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High-level theoretical methods based on density functional and Hatfreek—Mgller—Plesset theories have

been employed to study the selectivity of the OH radical attack on toluene and to predict expected hyperfine
coupling constants of the isomeric addition adducts. In recent work, we have found that the adduct with OH
added to the methyl-substituted carbon atom (ipso addition) of the ring may be especially stable both in
toluene and in the xylenes. However, since this kind of adduct does not form a phenol, it is not directly
identified in the products. The calculations indicate that quite different values should be observed for the
EPR signals of the methyl hydrogen atoms of the four isomers, suggesting that electron paramagnetic resonance
measurements could provide decisive information on the selectivity of thea@éftion to toluene. The
calculated values of the hyperfine coupling constants are compared with the experimental values reported by
Jolibois et al. for thymine.

1. Introduction products (other than the already mentionedicarbonyls) have
been observed. Thus, considerable uncertainty still exists

It is well-known that the initial reaction of toluene in the ) )
regarding the overall Ot toluene reaction.

troposphere involves, almost exclusively, the ‘Q&tlical! via i N -
two possible pathways: the abstraction of a hydrogen atom from According to the accepted rules for electrophilic addition to

the side chain to form a benzyl radical and water, aromatic rings, one would expect addition to occur at the ortho
and para position. However, the observed preference for attack
Ar—CH, + OH — Ar—CH," + H,0 1) at the ortho position of toluene by a factor of 5.6 with respect
to the para position is significantly greater than the statistical
and the addition of the OHadical to the ring, preference of a factor of 2.
Theoretical work on the oxidation reactions of aromatic
Ar—CH; + OH" — Ar(OH)—CH;’ @) hydrocarbons is scarce. Bartolotti and Echeged a simple

density functional approach with the local exchange correlation

For reaction 2, several Okaddition isomers are expected to functional developed by Voskewilk —Nusaif to identify
be formed. In toluene, Ottan in principle add to the ortho, potential intermediates produced in the Cadidition initiated
meta, or para positions, and also to the carbon atom to whichatmospheric photooxidation of toluene. Although their energy
the methyl group is attached (ipso position). results were acknowledgably preliminary in nature, their

The adducts formed in the addition reaction have not been calculations were able to confirm certain aspects of the proposed
isolated. Only in the case of benzene has the OH adduct beenreaction mechanisfrand to predict the importance of carbonyl
observed in the gas phase using UV absorption at 308 nm. compounds containing epoxide structures. More recently, An-
Their existence is postulated on the basis of part of the observeddino et al® performed very extensive and complete theoretical
final products: o, m-, and p-cresols ando-, m-, and p- work on the atmospheric oxidation of toluene,andp-xylenes,
nitrotoluene. Since no cresol can be obtained from addition at 1,2,4-trimethylbenzene, amd-ethyltoluene. These authors used
the ipso position, the possibility of this adduct being formed a combination of semiempirical (PM3) and density functional

has not been considered, in general. theory (using the hybrid B3LYP functiondlto calculate the
The kinetics and mechanisms of the OH radical reaction with energies and structures of all the postulated intermediates and
toluene has been reviewed and evaluated by AtkifsBar products along several possible pathways, up to the final

toluene at 298 K, approximately 10% of the overall reaction products. In both of these papéf®nly the pathways following
occurs by H atom abstraction to form, in the presence of NO, the OH addition at the ortho position were considered.
benzaldehyde and benzyl nitrate. The cresols account for |, previous work on the selectivity of OHaddition to
approximately 25% of the overall OH radical reaction, and 4 ené and to xylene® using second-order MalleiPlesset
glyoxal plus methylglyoxal (together with their coproducts) for e rhation theory (MP2) and B3LYP calculations, we found
0, ini 0, 1 . e . . . .
another 25%. The remaining 40% reaction products are noty gjgnificant contribution from adducts corresponding to addition
quantitatively known, although a variety of ring cleavage ot the OH radical to the ipso carbon atom. The possibility of
* Universidad Autaoma Metropolitana addition at this position, however, has not been considered in
f Instituto Mexicano del pe’tteg_ ' ge_neral, except foo-_xylene, and the_ \_/arious propc_)sed mech-
8 CEA-Grenoble. anisms do not mention channels arising from the ipso adducts.
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For o-xylene several authd¥s'314propose schemes involving  electrong value is appropriate also for the radicals. To convert
addition of OH to an ipso carbon atom, to explain the observed data to megahertz, one has to multiply them by 2.8025.

ring cleavage final products and the formation of biacEtyet, Averaging of the hyperfine coupling constants of the three
as discussed by Traynhafhnumerous examples of ipso free- hydrogen atoms in the methyl group is in order if there is a
radical substitution have been reported. free rotation about the €CHs bond. In this work, the energy

We have recently calculated the potential energy surface for barriers for this rotation were computed for the four isomers.
the initial OH attack on toluene, including the formation of a In addition, other large amplitude vibrations capable of affecting
pre-reactive complex that explains the observed negativethe EPR coupling constants were analyzed.
activation energies in reaction®2A discrepancy was observed
between the results obtained using a B3LYP density functional 3. Results and Discussion
Plesset (MPn) or coupled olster (CC) theories, on the other. OUI Present study investigates the additon products in the
hand, with respect to the importance of the ipso*@Hdition. initial reaction of a hydroxyl radical with toluene. We consider

P o . the four isomers of the adducts of toluene. Their geometries
Although MPn and CC results indicated that addition at this . o .
position of the ring yielded adducts that were especially stable "' obtained at the MP2/6-31G** and B3LYP/6-31G™, and

both in toluene and in the xylenes, B3LYP calculations the MP2-optimized structures are shown in Figure 1, including

systematically deemphasized those interactions that should betlb:blre]:uT?c?rrTr?eOi];aézeaaolltg?cf. fglrl :Eee Rﬁ‘éarr:::ﬁgz:rsmgg}/oeyneén

responsible for their added stability. However, even considering c ding tables for the other i ilabl
the possibility that the stability of the ipso derivative could be orresponding tables for the other ISomers are avaliable as
fSupportlng Information. As expected for stable structures in

exaggerated in the MPn and CC calculations, the formation o .
this adduct is certainly not negligible, and it should yield g.en.eral, mostdlstanpes and angles for th? two methods are very
' similar. Differences in the values of the distances are typically

detectable concentrations of certain products, as observed irLess than 0.01 A, those of the angles fall within less than 1

the case of the meta and para isomers. In ref 9, three scheme ; e R :
were proposed for the fate of the ipso adduct. and those of dihedral angles withifi. However, it is interesting

the selectivity. Indeed, both experimental and theoréficesults

are available for a few similar compounds, i.e., the*@hkd H
addition adducts of DNA bases. In the present work, the
hyperfine coupling constants of specific atoms in the different
isomeric addition adducts will be calculated, to determine
whether they could eventually be used to experimentally identify
the different isomers.

with respect to the carbon atom carrying the largest spin density.
The disagreement is probably due to the fact that the two
methods differ appreciably in their description of the radical
center. In fact, MP2 tends to better localize the spin density,
and thus the corresponding bond distance is shorter.

The relative PMP2 and B3LYP energies, including the zero
point energy corrections (ZPE), calculated with respect to the
energy of the ortho adduct, are given in Table 5. Calculations
using perturbation theory agree that the isomer with® OH

Electronic structure calculations have been performed with attached to the ipso carbon atom is slightly more stable than
the system of programs Gaussian98 (G98Restricted Har- the ortho isomer. The density _functlonal r_nethod,_lnstead, favors
tree—Fock theory (RHF) was used for closed-shell systems, and the ortho OH isomer. In particular, the interactions between
unrestricted HartreeFock theory (UHF) for open-shell systems ~ the oxygen atom and the methyl group in ipso additions are
(radicals). All geometries were fully optimized at the MP2 and 9iven very little weight in calculations with B3LYP, since the
B3LYP levels using a 6-31G** basis set. Spin densities were Para isomer is the second most stable a_dduct, and it is only
obtained using MallerPlesset perturbation theory up to second 0-86 kcal/mol less stable than the ortho isomer. In the MP2
order (MP2), with density functional theory using the B3LYP calculations, two specific interactions appear to be responsible
hybrid functional and with the singles and doubles coupled for the extra stability of the ipso isomer: (i) the interaction
cluster method CCSD, using several basis sets. Projected Mp2etween the oxygen atom and the carbon atom of the methyl
energies (PMP2) were used throughout in order to correct for 9roup, the @-C distance being about 2.35 A; and (i) the
spin contamination. Single-point B3LYP calculations were interaction between the lone pairs on the oxygen atom and two
performed with the EPR-II basis set, which was specifically nydrogen atoms of the methyl group, the distance between these
optimized to yield improved magnetic properties when used with toms being about 2.57 A.

2. Computational Methodology

the B3LYP method”18 EPR-II is a double: basis set with a Discrepancies between MP2 and B3LYP results have also
single set of polarization functions and an enhansehart been observed in other systeffisyith B3LYP systematically
designed to describe better the nuclear region. deemphasizing the interactions responsible for the extra stability

Hyperfine coupling constants are related to the spin densities °f the ipso adductdIt is interesting to compare these results
at the corresponding nuclei by the following equation: with those obtained by Jolibois et ®lfor the OH addition to

the thymine molecule. In this case, B3LYP calculations indicate
81 a slight preference for the ortho adduct (addition at C6), while
ay=—4yg gBeQNﬁNZ Pg;ﬁmsﬂm(rm)wvm (3) according to direct experimental reséhtspproximately 60%
3h o of the products correspond to ipso addition (C5), 35% occur at
the ortho position, and 5% correspond to hydrogen abstraction
where ge is the free electrorg-factor andh is the Planck from the methyl group.
constant. The sum in the previous equation is the spin density The MP2/6-31G** ZPE corrections for position isomers are
directly given in Gaussian 98. In the present work, all the values found to be about 91.5, 91.2, 91.3, and 91.3 kcal/mol for the
are given in Gauss (1 & 0.1 mT), assuming that the free ortho, ipso, meta, and para adducts respectively, while the
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Figure 1. MP2-optimized geometries of the OH adducts.

TABLE 1: MP2/6-31G** and B3LYP/6-31G** Geometrical Parameters of the Ipso OH—Toluene Adduct

parameter MP2 B3LYP parameter MP2 B3LYP parameter MP2 B3LYP
r(C:Cy) 1.5002 1.5080 A(C3C1Cy) 111.999 111.912 D(C4C2C1C12) 122.895 123.734
r(CoCy) 1.3434 1.3668 A(C.CCy) 123.165 123.062 D(C2CiCi2H13) 57.989 57.981
r(CaCs) 1.4180 1.4185 A(C,C4Co) 121.109 121.154 D(C2C1C12H149) -62.505 -62.568
r(C:C12) 1.5276 1.5387 A(C4CsCs) 119.404 119.637 D(C4C2C1017) -123.044 -122.389
r(CzH1a) 1.0830 1.0870 A(C:C1C1o) 110.837 111.000 D(C3C1017H16) 61.553 61.489
r(CaHo) 1.0826 1.0871 A(C1CoH11) 115.610 115.892
r(CeHv) 1.0799 1.0850 A(C,CsHo) 119.929 119.696
r(CizHi9) 1.0895 1.0942 A(C4CeH7) 120.282 120.175
r(Ci2H14) 1.0881 1.0928 A(C1C1oH13) 109.428 109.683
r(O17H16) 0.9675 0.9680 A(C1CroH1) 110.365 110.880
r(C:017) 1.4501 1.4551 A(C12C1017) 103.933 103.712
A(C1017H16) 105.654 106.409
TABLE 2: Summary of MP2/6-31G** and B3LYP/6-31G** Total Energies, $* Values before and after Projection, and
Thermodynamical Data for the OH—Toluene Isomer$
ipso ortho meta para
MP2 B3LYP MP2 B3LYP MP2 B3LYP MP2 B3LYP
total E (hartrees) —346.257 167 —347.338 283 —346.256 185 —347.340 582 —346.253 164 —347.337 878 —346.253 540 —347.338 860
ZPE (hartrees)  0.145 386 0.141 414 0.145 793 0.141 719 0.145 487 0.141 437 0.145 561 0.141 360
52
before 1.1401 0.789 1.137 0.788 1.134 0.766 1.138 0.765
after projection  0.8472 0.751 0.8460 0.751 0.8450 0.750 0.8470 0.750
Erel (kcal) —0.92 1.64 0. 0. 2.10 1.80 1.86 0.86
Spes (cal/K) 84.7 85.2 86.0 86.5 86.7 87.2 89.1 91.2
Grel (kcal) —0.44 1.63 0. 0. 1.17 1.02 —-0.11 —1.80

2 E. is the total energy an@ is the Gibbs free energy at 298 K, per mole, relative to those of the ortho isomer.

corresponding B3LYP/6-31G** values are 88.9, 88.7, 88.7, and two methods. With MP2, both the total energy and the Gibbs
88.7 kcal/mol. Trends are the same with the two methods, with free energy favor the formation of the ipso isomer. Moreover,
the ortho ZPE correction being the largest. A summary of both methods yield Gibbs free energy results that are more
calculated thermodynamic data is given in Table 2. The entropy negative for the para isomer than for the ortho isomer. It is
is smallest for the ipso, and largest for the para isomer, in the interesting to discuss the possible implications of this result.
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TABLE 3: Spin Densities on the Atoms of the Ipso
OH—Toluene Radical

CCsSD/6-31G**// B3LYP/ B3LYP/EPRII/
MP2/6-31G** MP2/6-31G** 6-31G** B3LYP/6-31G**

1C —0.0224 —0.0505 —0.0592  —0.0427

2¢C 0.3391 0.4268 0.4387 0.4200

3C 0.3391 0.4268 0.4387 0.4200

4ac —0.1493 —0.2546 -0.2190  —0.1865

5C —0.1493 —0.2546 —0.2190  —0.1865

6C 0.6375 0.6977 0.5747 0.5382 ORTHO IPSO

; : 788822 78838? 0(5902(?776 083834 Figure 3. Positive spin densities apso- and ortho-OH—thymine.

?OHH 788282 78822(1) 700(')02%726 70%3%4 TABLE 4: Fermi Contact Term on the Atoms of the Ipso

) : : : OH—Toluene Radical

11H  —0.0106 —0.0150  —0.0202  —0.0230

12C 0.0200 0.0214 0.0305 0.0375 CCSD/6-31G**// B3LYP/ B3LYP/EPRII/

13 H 0.0040 0.0036 0.0045 0.0031 MP2/6-31G* MP2/6-31G** 6-31G* B3LYP/6-31G**

14H 00001 00001 00006 00010 To om0 00107 00205 00257

16 H 0.0082 0.0065 0.0081 —0.0008 2C 0.0144 0.0324 0.0468 0.0354

170 0.0339 0.0359 0.0501 0.0530 3C 0.0144 0.0324 0.0468 0.0354
4C —0.0039 —0.0234  —0.0332  —0.0349
5C —0.0039 —0.0234  —0.0332  —0.0349
6C 0.0568 0.0714 0.0619 0.0455
7H —0.0091 —0.0098 —0.0086  —0.0084
8H —0.0030 —0.0007 0.0024 0.0027
9H —0.0030 —0.0007 0.0024 0.0027
10H —0.0025 —0.0042 —0.0065  —0.0066
11H  —0.0025 —0.0042 —0.0065  —0.0066
12¢C 0.0349 0.0350 0.0404 0.0466

IPSO 13 H 0.0010 0.0010 0.0012 0.0012

14 H 0.0007 0.0006 0.0007 0.0006
15 H 0.0010 0.0010 0.0012 0.0012
16H  —0.0008 —0.0009 —0.0013  —0.0016
170 0.0347 0.0345 0.0384 0.0486

positive and negative spin densities on the carbon atoms
indicates that the radical electron is quite delocalized over the
atoms of the ring. This behavior contrasts with the one observed
META PARA in the case of two OHthymine isomers (Figure 3%, where
Figure 2. Positive spin densities of the OH adducts. the radical electron is mainly localized on the carbon atom
adjacent to the addition site. In all the G#tbluene isomers,
Considering that experiments indicate an observed preferencethe largest positive spin density is localized on the carbon atom
for attack at the ortho position of toluene by a factor of almost opposite to the one to which OH is attached.

6 with respect to the para position, we have suggésted the The Fermi contact terms of the ipso adduct, obtained with
ipso adduct may undergo a 1,2 OH shift, to form more ortho four different methods and basis sets, are given in Table 4. The
adduct. corresponding tables for the other isomers are available as

Also given in Table 2 are thé®[values before and after ~ Supporting Information. Some systematic results are observed:
projection of higher spin states. It is seen that contamination (i) For all the hydrogen atoms attached to carbon atoms
by spin states corresponding to quartets and sextets is especiallgarrying the largest positive spin densities, the Fermi contact
important with the MP2 method but that most of it is eliminated terms are very similar, about 0.008.
by projection. The B3LYP method does not have this problem. (i) For all the hydrogen atoms attached to carbon atoms

Table 3 contains the spin density results obtained with adjacent to the addition site, the Fermi contact terms are about
different methods of calculation and different basis sets, for the 0.006.
ipso isomer. Corresponding tables for the other isomers are We are especially interested in the Fermi contact terms of
available as Supporting Information. As expected, large differ- the methyl hydrogen atoms because they differ substantially
ences are observed between the columns in these tables. Indeefom one isomer to the other, suggesting that they might be
it is well-known that charge and spin densities may vary widely used to determine the selectivity. Analogously, large variations
from one method to the other. Trends, however, agree reason-are observed in the Fermi contact terms of the methyl carbon
ably. The results obtained with the coupled cluster method are atom in the different isomers. Instead, the OH hydrogen atom
the ones that differ most. Indeed, when this method is used, and those attached to the ring carbon atoms present very similar
spin contamination is about the same as in MPn, but formulas spin densities in all isomers.
to project out the terms correpsonding to higher spin states are As discussed by Barone et &.averaging of the hyperfine

not available. Thus, as observed in other cdsésthe CC coupling constants over large amplitude vibrational motions can
method does not yield good results when spin contamination is sometimes be significant. In addition to the methyl torsion,
considerable. another large amplitude motion, occurring at a frequency of

In Figure 2, the B3LYP/EPRII positive spin densities of the about 80 cm?, corresponds to an equatorial-axial inversion at
four adduct isomeric species have been represented. It can behe addition site. Fortunately, in the case of the toluene isomers,
seen that, in all the isomers, there is a large spin polarization the equilibrium form corresponds to the planar ring, so that this
on the aromatic cycle. The characteristic alternance of large vibration should have a negligible effect on the experimental
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Figure 4. MP2/6-31G** total energies of the OHoluene isomers as a function of the methyl torsion angle.

TABLE 5: Hyperfine Coupling Constants in Gauss,

EPR results. For comparison, in the case of thymine, an &, iareq af the B3LYP/EPRII Level Using the B3LYP/
asymmetric double minimum potential was obtained for this g_31G**-Optimized Geometries, for the Four OH—Toluene

vibration, one of the equilibrium positions being much more Adducts
stable than the other, so that proper account of vibrational

. . . atom ipso ortho meta para
modulation effects had to be md@iby using an effective large Tc 1032 520 =YEY 19.60
amplitude nuclear Hamiltonian. _ _ 50 14.22 _1418 13.84 1403

The B3LYP/EPRII calculated hyperfine coupling constants 3C 14.22 —11.09 18.89 —14.03
(hcc) are given in Table 5. It is interesting to discuss in detail 4C —14.02 17.97 -11.27 14.11
the following points: 5C —14.02 13.68 —14.50 14.11

) 6C 18.25 —13.73 15.07 —11.07

(1) Methyl Hydrogen Atoms. The hcc’s are always t_he same 7H _13.47 418 ~10.92 39.86
for two of the methyl hydrogen atoms, while the third is entirely 8H 4.31 —~10.19 4.51 —10.24
different, reflecting the fact that, in the equilibrium conforma- 9H 431 -13.31 41.63 —10.24
tion, one hydrogen atom is approximately axial and the other 10H —10.51 36.21 —13.77 4.20
two are much closer to the aromatic plane. However, rotation E'é _11%-5619 _54-;‘81 _92-5;72 _74-728
of the methyl group in the OHtoluene isomers may lead to | . e ,

. - . 13H 1.97 15.63 5.36 7.93
the ot_)servmg of only one coupling constant, corresponding to 14 H 1.02 16.46 _5.47 30.66
the arithmetic average of the values for the three hydrogen atoms 15 H 1.97 0.55 —-0.77 7.93
involved. To verify this point, the total energy of the four 16 H —2.52 —2.08 —1.96 -1.98
adducts was calculated as a function of the methyl torsion angle. 17 O —10.52 —14.08 —14.96 —15.60

Plots are given in Figure 4. As expected, the largest rotation

barrier corresponds to the ipso isomer (4.2 kcal/mol). The onesOpposite. In addition, the thermodynamic preferences indicate
for the other isomers are much smaller. A double minimum is that it should not exist in appreciable quantities.

observed in the case of the para isomer, but barriers are less The above features lead to the conclusion that the methyl
than 0.05 kcal/mol. Assuming that the rotation is approximately hydrogen atoms are good candidates for the detection of the
free, and that the three hydrogen atoms are equivalent, onepresence of the ipso isomer.

obtains an hcc o#1.65,+10.88,—3.87, and+15.5 G, for the (2) Methyl Carbon Atom. The data in Table 5 show that
ipso, ortho, meta, and para isomers, respectively. On the basighe hcc of this extracyclic carbon atom is also a good probe to
of these mean values, it is obvious that the ipso isomer shoulddetermine the presence of the ipso isomer. Its hcc in the ipso
be detected unambiguously. The para and ortho isomers couldsomer is calculated to be 18.69 G, much larger than the one
be separated also. The case of the meta isomer is somewhafior any of the other isomers{.48,+2.22, and—7.70 for the
different: its hcc is weak, as for the ipso adduct, but its sign is ortho, meta, and para forms, respectively). This is especially
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TABLE 6: Predicted Hyperfine Coupling Constants in (iii) the 17O has the smallest hcc, and
Gauss of Relevant Atoms, for the OH-Toluene Isomers (iv) the IH atom at the addition site is absent altogether while
thymine it has a very large hcc in the other isomers.
toluene ipso ortho We believe that EPR experiments could thus prove unam-

atom ipso_ortho meta para calc exp calc  exp biguously the importance of Ohpso addition to toluene, and
methyl*H 1.65 10.88 —3.87 1551 1.4weak 20.7 22.3(23.6) also to aromatic rings in general.
methyl3C 18.69 —5.48 2.22 —7.70 18.4 -9.5
170 —10.52—14.08—14.96—15.60—3.6 —17.69 Acknowledgment. We gratefully acknowledge the financial
H g(tjdiﬁon sie 36.2 416 398 84 15.1(10.8)  support from the Instituto Mexicano del Pd&o through

program FIES-95-97-VI and from the CEA, Grenoble, for
aThe available experimental and calculated corresponding values computing time.
for thymine are given for comparison.

Supporting Information Available: Tables of geometrical
parameters, spin densities on all atoms, and Fermi contact terms
on all atoms, of the ipso, ortho, meta, and para-@bluene
adducts. This material is available free of charge via the Internet
at http://pubs.acs.org.

noteworthy because it should be the easiest position to be
replaced by &3C isotope. We can add that the other isomers
could also be differentiated if the signs of the hcc’'s were
determined, which requires an additional experimental effort.
Thus, the methyl carbon constitutes a possible signature of the

ipso isomer. Ref d Not
(3) Oxygen Atom. The hcc’s of thel’O atom can also be elerences and Notes
used to prove the ipso isomer’s presence. Its hce 18.52 G (1) Finlayson-Pitts, B. J.; Pitts, NAtmospheric Chemistry: Funda-

differs very much from the ones in the other three isomers, mentals ar_1d Experimental Techniqu‘_ﬁﬁley—lnterscience; New York, 1986.
which are all close to-14 G. The replacement &fO by 170 Phy(SZ)CEgtrfﬁgéSHggd?ﬁeark’ V.; Preidel, M. Zeliner, Ber. Bunsen-Ges.
in this molecule should be feasible. It is interesting to note that, 3y "atinson, R. JPhys. Chem. Ref. Data, Monographl294.
although the absolute values are different, the trends are the  (4) Bartolotti, L.J.; Edney, E. OChem. Phys. Lettl995 245, 119.
same as those observed in the OH ipso and ortho derivatives of  (5) Vosko, S. J.; Wilk, L.; Nusair, MCan. J. Phys198Q 58, 1200.
thymine}® the ipso hcc being weaker than the ortho. _(6) Andino, J. M.; Smith, J. N.; Flagan, R. C.; Goddard, W. A., IlI;

(4) Hydrogen Atom at the Addition Site. Indeed, this!H Se'?‘;‘e)'dégag‘JAngj' gﬂgr:nﬂ?r? 511%%5%%675'6 18
hcc is of primary importance for our purpose. As can be seen @) Garc’:a-‘Cr-uz,.I.-; Castr-o, MB_/; Vivier-B'unge, Al Comput. Chem.
from Table 5, in all cases, its hcc is about 30 G. Since there is 200q 21, 716.
no hydrogen atom at the addition site in the ipso isomer, this  (9) Uc, V. H.; Garéa-Cruz, |.; Herfindez-Laguna, A.; Vivier-Bunge,
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