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Abstract

The conformational structure of a series of 2,4-disubstituted pentanes (substituents F, CI, Br, I, CN,
CH3, H) has been calculated, taking account of three types of interactions: dispersion interactions,
dipole-dipole interactions, and the three-fold barrier of the C-C bond. Dihedral angles have been
adjusted so as to attain the local potential energy minimum for each conformer. The results of these
calculations indicate the presence of a number of minority conformers, in addition to those
considered previously.
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The conformational structure of a series of 2,4-disubstituted pentanes (substituents F, Cl, Br, I,
CN, CH;, H) has been calculated, taking account of three types of interactions: dispersion inter-
actions, dipole-dipole interactions, and the three-fold barrier of the C—C bond. Dihedral angles
have been adjusted so as to attain the local potential energy minimum for each conformer. The
results of these calculations indicate the presence of a number of minority conformers, in addition
to those considered previously,

2,4-Disubstituted pentanes are important as dimer models of the corresponding vinyl polymers,
and their conformational structure has been the subject of several studies! 77, Except for 2,4-
dimethylpentane, all these compounds exist in the form of two stereocisomers, (<) and meso,
corresponding to the syndiotactic and isotactic diad of the polymer.

Older ideas* about the conformational structure of vinyl polymers and their models were
based on the assumption about the validity of the “‘staggered** approximation, with all dihedral
angles of the C—C chain limited to values corresponding to the staggered form of the ethane
molecule. In this approximation the conformation of the 2,4-disubstituted pentane is designatedﬁ
by two symbols, describing the dihedral angles of the central C,C4 and C,C, bonds. The symbol
T is used to describe the frans conformation of the chain, the symbols G and G to describe the
gauche conformations (Fig. 1).

Analysis of experimental data has shown! ~* that the main features of infrared and NMR
spectra of most 2,4-disubstituted pentanes can be interpreted assuming the presence of conformers
TT and GG in the (4:)-isomer, and of conformer TG in the meso-isomer. The TT conformer has
been proved to be more stable than GG in (:I:)-?.A-dich]oropentanel, and in the other models
the relative conformer stability was assumed to be similar. These considerations were also con-
firmed by theoretical calculations of McMahon’ who has calculated the contribution of Lennard-
Jones type non-bonded interactions for all conformers of (--)- and meso-isomers of a series of
2,4-disubstituted pentanes in the staggered approximation. According to these calculations, the
TT and GG conformers in the (++)-isomer, and the TG conformer in the meso-isomer are the only
forms that can be expected to occur in measurable quantities.

However, recent results® of detailed analysis of infrared and NMR spectra of both isomers
of 2,4-dichloropentane indicate that the situation is much more complicated. Both in the (4)-
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and in the meso-isomer, small amounts of additional conformers have been detected; the existence
of these forms was excluded by McMahon’s calculations'?, but their presence could explain some
discrepancies between interpretations of older spectral data and relatively small values of end-to-
end distances in isotactic polymers. The existence of these conformers indicates that the staggered
approximation is not adequate for the description of the conformational structure of linear
molecules. This is in agreement with the papers by Abe, Jernigan and Flory® and by Scott and
Scheraga9 about the conformational structure of linear hydrocarbons and polyethylene, revealing
the existence of large deviations of dihedral angles from staggered values.

In this paper, the conformational structure of a series of 2,4-disubstituted pentanes
(R = F, Cl, Br, I, CN, H, CH,) has been calculated. Dihedral angles have not been
fixed to staggered values, but were adjusted so as to attain a minimum of the poten-
tial energy value.

THEORETICAL

If the conformation of a molecule is determined by n parameters, then the potential
energy can be described as a surface in (n + 1) dimensional space. Stable conformers
of the molecule correspond to local minima on this surface. In a semiempirical
approach the relation between the potential energy of a molecule and its geometrical
structure can be defined by a number of factors; in acyclic molecules, the most
important of these are: 1. non-bonded interactions. 2. three-fold barriers of C—C
bonds, 3. dipole—dipole interactions of polar bonds, and 4. intermolecular inter-
actions.

Experimental data on 2,4-dichloropentane’ indicate that its conformational
structure remains practically the same in different solvents. Also on theoretical

Fic. 1
Designation of Conformational Structures in Staggered Approximation
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grounds'® it may be expected that for moderate values of dielectric constant of the
medium for molecules of this size, the influence of surrounding medium will be small.
Our considerations will therefore be limited to the first three types of interactions,
and the potential energy will then be approximated by the relation

E=V,+Vs+V,, (1)

V,, designating the energy of non-bonded interactions of atoms, V; the contribution
of the three-fold barriers of all C—C bonds, and ¥, the contribution of bond dipole
interactions.

Non-bonded interactions have in this paper been calculated by means of the
Buckingham®!''? potential, with

Vo=2Vi; (2)
1,)
Vi = A;;exp (—ByRy;) — CyfRf;, (3)

with summation over all pairs of atoms not bound to each other or to a common
atom. R;; is the distance of atoms i,j and 4;;, B;;, C;; are semiempirical constants
depending on the type of the atoms, i, j. These constants have been determined by the
procedure suggested by Pitzer!® and by Scott and Scheraga'. C;; was calculated
from the Slater-Kirkwood equation

Cyy = 362 ayf(\/ [oifni] + /[2/ms)) (4)

TABLE 1
Parameters Applied for the Determination of Dispersion Interaction Coefficients

Atom n o, 10724 cm? b, A1 o A
H 09 0-42 4-54 1:20
C 52 093 4:59 1-70
Cl 16:2 2-28 375 1:75
Br 21-9 334 304 1-85
J 300 505 2-92 206
F 8-0 0-60¢ 460 1-47
C (CN) 5.2 1-09 4-59 1-78
N (CN) 6-0 1:03 4-57 1-60

4 Polarizabilities of methyl and ethylfluoride!” were used and additivity rule applied to obtain
this value: n effective atomic number'?, « polarizability'®, b repulsion coefficient' ', r,, van
der Waals radius'®.
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with o;, o; designating the polarizabilities of atoms i, j in units of 1072* cm® and
n;, n; designating effective atomic numbers read off an empirical graph'®. The para-
meters B;; have been determined by means of Mason’s'® combination rule

B;; = (b + by)f2 S

with values b;; read off empirical graphs'®. The parameter A;; has been determined
so as to locate the minimum of the Buckhigham potential at a distance equal to the
sum of the van der Waals radii r,, of atoms i and j. The values of the basic parameters
n, o, b, r,, for various atoms used in the calculation are given in Table I.

For very small values of R;; the Buckingham potential is known to pass through
amaximum . This maximum has no physical meaning and moreover interferes
with the computational procedure applied. For this reason, potential (3) has only been
used for values of R;; > Q;;, being substituted by relation

Vii = Dyj. Rj™ (6)
for values of R;; < Q;;*°.

The coefficients D;; and E;; have been chosen so as to equalize the functional values
and their first derivatives for both potentials (3) and (6) in the point R;; = Q,;. The
value Q;; has been chosen so as to obey the relation

Qij = Ripr + 04(Rpin — Rie) (7)

where R;, and R;; are the coordinates of the minimum and point of inflection of the
Buckingham potential, respectively. Under these conditions the coefficients E;;
attain the value of about 8, in rough agreement with the average experimental value
of this coefficient®. The value of Q;; is actually rather inconsequential in very broad
limits, as the potential (6) only becomes important in energetically unfavourable
positions. The calculated values of parameters A;; to Q;; are given in Table II.

The three-fold barrier of the C—C bond os sp®~sp® type has been approximated
by the relation

Vy =Y 15(1 + cos 3¢,) (8)

with summation over all dihedral angles ¢, in the molecule.

For the calculation of dipole-dipole interactions, the bond dipole moments have
been considered as point dipoles located in the centre of the corresponding bonds.
Then

Vo= + ﬂ[(’ﬁa- mg)|Ry —3(, . Ryp) (7 . Rop)|R3y} ©)
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with summation over all pairs (o, §) of polar bonds not originating from the same
atom; i, and 7, are vectors of the corresponding dipole moments and R, is the
vector connecting both dipoles. In the molecules treated in this paper, the summation
includes at most one member.

Bond angles have in all cases been considered as tetrapedral, bond lengths and
dipole moments are given in Table III.

All calculations have been performed on the Minsk 22 computer, with programmes
written in the machine code of this computer. With these programmes it is possible
to calculate the potential energy of the molecule according to relations (1) to (9),
and to adjust dihedral angles to the nearest local minimum of potential energy by the
steepest descent method.

TABLE 11

Dispersion Interaction Coefficients for Various Pairs of Atoms
V=A.exp(—B.r)— C[r6 forr>Q;: V=D.r Eforr< Q.

Interaction 4.107% B C D.107% E 0
H---H 727 454 467 1442 877 1:60
H..-C 547 457 128 123 795 165
H..-Cl 498 415 328 2119 808 178
H..-Br 320 379 473 284 830 1-93
H---J 551 373 702 567 809 1-98
H---F 258 457 953 514 808 162
H..-C(CN) 740 457 145 173 794 166
H---N(CN) 482 455 143 105 7-99 164
C---C 552 4-59 370 156 812 174
C---Cl 421 417 962 222 7:98 1-85
C---Br 233 381 1380 225 7-94 199
C--J 416 375 2040 487 7:96 2-04
C--F 249 4-59 290 618 799 169
C---C(CN) 762 4-59 417 226 818 175
C---N(CN) 466 4-58 414 127 8:05 172
Cl---Cl 313 375 2510 331 795 2:00
Br---Br 825 304 5170 486 848 2:40
3.y 192 292 11300 1440 813 2:52
F.-F 122 4-60 238 267 794 1-65
C(CN)---C(CN) 1060 459 470 329 824 177
C(CN)---N(CN) 640 4-58 466 182 8:10 173
N(CN)---N(CN) 397 4-57 463 104 7-99 170

Energy unit: kcal/mol; unit of length: A.
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TABLE 111
Bond Lengths?® and Dipole Moments2! Used in Calculations

Bond C—C C-H C—Cl C—Br C-J C—F C—CN C=N
Length, A -3 1110 176 191 228 142 149 1-16
Dipole moment, D 0 0 1-85 1-80 1-64 1-81 0 394

In this paper, for the molecules considered, 1) the values of potential energies
of all conformers of the staggered approximation have been calculated, and 2) all
stable conformers have been found together with the corresponding values of dihedral
angles and energies E, V,,, V3, V,. The term “‘stable conformer” will in the following
be used to designate forms corresponding to local minima on the potential energy
surface. Stable conformers will be designated by the same symbols as the nearest

conformers of the staggered approximation: Precisely they are defined by the values
of all dihedral angles (Fig. 2).

(i) R meso

FigG. 2
Formalism Used to Determine Dihedral Angle Values
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RESULTS AND DISCUSSION
2.4-Dichloropentane

The conformational structure of this molecule has been investigated experimentally
in great detail' 3. For a comparison of experimental and theoretical results, it will
be worth while to consider first some qualitative facts following from the calculations.

The relative energies of stable conformers (Table IV ¢, d) differ in almost all cases
very considerably from the values obtained by staggered approximation. In some

cases (conformers TG, TG, G(_J, GG in the (i)-isomer and GG, GG in the meso-
isomer), two local potential energy minima (designated a, b) are found in the vicinity
of a single conformer of the staggered approximation. This increases the number
of possible conformers compared to the staggered approximation. Furthermore,
some conformers (TT, GG, GG in the meso-isomer and GG in the (+ )-isomer)
have an unsymmetrical stable form corresponding to a symmetrical form in staggered
approximation, increasing thus the statistical weight of the stable conformer.

From infrared and NMR spectra, the TT conformer is the most stable form
of (+)-2,4-dichloropentane’*?. In addition the presence of further three minor
conformers® has been proved in this isomer. Of these, the most favoured one is GG
(energy relative to TT 2kcal/mol), followed by TG (2-5 kcal/mol) and by GG (present
in very small amounts). These results are to be compared with the calculated values
(Table IVc), yielding the following sequence (relative energies in kcal/mol given
in brackets): a) staggered approximation: TT, GG (1-8), TG (20-0), TG (40'5), GG
(80-3), GG (3185); b) stable conformers: TT, GG (1-5), TGb (2'5), TGa (3-0), GGa
(3:7), TGb (4-6), TGa (65), etc.

In meso-2,4-dichloropentane, the TG conformer has been found as the most
stable one'. In infrared spectra®, two additional lines have been observed in the
region of CCl-stretching vibrations. One of these (645 cm™!) indicates (rel. energy
about 1-5 kcal/mol) the presence of some of the conformers TG, TT, GG or possibly
GG, whereas the other indicates the presence of a small amout of form GG. Calcula-
tions yielded the following data: a) staggered approximation: TG, TT (18-6), TG
(39-4), GG (40-2), GG (3184), GG (3203); b) stable conformers: TG, TG (1-7),
GG (2:8), TT (2'9), GGa (3-1), GGb (4:7), GG (227).

The staggered approximation is thus seen to determine correctly the most stable
conformer, but otherwise it proves quite unsuitable for a more detailed investigation
of the conformational structure of the molecule. By adjustment of dihedral angles,
a good agreement of theoretical and experimental data is seen to be obtained in both
isomers.

All these facts together with the magnitude of deviations of optimum angles from
staggered values lead to the conclusion that the conformer designation by means
of the symbols T, G and G does not have real physical significance, although it might
remain useful for rough orientation.
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2.4-Dihalosubstituted Pentanes

The results of conformer energy calculations for 2,4-difluoro-, dibromo-, and di-
iodopentane are given in Table IVa, b, e—h, and summarized in Fig. 3. Interesting
is the decreasing trend of the relative energy of the GG conformer in the (& )-isomer
with increasing velume of the halogen atom. Such a trend has been observed by
McMahon and Tincher® for R = Cl, Br. In d,l-2,4-difluoropentane, the stability
of the GG conformer decreases below that of TG. A similar trend may be observed
in the GG conformers in the meso-isomers. From Fig. 3 it may also be seen that the
occurrence of two energy minima in the vicinity of one staggered form is frequent
for Cl and Br derivatives, but does not occur with very small (F) or very large (I)
substituents.

The applied empirical model should be capable of reproducing correctly also the
difference of enthalpy between the two major forms in the isomers (“‘configuration
energy” E, = Eyg(meso) — Ery(+)). From Table IV the values of E, are seen
to decrease in the series F (0,86 kcal/mol), CI (0-72), Br (0-63), I (0-52).

2,4-Dicyanopentane

The large dipole moment of the group CN causes the 2,4-dicyanopentane to differ
considerably from the 2,4-dihalosubstituted pentanes. This is in itself surprising,
because it has been assumed so far* that the conformational structure of both isomers
of this compound is similar to that of 2,4-dichloropentane.

AE

T o
o

»

3

. ]
®

1

Fic. 3
Relative Conformer Energies in @) (--)- and b) meso-Isomers of 2,4-Dihalosubstituted Pentanes
Designation of Conformers: © TT, @ TG, @ TG, © GG, @ GG.
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TaBLE IV
Energy and Structure of Stable Conformers of 2,4-Disubstituted Pentanes

Dihedral angles

Confor- k v, v, v, Total energy Eﬂg e e
mer abs rel Cl Cz Czcs C3C4 C4C5
a) (4)-2,4-difluoropentane
TT 1 —4:84 004 0 —479 0 0 181 180 181 180
TG 2 —444 080 079 —285 19 76 190 —72 192 180
TG 2 —424 276 047 —1-01 3-8 41 173 68 191 180
GG 1 —436 161 027 —248 23 28 188 —61 —61 188
GGa 2 —451 097 242 —112 37 3185 179 —100 64 172
GGb 2 —347 003 239 —105 37 3185 190 — 66 98 180
GGa 1 —0-35 007 1-11 0-84 56 137 164 53 53 164
GGb 1 —173 119 2-18 165 64 137 177 85 85 177
b) meso-2,4-difluoropentane
TT 1 —4.81 273 023 —185 21 2-1 180 188 172 180
TG 2 —466 058 015 —393 0 0 185 — 64 186 180
TG 2 —430 005 079 —346 05 57 170 65 163 180
GG 2 —475 1-55 247 —073 32 3185 179 —101 64 173
GGa 2 —404 027 1-87 —190 20 68 181 — 90 —73 182
GGb 2 —325 079 091 —155 24 68 168 51 65 165
GG 2 —154 265 223 333 73 3187 171 58 —97 181
¢) (+)-2,4-dichloropentane
TT 1 —630 036 010 —584 0 0 180 185 185 180
TG a 2 —595 068 245 —282 30 40-5 181 —102 186 180
TG b 2 —610 104 169 —337 25 40-5 181 209 —67 180
TGa 2 —309 244 125 060 64 2000 168 39 190 180
TG b 2 —542 165 257 —120 46 200 181 222 68 176
GG 1 —592 136 025 —430 15 1-8 188 — 61 —61 188
GGa 2 —566 108 240 —218 37 3185 180 —101 58 174
GGb 2 —175 042 290 157 74 3185 203 — 64 85 159
GGa 1 1390 044 107 1542 213 803 170 47 47 170
GGb 2 13-:00 120 510 1931 252 80-3 182 91 77 120
d) meso-2,4-dichloropentane
TT 2 —613 222 167 —225 29 186 181 208 168 180
TG 2 —603 078 013 =512 0 0 187 —64 179 180
TG 2 —567 047 178 —342 17 3944 172 57 148 180
GG 2 —612 134 245 —234 28 3184 179 —101 64 173
GGa 2 —544 052 289 —204 31 402 179 —110 —66 183
GGb 2 —322 094 166 —061 47 402 168 40 68 163
GG 2 11-23 242 390 17-56 227 3203 169 42 —78 223
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TABLE IV
(Continued)
Confor- k % v v Total energy Dihedral angles
3
mer v ¢ abs rel stE C,C, C,C; C5C, C,Cs
e) (4)-2,4-dibromopentane
T 1 —690 044 013 —633 0 0 180 186 186 180
TG a 2 —657 064 270 —322 31 480 180 —106 186 180
TG b 2 —669 095 183 —391 24 48-:0 181 211 —66 189
TG 2 —301 216 146 0-61 69 235 169 37 191 180
GG 1 —640 1-16 025 —499 1-3 16 188 — 61 —61 188
GGa 2 —630 100 243 —2:88 35 3185 179 —102 58 174
GGb 2 —220 048 315 144 78 3185 155 82 —66 205
GGa 1 1628 051 093 1772 241 953 174 46 46 172
GGb 2 1825 113 535 2474 31-1 953 218 8 81 206
f) meso-2,4-dibromopentane
TT 2 —6:68 1-83 211 —274 30 223 180 188 144 179
TG 2 —659 074 014 —570 0 0 187 —64 178 180
TG 2 —634 052 192 —39] 1-8 470 181 —146 —57 187
GG 2 —661 115 245 —301 27 3184 179 —101 64 173
GG 2 —342 087 174 —081 49 477 169 39 68 164
GG 2 13-07 222 392 1921 249 3206 171 41 —77 224
g) (+)-2,4-diiodopentane
TT 1 —725 050 023 —652 0 0 180 187 187 180
TG 2 —698 070 203 —425 23 856 187 — 65 215 180
TG 2 —119 146 2-18 2-45 9-0 868 173 27 193 180
GG 1 —652 078 026 —549 10 09 188 — 62 —62 188
GG 2 —672 077 248 —347 31 3184 180 —102 57 174
GGa 1 2369 052 104 2525 31-8 171 181 44 44 181
GGb 1 26:58 092 768 3518 417 171 233 83 83 233
k) meso-2,4-diiodopentane
T 2 —722 108 296 —318 28 859 180 185 127 180
TG 2 —6'83 061 021 —600 0 0 187 — 66 175 180
TG 2 —678 052 212 —415 18 851 181 —143 —56 186
GG 2 —676 078 246 —353 25 13184 179 —101 64 173
GG 2 —297 066 199 —033 57 856 169 35 69 164
GG 2 2550 153 439 3142 374 3270 182 32 —72 —229
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TaBLE IV
(Continued)
Confor- k v y v Total energy E Dihedral angles
] t:
mer w abs rel stg C,C, C,C3 C,C, C,Cs
i} (+)-2,4-dicyanopentane
TT 1 —554 251 033 —270 07 08 180 189 189 180
TG 2 —547 193 162 192 15 356 190 — 68 207 181
TG 2 —250 716 151 616 96 266 169 36 190 180
GG 1 —550 183 025 —342 0 0 188 — 61 —61 188
GG a 2 —469 261 231 023 37 3184 180 — 99 57 174
GGb 2 —1:00 196 2-80 376 72 3184 202 — 65 8 161
GGa 1 12:68 240 1-15 1622 196 729 167 47 47 168
GG b 1 744 476 726 19-46 229 729 125 79 79 125
) meso-2,4-dicyanopentane

TT not present

TG 2 —539 203 016 —320 0 0 187 — 65 177 180
TG 2 —4-68 225 179 —063 26 369 172 56 148 180
GG 2 —564 189 242 —133 19 3183 179 —101 63 173
GGa 2 —4:37 196 262 0-21 3-4 360 179 —104 —66 185
GG b 2 —2:90 194 161 065 39 360 168 41 68 163
GGa 2 1063 878 397 2338 266 3210 167 41 —78 222
GG b 2 18:20 937 202 2960 32:8 3210 194 86 —45 178

k) pentane

TT 1 —453 — 0 —453 0 0 180 180 180 180
TG 2 —444 — 017 —427 03 07 180 176 61 175
GG 1 —400 — 028 —372 08 113 172 61 61 172
GG 2 —4.45 — 248 —197 26 3185 188 — 64 101 181

From Table IVi, conformer GG is the most stable form of the ( + )isomer, followed
by TT with a relative energy of 0-7 kcal/mol. Experimentally this energy difference
has been determined from NMR spectra® (1-2). However, from NMR spectra, the
most stable conformer could not be determined. The sequence of the remaining
conformers is similar as in (+ )-2,4-dichloropentane.

In the meso-isomer (Table IVj) the conformers form the sequence TG, GG (1-9
kcal/mol), TG (2-6), GG a (3-4), GG b (3-9). Surprisingly no potential energy mini-
mum has been found in the vicinity of the TT form.
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TasLE IV
(Continued)
Confor- k y v, Total energy Dihedral angles
mer " abs rel % ¢, C,C; C,C, C,C5 C,Cq C,uC,
) 2,4-dimethylpentane
I 2 — 747 026 —721 O 0 188 — 61 179 180 180 188
I 4 —7-74 246 —528 19 3183 179 —101 64 173 180 180
Hla 4 —679 2-60 —4-20 3-0 3183 180 —102 —65 186 180 175
HIb 4 —4-23 355 —068 65 3183 207 — 70 —40 192 180 156
v 2 1535 618 21-54 288 6368 169 46 —74 224 222 167
(0N C, Cs C, C, Cq4 C,
¥ } ) t
{364—C2—>C3 —?04—>C5 C6‘¢"Cz—*C3—>Cd‘—)‘C7 C64—C2'—*C3—)‘$4 C2—>C3_*€4
¥
Cq Cs C Cs
I i I v

k statistical weight of conformer; V', dispersion energy contribution; V, dipole-dipole energy
E,

contribution; ¥ three-fold rotational barrier contribution;

in the staggered approximation.

TABLE V

Comparison of Some Theoretical and Experimental Conformer Energy Data in n-Pentane

stg

Relative energy

Conformer e B _
calc. cale.? calc?. exp.2?
T 0 0 0 0
TG 0:26 053 0-64 0-50
G'G™ 0-81 1-18 1-04 ?
GYG~ 2:56 3-20 2:63 ?

2,4-Dimethylpentane

relative energy of conformer

2,4-Dimethylpentane differs from all the compounds discussed so far by the absence
of polar bonds, and of asymmetric carbon atoms — it does not form stereoisomers.
The most stable conformer of this molecule (Table 1Ve) corresponds by its geometry
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to the TT = GG conformer of the syndiotactic diad, or to the TG conformer of the
isotactic diad, in agresment with the structure of crystalline polypropylene??:2*,
The next conformer (relative energy 1-9 kcal/mol) corresponds to the TG form
of the syndiotactic diad or to the TT form of the isotactic diad. The presence of
a relatively large amount (about 5%) of this conformer could explain the small
values of end-to-end distances in isotactic polypropylene?*.

Pentane

For comparison, the conformational structure of pentane (Table IVk) regarded as
a model of polyethylene, has also been calculated. Pentane has already been investig-
ated by several authors®:?-25, The results of various papers are compared in Table V.
Considering the approximations involved in the methods applied, and the differences
in the values of dispersion interaction parameters used, the agreement is very good.

CONCLUSIONS

The results obtained by the method described in this paper agree very well with the
accessible experimental data. From Table 1V, the contributions of all three types
of non-bonded interactions of equation (3) are comparable, and it is therefore not
possible to neglect any of them in conformer energy calculations. The present
calculations confirm recent conclusions based on detailed experimental data, con-
cerning the inadequacy of the ‘“‘staggered approximation” in studies of conformational
structure of largzr molecules. In the molecules treated in this paper, not only the
relative energies, but also the number and statistical weight of various conformers
are found to disagree with expectations based on the *‘staggered approximation”.
Most older data on conformer energies in 2,4-disubstituted pentanes which were
based on these simplified assumptions will therefore require revision.

I thank Dr B. Schneider and Dr D. Doskocilovd for numerous discussions, valuable comments
and continued interest in this work.
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