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REGIOSELECTIVITY OF THE ADDITION OF
a-METALLATED N,N-DIMETHYL SULFONAMIDES
TO a,B-UNSATURATED CARBONYL COMPOUNDS

MARGARITA MLADENOVA, MARIANA BISERKOVA and
JOSE KANETI

Institute of Organic Chemistry, Bulgarian Academy of Sciences,
BG-1113 Sofia, Bulgaria

(Received January 1, 1995; in final form March 10, 1995)

The regioselectivity of the addition of lithiated sulfonamides covers all the possible variations, from
pure 1,2- or pure 1,4-additions to mixtures of the two. The 1,2- vs 1,4-addition competition is directed
by the “hardness” of sulfonamide ‘“‘carbanions” in terms of stronger preferance of the aldol type addition,
on one hand, and by factors such as the steric bulk of the attacking “‘carbanions” and metal salt
dissociation or aggregation in the solvent which retard the 1,2- more than the 1,4-addition, on the other
hand.

Key words: a-Metallated N,N-dimethylsulfonamides, B-hydroxysulfonamides, 8-ketosulfonamides, «,8-
unsaturated carbonyl compounds, regioselectivity, 1,2- vs 1,4-addition.

INTRODUCTION

Additions of nucleophiles to a,B-unsaturated carbonyl compounds may occur in
either a 1,2- (aldol type carbonyl addition!), or in a 1,4- (Michael type conjugate
addition?) fashion. Results of the addition of a broad variety of organometallic
reagents to a-enones and, less frequently, to a-enals range from pure 1,2- or pure
1,4-addition to complete loss of regioselectivity. The significant number of accu-
mulated experimental data,3-3° as well as some early theoretical work®»-23:31-33 pow
allow for both monitoring and, to a certain extent, prediction of regioselectivity.

The nature of the organometallic reagent is one of the most important factors
determining regioselectivity. Publications concerning the addition of functional
organometallics generated from ketones,>~> carboxylic acids,®7 esters**-’-!! includ-
ing esters of unsaturated acids,'? dithioesters,!*> amides,!*'> thioamides,!*®16 ni-
triles,'”® cyanoacetates,!® a-heterosubstituted (N, O, Cl, P, S, Se-containing) ac-
tive methylene compounds,?®-?* imines,? etc. to a-enones and a-enals appear
regularly. Silylketene acetals,?” silylthioketene acetals,?® bis-(trimethylsilyl) ketene
acetals,? as well as titanium “ate”-complexes of ketone or ester enolates® also
have been recently employed as nucleophiles in these types of addition reactions.

Recent high level theoretical studies of regio- and stereoselectivity of model alkyl
copper addition to conjugated enones® indicate clearly the preference of *“soft,”
solvated, organometallics for larger six-membered ring transition structures. “Hard,”
less solvated, nucleophiles prefer four rather than six-membered transition struc-
tures in a process involving initial association of metal “ions” with carbony! oxygen.
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Six-membered ring transition structures are involved in the path to 1,4-Michael
type addition products. Experiments and calculations show their energetic and
geometric parameters have the same sensitivity to steric effects, as in cases of
nucleophilic additions to carbonyl groups.

Earlier interpretations of regioselectivity have been suggested on the basis of
the HSAB principle* and the generalized perturbation theory of chemical reac-
tivity.3 According to these theories,?-312:32 i the absence of electrophilic assistance
by Lewis acids,*'® charge control favours the carbonyl attack, as given also by the
coulombic term in Klopman'’s perturbation energy equation. Conjugate 1,4-addi-
tion, in contrast, is favoured by orbital control. More recently, the importance of
repulsive steric and exchange interactions has also been pointed out.?

We report here the results of our study of addition of organometallics generated
from sulfonamides to a,B-unsaturated aldehydes and ketones.

RESULTS AND DISCUSSION
We have studied the interaction of metal (mostly lithium) derivatives of N,N-

dimethylamides of methane-, ethane- and phenylmethanesuifonic acids with cin-
namaldehyde, benzylideneacetone and chalcone, according to Scheme 1.

R-CH(M)-SO;N(CH3) +  Ph~CH=CH-CO-R!

1 2
1.2 lq
OM OM
{ |
Ph-CH=CH-C - CH-SO;N(CHs}z Ph-CH-CH=C-R!
Rl R R-CH-SO;N(CH3);
3 4
H30+ H30*
(I)H
Ph-CH=CH-C - CH-SO;N(CHs)z Ph-CH-CH;-COR!
bR R-CH-SO,N(CH3),
5 6

SCHEME 1
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The reactions proceed smoothly and after hydrolysis of the salts 3 and 4 give in
good yields either B-hydroxysulfonamides 5 (1,2-addition), or 8-ketosulfonamides
6 (1,4-addition), or a mixture of the two.

The choice of reagents covers all the possible variations of regioselectivity, de-
pending on either the organometallic reagent, or the unsaturated carbonyl com-
pound. Under kinetic control cinnamaldehyde shows 1,2-regioselectivity regardless
of R, that is, aldol addition (Table I, entries 1, 6, 12). On the other hand, the
lithium derivative of methanesulfonamide (R = H) also shows exclusively 1,2-

TABLE |
Addition of RCH(M)SO,N(CH,), to CCHsCH=CH—COR!
Entry Compound M Reaction  Yield % 5% 6%
conditions
R R! 56 (5+6) (M/m) M/m)
1* H H a Li A 75 100 0
2 H CHj b Li A 71 100 0
3+ H CgHs c Li A 78 100 0
ar H CeHs c Li B 80 95 5
b hd H CgHs c Li C 60 0 100
6* CH; H d Li A 72 100 0
(55/45)
7* CHy CH;, e Li A 64 70 30
(6733)  (>95/5)
g CH; CH; e Li D 62 56 44
(78/22) (>95/5)
9* CH; CgHs f Li A 80 26 74
(>95/5)  (75/25)
10%* CH; CgHs r Li D 70 0 100
(90/10)
11* CHy CgHs f  MgCl A 32 33 67
(>95/5)  (70/30)
12+ CgHs H g Li A 83 100 0
(67/33)
13+ CHs CH; h L A 70 42 58
(55/45)  (95/%)
14+ Cglls CHj h MgCl A 56 79 21
67/33)  (170/30)
15+ CgHs CgHs i Li E 80 0 100
(95/5)
* kinetic control; ** thermodynamic control;

A: THF, -50°C, 10 min; B: THF -500 — -20°C, 60 min; C: THF + 20% HMPT,
-50° — r.t.,, 3 h; D: THF -50° — -20°C, 3 h; E: THF, -50°C, 2 min.
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regioselectivity even with chalcone, which is well known for its intrinsic propensity
to undergo 1,4-addition; that is, Michael conjugate addition (entries 1-3).

With R = CH, under kinetic control, the reaction gives mixtures of 1,2- and
1,4-addition products (entries 7 and 9). The aldol reaction is predominant with
benzylidene acetone, while with chalcone the dominant product is that of conjugate
addition. The additional phenyl substituent extending the conjugated system in
chalcone evidently increases the propensity for Michael addition. 1,4-addition is
predominant also for the reactions of metallated phenylmethanesulfonamide (R =
Ph), the 8-ketosulfonamide being the sole product with chalcone (entry 15).

Thermodynamic factors favour, as observed in numerous cases,3?-#-10.11.17a,17d.21
1,4-type Michael additions. However, an unusual equilibrium of the kinetically
controlled 1,4-adduct and the 1,2-adduct has been reported as well.>?* Thermo-
dynamically more stable in our cases are the 1,4-adducts. For example, the Kinet-
ically controlled 1,2-adduct 3¢ obtained in THF at —50°C for 10 min, was converted
into the 1,4-adduct 4¢ by adding 20% HMPT, allowing the reaction mixture to
warm up to room temperature and then stirring the mixture for an extended time
(entry 5).

As outlined, the observed regioselectivity is not surprising having in mind the
results of our previous studies on the same sulfonamide reagents and their somewhat
contradictory behaviour towards aldehydes,* on one hand, and 4-t-butylcyclo-
hexanone,?” on the other. It is well known that a parallelism exists between the
orientation, axial or equatorial, of the attack of a nucleophile and the regioselec-
tivity of its addition to a-enones.

Stereochemical studies have shown that sulfonamide carbonions have a very low
sensitivity to the steric requirements of substituents (even as bulky as i-Pr, +-Bu,
a-naphthyl) around the incipient C—C bond,* compared to aldehyde additions of
other organometallics. Sulfonamide carbanions thus behave as if their effective
volume were negligible.

On the other hand, the addition to 4-t-butylcyclohexanone showed a slightly
favoured axial attack only in the case of methanesulfonamide, whereas equatorial
attack was moderately preferred with ethanesulfonamide (R = CHj;) and highly
preferred when R = Ph.%’

AM1 calculations of reaction transition structure®® provide a sufficiently sound
basis to interpret the experimental results of C-metallated sulfonamide additions
to a,B-unsaturated carbonyl compounds, showing that metal “salts” of sulfonamide
carbanions are “harder” nucleophiles than the corresponding carboxamide or thio-
carboxamide derivatives (see Table II) in terms of a stronger preference of sul-
fonamide derivatives for 1,2-; i.e., aldol type addition. There is, however, little
obvious relation of the calculated atomic charges and orbital energies of the car-
bonyl compounds to the observed regioselectivity. The competition between 1,2-
and 1,4-addition is directed by factors such as the steric bulk of the attacking
“carbanions” and metal salt dissociation and, possibly, aggregation in the corre-
sponding solvent to an extent commensurate to orbital control of 1,4-addition, or
charge control of 1,2-addition.

To discuss the role of counterions in regioselectivity of metallated sulfonamide
additions to a-enones and enals, we go back to the results listed in Table 1 and
compare entry 9 to 11, and 13 to 14. Replacement of Li by Mg increases the 1,2-
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TABLE II

AM]1 anion charges (in ¢) and ionization potentials (HOMO energies,
eV) for carboxamide (XX = CO), thioamide (XX = CS), and
sulfonamide (XX = SO,) carbanions, R—CH—XX—NH,

XX co cs SO,
R
H ~0.6542 2.01 -0.4482 2.63 -1.5506 3.82
CH3 0.6157 2.03 <0.4132 2.63 -1.4600 3.65
CgHs -0.5089 2.69 0.4216 3.13 -1.3208 3.81

to 1,4-product ratio, usually explained by the assumption of the stronger com-
plexation capacity of magnesium compared to lithium. A similar trend has already
been observed; see for example the cases of the lithium and magnesium enolates
of ethyl t-butyl ketone,> and of N,N-dimethylphenylacetamide.!>®® While Dorigo
and Morokuma?? suggest an interpretation for the increase of the 1,2- vs 1,4-product
ratio by domination of the coulombic part of the interaction between reactants,
this does not seem the case with our reagents. Organo-magnesium derivatives are
more covalent than lithium derivatives, and the nucleophilic “carbanion” centre
bears less negative charge than do the corresponding lithium derivatives. A prob-
able explanation of this behaviour of Mg-derivatives of sulfonamides can be derived
from the observations of preferred 1,2-addition of organolithiums to a-enones for
less dissociating contact ion pairs, as would be the case of Mg- vs Li-derivatives,
with rapid dissociation equilibrium between contact and solvent separated ion pairs
in the latter case.? This interpretation stresses once again the importance of broad
varieties of factors to reaction selectivity, pertaining to isolated reactant molecules
as well as to reaction conditions such as solvent, temperature, etc.

Although no special attention has been paid to the stereochemical course of the
1,2- and 1,4-interactions, and the stereochemistry of products has not been elu-
cidated (products, therefore, are designated as M, for major, and m, for minor),
it is worth noticing that the 1,2-addition stereoselectivity ranges from 55/45 to higher
than 95/5. The observed high diastereoselectivity (see Table 1, entries 9 and 11) is
surprising, having in mind the low diastercoselectivity observed for aldol reactions
of sulfonamides.*** Similar highly diastereoselective 1,2-additions to a-enones
compared to low selectivity of addition to aldehydes of carboxamide and ester
organometallics also has been reported.!4®

EXPERIMENTAL

Al reactions were carried out under dry argon. THF was distilled over LiA1H, prior to use. HMPT
was distilled over CaH, and stored over molecular sieves. The metal reagents la—c were prepared
according to Reference 36.
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Addition of 1to 2. General procedure.

The total amount of solvent used for the preparation of 1 and the addition of 2 was adjusted to a
reaction concentration of 0.4 mol/1.

A THF solution of 2 (0.9 equivalents) was added to the cooled solution of 1 maintaining the reaction

temperature at —50°C. After being stirred for a predetermined time at the chosen temperature (see
Table I) the reaction mixture was hydrolysed with 1:1 HCl, saturated with NaCl and the product was
extracted with ether or ethyl acetate. The organic layer was washed with brine, dried (MgSQO,), and
the solvent was evaporated in vacuo. Aliquots of the crude product were subjected to NMR deter-
mination of the 1,2/1,4, ratio, the M/m ratio and the total yield. Recrystallization, preparative TLC or
column chromatography was used for the isolation of the pure isomers (Table III).

REFERENCES AND NOTES

1.

1.
12.

13.

14.

15.

For reviews on the aldol reactions see: (a) A. T. Nielsen and W. J. Houlihan, Org. React., 16, 1
(1968); (b) T. Mukaiyama, Org. React., 28, 203 (1982); (c) D. A. Evans, J. V. Nelson and T. R.
Taber, in Topics in Stereochemistry, N. L. Allinger, E. L. Eliel and S. H. Wilen, Eds; Wiley: New
York, 1982, vol. 13, p. 1; (d) C. H. Heathcock, in Current Trends in Organic Synthesis, H. Nozaki,
Ed; Pergamon Press: New York, 1983, p. 27; (¢) C. H. Heathcock, in Asymmetric Synthesis, Ed.
J. D. Morrison, Academic Press: New York, 1984, vol. 3, part B, p. 111; (f) C. H. Heathcock, in
Comprehensive Carbanion Chemistry, E. Buncel and T. Durst, Eds; Elsevier: New York, 1984,
vol. 5, part B, p. 177.

. For reviews on the Michael reaction see: (a) E. D. Bergmann, D. Ginsburg and R. Pappo, Org.

React., 10, 179 (1959); (b) G. H. Posner, Org. React., 19, 1 (1972); (¢) D. A. Oare and C. H.
Heathcock in Topics in Stereochemistry, Eds. E. L. Ehel andS H. Wilen; New York, 1989, vol.
19, p. 227 and 1991, vol. 20, p. 87.

. Y. Maroni-Barnaud, L. Gorrichon-Guigon, P. Maroni and J. Bertrand, Tetrahedron Lett., 1966,

2243; (b) Y. Maroni-Barnaud, P. Maroni, L. Gorrichon-Guigon and J. Bertrand, Bull. Soc. Chem.
Fr., 1966, 3128; (c) L. Gorrichon-Guigon, Y. Maroni-Barnaud and P. Maroni, Bidl. Soc. Chim.
Fr., 1972, 4187; (d) J. Bertrand, N. Cabrol, L. Gorrichon-Guigon and Y. Maroni-Barnaud, Tet-
rahedron Lert., 1973, 4683; (e) L. Gorrichon-Guigon and Y. Maroni-Barnaud, Bull. Soc. Chem.
Fr., 1973, 263; (f) J. Bertiand, L. Gorrichon and P. Maroni, Tetrahedron Lett., 1977, 4207; (g) J.
Bertrand, L. Gorrichon, P. Maroni and R. Meyer, Tetrahedron Lett., 23, 3267 (1982); (h) J.
Bertrand, L. Gorrichon and P. Maroni, Tetrahedron, 40, 4127 (1984).

. (a) D. A. Oare and C. H. Heathcock, Tetrahedron Lett., 27, 6169 (1986); (b) D. A. Qare and C.

H. Heathcock, J. Org. Chem., 55, 157 (1990).

. (a) J. A. Marshall and W. J. Fanta, J. Org. Chem., 29, 2501 (1964); (b) R. A. Kretchmer, E. D.

Mihelich and J. J. Waldron, J. Org. Chem., 37, 4483 (1972); H. O. House and M. J. Lusch, J.
Org. Chem., 42, 183 (1977); F. E. Ziegler and K.-J. Hwang, J. Org. Chem., 48, 3349 (1983).

. (a) J. Mulzer, G. Hartz, U. Kuhl and G. Bruntrup, Tetrahedron Lett., 1978, 2949; (b) J. Mulzer,

G. Bruntrup, G. Hartz, U. Kuhl, U. Blaschek and G. Boehrer, Chem. Ber., 114, 3701 (1981).

. P. Ballester, A. Garcia-Raso, A. Gomez-Solivellas and R. Mestres, Tetrahedron Lett., 26, 2485

(1985); G. Cardillo, M. Orena and S. Sandri, Tetrahedron, 32, 107 (1976).

. (a) Y. Maroni-Barnaud, M. C. Roux-Schmitt and J. Seyden-Penne, Tetrahedron Lett., 1974, 3129;

(b) G. Kyriakakou, M. C. Roux-Schmitt and J. Seyden-Penne, Tetrahedron, 31, 1883 (1975).

. M. Braun and M. Esdar, Chem. Ber., 114, 2924 (1981).
. A.G. Schultzand Y. K. Yee, J. Org. Chem., 41, 4044 (1976); S. Yamagiwa, N. Hoshi, H, Sato,

H. Kosugi and H. Uda, J. Chem. Soc. Perkin 1, 1978, 214,

C. H. Heathcock and D. A. Oare, J. Org. Chem., §0, 3022 (1985).

W. Oppolzer, R. Pitteloud, G. Bernardinelli and K. Baettig, Tetrahedron Lett., 24, 4975 (1983),
T. Hudlicky, L. Radesca, H. Luna and F. E. Anderson, J. Org. Chem., 51, 4746 (1986); Y
Yamamoto, H. Okano and J. Yamada, Tetrahedron Lett., 32, 4749 (1991).

(a) P. Metzner, J. Chem. Soc., Chem. Commun., 1982, 335; (b) S. Berrada and P. Metzner, Bull.
Soc. Chem. Fr., 1986, 817; (c) K. Kpegba, P. Metzner and R. Rakotonirina, Tetrahedron Lett.,
27, 1505 (1986); (d) S. Berrada and P. Metzner, Tetrahedron Lett., 28, 409 {1987); () K. Kpegba,
P. Metzner and R. Rakotonirina, Tetrahedron, 45, 2041 (1989); (f) A. Guigne and P. Metzner,
Bull. Soc. Chem. Fr., 127, 446 (1990); (g) K. Kpegba and P. Metzner, Tetrahedron Lett., 31, 1853
(1990).

(a) C. H. Heathcock, M. A. Henderson, D. A. Oare and M. A. Sanner, J. Org. Chem., 50, 3019
(1985); (b) D. A. Qare, M. A. Henderson, M. A. Sanner and C. H. Heathcock, J. Org Chem. ,
55, 132 (1990).

(a) M. Yamaguchi, K. Hasebe, S. Tanaka and T. Minami, Tetrahedron Letr., 27, 959 (1986); (b)



09: 53 29 January 2011

Downl oaded At:

16.

27.

35.

36.
37.
38.
39.
40.

N,N-DIMETHYL SULFONAMIDES 159

Y. Stefanovsky, Tz. Gospodova and L. Viteva, Tetrahedron, 42, 5355 (1986).

(a) C. Goasdoue, N. Goasdoue, M. Gaudemar and M. Mladenova, J. Organometal. Chem., 226,
209 (1982); (b) Y. Tamaru, T. Harada, S. Nishi, M. Mizutani, T. Hioki and Z. Yoshida, J. Am.
Chem. Soc., 102, 7806 (1980).

. (a) R. Sauvetre and J. Seyden-Penne, Tetrahedron Lett., 1976, 3949; (b) R. Sauvetre, M. C. Roux-

Schmitt and J. Seyden-Penne, Tetrahedron, 34, 2135 (1978); (c) L. Wartski, M. El Bouz, and J.
Seyden-Penne, Tetrahedron Lett., 1979, 1543; (d) M. C. Roux, L. Wartski and J. Seyden-Penne,
Tetrahedron, 37, 1927 (1981); (e) L. Wartski, M. El Bouz, J. Seyden-Penne, W. Dumont, and A.
Krief, Tetrahedron Lett., 1979, 1543; (f) A. M. Baradel, R. Longeray and J. Dreux, Bull. Soc.
Chem. Fr., 1970, 255 and preceding papers.

. S. Paganelli, A. Schionato and C. Botteghi, Tetrahedron Lett., 32, 2807 (1991).
. (a) M. Cossentini, T. Strzalko and J. Seyden-Penne, Bull. Soc. Chim., Fr., 1987, 531; (b) B. C.

Ranu, S. Bhar and D. C. Sarkar, Tetrahedron Lett., 32, 2811 (1991).

. For a review see A. Krief, Tetrahedron, 36, 2531 (1980).
. J. Lucchetti and A. Krief, J. Chem. Soc., Chem. Commun., 1982, 127.
. (a) M. Zervos and L. Wartski, Tetrahedron Lett., 27, 2985 (1986); (b) A. Loupy, J. Sansoulet, A.

Zaparucha and C. Merienne, Tetrahedron Len., 30, 333 (1989).

. A. Loupy, J.-M. Lefour, B. Deschamps and J. Seyden-Penne, Nouv. J. Chem., 4, 121 (1980).

. S. Kanemasa, M. Nomuro and E. Wada, Chem. Lett., 1991, 1735.

. S. G. Pyne, G. Boche, Tetrahedron, 49, 8449 (1993).

. (a) K. Yamamoto, M. lijima and Y. Ogimura, Tetrahedron Lett., 23,3711 (1982); (b) K. Yamamoto,

M. lijima, Y. Ogimura and T. Tsuji, Tetrahedron Lett., 25, 2813 (1984); (c) K. Yamamoto, M.
Kanoh, N. Yamamoto and J. Tsuji, Tetrahedron Lett., 28, 6347 (1987); (d) L. Gorrichon-Guigon
and S. Hammerer, Tetrahedron, 36, 631 (1980).

K. Saigo, M. Osaki and T. Mukaiyama, Chem. Lett., 1976, 163; T. Mukaiyama and S. Kobayashi,
J. Organometal. Chem., 382, 39 (1990); T. Mukaiyama and S. Kobayashi, Heterocycles, 25, 205
(1987); T. Mukaiyama, S. Kobayashi, M. Tamura and Y. Sagawa, Chem. Let., 1987, 491; T.
Mukaiyama and R. Hara, Chem. Lett., 1989, 1171; S. Kobayashi, M. Tamura, and T, Mukaiyama,
Chem. Lett., 1988, 91; S. Kobayashi and T. Mukaiyama, Chem. Lett., 1986, 1805; J. Otera, Y.
Wakahara, H. Kamei, T. Sato, H. Nozaki and S. Fukuzumi, Tetrahedron Lett., 32, 2405 (1991);
T. Sato, Y. Wakahara, J. Otera, H. Nozaki and S. Fukuzumi, J. Am. Chem. Soc., 113, 4028 (1991);
J. Otera, Y. Fujita, T. Sato, H. Nozaki, S. Fukuzumi and M. Fujita, J. Org. Chem., 57, 5054
(1992); M. Wada, E. Takeichi and T. Matsumoto, Bull. Chem. Soc. Jpn., 64, 990 (1991); Y. Kita,
J. Segawa, J. Haruta, T. Fugjii and Y. Tamura, Tetrahedron Lett., 21, 3779 (1980); R. A. Bunce,
M. F. Schlecht, W. G. Dauben and C. H. Heathcock, Tetrahedron Lett., 24, 4943 (1983); C. H.
Heathcock, M. H. Norman and D. E. Uehling, J. Am. Chem. Soc., 107, 2797 (1985); T. V. Rajan
Babu, J. Org. Chem., 49, 2083 (1984).

. C. Goasdoue, N. Goasdoue and M. Gaudemar, Tetrahedron Lett., 25, 537 (1984).
. M. Bellassoued and M. Mladenova, Phosphorus, Sulfur and Silicon, 60, 295 (1991).
. A. Bernardi, P. Dotti, G. Poli, C. Scolastico, Tetrahedron, 48, 5597 (1992), and references cited

therein.

. (a) O. Eisenstein, J. M. Lefour, C. Minot, Nguyen Trong Anh and G. Soussan, C. R. Acad. Sci.

C, 274, 1310 (1972); (b) J. M. Lefour and A. Loupy, Tetrahedron, 34, 2597 (1978).

. (a) B. Deschamps, Nguyen Trong Anh and J. Seyden-Penne, Tetrahedron Lett., 1973, 527; (b) M.

Cossentini, B. Deschamps, Nguyen Trong Anh and J. Seyden-Penne, Tetrahedron, 33, 409 (1977);
(c) B. Deschamps and J. Seyden-Penne, Tetrahedron, 33, 413 (1977).

. A. E. Dorigo and K. Morokuma, J. Am. Chem. Soc., 111, 4635 (1989).
. R. G. Pearson, J. Chem. Ed., 45, 581, 643 (1968); R. G. Pearson, J. Am. Chem. Soc., 85, 3533

(1963).

(a) G. Klopman, J. Am. Chem. Soc., 90, 223 (1968); (b) L. Fleming, Frontier Orbitals and Organic
Chemical Reactions, J. Wiley, London, 1976.

M. Mladenova, M. Biserkova and B. Kurtev, Phosphorus, Sulfur and Silicon, 44, 155 (1989).

M. Mladenova and F. Gaudemar-Bardone, Phosphorus, Sulfur and Silicon, 47, 191 (1990).

J. Kaneti and M. Mladenova, to be published.

T. Cohen, W. D. Abraham and M. Myers, J. Am. Chem. Soc., 109, 7923 (1987).

M. Mladenova, Synth. Commun., 16, 1089 (1986); M. Mladenova, M. Biserkova and S. Stanchev,
Synth. Commun., 21, 1555 (1991).



