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carboxyl group is 3.8 A away. The exterior is almost 
completely hydrocarbon-like, which could account 
for the low solubility of monensic acid salts in water. 
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Structure, Isomerization, and Cleavage of 
l,2-Bis(dichloroboryl)ethyIene 

Sir: 

Recent interest1-3 in the stereochemistry of the 
addition of tetrachlorodiborane(4) to unsaturated 
organic compounds prompts us to report results ob
tained in this laboratory on the structure, isomerization, 
and cleavage reactions of the 1:1 addition product of 
B2Cl4 with acetylene. This compound was of interest 
in connection with a study4 of the relative reactivities 
of a series of unsaturated organometallic derivatives 
with B2Cl4, for which materials of known stereochem
istry were required. 

The previously known5 1:1 addition product (I) 
was obtained in 88 % yield from the reaction of B2Cl4 

with excess C2H2 at room temperature and an initial 
pressure of about 2 atm. The proton magnetic res
onance spectrum of the pure liquid at 60 MHz con
sisted of a broad single line at —6.57 ppm (external 
tetramethylsilane reference) which narrowed signif
icantly when the sample was simultaneously irradiated 
at 19.25 MHz to decouple the 11B nuclei. In addition, 
when the spectrum was sharpened by 1H-S11B) double 
resonance, two satellite doublets (J = 17.5 Hz), centered 
at 73.5 Hz on either side of the principal peak, could be 
observed. 

The presence of a single line in the principal spectrum 
and the simplicity of the satellite spectrum suggested 
strongly that the addition product I is a single isomer. 
The doublet structure of the satellites is attributable to 
H-H coupling, observable in the spectrum of a 1,2-
disubstituted ethylene containing one 13C atom because 
of the magnetic nonequivalence of the protons.6 Thus, 
the possibility that I is the asymmetric isomer, 1,1-
bis(dichloroboryl)ethylene, must be eliminated, since 
the satellite lines in the spectrum of that compound 
would be singlets. 

Irradiation of I for 17 hr at room temperature with a 
medium-pressure mercury lamp (85%, 2537 A) gave, 
in addition to other products, a 50% yield of a new 
compound, II. Examination of the proton magnetic 
resonance spectrum of II indicated that the photo-
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consists of four pairs of doublets. In the compounds studied here, the 
two inner pairs, being obscured by the strong line from the I2C2 species, 
were not observed. The intensity of each line in the satellite spectrum is 
approximately 0.28 % of that of the principal line. 

chemically produced product contained less than 5% 
of unconverted I. Analysis for chloride liberated on 
hydrolysis with water (72.1% found; 75.2% calcd)7 

and molecular weight (vapor density: 180 found; 
188 calcd) were consistent with the formulation of II 
as an isomer of I. The 1H-J1 1Bj spectrum of II was 
similar to that of I, with a strong singlet in the olefinic 
proton region at —7.07 ppm. Satellite doublets (J 
= 19.6 Hz) at 76.0 Hz above and below the principal 
peak confirmed that this compound is also a 1,2-di
substituted olefin. 

The infrared spectrum of I is essentially identical with 
that reported by Rudolph2 and assigned by him to 
ra-l,2-bis(dichloroboryi)ethylene on the basis of coin
cidences between the infrared and Raman spectra. 
The infrared spectrum of II is considerably simpler 
than that of I. Frequencies (cm -1) and relative in
tensities of principal bands in the gas-phase spectrum 
are as follows: 3010 w, 1580 w, 1275 s, 1135 s, 1092 
vs, 1015 m, 985 s, 835 vw, 810 vw, 560 m. The weak 
band at 1580 cm - 1 is believed to be due to the presence 
of the small amount of I mentioned above. We have 
assigned cis and trans structures to I and II, respec
tively, on the basis of the considerably simpler spectrum 
of the latter and the presence of a band of medium 
intensity in the C = C stretching region in the spectrum 
ofl. 

Cleavage of the deuterated analog of I (obtained by 
the reaction of B2Cl4 with C2D2) with silver oxide in 
ammonium hydroxide gave exclusively CM-C2H2D, 
identified from the infrared spectrum.8 The infrared 
spectrum of the irradiation product of the deuterated 
compound showed that isomerization of Cw-Cl2BCD= 
CDBCl2 (under the conditions used for the undeu-
terated material) was incomplete, and the resulting 
trans compound was not separable from the cis isomer 
by vacuum-line fractionation. Silver cleavage of the 
impure product consequently gave both cis- and trans-
C2D2H2. Treatment of I with glacial CH3COOD at 
80° for 24 hr gave a mixture of cis- and 7/-a«s-C2H2D2. 
The total amount of ethylene recovered was approxi
mately 50% of that expected for complete cleavage. 
At lower temperatures, smaller amounts of ethylene, 
containing both isomers, were obtained. 

The results obtained in this work are in accord with 
the recent findings of Rudolph2 and of Wartik and 
his co-workers3 which indicate that the reaction of 
B2Cl4 with acetylenic compounds is predominantly a 
cis addition. A sample of I isolated from a reaction of 
B2Cl4 with C2H2 in 2:1 molar ratio (which gave prin
cipally the 2:1 addition product) contained a small 
amount of material with a proton chemical shift iden
tical with that of the trans isomer, II. This may indi
cate that the reaction is not completely stereospecific 
or that isomerization of the product may occur under 
the conditions of our experiments. 

Protonolysis of alkenylboranes derived from the 
hydroboration of internal acetylenes has been shown to 
yield c/s-olefins,9 and the acetic acid cleavage reaction 
has been used to infer the stereochemistry of unsaturated 
organoboron compounds from that of the resulting 
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olefins.10 The production of both cis- and trans-
C2H2D2 in our experiments indicates that isomerically 
pure olefins are not obtained with the isomerically pure 
vicinal diboron compound. The reductive cleavage, 
or alkaline hydrolysis,3 thus appears to be better suited 
to elucidation of stereochemistry in this type of organo
boron derivative. 

It is of interest to note the rather surprising similarity 
in the proton-proton spin-coupling constants for the 
cis and trans isomers of l,2-bis(dichloroboryl)ethylene 
(17.5 and 19.6 Hz, respectively). The magnitudes 
of vicinal H-H couplings have been widely used to 
assess the stereochemistry of olefinic derivatives, on 
the premise that cis and trans proton-proton couplings 
have distinct and characteristic values (6 to 14 Hz and 
11 to 18 Hz, respectively).11 Exceptions to this gener
alization are known, particularly in vinyl derivatives 
of relatively electropositive elements.12 The present 
results emphasize the need for caution in basing 
structural assignments on this criterion. 
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The Maleic Anhydride Radical Anion Grouping. 
A Useful Spin Label 
Sir: 

Studies of the effect of stereochemistry upon long-
range splittings in esr spectra have been carried out 
using the semidione1 (A) and semiquinone2 (B) groups 
to introduce spin to the hydrocarbon group.3 We wish 
to report studies using a third spin label group, maleic 
anhydride anion (C, which we shall call the "semifur-
aquinone" group). This group is particularly con-

C o$ o$> 
A B C 

venient to introduce into the rigid bicyclic systems 
which yield the most information. Reduction of vi-
cintual dihalogenated compounds is well known to 
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lead to elimination to form olefins. We have used 
this fact to generate semifuraquinones for esr 
studies4 by intra muros reduction of Diels-Alder 
adducts of dichloromaleic anhydride6 (eq 1). An al-
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ternate path is to carry out a one-electron reduction of 
the substituted maleic anhydride, prepared by using 
dimethyl acetyldicarboxylate as the dienophile, hy-
drolyzing the ester groups, and dehydrating with acetic 
anhydride.6 The nonconjugated double bond of either 
adduct is catalytically reduced without dehalogenating 
or saturating the conjugated double bond.7 

Splittings for semifuraquinones from adducts of 
butadiene8 (IC), cyclohexadiene9 (2C), the saturated 
cyclohexadiene adduct10 (3C), cyclopentadiene11 (4C), 
and the saturated cyclopentadiene adduct12 (5C) are 
compared with values for the other spin labels in Table 
I. From the 7.0-gauss methyl splitting of w-di-
methylsemidione,13 pa (the r spin density at the carbons 
to which the alkyl groups are attached) is about 0.30 
(using a reasonable |2CHI H ] of 23 gauss). For 2,3-
dimethylbenzosemiquinone, the methyl splitting of 
1.714 gauss14 yields a pa of 0.075. The j3 splittings of 
IC give pa of about 0.19 (taking the average dihedral 
angle as 30°, then \Qpn\ « 1.5|£>CH3

H |15). Assuming 
the Ha splitting in 2 and 3 to be directly proportional to 
pQ, and using the pa values derived above for the semi-
diones and semiquinones, p„ values for 2C and 3C 
are interpolated to be 0.187 and 0.203 from the Ha 

splittings. This shows that the Ha splittings in 2 and 
3 are essentially proportional to pa. 

The 0.2-gauss Hv splitting of IC shows that detectable 
spin density reaches a 7-vinyl group even without /3 
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