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CONFORMATION OF COORDINATED AMINO ACIDS. II. LONG-RANGE SPIN-SPIN
COUPLING IN HISTIDINE AND HINDERED INTERNAL ROTATION OF IMIDAZOLE
GROUP IN PENTAMMINE (L-HISTIDINE)COBALT (III) ION
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Department of Chemistry, Faculty of Science
Hiroshima University, Hiroshima 730

It is found that in the pentammine(L-histidine)cobalt(III) ion,
the imidazole C(5) proton is coupled to only one of the methylene
protons with 4JHH=0.9 Hz and the internal rotation of the imidazole
ring around the CB-CY bond is hindered presumably due to an

intramolecular hydrogen bonding.

The histidine C(2) and C(5) protons have been used as "window signals" of NMR
spectra in studying biochemically important molecules, because their signals appear
at very low fields and are well separated from absorption lines originating from other
types of protons.l) We have found that in the titled complex ion, [Co(NH3)5(hisH)]3+,
the C(5) proton is spin-spin coupled to only one of the methylene protons, which is
first evidence for the hindered internal rotation of the imidazole ring.

2)

The perchlorate salt was prepared after Hawkins and Lawson and dissolved in

D20. The spectrum was obtained at 35°C after complete deuteration of ammine, amino,
and imino hydrogens on a Hitachi R-22 spectrometer operating at 90 MHz. The CH—CH2

moiety gives rise to the typical ABX spectrum as shown in Fig. 1, where the calculated

Fig. 1. The ABX part of the observed (upper)
and the calculated (below) spectra of

[Co(NH 5(hisH)]3+ in D,0 after complete

3)
deuteration of all N-H hydrogens. The

calculated spectrum does not take the

spin-spin coupling between the C(5) and

methylene protons into account. One division
of the abscissa is 20 Hz and the magnetic

field increases from left to right.
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free amino acid5’6)
complex i R
charge + 0 - HaNS Ho H COOM  MOOC NH3
Iac 5.75 6.11 6.98 7.85 e g He H Ho
Jag 8.59 7.09 6.00 5.28 COOM NHj
I i m
Py 29 32 40 50
p 55 41 31 25 . .
II Fig. 2. Three rotational isomers of
Prrp 16 27 29 25 34
L-histidine in [Co(NH3)5(hisH)] . R and

Table 1. The fractional population M stand for the imidazole ring and the

of L-histidine. Spin-spin coupling pentamminecobalt (III) group, respectively.

constants are given in Hz. Complex

means the [Co(NH3)5(hisH)]3+ ion.

spectrum is also given for comparison. The spectral parameters obtained here are
summarized in Table 1. Note that the four low-field lines of the AB part of the
spectrum are each split into doublets, all the doublet spacings being equal to 0.9

Hz. The imidazole ring protons appear as a slightly broadened singlet at §=7.42 ppm
and a sharp doublet at §=8.66 ppm with a splitting of 1.4 Hz. It is well established3)
that the histidine C(2) proton resonates at a field 0.7 to 1.1 ppm lower than the C(5)
proton and that they are coupled with J=1.4 Hz. We can therefore safely assign the
doublet resonating at lower field to the C(2) proton and the singlet at higher field
to the C(5) proton.

The decoupling experiment was performed to confirm which proton is coupled to
‘the methylene proton, the C(2) or the C(5) proton. Irradiation of the singlet at
§=7.42 ppm (the C(5) proton) reduced the four low-field doublets of the AB part to
four singlets and at the same time the C(2) doublet changed to a singlet. Thus it is
evident that the C(5) proton and one of the methylene protons are coupled with J=0.9
Hz and that the C(2) and the C(5) protons are coupled with J=1.4 Hz.

The C(5) proton is coupled to only one of the methylene protons. This can be
taken as a clear indication that the imidazole ring assumes some preferred
conformation with respect to the methylene group. ' Otherwise the C(5) proton should
equally couple to both protons of the methylene group. The most probable overall
structure of the complex ion may be inferred as follows. Firstly, the rotation

about the Cu—C bond gives rise to three rotational isomers. They are illustrated

8
in Fig. 2. Their fractional populations can be obtained by pI=(JAc—Jg)/(Jt-Jg), Pry
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Fig. 3. Schematic presentation of the most
probable structure of the complex ion
[Co(NH3)5(hisH)]3+ in aqueous solution. The
dotted line is drawn to emphasize the proposed
hydrogen bonding. The imidazole N (1) may also

be protonated, see Ref. 8.

= - - e - 4)
—(JAB Jg)/(Jt Jg), and Prrr 1 Pr~Pr1- The Je and Jg values are taken after

5)

Espersen and Martin as 13.20 Hz and 2.60 Hz, respectively. The populations of the

rotamers I to III are given in Table 1, together with those for the free amino

5,6)

acid. The most stable rotamer is thus II, in which the imidazole ring and the

NH3+ group are trans to each other. This implies that we assigned the four low-field
doublets of the AB part to the C proton in Fig. 2. Kainoshos) has established by
stereoselective deuteration that in the cationic form of free histidine the most
abundant rotamer is II, which is in line with our result. Secondly, the hindered
rotation of the imidazole ring about the CB-CY bond strongly suggests an
intramolecular hydrogen bonding, because the spectrum does not change to any
appreciable extent upon dilution of the solution. From a molecular model, it is
seen that hydrogen bonding is favored between the N(3) proton and the carbonyl
oxygen if the imidazole ring is so oriented as depicted in Fig. 3. Figure 3 is
drawn for the most stable rotational isomer II. The variation of allylic coupling
constants with stereochemistry has been studied both experimentally and

7) The parallel and the perpendicular

theoretically. The results may be summarized as:
arrangement of the CB—H(C) bond with respect to the 7 electron of the C=C bond
maximize and minimize, respectively, the coupling between H(C) and C(5)-H. The
imidazole ring plane in Fig. 3 is, therefore, inclined toward the CB-H(B) bond so
that the allylic coupling between H(C) and C(5)-H becomes larger than that between
H(B) and C(5)-H.

Further study on this system is in progress.
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