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Abstract: We report a new method for the synthesis of
novel N-aryl proline analogues. By reacting an aryne pre-
cursor with N-(2-malonyl) tetrahydropyridines in the pres-
ence of tetrabutylammonium fluoride (TBAF), a tandem

aryne-capture/anion isomerisation/[2,3]-sigmatropic rear-
rangement is induced, leading to good yields of 3-substi-

tuted N-aryl-2-acylpyrrolidines. These products are known
subunits of biological probes, sensors and drug-like frag-

ments, and are not easily accessed directly by other meth-

ods. The reaction is also notable as the first [2,3]-rear-
rangement of cyclic ammonium ylides at room tempera-

ture.

Pyrrolidines are key structural features of many biologically

active natural products and synthetic substances, and there
has been a concomitant interest in methods for the synthesis
of these rings.[1, 2] Within this diverse class of molecules, the 2-

acylpyrrolidine motif is well-known as a component of proteins
(in the amino acid proline) and proline analogues occur as sub-

units of many biologically active synthetic substances, includ-
ing pharmacologically relevant molecules and functional
probes such as ion sensors (Figure 1).[3] Though the N-aryl and

N-naphthyl proline is present in many such drug-like substan-
ces,[4] methods to access these structures are limited, with the

Ullmann–Goldberg reaction[5] being most often used to pre-
pare the molecules (Scheme 1 a), a process which usually ne-
cessitates elevated temperatures and high catalyst loading.[6]

Due to this scarcity of synthetic methods, there has been

recent interest in the development of novel methods to deliver

N-aryl pyrrolidines.[7]

We hypothesized that [2,3]-sigmatropic rearrangements of
N-aryl tetrahydropyridines could potentially offer an efficient

entry to N-aryl pyrrolidines analogues, but access to the neces-
sary N-aryl ammonium ylides needed for the reaction is non-

trivial : because of the ambident reactivity of N-arylamines,
metal-catalysed carbene capture by nitrogen is impractical for

anilines,[8] and access to N-aryl ammonium salt ylide precursors
by means of alkylation of anilines[9] is also challenging.

To circumvent these obstacles, we were attracted by the
concept of a metal-free tandem aryne-capture/[2,3]-rearrange-

ment, which would circumvent the need for salt formation,
and would avoid issues with carbenoid capture. Though

tandem aryne capture/aza-Claisen rearrangements involving
allyl amines are known[10] (Scheme 1 b), when we commenced
this study this proposal was conceptually unique. Thus, as

shown in Scheme 1 c, we postulated that reaction of N-alkyl
tetrahydropyridines 1 (readily available from the corresponding

N-alkyl pyridinium salts[11]) with an aryne[12, 13] 2, would be fol-
lowed by isomerization of the first-formed sp2-anion 3 to the
more stable ylide 4, which would undergo sigmatropic rear-

rangement to give N-arylated pyrrolidine 5 ; however, since re-
arrangements of analogous N-alkyl-tetrahydropyridinium ylides

typically require elevated temperature,[14, 15] (unlike acyclic am-
monium ylides, which rearrange rapidly at ambient or low tem-

peratures[16]) it was envisaged that heating might be required
to execute the final step of the cascade. As well as theoretically
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Figure 1. Bioactive synthetic N-aryl prolines.
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allowing metal-free access to N-aryl pyrrolidine analogues
bearing dense contiguous substitution (including adjacent

quaternary centres, a demanding structural motif difficult to
access by other means[17]), the method would also allow fur-

ther synthetic modification and diversification by manipulation
of the pendant 3-alkenyl substituent. We report herein the re-
alization of this strategy and its application to the efficient
preparation of a range of N-aryl proline analogues (Scheme 2).

Our studies commenced with the reaction of tetrahydropyri-
dine 1 a ; a mixture of this heterocycle and (2-triflyloxy-1-trime-

thylsilyl)benzene in dry acetonitrile was reacted with TBAF
over a two-hour period at room temperature (Scheme 3). We

were delighted to witness the validation of our hypothesis,
with the hoped-for novel N-aryl pyrrolidine derivative 5 a being
formed directly, at room temperature, and isolated in 94 %

yield after chromatography. This confirmed that the reaction
was capable of delivering highly functionalized pyrrolidines in

a one-pot process. Based on the prior art referred to above, it
is noteworthy that the rearrangement component of the

tandem proceeds at room temperature. The reasons for this

enhanced reactivity compared to reactions of salt-derived
ylides are not immediately apparent at present, but the ob-

served room temperature rearrangement of an ammonium
ylide bearing a monocyclic alkene is unprecedented and likely

offers a comment on the mechanistic nuances of such process-
es. The existing rationale for the requirement for elevated tem-

perature is the additional activation energy required to bring

to juxtaposition the reactive termini of an ylide containing
a cyclic alkene,[12] but this is clearly not the case for the reac-

tion under examination here. This point is currently under in-
vestigation in our laboratories.

Armed with this remarkable result we turned our attention
to examining the scope of the process, firstly probing the

effect of substitution in the tetrahydropyridines component.

Thus, a range of readily-accessible tetrahydropyridines reacted
smoothly under the conditions shown above, yielding aryl pro-

line derivatives 5 b–5 j, in generally good yields (Scheme 4).

The process generates contiguous quaternary centres with
ease (Table 1, 5 a–d, 5 j).

The next phase of our investigation examined the scope in
the benzyne component (Table 2): once again we were pleased
to observe generally efficient reaction of arynes 2 b–2 g with

amine 1 a, leading to aryl-substituted proline analogues 5 k–
5 n. As expected based on predictive models,[18] good regio-

Scheme 1. Context and strategy for metal-free N-aryl pyrrolidine synthesis.

Scheme 2. Tandem benzyne-capture/[2,3]-rearrangement reaction: efficient
access to N-phenyl proline derivatives.

Scheme 3. Facile preparation of spiro-pyrrolidines by tandem benzyne-cap-
ture/[2,3]-rearrangement of octahydroisoquinolines.

Scheme 4. Tandem benzyne-capture/[2,3]-rearrangement of N-allylsarco-
sines.
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control was observed in reactions of 3-substituted benzynes

bearing either electron-withdrawing (entry 1) and electron-do-
nating groups (entry 3), whereas 4-substituted benzynes react-

ed to give mixtures of regioisomeric products (entries 2 and 4);
1- and 2-naphthynes gave only 2-naphthyl products (entries 5

and 6).
As mentioned, a significant benefit of this reaction is the

facile ability to directly access pyrrolidines with dense ring-sub-

stitution. The power of this feature of the transformation is
particularly well-demonstrated in the reaction of tetrahydroiso-

quinoline-derived amine 1 k (prepared in two steps from com-
mercially available 5,6,7,8-tetrahydroisoquinoline): under stan-

dard reaction conditions: spirocyclic proline derivative 5 p
again containing two contiguous quaternary centres (and

a spiro linkage structurally related to motifs seen in nanomolar
beta-secretase 1 (BACE) inhibitors[19]) was isolated in quantita-
tive yield (Scheme 3). It is difficult to imagine how such

a densely functionalised cyclic amine could otherwise be ac-
cessed in one step from readily available chemical start-points.

We have also briefly examined the use of the conditions in
the reaction of N-allyl sarcosines 6 a–c (Scheme 6).[20] The reac-

tions examined proceed in excellent yield, to give aminoesters

7 a–c with good stereoselectivity (in which terminal allyl substi-
tution is present).[21]

In summary, we have developed a new metal-free tandem
reaction process for the synthesis of N-aryl proline derivatives.

The transformation is tolerant to a range of functional groups
and provides ready access to the compounds in generally

good yields. We believe that this method will be of some utili-

ty to the chemical community.
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Table 1. Substrate scope in tetrahydropyridines component for the
tandem benzyne-capture/[2,3]-rearrangement reaction. a) Isolated yields.

5 a, 94 %a 5 b, 84 %

5 c, 97 % 5 d, 83 %

5 e, 57 % 5 f, 67 %

5 g, 49 % 5 h, 93 %

5 i, 37 % 5 j, 95 %

Table 2. Scope in benzyne component for the tandem capture/[2,3]-rear-
rangement reaction.

Entry Aryne Yield[a] Product

1 75 %

2 b 5 k

2 81 %

2 c 5 k

5 l (55:45[b])

3 77 %

2 d 5 m

4 66 %

2 e 5 m

5 n (55:45[b])

5 52 %

2 f 5 o

6 45 %

2 g 5 o

a) Isolated yield after chromatography. b) Ratio estimated from 1H NMR
spectra.
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