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Abstract—The activation of a-amino C-H bonds in azacycloalkanes by way of intramolecular rhodium-catalyzed amination is
reported. In this study, the ‘activating’ sulfamoyloxy group is attached to the endocyclic nitrogen atom with an appropriate linker.
The influence of various structural parameters was studied. Results obtained demonstrate the remarkable conformational control
that is possible with such azacycloalkane systems. This work leads to the first example of a successful intramolecular catalyzed
amination of a tertiary sulfamic ester, a substrate known to be highly prone to elimination and/or nucleophilic displacement.

© 2007 Elsevier Ltd. All rights reserved.

The direct and selective transformation of unactivated
C-H bonds is expected to have a profound impact on
many areas of chemistry, from reaction design to the
synthesis of pharmaceuticals and complex organic mole-
cules.! The high prevalence of nitrogen-based functional
groups in natural and synthetic products has stimulated
the development of efficient catalytic methods for the
amination of unactivated C-H bonds.>* One of the
major advances in this field has recently involved
Rh-catalyzed intramolecular C-H insertion reactions
using sulfamic ester substrates.>> This highly diastereo-
and regioselective process leads generally to the forma-
tion of the corresponding six-membered ring insertion
product (Fig. 1).3
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Figure 1. Rh-catalyzed oxidative cyclization of sulfamic esters.
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Electronic effects were found to have a dramatic influ-
ence on the regioselectivity of the intramolecular amina-
tion reaction. Benzylic, allylic and tertiary C—H bonds as
well as sites adjacent to clectron-donating groups are
generally favoured.? In a study performed in the piperi-
dine series, we recently reported the first examples of
7-membered and 8-membered ring obtained by way of
intramolecular catalyzed amination of C-H bonds
(Scheme 1).%7

Based on results obtained with various test substrates, it
was shown that the unusual regioselectivity observed in
nitrogen-containing systems could be rationalized by
subtle conformational factors.® The major synthetic
interest of this process is to functionalize a C-H bond
in 1,7- or 1,8-relationship with respect to the activating
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group to afford a reactive aminal function. Addition of
various nucleophiles to the N-tosyliminium ion pre-
cursor 2 leads to the stereoselective formation of a
new C-C bond and regenerates the sulfamic ester that
may be used again for further C-H amination of the
piperidine ring (Scheme 1).%® These results open the
way to unique strategies for the iterative multifunction-
alization of unactivated C—H bonds in nitrogen-contain-
ing heterocycles. To study the feasibility of this new
concept and increase its synthetic flexibility, we decided
to explore azacycloalkane systems in which the
sulfamoyloxymethyl group would be attached to the
endocyclic nitrogen with an appropriate linker (Scheme 2).

In connection with our ongoing interest in the synthesis
of alkaloids related to iminosugars,” we focused on
pyrrolidine- and piperidine-containing test substrates.
The sulfamoyloxymethyl group was linked to the endo-
cyclic nitrogen by way of a carbonyl group to prevent
unproductive coordination of the nitrogen lone-pair to
the catalyst In pursuing the des1gn of the ‘activating
arm’, various groups (R' and R?) were introduced
to modulate or facilitate the amination reaction, for
example by way of Thorpe-Ingold effect (R1

= H, methyl, cyclopropyl).'° The structure of the test
substrates was chosen to study the influence of confor-
mational factors (ring size, gem-dialkyl effect) as well
as electronic factors (allylic activation) on the amination
reaction. The two-step synthesis began with the coupling
of cyclic amines to unprotected B-hydroxy carboxylic
acids using HOBt and EDCI to produce the expected
amides 4-9 in 67-87% yield (Scheme 3).!1-12
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It is noteworthy that direct coupling of piperidine to
glycolic acid in refluxing xylene was found to be much
less effective as only 25% of the expected product 4 could
be isolated.'* The second step turned out to be more
challenging (Scheme 4). Under typical sulfamoylation
conditions,® reaction of primary alcohol 4 with
sulfamoyl chloride and pyridine in CH,Cl, afforded
the expected sulfamic ester 10 in only 36% yield.
Sulfamoylation of tertiary gem-dimethyl alcohol 9 led
to the highly favoured formation of the elimination
product 16. It is indeed well-known that tertiary
sulfamic esters are intrinsically unstable because of the
activating nature of the sulfamoyl group for elimination
and/or nucleophilic displacement.?

Decisive improvement was obtained by using N,N-di-
methylacetamide (DMA) as solvent, without pyridine,
according to the method described by Okada et al.'4
for primary and secondary alcohols. The process was
applied successfully to tertiary alcohols 7-9 to provide
sulfamates 1315 (Scheme 4).!>-16

Having test substrates 10-15 in hand, we first investi-
gated the influence of ring size on the amination reaction
outcome (Table 1). Quite surprisingly, following a stan-
dard protocol using PhI(OAc), (1.1equiv), MgO
(2.3 equiv) and 5mol % of Rh,(OAc),,° piperidine 10
was converted into the expected aminal 17 in 20% yield
only (entry 1). The amination reaction was then per-
formed with tetrahydropyridine 12, a close analog of
10, which was designed to strongly favoured the inser-
tion into the allylic a-amino C-H bond (entries 4 and
5). Even in this case, no improvement was observed
and the amination product 19 was obtained in low
yields. In contrast, ring size was found to play a key role
since pyrrolidine 11 provided the expected aminal 18 in
a much better yield of 47% (entry 2). The yield of the
reaction was not improved by using Rhy(esp),, an effi-
cient C—-H amination catalyst (entry 3).*> The influence
of the gem-dialkyl effect (Thorpe-Ingold effect)!® on
the formation of the cyclized amination product was
then studied. It is noteworthy that no intramolecular
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Table 1. Study of the influence of various structural parameters in C—
H insertion of sulfamic esters®

[Rh] catalyst
O PhI(OAc),, MgO
N —_—

jer
CH,Cl,, A, 16h S
o) OSO,NH, o) o O
R R;

1 Rz R2
Entry Catalyst Product Yield® (%)
)n
1(10)°  Rhy(OAc), H 17(n=2) 20
2(11)>  Rhy(OAc), NN o 18(n=1) 47
3(11)°  Rhyesp)s )\/ Se 18(n=1) 40
o o 0
A
412 Rhy(OAc), H 19 12
b N N o]
5(12)>  Rhyesp)s WO 19 25
o)\/o’ ‘o
6(15°  Rhy(OAc), Q\H o 20 129
7(15°  Rha(oct)s :s’; 20 gd
o o)
Cr
8(13°  RhyOAck ~y H\ o (=2 24
9 (14°  Rhy(OAc), 5O 20=1) 86
10 (14)° Rhs(esp), O 00 2n=1) 83

# All reactions have been carried out in the presence of 2.3 equiv of
MgO, 1.1 equiv of PhI(OAc), and a catalytic amount of Rhy(OAc),
(5 mol %), Rhy(esp), (4 mol %) or Rhy(oct), (4 mol %).

® Amination substrate.

“Isolated yield.

9 Elimination product 16 was also isolated (7—10%).

catalyzed amination has been described from tertiary
sulfamic ester so far. Not surprisingly, gem-dimethyl-
containing compound 15 was found to be a poor
substrate and the expected aminal 20 was obtained in
8-12% yield, along with an equal amount of the elimina-
tion product 16 (entries 6 and 7).

The influence of ring-size and gem-dialkyl effect on
o-amino C-H insertion could be nicely demonstrated
from substrates 13 and 14. Conversion of cyclopropyl-
containing pyrrolidine 14 afforded the desired cyclized
product 22'7 in an excellent yield of 86% whereas no
decisive improvement was observed for the correspond-
ing piperidine analog 13 (entries §-10). To our knowl-
edge, this is the first example of a successful
intramolecular catalyzed C—H amination from a tertiary
sulfamic ester.? Results presented in Table 1 remarkably
highlight the decisive influence of conformational
effects, which may dominate electronic effects; the intro-
duction of an electronically favoured allylic site was
indeed less effective to improve the insertion process
(Table 1, entries 4 and 5). The better yields observed
for pyrrolidine systems compared to piperidine systems
may be explained by the fact that the pyrrolidine five-
membered ring is more conformationally flexible and
thus better accommodates the transition state for C-H
insertion.'8:1°

~

Figure 2. One of the two molecules in the crystal structure of 10. The
asymmetric unit contains two molecules with slightly different confor-
mations. Visualization made with ORTEP-3.0,2 ellipsoids drawn at
30% probability level.

As supported by X-ray crystallographic analysis of 10
(Fig. 2),2%2! the piperidine ring of compounds 10, 13
and 15 is expected to be in a well-defined chair confor-
mation. Additional conformational constraints are
introduced by the amide conjugation, which induce a
planar arrangement of the NC=0 group. This stabilized
conformation is likely to place the nitrene centre in an
unfavourable position with respect to the more reactive
axial C-H bond at C-2 (Fig. 3b).'® By analogy with the
study performed on cyclic ethers by Ingold et al.,'® we
assume that stereoeclectronic weakening of the C-H
bond adjacent to the amide nitrogen is at a maximum
when the dihedral angle, 0, between the C-H bond
and the p-type lone pair orbital on the nitrogen is 0°
and at a minimum when this angle is 90° (Fig. 3).

The more flexible pyrrolidine five-membered ring may
adopt an averaged planar conformation as suggested
by X-ray crystallographic and '"H NMR analysis of
14162022 (Fig. 4). In this conformation the two geminal
o-amino C-H bonds are both activated with an average
0 value of ca. 30° (Fig. 3a). The dramatic influence of the
replacement of a methylene group by a cyclopropyl
group in pyrrolidine systems can be rationalized by the
‘reactive rotamer’ concept.'?

As shown by X-ray crystallographic analysis of 14 and
10,%° the conformation of both molecules is different.
Conformation of compound 14 is much more rigid
due to the presence of a strained cyclopropane ring.
The aliphatic part of the molecule in compound 10,
which has almost linear conformation, changes strongly
in the structure of 14 in which the distance between the
sulfamate nitrogen atom and the a-amino C-H bond is
remarkably shorter. The dihedral angles N-CO-C-O(-S)
are equal to 55.6(3)° in 14 and 21.2(3)° in the cyclized

<‘9
H

Figure 3.
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Figure 4. The projection of the asymmetric unit of compound 14.
Visualization made with ORTEP-3.0,% ellipsoids drawn at 30%
probability level.

product 22 (Figs. 4 and 6).2%24 In 10, the values of these
angles, which correspond to the above-mentioned linear
conformation, are 175.6(2)° and 176.6(2)° for the first
and second molecule of the asymmetric unit, respec-
tively. These results suggest that the cyclopropyl group
favours a reactive conformation, which places the
nitrene precursor in close proximity to the reacting
C-H bond. The amination reaction is thus facilitated
by a higher population of the reactive rotamer due to
the presence of the cyclopropyl group (Fig. 5).

In conclusion, rhodium-catalyzed C-H amination of
cyclic amines leading to bicyclic aminals is reported. In
this original system, the ‘activating’ sulfamoyloxy group
is attached to the endocyclic nitrogen with an appropri-
ate linker. The results obtained further demonstrate the
remarkable conformational control that is possible in
azacycloalkane derivatives. This work leads to the first

o OOSO,NH,
O//S\ N Steric strain ( N \
H,N H\[T’H H\{jH
Figure 5.

Figure 6. The projection of the asymmetric unit of compound 22.
Visualization made with ORTEP-3.0, ellipsoids drawn at 30%
probability level.

example of a successful intramolecular catalyzed amina-
tion of a tertiary sulfamic ester and to the first example
of a-C-H substitution in azacycloalkane by a group
linked to the endocyclic nitrogen. Further studies to
explore the potential of this chemistry are currently
underway in our laboratory.
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