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Abstract - The conformational preference in 8-substituted ethyl free-radi-
cals has been analysed using a quantitative perturbational 40 (PMO) analysis
performed in the framework of an ab-initio UHF-MO treatment. The second-row
effect, i.e. the increase of the rotaional barrier around the ¢,-Cg bond
when the 8 substituent belongs to the second-row has been analysed in de-
tails. It has been found that the hyperconjugation is mainly responsible for
this effect. In the 2-chloro-ethyl radical the delocalization of the single
electron of the SOMO into the antibonding oC-CL orbital represents the prin-
cipal contribution to the second-row effect. On the other hand, in the
2-mercapto, 2-phosphino and 2-silyl-ethyl radicals this effect is mainly due
to the electron delocalization from the bonding oC-X (X=SH, PH , SiH)) into
the SOMO. It has also been found that in all cases the contribBtion 3ssocia-
ted with the steric effects and the homoconjugation p-d are small and the
one associated with the homoconjugation p=p is practically negligible,

B-substituted alkyl free-radicals are transient species often implied in free-radical chemistry

They can be chiefly generated by addition upon a double bond (1) 2a,b or by abstraction (2) 2
(cf. Scheme 1).
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They generally disappear in a transfer step, or in an inter Gwlymerization) or in an
: R . - 2d .
intra (cyclisation) molecular addition step , or by B-fragmentatian 2“,

2-substituted alkyl radicals exhibit an interesting diversity of conformatinngt prete-

rences as deduced from ESR measurements or from az-initio UHF-MO studies. From ESR spectras all
- ’
g-substituted ethyl radicals which are known prefer the eclipsed conformition E with a firs

t-row
-c,f
g-substituent (e.g. CH3 3a,b, NHp 4 L OH3, F 6a=c,

) whereas substitucnis from the second-row
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(e.g. SiHyg 2e, SCH, 2e | ¢ 637€) favor the orthogonal conformation 0.
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In recent ab-initio UHF-MO studies 7-12 with full geometry optimisation, it was found

that substitution of a B-hydrogen atom in the ethyl radical with a substituent belonging to the
37,8’ NHZ 7,9’ oH 7
the Ca=C3 bond. On the other hand when the substituent belongs to the second-row (e.g. SiH3 7,

PH, 7.1 SH 7.1 SH7’11, cL 12, the rotational barrier is found to be larger (at Least 1.6 kcal/

mol more) 7, the orthogonal rotamer being favoured.

first-row (e.g. CH , F1°) has a small effect upon the rotational barrier around

This second row preference for the orthogonal rotamer has been ascribed to three dif-
ferent types of stabilizing effects :

(i) the hyperconjugation, i.e. a delocalisation mechanism involving the Single Occupied
MO (SOMO) of the radical center and the C-X bond orbital 2e,6d,e, 13.

(ii) the p-p homoconjugation, i.e. a delocalisation mechanism involving the SOMO of

the radical center and the heteroatom lLone pair 6b-e, 13b, 13e—f.

(ii1) the p-d homoconjugation, i.e. a delocalisation mechanism between the SOMO of the

radical center and the d-orbitals of the X substituents 2e, V3¢, 14.

However the relative importance of these mechanisms has not been clearly established

yet. In fact, there has been only one quantitative investigation at the ab-initio level 1

15

, based
on a Fourier expansion analysis and various qualitative MO studies . In a previous study on
first-row B-substituted ethyl radicals 16, we have shown that not only the interactions invol-
ying the SOMO are important ; but also the interactions associated with the 7 and w* MO's of the
-CH2 fragment since a complete quantitative MO picture of the conformation equilibrium must be
include them. In this paper we present a complete detaited analysis for ethyl radicals substituted
in 8 by a first or second-row element. The procedure used is a quantitative PMO analysis performed
in the framework of ab-initio UHF-MO computations where the energy effects associated with the
various types of orbital interactions are explicitly calculated 17.

COMPUTA NA R UR

18, and STO-3Gx 19

levels, along the lines described in ref. 17 and 20. ALl the SCF computations have been carried

The quantitative PMO analysis has been performed at the ST0-3G

out with the MONSTERGAUSS series of programs 21. To simplify the problem we have kept the radical
center planar and we have considered only rigid rotation. Therefore, in our analysis we have com-
pared the two structures shown in Scheme 2. For the orthogonal conformation we have used the geo-
metry obtained in a full optimization 7 with subsequent planarization of the radical center, and
the eclipsed geometry was obtained through a rigid rotation of the previously defined orthogonal
geometry. The orthogonal conformations have been fully optimized with a gradient procedure using
the 3-21G basis set 22 when X=CH3, NHZ' OH, F and the 3-21G* basis set a3 (i.e. with the addition
of a set of d orbitals on the second row atom) when X : SiH3, PHZ’ SH, CL.
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The orbital representation used in the PMO analysis has been obtained in the following
way (the full procedure is schematically summarized on Figure 1). In a first step, when X belongs
to the firss-rou, the molecule XCHzéH2 in both conformations has been dissected into three fra-
gments (1)—CH2 ; (2)-CH2- ; (3)-X. When X belongs to the second-row, the X fragment includes the
orbitals of X except the d orbitals which are in a fourth fragment dX. For each fragment we have

computed the corresponding set of canonical M0's 17'20.

subsequent step we have localized the various canonical MO's previously obtained.
More precisely we have localized all the MO's of the -EHZ fragment except the singly occupied p
orbital (SOMO), the full set of MO's of the —CHZ- fragment without any exception, and finally all
the MO's of the -X fragment except those having a local n symmetry with respect to the C-X axis
(for example the two p Lone-pairs when X = F or Cl),

In the next step we have gathered these localized orbitals (LMO's) into two subfrag-
ments and we have diagonalifed them separately. These two subfragments are a EHZ fragment which
includes all LMO's of the -CH2 fragment except that one pointing towards the B-carbon, and a
XCH2 fragment formed by the LMO's of the -CHZ- fragment (except that one pointing towards the a-
carbon) plus the LMO's of the X fragment.

The orbitals obtained with this procedure represent fragment canonical MO's with cor-
rect orbital occupancy. As a final step, in order to obtain a better description of the C-X bond,
we have localized only the canonical MO's of the fragment XCH2 having an a' symmetry with respect
to the plane of symmetry of the molecule.

The various MO's obtained with this procedure are represented in part (a) and (b) of
Figure 2. The energy effect associated with the interaction between two orbitals are calculated

using the method described in ref. 17.

RESULTS AND DISCUSSION

This type of fragmentation allows us to express the second-row effect in B-substituted
ethyl radicals in terms of hyperconjugation and homoconjugation p-p and d-p. Furthermore, an esti-
mation of the steric effects can be obtained from the repulsive interactions between occupied MO's.
The conjugative effects can be split further into two parts 15¢ ; the positive conjugation A which
implies delocalisation of electrons belonging to XCH2 fragment into the empty MO's of the EHZ
fragment and the negative conjugation D which implies delocalisation of electrons belonging to

CH2 into the empty MO's of XCH2 (cf Scheme 3).

3 /
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D
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In Table 1, the conformational preferences are expressed as AE=E(E)-E(0) i.e. the

differences of energy between the two rotamers E and O.

1 ] 1 ! T ! ] !
R U R R R L NE RN
: . " ' " S " ,
i . | | i i i i 1 )
| CHgCHCHy | 0.14 | 0.09  0.27 , 0.64 | —0.85 | -0.21 ; 0.06 ,
5 NH,CH,CH, f -0.21 E 0.30 s 0.07 5 2.69 s -3.33 : -0.64 5 -0.57 :
i nocnztnz ; —0.87 | 0.3 | -0.09 | 4.02 | -4.58 | -0.56 | -0.66
5 FCH,CH, s -0.64 5 0.58 s 0.13 5 6.60 : -6.26 f 0.34 : 0.1 :
| SHiCH,CH, | 1.96(1.82) ;  1.36 | 0.22 | -0.83 | 1.67 , 0.8 , 1.06 ,
s pnzcuzéuz 5 2.09(1.47) 5 1.66 5 0.24 : 0.95 5 0.36 : 1.3 : 1.55 !
| Hscnzguz  2.330007 ¢ 166 0412 ) 196 =079 | 1.5, 1.26 i
5 CLCH,CH, 5 3.98(2.02) 5 2.81 5 0.12 5 7.67 5 -3.45 : 4.22 : 4.34 5

Table 1 : AE=E(E)-E(CQ) is the energy difference between energy values associated with the

orthogonal 0 and eclipsed E conformations for B-substituted ethyl radicals. AESCF

refers in (a) to 3-21G6//3-21G6 computations (in parenthesis to 3-21G*//3-21G* ones)

and in (b) to ST0-3G//3-216 computations (when X belongs to the first-row) and to
STO-36*//3-21G* ones (when X belongs to the secon-row). AE:MO, AE:ggo, AE:MO deno-
te the partial PMO energy differences associated with the o, SOMO and v orbitals

- PMO
of the CH2 fragment. AESO he

sum of these three terms.

s PMO
MO+ is the sum of the two last terms and AETOTAL t

SCF .
E denotes the difference between the SCF energy values of the two rotamers. In particu-

A
Lar the 3-21G//3-21G results have been obtained at the 3-21G level using the fully optimised
3-21G geometries while, the ST0-3G//3-21G results have been obtained at the $T0-3G Level using the
3-216 geometry with the constraint of the planar radical center, as specified above. The remaining
terms represent different contributions to the conformational preferences calculated with the PMO

procedure previously described 17.

The AESCF values shows that the more interesting aspect of this problem i.e. the reversal

of conformational preference between first and second-row substituents, is well described at the
3-216//3-21G level. It can also be seen that with the first-row substituents the conformational
preference is very small (being in all cases less than 1 Kcal/mol), while the conformational pre-
ference becomes significantly more pronounced with the second-row substituents. This trend, i.e.
very small conformational preference with the first-row substituent, and larger conformational
preference with second-row substituents, is reproduced also at the STO-3G level, and it is this
trend that we try to rationalize in the present paper. The analysis of the rsults of Table 1
shows that the $T0-3G 4E>CF

which represent the overall conformational preferences computed with the PMO treatment . In

values compares satisfactory with the corresponding AE:S?AL values,

particular the second-row effect appears clearly and therefore we can proceed to analyse with

confidence the PMO results.

The analysis of Table 1 shows that the differences of energy effects associated with the
PMO.
54

Consequently they have a slight influence on the conformational equilibrium and on the second-row

interactions involving the g-type orbitals of the CH2 fragment (AE ) are very small in all cases.

effect.

It can also be seen that the usual approximation of considering explicitly only the energy
effects associated with the SOMO of the radical center (AEgggo) leads to a conformational prefe-
rence in favour of the O rotamer for all radicals except SiH3CH2CH2. This conformational preferen-
ce increases with the electronegativity of the 3-substituent. Furthermore the energy differences

are much too large and they are reduced to the correct arder of magnitude only when the energy
Prio
"

Table 1 the two last columns). This trend can be understood considering the decomposition of the

effects associated with the 7 MO's of the CH2 fragment (A€ ''") are taken into account (compare in
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SOMO in its a and Bspin components (see Figure 2a)., The a-SOMO and the B-SOMO are, in fact, very
similar to the wCH2 and n*CHZMO respectively the only difference being the occupancy of the CH2
orbital which is twice that of the SOMO, but this effect is counterbalanced by a larger overlap
associated with the SOMO. Because the two types of orbitals lie on orthogonal planes, when we
change conformation the interactions associated with the SOMO's are replaced by the interactions
associated with the nCH2 orbitals and vice versa. For this reason the AE values become small when

PMO :
somo+n 11 table 1.

both types of interactions are taken into account (cf AE
Therefore, to obtain a satisfactory rationalization of this problem, we have to consider
explicitly the various types of orbital interactions involving either the SOMO's or the nCH2 orbi-
tals. We have also found convenient to separate further the various interactions according to the
symmetry of the MO's involved. Because, in fact, all the conformations examined here have a plane
of symmetry, the MO's of the various fragments in the canonical representation are either symmetric
(a' type) or antisymmetric (a" type) with respect to this plane. Furthermore all fragment MO's have

been classified as o or 7 with respect to local symmetry of the various fragments.

] ] ] ]

! 1oagfh0 y aePMO

! oA g

! ! ! !

! . ! ! !

| CH3CH2CH2 ] 4.28 1 ~4.49 1

[} . [l | [} . 3 5 3 3

; NHZCHZCHZ i 3.9 1 -4.58 Jable II : Contributions of the 1n;;8act1on

, . . \ 1 between a'-orbitals (AEa, ) and

1 HOCHCH, 411 —4.67 a" orbitals (AE:ro) to the conforma-—
1 . 1 ! 1

; FCH,CH, y 490 | -4.56 tional preference (AE = E(E) - E(0)
| SibgoH,EH, | 5.2 | 458 | in Kcal/mol) in g-substituted ethyl
1 . ' | | radical.

] PHZCHZCHZ ] 6.13 1 -4.82 |

! . 1 ! \

) HSCHCH,  5.99 | -4.85

1 . 1 ! 1

] CLCHZCH2 | 9.30 1 -5.08 t

! ! ! !

The analysis of the energy differences associated with a' and a" MO's listed in table II,
shows that the interactions between a' MO's favour the O rotamer, while the interactions between
a" MO's favour the E rotamer. Furthermore the interactions involving the fragment orbitals of a"
symmetry are not significantly affected by the B-substituent, and their energy difference in the
two conformations remains of the order of magnitude found in the ethyl radical 16. This trend is
caused by the fact that the a"-M0's contain the g-substituent in their nodal plane of symmetry
which is also the nodal plane of the molecule, and therefore their effect do not change significan-
tly with the change of the B-substituent. 1t {s clear {rom Table 11 that the second-now effect must
be found in the frame of the energy effects associated with the fragment MO's of a' symmetry.

In Table III the contributions to the conformational equilibrium due to the orbitals of a’
symmetry, i.e. the energy differences between interactions due to nCH2 and n*CH2 in rotamer E and
those due to the a~SOMO and B~SOMO in rotamer O has been decomposed in four subgroups ; i) a' type
d orbitals i) other a' MO's belonging to the X group, iii) the C-X bond and iv) the a'-type MO's
of (XICH,, i.e. GOXCH, and o™ (X)CH,.

For the subgroups ii), iii) and iv) the conformational preference has been dissected into
three contributions a) the steric effect (S) due to repulsion between occupied MO's, b) the nega-
tive coniugation, or donor effect (D) of the EHZ fragment, due to interactions between occupied
10's of CH2 uith-unoccupied MO's of XCH2 subfragments, c) the positive conjugation, or acceptor
effect ® of the CH2 fragment, due to interactions between unoccupied MO's of CH2 with occupied
'i0's of XCH2 subfragments.
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In tabfe 1V, the sccond-1ow effect is tentatively measuned in terms of the difference
AAE = AE(Znd-row} - AE[1st-acw) for radicals having B-substituents belonging to the same column
of the periodic tabfe. In the a'-MO's subspace, we have considered the contribution of each group
(dx, X, C-X, (X)CHZ) to AAE and in each group the steric and conjugative (donor and attractor)
contributions.

In table IV a positive number means that the second row B-substituent favors more the
0 rotamer than the corresponding first row B-substituent. We proceed now to discuss the second-row
effect in detail ;

dX ORBITAL INTERACTIONS

The values of Table IV show very clearly that in all cases the d-orbital interactions
reinforce the second-row effect, even if the contribution is quite small. A more close analysis of
this effect shows that the d-orbital of a' symmetry interacts in the O rotamer only with the singly

occupied a=SOMO and in the E rotamer with the doubly occupied nCH MO (cf. Figure 3).

2

ax, — X,
PMO
8y ax
—C  @-S0M0 CHy Q} .
‘ —C 7CH,.

0 E

Figure 3. Representation of the an,*ﬁu-SOMO and dxa,+-’-nCH2 interactions

respectively in the 0 and E rotamers of XCHZCHZ'
But the effect of orbital occupancy is counterbqlanced by a better overlap which is
g
roughly twice Larger in the interaction da'++a-SOMO than in interaction da'«*wCEz and by an

energy gap which is also more favorable for the da'«»x—-SOMO interaction.
X GROUP INTERACTIONS

The analysis of the results of Table III shows that these types of energy effects are
rather small. It is also found that in all cases only the repulsive contribution (S) is signifi-
cant, so that these effects are mainly steric in nature. In all cases they favour the 0 conforma-
tion. This means that there is more repulsion in the E rotamer with the 7M0O's of CH2 than in the
0 rotamer with the SOMO.

From Table 1V it appears that there is not a clear trend about the second-row effect.
There is no effect for the pair HSCHZEHZIHOCHZEHZ. for the pair ClCHZCHz/FCH2
effect is due to a difference of repulsive effect with the in-plane lone pair pa' that is larger

when X = CL than when X = F (cf. Figure 2a).

EHZ’ the second-row

There is also a surprisinedifference of behavior between the pairs PHZCHZCHZ/NHZCHZCHZ

and SiHSCHZCHZICH3CH2CH2.

the UPHZ, oNHz, ﬂa,SiH3 and wa,C33 orbitals with the SOVMO in the O rotamer or with the TrCH2 orbi-

This arises mainly from the difference of steric interaction between

tal in the E rotamer.



Analysis in the framework of ab-initio UHF-MO computations

T T T T T g T T g

! X ! CH, ! NH ! HO ! F V' SiH, ! PH, ! HS ! (L
! 34 2y ' 3, 2, !

I oo ' ' i ! ! ! ! !
1o o= 1 = 1 - 1 - 103510.31! 0.47 ! 0.59
NI ! ! ! ' ' i : ' ! °
! ! ' ' ! ! ' ' !

' S 1077 1 0.46 ! 0.30 ! 0.12 ! 0.41 ! 0.90 ! 0.37 ! 0.58
! ! ! ! ' ! ' ! '

L o D, 0.06; 0.02 ; 0.09, =~ | 0.19,;0.00,0.10, -
b BEgx A1 0.16 1 0.17 ! 0.25 ! 0.55 ! 0.04 ! 0.25 ! 0.09 ! 0.66
] ] | ] 1 1 ] [} t

; I} 0.99 | 0.65 | 0.64; 0.67 ; 0.64, 1.15 | 0.56 ; 1.2
! ! ! ! ! ' ! ' !

] | [] ] ] ] ] ] ]

i S} 0.61; 0.48 | 0.13 | 0.31 ; 0.9 ; 0.68 ; 0.85 ; 0.65
L oo D11.2311,78 1211 12,781 0.71 1 1.47 ! 1.82 ! 4.75
Y- ! i ! ! ' ! ! I

L “Fat/c-x A 0.50 0.36 | 0.21 ; 0.13 | 1.58 ; 1.38 ; 1.09 | 0.63
! T 12360 2.62 ! 2.45! 3.22 ! 3.28 ! 3.53 ! 3.76 ! 6.03
! ! ' ! ! ' ' ! !

! ! ! : ! ! : ! !

' S ! 0.10 1-0.09 ! 0.27 ! 0.18 ! 0.22 ! 0.21 ! 0.31 ! 0.52
1 ] [] ! 1 I ] 1 t

1 4gPMo D | 0.64 ; 0.61 ; 0.6h ; 0.71 ; 0.59 ; 0.66 ; 0.63 | 0.80
1 ag™ ' ! ! ! ' ; ! !

b @/OCHy 4y 0291015 1 0,11 ! 0.12 1 0.34 ! 0.27 ! 0.26 ! 0.12
1 ] ] ] t ] ] t |

; I}0.95; 0.67 | 1.02 ; 1.01 | 1.15 | 1.16 | 1.20 | 1.6

Table III : Contributions to the conformational preference in XCHZCH2

(AE = E(E)-E(0) in kcal/mol) due to orbitals of a' symmetry

belonging to subgroups dX, X, €-X and (X)CHZ. For the three last
subgroups the total contribution (I) has been dissected into Steric

(S) ,Donor

(D) and Acceptor (A) effects.

i i ] T T

t 1 3 ! ! |

D Xong My | SiHg/CHy 1 PHy/NH, L HS/HO boocur
] 1 1 1 1

] ] ] ] ]
HEYCA R 0.35 L 030, 046 0.59
! ! ! ' '

| ) ] | ]

; s, 0.36 . 0.4k, 0.07 : 0.46
' pMO D! 0.13 1 —0.02 !  0.01 ! -
1 BAE 4,y 1 | 1 1

; A, -0.12 . 0.08 L -0.16 : 0.1
! ! 0.35 ! 0.50 ! -0.08 ! 0.57
| 1 | ] 1

] | | ] ;

; s, 0.38 . 0.20 L0.72 © 0.3
' oo 0!  -0.52 I -0.31 I -0.29 ! 1.97
'opseD) ! ! ! !

DA o, 1.08 L 1.02 . 0.88 : 0.50
' ! 0.9 L 0.9 L3 ! 2.81
! ! ! ! '

] ] 1 ] |

; s 0.12 . 030, 0.04 ; 0.34
1 aaet™0 b ! -0.05 ! 0.05 ! -0.01 ! 0.09
] ] 1 ] ] ]
bt a3 L a2 Y 05 L 0.00
' ol 0.10 1 0.7 1 0.8 ' 0.43
] ] t t t

Yable 1V : Second-row effect, (indCHZCHZIX
as ALE = AE(2nd-row)-AE(1st-row). AE(2nd-row) and AE(1st-row) are
those given in Table 1II. The total contribution (Z) has been dis-

1st

CHZCHZ) measured in kcal/mol

sected into Steric (S), Donor (D) and Acceptor (A) effects.

5575
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From the values given in Figure 4b and 4c it appears that a siH3 group shows less steric
hindrance to the Ca—CS rotation than a CH3 group. But on the other hand a PH2 group shows more
repulsion with the CH2 group than the NH2 one. Actually these trends can be easily explained loo-
king at the geometry of these molecules. The groups SiH3 and CH3 have roughly the same hybridiza-
tion if one measure the angle between the YH2 plane and the Y-C bond (Y = Si or C), respectively
126.0° and 126.6°. But the $i~C bond 1s longer than a C-C and consequently the S1H3 group shows
less hindrance to the rotation of the CHZ group then the CH3 group. In PHZCH2 > the C-P bond is
Llonger than the C-N bond in NHZCHZCHZ, but the angle of the PH2 plane with P-C is much smaller
(101.5) than the angle of NH2 with N~C €(132.1). It follows that, in the E rotamer, the H's bound
to P come closer to the H bound to the radical center than the H's bond to N (2.73 A against
2.79 A). Consequently there is more steric hindrance to the rotation of the EHZ group in the

PH,CH CH2 radical than in the NHZCHZ(EH2 one, which is part of the second-row effect.

2

C-X BOND INTERACTION

Interactions of the oC-X and o*C-X orbitals with the a= and 8-SOMO's in the 0 rotamer and
the vrCH2 and n*CH2 in the E rotamer provide the main contribution to the second-row effect. From
Table IV one can notice that the steric contribution aluays favours the second-row effect, but the
main contnbutwn comes from the donor effect of the CH2 fragment if one compares FCHZCH2 to
CLCHZCHZ, and comes from the acceptor effect of the CH2 fragment if one compares the three other

pairs.

1) The steric interaction between C-X and CH2

This effect is due to the ol~X+>a-SOMO interaction in the O rotamer and to the oC—X«-—mCH2
interaction in the E rotamer. Between the three kinds of interactions S, D and A (cf Scheme 4),
the steric one is, in magnitude, the largest one. These steric interactions are more repulsive
when X is a second-row substituent than when it is a first-row one (cf Figure 5). A detailed analy-
sis shows this is due to a larger overlap between the orbitals when X belongs to the second-row.
Furthermore the ac-X«a1CH2 interactions is always more destabilizing than the ¢C-X+»x-SOMO one,

and that difference is more pronounced if X belonas to the second-row. Consequently the related
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Figure 5 : Hyperconjugative and steric effects (in Kcal/mol) with the oC-X and o*C-X orbitals
into the 0 and E rotamers of the X- CHZCH2 radicals. I represents the sum of the effects

PMO

and AE = LE(E) - LE(0). Italic numbers refer to X first-row and straight numbers to

X second-row.

LE's are larger for the second-row B-substituted radical (cf Table III). Then the AAE's indicate

a slight steric tendency in favor of the second-row effect (cf. Table IV).

2) The Acceptor effect of CH

2

This effect comes from the oC-X~—8-SOMO interaction in the O rotamer and from the
oC-X«»«*CHz interaction in the E rotamer. Due to a higher energy of the oC-X orbitals and also to
a better overlap, these interactions are always more stabilizing when X is a second-row substitu-
ent. Furthermore the oC-X<+8-SOMO interaction is always more stabilizing than the aC-X*—»-n*CH2 one,
and that difference is more pronounced if X belongs to the second-row. Consequently values of AE
are smaller when X is a first-row substituent than when it is a second-row one (cf Table III). It
follows that the Agceptor interections contribue to the second-row effect. For the radicals
SiH_ CH CH Ph,CH,CH, and HSCH CH2 it is actually the largest contribution to the second-row effec:

372727 T 2TRTR 2
(cf Table IV).
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Figqure 5 : See comments on preceeding page

3) The Doner_ effect of CH,

This effect comes from the 0" C-X+>a-SOMO interaction in the O rotamer and from the
a*c X«-’-vrCH2 in the E rotamer. Due to a Louer overLap between the orbitals, these interactions are
less stabilizing for 81H3CH2CH2, PH CHZCH2 and HSCHZCH2 than in the correspond1ng radicals of the
first-row. But in CLCH?CHZ, these interactions are more stabilizing than in FCHZCH2 That parti-
cular behav1or is mainly due to a much more favorable value of the Hij integral in CLCHZCH2 than
in FCHZCHZ' Futhermore, for all radicals, the o C—X<--’1TCH2 interaction in the E rotamer is always
less stabilizing than the o C-X**u-SOMOare in the V] rotamer. Consequently the Acceptor effect of
CH2 uorks again the second-row effect in S1H3CH2CH2, PHZCHZCH2 and HSCHZCHZ, but re1nforces it in
CLCHZCH2 since the 1nteract1on 6*C-X«>a-SOMO is much more stabilizing than the o C X«amCH (ct.
Figure 5). For CLCHZCH2 it is actually the main contribution to the second-row effect.

(X)CH., GROUP INTERACTIOMS

2
For all radicals the (X)CH2 group interactions contribute very slightly to the second-

row effect an all individual contributions (S, D, A) are small.
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CONCLUSION

Experimental and theoretical results indicate that in g-substituted ethylradicals
operates the so—called second-row effect, i.e. the conformational equilibrium between the 0 and
E rotamers is more in favor of the 0 rotamer when the g-substituents belongs to the second-row.
To understand the origin of this effect, we have performed a quantitative PMO analysis in the
framework of an ab-initio UHF-MO treatment on a series of g-substituted ethyl radicals and we have

compared the energy effects associated with the various types of orbital interactions.

For all radicals studied here, the main contribution to the second-row effect comes
from the hyperconjugation with the oC-X bond. But the nature of the hyperconjugation is quite
different in the various radicals. In CLCHzf:H2 it is the interaction pa-SOH0+*v*C-X (negative
hyperconjugation) which is mainly responsible of the second-row effect, whereas in the radicals
SiH3CH26H2, PH2CH2&H2, HSCHZEH2 it is the interaction B-SOMO«+aoC-X (positive hyperconjugation)
which provides the Largest contributions. Other less significant contributions come from the d-
orbitals (d-p homoconjugation and from the steric effect, while the p—p homoconjugation plays no

role.

BIBLIOGRAPHY

Part III. J. FOSSEY, J. SORBA, F. BERNARDI and A. BOTTONI. J. Chim. Phys., 82, 631, (1985).
2. a) J.M. TEDDER, Angew. Chem. Int. Ed. Engl., 21, 401 (1982)
b) B. GIESE, Angew. Chem. Int. Ed. Engl., 22 753 (1983).
c) P.S. SKELL, K.J. SHEA, Free Radicals, (Edited by J.K. Kochi). Vol. 2, Chapter 26.
New=York (1973).
d) A.L.J. BECKWITH, Tetrahedron, 37, 3073 (1981).
e) P.J. KRUSIC and J.K. KOCHI, J. Amer. Chem. Soc., 93, 846 (1971).
3. a) R.W. FESSENDEN, J. Chim. Phys. Phys. Chim. Biol., 61, 1570 (1964).
b) F.J. ADRIAN, E.L. COCHRAN and V.A. BOWERS, J. Chem. Phys., 59, 3946 (1973).
4. J. DEWING, G.F. LONGSTER, J. MYATT and P.F. TODD. Chem. Commun., 391 (1965).
5. R. LIVINGSTON and H. ZELDES, J. Chem. Phys., 44, 1245 (1966).
6. a) A.J, BOWLES, A. HUDSON and R.A. JACKSON, Chem. Phys. Lett., 5, 552 (1970).
b) T. KAWAMURA, D.J. EDGE and J.K. KOCHI, J. Amer. Chem. Soc., 94, 1752 (1972).
c) D.J. EDGE and J.K. KOCHI, J. Amer. Chem. Soc., 94, 6485 (1972).
d) K.S. CHEN, I.H. ELSON and J.K. KOCHI, J. Amer. Chem. Soc., 95, 5341 (1973).
e) J. COOPER, A. HUDSON and R.A. JACKSON, Tetrahedron Lett., 831 (1973).
f) K.S. CHEN, P.J. KRUSIC, P. MEAKIN and J.K. KOCHI, J. Phys. Chem., 78, 2014 (1974),
7. J. FOSSEY and F. BERNARDI, unpublished results.
8. J. PACANSKY and M. DUPUIS, J. Chem. Phys., 71, 2095 (1979).
9. F. DELBECQ and J.M. LEFOUR, Tetrahedron Lett., 3613 (1983).
10. H.B. SCHLEGEL, J. PHYS. Chem., 86, 4378 (1982).
11.T. HOZ, M. SPRECHER and H. BASCH, 23, 109 (1983),
12. H.B. SCHLEGEL and C. SOSA, J.Phys.Chem., 88, 1141, (1984).
13.a) A.R. LYONS and M.C.R. SYMONS, J. Amer. Chem. Soc., 93, 7330 (1971).
53 A.R. LYONS and M.C.R. SYMONS, J.C.S. Chem. Commun., 1068 (1971).
c) T. KAWAMURA and J.K. KOCHI, J. Amer. Chem. Soc., 94, 648 (1972).
d> M.C.R. SYMONS, J. Amer. Chem. Soc., 94, 8589 (1972).
e) A.R. LYOMS and M.C.R. SYMONS, J.C.S. Faraday Trans. 2, 68, 622 (1972).
f) M.C.R. SYMONS, Chem. Phys. Lett., 19, 61 (1973).
g) M.C.R. SYMONS, Tetrahedron Lett., 793 (1975).
h) A.C. HOPKINSON, M.H. LIEN and I.G. CSIZMADIA, Chenm. Phys., 557 (1980).
14.a) 5. GRILLEP and K.U. II'GOLD, J. Amer. Chem. Soc., 95, 6459 (1973).
b) 5. SRILLER and K.U. IIGOLD, J. Amer, Chem. Soc., 96, 6715 (1974).



5580 F. BERNARDI et al.

15. a) R.H. HOFFMANN, L. RADOM, J.A. POPLE, P. von R. SCHLEYER, W.J. HEHRE, L. SALEM,
J. Amer. Chem. Soc., 94, 6221 (1972)
b) A.R. ROSSI and D.E. WOOD, J. Amer. Chem. Soc., 98, 3452 (1976).
c) A. PROSS and L. RADOM. Tetrahedron, 36, 1999 (1980).
d) L.M. MOLINO, J.M. POBLET and E. CANADELL, J.S.C. Perkin Trans. 1I, 1217 (1982).
16. F. BERNARDI, A. BOTTONI, J. FOSSEY and J. SORBA. J. Mol. Struct., Theochem., 119, 231 (1985).
17. F. BERNARDI, A. BOTTONI and J. FOSSEY. Theoret. Chim. Acta (Berl.), 61, 251 (1982).
18. W.J. HEHRE, R.F. STEWART and J.A. POPLE, J. Chem. Phys., 51, 2657 (1969).
19. J.B. COLLINS, P. Von SCHLEYER, J.S. BINKELY and J.A. POPLE. J. Chem., 64, 5142, (1976).
20. a) F. BERNARDI and A. BOTTONI, Theoret. Chim. Acta (Berl.) 58, 245 (1981) ;
b) F. BERNARDI and A. BOTTONI, in : Molecular Structure and Conformation. I.G. Csizmadia
(Ed.), Elsevier, 1982.
21. M. PETERSON and R. POIRIER. Monstergauss (June 1981), University of Toronto, Chemistry
Department, Ontario, Canada.
22. M.S. GORDON, J.S. BINKLEY, J.A. POPLE, W.J. PIETRO and W.J. HEHRE, J. Amer. Chem. Soc., 104,
2797 (1982).
23. W.J. PIETRO, M.H. FRANCI, W.J.HEHRE, D.J. DEFREES, J.A. POPLE and J.S. BINKLEY. J. Amer.
Chem. Soc., 104, 5039 (1982).



