir (cc14) 3.32 (m), 3.45 (s), 3.5 
(sh), 5.67 (m), 6.07 (m), 6.9 (m), 11.35 f i  (vs); uv (isooctane) 
238 (sh), 245 (A,,,), 255 nm (sh); m/e 108.0932 (calcd for C ~ H I ~ ,  
108.0939). 

meso- and threo-1 , 1,4,4-Tetracarbethoxy-2,3-dimethylbutane 
(lO).-A modification of Vogel's method17 for preparation of 
meso- and threo-1,1,4,4-tetracarbethoxy-2,3-dimethylbutane (10) 
was employed. In a 5-1. flask, 40 g of household thin aluminum 
foil (Kaiser Aluminum and Chemical Corp., Oakland, Calif.) 
in strips about 1 X 3 in., which were loosely folded, was placed 
and covered with a 5y0 aqueous solution of sodium hydroxide for 
exactly 2.5 min. After decantation of the solution, the foil 
was washed with water and then with absolute ethanol. Im- 
mediately a sufficient quantity of a 2% aqueous solution of mer- 
curic chloride was added to cover the foil completely. After 
having been allowed to stand for exactly 3 min, the aqueous solu- 
tion was poured off and the metal was washed with water, 
then with absolute ethanol, then with moist ether (USP, and a 
trace of water added), and finally covered with 3 1. of ether in the 
presence of an additional 25 ml of water. Immediately t o  this 
amalgam was added slowly with stirring 120 g of diethyl ethyl- 
idenemalonate.22 A vigorous reaction took place and continued 
for 1.5-2 hr. The reaction mixture was stirred further a t  room 
temperature overnight and then filtered to remove the aluminum 
residue and mercury. Evaporation of the ethereal solution 
gave 114 g (95% yield) of 10 as a viscous liquid: bp 155-160" 
(0.5 mm); OD 1.4480 (lit.17 1.44873); nmr (cc14, 60 MHz) 
6 0.85 (d, J = 7 Hz, 3 H),  1.0 (d, J = 7 Hz, 3 H),  1.26 (t with 
fine structure, J = 7 Hz, 12 H),  2.25 (m, 2 H),  3.25 (unsym- 
metrical t, 2 H),  4.14 (q with fine structure, J = 7 Ha, 8 H); 
ir (neat) 3.42 (m), 5.78 f i  (s). 

1,1,2,2-Tetracarbethoxy-3,4-dimethylcyclobutane (1 l).-For 
preparation of 1,1,2,2-tetracarbethoxy-3,4-dimethylcyclobutane 
( l l ) ,  Vogel's method was followed.17 Distillation of the crude 
liquid product a t  170-180" (0.5 mm) gave a pure colorless oil: 
n l E 7 ~  1.4590 (lit.I7 1.45573, impure); nmr (eel,, 60 MHz) 
6 1.0 (d with fine structure, J = 7 Hz, 6 H),  1.25 (t with fine 
structure, J = 7 Hz, 12 H), 2.82 (m, 2 H), 4.15 (m, 8 H); ir 
(neat) 3.44 (m), 5.78 p (s). 

1,2-Dicarbethoxy-3,4-dimethylcyclobutane (14) .-Saponifica- 
tion of 100 g (0.269 mol) of crude 11 in 215 ml of absolute ethanol 
with 100 g (1.78 mol) of potassium hydroxide in 180 ml of water, 
followed by acidification with dilute sulfuric acid according to 
Vogel's method,l' gave 53 g (76% yield) of the corresponding 
crude tetraacid: ir (neat) 3.18 (broad, m), 3.4 (m), 5.77 /I (s). 
This tetraacid was then decarboxylated under nitrogen to yield 
35 g of a gummy residue which was immediately esterified with 
900 ml of absolute ethanol in the presence of 10 ml of concentrated 
sulfuric acid to give 38 g of a dark brown liquid. On fractiona- 
tion, 34 g (55.5% yield, overall) of pale yellow liquid 1,2-di- 
carbethoxy-3,4-dimethylcyclobutane (14) was collected at 90- 
115' (0.5 mm): nmr (CClr, 60 MHz) 6 0.83-1.42 (complex m, 
12 H),  1.82-2.75 (complex m, 4 H),  3.9-4.35 (complex m, 4 
H);  ir (neat) 3.44 (m), 5.78 p (s). 
3,4-Dimethyl-l,2-bis(hydroxymethyl)cyclobutane (15) .-To a 

stirred suspension of 9.8 g (0.258 mol) of lithium aluminum hy- 
dride in 400 ml of anhydrous ether a t  0" was added, dropwise, a 
solution of 34 g (0.149 mol) of 14 in 400 ml of anhydrous ether. 
The reaction mixture was stirred for 9 hr a t  room temperature, 
then hydrolyzed with a freshly prepared saturated aqueous solu- 
tion of anhydrous sodium sulfate, and filtered. The white cake 

(22) W. S. Fones, "Organic Syntheses," Collect. Vol. I V ,  Wiley, New 
York, N. Y., 1963, p 293. 

was washed thoroughly with tetrahydrofuran. The washings 
and the original filtrate were combined and dried over anhy- 
drous sodium sulfate. Evaporation of the solvents in vacuo 
to 50" gave 20.5 g (95.5% yield) of 3,4-dimethyl-l,2-bis(hydroxy- 
methy1)cyclobutane (15) as a viscous liquid: nmr (CDCls, 
60 MHz) S 0.94 (m, 6 H), 1.25-3.0 (complex m, 4 H), 3.62 (m, 
4 H), 4.5 (broad s, 2 H, concentration-dependent); ir (neat) 
3.08 (broad, s), 3.48_(s), 6.89 (m), 7.27 (m), 9.65 p (broad, 

trans-3,4-Dimethyl-l,2-dimethylenecyclobutane (l).-The mix- 
ture of diols 15 was converted to the ditosylates, displaced with 
iodide ion in acetone, and dehydroiodinated in the same manner 
as described for the preparation of 2 from 9. 

Analysis on a 200-ft DBTCP capillary column indicated that 
the crude reaction product consisted of two major components 
which accounted for 96% of the mixture, in a ratio of 47 to 53 
in the order of increasing retention time. The mixture was sep- 
arated by passage through a preparative DBTCP column into 
two pure compounds, which were pure by capillary vpc. The 
compound with longer retention time (on both capillary and pre- 
parative columns) had superimposable nmr, ir, uv, and vpc with 
those of 2 prepared by the sequence described above. The com- 
pound with the shorter retention time was assigned as trans- 
3,4-dimethyl-l,2-dimethylenecyclobutane (1): nmr (CCl4, 100 
MHz) 6 1.18 (d, J = 6 Ha, 6 H),  2.38 (complex m, width at  
half-height 14 Hz, 2 H), 4.64 (s, 2 H),  5.03 (s with fine structure, 
2 H);  ir (CClr) 3.33 (m), 3.46 (s), 3.52 (sh), 5.69 (m), 6.03 
(sh), 6.1 (m), 6.92 (m), 11.35 p (vs); uv (isooctane) 238 (sh), 
244 (A,,,), 255 nm (sh); m / e  108.0943 (calcd for C8HlZ, 108.0939). 

Pyrolysis of 1 to 3-Methyl-2-methylene-anti-ethylidenecyclo- 
butane (4).-A well-conditioned 5-1. flask containing 100 p1 
of 1 was sealed a t  0.5 mm at  liquid nitrogen temperature and 
heated at  260' for 4 hr. After having been condensed in a liquid 
nitrogen trap, 85 pl of a pyrolysate was obtained. Analysis on a 
200-ft capillary DBTCP column indicated the following com- 
position: 35.4% of unchanged 1,  22.2% of 12, 3.32% of 3 ,  
33.2% of 3-methyl-2-methylene-anti-ethylidenecyclobutane (4), 
and other possible isomers, except 5, in small amounts. Pure 
4 was isolated from the pyrolysate by passage through a prepara- 
tive DBTCP column: nmr (CC&, 100 MHz) 6 1.2 (d, J = 7 
Hz, 3 H),  1.62 (d with fine structure, J = 8 Hz, 3 H), 2.12 (com- 
plex m, 1 H),  2.8 (complex m, 2 H),  4.6 (s, 1 H),  5.0 (s, 1 H), 
5.64 (complex m, 1 H);  ir (CCla) 3.24 (w), 3.38 (s), 3.42 (s), 
3.48 (m), 5.98 (m), 6.11 (m), 6.92 (m), 7.12 (w), 7.29 (m), 
10.45 (m), 11-05 (m), 11.55 p (5); uv (isooctane) 240 (sh), 248 
(A,,,), 257 nm (sh); m/e 108.0942. 

3-Methylene-4-methyl-trans-l,4-hexadiene (12) .-Pyrolysis of 
40 pl of 3 at  260' for 2 hr in a 5-1. bulb, which had been evacuated 
at  0.5 Torr, gave 30 pl of a pyrolysate. Analysis by capillary 
vpc indicated only one product. After purification on a DBTCP 
column, the product was assigned as 3-methylene-4-methyl- 
truns-1,4-hexadiene (12) from the spectral data and the analogous 
precedents:'*,% nmr (CC14, 100 MHz) 6 1.7 (d, J = 7 Ha, 3 H), 
1.77 ( s ,  3 H), 4.91 (overlapped d with fine structure, J = 8 Hz, 
3 H), 5.16 (d of d, J = 18, 2 Hz, 1 H), 5.49 (9, J = 7 Hz, 1 
H), 6.32 (d of d, J = 18, 10 Hz, 1 H); ir (cc14) 3.23 (m), 3.32 
(sh), 3.35 (m), 3.42 (s), 3.48 (m), 6.18 (sh), 6.32 (m), 6.35 
(m), 6.96 (m), 7.06 (m), 7.28 (m), 10.07 (vs), 10.9 (vs), 11.2 
p (vs); uv (isooctane) 216 (A,,,), 230 nm (sh); m/e 108.0940. 

2-Ethyl-3-methylene-1,4-pentadiene (13).-Similarly, pyrol- 
ysis of 120 pl of pure 5 at 260" for 2 hr gave 100 11 of a liquid 
pyrolysate which showed complete disappearance of the starting 
material and three products in the ratio 2:l:l on analytical 
VPC. Upon separation and purification by preparative vpc, the 
latter two were identified as 6 and 7 ,  respectively, and the major 
product was identified as 2-ethyl-3-methylene-1,4-pentadiene 
(13) by its spectra: nmr (CCla, 100 MHz) 6 1.05 (t, J = 7 Hz, 
3 H), 2.23 (9, J = 7 Hz, 2 H),  4.97 (m with fine splitting, 5 H), 
5.21 (d, J = 18 Hz, 1 H),  6.33 (d of d, J = 18, 10 Hz, 1 H); 
ir (CCl4) 3.25 (m), 3.37 (m), 3.46 (sh), 6.1 (sh), 6.3 (m), 6.9 
(m), 7.29 (m), 10.12 (m), 10.95 (s), 11.12 p (vs); uv (isooctane) 
215.9 (A,,,), 223 nm; m/e 108.0941. 

6). 
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3,4-Dimethyl-3,4-hexanediol(l) has been dehydrrtted, using a variety of reagents, to mixtures of the six isomeric 
C ~ H M  dienes. The use of acidic reagents, or iodine in propionic anhydride, favors the formation of cis,cis-3,4-di- 
methyl-2,4-hexadiene (2) and cis,trans-3,4-dimethyl-2,4-hexadiene (3), the dehydration following the Saytzeff 
pathway. An initial cis double bond i s  favored over an initial trans configuration because the conformations of 
the diol leading to a cis double bond exhibit less steric crowding. Phenyl isocyanate as a dehydrating agent is 
unusual in that double bond formation predominately follows the Hofmann pathway; even 2,3-diethylbutadiene 
can be prepared in this manner. Models show that 
only the cis,cis isomer of the 3,4-dimethyl-2,4-hexadienes can exist in a conformation with the double bonds co- 
planar, and only this isomer absorbs strongly in the uv. Infrared and nmr spectra follow a consistent pattern to  
support the structural assignments. The boiling points of the six isomers range from 104 to  134' (760 mm). 

The structures of the dienes follow from their spectral data. 

Dehydration of a mixture of meso and dl pinacol 1, 
3,4-dimethyl-3,4-hexanediol, prepared from ethyl 
methyl ketone can give rise to six substituted isomeric 
butadienes of the formula C8H14. The purpose of this 
work was to prepare and characterize these dienes. 
Previously, two of the dienes (2 and 3) have been satis- 

/Me 
Me 

>c-c\ /Me 
H /c-c\H 

/Me 
Me 

H >c-c, /c=c\ /H 
Me Me Me 

2 3 

4 5 

6 7 

factorily characterized by Criegee;2a the other four are 
new compounds. Recently, 4 has been reported to be 
formed in the thermal decomposition of 2-butenyl- 
silver. No yield was given.2b The synthesis of 7384 
and of a mixture of 5 and 64 has been claimed by earlier 
workers but Criegee2 has shown the assignments of 
Gostunskaya, el al., to be in error, and the later syn- 
thesis of 7,* based on an abnormal Grignard reaction, 
appears to be doubtful. The isolation was by distil- 
lation, the boiling point does not agree with ours, and 

(1) Taken in part from the doctoral thesis of D. M. Reiohel, University of 
Maryland, 1970. 

(2) (a) R. Criegee and K. Noh Justus Liebigs Ann. Chem., 827, 1 (1959); 
(b) G. M. Whitesides, C. P. Casey, and J. K. Krieger, J .  Amer. Chem. Soc., 
93, 1388 (1971). 

(3) G. M. Mkryan, S. M. Gasparyan, E. A. Avetisyan, and Sh. L. Mndz- 
hoyan, Z h .  Org. Khim., 3, 808 (1967): Chem. Abstr., 87, 43326 (1967). 
(4) I. V. Gostunskaya, E. A. Krasnyanskaya, t+nd B. A. Kazanskii, 

J .  Gen. Chem. USSR, 25, 1393 (1955). 

neither glpc nor nmr spectra were used to characterize 
the fraction obtained. 

Dehydration of 3,4-Dimethyl-3,4-hexanediol.-The 
dehydration of pinacol, 2,3-dimethyl-2,3-butanediol, 
has been studied over the past hundred years with a 
variety of reagents. With pinacol, only two products 
are passible, 2,3-dimethylbutadiene and pinacolone. 
It has been observed that pinacolone formation is fav- 
ored by the use sf less strong acids such as phosphoric 
or oxalic acids, whereas the use of hot strong acids 
such as hydrobromic acid causes dehydration to the 
diene to predominate. Iodines and phenyl isocyanatee 
are known to be effective reagents for dehydrating pina- 
col to butadiene with little pinacolone formation. With 
3,4-dimethyl-3,4-hexanediol, dehydration can lead to 
the two isomeric pinacolones or any of the six isomeric 
dienes. 

We have studied the dehydration of a dl-meso mix- 
ture of the 3,4-dimethyl-3,4-hexanediols with a variety 
of reagents and the results are tabulated in Table I. 
The pinacol was obtained by the reduction of ethyl 
methyl ketone with magnesium and was an approx- 
imately 1 : 1 mixture of the dl and meso isomers. 

The data in Table I show that iodine in propionic 
anhydride is the reagent of choice for the preparation 
of a diene mixture consisting mostly of the cis-cis (2) 
and cis-trans (3) isomers. The use of iodine alone is 
somewhat less desirable, Of the six possible isomers, 
these two are the ones preferentially formed in most of 
the dehydration reactions. The third most easily 
formed isomer is 5 ;  this is the major product when 
phenyl isocyanate is used as the dehydrating agent. 
This latter reagent is unique in that it preferentially 
forms a methylene rather than an ethylidene bond. 
Thus, 7 is also a major product using phenyl isocyanate 
whereas it is only a minor product in all of the other 
dehydration reactions. Sulfuric acid and hydrogen 
bromide also cause isomers 2, 3, and 5 to predominate, 
and with the latter reagent only small amounts of the 
pinacolones are formed. The use of potassium acid 

(5) H .  Hibbert, J .  Amer. Chsm. Soc., 87, 1748 (1915). 
(6) D. A. MoKenzie, Ph.D. Dissertation, University of Maryland, 1962. 


