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summary. The nunerical integration of the van der
Waals envelope of the substituent is performed by means of
Monte Carle method. The resulted van der Waals volumes of 29
subetituents show a good cerrelation with molar refractivity.

1., Intreduction

This paper presents a Monte Carlo method to compute
the van der Waals volume (WV, :3) of substituents, molecules,
ione or radicals. The method 1s useful in QSAR (QSAR is the
abbreviation for Quantitative Structure-Activity Relation-
shipse) because WV is a bulk sterioc parameter with clear physi-
cal meaning.

The WV values for 29 substituents are reported, and

a correlation between molar refractivity and WV is computed.

2., Numeriocal integration of the van der Waale

envelope

In order to integrate the van der Waals envelope,
the chemical species are described by the carteeian coordi-
nates and van der Waale radii of their atoma.

FPor the calculations of coordinates the standard va-

luee of bond lengths and bond angles can be used, and van der
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Waals radii listed in ref. 1 or 2.

The van der Waals volume (WV, 23) ie given by the equa-
tion 1

¥V = a Card N;/Card N, (1)

where a stands for the volume of the parallelipiped which eir-
cumscribes the considered van der Waals envelope, and Card de-
notes the cardinal.

Ny is the set of uniform random points generated within
the parallelipiped of volume a and 'I is the subset of ‘T whose
points fall within the considered van der Waals envelope.

We note that the precimiom of WV values strongly depends
on the values of & and l,. Because the value of a 18 imposed
by the considered van der Waale envelepe, we may choose the
value of Jard Hp. In general, Oard Ny » 300000 assures a pre-
cision of 99,5% for the computed WV®s. WV's may be computed,
according to the relatiom (1), by me-nu3 of eur program NOVA.

3. Appliocations

Using the NOVA program, we computed WV values for the
substituents listed in Table 2. WV® and WVP values were compu-

ted by means of the van der Waals radii from refs. 1 and 2 :

°
Table 1. Van der Waals radii, ry [A] .

J

Atom H c N o 4 c1 Br I

Ty ref.l1 1.20 1.57 1.50 1.40 1.35 1,80 1.95 2.15
ry, ref.2 1.24 1.54 1.37 1.27 1l.18 1..63 1,79 2.02
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Table 2. MR and WV values

Fo. Substituent MR we wo
1. o, 5.7 23,08 24.86
2. CH,01 10.5 41.71 38.16
3. OHBr 13.4 46.40 41,08
4o OHI 18.6 57,12 51.14
5. OHP, 5.2 31.41 26.76
6. OBy 5.0 34.55 27.33
7.  OHCL, 15.3 55.97 46.19
8. P 0.8 10,29 6.85
9., a1 5.8 24.44 18,29

10, Br 8.7 31.01 24,03

1., § 1.0 7.22 7.91

12, 1 14.0 41.52 34.39

13. W0, 6.7 26.69 20,84

4.  0(0)0H, 11.2 37.87 36,15

15.  NH, 44 19.40 18.29

16. OF 5.5 23.38 20.43

17.  CH,OH 7.2 31.12 30.71

18. COOH 6.9 31.38 28.17

19. OH 2.6 14,78 13.04

20, 00, B 28.42 24,13

21, -0, 19.6 68.05 70.01

22,  CH,0(0)CH, 15.1 56,33 56,00

23,  GHyOCH, 12.1 48,09 48,32

24.  OHBrOH, 18.0 61.92 57.34

25,  SOE, 13,5 23,92 24,75

26, opr, 28.8 89.04 72.83

27. 0C1 20.1 70.53 56.07

28, C(OH)(0H,), 16.4 57.98 58.27

29, n-CjH, 15.0 53.85 53.51
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The obtained WV" are generally smaller than WV® because
of the smaller van der Waals radii givem by Boyd (excepting
the value for hydrogen).

Our WV's may be used to compute the proportion of the
steric (i.e., van der Waasls volume) vs electronic component wit-
hin the molar refractivity (MR). There resulted the following

MR va WV equations 1

MR = -1.966 + 0,323 Wv® (2)
(r = 0,95, & = 2,01, P = 128,53, BV = 0,91)

MR = -1,455 + 0,343 Wv® (3)
(r = 0,93, s = 2,38, F = 87.84, EV = 0,87)

Further detaile conscerning MR may be found in ref, 4.

Bquations (2) and (3) show approximately the same variati-
on of MR with WV,

The explained variance (EV) computed for the equation (2)
or (3), namely about 0.9, indicates that the relative proportion
of the steric ys. the electironic component within MR is about 9:l.

4. Conclusions

1. We developed an easy to use Monte Carlo method to compute van
der Waals volume of any chemical specie. The computed values
of the van der Waals volume of 29 substituents are reported.

2, Using the Monte Carlo computed van der Waals volumes, we pro-
ved that the relative proportion of the sterioc ys. electronic
ocomponent within MR is about 9:1.



- 189 -

References

1. J.L.Webb, "Ensymes and Metabolic Inhibitors", Academic Preses,
New York, 1963.

2, R.J.Boyd, J.Phys. B, 10, 2283 (1977).

3. I. Motoc, O.Dragomir-Pilimonescu and I.Muscutariu, Math.Chem.,
8, 323 (1980).

4. A.T.Balaban, A.Chiriasc, I.Mo{oc and Z.Simion, "Sterioc Pit in
QSAR", Lecture Notes in Chemistry, vol.l5, Springer, Berlin,
1980.



