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ABSTRACT

The first example of the formation of a seven-membered ring by way of intramolecular-catalyzed amination of saturated C —H bonds is reported
(Du Bois reaction). The influence of various structural parameters was studied, and it was shown that the unexpected regioselectivity observed

in nitrogen-containing systems could be rationalized by conformational factors. These results open the way to innovative strategies for the

general synthesis of polyfunctionalized piperidines.

Selective transformation of unactivated-8 bonds is a  six-membered ring insertion products, more rarely to five-

tremendous challenge of wide-reaching consequences inmembered rings, whereas carbamates afforded only five-
organic chemistry.Major advances have been made very membered rings (Figure 1). The highly favored formation

recently in the development of catalytic methods for the

amination of unactivated C—H bonddn 2001, Du Bois _

and co-workers reported a remarkable, Rh-catalyzed intra-
molecular C—H insertion process using carbamate or sulf- 0.0 0_,0 0. ,0
N7, Ph](OAC)2 S \\S//

amate ester substrat&sAmination reactions performed with O’S‘NH2 MgO o S*NH

sulfamate esters led to the formation of the corresponding | ——— ,or Q MH
R R” Rh,(OAc),cat. R R R’
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is generally preferred to secondary-8 bonds, and electron- 3 to Phl(OAc), MgO, and 5 mol % of R}OAC), in

donating groups activate theC—H bond toward insertiopf:® dichloromethane. Surprisingly, no product corresponding to
In connection with our studies on carbohydrate minfics, the formation of a six- or five-membered ring was observed.
we recently applied the Du Bois reaction @glycosidel The only insertion product isolated was the oxathiazepane

and obtained spiranic oxathiazolidirz by regiospecific derivative 4 produced in 67% yield (Table 1). Structural
insertion into the pseudoanomerie-€ bonds (Scheme £). evidence ford, which corresponds to the insertion product
at C-6, was obtained unambiguously by X-ray crystal-
lographic analysis (Figure Z)To the best of our knowledge,
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Quite unexpectedly, this reaction was found to be strongly
dependent on the anomeric configuration since no insertion
product could be isolated from the pseugl@pimer of 1.

To evaluate the potential of this methodology for the
synthesis of original imin@s-glycosides, we first performed
a model study from piperidin®, obtained in two steps from
2-piperidinemethanol (Table 1, entry 1). Amination of the

Figure 2. Perspective ORTEP view of compouAd

4 is the first seven-membered ring ever obtained by way of
Du Bois reactior?.

Table 1. Study of the Influence of Various Structural To rationalize this unexpected result, we decided to study
Parameters in Rh-Catalyzed-@l Insertion of Sulfamate Estérs the influence of diverse structural parameters (Table 1).

entry Substrate product Vield” Addition of an electron-donating or a strong electron-
withdrawing substituent on the phenyl group of thi
benzenesulfonylpiperidine decreased the yield but did not
N N change the regioselectivity of the insertion process (entries
R OSO,NH, H \ R 2 and 3). Ring size was found to play a key role since no
043\\_0 trace amount of an oxathiazepane product could be detected
o . from pyrrolidine9. CompoundLO corresponding to the open-
1 3R=p-MePh-SO;- 4R =p-MePh-SO;- 6704’ chain imine form of the C-2 insertion product was isolated
5R=p-OMePh-80>- 6 R =p-OMePh-S0O,- 61 0/0 in 29% yield from9 (entry 4). The nature of the endocyclic
3 7R=pCFPh-SOr  8R=p-CF:Ph-SO> 34% heteroatom was also found to be critical. Du Bois reaction
h G N, 0 performed from pyran and furan derivativé$ and 13 led
« OSO,NH, " LSS
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4 9X=NTs,n=0 10 X=NTs,n=0 29% S0c.2001,123, 6935. (b) Espino, C. G.; Du Bois, Angew. Chem., Int.
5 11X=0.n=0 12X=0.n=0 65% Ed. 2001,40, 598. (c) Fiori, K. W.; Flemming, J. J.; Du Bois, Angew.
’ ’ o0 Chem., Int. Ed2004,43, 4349,
6 13X=0,n=1 14X=0,n=1 16% (4) For examples of related work, see: (a) Breslow, R.; Gellman, S. H.
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15 0= 36 17 45, 4641.
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only to products corresponding to the insertion into theHC
bond at C-2 (entries 5 and 6).

The amination reaction was then performed with com-
pound 15, which was designed to strongly favored the
insertion into the ethereal °©H bonds and thus the
formation of the six-membered ring (entry 7). Even in this
case, the oxathiazinane derivati¥& was not obtained as
the major product as judged by NMR analysis of the crude
reaction mixture (ratid6/17 ~1/1). In another test substrate,
the tetrahydroisoquinoline derivatii® (Scheme 2), the two

Scheme 2
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secondary C—H bonds at C-1 and C-4 are benzylic; the
amination of the C-4 position may be facilitated by the

formation of a six-membered ring whereas insertion into the
C—H bond at C-1 may be favored by the presence of an
N-tosyl group ino.

Under typical amination conditions, the oxathiazepane
derivativel9was obtained as the major product in 65% yield,
along with minor amount of the oxathiazinane derivaie
in 18% yield. The regioselectivity of the reaction was slightly
improved by using Rifesp}, a new C-H amination catalyst
(86% yield, ratio19/2087/13)?

Remarkably, the amination process could be extended to

the synthesis of eight-membered rings as it was demonstrate
by the reaction performed from sulfamate e2ér which
was prepared from piperidine-2-ethanol (Scheme 3).

Scheme 3
PhI(OAC),, MgO
Rh,(OAc), cat.
N et A ome H N
s CH,Cl,, A, 23 h LT
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In view of the results obtained, it became clear that the
regioselectivity of the amination reaction cannot be attributed
solely to electronic factors and that decisive conformational
factors were at play. The distinct regioselectivity obtained
in the pyran and in the piperidine series may be explained
by conformational preferences which placed the nitrene
center in a favorable position to the reacting & bond?*°
As expected and demonstrated by selective irradiation NMR

(9) Espino, C. G.; Fiori, K. W.; Kim, M.; Du Bois, J. Am. Chem. Soc.
2004,125, 15378.
(10) For conformational control of selectivity in intramolecular carbenoids

experiment (g sax= 11.1 Hz; Joax3eq= 1.7 Hz), pyranl3
adopts a chair conformation with the sulfamoyloxymethyl
substituent occupying an equatorial position. This conforma-
tion makes the addition into the reactive axiat8 bond*

at C-2 highly favorable and prevents amination of the C-6
position. In contrast, as supported by X-ray crystallographic
analysis (see the Supporting Information) and literature
precedent? the piperidine ring of compoun@may be close

in solution to a chair conformation in which the sulfamoyl-
oxymethyl substituent occupies an axial position. Such a
conformation minimizes the pseudd-Astrain between the
C-2 substituent and thid-tosyl group caused by the partial
double bond character of ti&-Nsulfonamide bond? This
conformation favored the insertion into the reactive axial
C—H bond in C-6 to form a seven-membered ring in which
the values observed for the-8l and S-O bond lengths
(1.59 and 1.56 A, respectively) and the-8—O angle
(~106°) are very close to those obtained for oxathiazinane
derivatives’® Amination at C-2 is penalized by the formation
of a less favored five-membered ring and by the fact that
the insertion would occurred in a less reactive equatorial
C—H bond**

Puzzling results obtained frort-glycosidel and its
o-epimer make more sense in light of conformational factors
(Scheme 15. In 1, the sulfamoyloxymethyl substituent
occupied an equatorial position and thus the oxathiazolidine
was readily obtained. In the-epimer of1, this reacting
group shifted to an axial position and the insertion could
occurred into two activated-oxygenated axial C—H bonds
at C-3 and C-5 leading to the formation of unstable hemi-
aminal derivatives and thus to degradation.

To reduce conformational control of reaction selectivity,

e performed the reaction with acyclic substra®3sand

7 (Scheme 4). As expected, compounds corresponding to

Scheme 4
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24% 25 26
3 7
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the formation of a five- and more importantly a seven-
membered rings were observed from amination reaction of

(11) (a) Wardrop, D. J.; Zhang, W.; Fritz,Org. Lett.2002,4, 489. (b)
Malatesta, V.; Ingold, K. UJ. Am. Chem. S0d.981,103, 609.

(12) (a) Johnson, Zhem. Re. 1968 68, 375. (b) Hoffman, R. WChem.
Rev.1989,89, 1841. (c) Kuznetsov, N. Y.; Khrustalev, V. N.; Godovikov,
I. A.; Bubnov, Y. N.Eur. J. Org. Chem2006, 113. (d) Cariou, C. A. M;

reactions of diazoacetoacetamides, see, for example: Doyle, M. P.; Pieters Snaith, J. SOrg. Biomol. Chem2006, 4, 51. (e) Jourdant, A.; Zhu, J.

R. J.; Taunton, J.; Pho, H. @. Org. Chem1991,56, 820.

Org. Lett, Vol. 8, No. 20, 2006

Tetrahedron Lett2000,41, 7033.

4495



ether23 (65% of conversion, rati@5/26 3/7). Because of || GTcNNGNGNGNGEGEEEEEEEEEEEEE

the relative instability of hemi-aminal derivatives, cyclic
sulfonimine 26, which probably resulted from the corre-
spondinga-ethoxy tosylamide was obtained after purification
along with the seven-membered ri2§. In a similar way,
tosylamides28 and 29 were isolated after treatment 8%
with Rh(OAC)s, PhI(OAC), and MgO. These compounds
most likely came from fragmentation of the corresponding
seven- and five-membered ring aminals, respectitely.
Beyond its mechanistic interest, the major synthetic
significance of the reported process is the substitution of a
C—H bond in a 1,7- or 1,8-relationship with respect to the
activating group. In addition, the resulting aminals are
precursors oN-tosyliminium ion: to our knowledge, only
one prior report on a related system has shown that such a
process is indeed possibfe!> A preliminary result obtained

with 4 and allylsilane in the presence of BBEt nicely Figure 3. Perspective ORTEP view of compougd.
demonstrated the feasibility of this approach. The disubsti-

tuted piperidine24 was obtained in good yield and high In conclusion, we have reported the first example of the
diastereoselectivity from (Scheme 5). formation of a seven- or eight-membered ring by Du Bois

reaction. On the basis of results obtained with various test

_ substrates, it was shown that the unusual regioselectivity

Scheme 5 observed in nitrogen-containing systems could be rationalized
Ts Ts A~ TMS Ts by conformational factors. Our results reveal a completely
7/ . . .
5 N y [O] N BF,.OEt, N new aspect of intramolecular-@4 amination and further
m expands its synthetic scope through conformational control
H )% Rna(OAo) CHeCly 78T, 221 \% of Fr)eaction reyioselectivitp Thesegl]‘indin s open the way to
HNSO00 3 67% 504 78% HNSO,0 g Y- gs op y

% 24 ed > 98% unique sequential strategies for the general synthesis of
polyfunctionalized piperidines, a major class of biologically
active compound¥’ Further studies along these lines are

X-ray crystallographic analysis (see the Supporting Infor- currently in progress in our laboratory.
mation) indicated that piperidir&4 adopted a 2,6-cis diaxial
conformation since the cis diequatorial conformation would
cause strong A strain (Figure 3¥216This step allowed the
completely stereocontrolled formation of a C—C bond and
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