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ABSTRACT

The parameters of the hydrogen bond potential energy function
proposed earlier have been refined using the incrcased data available
on N-H---O hydrogen bonds. The full-matrix least-squarc refinement
procedure has been used and the discrepancy index has dropped down
to a final value of 0-176. A linear interpolation has been proposed for the
border regions where the hydrogen bonds are weak and the results are
discussed.

THe original function proposed by Lippincott and Schroeder (1955) and
Schroeder and Lippincott (1957) for the cvaluation of the contribution to
the energy of a conformation due to N~H...O hydrogen bonding has been
modified by Chidambaram, Balasubramanian and Ramachandran ({970).
Later an cmpirical form for this function has been proposed (Balasubra-
manian, Chidambaram and Ramachandran, 1970) and the parameters used
werc varied to get a satisfactory agreement between theory and cxperimental
data taken from Ramachandran and Ramakrishnan (1968). In order to
assess the agreement quantitatively a discrepancy index D (R, #) was proposed
based upon probability considerations and & minimum value of 0-405 had
been obtained for thisindex (Balasubramanian, Chidambaram and Rama-
chandran, 1970).

Recently an analysis of the N-H...O hydrogen bonds occurring in
amino acids and peptides has been done by Ramakrishnan and Nageshwar
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Prasad (1971) and thus more data has been made available. Hence a better
fit of the theory with experiment has been attempted by using a full-matrix
least-square refinement of the parameters involved in the earlier proposed
function. The results are reported in this paper along with a possible
simplification in the extrapolation procedure in the border regions of the
(R, 0) plane (the regions where hydrogen bonds are weak and slowly goes
over into the non-bonded interaction).

The form of the empirical function is given by (see Balasubramanian,
Chidambaram and Chandrasekharan, 1970)

Vhb (R: H) = Vmin. "I— pl (R - Rmin.)2 + p2 (R - Rmin.)3
+ exp. {p3 (R — Rpin )} (7102 + ¢:6%) @)

where R and @ are the hydrogen bond length and angle. The variable
parameters are Ry Pi, Pa, P Gy and gs.

As discussed in Balasubramanian, Chidambaram and Ramachandran
(1970), the normalized probability distribution function is given by

__ RZsinfexp. {— V(R, 0)/a}
PR, % = [fResimFexp. {{— V(R, 0)]o} dRd0 - 2

For computational purposes a quantity N’(R, 6) proportional to
P(R, 6) given by

R?siné exp. {— V (R, 8)/a}
ZZR7sind exp.{—V (R, 0)/a} (3)

N'(R, 0) =

has been used, where the summation is done over the various grid points
in the (R,0) plane. The data given in Ramakrishnan and Nageshwar
Prasad (1971) has been used for determining the experimental (or observed)
values of N'(R, 6) using the method described in Balasubramanian,
Chidambaram and Ramachandran (1970).

The parameters of equation (1) can be collectively referred to as
sk (k =1, 6). Thenthe “normal equations” for the least square refine-
ment can be written in the matrix form as:
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where

(@) AN;' is the arithmetic difference between the observed and cal-
culated probability densities of the i-th grid point of the (R, 6)
mesh.

(6) A si(k =1 to 6) are the shifts obtainable from refinement for the
parameters, and

, __ ONj'
(C) Sk = -DIS’]Z; . (5)

Further we have,

PN{' __ ANy’ dV;

5k Vi sk (6)
N L Retsinbie™e (yResimie ™ YL @
oVi a [\Z2 R;* Sin@ie"“’if“) 22 R;% sinf; e Vila )

and the derivatives dV;/dsy can be obtained by differentiating (1) with respect
to each parameter. From previous experience (Balasubramanian, Chidam-
baram and Ramachandran, 1970), V. has been chosen to be — 5-0kcal/
mole. The refinement has been done by programming it for the IBM
1130 computer. The converged values of the parameters are,

Ry, =28 A
p =27

ps =—25
p3; ==—14
g, = 0-0085

q: = — 0-0002.
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The final D index (D (R, 6)) value reached is 0-176. The discrepancy
indices D (R) and D (6) for the two independent variables R and & were
found to be 0-024 and 0-095. It can be seen that these values have dropped
down considerably from those given in Balasubramanian, Chidambaram
and Ramachandran, 1970). The old and new values are:

D(R) = 0-196,0:024
D) = 0-170, 0-095
D(R, 6) = 0-405, 0-176.

For a small region in the (R, 8) plane which lies between the region
where Vpp is expected to be valid and the region where the non-bonded
energy is to be reckoned, a smoothing function using a cubic interpolation
has been proposed by Balasubramanian, Chidambaram and Ramachandran
(1970). The flow chart for such a procedure is given by Ramachandran,
Chandrasekharan and Chidambaram (1971). Since this requires special
computational efforts, a linear interpolation has been attempted here. For
this purpose, the region where the value of R lies between 2:95 A and 3-60 A
and/or the value of 8 lies between 25° and 45°, has been considered where
the energy of the conformation is expected to be in between that of a complete
hydrogen bond and pure non-bonded interactions. With this linear inter-
polation, the energy values obtained in the (R, ) plane are given in Table L.

TABLE I

The value of the potential energy (in kcallmole) due to N-H...O hydrogen
bonding obtained using reflned parameters

\\ R in

0\ (A) 2:60 | 970 | 280 | 2:00 | 300 | 310 | 3-20 | 3-30 | 3-40 | 350 | 360

in )\

NE

0 365 | —460 | —500 | —476 | —4e36 | —3-78 | —3-31 | —2+83 | ~2+35 | ~1-88 | =140
5 ~3.38 | —4:48 | —4-81 —4.60 | —4-13 | ~3+67 | —3.22 | ~2.76 | —2-31 | —1:85 | ~1+39
10 ~270 | -390 | —4:34 =422 | —3:81 | =3.40 | ~3-00 | —2:50 | —219 | ~1.78 | ~1:37
15 184 | =320 =70 | =378 =340 | =3:05 | ~271 | =287 | =208 | =168 | ~L'3¢
20 SU08 | 31| 32| -3T| 301 | -272| -343 =215 | -1:86 | ~158 | ~1%
25 ~—o-47; —2:06 | —282| —2:06| —2:74| —2.49 | —2.24 | ~1.99 | ~1.73 | —1.48 | -1:23
30 —0.09 | —=1-57| =220 | —~2.48| —2.33 | —2-14 | —1.04 | —1-74 | =1.55 | =135 | —1-16
35 0:27 | =1.07| ~1-70| =2.00| -1.92 | ~1.78 | —1-64 | —1+50 | ~1+36 | —~1-22 | ~1.08
40 D66 | —0058| —1.24| =1.51| —1.51| =1+42 | —1.34 | —1:25 | ~1-16 | —1-08 | —0-99
46 1403 | ~0:08| =071 | =1:03| =1.10| =1+07 | =1.03 | ~1+00 | ~0+95 | —0:93 | —0-8
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To compare these energies with those got from cubic interpolation, the
difference between the values of the linear and the cubic methods, is given
in Table II.  From this table it is seen that in most of the places the difference
is only 0-2 to 0-4 kcal/mole. When R is around 2-8 A and 4 is around
30°, the present study gives an appreciably lower value for the energy, which
seems to be justified by the occurrence of observed hydrogen bonds having
values of R and @ around this value (Ramakrishnan and Nageshwar P1asad,
1971). A few cases that can be quoted from recent crystal structures are
(a) 1, 4-cyclohexadiene-1-gly (Jandecek and Simonsen, 1969) (R =275 A and
§ =30°; (b) N-methyl-DL-leu-gly HBr (Chandrasekharan and Subra-
manian, 1969) (R =2-81 A, 0 =30°; (¢) a-gly. gly (Biswas, Hughes and
Wilson, 1968) (R =2-71 A, 6 =20°; (d) L-citrulline HCI (Naganathan
and Venkatesan, 1971) (R =2-90 A, 8§ =30°).

Thus the present approach has shown that the hydrogen bond para-
meters obtained from refinement, coupled with a linear interpolation in the
border regions can be taken to be fairly satisfactory for practical purposes-

TaBLE 11

The difference in energy values obtained by cubic and linear interpolation.
The blanks represent regions where interpolation is not necessary.
Note that the difference is always positive showing that
linear approximation gives a lower energy value

\\ R in1 :

6 \(A)| 2-60 270 280 2-90 3+00 3-10 3:20 3-30 3-40 3-50

in(®) \

N\

0 008 0-19 0-30 0-36 034 0-24
5 0-08 0-19 0-29 0-34 0+34 0-23
10 0-07 0-16 0-25 0-30 0-29 0-20
16 : 0:00 0-13 0-20 0-24 0-23 015
20 1+70 0-43 i 0-02 0-02 0-056 0-10 0-14 0-18 0-17 0-12
25 3.82 1-79 | 076 0-23 0-03 0-07 0-11 0-14 0-13 0-00
30 4-75 3:03 a 1-64 0-62 0-15 0-04 0-056 0-06 0-01 0+03
36 2-78 2:10 1:62 0-88 0-32 0-01 0-14 0-01 0-11 017
40 1-21 0-93 0-76 0-568 0-32 0-04 0-11 0-05 0-01 005
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