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ABSTRACT: A highly stereoselective method for efficient
synthesis of unprecedented bridged bicyclo[7/6,3/2,1]alkenyl
amidines is described using cyclic N-allyl-aminoalkyne as a
substrate. A ketenimine formation/cyclization/aza-Cope re-
arrangement cascade proceeds either with or without the aid of
external DIPEA depending on substrate basicity. Fused
bicycloamidines are also obtained via the same protocol using different N-allyl cyclic aminoalkynes.

Amidine (Figure 1, II) is a unique functional group present
in numerous bioactive molecules and functional materi-

als.1 In comparison with its N-isostere, namely, the amide group
(I), which is one of the most important motifs in nature,2

amidine possesses one more trivalent nitrogen atom in the
place of amide carbonyl oxygen which endows the amidine
moiety with more potential for structural and functional
diversification. For example, the amide to amidine group switch
in Vancomycin aglycon residue-4 enables effective binding to
both unaltered peptidoglycan D-Ala-D-Ala and altered ligand D-
Ala-D-Lac because the amidine group can act either as a
hydrogen-bond acceptor or as a hydrogen-bond donor.3

Moreover, cyclic amidines (III) with two nitrogen atoms in a
single ring lacking amide counterparts have been widely used as
strong organic bases (exemplified by 1,8-diazabicyclo[5.4.0]-
undec-7-ene, DBU)4 and ligands for proteins5 and metals.6

Here, we would like to report the synthesis of a new class of
amidines with an unprecedented bridged bicyclic framework
(IV).
We have developed an efficient copper catalyzed stereo-

selective synthesis of functionalized cyclic amidines via a
ketenimine formation/cyclization/aza-Cope rearrangement
cascade using enynes 1 as substrates (Scheme 1a).7

Accordingly, it was envisioned that cyclic enyne 3 would
react with sulfonyl azide to form ketenimine intermediate V
utilizing Hünig’s base and a catalytic amount of CuI;7,8

subsequent cyclization would lead to zwitterion VI, and finally

a [3,3] rearrangement would occur with a concomitant ring
expansion to acquire bicyclic amidine 4 (Scheme 1b).7

To test this hypothesis, cyclic enyne 3a, made conveniently
from proline, was chosen for initial experiments. When NsN3
was added to a solution of 3a in THF in the presence of a
catalytic amount of CuI at room temperature, gas bubbling was
observed and a clean reaction was obtained in 30 min by TLC.
The sole product was isolated in 87% yield and identified as
bicyclic amidine 4aNs (Table 1, entry 1). Replacement of NsN3
with TcesN3, corresponding ring expansion product 4aTces
was obtained in comparable yield (entry 2). These results
corroborated our previously proposed strategy for construction
of bicyclic amidines with a bicyclic skeleton from properly
designed amino enyne via a ketenimine formation/cyclization/
aza-Cope rearrangement cascade. Interestingly, in contrast to
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Figure 1. General structures of amide, amidine, (bi)cyclic amidine, and
bridged bicyclic amidine.

Scheme 1. Synthesis of Monocyclic Amidines (a) and
Proposed Ring Expansion for Synthesis of Bridged Bicyclic
Amidines (b)
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our earlier findings, an external base DIPEA is not required for
complete conversion of aminoenyne 3a to amidine 4a
presumably due to the stronger basicity of cyclic amine
compared to noncyclic amines (method a).
Next, more amino enynes were made to explore the substrate

scope. Pyrrolidinyl enyne 3b with trisubstituted alkene reacted
smoothly with TsN3 to give rise to bicycle 4b with a challenging
quaternary all-carbon center (entry 3). When piperidinyl enyne
3c was submitted to these reaction conditions, correspondingly
a one-carbon larger bicyclo[7,2,1] framework was established
(entry 4). Similarly, bicyclic amidines 4dTs and 4dTces were
obtained from the reactions of enyne 3d with TsN3 and TcesN3
respectively in 73% and 81% yields (entries 5 and 6). A single
crystal of 4dTs has been obtained and submitted to X-ray
diffraction experiments. The relative stereochemistry of 4dTs
was established unequivocally by its X-ray crystal structure

(Figure 2a). The ester group is cis to the sulfoimino group with

respect to the 10-membered ring, and the alknene in the cycle

Table 1. Reaction of Cyclic Aminoenynes with Sulfonyl Azidesa

aMethod a: 3 (1.0 equiv), R′SO2N3 (1.1 equiv), CuI (0.05 equiv), THF (0.1 M), rt. Method b: same as method a except DIPEA (5 equiv) was
added to the reaction. bIsolated yields. Ns: 2-nitrobenzenesulfonyl, Tces: trichloroethyoxylsulfonyl, Ts: 4-methylbenzenesulfonyl.

Figure 2. ORTEP presentation of 4dTs at 20% probability level (a)
and proposed transition state for the aza-Cope rearrangement (b).
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holds a trans configuration which was also confirmed by the
H−H coupling constant 3JH−H between the two alkene
hydrogen atoms. The relative stereochemistry of the remaining
bicyclic amidines in Table 1 was assigned by analogy with 4dTs.
It is worth noting that this assignment of stereochemistry is
fully in line with a general transition state TS-4 in which
rearrangement proceeds through a thermodynamic favorable
chair conformation (Figure 2b). Amino enynes 3e−3f with a N-
pentyne segment instead of a previous N-butyne group
delivered corresponding bridged bicyclic amidines with new
bicyclo[6,3,1] and bicyclo[7,3,1] skeletons (entries 7 and 8).
However, when aromatic amino enyne 3g reacted with TsN3,

triazole 5g was the only product isolated in 84% yield (entry
9),9 indicating that the cyclic indoline group itself failed to act
as an effective internal base to promote the formation of
sulfonyl ketenimine in the reaction with sulfonyl azide. To our
delight, incorporation of excess DIPEA (5 equiv) as an external
base into the reaction system (method b) restored the
ketenimine formation/cyclization/aza-Cope rearrangement
pathway to deliver benzo-fused bicycle 4g (entry 10). The
same principles also apply to indolinyl substrates 3h−3i to
render either triazole or bicyclic amidine exclusively at will
(entries 11−13). Interestingly, indolinyl enyne 3j failed to
achieve a related bicyclic amidine even when method b was
employed, but instead, linear amidine 6j was produced (entry
15), which was likely to be derived from the capture of a
ketenimine intermediate with external Hünig’s base. This result
may reflect the additive influence of a weaker nucleophilicity of
indoline nitrogen, slower kinetics of six-membered vs five-
membered ring cyclization, and the stereoelectronic effect of
the ester moiety on the terminal alkene.
Interestingly, when the relative positions of the alkyne and

alkene were switched to acquire enynes 7a−c, the same
reaction gave another type of bicyclic amidines, namely, fused
bicyclic amidines 8a−8c (Scheme 2). The reactions were highly

stereoselective as well. In all cases, only one single isomer was
isolated for each reaction, and their stereochemistry was
tentatively assigned as shown by analogy to previously reported
stereocontrolled synthesis of α-ally cyclic amidines.7

Next efforts were directed toward deprotection of the
sulfonyl group and release of the amidine group for further
functionalization (Scheme 3). It was found that 4aTs remained
unaffected when refluxed with PhSH/Na2CO3 in dimethyl-
formamide. 4aNs with the normally labile Ns group also

survived under these standard deprotection conditions. Strong
acidic hydrolysis conditions failed to remove the Ns group, as
4aNs was recovered after heating in a mixture of H2SO4/DMF
for 2 h. Realizing that the amidinyl sulfonyl group is very robust
against direct action on the sulfur atom, we turn to Tces which
could be cleaved via a different mechanism. Indeed, by
treatment of 4aTces with a freshly made zinc−copper couple
in AcOH/MeOH,10with reductive elimination conditions,
deprotected product 9a was obtained smoothly, and without
purification, crude 9a was further elaborated to 10aAc and
10aBz in high yields via condensation with corresponding acid
chlorides, demonstrating the potential application of these
bridged bicyclic amidines and the value of the present synthetic
methodology.
In summary, a facile and effective method for the synthesis of

structurally unprecedented amidines with bridged bicycle
frameworks of trans-aza-bicyclo[7/6,3/2,1]alkenes has been
described. A ketenimine formation/cyclization/aza-Cope re-
arrangement cascade converts N-allyl cycloaminoalkynes into
corresponding bridged bicycloamidines in a highly stereo-
selective fashion in the context of both the alkene configuration
and stereochemistry of ring substitution. This method was also
applied to construct fused bicyclic amidines by using similar
starting materials with an alkene/alkyne switched structure. It
was also demonstrated that the properly selected N-sulfonyl
group could be cleaved cleanly under suitable conditions to
liberate the amidinyl NH group.
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Scheme 2. Synthesis of Fused Bicyclic Amidines

aMethod a: 3 (1.0 equiv), R’SO2N3 (1.1 equiv), CuI (0.05 equiv),
THF (0.1 M), rt. aIsolated yields.

Scheme 3. Chemical Operations on the Amidine Nitrogen
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