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The dipolarophilic reactivity of enantiopure (Z)-3-p-tolylsulfinylacrylonitriles (1) has been evaluated with diazoalkanes. 3-Cyanopyrazoles are
obtained when R = H, but with R = alkyl (Bn, n-Bu, and t-Bu) only one cycloadduct (4 or 5) is formed in high yield under mild conditions,
therefore evidencing a complete control of the regioselectivity and the endo/exo and s-facial selectivities. These reactions are a new
straightforward entry to the synthesis of pyrazolines and related structures and reveal the excellent dipolarophilic features of (2)-
sulfinylacrylonitriles.

In the course of our studies on the behavior of differently In contrast to the wide scope of uses of chiral vinyl
substituted vinyl sulfoxides in asymmetric cycloaddition sulfoxides in asymmetric DietsAlder reactions, their use
reactions, searching for the ideal sulfinyl dienophile, we in dipolar reactions is much less extenda@imaybe due to
recently reported the results obtained from Diefdder the easy desulfinylation of the resulting cycloadducts. Since
reactions of optically purez)-sulfinylacrylonitriles with a  this problem was minimized with dipolarophiles lacking a
range of dienes, such as cyclopentadieand less reactive  hydrogen atom at ais-arrangement with respect to the
dienes such as furan and acyclic dieh@he main feature  sulfinyl group, the structure of the easily obtainet)-g-p-
of these reactions is their completefacial selectivity, and  tolylsulfinylacrylonitriles suggested their potential efficiency
in the case of theZ)-3-p-tolylsulfinylacrylonitrile, both the  as chiral dipolarophiles. Taking into account t_hat the_sulflnyl
reactivity and theendoselectivity are also remarkable, which ~ group was shown to be very efficient in increasing the
determines that this compound can be considered as one ofeactivity of some dipolarophilic moieties with diazoalkahes,
the best monosubstituted vinyl sulfoxides reported thus far. We decided to begin our study with these 1,3-dipoles, to
On the other hand, its 2-alkyl-substituted derivatives exhibit : - : —
L L. . (3) Some reviews: (a) Garcia Ruano, J. L.; Cid, BTbpics in Current
a poorendqselecqwty ar_‘d aclearly |0W(_""r reactivity, which Chemistry Page, P. C. B., Ed.; Springer: Berlin, 1999; Vol. 204, pfl26.
makes their reactions with cyclopentadiene the only ones to (I\sl)) g"ﬂlrre;r)m, M. C. %he(r:nhRE{/l995,895, hl7_l7-A(C) Sollalgié, G-F; Ccafngd
: . C. try: thet ts; ,P.C. B, .
take place. These results prompted us to study the dipolaro-x: emic prose: Now ngtslrg%; 3")';}467? spects; Fage
philic behavior of optically pure sulfinylacrylonitriles. (4) (a) Gothelf, K. V.; Jgrgensen, K. &hem. Re»1998,98, 863. (b)
Midura, W. H.; Krysiak, J. A.; Mikoajczyk, M.Tetrahedron1999, 55,
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achieve a new entry to enantiomerically puké-cyano- detected in the NMR spectra of the crude reactions, and it
pyrazolines, whose structures are much less frequentlywas isolated in almost quantitative yields (Table 1). Reactions
reported in the literatufethan those of their corresponding

A?-analogued.The asymmetric synthesis of pyrazolines has _

been studied mainly from cyché and much less from

. Table 1
acyclic alkeneg?89 o H R
The synthesis of the starting}-3-sulfinylacrylonitrilesl 4 4 e R'
[Scheme 1: R= H (1a),n-Bu (1b),t-Bu (1c), and Bn1d)] I KTol % NN isoTer 4bd (R=H)
R™CN —quant™ N/ 5b-d (R'=Me)
Scheme 1 substrate R R’ T (°C) time product?
- O\S 1b nBu H -10 15h 4b
_ ., 1. EtMgBr, Et,0 vl 1c t-Bu H 0 15h 4c
R-C=CH -2 2 >
2pToSOgMerih R’ 1o 1d Bn H 10 45min 4d
Etp , toluene a- _ -

(R =H, n-Bu, t-Bu. Bn) 1b n-Bu Me 10 2 m!n 5b
1lc t-Bu Me 0 5 min 5c
1d Bn Me -10 10 min 5d

. . . . a 1 0,
can be performed easily in just two steps from terminal  'sclated yield=93%.

alkynes according to a previously reported methodolving
sulfinylation with optically pure menthylsulfinate followed
by a completely stereoselective conjugated addition of
ELAICN to the resulting alkynyl sulfoxides.

The reactions ofla with diazomethane and diazoethane
take place instantaneously, even-at0 °C, yielding the
corresponding cyanopyrazol@g!®!tand3al!

This reaction results from the easy desulfinylation of the
obtained cycloadducts into the aromatic compounds, once
the A? rearrangement of the initially formed pyrazolirfes,
favored by the conjugation of the=€N bond with the cyano
group, has taken place (Scheme 2).

with diazoethane were even faster, yielding the pyrazolines
5b—d in less than 10 min under the same reaction conditions,
also in quantitative yields (Table 1). Since compou#dsd
5 bear a cyano group on a quaternary carbon=Rlkyl),
thus preventing the formation of a conjugated double bond
by A — D? pyrazoline rearrangement, desulfinylation is not
so favored (the formation of the aromatic heterocycle is not
possible), making them stable enough to be isolated and
purified.

Since the reactivity of diazoalkanes with acrylonitrifes
is lower than that of compountla (see above), we must
conclude that the sulfinyl group increases the dipolarophilic

_ reactivity with these 1,3-dipoles. The same conclusion had

Scheme 2 also been reached from the results obtained for 3-p-
o H, R ~ tolylsulfinyl-5-alkoxyfuranones with diazoalkane©ther-
u b ﬁ® wise, the reactivity of compounds as dipolarophiles is
I KTol S E SOTol clearly higher than their dienophilic reactivit§b and 1d
H” > CN react with cyclopentadief@fter 1 day at room temperature
c H CN ) )
1a , in the presence of 2 equiv of ZnBrwhereas they do not
4
H R’ R' Izv. Akad. Nauk, Ser. Khinl992, 452. Hassaneen, H. M.; Ead, H. A.;
‘N N -TolSOH H‘N Elwan, N. M.; Shawali, A. SHeterocycled988,27, 2857. Ezmirly, S. T.;
NS T b SOTol Shawali, A. SJ. Heterocycl. Chenil988,25, 257.1,3-Dipolar Cycload-
N= dition Chemistry; Padwa, A., Ed.; Wiley-Interscience: New York, 1984,
CN CN and references cited.
2a (R'=H) (8) (a) Diaz, M.; Ortlio, R. M. Tetrahedron: Asymmetf95 6, 1845.
3a (R'=Me) (b) Rispens, M. T.; Keller, E.; de Lange, B.; Zijlstra, W. J.; Feringa, B. L.

Tetrahedron: Asymmetr$994,5, 607. (c) Martin-Vila, M.; Hanafi, N.;

Jimenez, J. M.; Alvarez-Larena, A.; Piniella, J. F.; Branchadell, V.; Oliva,

A.; Ortuho, R. M. J. Org. Chem1998,63, 3581.

. . - . (9) Mancera, M.; Rodriguez, E.; Roffé, I.; GalbisJJOrg. Chem1988
The r_eaCtlonS_ (_)Ib d with diazomethane take place under 53, 5648. Jiménez, J. M.; OftanR. M. Tetrahedron: Asymmetr4996,7,

very mild conditions T < 0 °C) and moderated reaction 537. Misch, M. R.; Guerra, f. M.; Carreira, E. M. Am. Chem. Sod997,

i < inL2 _ 119, 8379. Kanemasa, S.; Kanai,Jl.Am. Chem. So2000,122, 10710.

times ( 90 mln)l' Only one CyCloaddUCt (4b d) was (10) Lancelot, J.-C.; Maume, D.; Robba, M.Heterocycl. Chenl981,

18, 1319. Cabildo, P.; Claramunt, R. Krg. Magn. Resorll984,22, 603.

(6) Franck-Neumann, M.; Miesch, MBull. Soc. Chim. Fr1984, 362. (11) Tsuchiya, T.; Arai, H.; Igeta, Hl. Chem. Soc., Chem. Commun.
Gulbrandsen, T.; Kolsaker, Acta Chem. Scand., Ser. B983,B37 (3), 1972, 1059.
219. (12) General procedure: To a solution of Z)-3-p-tolylsulfinylacrylo-

(7) Molteni, G.; Orlandi, M.; Broggini, GJ. Chem. Soc., Perkin Trans. nitrile (1) (1 mmol) in anhydrous ED (substrate$a—c) or MeOH (substrate
12000, 3742. Gabbutt, C. D.; Hepworth, J. D.; Heron, B. M.; Coles, S. J.; 1d) (2 mL), cooled at the indicated temperature (see Table 1), was added

Hursthouse, M. BJ. Chem. Soc., Perkin Trans.2D00, 2930. Chen, D.- a 0.95 M solution of diazoalkane inZ& (10 equiv). The resulting mixture
W.; Chen, Z.-ChSynth. Commuri995,25, 1617. Bach, K. K.; El-Seedi, was stirred under the conditions shown in Table 1 and evaporated.
H. R.; Jensen, H. M.; Nielsen, H. B.; Thomsen, I.; Torssell, K. B. G. (13) In our hands, reaction of acrylonitrile with diazomethane was

Tetrahedronl1994,50, 7543, Linev, V. V.; Kolomiets, A. F.; Fokin, A. F. complete in ca. 15 min at5 °C.
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react either with furan or acyclic dienes, even at high The stereochemical result of these reactions can be
pressures.1c does not react with any dienes. rationalized as follows. The dipolar repulsion between the
The most outstanding result concerning these 1,3-dipolar S—O and C—N bonds, which unstabilizes the conformation
cycloadditions is the complete control of the stereoselectivity. with the sulfinyl oxygen in an s-cis arrangement, must be
Only one adduct is isolated in practically quantitative yield, strong enough to shift the conformational equilibrium around

even in the case of reactions with diazoethane, where fOUfthe C-S bond Comp|ete|y toward the s-trans rotamer. A more

the sulfinyl group is able to control the-facial diastereo- compoundsl can be found in ref 1.
selectivity at both the starting sulfinylacrylonitrile and the
dipole.

The cis relationship between the R and methyl groups in
cycloadducts derived from diazoethane was established fro

As shown in Scheme 3, thetolyl group sterically hinders

theH NMR parameters (values of NOE’s) observed $or Scheme 3. Stereochemical Course of the Reactionsbf-d
(see Figure 1)* with Diazomethane
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Figure 1. NOE values for5b.

the dipole approach to the lower face of the favored s-trans

The absolute configuration of the cycloaddult was conformation, thus determining exclusive attack to the less
unequivocally determined by X-ray crystallography. To get hindered upper face of the dipolarophile, which is the one
good crystals, the NN double bond in compoundb was supporting the lone electron pair. This assumption, which is
reduced by treatment with Al(Hg) in THFH,O (9:1) to able to explain the configuration at C-3 and C-4 of the
afford compoundb in 90% yield, whose X-ray structure is ~ adducts4 and5, was also used to explain the behavior of
represented in Figure 2. compoundla as dienophilé: 2

To explain the control of ther-facial selectivity on the
dipole fragment, we assume that the interaction of Me and
SOTol groups, which unstabilizes the approach of the
dipolarophiles (from the less hindered face in their most
stable s-trans conformation) to the prda8e of the dipole
(Scheme 4), must be strong enough to justify the exclusive
evolution of the reagents through the most starido-like

Scheme 4. Stereochemical Course of the Reactiond bf-d
with Diazoethane
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TS resulting from the approach of the dipolarophile to the fragments. These reactions are one of the most straightfor-
pro-Rface of the diazoethane, where such an interaction isward and efficient entries to the asymmetric synthesis of
absent. enantiomerically puré-pyrazolines.

In conclusion, we have shown that 2-alkyl-substitutéd (
3-p-tolylsulfinylacrylonitriles exhibit very good properties
as chiral dipolarophiles in their reaction with diazoalkanes.
Their reactivity is very high and they are able to control the
stereoselectivity of both the dipole and the dipolarophile
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