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A new kind of chiral dienophiles, cyclic vinyl-p-tolylsulfilimines (2a and 2b), were obtained from the corresponding (Z)-sulfinylacrylonitriles
with HBF, and methanol. The asymmetric Diels—Alder reaction of optically pure 2a with cyclopentadiene under mild thermal or catalyzed
conditions afforded only the endo-4a adduct with complete endo and sz-facial selectivities. The ability of the sulfilimine moiety to enhance the
dienophilic reactivity of the double bond is similar to that of the sulfinyl group.

Enantiomerically pure vinyl sulfoxides have been widely larger electronic deficiency at sulfur, thus determining that
used as dienophiles in Diel#\lder reactions. By contrast dienophilic reactivity of vinyl sulfilimines was even higher
the use of vinyl sulfilimines, nitrogenated equivalents of vinyl than that of vinyl sulfoxides, despite the lower electronega-
sulfoxides, as dienophiles so far has not been reported. Theivity of the nitrogen as compared with that of the oxygen.
lower configurational stability of these compounds with On this assumption, the study of configurationally stable
respect to the sulfoxidéand the fact that their synthesis in  vinyl sulfilimines in asymmetric DielsAlder reactions

an optically pure form usually involves the corresponding would be highly interesting.

sulfoxides as the starting materfalsould explain why In the course of our studies on the use of vinyl sulfoxides
sulfilimines have never been used as chiral dienopHiles. in asymmetric cycloadditiorfsye have recently reported the
Nevertheless, on the basis of the double bond character ofdienophilic behavior of enantiomerically pureZ){3-p-

the S—X bond, smaller in sulfilimines than in sulfoxideis, tolylsulfinylacrylonitriles in Diels—Alder reactions with
could be expected that the former compounds exhibited acyclopentadienéWhen the reactions catalyzed by BBEt
were quenched with methanol before their completion, we

T Universidad Auténoma de Madrid. found that variable amounts of a side product, instead of
* Universidad Nacional Autonoma de México.
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the starting material, were isolated. Its spectroscopical datajjj AAANHIHIRNEG

suggested a sulfilimine structure bearing an endocyehblS

bond. These results prompted us to develop experimental
conditions allowing us to synthesize these compounds in high
yields to investigate their properties and chemical behavior.
We report herein an easy method for the preparation of this

family of chiral compounds, some results concerning their
configurational stability, and the behavior of the simplest
one,2a, as a chiral dienophile with cyclopentadiene.

As the starting compounds we have us&gulfinyl-
acrylonitrileslaandlb, synthesized following the previously
described procedufé by hydrocyanation of their corre-
sponding alkynyl sulfoxides with BAICN.

Treatment of sulfinylacrylonitrileda and 1b with HBF,

(2 equivy at room temperature for 2.5 h and then quenching
with anhydrous methanol for 1.5 h (conditions A, entries 1
and 2 in Table 1) afforded mixtures of the corresponding

Table 1
(0]
R CN 1. HBFy4, R R CONH,
CHoClp, 1t
| ,Tol | N + I -
HIS;; 2. MeOH, rt H s/: Ho g Tol
+ Tol/ v *
Y o]
(R=H 1a 2a 3a
(R=n-Bu) 1b 2b 3b
entry R conditions? 2:3 ratioPc
1 H A 63 (47):37 (31)
2 n-Bu A 93 (72):7 (6)
3 H B 93 (64):7 (—)
4 n-Bu B 100 (98):0

aSee text? Determined by*H NMR. ¢ Isolated yield in brackets.

sulfilimines 2 and sulfinylacrylamide8. Under these condi-
tions, the formation oRb (R = n-Bu) seems to be easier
than that of2a (R = H). Better results were obtained under
conditions B (entries 3 and 4 in Table 1) consisting of an
increase in the amount of HBK4 equiv in the first step
and a further addition of 2 equiv after treatment with
methanol in the second step). Under the latter conditiins
was the only product detected frohi (entry 4), whereas
la yielded a 93:7 mixture of2a and 3a. These ratios
suggested that sulfinylacrylamides were precursors of sulfil-
imines, which could be confirmed by the independent
conversion of3a and 3b into 2a and 2b, respectively, by
treatment with HBE, under conditions similar to those used
in the reactions starting frorha and 1b (conditions A)*°
To our knowledge, this method is applied for the first time
to the preparation of optically pure sulfilimines from sulf-
oxides and amides under acidic conditidhs.

The structure and absolute configuration of vinyl sulfil-
imine 2a was unequivocally determined by X-ray crystal-
lography (Figure 132 The S—N bond distance is 1.636 A,

Figure 1. X-ray structure of sulfiliminea.

of 2a could not be determined (HPLC or NMR), its ee of
>97% could be inferred from the optical purity of the adduct
endo-4a(see below).

Taking into account that the conditions used to obtin
and3 from 1 are quite similar to those previously reported
for the hydrolysis of saturate@tsulfinylnitriles into S-sulf-
inylcarboxamided? a reasonable pathway explaining the
formation of the vinyl sulfilimines R)-2aand (R)-2bfrom
their corresponding sulfinylnitrilesR)-1 is outlined in
Scheme 1. It would proceed by hydrolysis of the cyano group

Scheme 1
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into carboxamide with anchimeric assistance of the sulfinyl
group, resulting in the inversion of the configuration at sulfur
(see ref 7). Once the sulfinylamide is formed under acidic
conditions able to protonate the sulfinyl oxygen, the lone
electron pair at nitrogen could attack the positively charged

very similar to that corresponding to other previously sulfur atom, displacing the OH group to yield sulfilimines
reported sulfilimines, and the angles around the sulfur atom (R)-2. Substitution at sulfur could take place, involving a
evidence its tetrahedral structure. Although the optical purity sulfurane intermediate speci@sbearing the sulfur atom at
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the center of a trigonal bipyramid (Scheme 1) or as an
intramolecular nucleophilic substitution at sulfur, but in both

(1.2 equiv). The use of BFOEL as a catalyst also led to
the same cycloadduct (97% vyield) after 3 h at 20/

cases the inversion at the sulfur configuration must take The ee of the addueta was >97% (HPLC) suggesting

place. This mechanistic proposal is similar to that reported
by Oaé* using basic conditions.

Acyclic sulfilimines have been found to undergo easier
thermal racemization than sulfoxides upon heathdo
examine the configurational stability of our cyclic vingi-
tolylsulfilimines, 2a and2b were refluxed in chloroform or

that no racemization at sulfur had taken place either during
the formation of2a or in its Diels—Alder reaction with
cyclopentadiene.

The endostereochemistry of the obtained cycloadddiat
was established from it#H NMR parameter$® and the
relative configuration at their chiral carbons was established

methanol and their specific rotations were measured atby chemical correlation (Scheme 3).

regular intervals. After 24 days under these conditions,
specific rotations oRa (which is slighly decomposed) and

2b remained practically unaltered. These results suggest thal

these cyclic sulfilimines are configurationally more stable
than the corresponding acyclic orfé4® Anyway, we can
assume that the degree of racemizatioatind2b is not
significant in asymmetric reactions conducted under condi-
tions milder than those used in these experiences.

The Diels-Alder reaction oRawith cyclopentadiene (16
equiv) in methylene chloride for 24 h at room temperature
afforded cycloadduande4a (84% isolated yield) along with

unaltered substrate in a 95:5 ratio, respectively (Scheme 2).

Scheme 2
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Addition of Lewis acids such as ZnBor BF; improved the
reactivity. Thus, the complete transformatiorlafinto ende
4a (98% isolated yield) was achieved aft2 h atroom
temperature (or 6 h at20 °C) in the presence of ZnBr

(8) Special attention must be paid to the crystallizatiod@following
the procedure described in ref 7 to obtain it in an enantiomerically pure
form. The [0} values obtained for different samples s with ee values
of >96% (determined by NMR using Yb(hfcas LSR) fluctuates randomly
(—400+ 40, CHCE 0.69). Hence, analysis by NMR but not specific rotation
must be used as optical purity criteria.

(9) With this acid the sulfilimines are obtained in higher yields than with
BF3-OFEt.

(10)2a: H NMR (CDCl) 6 7.93 (d, 1H,J = 5.5), 7.42 and 7.33
(AA'BB system, 4H), 7.05 (d, 1H]) = 5.5), 2.43 (s, 3H)2b: H NMR
(CDClg) ¢ 7.40 (t, 1H,J = 1.4 Hz), 7.34 and 7.26 (A/BB system, 4H),
2.53 (m, 2H), 2.36 (s, 3H), 1.56 (m, 2H), 1.34 (m, 2H), 0.87 (t, 3K
7.1).

(11) Different electrophilic activating reagents for such a condensation,
including HSOs and BF;, have been reported (Varkey, T. E.; Whitfield,
G. F.; Swern, DJ. Org. Chem1974,39, 3365. Sharma, A. K.; Ku, T.;
Dawson, A. D.; Swern, DJ. Org. Chem1975,40, 2758), but their use is
limited to the presence of DMSO.

(12) The authors have deposited atomic coordinates2éowith the

Scheme 3
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Reaction o#4awith acetyl chloride and then @ yielded
the imide5a by hydrolysis of the sulfilimine moiety with
inversion at the sulfur configuration. It was easily trans-
formed (NaOH/MeOH) into carboxamidendo-6a. This
compound is spectroscopically identical (and shows the same
value and sign of its optical rotation) to the cycloadduct
reported from the reaction of sulfinylacrylonitrilea with
cyclopentadiene in the presence of;BPEDL.” Configuration
at sulfur forendo-4amust be identical to that of the starting
dienophile2a (Diels—Alder reaction conditions must not
affect such a configuration) but opposite to that of the sulfinyl
amide endo-5a(and thereforeendo-6a), as a result of the
inversion at sulfur configuration provoked by hydrolysis of
the sulfilimide grouping.

The z—facial selectivity of the Diels Alder reaction can
be easily explained by assuming a steric approach control

(13) Garcia Ruano, J. L.; Martin Castro, A. M.; Rodriguez Ramos, J.
H.; Rubio Flamarique, A. CTetrahedron: Asymmetry997,8, 3503.

(14) (a) Moriyama, M.; Yoshimura, T.; Furukawa, N.; Numata, T.; Oae,
S. Tetrahedron1976,32, 3003. (b) Moriyama, M.; Oae, S.; Numata, T.;
Furukawa, N.Chem. Ind1976, 163. (c) Oae, S.; Kikuchi, K.; Moriyama,
M.; Furukawa, NChem. Lett1982, 1723. (d) Kikuchi, K.; Furukawa, N.;
Moriyama, M.; Oae, SBull. Chem. Soc. Jpril985,58, 1934.

(15) (a) Furukawa, N.; Harada, K.; Oae,T®trahedron Lett1972 1377.

(b) Darwish, D.; Datta, S. KTetrahedron1974,30, 1155.

(16) The precise determination of the activation parameteZaaind
2bis in progress.

(17) Reactivity of2b with cyclopentadiene is clearly lower than that of
2a. Its synthetic usefulness is only related to 1,3-dipolar cycloadditions,
which are currently being investigated.

(18) endo-4a: ™H NMR (CDClg) ¢ 7.45 and 7.30 (AABB' system, 4H),

Cambridge Crystallographic Data Centre. The coordinates can be obtained,6.40 (dd, 1H, J 3.0 and 5.9), 6.30 (dd, 1H, J 3.0 and 5.9), 4.05 (dd, 1H, J

on request, from the Director, Cambridge Crystallographic Data Centre,
12 Union Road, Cambridge CB2 1EZ, U.K.
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5.5 and 8.7), 3.56 (dd, 1H, J 5.5 and 8.7), 3:8040 (m, 2H), 2.40 (s, 3H),
1.85—1.65 (m, 1H) and 1.601.40 (m, 1H).
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of the diene from the less hindered face of the dienophile containing sulfinyl and carboxamide groups with the required
(that supporting the lone electron pair at sulfur). The bulky configuration.
p-tolyl group completely hinders one of the faces of the  Concerning thendo-exoselectivity, theendoorientating
cyclic sulfilimine, thus precluding the approach of the diene character of the cyclic sulfilimin2ais clearly higher (only
on it and justifying the complete stereoselectivity observed endo-4ais detected) than that of the acyclic sulfinyl
in these reactions. acrylonitrile 1a, mainly when reactions take place in the
This can be easily observed in Scheme 4 where the absence of catalysts (a 1:1 mixtureasfdoandexoadducts
comparison is shown of the results obtained in reactions of is formed)’ The planarity of the cyclic system must facilitate
the secondary interactions favoring #redotransition states.
_ Finally, results in Scheme 4 suggest thatind2a exhibit
Scheme 4 a similar reactivity. As the positive influence of the CN group
on the dienophilic character dfa must be similar or even

; e, higher than that of the amide group2a, we can conclude
-— that the activating effect of the sulfilimine group 2a will

ol be similar or even higher than that of the sulfinyl group at

2a 1a

la. This fact can only be explained as a consequence of the
lower bond order of the S=N bond (higher electronic
<:| ZnBry, - 20 C, 3 ZnBrp, t, 3h deficiency at sulfur) with respect to the-% one (see the
or 24n or80°C, 1h Introduction)
As a conclusion we can establish that cyclic sulfilimines

Ar 40 F * such as2 can be easily prepared by cyclization of the
ZL// N oN corresponding4)-sulfinylacrylonitriles catalyzed by acids.
. They are configurationally stable under conditions of their

<7 S_/ Diels—Alder reactions with cyclopentadiene, evolving with
“Tol complete endo and z-facial selectivity. The activating
influence of the &N grouping in the dienophilic character

l l of double bonds is similar or even larger than that of the

sulfinyl group. This research is ongoing in regard to the use
of these substrates in other cycloaddition reactions and
nucleophilic additions. These results will be published in due
=N AN course.
-
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2a andla’ with cyclopentadiene under thermal and ZpBr
catalyzed conditions. Both dienophiles exhibit complete but
oppositer-facial selectivities, as expected from their different
configuration. In this sense cyclic vinyl sulfilimingscan

be considered as complementary dienophiles to their precur-
sor sulfinylacrylonitrilesl for the preparation of cycloadducts 0L991224T
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tion containing characterization and carbon spectra for
compounds?, 3, andendo-4a(2 pages). This material is
available free of charge via the Internet at http://pubs.acs.org.
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