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Abstract: The palladium-catalyzed intramolecular cyclization of the sodium salts of N-Boc or
N-trifluoroacetyl substituted 4-acetoxy-5-(p-tolylsulfinyl)-5-hexenylamines (1a,b) and
S-acetoxy-6-(p-tolylsulfinyl)-6-heptenylamines (2a,b) gives the corresponding
2-(1-(p-tolylsulfinyl)ethenyl)-pyrrolidines (3a,b and 4a,b) and piperidines (5a,b and 6a,b) in 50-88%
yield and up to 90% diastereomeric excess. The major cycloadducts obtained in the trifluoroacetamide
and NHBoc series were epimeric at the o-nitrogen stereogenic carbom, thus indicating a
stereoselectivity dependence on the nitrogen anionic nucleophile. © 1999 Published by Elsevier Science Ltd.
All rights reserved.

The palladium-catalyzed allylation of nucleophiles is a versatile, selective and efficient
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methodology for Organic Synthesis. Both inter- and intramolecular palladium-catalyzed allylation reactions
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are known and efficient catalytic asymmetric versions have been developed.” The use of nitrogen
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nucleophiles ~ in the allylation reaction leads to allylic amines or derivatives thereof.” Cyclic nitrogen
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compounds arise from intramolecular reactions, and examples of diastereoselective and enantioselective
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synthesis have been described. The versatility of the sulfinyl group as a chiral director in asymmetric

synthesis led us to study the intramolecular cyclization of 2-(arylsulfinyl)allyl acetates with
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trifluoroacetamide or #-butylcarbamate anions under Pd catalysxs.
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The Pd-catalyzed cyclization occurred under uncommonly mild reaction conditions for this type of

processes, giving moderate to good diastereoselectivities of the corresponding pyrrolidine or piperidine

derivatives (Scheme 1, Table 1).

TABLE 1
Cyclic Products
Substraie  Catalyst(@) Temp(C) | exo  dr(b) %yield(© endo % yield(©) | diene % yield ()
1a A r.t 3a/4a  90:10 88 %9a — 7a —
1a B -10 3a/4a 85:15 85 9a — 7a —
1b B -5 3b/4b 10:90 53 9b 17 7b —
1b A r.t 3b/4b  40:60 61 9% —_ 7b —
1b A -5 3b/4b  20:80 4] 9 22 7b —
1b A -20 3b/4b 5:95 38(d) 9b 38(d) b —
RS AN I
2a A rt.  Sa/6a(e) 75:25 68 10a — 8a 23

2b B r.t. 5b/éb(e) 45:55 74 10b — 8b 18

(a) A, 10 mol% Pd(OAc),/20 mol% dppe; B, 10 mol % Pd(PPh,), .

(b) Determined by 'H-NMR and/or GC on the crude reaction mixture.

(c) Isolated yields

(d) Isolated as the corresponding amines 3¢, 4¢ and 9c after trifluoroacetamide hydrolysis.
(e) See footnote 12.

(f) Crude yield.

Since the starting materials 1a,b and 2a,b were obtained as a 1:1 inseparable mixture of epimers at
the allylic carbon from (R)-p-tolylvinylsulfoxide, the above results seem to indicate that equilibration of
either the diastereomeric nt-allylpalladium intermediates (Figure 1) or the starting acetates' was faster than
nitrogen alkylation. No epimerization of the cyclic compounds was ever detected under the reaction
conditions and no allylation reaction took place in the absence of NaH, presumably this was required for
the formation of carbamate and trifluoroacetamide sodium salts. In some instances, dienes 8a,b were
obtained as side products, especially in the piperidine series. These dienes were the main reaction products
in the absence of the palladium catalyst, showing that the metal complex is essential for the success of the
cyclization. In the trifluoroacetamide series, the strong influence of the reaction temperature on the
diastereoselectivity and the formation of compounds 9b and 10b, arising from the uncommon endo

cyclization mode are remarkable. Interestingly, the formation of 9b and 10b parallels the achievement of



high levels of diastereoselection in the cyclization. In the pyrrolidine series, the (2R,S,) configuration of
the stereogenic center relative to sulfur could be inferred from an X-ray analysis of a monocrystal from the
major diastereomer 3a obtained from the cyclization of 1a.]2 Nitrogen deprotection of the major
diastereomers obtained in the N-Boc and in the trifluoroacetamide series, gave diastereomeric pyrrolidines
and piperidines epimeric at the o-nitrogen stereogenic carbon, this indicating a surprising reversal of the
stereoselectivity when moving from a trifluoroacetamide to the NHBoc anion as a nitrogen nucleophile.
Although the reasons for this difference in stereoselectivity remain unclear at this stage, a mechanistic
proposal can be suggested. Thus, due to the presence of the stereogenic sulfur atom, four diastereomeric

n-allylpalladium complexes in dynamic equilibria can be proposed as intermediates (Figure 1).
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If we assume that nucleophilic attack from both the N-Boc and trifluoroacetamide anions take place
with inversion, as is generally accepted for this kind of reaction, then different m-allyl-Pd intermediates
should be considered in each series. However, an alternative interpretation would rely on the operation of
different mechanistic pathways for each anion. Thus, whereas one of the anionic nucleophiles would attack
the allyl-Pd intermediate with inversion, the other one could attack the metal first, being subsequently
transferred to the allyl ligand with retention, via a reductive elimination process,]3 as is usually proposed for
n-allylpalladium reactions with non stabilized nucleophi]es.m In addition, the strong temperature dependence
on the stereo- and regiochemical outcome in the trifluoroacetamidate allylation leading to endo cyclization

products (not detectable in the N-Boc cyclizations) might also be mechanistically relevant.
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In summary, the diastereomeric nature of the 2-(p-tolylsulfinyl)allylpalladium complexes has led to
the discovery that apparently similar nitrogen nucleophiles can react in a stereodivergent manner. Further

studies concerning the generality of the above results and the mechanistic rationale are open for future work.
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