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Content : The previous paper of the series described
in the Trame of set theory, a new method to treat quantita-
tively the steric effects. The method was termed OVA -Over-
laping Volume Analysis. The present paper explicitly discus-
es the computing method, the FORTRAN program which imple-
ments the method and some illustrative applications.

1. Introduction

The OVA method (Overlapping Volume Analysis) was de-
velopedl by one of ue in order to account quantitatively for
the steric effects in the LFER frame work. The aim of OVA
is to avoid the known defficiencies of the Taft - type me-
thods (for a short review in this context, see ref. 2, and
for futher applicatione of OVA, ref. 3).

In principle, OVA implies the use of the steric pa-
rameter OV in a linear regressional equation. OV signifies
the overlapping Van der Waals volume of the reactants in the
transition state. Illustratively, consider the transition
shown in figure 1. A and B denotes the Van dig Waals anvelo-
with the x axis, and the two molecules are r [&] apart each
another. The OV value [A3] 1s evidenced by the shadowed area.

pe of the two molecules, reaction coordinate coincides
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ecoordinate

E==r
FIG. 1

2. OVA - Computing Principles

Consider two chemically reactive species (molecules,
ions, radicals etc.), having Nl and N, atoms, respectively.
From a steric viewpoint, an atom of a given molecule is
well characterized by its carthesian coordinate and Van der
Waals radius, The Van der Waals anvelopes of the two con-
sidered chemical species are assembled by Nl’ respectively
N2 spheres.

We recall, from ref. 1, that OV is given by relati-
on (1) :

ov = fW,| / | W | (1)

where o stands for the volume of the parallelepiped which
circumscribes the Van der Waals anvelopes of the two con-
sidered chemical species. W2 is the set of the points which
lie within the overlapping volume of the two Van der Waals
anvelopes, and Wl is the set of the points within the paral-
lelepiped of volume o( (see figure 1). | | denotes the car-
dinal.

The points W) € Wl and w, eW2 are random points with
uniform repartition. Wl and W, are generated by means of
the same random numbers generators ; obviously, W2 c Wl'

It is clear, relation (1) implies the use of Monte
Carlo technique4-6.
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FIG. 2

OVA computations use the Monte Carlo technique as
follows :

1) The random numbers ? €(o, 1) are generated using
e random numbers generator (in our case, ALEAT, based on
Lehmer algorithme). This algorithm implies the following
iterative procedure

M, = 517mk (mod 240)

= 2-40111

€k+l k

m, ie given. The period of ALEAT is 274 4+ 1,

2) Using ‘f one builds up the set Wl on desired car-
dinality in this way : if (b - d), (d ~ a) and (¢ - &) are
the dimensions of the parallelepiped edges (see fig. 1),

the point w(wx, W wz) € W, is given by

wx=a+(d-a)'-§’1
“y =a+ (b - a)‘f2
w, =18+ (¢ - a)‘f3

(?1. % 29 % 3 being any three consecutive random numbers
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‘z € (o, 1)

3) The set W, is obtained by selecting those w(wx,
W wz) € Wl which satisfy one of the systems of inequati-
ons (3) :

2 2 2 2
(Xyg = W)™ + (Yg5 = W)™ + (297 - w,)" ( Ry
I=1,2 ceey Ny

2 2 2 2 (2)
(Xpp = W)™ + (Ypp = we)® + (Zp7 = W, )" ( Ryp

¥= 15 Ba sse 5 X

4) o = (b-a)(d-a)(c-a), and OV is computed accord-
ing to relation (1).

It is well known', the error in Monte Carlo com-
putations is proportional to (D/ ]Wll )l/2 where D is a
constant. In order to achieve a statisfying accurancy,

one needs to use | W11 ~ 102,

4

3. OVA - Implementation

The OVA computing method, described in the previ-
ous section, is easy to implement. Our program has the
following features :

Name : STERE@/1

Language : F@RTRAN IV

Hardware : IBM, IRIS 50 etc.

Memory : 20 K@

Source : 180
Computing time : depends on Wl . For Wl = lo4

the computing time is about 8o
seconds.
The STERE@/2 version of the program (in progress) will allow
completely automatized OVA computations.
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( START )

PARALELIP.

( STOP )

FIG. 3. Flow chart of STERE@/1.

4, OVA - Strategy

Consider the distance denoted by r in figure 4 as re-
action coordinate for a considered reaction.

FIG. 4.

Let be a series of N molecules which suffer the same
reaction via the same mechanism and measure, for instance,
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the reaction rate kI’ I #1y 25 e 5 Mo
The steric effects in considered reaction are ex-
pressed quantitatively by linear model (1) :

log k; = a + b OV (3

a and b being calculated by the least squares method.

The geometry of transition state and reaction co-
ordinate are approximated from molecular orbital calcula-
tions. It is necessary to determine appropriate position of
transition state on reaction coordinate, i.e. to determine
appropriate value of r in fig. 4. The following strategy
is used : one computes OVI(rJ), I = 15 24 somy Ny J w1y 25
+es 5 M, then the M equations (3) and finally one selects
the best equation.

The above procedure can be systemized as follows :

eq.B.Rl

OVl(rl). OV2(r1),.... OVN(rl) ——p
eq.},R2

OVl(rZ), Ovz(rz),..., OVN(r2) ——l=s Ty -(4)
eq.B.HM

OV (ry)y OVo(ry)yees, OVy(ry) RK=§;JIK(RJ)
RJ stands for the regressional coefficient of eq.3
obtained with the OVI(rJ) values, I = 1,2,..., N.
The procedure (4) is justified in the LFER frame be-
cause the electronic parameters ( UH’ GI’ G'R. @', -
etc.), denoted by I , verify the equation (5) :

3Y

2T

If an electronic reactivity index which depends on

r, I(r), is available, then the model (3) will be changed
according to :

=0 (5)

log k; = & + bOVy(r) + cIf(r) (6a)
or [ (]

log k;y = a + b I;(r) —p r, and then

log ky = m + nOVy(ry) + pIp(ry) (6b)

In the next section of the paper we illustrate the
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OVA method using strategy (4) and compare the OVA equation
with the Taft - type ones.

5. Applications - The Radical Addition to Alkenes

Conasider the reactions

R R . k : k
I ~e— c/ 3, CF3 ~—— ; Clg=CH, + CF‘3 il §
Ré’// \\“R4

characterized by the relative rate constants kr = k/ke' The

kr values were obtained by Vertommen et 317 in the gas phase,
thus being free of solvent effects (for a recently published
review, see ref. 8). The kr values are collected in table 1.

Tablel. The kr values

No. Alkene k

r
1. *HEC = CHF 0,49
2, ~H,C = CF, 0,15
%, ~HyC = CHCF, 0,40
4. —~H,C = CHCH, 2,30
Se —~HFC = CH2 0,56
6. —-HFC = CF2 0,031
T. —~F,C = CHy 0,0055
8. ~F,C = CHF 0,016
9. ~¥F,C = CF, 0,12

lo. »H(GFB)C = CH, 0,008

11. 4H(CH3)C = CH2 0,20

— indicates the site of addition.

In order to verify the importance of the electronic
effects, one has computed the correlations log k, vs v
and log kr va.?rc and the correlational coefficients of 0,35
and 0,65, respectively, were obtained.
?é stands for Swain - Lupton field constant computed ac-
cording to the equation
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F.- F + F + i (& & #F2 )
C Ry R, 3 Ry R,

The ES - type steric constants and OVA method were
used to investigate the importance of steric effects.

5.1. Taft - Type Correlations

pro.

The steric constantes and -fc used in correlations are
collected in table 2. The values of these constants are ta-
ken from our literature compilationsg' 1°.

Table 2. Parameters used in correlations .

Mgme 5o §E oTe TE &
EY 0.00 0.00 2.00 2.48 0.236
2. 0.00 0.00 2.00 2.48 0.472
3. 0.00 0.00 2.00 2.48 2.21lo
4. 0.00 0.00 2.00 2,48 -0.017
5. 0.27 -0.46 1.80 1.73 0.708
6. 0.27 -0.46 1.80 1.73 1.180
Te 0.54 -0.92 1l.60 0.98 1.416
8. 0.54 =0,92 1l.60 0.98 1.652
9. 0.54 -0.92 l.60 0.98 1.888

lo. 0.91 -2.40 6.00 0.08 0.631
didie 0.52 -1.24 6.70 1.24 0.052

E: is taken over the substituents of the site of
addition.
MR expresses the Van der Waals volume, WV, of the
gubstituent, as was pointed outll by one of us :

MR = -2.678 + 0.337 WV (7)
n r 8 F EV
20 0.95 1.50 76.83 0.94

where n - the number of points used in correlation
r - correlation coefficient
8 - standard deviation



- 271 -

F - PFischer statistics, EV - explained variance.

MR was used in order to check the vectorial charac-
ter of the steric effects. The very low correlation (8)
argues that the steric effects in here considered reacti-
ons are vectorial :

log k, = -0.785 - 0,007 MR (8)

n r =] F EV
11 0.15 0.83 0.l 0.08

The other obtained equations are :

log k, = -0.304 - 2.0497V (9)
n r 8 P EV
IT ©0.75 0.55 5.17 0.52

log k, = -2.238 + 0.789}Eg (10)
n r 8 F EV
11 0.77 0.54 5.83 0.55

log k, = -0.459 + 0.TT3]E§ (11)

n r =] F EV
i 5 ) 0.68 o0.62 3.36 o0.40
Eqs. (9) (11) evidence the retarding effect of
bulkier substituents. The ccrrelations are rather poor
(but significant according to F because both steric and
electronic factors condition kr.

1

5.2. OVA Computations

The OVA computations were performed considering the
transition state shown in figure 5 (i.e.f( - type overlap-
ping ; the (§ - type overlapping was not tested).

The values of Van der Waals radii of the atoms us-
ed in computations are taken from ref. (12) : H(1.24 R),
¢(1.57 &), P(1.35 R). Standard bond lengths and angles
were considered. The OV figures were computed by means of
60,000 random numbers.

The following correlation correlation coefficients
are obtained for eq. (12) :

log k, = a + bOV(r) (12)
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r 4.0 3.8 3.2 3.0
regressional o.40 0.45 0.51  0.57 0.51
coefficient
O
\\
A A
r

FIG. 5. OVA computations - transition state geome-
try and reaction coordinate (r).

The computed OV figures are collected in table 3.
According to procedure (4), one selects the OVA equ-
ation corresponding to r =

Including electronic effects, via g?‘

3.8 %

, one gets :

Cc
Table 3. OV(r) values
ﬁlgene ov(4.0) OV(3.8) 0OV(3.4) o0OV(3.2) OV(3.0)

o.

1. 0.28 0.62 2.18 3.24 4.30
2. 0.28 0.62 2.18 3.24 4.30
3. 0.28 0.62 2.18 3.24 4,30
4. 0.28 0.62 2.18 3.24 4.30
5 0.43 0.91 2.7 3.60 4.78
6. 0.43 0.91 2.7T1 3.60 4.78
Te 0.53 1.16 3.1lo0 4.28 5.21
8. 0.53 1.16 3.10 4.28 5.21
9. 0.53 1.16 3.10 4.28 5.21
lo. 4.12 4.92 7.00 8.17 9.26
11. 2.53 3.23 5.06 6.13 T.21

log k, = 0.856 - 0.288 0V(3.2) - 0.782 &

(13)
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n r 8 F EV
11 0.82 0,48 4.90 o0.bo

The examination of the eq. (13) points out thet the
compounds 8 and 9 are not properly described by 9r_parame—
ters. Rejecting these compounds the equation (13) becomes :

log k_ = 1.047 - 0.286 OV(3.2) - 1.320 F , (14)
n r 8 F EV
9 0.94 o0.30 13.0 0.85

The best ES - type equation corresponding to the eq.
(14) 18 :

log k, = -1.425 - 0.911 &, + 0.586)E (15)

n r ] F EV
9 0.91 0.36 B8.50 o0.78

The two obteained equations compare weli. the eq.
(14) being slightly better. Both equations show that + I
substituents increase the reaction rate, and the bulkier
the substituent, the larger will be the deoreasing of kr.

6. Conclusions

i) OVA defines a principial new method to analyse
quantitatively the steric effects in chemical reactions.

ii) OVA uses the minimum possible empirical infor-
mation.

iii) OVA offers the poseibility to take into saccount
explicitly the reaction coordinate.

iv) It is no longer necessary to consider the substi-
tuent as having cilindrical symmetry (as implied by ES -
type methods).

v) Using OVA, one can consider in the computations
the conformation of the substituent and the geometry of the
trangition state.
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