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PMR Studies of Bromothiophenes*
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(Received October 6, 1964)

At the beginning of the study of thiophene
derivatives by PMR, 2,5- and 3, 4-dibromo-
thiophenes were measured in order to esti-
mate the chemical shift between a- and j-
hydrogens in thiophene.”»® In this note we
will present the experimental results for all
bromothiophenes. Tables I and II list the
results for the chemical shifts and the cou-
pling constants in cyclohexane solutions
at 60 Mc./sec. Chemical shifts for all protons
of bromothiophenes occur at a higher ap-
plied magnetic field than do those of thiophene
itself. Table I shows that the chemical shifts
of B-hydrogens fall into the 5.26—5.43 p. p. m.
range with reference to cyclohexane, whereas
those of a-hydrogens fall at 5.54—5.72 p. p. m.,
so that the a- and p-hydrogens in bromo-
thiophenes can readily be distinguished from
€ach other by measuring the chemical shifs.
The results obtained here are quite useful from
the standpoint of the identification of bromo-
thiophenes. The substitution effect of bromine
has been discussed in benzene derivatives by
many authors and summarized in Smith’s
paper.”> Diehl expressed the effect of the X
substituent as S,,; or Sn,- and stated that the
substitution effects in p- and m-disubstituted
benzenes are additive.*> The S,, S» and Sp
values estimated by Diehl for bromine in some
benzene derivatives are 0.22, —0.11 and —0.06
p.p.m. In thiophene, those effects must be
expressed as S(X)aq», where a and b are the
positions of the substituent and of the hydro-
gen in question respectively. By comparing
the chemical shifts of the monosubstituted
thiophenes with those of the unsubstituted one,
So3, S24, S25, S32, S and Si;s for bromine are
estimated as —0.07, -0.28, —0.13;, —0.12;,
—0.09 and —0.11 p. p. m. respectively, in which
the negative values of S(Br) indicate the dis-
placement toward a higher applied magnetic
field. The most pronounced effect appears in
4-hydrogen of 2-bromothiophene as about a
shift of —0.28 p.p.m. The additivity of the
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substitution effect is also roughly valid in the
cases of 2,4- and 2, 5-dibromothiophenes. In
other cases of di- and tribromothiophenes,
however, the additional effects on the chemical
shift of the proton coming from the interaction
between the substituents must be considered.
Now if we only consider the interaction
between the ortho-positioned substituents, the
so-called ortho-effect, this additional effect may
be expressed as follows: S(X,Y)are, Where a,
b and c¢ are the positions of the substituents
X and Y and the hydrogen in question. From
the shifts of 2,3- and 3,4-dibromothiophenes,
we can estimate Sa, Sw:s and Si; for the
effects of two ortho-positioned bromines, which
are 0.16, 0.13 and 0.18 p.p.m. respectively.
Using this additional effect, we can estimate
the chemical shifts of 2,3,4- and 2,3, 5-tri-
bromothiophenes by additivity in agreement
with the experimental values as follows:

ds5(2, 3,4-Br3) =5.735+ 825 + S35 + S5z + S2as + Sass

=5‘6?5 (6exp: 5.72)
64 (2, 3, S-Bl':s) = 5.54 + Sz; + Sa.{ -+ st + S234
=526 (fexp=35.32)

The observed coupling constants between the
ring protons in bromothiophenes have the
usual magnitude’® and the values for 3,4-
and 2, 5-dibromothiophenes have been observed
in the spectra of the *CH satellites in pure
liquid.

Another fact of interest is the magnitude
of J(®*CH). J(**CH,) is somewhat larger than
J(PCH;) by about 15¢.p.s., as is shown in
Table II. Many more experimental values
are needed before we can discuss these results.
However, it should be noted that this J(**CH)
is concerned with the bond length and s-charac-
ter of the C-H bond.”> Therefore, it is as-
sumed that the C-H. bond has a somewhat
larger s-character than the C-H; bond, and
also that the latter is somewhat longer than the
former in thiophene and its derivatives. Some
results for thiophene and its derivatives have
been reported by Goldstein and Reddy, and
discussed in connection with the magnetic
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TaBLE I. CHEMICAL SHIFTS OF THE RING PROTONS IN BROMOTHIOPHENES,
REFERRED TO CYCLOHEXANE IN p. p.m. AT 60 Mc./sec.

Substituent Concrrnl;)]mg,CeHn Assignment
s 2-H 3-H 4-H 5-H
—* 0 5.73; 5.54 5.54 5.73;
2-Br* 5 — 5.47 5.26 5.60
3-Br* 14.5 5.61 - 5.45 5.62
2,3-Br: 7.9 — —_ 5.33 5.62
2,4-Br: 7.4 - 5.43 — 5.54
2,5-Br: 7.9 — 5.26 5.26 -
3,4-Br: 10.7 5.68 - - 5.68.
2,3,4-Br; 4.4 - — — 5.72.
2,3,5-Bry 3.2 - — 5.32 —
# K. Takahashi, Unpublished result.
TagLE II. COUPLING CONSTANTS IN BROMOTHIOPHENES IN C.P.Ss. AT 60 Mc./sec.®
Subsequent Jos Jas Fos Jou Jisch ¥ JuscHg*
2-Br¥? 5.3 3.6 — 1.4;
3-Br* 4.9 — 3.2 1.2
2,3-Br: 5.7s — — — 190. 176.
2,4-Brg — — — 1.6s. 195 178.5
2,5-Br: — 3.7% — — — 174.5
3,4-Br; - - 3.45% - 194 -
2,3,4-Bry — — — —- 195.5 —
2,3,5-Bry - - - - 181

*1  The measured solutions are the same given in Table I
*2 The measurement was made in pure liquid.

*3 K. Takahashi, Unpublished result.

anisotropy of the compounds.”” The difference
of about 15c.p.s. measured in bromothiophenes
corresponds to the difference in bond length
of about 0.006 A. The microwave analysis of
thiophene suggests about the sameorder of dif-
ference in bond length between C-H. and
C-Hp.®

The solvent effects on the chemical shifts
for ring protons were also observed. Three
typical solvents were used. The measured
samples are pure liquid containing 10 wt. %
cyclohexane, a 10 wt. % solution in carbon
tetrachloride containing 0.5 wt. % cyclohexane,
and a 14 wt. % solution in acetone containing
14 wt. % cyclohexane. The results are sum-
marized in Table III. The value in cyclo-
hexane shown in Table I was used as a
reference for each compound. The displace-
ments of the chemical shifts in acetone are
large and can be divided into two groups.
One is that of p-hydrogen, which falls into
the 0.27—0.40 p.p.m. range, while, the other is
that of a-hydrogen, which falls into the 0.55—
0.67 p.p.m. range:; the latter shows larger dis-
placement than the former. However, the
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TFasLE III. DISPLACEMENTS OF THE RING PROTON:
RESONANCES WHEN THE SAMPLES ARE DILUTED WITHS
CYCLOHEXANE, CARBON TETRACHLORIDE AND
ACETONE, IN p.p. M., REFERRED TO THE VALUES
DILUTED WITH CYCLOHEXANE, MINUS SIGN SHOWING.
THE DISPLACEMENT TOWARD HIGHER FIELD

Solvent
Compound e
Pure CCl, Acetone

2,3-Br;, 4-H —0.03 0.11 0.27
5-H —0.09 0.16 0.56
2,4-Br;, 3-H -0.03 0.09; 0.27
5-H 0.00; 0.12, 0.54;
2,5-Br: —0.01 0.11 0.33
3,4-Br; 0.05 0.13 0.55
2,3,4-Br; 0.15; 0.665
2,3,5-Br; 0.04; 0.13 0.40

displacements inm carbon tetrachloride and in
pure liquid are rather small and can not sor
clearly be divided into groups. These results
are similar to those obtained in methylthio-
phenesulfonylchlorides.” The displacement of’
the chemical shift in acetone is practically de-
pendent on the position of the hydrogen rather
than on that of the substituent. It seems that

9) K. Takahashi, Y. Matsuki, Y. Miyake and G.
Hazato, This Bulletin, 3, 1599. (1961)..
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the interaction between thiophenes and acetone
occurs usually near the position of the sulfur
atom in thiophene. The origin of the displace-
ment of the chemical shifts of these compounds
in the polar solvents has not yet been made
clear ; however, the experimental results con-
cerning the solvent effect, especially in an
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acetone solution, can be used as criteria for
estimating the position of the hydrogen in an
unknown thiophene derivative which is a or 8.
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