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The 4iodo-1,2,3,4-tetramethylcyclobutenyl cation (I, X = I) is formed when the corresponding diiodide (11, 
X = Y = I) is treated in methylene chloride solution with aluminum chloride, or in cold liquid sulfur dioxide 
with silver hexafluoroantimonate. The n.m.r. spectrum of this cation and the spectra of related cations of 
structure I were compared when the ions were prepared by the three following procedures: (1) the cyclobutenyl 
halide in methylene chloride was treated with aluminum chloride; (2) the cyclobutenyl halide was dissolved in con- 
centrated sulfuric acid; and (3) the cyclobutenyl halide was treated with anhydrous silver hexafluoroantimonate 
in cold liquid sulfur dioxide. The ultraviolet spectra of cations I prepared by procedures 1 and 2 are compared. 

Previously the cyclobutenyl cations (I), where X 
is CH,, H, C1, and Br, were synthesized by the reac- 
tion of the corresponding halides (11) in methylene 
chloride solution with aluminum chloride, and the pro- 
ton n.m.r., ultraviolet, and infrared spectra of the ions 
prepared in this way were determined.2 The n.m.r. 

I II 
spectra of two of the ions (in which X is CH, and 
Cl) were also determined in solutions in which the ions 
had been prepared in a different way, by reaction of 
the cyclobutenyl halide in sulfur dioxide with silver 
hexafluoroantimonate. 

However, t,he spectroscopic properties of other car- 
bonium ions, particularly derivatives of the arylmethyl 
and tropylium ions, have usually been determined in 
sulfuric acid,l although recent studies have been carried 
out in a variety of other solvents, such as other a~ids ,~g~5 
liquid hydrogen fluoride,6 liquid sulfur d i ~ x i d e , ~  
antimony pentafl~oride,~"~ and methylene chlo- 
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ride.2b14d*s In  correlating the data collected in the 
different solvent systems, it previously had been as- 
sumed that the effect of solvent changes could be 
neglected. An interpretation of differences between 
the ultraviolet and n.m.r. spectra of the cyclobutenyl 
cations and other allylic carbonium ions required this 
assumption, for while the cyclobutenyl cations were 
prepared mainly in methylene chloride from the 
cyclobutenyl halide and aluminum chloride,2b the 
other ions were prepared only from olefins and 96% 
sulfuric acid.4i In order to determine whether this 
difference was significant, the ultraviolet and n.m.r. 
spectra of some of the cyclobutenyl cations previously 
studied were redet'ermined in sulfuric acid and in 
sulfur dioxide.g 

In addition, to complete the series of common 
halocyclobutenyl cations, the carbonium ion I, where 
X is iodine, was synthesized for the first time. 

Results 
For the present study, solutions of the cyclobutenyl 

cations were prepared by the following three procedures : 
(1) the cyclobutenyl halide in methylene chloride was 
treated with aluminum chloride; (2) the cyclobutenyl 
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halide was dissolved in concentrated sulfuric acid; 
and (3) the cyclobutenyl halide was treated with 
anhydrous silver hexafluoroantimonate in cold liquid 
sulfur dioxide. The spectra of the cations prepared 
in these ways are given in Tables I and 11. 

TABLE I 
ULTRAVIOLET SPECTRA OF CYCLOBUTENYL CARBONIUM IONS 

-T-----x max, mr (log emax)---- 
Starting halide (11) In CHzClz-AlCla In 96% HzS04 

X = Y = C l  253 (3 .67 )  246 (3.60)  
X = CHI, Y = Br (Cl) 242 (3.49)  
X = H , Y  = C1 240 (3.48)  240 (3.40)  

245 (3 .46 )  

the cation was frustrated by changes that occurred 
in the spectrum as it was repeatedly scanned. 

If the diiodide I1 is treated at  -70' in liquid sulfur 
dioxide solution with silver hexafluoroantimonate and 
filtered into an n.m.r. tube, which is then sealed, the 
spectrum at -62' exhibits three peaks, at T 7.30, 
7.59, and 7.98, approximately in the intensity ratio 
2: 1: 1. However, other smaller peaks, attributed to 
impurities, mar the spectrum. After the sample is 
warmed to -10' the spectrum can still be observed, 
but warming to room temperature destroys the com- 
pound in solution, and recooling does not yield the 
characteristic three lines. 

TABLE I1 
N.M.R. SPECTRA OF CYCLOBUTENYL CARBONIUM IONS 

Preparation 

I1 (X = Y = C1) + AgSbFs in SO2 (-60")" + AlC4 in CH2C12b + &So4 
11 (X = C H ,  Y =: Br) + AbSbFs in SO2 (-60") + in CH2C18 + HzSOc 
I1 (X = H, Y = (3) + AlC13 in CH2Clpb 

I1 (X = Y = I )  i- AgSbFe in SO2 (-60') 
f HzSO4 

i- AlCh in CH2C12 (-60") 

-Chemical shifts--- 

7 .12 ,7 .60 ,7 .70  
7 .09 ,7 .57 ,7 .72  
7.48 
7 .47 ,7 .68 ,8 .39  
7 .36 ,7 .63 ,8 .40  
7 .50 ,7 .73 ,8 .46  
~ 5 . 5 , 7 . 3 7 , 7 . 6 3 , 8 . 6 1  
~ 5 . 6 , 7 . 5 1 , 7 . 7 3 , 8 . 7 1  
7 .30 ,7 .59 ,7 .98  
7.16,7.40,7.79 

Relative 
intensities 

6 :3 :3  
6 :3 :3  

6:3:6 
6:3:6 
6 :3 :6  
1:6:3:3 
1 :6 :3 :3  
6 :3 :3  
6:3:3 

a Reference 2a. The peak positions given in the table are those reported plus 0.12, since in the present study the chemical shift of 
Reference the tropylium hexafluoroantimonate used as the internal standard was found to be 7 0.67, not 7 0.55 as given by Mason.48 

2b. 

The 1,2,3,4-tetramethyliodocyclobutenyl cation I 
(X = I), prepared by the reaction of the corresponding 
diiodide, 11,lj in methylene chloride with 1 mole of 
aluminum chloride at  room temperature, exhibits 
an n.m.r. spectrum that consists of a single sharp line 
at  T 7.36. Cooling the solution broadens the line, and 
at  - 60' some resolution into separate components 
is observed. When this solution is quenched with 
tetra-n-butylammonium iodide, the starting diiodo 
compound I1 is recovered in 88% yield. If the re- 
action of the diiodide I1 in methylene chloride with 
aluminum chloride is conducted with 2 moles of the 
Lewis acid, the solution exhibits an n.m.r. spectrum 
that a t  0' consists of a broad line at  about T 7.4, 
at  +70° a sharp line at T 7.37, and at -30 or -60' 
three lines, at T 7.17, 7.42, and 7.81 of relative intensity 
6.03 : 2.99 ; 2.99. 

If the solution is allowed to remain at room tempera- 
ture for 1 day, the spectrum of the iodocyclobutenyl 
cation is replaced by the three-line spectrum character- 
istic of the 1,2,3,4-tetramethylchlorocyclobutenyl cat- 
ion,2 and a peak appears at T 5.01, which might be 
due to the formation of CHZCII. The freshly prepared 
solutions of the iodocyclobutenyl cation in methylene 
chloride prepared from 1, 2, or 3 moles of aluminum 
chloride, whether at room temperature or at -65', 
all exhibit similar infrared spectra, with intense ab- 
sorption at 1460, 1430, 1370, 1178, and 1055 cm.-l.16 
An attempt to determine the ultraviolet spectrum of 

(15) (a) R. Riemenachneider and V. Becker, Monatsh. Chem., 90, 524 
(1959): (b) R. Criegee, Angew. Chem.,Intern. Ed. En&, 1, 519 (1962). 
(16) The other cyclobutenyl halides have similar spectra (cf. ref. 2b). 

Discussion 
The similarity of the three-line spectrum of the 4- 

iodo-1,2,3,4-tetramethylcyclobutenyl cation in methyl- 
ene chloride at low temperatures with the spectra of 
the related chloro and bromo derivatives identifies 
the structure of the ion. The one-line spectrum ob- 
served in methylene chloride-aluminum chloride at 
high temperatures appears at a chemical shift which 
is the weighted average of the three lines observed in 
the cold, implying that the same material is present 
in solution, but that the iodine atom migrates around 
the ring rapidly with respect to n.m.r. frequencies, a 
hypothesis supported by the identity of the infrared 
spectra in the hot and cold samples. Failure to 
observe n.m.r. line fusion in the sulfur dioxide-silver 
hexafluoroantimonate preparation suggests that the 
migration does not occur intramolecularly, but more 
probably by equilibration of the cation I and iodide ion 
with 11. When more aluminum chloride is employed 
in the experiment, the rate of this equilibration dimin- 
ishes, and line fusion is observed only at higher tem- 
peratures. 

From the data in Tables I and 11, it can be seen that 
despite the difference in the solvents there is not great 
difference between the spectra. Since it is known 
that allylic carbonium ions are formed in concentrated 
sulfuric acid (from the measurement of freezing point 
depression constants'') and other ions in sulfur dioxide 
(from conductimetric and other measurementsls), 
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the implication of the similarities among the spectra 
of the cyclobutenyl cations in the three solvent systems 
is that aluminum chloride-methylene chloride also 
does more than form un-ionized complexes with the 
cyclobutenyl halides; it truly effects their ionization. 
The similarity of the spectra in the three solvents does 
not allow one to conclude the degree of ion pairing in 
methylene chloride1$ or in sulfur dioxide, for ioniza- 
tion and dissociation may not be easily distinguish- 
able spectroscopically.20 The observation is, however, 
useful to the study of the spectroscopic properties of 
carbonium ions since the manipulation is easier and 
the preparation is cleaner when the cations are made 
by procedure 1 than by either procedure 2 or 3. 

Experimental Section 
N.m.r. Spectra of Cyclobutenyl Cations in 96% Sulfuric 

Acid.-The cyclobutenyl halide and tetramethylammonium 
chloride, the internal standard, were dissolved in cold sulfuric 
acid by shaking the components vigorously in an n.m.r. tube. 
Spectra were determined on the Varian A-60 spectrometer and 
chemical shifts were assigned, assuming that the resonance of 
the tetramethylammonium ion appears a t  T 6.90.21 In  sulfuric 
acid side reactions occur when X = CHI or H, and extraneous 
n.m.r. peaks are observed. The spectra were also determined 
in the absence of tetramethylammonium chloride. 

N.m.r. Spectrum of Pentamethylcyclobutenyl Cation (I,  X = 
CH3) in Liquid Sulfur Dioxide.-A Pyrex tube divided by a 
sintered glass disk of medium porosity was attached on one 
side to an n.m.r. tube and on the other to a joint and was then 
connected to a vacuum manifold. To the open end of the tube 
there was added Celite to cover the disk and then anhydrous 
silver hexafluoroantimonate (344 mg, 0.92 mmole) and ca. 100 
mg. of tropylium hexafluoroantimonate. The tube was evacu- 
ated on a high-vacuum manifold, and 102 mg. (0.34 mmole) 
of the pentamethylcyclobutenyl bromide (11, X = CH3, Y = 
Br), ca. 1 ml. of liquid sulfur dioxide, and some tetramethyl- 
silane (TMS) was distilled in. The tube was cooled (liquid Nz), 
evacuated ( mm.), and sealed. The contents were shaken 
together for 5 min. while cooling in a bath a t  -70" and then 
filtered a t  -70' by inverting the tube. The n.m.r. tube was 
fused closed and separated from the remaining apparatus. 
The spectrum was determined on the Varian A-60 spectrometer 
while the sample was cooled to -62". The chemical shifts of 
both the tropylium ion and the pentamethylcyclobutenyl 
cation were determined relative to the internal TMS with the 
aid of an audio side band oscillater. The tropylium cation 
resonance appeared a t  7 0.67. 

Preparation of 3,4-Diiodo-l,2,3,4-tetramethylcyclobutene.- 
In  a 1-1. round-bottomed flask equipped with a stopcock on the 
bottom and fitted with a stirrer, reflux condenser, and flask for 
addition of solids, 3.55 g. (0.025 mole) of methyliodide was added 
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to 11.9 g. (0.490 mole) of Grignard magnesium in 500 ml. of dry 
ether. After 5 min. 119.0 g. (0.468 mole) of iodine was slowly 
added so that gentle reflux was maintained. After complete 
reaction, the colorless solution was rapidly stirred into 21.0 g. 
(0.117 mole) of 2,3-dichloro-l,2,3,4-tetramethylcyclobutene in 
150 ml. of ether contained in a round-bottomed flask with reflux 
condenser. After stirring 15 min. the mixture was extracted 
twice with saturated brine containing some sodium thiosulfate 
(500 and 250 ml.), and the aqueous layers were extracted with 
100 ml. of ether. The combined ether extract was dried over 
MgS04, filtered, and evaporated, leaving 36.0 g. (8070)22 of 
3,4-diiodo-l,2,3,4-tetramethylcyclobutene, m.p. 73-78'. Re- 
crystallization from cold ( - 15') acetone raised the melting point 
to 80-81.5" (lit.'" m.p. 80-82"): X ~ ~ ~ c ' *  235 mp ( e  14,700); 

233 mp ( e  15,400); n.m.r., two singlets a t  T 7.66 
and8.42. 

Preparation of the 4-Iodo-1,2,3,4-tetramethylcyclobutenyl 
Cation and Its Reaction with Iodide Ion.-To 0.370 g. (0.00275 
mole) of anhydrous aluminum chloride at  -78", 1.0 g. (0.00275 
mole) of 3,4-diiodo-1,2,3,4-tetramethylcyclobutene dissolved in 
5 ml. of CHzClz was rapidly added with stirring. The mixture 
was removed from the cooling bath until the reactants had dis- 
solved, and it was then syringed into a stirred solution of 2.03 
g. (0.0055 mole) of tetra-n-butylammonium iodide in 30 ml. of 
CHzCl2 a t  -78". After the sample had warmed to room tem- 
perature, the solvent was removed, leaving a brown oil. Solid 
impurities were removed by trituration with ether (30 ml.), 
filtration, and washed with two more 30-ml. portions of ether. 
Evaporation of the ether left 0.885 g. (88%) of 3,4-diiodo- 
1,2,3,4-tetramethylcyclobutene, m.p. 75-80", which after re- 
crystallization from acetone had a melting point and mixture 
melting point with an authentic sample of 80-81.5'. The 
n.m.r. and infrared spectra of the material were identical with 
those of the authentic sample. 

Spectra of the 4-Iodo-l,2,3,4-tetramethylcyclobutenyl Cation 
in Methylene Chloride. A. N.m.r.-The n.m.r. samples 
were prepared a t  -78" using 5 mmoles of the diiodide in 0.3 ml. 
of CH2CL and varying amounts of AlCh in the way described 
previously. The n.m.r. spectra were determined a t  60 Mc. 
using the Varian A-60 instrument and the methylene chloride 
solvent was used as the internal standard. 

Infrared.-Methylene chloride solutions containing about 
8% of the diiodide were treated with AICls as in A above, and 
spectra were determined in Irtran cells using a Perkin-Elmer 
421 spectrometer. 

N.m.r. Spectrum of the 4-Iodo-1,2,3,4-tetramethylcyclo- 
butenyl Cation (I, X = I )  in Liquid Sulfur Dioxide.-The tech- 
nique was identical with that used above for I (X = CH3) except 
that TMS was absent and 1.024 g. (2.7 mmoles) of silver hexa- 
fluoroantimonate and 362 mg. (1.0 mmole) of I1 ( X  = Y = I)  
were used. It 
consisted of the three main lines and some small extraneous 
ones. On warming to  10' the sample decomposed; the lines 
broadened, decreased in intensity, and disappeared, and they 
did not reappear when the sample was cooled to -60". 

Ultraviolet Spectra of the Cyclobutenyl Cation in 96% Sulfuric 
Acid.-The cyclobutenyl halides were dissolved in cold concen- 
trated H,SOd, and the spectra were determined in 0.1-mm. 
quartz cells using the Cary Model 14 spectrometer. 

XcYyheme 

B. 

The spectrum was the same a t  -60 and 10'. 

(22) This is a much higher yield than was obtained using sodium iodide 
in acetone.'s8 Another preparation was recently reported: R. Criegee, 
H. Kriatinsson, D.  Seebach, and F. Zanker, Chem. BeT., 98, 2331 (1965). 


