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The gold(lll) chloride-catalyzed cycloisomerization of various o-aminoallenes gave the corresponding 3-pyrrolines in good to high chemical
yields. An interesting dependence of the chirality transfer and reactivity on the N-protecting group was observed. The 3-pyrrolines are highly
useful intermediates for the synthesis of functionalized pyrrolines, pyrrolidines, and other natural products.

Functionalized pyrrolines and pyrrolidines are of great Thus, it is not surprising that numerous pathways for the
importance in natural product synthesis because of their highsynthesis of substituted pyrrolines and pyrrolidines have been
and diverse biological activities (Figure 1 hese include developed, and in recent years much work has focused on
metal-mediated approaches. To control the relative and
absolute configuration of stereogenic centers in position 2
and/or 5 of the heterocycles, the cyclization/cyloisomerization
of sterically definedx-aminoallenes is particularly promising,
and metals such as Pd(0 or 11Ag(l),® and Hg(lI¥ as well

as organolanthanidekave been used for this purpose.
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Figure 1. Naturally occurring pyrrolidines.
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Recently, we reported a highly efficient gold(lll)-
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even more pronounced for the acylated aminoall&mesnd
4e (entries 6 and 7). Only the unprotected aminoalléae
afforded the diastereomerically pure 3-pyrroline (entry 1).

The synthesis of the starting materials, the diastereomeri-

cally pure aminoallenegla—e, is shown in Scheme 2.
Epoxidation of enynd, followed by benzylation gave a 70%
yield of oxirane2. The corresponding hydroxyalleBevas
prepared viaanti-selective §2' substitution reaction of
oxirane2 with a magnesium cyanocuprate in the presence
of n-BuP 21 The a-aminoallened4a was prepared fron3

via Mitsunobu reaction with phthalimide, followed by
hydrazinolysist! For an initial screening of the effect of
various N-protecting groups in the gold-catalyzed cyclization,
aminoallenelawas reacted with a selection of acylating and
sulfonylating agents.

Treatment of the diastereomerically pureaminoallenes
4a—e with 2 mol % of AuCk in dry CH,Cl, at room
temperature gave the corresponding 3-pyrroliBas-ein
good to excellent yields (Table 1).

The reactions were complete after 30 min at room
temperature for the N-protected aminoalledbs-e (entries

Table 1. AuCls-Catalyzed Cycloisomerization of
a-Aminoallenes4 to 3-Pyrroliness

Me Me
~ 2 mol% AuCls /FS
Pra_z* ~ ~OBn . 1, _OBn
Y NHPG solvent, temp.  Pr N -
H PG
4 5
entry 4 PG solvent T (°C) time 5 (yield, %) dr
1 4a H CHCl, rt 5 days 5a (74) >99:1
2 4b Ms CHCl; rt 30 min 5b (77) 94:6
3 4c Ts CHyCl, rt 30 min 5¢ (93) 95:5
4 4c Ts CHCl; 0 1h 5c (95) 96:4
5 4c Ts THF rt 15h 5c¢ (95) 93:7
6 4d Ac CHCl; rt 30 min 5d (80) 70:30
7 4e Boc CHCI, rt 30 min 5e (69) 46:54
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To further examine the scope of the gold-catalyzed
cycloisomerization ofo-aminoallenes, we prepared the
substratea—c with a variable substituent pattern. These
were efficiently converted into the corresponding 3-pyrrolines
7a—cin good yields with complete chirality transfer (Table
2).

A plausible mechanism of the gold(lll) chloride-catalyzed
cycloisomerization obi-aminoallenes is shown in Scheme
3. Thus, coordination of the carbophilic gold catalyst to an
allenic double bond (compleA) would be followed by
formation of the metallacyclopropaii As a consequence
of the increased electrophilicity, cyclization via ag2Sype
transition state and subsequent proton transfer would produce
the 3-pyrroline with complete axis-to-center chirality transfer.
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Table 2. AuCls;-Catalyzed Cycloisomerization of
o-Aminoallenes6 to 3-Pyrrolines?

Me Me
N 2 mol% AuCl, /<=§
Ra* ' TOR' ., OR
- NH, CHiCly rt RN
H 6 5 days 7
entry 6 R R’ dr 7 (yield, %) dr
1 6a Me Bn 90:10 7a (71) 90:10
2 6b n-hexyl TBS 85:15 7b (82) 85:15
3 6c Ph TBS >99:1 7c (79) >99:1

In the case of the N-protected aminoalledés-e, however,
an oxygen atom of the protecting group could stabilize the
zwitterionic complexC by coordination, and the cyclization

Scheme 3
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would proceed with partial isomerization (via single bond
rotation) to complexD, leading to a diminished diastereo-
selectivity.

In conclusion, we have developed a new efficient gold-
(I)-catalyzed cycloisomerization reaction of variomsami-
noallenes to the corresponding 3-pyrrolines. An interesting
dependence of the chirality transfer and reactivity on the
N-protecting group was observed. Compared to the corre-
sponding Ag(l)-catalyzed cyclization of aminoallertes,r
catalytic system is advantageous in terms of a very low
catalyst loading (2 mol %), which renders the method much
more economical.

We are now searching for more active and selective gold
catalysts, which should allow for shorter reaction times in
case of the unprotected-aminoallenes, and for higher
stereoselectivities in case of the N-protected substrates.
Furthermore, application of the method to the synthesis of
functionalized pyrrolines, pyrrolidines, and other natural
products is actively pursued.
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