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3-Aminopiperidines are of great interest because they can
possess a wide range of biological activity depending on the
nitrogen substituents. Different approaches their synthesis
are presented and the most efficient is a ring expansion of
prolinols induced by XtalFluor-E (diethylaminodifluorosulf-
inium tetrafluoroborate) in the presence of tetrabutylammo-

nium azide, via an aziridinium intermediate, followed by the
reduction of the corresponding azide. Under kinetic condi-
tions, a 2-(azidomethyl)pyrrolidine/3-azidopiperidine ratio of
0:100 can be attained depending on the substituents present
on the prolinol.

Introduction

3-Aminopiperidines of type A are present in a great
number of natural and/or biologically active compounds
(Figure 1). Because these compounds exhibit a wide range
of biological activity,'! the development of regio- and
stereoselective methods to access optically active 3-amino-
piperidines A are of great interest.
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Figure 1. 3-Aminopiperidines A.

To obtain 3-aminopiperidines A, a range of synthetic
methods have been employed such as Curtius,? Hof-
mann,?) Neber,™ and [3,3]-6 Overman rearrangements,!!
cyclization of methyl 4-nitrobutanoate,® reduction of 3-
aminopyridines,’! and reductive amination of piperidin-3-
ones (Scheme 1).181 However, syntheses of 3-aminopiperid-
ines using these methods are either lengthy or not stereose-
lective. Ring enlargement of prolinols via an aziridinium
intermediate was achieved in the presence of an azide, but
this approach led to a mixture of five- and six-membered
rings in a ratio 40:60.) When the reaction was performed
in the presence of an amine, ring enlargement was not ob-
served and only the five-membered ring was obtained.['”!
Unsaturated 3-aminopiperidines were formed by ring ex-
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pansion of unsaturated prolinols by opening of an aziridin-
ium intermediate by either an azide or by amines, and
amides.''] However, to access piperidines A, a reduction
step is necessary.

Here, we would like to report our studies on direct access
to 3-aminopiperidines A by ring expansion of prolinols B
under kinetic and thermodynamic conditions (Scheme 2).

Results and Discussion

To synthesize optically active 3-aminopiperidines using
the ring enlargement of prolinols, two strategies were im-
plemented (Scheme 3). In the first strategy, the amino group
was present on the prolinol prior to ring expansion and the
C-Nu bond of the piperidine D, formed during the ring
expansion, was cleaved (Strategy 1). In the second strategy,
the amino group was introduced during the ring expansion
of the prolinol by attack of external amino derivatives
(Strategy 2).

Strategy 1

The synthesis of 3-aminopiperidines would incorporate
the dehalogenation of 3-amino-5-chloropiperidines II
(Scheme 4). The latter could be synthesized by ring expan-
sion of 4-aminoprolinol III, derived from the commercially
available 4-trans-hydroxy-L-proline (1).

Prolinols III (Compounds 5-7), the precursors of 3-
amino-5-chloropiperidines I, were synthesized in six steps
(Scheme 5). Esterification of 4-trans-hydroxy-L-proline (1)
(SOCl,, MeOH, room temp., 24 h; quant.) followed by N-
benzylation (BnBr, Et;N, CH,Cl,, reflux, 6 h) produced
methyl ester 2 in 89% yield. Introduction of the amino
group at C4 was accomplished in three steps. Mesylation of
the hydroxyl group (MsCl, Et;N, CH,Cl,, 0°C to room
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Scheme 1. Previous syntheses of 3-aminopiperidines.
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Scheme 2. Retrosynthetic analysis to access A from prolinols B.
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Scheme 3. Strategies for the preparation of 3-aminopiperidines.
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Scheme 4. Retrosynthetic analysis.
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temp., 1.5 h; quant.) and nucleophilic displacement of the
resulting mesylate by an azide was achieved to provide
azido derivative 3 (nBuyNN;3, CH;CN, 55°C, 2 h; 92%)
with inversion of configuration.l') Azido derivative 3 was
then reduced to the desired 4-aminoprolinol 4 (LiAlH4,
THF) in 78% yield. Compound 4 was transformed into 4-
(dibenzylamino)prolinol 5 (BnBr, nBuyNI, K,COs,
CH;CN, room temp., 4 h; 70%), 4-(acetamido)prolinol 6
(AcCl, Et3N, CH,Cly; 94%),l'? and the 4-(N-tert-butylcarb-
amate)-substituted prolinol 7 (Boc,O, dioxane, room temp.;
82%) in good yields and with excellent diastereoselectivities
(>99%).

To access 3-aminopiperidines, ring expansion of prolinols
using MsCl and Et;NI'3 followed by cleavage of the C—Cl
bond was envisaged. Thus, prolinols 5-7 were treated with
mesyl chloride (Et;N, CH,Cl,) for 5 h in CH,Cl, at reflux,
to isolate 3-amino-5-chloropiperidines 8-10 in good yields
and good diastereoselectivities (>99%).['3] The results are
reported in Table 1.

To obtain the target 3-aminopiperidines A, cleavage of
the C—Cl bond under a range of conditions was examined
(Scheme 6). When piperidine 9 was treated with Pd/C or
Pd(OH), under 1 atm or 20 bars of H, (H-cube), at room
temp. or at 40 °C, starting material was recovered. When a
halogen-metal exchange using ¢Buli (3 equiv.) (THF,
~78 °C, 45 min) or Zn (NH4Cl, MeOH, room temp., 20 h)
was attempted, starting material was also recovered. Under
radical conditions (Bu;SnH, AIBN, toluene, reflux),['¥! de-
gradation of 3-amino-5-chloropiperidines 9 and 10 was ob-
served [Scheme 6, Equations (1) and (2)]. The use of LiAlH,4
(2 equiv.)!"! led to ring opening of piperidine 9 to produce
allylic amine 13 in 51 % yield. The formation of this product
can be explained by the basic conditions used to produce
amide 9'; fragmentation provided unsaturated enamide 9"/,
which was then reduced by LiAlH,; [Scheme 6, Equation

)]
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Scheme 5. Preparation of prolinols 5-7.
Table 1. Preparation of 3-amino-5-chloropiperidines.
R‘RZNWOH MSsCI, CH,Cly, 0 °C R1R2NUCI
B —
N then EtzN, A, 5 h N
Bn Bn
5-7 8-10
Entry Substrate R! R2 8-10 (yield)
1 5 Bn Bn 8 (63%)
2 6 Ac H 9 (70%)
2 7 Boc H 10 (90%)
When  3-chloro-5-(dibenzylamino)piperidine 8 was

treated with LiAlH4 (2 or 4 equiv.), the conversion of start-
ing material 8 was incomplete (50-87%) and the expected
3-aminopiperidine 14 was isolated in low yields (21-24%;
Table 2, entries 1-2). When 10 equiv. of LiAlH, were used,
the conversion of starting material 8 was complete, and
aminopiperidine 14 as well as pyrrolidine 15 were formed
in 63 and 16% yields, respectively (ratio 14/15 = 80:20;
Table 2, entry 3). Under these conditions, two processes can
compete: one is the direct reduction of the chloride, and
the second is the formation of aziridinium intermediate 16,
which can be attacked by a hydride at either the C2 or C2’
position.

Although this first strategy allows access to 3-amino-
piperidines by reduction of 3-(dialkylamino)-5-chloropiper-
idine with LiAlH,, a mixture of five- and six-membered
rings was obtained.

Strategy 2

A second strategy for obtaining 3-aminopiperidines from
prolinols was then examined. Two sets of conditions were
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Scheme 6. Attempts to cleave the C—Cl bond.

tested for the ring expansion: thermodynamic and kinetic
conditions.

Previously, we have shown that under thermodynamic
conditions, prolinols G were transformed into 3-hydroxy-
piperidines L in good yields and excellent enantiomeric ex-
cess when treated with trifluoroacetic anhydride (TFAA),
Et;N and NaOH.['®] This ring enlargement took place via
an aziridinium intermediate J (Scheme 7).[7]
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Table 2. Reduction of piperidine 8.

anNUCI
N
Bn
8

LiAlH4 THF, A, 7 h

S

BnyN

BnoN
N
Bn Bn
14 15

/!

O
16 Cl
entry LiAlH, (equiv) 1.in 8 14 15
1 2 87% 21%
2 4 50% 24%
3 10 100% 67% 16%

TFAA, EtsN, THF, A

R OH
R X
S —— Y
Bn then NaOH En
e 55% < yield < 95% L (ee > 95%)
(CF4C0),0 J T N
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Scheme 7. Ring expansion of prolinols G to 3-hydroxypiperidines
L.

The ring expansion of optically active prolinols to 3-hy-
droxypiperidines under thermodynamic conditions implies
that the leaving group ((OCOCEF3) in proline ester I has to
be nucleophilic. Thus, ditosylamide (Ts,N~) was considered
as a leaving group as well as a nucleophile for the rearrange-
ment of prolinols to 3-aminopiperidines.!8]

When prolinol 17a was treated sequentially with Ms,O
at 0°C and Ts,NH, after 1 h at room temp., 2-[(ditosyl-
amino)methyl]pyrrolidine (18a) was the only observed
product (50%) (Table 3, entry 1). As the ring expansion of
N-alkylprolinols to N-alkyl-3-hydroxypiperidines was fa-
vored by increasing the steric hindrance at N1 and/or C4,
prolinols 17b and 17¢ were prepared and treated with Ms,O
and then with Ts,NH in THF at room temp. After treat-
ment of prolinol 17b with Ms,O in the presence of N,N-
diisopropylethylamine (DIPEA) at 0 °C, and addition of
Ts,NH, pyrrolidine 18b and piperidine 19b were obtained
in 83% yield in a ratio of 80:20 (Table 3, entry 2). When a
2026
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sterically hindered group was present at C4, as in prolinol
17¢, pyrrolidine 18c and piperidine 19¢ were isolated in
54% yield in a 60:40 ratio (Table 3, entry 3).

Table 3. Kinetic control.

Ms,0, base, CH,Cl,, 0°C R

Rl@ﬁ then Ts,NH, r.t,, 1 h L\”\>_ﬂ

) RETNTSZ

N OH NTs, N
R R R
17 18 19
Entry Substrate Base Yield Ratio 18/19
o
1 N Etz;N 50% 100/0
1
Bn 17a
O\/OH
2 )N\ DIPEA 83% 80/20
Ph” “Ph 17b
TBDPSQ
3 U\/OH DIPEA 54% 60/40
i
Bn 17¢

To determine the thermodynamic ratios of pyrrolidines
18 and piperidines 19, the obtained mixtures of five- and
six-membered rings were heated at 120 °C under microwave
irradiation. The results are reported in Table 4. When
pyrrolidine 18a was heated at 120 °C in THF under micro-
wave irradiation for 8 h, a 1:1 ratio of pyrrolidine 18a and
piperidine 19a was observed (Table 4, entry 1). A further
increase in temperature induced decomposition of the
products. When the mixture of pyrrolidine 18b and piper-
idine 19b (18b/19b = 80:20) was heated at 120 °C under
microwave irradiation, a ratio of 40:60 for 18b/19b was ob-
served in favor of 3-(ditosylamino)piperidine 19b (Table 4,
entry 2). The ratio of pyrrolidine 18c and piperidine 19¢
obtained during the ring expansion of prolinol 17¢ at room
temp. corresponds to the thermodynamic ratio, as this ratio
was 70:30 when the mixture of 18¢c and 19¢ (18¢/19¢ =
60:40) was heated at 120 °C (Table 4, entry 3).

The best yields of 3-aminopiperidines 19 were obtained
from prolinols 17b substituted at N1 by a sterically hin-
dered group. When treated with Ms,O in the presence of a
base followed by the addition of Ts,NH and then heating
of the crude mixture at 120 °C under microwave irradiation
for 4-8 h, a mixture of pyrrolidines 18 and piperidines 19
was obtained. It is worth noting that 18 and 19 are issued
from an aziridinium intermediate 22, which can be attacked
by Ts>N~ (Scheme 8).

Because N-alkylprolinols were transformed into a mix-
ture of 2-[(ditosylamino)methyl]pyrrolidines and 3-(ditosyl-
amino)piperidines under thermodynamic conditions, ki-
netic conditions were examined in an attempt to decrease
the ratio of five- to six-membered rings. Kinetic conditions
should produce a six-membered ring if the aziridinium salt
intermediate could be irreversibly formed and not be at-
tacked by the leaving group "OLG liberated in the reaction
media (Scheme 7). In addition, the use of substituents
favoring nucleophilic attack at the more hindered electro-
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Table 4. Thermodynamic control.

THF,
120°C, R R
LT MW time L\% . b/j,NTSZ
100% N NTs; °N
R R
18 19 18 19
Entry 18/19 Time  Ratio 18/19
S2
1 N (j, 8h 50/50
) N
Bn én
18a (100:0) 19a
NTs,
O (Y
2 N N 8h 40/60
Ph)\Ph Ph)\
18b (80:20) 1
TBDPSO, TBDPSO,,, NTs,
3 NTs; (j’ 4n 70/30
QV "
Bn Bn
18¢c (60:40) 19¢
R
o (13_on
N
R
17
R' R H
\ o base b :
@ m E Sl I
- I
H R 0 R
MeS0,0 21
20

22 TsoN
19
A b
R NT
[@X/\ - ﬁ}‘* :
TS2N R
18

Scheme 8. Mechanism for the formation of 18 and 19 from 17.

philic center of the aziridinium intermediate was required.
XtalFluor-E (diethylaminodifluorosulfinium tetrafluoro-
borate), which is a good activator of hydroxyl groups and
a poor nucleophile, was considered to be an appropriate
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reagent with which to irreversibly provide the desired azirid-
inium, which could then be attacked by an external nitrogen
reagent such as an azide or amine (Scheme 9).[1°]

Et @
XtalFluor-E=|  N=sF, 8O
- Lo
LN
o= TN
N  OH N~ O~$-N
R F et
M

Nu
L e

N
R
P

Nu = N?or HNR, u

N
o

Scheme 9.

Thus, prolinol 17a was treated with nBuyNNj5 (1.1 equiv.)
at 0°C in CH,CL, followed by XtalFluor-E (1.1 equiv.)
(Scheme 10). After 10 min, 3-azidopiperidine 23a and 2-
(azidomethyl)pyrrolidine 24a were formed in 70% yield and
a 1:1 ratio. The same ratio 23a/24a was produced when 3-
hydroxypiperidine 25 was treated with XtalFluor-E and
nBuyNN;. Because the same ratio of 23a/24a was obtained
from prolinol 17a and 3-hydroxypiperidine 25, we can as-
sume that aziridinium Q was completely formed and then
attacked by the azide (Scheme 10).2%

N
_BUANN, (j’ 21 8| NS

N o

17a Et, O a 23a
N=sF, | BF4

& _nBUNN, (j/ Ns Na
N +

@ 1 7%

25 Q 23a

50/50 24a

50/50 24a

Scheme 10.

Because of above result, as previously reported,” prol-
inols with sterically hindered groups at C4 and at N1 were
examined with the aim of increasing the piperidine/pyrrol-
idine ratio.!! The results are reported in Table 5. N-Alkyl-
prolinols substituted at C4 by a protected hydroxyl group
were examined. When cis-prolinols 26b and 26¢ were
treated with nBuysNNj3, followed by the addition of Xtal-
Fluor-E, the piperidine/pyrrolidine (23/24) ratio was 60:40
irrespective of the size of the silyl protecting group
(TBDMS or TBDPS; Table 5, entries 1 and 2). The piper-
idine/pyrrolidine ratio was increased in the case of trans-
prolinols 26d-i; a ratio of 85:15 to 97:3 in 23/24 was ob-
tained when the protecting group of the hydroxyl at C4 was
varied (Bn, TBDMS, or TBDPS; Table 5, entries 3-8). The
combination of steric hindrance at C4 and at N1 in prolin-
ols such as in 26i led to the formation of only piperidine
23i in 65% yield (Table 5, entry 8).

2027
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Table 5. Ring expansion of 4-hydroxyprolinol derivatives.

XtalFluor-E N
R' " nBusNN ¥R -
\:,>\/OH _PBUNN _(j/ . \[’>\/ Ng
\ CHLCl, N \
R R R
26b-26i 23 24
Entry Substrate Conditions Products 23, 24 (yield) Ratio
TBDMSO, TBDMSO, N TBDMSO,
1 - 2oh U s WNS 60/40
N 0°C N N
Bn Bn 88% Bn
26b 23b 24b
TBDPSO, TBDPSO, , \N; TBDPSO, N
> ‘Du./OH 45h O LT oo
N -78°C . N
Bn Bn 67% Bn
26¢ 23c 24c
BnO, OH BnO, N3 BnO, N.
: 45h (j’ : s
3 EE?—J ash g EQ-J 94/6
n n
26d 23dT56%) 24d (4%)
TBDMSO, TBDMSO, N3 TBDMSO,
4 'WOH 45h (j' ' ' * o
N B N N
n n n
26e 23e (68%) 24e (6%)
TBDPSO, TBDPSO, N. TBDPSO,
5 'WOH 45h (j’ ' ' © g
i -78°C T N
Bn Bn Bn
17¢ 23f (72%) 24f (2%)
N:
6 =" g Cy . O—"" ss1s
N -78°C N N
Tr Tr Tr
269 23g 67% 24g
TBDMSO, ) TBDMSO, | N3z TBDMSO,
7 'O—JOH 30 min (j' ’ 'D—/Ns 86/14
N -78°C N * N
Tr Tr 72% Tr
26h 23h 24h
TBDPSO, OH i TBDPSO,‘(TNg
min
8 0°C 100/0

N
S =z

N
23i (65%)

A difference in reactivity was also observed for cis- and
trans-prolinols 27 when a fluorine atom was present at C4
(Table 6). Thus, the use of prolinol 27a led to the formation
of a mixture of piperidine 28a and pyrrolidine 29a in a 1:1
ratio (Table 6, entry 1). In contrast, a very good piperidine/
pyrrolidine 28b/29b ratio of 93:7 was obtained from trans-
prolinol 27b (Table 6, entry 2). In addition, when the 4,4'-
difluoroprolinol 27¢ was examined, a piperidine/pyrrolidine
28¢/29¢ ratio of 91:9 was observed and the products were
isolated in 66% yield (Table 6, entry 3).

Surprisingly, and contrary to prolinols substituted at C4
by a protected hydroxyl group or a fluorine atom, the ring
opening of aziridinium intermediates produced from cis-
prolinols was more regioselective than those produced from
trans-prolinols when the latter were substituted at C4 by an
amino group. The results are reported in Table 7.

When N-benzyl groups were present at N1 and the pro-
tecting groups on the nitrogen at C4 were varied (N,N-di-
benzyl, N-tert-butylcarbamate), trans-4-protected amino-
prolinols 30a and 30b were transformed into the corre-
sponding 3-azidopiperidine 31 and 2-(azidomethyl)pyrrol-
idine 32 in a 50:50 to 57:43 ratio (Table 7, entries 1 and 2).
By increasing the steric hindrance at N1, such as for prol-
inol 30c, the ratio of piperidine 31c¢/pyrrolidine 32¢ was in-
creased to 80:20. The best piperidine/pyrrolidine ratio was
2028
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Table 6. Ring expansion of 4-fluoroprolinol derivatives.

Rt . oy XtalFluor-E, nBusNNs . /j*/Na R{>*\/N3
_ > R+ +
N CHyCly, ~78 °C, 4 h Krﬂ by
Bn Bn Bn
27a-c 28 29
Entry Substrate Products 28, 29 (yield) Ratio
F o F N3 F, Ny
1 m \(j' . b—/ 50/50
N N N
Bn Bn 58% Bn
27a 28a 29a
F. OH F N3 F, Ns
2 O’ 9317
Bn Bn 66% Bn
27b 28b 29b
FE OH X N3 rE Ns
3 = ﬁ g [ 91/9
N N N
Bn Bn Bn
27¢ 28¢ 66% 20¢

obtained from cis-4-protected aminoprolinols 5-7, and 30g
(Table 7, entries 4-7). The result for prolinol 6 was similar
to the result obtained for prolinol 30c. In the case of the 4-
(N-tert-butylcarbamate)-substituted prolinol 7, the ratio of
31e/32e was 90:10. For N,N-dibenzyl derivative 5, as well as
for N-trityl derivative 30g, the corresponding 3-azidopiper-
idines were the only product formed, and were isolated in
51-84% yields (Table 7, entries 4-7).
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Table 7. Ring expansion of 4-aminoprolinol derivatives.
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XtalFluor-E, nBusNN3 N o\,
Ll e N gy G 3 W
N N

CH,Cl,, 0 °C N N
|
R R
30a-g 31 32
Entry Substrate Conditions Products 31, 32 (yield) Ratio
BnyN OH BnzN aN3 BnoN, N
1 o/ 45h Tj + w/ " 50/50
N N Q
Bn Bn 56% Bn
30a 31a 32a
BocHN OH BocHN, aN3 BocHN /N3
2 *fy,.../ 45h rj ‘O- 57/43
N N N
PMB PMB PMB
30b 31b (31%) 32b (24%)
BocHN, OH BocHN, aN3 BocHN, N3
5 s 55 h U O sor20
N N N
i Tr Tr
30¢ 31c (74%) 32¢ (17%)
AcHN, OH AcHN N;  AcHN, Ns
4 OO~ 4h Uy - 82118
Bn Bn Bn
6 31d 51% 32d
BocHN OH BocHN, N3 BocHN, N3
5 OO~ 15 min U . L~ eoo
N N N
Bn Bn Bn
7 31e 63% 32
BnoN OH BnoN Ng
6 W 45h U 100/0
N N
Bn Bn
5 31f (57%)
TrHN OH TrHN Ns
7 45h 100/0
N N
Bn Bn
30g 319 (84%)

The difference in reactivity between the cis- and trans-
prolinols substituted at C4 might be due to steric hindrance
as well as to electronic effects, which could influence the
strength of the C—N bonds of the formed aziridiniums (Fig-
ure 2).

R
& i
S

ij\

N
o) .
R

R

N-C1 longer than N-C2 bond
Attack of the nucleophile at C1
Formation of the piperidine

N-C2 longer than N-C1 bond
Attack of the nucleophile at C2
Formation of the pyrrolidine

Figure 2. Regioselectivity of the ring opening of the aziridinium
intermediate.

Prolinols with a quaternary center at C2 or substituted
at C3 were also examined (Scheme 11). When prolinol 33
was treated with XtalFluor-E and nBuysNN3, a mixture of
piperidine 34 and pyrrolidine 35 (separable by flash
chromatography) was obtained in a 59:41 ratio favoring the
former. When C3-substituted prolinols 36, 39, and 41 were
treated with nBuyNN; and XtalFluor-E, the major, or only
products isolated were the corresponding pyrrolidines 38,
40, and 42.
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N 2) nBuy;NNg, 3.5 h N N
Bn Bn n
33 53% 34 59/41 35
OTBDMS OTBDMS OTBDMS
G—/OH 1) nBuyNN3, CH,Cl, 0 °C (j,Ns 3 N3
.
N 2) XtalFluor-E, 3.5 h - Q—J
Bn Bn Bn
36 41% 37 38
40/60
OTBDPS OTBDPS
O_/OH 1) nBusNNg, CH,Cly, 0 °C G‘/Na
N 2) XtalFluor-E, 4 h N
Bn Bn
39 63% 40
NHBoc NHBoc
@OH 1) NBUsNN CHClp, 0 °C ngN"
N 2) XtalFluor-E, 1 h N
Bn Bn
M 40% 42
Scheme 11.

It should be noted that substituted 3-aminopiperidines A
can be easily obtained from 3-azidopiperidines by using the
chemoselective Staudinger reaction (PPh;, H,O, THF) to
reduce the azido group.* Some examples are shown in
Scheme 12. By using the ring expansion of prolinols associ-
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ated with a Staudinger reduction, orthogonally protected 3-
aminopiperidines can be obtained.

PPh3, H,0
TBDMSO,, N3 THF, reflux. 16 h TBDMSO/«(j,NHz
—_—
N 60 9 N
Bn b Bn

23e 43

TBDPSO,, PPhg, H,0 TBDPSO,
N, THE & h (j,NHz
B ——
N 9 N
Bn Pl Bn
23f 44
PPhj, H,0
F, 5 Hy F,
Na o F. THF, A,5h NH;
S
N 9 N
Bn 'I%ln Na 82% Bn
28a 97/3 29a 45
BocHNUNHz
PPhj, H,0 N
B°°HNUN3 BocHN THF, A, 5h 46 Bn
+ D—\ —_— +
N BocHN
Bn B‘n N Lt b_\
31e  80/20 32e N NH,
Bn
a7

Scheme 12. Staudinger reduction.

Conclusions

We have shown that N-alkylprolinols can be transformed
into aziridinium intermediates under thermodynamic
(MsCl, EtsN, A or Ms,0, Ts,NH, A) and kinetic conditions
(XtalFluor-E, nBuysNN3, 0°C or -78 °C). We have also
shown that kinetic conditions led to a better piperidine/
pyrrolidine ratio. The best ratio was obtained when a steri-
cally hindered group was present at C4 and/or N1, and was
dependent on the nature of the substituent at C4. Theoreti-
cal calculations are in progress to understand these
phenomena and will be reported in due course.

Experimental Section

General Experimental Methods: Solvents were distilled. Anhydrous
THF was obtained by distillation from sodium and benzophenone;
CH,Cl, was dried by distillation from CaH,. Prolinols 17a,
17b,2101 17¢,[162] 26,1201 271201 30,1201 and 3624 were obtained by
using existing procedures. Other reagents were obtained from com-
mercial suppliers and used as received. Petroleum ether (PE) had a
boiling range 40-60 °C. All reactions were conducted under argon.
TLC was performed on Merck 60F254 silica gel plates and visual-
ized either with a UV lamp (254 nm) or by using a solution of
KMnO,/K,CO3/NaOH in water followed by heating. Flash
chromatography was performed on silica gel (230-400 mesh). Infra-
red (IR) spectra were recorded with a Bruker TENSOR 27 (FTIR).
'"H NMR spectra at 400 MHz and '3C NMR at 100 MHz were
recorded with a Bruker AVANCE 400. 'H NMR spectroscopic data
are reported as follows: chemical shift (ppm) from SiMe, as an
internal standard, multiplicity (s = singlet, d = doublet, t = triplet,
2030
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q = quartet, m = multiplet or overlap of nonequivalent resonances)
and integration. '*C NMR spectroscopic data are reported as fol-
lows: chemical shift (ppm) from SiMe, with the solvent as an in-
ternal indicator (CDCls: 6 = 77.0 ppm; [Dg]DMSO: 6 = 39.5 ppm),
multiplicity with respect to proton (deduced from DEPT experi-
ments, s = quaternary C, d = CH, t = CH,, q = CH3). High resolu-
tion mass spectra (HRMS) were performed by the Groupe de Spec-
trométrie de Masse de I’Université Pierre et Marie Curie (Paris,
France). Optical rotations were measured with a Perkin—Elmer 343
polarimeter in a 10-cm cell.

Methyl (2S5,4R)-1-Benzyl-4-hydroxypyrrolidine-2-carboxylate (2):I'?!
To a suspension of trans-4-hydroxy-L-proline (1.60 g, 12.2 mmol,
1.0equiv.) in MeOH (B30mL) was added SOCIl, (1.1 mL,
14.6 mmol, 1.2 equiv.) at 0 °C. After 18 h at room temp., the mix-
ture was concentrated under reduced pressure. To a solution of the
residue in CH,Cl, (15 mL) were added Et;N (6.82 mL, 48.6 mmol,
4.0 equiv.) and benzyl bromide (1.72 mL, 14.6 mmol, 1.2 equiv.).
After 6 h at reflux temperature, the reaction mixture was hy-
drolyzed with a saturated aqueous solution of Na,CO;3 (20 mL).
The aqueous layer was extracted with CH,Cl, and the combined
organic phases were dried with MgSO, and filtered. The solvent
was removed in vacuo to afford an oil, which was purified by flash
column chromatography on silica gel (EtOAc) to give 2 (2.53 g,
10.8 mmol, 89%) as a colorless oil. [a]f) = —66.0 (c = 0.5, CHCl,).
IR (neat): v = 3401, 2949, 2805, 1731, 1436, 1199, 1173, 1084,
1028 cm™!. '"H NMR: 6 = 7.32-7.21 (m, 5 H), 4.43 (dddd, J = 7.0,
7.0, 3.6, 3.6 Hz, 1 H), 3.88 (d, J = 12.8 Hz, 1 H), 3.65 (d, J =
129 Hz, 1 H), 3.64 (s, 3 H), 3.59 (dd, J = 7.8, 7.8 Hz, 1 H), 3.31
(dd, J =10.2, 5.7 Hz, 1 H), 2.45 (dd, J = 10.2, 4.0 Hz, 1 H), 2.30
(br.s, 1 H), 2.23 (m, 1 H), 2.06 (ddd, J = 13.4, 8.0, 3.2 Hz, 1
H) ppm. '3C NMR: 6 = 174.1 (s), 138.0 (s), 129.1 (d, 2 C), 128.3
(d, 2 C), 127.3 (d), 70.1 (d), 63.7 (d), 61.1 (1), 58.2 (), 51.8 (q), 40.0
(t) ppm. MS: m/z (%) = 235 (0.5) [M*7], 176 (45), 158 (2), 104 (2),
92 (8), 91 (100), 65 (10).

Methyl (2S,4.5)-4-Azido-1-benzylpyrrolidine-2-carboxylate (3):1'?! To
a solution of 2 (467 mg, 2.0 mmol, 1 equiv.) in CH,Cl, (5mL) at
0 °C, was added Et;N (1.22 mL, 8.8 mmol, 4.4 equiv.) followed by
MsCl (0.13 mL, 4.4 mmol, 2.2 equiv.). The reaction mixture was
stirred for 1.5 h. The reaction mixture was diluted with CH,Cl,
and washed with saturated aqueous sodium hydrogen carbonate,
H,O, and brine. The organic layer was dried with Na,SO, and con-
centrated under reduced pressure to afford the crude product
(600 mg). To a solution of the methanesulfonate ester (600 mg,
2.0 mmol, 1 equiv.) previously synthesized in CH;CN (5 mL), was
added tetra-n-butylammonium azide (1.41 g, 5.0 mmol, 2.5 equiv.).
The stirred solution was heated at 55°C for 2h, diluted with
EtOAc, and washed with H,O and brine. The combined aqueous
washings were extracted with EtOAc, the combined organic frac-
tions were dried with Na,SO,, and the solvent was removed under
reduced pressure to afford an oil that was purified by flash column
chromatography on silica gel (PE/Et,0, 60:40) to obtain the desired
compound 3 (475 mg, 1.8 mmol, 92%). [a]) = -53.6 (¢ = 0.5,
CHCl3). IR (neat): v = 2100, 1733, 1454, 1436, 1266, 1200, 1174,
1138 cm™!. 'TH NMR: 6 = 7.35-7.23 (m, 5 H), 4.02 (d, J = 13.2 Hz,
1 H), 3.90 (m, 1 H), 3.71 (s, 3 H), 3.55(d, J = 13.2 Hz, 1 H), 3.34
(dd, J = 9.3, 6.3Hz, 1 H), 3.06 (app.d, J = 10.3 Hz, 1 H), 2.63
(dd, J = 10.3, 5.8 Hz, 1 H), 2.51 (ddd, J = 14.1, 9.3, 7.8 Hz, 1 H),
2.14 (dddd, J = 14.0, 6.3, 3.0, 0.8 Hz, 1 H) ppm. '*C NMR: ¢ =
173.2 (s), 137.6 (s), 129.0 (d, 2 C), 128.3 (d, 2 C), 127.3 (d), 63.7
(d), 58.5 (d), 58.0 (t), 57.7 (1), 52.0 (q), 35.8 (t) ppm. MS: m/z (%)
=260 (0.1) [M™], 201 (19), 173 (9), 92 (8), 91 (100), 65 (10).
[(2S5,4.5)-4-Amino-1-benzylpyrrolidin-2-yljmethanol  (4):l'? To a
stirred suspension of LiAlH, (0.278 g, 7.3 mmol, 4.0 equiv.) in
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THF (20 mL) at 0 °C, was added dropwise a solution of 3 (0.475 g,
1.8 mmol, 1equiv.) in THF (10 mL). The reaction mixture was
stirred at 0 °C for 0.5 h and then for 1.5 h at room temp. The sys-
tem was cooled to 0 °C and H,O (0.15 mL) was added dropwise.
After Smin stirring, an aqueous solution of NaOH (3.75 M,
0.15mL) was added. After 5min of stirring, H,O (0.34 mL) was
added and the mixture was stirred at room temp. for 1 h. The white
granular precipitate was removed by suction filtration through a
pad of Celite, and the filtrate was concentrated under reduced pres-
sure to afford 4 (288 mg, 1.4 mmol, 78%). [a]¥ = —48.0 (¢ = 4.7,
CHCl3). IR (neat): v = 3665-2650, 1584, 1495, 1453, 1377,
1029 cm™!. 'TH NMR: ¢ = 7.33-7.22 (m, 5 H), 3.97 (d, J = 13.2 Hz,
1 H), 3.68 (dd, J = 10.9, 2.9 Hz, 1 H), 3.49-3.41 (m, 3 H), 2.89 (m,
1 H),2.73(ddd, J=9.8, 1.4, 1.4 Hz, 1 H), 2.53 (dd, /= 9.8, 5.1 Hz,
1 H), 2.28 (ddd, J = 13.5, 9.8, 6.6 Hz, 1 H), 2.23-2.06 (br. s, 3 H),
1.64 (dddd, J = 13.4, 5.2, 2.2, 1.6 Hz, 1 H) ppm. '3C NMR: § =
139.3 (s), 128.6 (d, 2 C), 128.3 (d, 2 C), 127.3 (d), 63.8 (d), 62.7 (1),
61.6 (t), 58.0 (), 49.4 (d), 37.9 (t) ppm. MS: m/z (%) = 206 (0.1)
[M™], 176 (5), 175 (38), 158 (18), 92 (8), 91 (100), 72 (6), 65 (11),
56 (7).

[(25,4S5)-1-Benzyl-4-(dibenzylamino)pyrrolidin-2-yljmethanol (5):*"!
nBuyNI (123 mg, 0.33mmol, 0.3equiv.), BnBr (0.29 mL,
2.44 mmol, 2.2 equiv.) and K,CO; (462 mg, 3.33 mmol, 3 equiv.)
were added to a solution of 4 (229 mg, 1.11 mmol, 1 equiv.) in
CH;CN (11 mL). After 4 h at room temp., H,O (10 mL) was added
to the mixture, which was then extracted with EtOAc. The organic
layer was dried with MgSQ,, filtered and then concentrated under
reduced pressure. After purification by flash column chromatog-
raphy on silica gel (PE/EtOAc, 80:20), 5 (300 mg, 0.78 mmol, 70%)
was isolated as a yellow oil. [a]®) = —47.0 (¢ = 2.0, CHCl;). IR
(neat): v = 3408, 1493, 1452, 1365, 1125, 1047, 1027 cm™'. 'H
NMR: ¢ = 7.36-7.16 (m, 15 H), 3.99 (d, J = 13.6 Hz, 1 H), 3.80
(dd, J =11.0, 4.2 Hz, 1 H), 3.65-3.51 (m, 5 H), 3.38 (m, 1 H), 3.16
(d, J =13.1Hz, 1 H), 3.08 (dd, J = 10.5, 3.4 Hz, 1 H), 2.61 (m, 1
H), 2.40 (dd, J = 10.5, 8.9 Hz, 1 H), 2.13 (ddd, J = 16.5,9.7, 7.1 Hz,
1 H), 1.95 (ddd, J = 15.0, 8.4, 7.1 Hz, 1 H) ppm. 3C NMR: § =
140.0 (s, 2 C), 139.0 (s), 128.8 (d, 4 C), 128.5 (d, 2 C), 128.4 (d, 2
), 128.2 (d, 4 C), 127.2 (d), 126.8 (d, 2 C), 64.6 (d), 60.6 (t), 58.2
(1), 57.0 (), 56.3 (d), 54.5 (t, 2 C), 29.2 (t) ppm. HRMS (ESI):
caled. for C,sH3,ON, [M + H*] 387.2431; found 387.2429.

N-[(3S,55)-1-Benzyl-5-(hydroxymethyl)pyrrolidin-3-yl|ethanamide
(6):1'?1 To a stirring solution of 4 (206 mg, 1.0 mmol, 1 equiv.) in
CH,Cl, (5 mL), was added AcCl (70 puL, 1.0 mmol, 1 equiv.) and
Et;N (160 uL, 1.1 mmol, 1.1 equiv.). The reaction mixture was
stirred at room temp. for 3 h. The mixture was taken up in Et,O
and washed with H,O, dried with MgSO,, and concentrated under
reduced pressure. The crude material was purified by flash
chromatography on silica gel (EtOAc/MeOH, 90:10) to obtain the
desired compound 6 (233 mg, 0.94 mmol, 94%). [a]®) = -53.4 (c =
2.0, CHCI;). IR (neat): v = 3286, 1637, 1543, 1453, 1374, 1295,
1043, 912 cm™'. '"H NMR: 6 = 7.35-7.23 (m, 5 H), 6.38 (br. s, 1 H),
4.34 (m, 1 H), 3.90 (d, /= 13.0 Hz, 1 H), 3.60 (dd, J = 11.2, 3.1 Hz,
1 H), 3.44 (d, J = 13.1 Hz, 1 H), 3.40 (dd, J = 11.4, 1.9 Hz, 1 H),
2.90 (dd, J = 10.0, 1.5 Hz, 1 H), 2.86-2.66 (m, 2 H), 2.56 (dd, J =
10.0, 5.1 Hz, 1 H), 2.40 (ddd, J = 14.1, 9.9, 7.8 Hz, 1 H), 1.91 (s,
3 H), 1.65 (dddd, J = 14.1, 5.4, 1.9, 1.9 Hz, 1 H) ppm. '3C NMR:
0 =169.3 (s), 138.4 (s), 128.8 (d, 2 C), 128.5 (d, 2 C), 127.4 (d),
63.1 (d), 61.4 (1), 61.1 (t), 58.1 (t), 47.6 (d), 35.5 (t), 23.4 (q) ppm.
MS: m/z (%) = 217 (10) [M™ — CH,OH, 158 (37), 92 (8), 91 (100),
65 (17), 56 (6).

tert-Butyl [(3S5,5S5)-1-Benzyl-5-(hydroxymethyl)pyrrolidin-3-yljcarb-
amate (7):?° Di-tert-butyl dicarbonate (152 mg, 0.70 mmol,

Eur. J. Org. Chem. 2012, 2023-2040

© 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

European Journal
of Organic Chemistry

1.2 equiv.) was added to a solution of 4 (120 mg, 0.58 mmol,
1 equiv.) in dioxane (8 mL). After 1 h at room temp., H,O (10 mL)
was added to the reaction mixture, and the solution was extracted
with Et,O. The organic layer was dried with Na,SO,, filtered and
then concentrated under reduced pressure. After purification by
flash column chromatography on silica gel (CH,Cl, to CH,Cl,/
MeOH, 90:10), 7 (146 mg, 0.48 mmol, 82%) was isolated as a yel-
low oil. M.p. 105 °C. [a]® = -38.0 (¢ = 1.0, CHCI;). IR (neat): V =
1694, 1498, 1366, 1250, 1167, 906 cm™'. '"H NMR: ¢ = 7.37-7.23
(m, 5 H), 5.15 (br. s, 1 H), 4.08 (m, 1 H), 3.92 (d, J = 13.1 Hz, 1
H), 3.63 (dd, J = 11.1, 3.0 Hz, 1 H), 3.44-3.34 (m, 2 H), 2.90 (d, J
= 10.0 Hz, 1 H), 2.75 (m, 1 H), 2.53 (dd, J = 9.6, 5.6 Hz, 1 H),
2.37 (m, 1 H), 1.66 (dd, J = 14.1, 5.7 Hz, 1 H), 1.41 (s, 9 H) ppm.
13C NMR: § = 155.4 (s), 138.4 (s), 128.8 (d, 2 C), 128.5 (d, 2 C),
127.3 (d), 79.2 (s), 63.3 (d), 61.2 (t, 2 C), 58.0 (t), 48.7 (d), 35.7 (1),
28.4 (q, 3 C) ppm. HRMS (ESI): caled. for C;7H»,05N, [M + H*]
307.2010; found 307.2006.

(3S,5R)-1-Benzyl-3-chloro-5-(dibenzylamino)piperidine (8): To a
solution of 5 (240 mg, 0.62 mmol, 1 equiv.) in CH,Cl, (§ mL) at
0°C were added Et;N (0.27 mL, 2.48 mmol, 4 equiv.) and mesyl
chloride (0.16 mL, 2.05 mmol, 3.3 equiv.) dropwise. After stirring
at reflux for 5h, H,O was added to the reaction mixture, which
was then extracted with CH,Cl,. The organic layer was dried with
MgSO,, filtered, and concentrated under reduced pressure. After
purification by flash chromatography on silica gel (PE/EtOAc,
80:20), 8 (159 mg, 0.39 mmol, 63%) was isolated as a yellow oil.
[a]) = +6.3 (¢ = 2.5, CHCIy). IR (neat): Vv = 1494, 1453, 1364,
1169, 1063, 1028, 972, 909 cm™'. '"H NMR: ¢ = 7.34-7.18 (m, 15
H), 3.84 (dddd, J = 11.6, 11.6, 4.4, 4.4 Hz, 1 H), 3.63 (s, 4 H), 3.60
(d, J = 129 Hz, 1 H), 3.50 (d, J = 129 Hz, 1 H), 3.06 (dd, J =
10.9, 4.5Hz, 1 H), 2.99 (app. d, J = 10.6 Hz, 1 H), 2.87 (m, 1 H),
2.44 (ddd, J = 11.9, 4.3, 3.6 Hz, 1 H), 2.10-1.96 (m, 2 H), 1.64
(ddd, J = 12.0, 12.0, 12.0 Hz, 1 H) ppm. 3C NMR: § = 140.1 (s,
3 0), [128.9, 128.4, 128.3, 127.3, 126.9 (d, 15 C)], 62.2 (), 61.0 (t),
54.8 (d), 54.7 (t), 54.6 (d), 54.3 (t, 2 C), 37.2 (t) ppm. HRMS (ESI):
caled. for C,sH3oN,Cl [M + H*] 405.2092; found 405.2095.

N-|(3S,5R)-1-Benzyl-5-chloropiperidin-3-yljethanamide (9): To a
solution of 6 (227 mg, 0.92 mmol, 1 equiv.) in CH,Cl, (5§ mL) at
0 °C were added Et;N (0.52 mL, 3.66 mmol, 4 equiv.) and mesyl
chloride (0.15 mL, 1.92 mmol, 2.1 equiv.) dropwise. After stirring
at reflux for 5h, water was added and the reaction mixture was
extracted with CH,Cl,. The organic layer was dried with MgSO,,
filtered, and concentrated under reduced pressure. After purifica-
tion by flash chromatography on silica gel (CH,Cl,/MeOH, 98:2),
9 (170 mg, 0.64 mmol, 70%) was isolated as a yellow oil. [a] =
+3.0 (¢ = 10.0, CHClL;). IR (neat): v = 3018, 1658, 1548, 1372,
1215, 1042 cm™. 'H NMR: J = 7.37-7.23 (m, 5 H), 6.00 (br. s, 1
H), 4.16-4.00 (m, 2 H), 3.60 (d, J = 13.5Hz, 1 H), 3.56 (d, J =
13.4 Hz, 1 H), 2.90 (m, 1 H), 2.80 (m, 1 H), 2.47-2.25 (m, 2 H),
2.10 (m, 1 H), 1.95 (s, 3 H), 1.61 (m, 1 H) ppm. 3C NMR: ¢ =
169.3 (s), 137.4 (s), 128.8 (d, 2 C), 128.4 (d, 2 C), 127.4 (d), 62.0
(t), 60.1 (1), 57.4 (t), 53.8 (d), 45.1 (d), 39.5 (1), 23.5 (q) ppm. MS:
mlz(%) = 209 (7) [M*™ - CH;CONH,], 207 (20) [M* -
CH;CONH,], 172 (19), 92 (10), 91 (100), 65 (19). HRMS (ESI):
caled. for C4H,0N,OCI [M + H*] 267.1259; found 267.1258.

tert-Butyl [(3S,5R)-1-Benzyl-5-chloropiperidin-3-yljcarbamate (10):
To a solution of 7 (259 mg, 0.85 mmol, 1 equiv.) in CH,Cl, (5 mL)
at 0 °C were added Et;N (0.48 mL, 3.4 mmol, 4 equiv.) and mesyl
chloride (0.14 mL, 1.79 mmol, 2.1 equiv.) dropwise. After stirring
at reflux for 5h, H,O was added to the reaction mixture, which
was then extracted with CH,Cl,. The organic layer was dried with
MgSO,, filtered, and concentrated under reduced pressure. After
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purification by flash chromatography on silica gel (CH,Cl,/MeOH,
98:2), 10 (266 mg, 0.82 mmol, 90%) was isolated as a yellow oil.
[a]f = +7.0 (¢ = 2.8, CHCl3). IR (neat): ¥ = 3326, 2975, 1689,
1508, 1454, 1366, 1248, 1166, 1068, 787 cm™!. '"H NMR: § = 7.34—
7.23 (m, 5 H), 4.68 (br. s, 1 H), 3.96 (m, 1 H), 3.78 (m, 1 H), 3.61
(d, J = 13.4Hz, 1 H), 3.53 (d, J/ = 12.7Hz, 1 H), 3.06-2.89 (m, 2
H), 2.42 (m, 1 H), 2.17 (dd, J = 9.5, 9.5Hz, 1 H), 1.93 (dd, J =
9.3,9.3Hz, 1 H), 1.42 (m, 1 H), 1.41 (s, 9 H) ppm. 3C NMR: 6 =
155.0 (s), 137.4 (s), 128.9 (d, 2 C), 128.4 (d, 2 C), 127.3 (d), 79.6
(s), 62.0 (1), 60.1 (1), 57.9 (1), 53.3 (d), 46.7 (d), 41.0 (t), 28.4 (q, 3
C) ppm. MS: m/z(%) = 324 (0.1) [M*1, 209 (11), 207 (31), 172 (23),
171 (7), 92 (10), 91 (100), 65 (9), 57 (22).

N-Allyl-N-benzyl-N-ethylethane-1,2-diamine (13): To a suspension
of LiAIH4 (25 mg, 0.64 mmol, 2 equiv.) in THF (3 mL) was added
a solution of 9 (85 mg, 0.32 mmol, 1 equiv.) in THF (3 mL) at 0 °C.
After being stirred at reflux for 1 h, H,O (16 pL), NaOH (3.75 m,
16 uL), and H,O (36 uL) were added dropwise at 0 °C. The white
granular precipitate was removed by suction filtration through a
pad of Celite, and the filtrate was concentrated under reduced pres-
sure. After purification by flash chromatography on silica gel
(CH,Cl,/MeOH, 80:20), 13 (36 mg, 0.16 mmol, 51%) was isolated.
IR (neat): v = 2962, 2930, 2803, 1642, 1453, 1371, 1261, 1116, 1073,
1028, 993, 917 cm™!. 'H NMR: ¢ = 7.33-7.20 (m, 5 H), 5.88 (dddd,
J=17.2,10.2, 6.5, 6.5Hz, 1 H), 5.22-5.12 (m, 2 H), 3.58 (s, 2 H),
3.10 (dd, J = 6.5, 1.5Hz, 1 H), 3.09 (dd, J = 6.5, 1.5Hz, 1 H),
2.70-2.59 (m, 4 H), 2.55 (q, J = 7.2 Hz, 2 H), 1.07 (t, J = 7.2 Hz,
3 H) ppm. *C NMR: J = 139.6 (s), 135.7 (d), 128.8 (d, 2 C), 128.2
(d, 2 C), 126.7 (d), 117.5 (t), 58.4 (1), 57.2 (1), 53.4 (1), 47.3 (1), 44.0
(1), 15.3 (q) ppm. MS: m/z(%) = 218 (0.02) [M™], 160 (33), 127 (3),
92 (8), 91 (100).

(S)-1-Benzyl-3-(dibenzylamino)piperidine (14) and (35,5R)-1-Benz-
yl-3-(dibenzylamino)-5-methylpyrrolidine (15): To a suspension of
LiAlH, (69 mg, 1.8 mmol, 10 equiv.) in THF (3 mL) was added a
solution of 8 (73 mg, 0.18 mmol, 1 equiv.) in THF (3 mL) at 0 °C.
After stirring at reflux for 1 h, H,O (38 pL), NaOH (3.75 m, 38 pL),
and H,O (89 uL) were added dropwise at 0 °C. The white granular
precipitate was removed by suction filtration through a pad of Ce-
lite, and the filtrate was concentrated under reduced pressure. After
purification by flash chromatography on silica gel (PE/EtOAc,
90:10), 14 (45 mg, 0.12 mmol, 67%) and 15 (11 mg, 0.03 mmol,
16%) were isolated. 14: [a]f) = ~15.0 (¢ = 1.5, CHCl;). IR (neat):
v = 2930, 1493, 1453, 1363, 1160, 1134, 1052, 1028, 962, 914 cm™".
'H NMR: 6 = 7.38-7.16 (m, 15 H), 3.64 (s, 4 H), 3.53 (d, J =
13.2 Hz, 1 H), 3.46 (d, J = 13.2 Hz, 1 H), 3.05 (ddd, J = 10.6, 2.0,
2.0Hz, 1 H), 2.81 (dddd, J = 10.7, 10.7, 3.7, 3.7 Hz, 1 H), 2.74
(app.d, J = 10.9 Hz, 1 H), 1.96 (dd, J = 10.4, 10.4 Hz, 1 H), 1.90
(m, 1 H), 1.79 (ddd, J = 11.7, 11.7, 2.5 Hz, 1 H), 1.65 (app.d, J =
13.2Hz, 1 H), 1.45 (ddddd, J = 12.7, 12.7, 12.7, 3.8, 3.8 Hz, 1 H),
1.32 (m, 1 H) ppm. '*C NMR: ¢ = 140.8 (s, 2 C), 138.3 (s), {129.1,
128.4, 128.2, 127.0, 126.9, 126.7 (d, 15 C)}, 63.3 (t), 56.2 (t), 55.6
(d), 54.4 (t,2 C), 53.7 (1), 26.2 (1), 24.9 (t) ppm. MS: m/z(%) = 279
(15) [M* — Ph), 236 (12), 174 (6), 134 (16), 92 (8), 91 (100), 65
(11). HRMS (ESI): caled. for C,sH3 N, [M + H*] 371.2482; found
371.2479. 15: '"H NMR: § = 7.35-7.16 (m, 15 H), 4.05 (d, J =
13.5Hz, 1 H), 3.66-3.54 (m, 4 H), 3.31 (dddd, J = 8.7, 8.7, 6.7,
2.3 Hz, 1 H), 3.03-2.94 (m, 2 H), 2.31 (dqd, J = 9.9, 6.5, 5.1 Hz, 1
H), 2.14-1.95 (m, 2 H), 1.58 (m, 1 H), 1.19 (d, / = 6.0Hz, 3
H) ppm. 3C NMR: 6 = 140.6 (s, 2 C), 140.1 (s), {128.6, 128.5,
128.2, 128.1, 126.7, 126.6 (d, 15 C)}, 59.3 (d), 58.0 (1), 56.6 (t), 55.9
(d), 54.7 (t, 2 C), 36.1 (1), 18.7 (q) ppm.

(S)-V-[(1-Benzylpyrrolidin-2-yl)methyl]-4-methyl- V-tosylbenzenesulf-

onamide (18a): To a solution of prolinol 17al*¥! (850 mg, 4.45 mmol,
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1 equiv.) and Ms,O (1.07 g, 5.79 mmol, 1.3 equiv.) in CH,Cl,
(50 mL) at 0 °C was added Et;N (1.86 mL, 13.35 mmol, 3 equiv.).
After 5 min at 0 °C, bis(p-toluene)sulfimide (1.59 g, 4.90 mmol,
1.1 equiv.) was added. After 1 h of stirring at room temp., the reac-
tion mixture was washed with an aqueous solution of NaOH
(2.5M, 2X5mL) and H,O (5 mL). The organic layers were dried
with MgSO, and the solvent was evaporated in vacuo. After purifi-
cation by flash chromatography on silica gel (PE/EtOAc, 80:20),
18a (1.10 g, 2.21 mmol, 50%) was isolated as a colorless oil. [a])
= -34 (¢ = 5.8, CHCl3). IR (neat): ¥ = 2793, 1596, 1494, 1452,
1368, 1307, 1291, 1162, 1120, 1084, 1043, 996, 908, 812, 777,
723 cmt. '"H NMR: § = 7.92 (d, J = 7.6 Hz, 4 H), 7.42-7.25 (m, 9
H), 4.06 (d, J = 13.5Hz, 1 H), 3.79-3.63 (m, 2 H), 3.50 (d, J =
13.5Hz, 1 H), 3.16 (dddd, J = 8.6, 7.3, 4.8, 4.0 Hz, 1 H), 2.97 (m,
1 H), 2.48 (s, 6 H), 2.32 (m, 1 H), 1.93 (m, 1 H), 1.83-1.65 (m, 3
H) ppm. 3C NMR: ¢ = 144.8 (s, 2 C), 139.5 (s), 137.0 (s, 2 C),
129.6 (d, 4 C), 128.9 (d, 2 C), 128.6 (d, 4 C), 128.4 (d, 2 C), 126.9
(d), 62.4 (d), 59.3 (1), 54.3 (1), 52.6 (1), 28.6 (1), 23.2 (), 21.7 (q, 2
C) ppm. MS: m/z (%) = 174 (9), 173 (72) [M* — HNTs,], 172 (36),
158 (6), 144 (3), 117 (1), 104 (4), 96 (18), 92 (13), 91 (100), 82 (13),
77 (2), 65 (13), 55 (8).

(R)-N-(1-Benzylpiperidin-3-yl)-4-methyl-/V-tosylbenzenesulfonamide
(18a) and (S)-NV-[(1-Benzylpyrrolidin-2-yl)methyl|-4-methyl-/V-tosyl-
benzenesulfonamide (19a): A solution of 18a (75 mg, 0.15 mmol,
1 equiv.) in THF (50 mL) was heated under microwave irradiation
for 8 h at 120 °C. The solvent was evaporated in vacuo and a mix-
ture of 18a and 19a (75 mg, 0.15 mmol, 100%) was isolated. 18a:
'H NMR: 6 = 7.91-7.80 (4 H), 7.34-7.18 (m, 9 H), 4.01 (d, J =
13.4 Hz, 1 H), 3.72-3.60 (m, 2 H), 3.45 (d, J = 13.3 Hz, 1 H), 3.10
(dddd, J = 8.7, 7.3, 5.1, 3.9 Hz, 1 H), 2.92 (m, 1 H), 2.45 (s, 6 H),
2.26 (m, 1 H), 1.88 (m, 1 H), 1.79-1.51 (m, 3 H) ppm. '3*C NMR:
0=1448 (5,2 C), 138.2 (s), 136.9 (s, 2 C), 129.6 (d, 4 C), 128.9 (d,
2 C), 1284 (d, 4 C), 128.2 (d, 2 ©), 126.9 (d), 62.4 (d), 59.3 (1),
54.3 (), 52.6 (1), 28.6 (1), 23.2 (t), 21.7 (g, 2 C) ppm. 19a: 'H NMR:
0="1791-7.80 (4 H), 7.34-7.18 (m, 9 H), 4.22 (dddd, J = 12.3, 10.9,
4.0,3.6Hz, 1 H), 3.52 (d, J = 13.1 Hz, 1 H), 3.32 (d, J = 13.2 Hz,
1 H), 2.77 (m, 1 H), 2.67 (dd, J = 11.0, 10.2 Hz, 1 H), 2.57 (m, 1
H), 2.42 (s, 6 H), 2.26 (m, 1 H), 1.97 (ddd, J = 11.9, 11.5, 2.7 Hz,
1 H), 1.79-1.51 (m, 3 H) ppm. '3C NMR: ¢ = 144.6 (s, 2 C), 138.2
(s), 136.9 (s, 2 C), 129.5 (d, 4 C), 128.8 (d, 2 C), 128.4 (d, 4 C),
128.2 (d, 2 C), 128.1 (d), 62.7 (1), 61.0 (d), 56.6 (1), 53.2 (t), 28.9
(t), 25.7 (1), 21.7 (q, 2 C) ppm.

(S)-N-|(1-Benzhydrylpyrrolidin-2-yl)methyl]-4-methyl- V-tosylbenz-
enesulfonamide (18b) and (R)-N-(1-Benzhydrylpiperidin-3-yl)-4-
methyl-/NV-tosylbenzenesulfonamide (19b): To a solution of prolinol
17b[2181 (375 mg, 1.43 mmol, 1 equiv.) and Ms,O (323 mg,
1.86 mmol, 1.3 equiv.) in CH,Cl, (10 mL) at 0 °C was added DI-
PEA (0.72 mL, 4.29 mmol, 3 equiv.). After 5min at 0 °C, bis(p-
toluene)sulfimide (509 mg, 1.57 mmol, 1.1 equiv.) was added. After
1 h stirring at room temp., the reaction mixture was washed with
an aqueous solution of NaOH (2.5 M, 2 X 5 mL) and H,O (5 mL).
The organic layers were dried with MgSO, and the solvent was
evaporated in vacuo. After purification by flash chromatography
on silica gel (CH,Cl,) a mixture of 18b and 19b (677 mg,
1.19 mmol, 83%, 18b/19b = 80:20) was isolated. 18b: 'H NMR: ¢
=7.68(d, J=8.3Hz 4 H), 7.44-7.12 (m, 14 H), 4.78 (s, 1 H), 3.69
(m, 1 H), 3.47 (dd, J = 14.6, 4.3 Hz, 1 H), 3.34 (m, 1 H), 2.96 (m,
1 H), 2.43 (s, 6 H), 2.38 (m, 1 H), 1.89-1.32 (m, 4 H) ppm. 19b:
'"H NMR: 6 = 7.79 (d, J = 8.4 Hz, 4 H), 7.44-7.12 (m, 14 H), 4.37
(dddd, J = 11.4, 11.4, 3.2, 3.2 Hz, 1 H), 426 (s, | H), 2.82-2.72
(m, 2 H), 2.61 (dd, J = 11.3, 10.4 Hz, 1 H), 2.42 (s, 6 H), 2.17
(dddd, J = 12.3, 12.3, 12.3, 4.8 Hz, 1 H), 1.89-1.32 (m, 4 H) ppm.
18b + 19b: 13C NMR: & = 144.6 (s), 144.5 (s), 142.8 (s), 142.4 (s),
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137.0 (s), 129.6 (d), 129.5 (d), 128.6 (d), 128.5 (d), 128.4 (d), 128.3
(d), 128.2 (d), 128.1 (d), 127.8 (d), 126.9 (d), 126.7 (d), 126.6 (d),
75.9 (d), 72.4 (d), 61.2 (d), 59.7 (d), 56.0 (1), 52.1 (1), 51.6 (1), 51.5
(1), 29.5 (1), 26.9 (t), 25.8 (1), 23.5 (1), 21.7 (q) ppm.

N-{[(25,4R)-1-Benzyl-4-(tert-butyldiphenylsilyloxy)pyrrolidin-2-
yllmethyl}-4-methyl-/NV-tosylbenzenesulfonamide (18c) and V-
[(3R,5R)-1-Benzyl-5-(tert-butyldiphenylsilyloxy)piperidin-3-yl]-4-
methyl-/N-tosylbenzenesulfonamide (19¢): To a solution of prolinol
17cl2] (200 mg, 0.45 mmol, 1 equiv.) and Ms,O (102 mg,
0.58 mmol, 1.3 equiv.) in CH,Cl, (10 mL) at 0 °C was added
DIPEA (0.23 mL, 1.35 mmol, 3 equiv.). After 5 min at 0 °C, bis(p-
toluene)sulfimide (161 mg, 0.49 mmol, 1.1 equiv.) was added. After
1 h stirring at room temp., the reaction mixture was washed with
an aqueous solution of NaOH (2.5m, 2 X 5mL) and H,O (5 mL).
The organic layers were dried with MgSO, and the solvent was
evaporated in vacuo. After purification by flash chromatography
on silica gel (PE/EtOAc, 80:20) a mixture of 18c and 19¢ (184 mg,
0.24 mmol, 54% 18¢/19¢ = 60:40) was isolated. 18¢c: '"H NMR: 6 =
7.91-7.23 (23 H), 431 (m, 1 H), 4.19-3.98 (m, 1 H), 3.83 (d, J =
13.3Hz, 1 H), 3.62 (d, J = 13.3Hz, 1 H), 3.53 (m, 1 H), 2.97 (m,
1 H), 2.54-2.24 (m, 8 H), 2.00-1.82 (m, 2 H), 1.15-1.05 (m, 9
H) ppm. 19¢: '"H NMR: § = 7.91-7.23 (23 H), 4.91 (m, 1 H), 4.19—
3.98 (m, 1 H), 3.41 (d, J = 13.3Hz, 1 H), 3.35(d, / = 13.3Hz, 1
H), 2.81-2.66 (m, 2 H), 2.61 (m, 1 H), 2.54-2.24 (m, 6 H), 2.00—
1.82 (m, 3 H), 1.15-1.05 (m, 9 H) ppm.

General Procedure for Rearrangement of Prolinols Induced by Xtal-
Fluor-E: To a solution of prolinols in CH,Cl, (0.06 M) was added
nBuyNNj3 (1.1 equiv.) and XtalFluor-E (1.1 equiv.) at 0 °C or
—78 °C. The mixture was stirred for 15 min to 4 h at 0 °C or -78 °C.
After addition of NaOH (3.75 m), the mixture was extracted with
CH,Cl, (X 2), dried with MgSQ,, filtered, and concentrated under
reduced pressure. Purification of the residue by flash chromatog-
raphy on silica gel afforded the 3-azidopiperidine derivative.

(R)-3-Azido-1-benzylpiperidine (23a) and (S)-2-(Azidomethyl)-1-
benzylpyrrolidine (24a):1>%! Following the general procedure with
nBuyNN3 (164 mg, 0.58 mmol, 1.1 equiv., 0 °C, 2 h) and XtalFluor-
E (134 mg, 0.58 mmol, 1.1 equiv.), the transformation of 17a
(100 mg, 0.52 mmol, 1 equiv.) afforded an oil that was purified by
flash column chromatography on silica gel (petroleum ether/Et,O,
80:20) to give a mixture of 23a and 24a (78 mg, 0.36 mmol, 70 %,
23a/24a = 50:50). 23a: IR (neat): ¥ = 2091, 1453, 1267 cm'. 'H
NMR: ¢ = 7.36-7.21 (m, 5 H), 3.52 (s, 2 H), 3.47 (dddd, J = 9.0,
9.0, 5.1, 5.1 Hz, 1 H), 2.82 (dd, J = 10.8, 2.8 Hz, 1 H), 2.60 (ddd,
J=10.1,4.4,44Hz, 1 H), 2.15-2.05 (m, 2 H), 1.98 (m, 1 H), 1.74
(m, 1 H), 1.56 (m, 1 H), 1.38 (m, 1 H) ppm. MS: m/z (%) = 216
(0.2) [M*1, 174 (0.5), 160 (17), 91 (100); 24a: IR (neat): v = 2091,
1453, 1267 cm™. '"H NMR: 6 = 7.36-7.21 (m, 5 H), 3.99 (d, J =
12.8 Hz, 1 H), 3.42(d, J = 12.8 Hz, 1 H), 3.27 (dd, J = 12.4, 5.8 Hz,
1 H), 3.16 (dd, J = 12.4, 3.9 Hz, 1 H), 2.96 (ddd, J = 9.4, 7.3,
2.7Hz, 1 H), 2.75 (m, 1 H), 2.23 (m, 1 H), 2.98 (m, 1 H), 1.83—
1.66 (m, 3 H) ppm. 23a + 24a: '3C NMR: 6 = 139.4 (s), 137.9 (s),
129.1 (d), 128.8 (d), 128.3 (d), 128.2 (d), 127.2 (d), 127.0 (d), 63.2
(d), 63.0 (t), 59.4 (1), 57.5 (1), 57.3 (d), 54.6 (1), 54.5 (1), 53.0 (1),
29.6 (1), 28.9 (t), 23.3 (1), 23.1 (t) ppm.

(3R,55)-3-Azido-1-benzyl-5-(tert-butyldimethylsilyloxy)piperidine
(23b) and (25,4.5)-2-(Azidomethyl)-1-benzyl-4-(tert-butyldimethyl-
silyloxy)pyrrolidine (24b):1>"1 Following the general procedure with
nBuyNN; (98 mg, 0.34 mmol, 1.1 equiv., 0 °C, 2.5 h) and Xtal-
Fluor-E (79 mg, 0.34 mmol, 1.1 equiv.), the transformation of
26b2% (79 mg, 0.25 mmol, 1 equiv.) afforded an oil that was puri-
fied by flash column chromatography on silica gel (petroleum ether/
EtOAc, 95:5) to give a mixture of 23b and 24b (76 mg, 0.22 mmol,
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88%, 23b/24b = 60:40). 23b: IR (neat): ¥ = 2952, 2929, 2856, 2094,
1470, 1253, 1100, 835, 775 cm ', '"H NMR: 6 = 7.37-7.18 (m, 5 H),
3.74 (dddd, J = 9.5, 9.5, 4.7, 4.7 Hz, 1 H), 3.59 (d, J = 13.4 Hz, |
H), 3.48 (d, J = 13.4 Hz, 1 H), 3.41-3.25 (m, 2 H), 2.94-2.80 (m,
2 H), 1.87-1.75 (m, 2 H), 1.69 (ddd, J = 14.0, 5.7, 4.0 Hz, 1 H),
0.84 (s, 9 H), 0.02 (s, 3 H), 0.00 (s, 3 H) ppm. MS (EI): m/z (%) =
304 (0.4) [M* — N3, 290 (1), 157 (1), 133 (19), 132 (20), 91 (100),
75 (50), 73 (19); 24b: IR (neat): v = 2952, 2929, 2856, 2094, 1470,
1253, 1100, 835, 775 cm ', '"H NMR: 6 = 7.37-7.18 (m, 5 H), 4.27
(dddd, J = 5.8, 5.8, 3.1, 3.1 Hz, 1 H), 3.99 (d, J = 13.5Hz, 1 H),
3.45(d, J = 13.4 Hz, 1 H), 3.33 (m, 1 H), 2.94-2.80 (m, 2 H), 2.45
(dd, J = 10.3, 5.4 Hz, 1 H), 2.27-2.12 (m, 2 H), 1.51 (m, 1 H), 0.85
(s, 9 H), 0.00 (s, 3 H), -0.025 (s, 3 H) ppm. MS (EI): m/z (%) = 290
(9) [M* — CH,N37], 157 (19), 91 (100), 75 (87); 23b + 24b: '3C
NMR: § = 139.3 (s), 137.6 (s), 128.9 (d), 128.5 (d), 128.3 (d),128.3
(d), 127.3 (d), 126.9 (d), 71.0 (d), 66.9 (d), 62.7 (d), 62.4 (1), 62.2
(1), 60.5 (1), 59.3 (1), 56.6 (1), 55.7 (d), 54.9 (1), 39.6 (t), 39.3 (1),
25.9 (q), 25.8 (q), 19.2 (s), 18.1 (s), 4.8 (q) —4.7 (q) ppm.

(35,5R)-3-Azido-1-benzyl-5-(tert-butyldiphenylsilyloxy)piperidine
(23c) and (2R,4R)-2-(Azidomethyl)-1-benzyl-4-(tert-butyldiphenyl-
silyloxy)pyrrolidine (24¢):*”! Following the general procedure with
nBuyNN3 (47 mg, 0.17 mmol, 1.1 equiv., —78 °C, 4.5 h) and Xtal-
Fluor-E (38 mg, 0.17 mmol, 1.1 equiv.), the transformation of
26¢9 (67 mg, 0.15 mmol, 1 equiv.) afforded an oil that was puri-
fied by flash column chromatography on silica gel (petroleum ether/
EtOAc, 90:10 to 80:20) to give a mixture of 23¢ and 24c (47 mg,
0.10 mmol, 67%, 23¢/24¢c = 60:40). 23¢: IR (neat): ¥ = 2095, 1471,
1454, 1427, 1272, 1172, 1105, 909, 822 cm™!. '"H NMR: 6 = 7.66—
7.57 (m, 4 H), 7.46-7.22 (m, 10 H), 7.15 (m, 1 H), 3.75 (dddd, J =
9.5,9.5,4.5,45Hz, 1 H), 3.46 (s, 2 H), 3.22 (dddd, J = 10.8, 10.8,
44,44 Hz, 1 H), 2.90-2.78 (m, 2 H), 2.16 (m, 1 H), 1.90 (dd, J =
10.1, 10.1 Hz, 1 H), 1.43-1.27 (m, 2 H), 1.03 (s, 9 H) ppm. 24c: IR
(neat): v = 2095, 1471, 1454, 1427, 1272, 1172, 1105, 909, 822 cm™ .
'H NMR: § = 7.66-7.57 (m, 4 H), 7.46-7.22 (m, 10 H), 7.15 (m, 1
H), 4.28 (dddd, J = 5.3, 5.3, 2.6, 2.6 Hz, 1 H), 4.01 (d, J = 13.4 Hz,
1 H), 3.45-3.30 (m, 3 H), 2.96 (ddd, J = 10.5, 1.8, 1.8 Hz, 1 H),
2.83 (m, 1 H), 2.30 (dd, J = 10.3, 5.1 Hz, 1 H), 2.09 (m, 1 H), 1.83
(dd, J = 10.4, 10.4 Hz, 1 H), 1.04 (s, 9 H) ppm. 23¢ + 24¢: 13C
NMR: ¢ = 139.3 (s), 137.5 (s), 135.8 (d), 135.7 (d), 135.7 (d), 134.9
(s), 133.9 (s), 129.8 (d), 129.8 (d), 129.7 (d), 129.6 (d), 128.9 (d),
128.5 (d), 128.3 (d), 127.7 (d), 127.6 (d), 127.6 (d), 127.2 (d), 127.0
(d), 72.0 (d), 67.5 (d), 62.8 (d), 62.2 (1), 62.1 (1), 60.0 (t), 59.3 (1),
55.7 (), 55.6 (d), 55.0 (1), 39.2 (1), 38.9 (1), 26.9 (q), 26.9 (q), 19.12
(s) ppm.

(3R,5R)-3-Azido-1-benzyl-5-(benzyloxy)piperidine (23d) and
(2S,4R)-2-(Azidomethyl)-1-benzyl-4-(benzyloxy)pyrrolidine (24d):(!
Following the general procedure with nBuyNN; (105 mg,
0.37 mmol, 1.1 equiv., -78 °C, 4.5 h) and XtalFluor-E (88 mg,
0.37 mmol, 1.1 equiv.), the transformation of 26d!>3! (100 mg,
0.34 mmol, 1 equiv.) afforded an oil that was purified by flash col-
umn chromatography on silica gel (petroleum ether/Et,0O, 90:10 to
80:20) to give a mixture of 23d (61 mg, 0.19 mmol, 56%) and 24d
(4 mg, 0.01 mmol, 4%). 23d: [a]¥) = -62.0 (¢ = 1, CHCl). IR (neat):
v = 2096, 1495, 1454, 1271, 1153, 1093, 1028 cm™'. 'H NMR: ¢ =
7.41-7.22 (m, 10 H), 4.51 (d, J = 11.9Hz, 1 H), 4.46 (d, J =
11.9Hz, 1 H), 3.84 (m, 1 H), 3.77 (m, 1 H), 3.64 (d, J = 13.2 Hz,
1 H), 3.54 (d, J = 13.3 Hz, 1 H), 2.65-2.55 (m, 2 H), 2.50-2.40 (m,
2 H), 1.89-1.77 (m, 2 H) ppm. 3C NMR: 6 = 138.5 (s), 137.4 (s),
129.1 (d,2 C), 128.4 (d, 2 C), 128.3 (d, 2 C), 127.6 (d, 2 C), 127.3
(d, 2 C), 71.6 (d), 70.6 (), 62.5 (1), 56.4 (t), 56.2 (1), 55.3 (d), 34.8
(t) ppm. HRMS (ESI): caled. for C1oH,30N, [M + H*] 323.1866;
found 323.1868; 24d: [a]®) = ~13.0 (¢ = 0.3, CHCI;). IR (neat): V =
2098, 1495, 1454, 1366, 1334, 1274, 1106, 1067 cm™!. 'H NMR: ¢
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= 7.37-7.22 (m, 10 H), 4.67 (d, J = 11.8 Hz, 1 H), 443 (d, J =
11.7Hz, 1 H), 4.10 (m, 1 H), 4.04 (d, J = 129Hz, 1 H), 3.47 (d, J
= 129Hz, 1 H), 3.37 (dd, J = 12.6, 5.1 Hz, 1 H), 3.26 (dd, J =
10.3, 5.6 Hz, 1 H), 3.18 (dd, J = 12.1, 3.8 Hz, 1 H), 3.09-3.00 (m,
1 H), 2.42 (dd, J = 10.3, 5Hz, 1 H), 2.11-1.94 (m, 2 H) ppm. 13C
NMR: ¢ = 138.9 (s), 138.2 (s), 129.1 (d, 2 C), 128.4 (d, 2 C), 128.4
(d, 2 C), 127.6 (d, 3 C), 127.1 (d), 76.7 (d), 71.3 (1), 62.3 (d), 59.7
(1), 59.3 (1), 53.6 (t), 35.9 (t) ppm. HRMS (ESI): calcd. for
CoH,30N, [M + H*] 323.1866; found 323.1867.

(3R,5R)-3-Azido-1-benzyl-5-(tert-butyldimethylsilyloxy)piperidine
(23e) and (2S,4R)-2-(Azidomethyl)-1-benzyl-4-(tert-butyldimethyl-
silyloxy)pyrrolidine (24e):1>"! Following the general procedure with
nBuyNN3 (276 mg, 1.02 mmol, 1.1 equiv., -78 °C, 4.5 h) and Xtal-
Fluor-E (222 mg, 1.02 mmol, 1.1 equiv.), the transformation of
26e°! (300 mg, 0.93 mmol, 1 equiv.) afforded an oil that was puri-
fied by flash column chromatography on silica gel (CH,Cl, then
CH,Cl,/MeOH, 98:2) to give 23e (213 mg, 0.62 mmol, 66 %) and a
mixture of 23e and 24e (25 mg, 0.07 mmol, 8%, 23e/24e = 77:23),
23e/24e = 98:2. 23e: [a]¥) = +56.0 (¢ = 2.0, CHCl3). IR (neat): ¥ =
2095, 1253, 835, 774 cm™!. '"H NMR: ¢ = 7.30-7.16 (m, 5 H), 3.99
(dddd, J =78, 738, 4.1,4.1 Hz, 1 H), 3.76 (dddd, J = 5.4, 5.4, 3.8,
3.8 Hz, 1 H), 3.60 (d, J = 13.4Hz, 1 H), 3.46 (d, J = 13.5Hz, 1
H), 2.63 (d, J = 12.8 Hz, 1 H), 2.55 (dd, J = 11.7, 54 Hz, 1 H),
2.37 (d, J = 10.1 Hz, 1 H), 2.12 (dd, J = 11.3, 8.2 Hz, 1 H), 1.82
(ddd, J = 13.2,4.3, 43 Hz, 1 H), 1.57 (ddd, J = 12.8, 8.5, 3.9 Hz,
1 H), 0.83 (s, 9 H), 0.00 (s, 3 H), -0.02 (s, 3 H) ppm. '*C NMR: §
=137.6 (s), 128.9 (d, 2 C), 128.3 (d, 2 C), 127.2 (d), 65.3 (d), 62.3
(1), 60.1 (1), 55.9 (1), 55.7 (d), 37.9 (1), 25.8 (q, 3 C), 18.1 (s), 4.7
(q), 4.8 (q) ppm. MS: m/z (%) = 347 (0.1) [M™*], 132 (23), 91 (100),
75 (40). HRMS (ESI): calcd. for C;gH3;ON,Si [M + H*] 347.2262;
found 347.2254; 24e: '"H NMR: § = 7.30-7.19 (m, 5 H), 4.28 (dddd,
J=10.5,10.5, 10.5, 5.5Hz, 1 H), 3.97 (d, J = 129 Hz, 1 H), 3.46
(d, J = 13.2Hz, 1 H), 3.28 (dd, J = 12.8, 5.4 Hz, 1 H), 3.13-3.07
(m, 2 H), 3.03 (dddd, J = 12.0, 4.7, 3.8, 3.8 Hz, 1 H), 2.26 (dd, J
=10.1, 5.6 Hz, 1 H), 1.93-1.80 (m, 2 H), 0.83 (s, 9 H), 0.00 (s, 3
H), -0.02 (s, 3 H) ppm.

(3R,5R)-3-Azido-1-benzyl-5-(tert-butyldiphenylsilyloxy)piperidine
(23f) and (2S,4R)-2-(Azidomethyl)-1-benzyl-4-(tert-butyldiphenyl-
silyloxy)pyrrolidine (24f):*° Following the general procedure with
nBuyNN3 (51 mg, 0.18 mmol, 1.1 equiv., —78 °C, 4.5 h) and Xtal-
Fluor-E (41 mg, 0.18 mmol, 1.1 equiv.), the transformation of
17¢[1%¢1 (72 mg, 0.16 mmol, 1 equiv.) afforded an oil that was puri-
fied by flash column chromatography on silica gel (petroleum ether/
Et,0, 95:5) to give 23f (55 mg, 0.12 mmol, 72%) and 24f (2 mg,
0.004 mmol, 2%). 23f: [a]¥ = +42.0 (¢ = 1.0, CHCl;). IR (neat): ¥
= 2093, 1463, 1427, 1258, 1106, 1036, 1028, 821 cm™!. 'H NMR: ¢
= 7.65-7.60 (m, 4 H), 7.44-7.22 (m, 11 H), 4.07 (dddd, J = 7.1,
7.1, 3.9, 3.9 Hz, 1 H), 3.83 (dddd, J = 7.3, 7.3, 3.6, 3.6 Hz, 1 H),
3.51(d, J=13.5Hz, 1 H), 3.46 (d, J = 13.2Hz, | H), 2.61 (d, J =
11.4 Hz, 1 H), 2.51-2.20 (m, 3 H), 1.78 (dddd, J = 7.1, 7.1, 4.1,
4.1 Hz, 1 H), 1.64 (dddd, J = 8.0, 8.0, 4.1, 4.1 Hz, 1 H), 1.06 (s, 9
H) ppm. 3C NMR: 6 = 137.8 (s), 135.7 (d), 135.7 (d), 134.1 (s),
133.9 (s), 129.8 (d, 2 C), 129.7 (d, 2 C), 128.9 (d, 2 C), 128.3 (d, 2
Q0), 127.7 (d, 2 C), 127.6 (d, 2 C), 127.1 (d), 66.4 (d), 62.3 (1), 59.4
(1), 56.4 (t), 55.4 (d), 37.5 (1), 27.0 (q, 3 C), 19.2 (s) ppm. HRMS
(ESI): caled. for C,3H35s0N,Si [M + H*]471.2575; found 471.2573;
24f: [a]F) = +10.0 (¢ = 0.8, CHCl5). IR (neat): ¥ = 2096, 1427, 1273,
1105, 910, 822 cm™'. 'H NMR: 6 = 7.66-7.57 (m, 5 H), 7.44-7.20
(m, 10 H), 4.34 (dddd, J = 6.6, 5.1, 5.1, 4.1Hz, 1 H), 4.0 (d, J =
13.8 Hz, 1 H), 3.57(d, /= 13.1 Hz, 1 H), 3.21 (dd, /= 11.9,4.9 Hz,
1 H), 3.15-3.03 (m, 3 H), 2.44 (dddd, J = 5.6, 5.0, 0.6, 0.6 Hz, 1
H), 1.93 (m, 1 H), 1.74 (dddd, J = 7.0, 7.0, 7.0, 7.0 Hz, 1 H), 1.05
(s, 9 H) ppm. 13C NMR: § = 139.3 (s), 135.7 (d, 2 C), 135.7 (d, 2
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), 134.0 (s), 133.9 (s), 129.7 (d), 129.7 (d), 128.7 (d, 2 C), 128.3
(d,2C), 127.7(d, 2 C), 127.7 (d, 2 C), 127.0 (d), 71.6 (d), 62.4 (d),
62.2 (1), 59.8 (t), 54.0 (1), 39.0 (t), 26.7 (q, 3 C), 19.1 (s) ppm.
HRMS (ESI): calcd. for CogH3sON,Si [M + H*] 471.2575; found
471.2572.

(R)-3-Azido-1-tritylpiperidine (23g) and (5)-2-(Azidomethyl)-1-tri-
tylpyrrolidine (24g):[>°! Following the general procedure with
nBuyNN3 (91 mg, 0.32 mmol, 1.1 equiv., -78 °C, 4.5 h) and Xtal-
Fluor-E (73 mg, 0.32 mmol, 1.1 equiv.), the transformation of
26g7 (100 mg, 0.29 mmol, 1 equiv.) afforded an oil that was puri-
fied by flash column chromatography on silica gel (petroleum ether/
EtOAc, 99:1 + 0.5% Et3N) to give a mixture of 23g and 24g (72 mg,
0.20 mmol, 67%, 23g/24g = 88:12). 23g: 'H NMR ([D¢]DMSO at
120 °C): 6 = 7.67-6.95 (m, 15 H), 3.83 (dddd, J = 8.3, 8.3, 3.9,
39Hz, | H), 2.98-2.70 (m, 2 H), 1.94-1.68 (m, 5 H), 1.31 (m, 1
H) ppm. 24g: '"H NMR ([D¢]DMSO at 120 °C): § = 7.67-6.95 (m,
15 H), 3.50-3.42 (m, 2 H), 3.34 (m, 1 H), 3.25 (m, 1 H), 1.53-1.41
(m, 2 H), 1.03-0.70 (m, 4 H) ppm.

[(2S,4R)-4-(tert-Butyldimethylsilyloxy)-1-tritylpyrrolidin-2-yljmeth-
anol (26h): To a solution of methyl (2S5,4R)-4-hydroxy-1-tritylpyr-
rolidine-2-carboxylatel?®! (720 mg, 1.86 mmol, 1.0 equiv.) in
CH,Cl, (15 mL) were added Et3N (0.69 mL, 4.83 mmol,
2.6 equiv.), DMAP (30 mg, 0.25 mmol, 0.13 equiv.) and TBDMSCI
(450 mg, 3.0 mmol, 1.6 equiv.). After 18 h at room temp., a solution
of Na,CO; (40 mL) was added to the reaction mixture. The aque-
ous layer was extracted with CH,Cl, (3 X 50 mL), then the organic
layers were dried with MgSO, and concentrated under reduced
pressure. After purification by flash chromatography on silica gel
(PE to PE/EtOAc, 90:10 + 0.5% Et;N), methyl (25,4 R)-4-(zert-but-
yldimethylsilyloxy)-1-tritylpyrrolidine-2-carboxylate (773 mg,
1.54 mmol, 83%) was isolated as a colorless oil. [a]¥ = +4.5 (¢ =
1.1, CHCly). IR (neat): ¥ = 29, 2856, 1744, 1489, 1448, 1251, 1195,
1165, 1117, 1029, 1005, 898, 835cm™'. '"H NMR: ¢ = 7.60 (m, 6
H), 7.31 (m, 6 H), 7.22 (m, 3 H), 4.55 (dddd, J = 8.9, 6.6, 6.6,
6.6 Hz, 1 H), 3.92 (dd, J = 9.1, 1.9Hz, 1 H), 3.62 (s, 3 H), 3.61
(dd, J = 9.9, 6.8 Hz, 1 H), 2.57 (dd, J = 10.0, 6.5 Hz, 1 H), 1.78
(ddd, J = 12.3, 6.4, 1.8 Hz, 1 H), 1.03 (ddd, J = 12.3, 9.1, 9.1 Hz,
1 H), 0.84 (s, 9 H), 0.00 (s, 3 H), -0.02 (s, 3 H) ppm. '*C NMR: §
=176.6 (s), 143.7 (s, 3 C), 129.5 (d, 6 C), 127.6 (d, 6 C), 126.3 (d,
3 C), 76.7 (s), 70.7 (d), 60.9 (d), 56.2 (t), 51.6 (q), 39.5 (1), 25.8 (q,
3C), 17.9 (s), -4.8 (q, 2 C) ppm. HRMS (ESI): calcd. for
C5;H39NO;SiNa [M + Na*] 524.2591; found 524.2579. To a sus-
pension of LiAIH, (219 mg, 5.73 mmol, 3.7 equiv.) in THF (15 mL)
at 0 °C, was added dropwise a solution of the previously synthe-
sized methyl (2,4 R)-4-(tert-butyldimethylsilyloxy)-1-tritylpyrrolid-
ine-2-carboxylate (773 mg, 1.54 mmol, 1.0 equiv.) in THF (10 mL).
After 2.5 h at room temp., H,O (0.12 mL), NaOH (3.75 m,
0.12mL) and H,O (0.28 mL) were added dropwise at 0 °C. After
30 min at room temp., the white granular precipitate was removed
by suction filtration through a pad of Celite, and the filtrate was
concentrated under reduced pressure to give 26h (444 mg,
0.94 mmol, 61%) as a colorless oil. [a]) = +52.0 (¢ = 1.0, CHCI;).
IR (neat): ¥ = 53, 2928, 2883, 2855, 1488, 1471, 1462, 1448, 1386,
1251, 1121, 1032, 912, 895, 834, 773, 742, 733 cm™!. 'H NMR: J =
7.65 (m, 6 H), 7.35 (m, 6 H), 7.24 (m, 3 H), 4.53 (dddd, J = 8.4,
7.3,7.0, 6.8 Hz, 1 H), 3.64-3.49 (m, 3 H), 3.31 (dddd, J = 8.8, 6.1,
2.9, 29 Hz, 1 H), 2.56 (dd, J = 11.0, 6.7 Hz, 1 H), 2.06 (dd, J =
7.1,4.7Hz, 1 H), 1.79 (ddd, J = 12.1, 7.3, 2.4 Hz, 1 H), 0.90-0.80
(m, 10 H), 0.00 (s, 3 H), -0.02 (s, 3 H) ppm. 3C NMR: § = 144.0
(5,30), 129.7(d, 6 C), 1279 (d, 6 C), 126.3 (d, 3 C), 77.2 (s), 71.0
(d), 66.0 (t), 60.2 (d), 58.0 (1), 38.7 (t), 25.8 (q, 3 C), 17.9 (s), 4.8
(q), 4.8 (q) ppm. HRMS (ESI): calcd. for C3yH4NO3Si [M + H*]
474.2823; found 474.2818.
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(3R,5R)-3-Azido-5-(tert-butyldimethylsilyloxy)-1-tritylpiperidine
(23h) and (2S,4R)-2-(Azidomethyl)-4-(tert-butyldimethylsilyloxy)-1-
tritylpyrrolidine (24h): Following the general procedure with
nBuyNN; (178 mg, 0.63 mmol, 1.1 equiv., —78 °C, 30 min) and
XtalFluor-E (143 mg, 0.63 mmol, 1.1 equiv.), the transformation of
26h (269 mg, 0.57 mmol, 1 equiv.) afforded an oil that was purified
by flash column chromatography on silica gel (PE/EtOAc, 90:10)
to give a mixture of 23h and 24h (205 mg, 0.41 mmol, 72%, 23h/
24h = 86:14). 23h: IR (neat): ¥ = 2098, 1489, 1470, 1448, 1253,
1184, 1144, 1090, 1013, 858, 835, 774, 743 cm'. '"H NMR ([Dg¢]-
DMSO at 120 °C): 0 = 7.67-7.26 (m, 15 H), 4.35 (dddd, J = 7.7,
7.7, 3.8, 3.8 Hz, 1 H), 4.11 (m, 1 H), 2.70-2.50 (m, 2 H), 2.29 (m,
1 H), 2.03 (m, 2 H), 1.69 (ddd, J = 13.5, 8.0, 4.2 Hz, 1 H), 1.05 (s,
9 H), 0.22 (s, 3 H), 0.18 (s, 3 H) ppm.

(3R,5R)-3-Azido-5-(tert-butyldiphenylsilyloxy)-1-tritylpiperidine
(23i):? Following the general procedure with nBu,NNj; (78 mg,
0.28 mmol, 1.1equiv.,, 0°C, 30min) and XtalFluor-E (63 mg,
0.28 mmol, 1.1 equiv.), the transformation of 26il*" (79 mg,
0.25 mmol, 1 equiv.) afforded an oil that was purified by flash col-
umn chromatography on silica gel (PE/Et,0, 98:2 + 0.5% Et;N) to
give 23i (68 mg, 0.11 mmol, 65%). [a]f = +24.0 (¢ = 0.7, CHCI5).
IR (neat): ¥ = 2098, 1448, 1428, 1110 cm™!. '"H NMR ([Dc]DMSO
at 120 °C): 0 = 7.72-7.13 (m, 25 H), 4.39 (dddd, J = 6.8, 6.8, 2.7,
2.7Hz, 1 H), 3.96 (dddd, J = 4.8, 4.8,2.7,2.7Hz, 1 H), 2.69 (d, J
= 11.5Hz, 1 H), 2.53 (m, 1 H), 2.07 (d, J = 11.5Hz, | H), 1.97-
1.76 (m, 2 H), 1.52 (dddd, J = 8.6, 8.6, 4.3, 4.3 Hz, 1 H), 1.07 (s,
9 H) ppm. HRMS (ESI): calcd. for C4oH4,ONyNaSi [M + Na*]
645.3020; found 645.3025.

(3R,5S5)-3-Azido-1-benzyl-5-fluoropiperidine (28a) and (2S5,45)-2-
(Azidomethyl)-1-benzyl-4-fluoropyrrolidine (292):2°! Following the
general procedure with nBuysNN; (75 mg, 0.26 mmol, 1.1 equiv.,
-78 °C, 4 h) and XtalFluor-E (60 mg, 0.26 mmol, 1.1 equiv.), the
transformation of 27al?% (51 mg, 0.24 mmol, 1 equiv.) afforded an
oil that was purified by flash column chromatography on silica gel
(PE/Et,O, 80:20) to give a mixture of 28a and 29a (33 mg,
0.14 mmol, 58%, 28a/29a = 50:50). 28a: IR (neat): v = 2094, 1454,
1273, 1089, 1071, 1028 cm™!. 'H NMR: ¢ = 7.37-7.22 (m, 5 H),
4.61 (ddddd, J = 48.1,9, 9, 4.5, 4.5Hz, 1 H), 3.6 (s, 2 H), 3.47 (m,
1 H), 3.02 (m, 1 H), 2.87 (m, 1 H), 2.94-1.93 (m, 3 H), 1.56 (m, 1
H) ppm. MS: m/z (%) = 234 (0.1) [M*7], 178 (12), 102 (30), 91 (100),
88 (35), 65 (24); 29a: IR (neat): ¥ = 2094, 1454, 1273, 1089, 1071,
1028 cm™. '"H NMR: § = 7.37-7.22 (m, 5 H), 5.07 (app.d, J =
542 Hz, 1 H), 4.08 (d, J = 13.3Hz, 1 H), 343 (d, J = 13.1 Hz, 1
H), 3.40-3.18 (m, 3 H), 2.87 (m, 1 H), 2.94-1.93 (m, 3 H) ppm.
MS: miz (%) = 178 (20) [M™ — CH,N37, 91 (100), 65 (13); 28a +
29a: *C NMR: 6 = 138.3 (s), 137.1 (s), 129.0 (d), 128.7 (d), 128.4
(d), 127.5 (d), 127.3 (d), 92.1 (dd, J = 177 Hz), 86.3 (dd, J =
174.6 Hz), 62.3 (d), 62.1 (t), 60.4 (dt, J = 21.6 Hz), 58.7 (1), 56.6
(dt, J = 21.2 Hz), 56.6 (dt, J = 24.8 Hz), 54.9 (dd, J = 11.6 Hz),
54.2 (t), 36.6 (dt, J = 22.4 Hz), 36.0 (dt, J = 20 Hz) ppm.

(3R,5R)-3-Azido-1-benzyl-5-fluoropiperidine (28b) and (2S,4R)-2-
(Azidomethyl)-1-benzyl-4-fluoropyrrolidine (29b):2°! Following the
general procedure with nBuyNNj3 (153 mg, 0.54 mmol, 1.1 equiv.,
-78 °C, 4 h) and XtalFluor-E (123 mg, 0.54 mmol, 1.1 equiv.), the
transformation of 27b*% (103 mg, 0.49 mmol, 1 equiv.) afforded an
oil that was purified by flash column chromatography on silica gel
(PE/Et,O, 90:10) to give a mixture of 28b and 29b (76 mg,
0.32 mmol, 66%, 28b/29b = 93:7). 28b: IR (neat): v = 2926, 2097,
1454, 1257, 1152, 1055, 1029, 989, 930 cm™'. '"H NMR: § = 7.36-
7.24 (m, 5 H), 4.84 (ddddd, J = 47.2, 5.3, 5.3, 3.0, 3.0 Hz, 1 H),
3.84 (dddd, J = 8.5, 8.5, 4.1, 4.1 Hz, 1 H), 3.61 (s, 2 H), 2.90-2.77
(m, 2 H), 2.43 (ddd, J = 29.2, 12.4, 2.1 Hz, 1 H), 2.28-2.21 (m, 2

Eur. J. Org. Chem. 2012, 2023-2040

© 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

European Journal
of Organic Chemistry

H), 1.68 (dddd, J = 32.1, 13.2, 9.5, 3.1 Hz, 1 H) ppm. 1*C NMR:
8= 137.0 (s), 129.0 (d, 2 C), 128.4 (d, 2 C), 127.4 (d), 86.5 (dd, J
= 173.4 Hz), 62.2 (1), 56.3 (t), 56.0 (dt, J = 21.2 Hz), 54.4 (dd, J =
3.6 Hz), 34.8 (dt, J = 21.2 Hz) ppm. MS m/z (%) = 234 (0.2) [M*],
178 (13), 132 (7), 102 (32), 91 (100), 88 (37), 65 (23); 29b: IR (neat):
¥ = 2926, 2097, 1454, 1257, 1152, 1055, 1029, 989, 930 cm™'. MS
miz (%) =178 (15) [M* — CH,N;7, 91 (100), 65 (14).

(R)-5-Azido-1-benzyl-3,3-difluoropiperidine  (28¢) and (S)-2-
(Azidomethyl)-1-benzyl-4,4-difluoropyrrolidine (29¢):>° Following
the general procedure with nBusNN;3 (159 mg, 0.56 mmol,
1.1 equiv.,, -78°C, 4h) and XtalFluor-E (128 mg, 0.56 mmol,
1.1 equiv.), the transformation of 27¢% (115mg, 0.51 mmol,
1 equiv.) afforded an oil that was purified by flash column
chromatography on silica gel (PE/Et,0, 90:10) to give a mixture of
28c and 29¢ (85 mg, 0.34 mmol, 66%, 28¢/29¢ = 91:9). 28c: IR
(neat): v = 2099, 1454, 1281, 1253, 1188, 1103, 1084, 1012, 976,
918, 820 cm™'. 'H NMR: 6 = 7.41-7.21 (m, 5 H), 3.76-3.60 (m, 3
H), 3.0-2.88 (m, 2 H), 2.47-2.32 (m, 2 H), 2.17 (dd, J = 10.0 Hz,
1 H), 1.76 (m, 1 H) ppm. '3C NMR: § = 136.5 (s), 128.9 (d, 2 C),
128.6 (d, 2 C), 127.7 (d), 119.5 (dds, J = 243.0, 243.0 Hz), 61.5 (1),
57.4 (ddt, J = 29.2, 25.6 Hz), 55.9 (1), 54.4 (dd, J = 9.2 Hz), 37.9
(ddt, J = 24.0, 24.0 Hz) ppm. MS m/z (%) = 252 (0.1) [M*7], 196
(15), 120 (25), 106 (23), 91 (100), 65 (20); 29¢c: IR (neat): v = 2099,
1454, 1281, 1253, 1188, 1103, 1084, 1012, 976, 918, 820 cm™!. 'H
NMR: ¢ = 7.41-7.21 (m, 5 H), 4.08 (d, J = 13.3 Hz, 1 H), 3.46 (m,
1 H), 3.39 (dd, J = 13.2 Hz, 1 H), 3.31-3.20 (m, 2 H), 3.05 (m, 1
H), 2.73-2.52 (m, 2 H), 2.27 (m, 1 H) ppm. MS m/z (%) = 196 (11)
[M* — CH,N;7, 91 (100), 65 (14).

(38,55)-5-Azido-1-benzyl-3-(dibenzylamino)piperidine  (31a) and
(38,5R)-5-(Azidomethyl)-1-benzyl-3-(dibenzylamino)pyrrolidine
(32a):% Following the general procedure with nBuy,NN; (31 mg,
0.11 mmol, 1.1equiv., 0°C, 4.5h) and XtalFluor-E (25 mg,
0.11 mmol, 1.1 equiv.), the transformation of 30aP” (40 mg,
0.10 mmol, 1 equiv.) afforded an oil that was purified by flash col-
umn chromatography on silica gel (PE/Et,0O, 70:30) to give a mix-
ture of 31a and 32a (23 mg, 0.06 mmol, 56 %, 31a/32a: 50:50). 31a:
IR (neat): ¥ = 2096, 1493, 1453, 1364, 1275, 1153, 1072, 1050, 1028,
967 cm™'. 'H NMR: ¢ = 7.34-7.17 (m, 15 H), 3.69-3.46 (m, 6 H),
3.39 (m, 1 H), 3.20 (m, 1 H), 3.05-2.97 (m, 2 H), 2.83 (m, 1 H),
2.26 (dd, J =9.1, 9.1 Hz, 1 H), 2.00 (m, 1 H), 1.87 (ddd, J = 13.1,
8.8, 5.6 Hz, 1 H) ppm. 32a: IR (neat): ¥ = 2096, 1493, 1453, 1364,
1275, 1153, 1072, 1050, 1028, 967 cm™'. '"H NMR: § = 7.34-7.17
(m, 15 H), 3.94 (d, J = 12.9 Hz, 1 H), 3.80 (dddd, J = 3.2, 3.2, 3.2,
3.2 Hz, 1 H), 3.69-3.46 (m, 4 H), 3.39 (m, 1 H), 3.25 (dd, J = 12.4,
5.6 Hz, 1 H), 3.14 (dd, J = 12.7, 4.0 Hz, 1 H), 2.83 (m, 1 H), 2.26
(dd, J=9.1, 9.1 Hz, 1 H), 2.00 (m, 1 H), 1.61 (ddd, J = 13.5, 11.6,
3.8 Hz, 1 H) ppm. 31a + 32a: 13C NMR: ¢ = 140.2 (s), 139.7 (s),
138.8 (s), 137.5 (s), 129.0 (d), 128.8 (d), 128.7 (d), 128.4 (d), 128.4
(d), 128.3 (d), 128.2 (d), 127.1 (d), 126.9 (d), 62.7 (1), 62.2 (d), 59.1
(t), 58.7 (d), 57.4 (t), 56.4 (d), 55.8 (1), 54.5 (t), 54.4 (1), 51.7 (d),
32.2 (1), 30.5 (t) ppm.

tert-Butyl [(3S,55)-5-Azido-1-(4-methoxybenzyl)piperidin-3-yl]carb-
amate (31b) and ftert-Butyl [(3S,5R)-5-(Azidomethyl)-1-(4-meth-
oxybenzyl)pyrrolidin-3-yljcarbamate (32b):>") Following the general
procedure with nBuyNN;3 (47 mg, 0.17 mmol, 1.1 equiv., 0°C,
4.5 h) and XtalFluor-E (38 mg, 0.17 mmol, 1.1 equiv.), the trans-
formation of 30bl2%1 (50 mg, 0.15 mmol, 1 equiv.) afforded an oil
that was purified by flash column chromatography on silica gel
(PE/EtOAC, 70:30 to 60:40) to give 31b (17 mg, 0.05 mmol, 31%)
as a yellow solid and 32b (13 mg, 0.04 mmol, 24%) as a yellow
solid. 31b: M.p. 83 °C. [a]®) = +1.0 (¢ = 1.0, CHCl;). IR (neat): ¥
= 3351, 2928, 2099, 1710, 1512, 1366, 1300, 1249, 1172, 821 cm™".
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'HNMR: 6 =7.19 (d, J =8.5Hz, 2 H), 6.87 (d, J = 8.5 Hz, 2 H),
5.05 (br. s, 1 H), 3.96 (m, 1 H), 3.81 (s, 3 H), 3.62 (m, 1 H), 3.50
(d, J=13.3Hz, 1 H), 345 (d, J = 12.8 Hz, 1 H), 2.88 (m, 1 H),
2.57 (m, 1 H), 2.30 (m, 1 H), 2.17-1.91 (m, 2 H), 1.50-1.44 (m, 10
H) ppm. '3C NMR: 6 = 159.0 (s), 155.0 (s), 130.2 (d, 2 C), 129.2
(s), 113.8 (d, 2 ©), 79.5 (s), 61.8 (1), 57.1 (t), 57.0 (t), 55.3 (d), 54.6
(q), 45.3 (d), 34.7 (t), 28.5 (q, 3 C) ppm. HRMS (ESI): calcd. for
C3sH>303N5 [M + H*] 362.2187; found 362.2179; 32b: M.p. 66—
70 °C. [a]f) = +15.0 (¢ = 1.0, CHCI;). IR (neat): ¥ = 3339, 2927,
2099, 1698, 1513, 1366, 1298, 1249, 1172, 1037 cm . 'H NMR: §
=721(d,J=8.5Hz 2 H), 6.85 (d, J = 8.5 Hz, 2 H), 4.42 (br. s,
1 H), 4.14 (m, 1 H), 3.92 (d, J = 13.1 Hz, 1 H), 3.80 (s, 3 H), 3.41
(d, J = 13.0Hz, 1 H), 3.32-3.21 (m, 2 H), 3.15 (dd, J = 12.7,
3.8Hz, 1 H), 291 (m, 1 H), 2.18-2.04 (m, 2 H), 1.74 (ddd, J =
12.5, 8.3, 8.3 Hz, 1 H), 1.42 (s, 9 H) ppm. '3C NMR: 6 = 158.8 (s),
155.3 (s), 130.5 (s), 129.8 (d, 2 C), 113.8 (d, 2 C), 79.5 (s), 61.6 (d),
59.8 (t), 58.0 (t), 55.3 (q), 54.0 (t), 48.5 (d), 36.3 (1), 28.4 (q, 3
C) ppm. HRMS (ESI): calcd. for C1gH,303N5 [M + H*] 362.2187;
found 362.2178.

tert-Butyl [(35,55)-5-Azido-1-tritylpiperidin-3-yljcarbamate (31c)
and ter-Butyl [(3S,5S5)-5-Azido-1-tritylpiperidin-3-yljcarbamate
(32¢):1?°! Following the general procedure with nBuysNN; (69 mg,
0.24 mmol, 1.1equiv., 0°C, 2.5h) and XtalFluor-E (55 mg,
0.24 mmol, 1.1equiv.), the transformation of 30¢? (100 mg,
0.22 mmol, 1 equiv.) afforded an oil that was purified by flash col-
umn chromatography on silica gel (PE/EtOAc, 90:10 to 80:20) to
give 31¢ (79 mg, 0.16 mmol, 74 %) as a white solid and 32¢ (18 mg,
0.04 mmol, 17%) as a colorless oil. 31¢: M.p. 100 °C. [a]¥ = ~50.0
(¢ = 2.0, CHCl3). IR (neat): v = 2099, 1695, 1491, 1448, 1391, 1366,
1250, 1164, 1045, 1028 cm™'. '"H NMR ([Dg]DMSO at 120 °C): §
=7.50-7.44 (m, 5 H), 7.33-7.25 (m, 7 H), 7.22-7.14 (m, 3 H), 6.49
(br. s, 1 H), 4.09 (m, 1 H), 3.95 (dddd, J = 11.8, 7.9, 7.9, 3.7 Hz, 1
H), 2.48-2.17 (m, 3 H), 1.94 (m, 1 H), 1.76 (m, 1 H), 1.60 (dddd,
J=125,7.8,49Hz, 1 H), 1.43 (s, 9 H) ppm. HRMS (ESI): calced.
for [M + Na*] 506.2527; found 506.2519; 32¢: IR (neat): ¥ = 2099,
1695, 1491, 1448, 1391, 1366, 1250, 1164, 1045, 1028 cm™!. 'H
NMR ([Dg]DMSO at 120 °C): 6 = 7.56-7.48 (m, 6 H), 7.35-7.25
(m, 6 H), 7.25-7.15 (m, 3 H), 5.21 (br. s, 1 H), 4.04 (m, 1 H), 3.78-
3.40 (m, 3 H), 3.27 (m, 1 H), 2.66 (dd, J = 7.2, 7.2 Hz, 1 H), 2.37
(m, 1 H), 1.95-1.77 (m, 1 H), 1.35 (s, 9 H) ppm.

N-[(3S,5R)-5-Azido-1-benzylpiperidin-3-yllethanamide (31d) and N-
[(3S,5S5)-5-(Azidomethyl)-1-benzylpyrrolidin-3-yllethanamide (32d):
Following the general procedure with 7nBuyNNj; (54 mg, 0.19 mmol,
1.1equiv., 0°C, 4h) and XtalFluor-E (44 mg, 0.19 mmol,
1.1 equiv.), the transformation of 6 (43 mg, 0.17 mmol, 1 equiv)
afforded an oil that was purified by flash column chromatography
on silica gel (Et,0O/MeOH, 98:2) to give a mixture of 31d and 32d
(24 mg, 0.09 mmol, 51%, 31d/32d = 82:18). 31d: 'H NMR: § =
7.37-7.23 (m, 5 H), 6.23 (br. s, 1 H), 4.13 (m, 1 H), 3.69 (m, 1 H),
3.56 (s, 2 H), 2.68-2.53 (m, 2 H), 2.50-2.21 (m, 2 H), 1.99 (m, 1
H), 1.97 (s, 3 H), 1.55 (m, 1 H) ppm. '3C NMR: § = 169.3 (s),
137.3 (s), 128.9 (d, 2 C), 128.4 (d, 2 C), 127.4 (d), 62.3 (), 57.4 (1),
56.2 (t), 56.1 (d), 44.1 (d), 33.8 (1), 23.5 (q) ppm. MS: m/z (%) =
215 (5) [M* — AcNH, 214 (35), 186 (3), 184 (4), 158 (13), 92 (9),
91 (100), 68 (25), 65 (13); 32d: '"H NMR: § = 7.37-7.23 (m, 5 H),
4.34 (m, 1 H), 3.99 (d, J=13.1 Hz, 1 H), 3.46 (dd, J = 12.8, 3.8 Hz,
1 H), 3.40 (d, J = 13.1 Hz, 1 H), 3.18 (dd, J = 12.9, 3.1 Hz, 1 H),
2.80 (m, 2 H), 2.50-2.21 (m, 2 H), 1.95 (s, 3 H), 1.64 (dddd, J =
14.0, 5.4, 1.8, 1.8 Hz, 1 H) ppm. '*C NMR: 6 = 169.3 (s), 137.3 (s),
128.9 (d, 2 ©), 128.4 (d, 2 C), 127.4 (d), 61.9 (d), 60.3 (t), 58.2 (1),
53.0 (t), 47.4 (d), 36.1 (t), 23.5 (q) ppm. MS: m/z(%) = 217 (6)
[M* — CH,N37, 158 (27), 157 (14), 92 (8), 91 (100), 65 (16).
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tert-Butyl [(3S,5R)-5-Azido-1-benzylpiperidin-3-yljcarbamate (31e)
and [rert-Butyl (35,55)-5-(Azidomethyl)-1-benzylpyrrolidin-3-yl]-
carbamate (32e):1>"! Following the general procedure with nBusNN;
(103 mg, 0.36 mmol, 1.1equiv.,, 0°C, 15min) and XtalFluor-E
(83 mg, 0.36 mmol, 1.1 equiv.), the transformation of 7 (100 mg,
0.33 mmol, 1 equiv.) afforded an oil that was purified by flash col-
umn chromatography on silica gel (CH,Cl,/MeOH, 98:2) to give a
mixture of 31e and 32e (68 mg, 0.21 mmol, 63 %, 31e/32¢ = 90:10).
31e: IR (neat): ¥ = 2095, 1693, 1496, 1365, 1250, 1165, 1070 cm ™.
'H NMR ([Dg]DMSO at 120 °C): 6 = 7.37-7.21 (m, 5 H), 6.17 (br.
s, 1 H), 3.67-3.49 (m, 4 H), 2.91 (dd, J = 10.9, 4.2 Hz, 1 H), 2.84
(dd, J =10.7, 4.1 Hz, 1 H), 2.09 (dd, J = 10.8, 10.8 Hz, 1 H), 1.97
(dd, J=10.8, 10.8 Hz, 1 H), 1.90 (dd, J = 10.8, 10.8 Hz, 1 H), 1.40
(s, 9 H), 1.31 (ddd, J = 12.0, 12.0, 12.0 Hz, 1 H) ppm. 3C NMR:
0 = 1551 (s), 137.4 (s), 128.9 (d, 2 C), 128.4 (d, 2 C), 127.3 (d),
79.5 (s), 62.3 (1), 57.9 (1), 56.3 (1), 56.1 (d), 45.6 (d), 35.1 (1), 28.4
(q, 3 C) ppm.

(3S,5R)-5-Azido-1-benzyl-3-(dibenzylamino)piperidine (31f):>"! Fol-
lowing the general procedure with nBuyNN; (94 mg, 0.33 mmol,
1.1 equiv., 0°C, 4.5h) and XtalFluor-E (76 mg, 0.33 mmol,
1.1 equiv.), the transformation of 5 (116 mg, 0.30 mmol, 1 equiv.)
afforded an oil that was purified by flash column chromatography
on silica gel (PE/EtOAc, 95:5) to give 31f (70 mg, 0.17 mmol, 57 %).
[a]¥) = +4.0 (¢ = 2.0, CHCl;). IR (neat): ¥ = 2091, 1494, 1453,
1254, 1065 cm™!. TH NMR: § = 7.34-7.18 (m, 15 H), 3.72 (d, J =
14.0 Hz, 2 H), 3.61 (d, J = 14.0 Hz, 2 H), 3.58 (d, J/ = 13.1 Hz, 1
H), 3.49(d, J=13.1 Hz, 1 H), 3.36 (dddd, J =13.4,9.0,9.0, 4.2 Hz,
1 H), 3.0 (ddd, J = 104, 2.1, 21 Hz, 1 H), 2.93 (ddd, J = 12.3, 2.9,
29Hz, 1 H), 2.86 (m, 1 H), 2.25 (m, 1 H), 1.98 (dd, J = 10.4,
10.4 Hz, 1 H), 1.77 (dd, J = 10.7, 10.7 Hz, 1 H), 1.41 (ddd, J =
11.7,11.7,11.7 Hz, 1 H) ppm. *C NMR: § = 140.10 (s, 2 C), 137.7
(s), 128.7 (d, 2 C), 128.4 (d, 4 C), 128.3 (d, 2 C), 128.3 (d, 4 O),
127.2 (d), 126.9 (d, 2 C), 62.5 (t), 57.5 (d), 57.0 (t), 54.7 (1), 54.4 (t,
2 C), 54.0 (d), 32.0 (t) ppm. HRMS (ESI): caled. for CyH;30Ns [M
+ H*] 412.2496; found 412.2497.

(3S,5R)-5-Azido-1-benzyl-3-(tritylamino)piperidine (31g):>*! Follow-
ing the general procedure with nBuyNN; (31 mg, 0.11 mmol,
1.1 equiv., 0°C, 4.5h) and XtalFluor-E (25mg, 0.11 mmol,
1.1 equiv.), the transformation of 30gP% (43 mg, 0.10 mmol,
1 equiv.) afforded an oil that was purified by flash column
chromatography on silica gel (PE/EtOAc, 60:40 + 0.5% Et;N) to
give 31g (38 mg, 0.08 mmol, 84%). [a]¥ = +12.0 (¢ = 1.8, CHCl).
IR (neat): ¥ = 2093, 1490, 1448, 1069, 1028, 902 cm™'. '"H NMR:
0 = 7.58-7.07 (m, 20 H), 3.35(d, J = 13.2Hz, 1 H), 3.30 (d, J =
13.2 Hz, 1 H), 3.18 (dddd, J = 10.3, 10.3, 4.5, 45 Hz, 1 H), 2.74
(dd, J = 10.9, 4.3 Hz, 1 H), 2.64 (dddd, J = 10.4, 7.8, 7.8, 3.9 Hz,
1 H), 2.22 (dd, J = 11.0, 3.8 Hz, 1 H), 1.79 (dd, J = 10.2, 10.2 Hz,
1 H), 1.55 (br. s, 1 H), 1.42 (m, 1 H), 0.95 (ddd, J = 11.3, 11.3,
11.3 Hz, 1 H) ppm. 3C NMR: J = 146.9 (s, 3 C), 137.6 (s), 129.0
(d, 2 C), 128.6 (d, 6 C), 128.3 (d, 2 C), 1279 (d, 6 C), 127.1 (d),
126.4 (d, 3 C), 71.3 (s), 62.3 (1), 60.0 (t), 57.0 (t), 56.4 (d), 48.9 (d),
38.3 (t) ppm. HRMS (ESI): caled. for C;H3;Ns [M + HY]
474.2652; found 474.2646.

(1-Benzyl-2-ethylpyrrolidin-2-yl)methanol (33): To a solution of
methyl (S)-1-benzylpyrrolidine-2-carboxylatel!6el (876 mg,
4.0 mmol, 1 equiv.) in THF (10 mL) at —78 °C was added dropwise
a solution of LDA (I m in THF, 44 mL, 4.4 mmol, 1.1 equiv.).
After 30 min at —78 °C, EtI (0.38 mL, 4.8 mmol, 1.2 equiv.) was
added dropwise. The temperature was raised slowly to room temp.
during 3 h and then a saturated aqueous solution of NaHCO; was
added to the reaction mixture, which was then extracted with
EtOAc. The organic layer was then dried with MgSO,, filtered, and
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concentrated under reduced pressure. After purification by flash
chromatography on silica gel (PE/EtOAc, 95:5 to 90:10), methyl 1-
benzyl-2-ethylpyrrolidine-2-carboxylate (759 mg, 3.07 mmol, 77 %)
was isolated as a yellow oil. IR (neat): ¥ = 2967, 2803, 1722, 1454,
1224, 1170, 1134, 1108 cm™'. 'H NMR: ¢ = 7.37-7.18 (m, 5 H),
3.96 (d, J = 139Hz, 1 H), 3.73 (s, 3 H), 3.29 (d, J = 13.7Hz, 1
H), 2.90 (m, 1 H), 2.50 (ddd, J = 8.7, 7.5, 7.5 Hz, 1 H), 2.22 (m, 1
H), 2.02 (dq, J = 14.6, 7.3 Hz, 1 H), 1.88-1.70 (m, 3 H), 1.63 (dq,
J =138, 74 Hz, 1 H), 0.96 (dd, J = 7.4, 7.4 Hz, 3 H) ppm. 13C
NMR: ¢ = 175.0 (s), 140.5 (s), 128.3 (d, 2 C), 128.2 (d, 2 C), 126.6
(d), 71.1 (s), 53.4 (1), 51.4 (1), 51.0 (q), 33.3 (1), 27.6 (1), 21.7 (1),
8.7 (q) ppm. MS: m/z(%) = 247 (0.1) [M*], 189 (7), 188 (54), 92
(8), 91 (100), 65 (10). HRMS (ESI): calcd. for C;sH,,NO, [M +
H™] 248.16451; found 248.16404. To a suspension of LiAlH, (233,
6.14 mmol, 2 equiv.) in THF (20 mL) at 0 °C was added dropwise
a solution of the previously synthesized methyl 1-benzyl-2-ethylpyr-
rolidine-2-carboxylate (759 mg, 3.07 mmol, 1equiv.) in THF
(15 mL). After 2 h at room temp., H-O (0.12 mL), NaOH (3.75 m,
0.12 mL), and water (0.28 mL) were added dropwise at 0 °C. After
1 h at room temp., the mixture was filtered through a pad of Celite,
the filtrate was concentrated under reduced pressure and 33
(405 mg, 1.85 mmol, 60%) was isolated as an oil. IR (neat): V =
3416, 2963, 2878, 2804, 1454, 1412, 1365, 1308, 1141, 1054,
1027 cm™. '"H NMR: 6 = 7.35-7.21 (m, 5 H), 3.83 (d, J = 13.0 Hz,
1 H), 3.74 (d, J = 10.5Hz, 1 H), 3.37 (d, / = 10.7 Hz, 1 H), 3.34
(d, J = 13.3Hz, 1 H), 291 (ddd, J = 9.1, 7.5, 3.0 Hz, 1 H), 2.51
(ddd, J =9.1,9.1, 7.7Hz, 1 H), 1.93 (ddd, J = 12.7, 10.0, 5.3 Hz,
1 H), 1.82 (m, 1 H), 1.76-1.60 (m, 2 H), 1.60-1.40 (m, 2 H), 0.91
(t, J = 7.5 Hz, 3 H) ppm. '*C NMR: ¢ = 140.0 (s), 128.6 (d, 2 C),
128.4 (d, 2 C), 127.0 (d), 66.5 (s), 63.6 (t), 51.9 (t), 51.3 (), 31.4
(1), 24.5 (t), 22.3 (1), 8.7 (q) ppm. MS: m/z (Yo) = 219 (0.04) [M*7],
189 (5), 188 (37), 98 (4), 92 (8), 91 (100), 65 (9). HRMS (ESI):
caled. for C4H»,NO [M + H*] 220.16959; found 220.16885.

3-Azido-1-benzyl-3-ethylpiperidine (34) and 2-(Azidomethyl)-1-benz-
yl-2-ethylpyrrolidine (35): Following the general procedure with
nBuyNN3 (94 mg, 0.33 mmol, 1.1equiv.,, 0°C, 3.5h) and Xtal-
Fluor-E (76 mg, 0.33 mmol, 1.1 equiv.), the transformation of 33
(65 mg, 0.30 mmol, 1equiv.) afforded an oil that was purified by
flash column chromatography on silica gel (PE/Et,0, 98:2 to 90:10)
to give 34 (23 mg, 0.09 mmol, 31%) and 35 (16 mg, 0.07 mmol,
22%). 34: IR (neat): ¥ = 2940, 2093, 1763, 1455, 1310, 1275, 1124,
875cm™!. '"H NMR: 6 = 7.36-7.22 (m, 5 H), 3.54 (d, J = 13.0 Hz,
1 H), 3.48 (d, J = 13.0 Hz, 1 H), 2.65-2.50 (m, 2 H), 2.24-2.09 (m,
2 H), 1.78 (m, 1 H), 1.70-1.52 (m, 4 H), 1.40 (m, 1 H), 0.89 (t, J
=7.5Hz, 3 H) ppm. 3C NMR: 6 = 138.1 (s), 129.0 (d, 2 C), 128.2
(d, 2 C), 127.1 (d), 63.0 (t), 63.0 (s), 60.4 (t), 53.4 (1), 33.0 (t), 30.8
(1), 22.2 (1), 7.6 (q) ppm. MS: m/z(%) = 244 (0.1) [M*], 188 (3),
160 (19), 92 (13), 91 (100), 70 (37), 65 (15). HRMS (ESI): calcd.
for C;4H, Ny [M + H*] 245.1761; found 245.1755; 35: IR (neat): v
= 2965, 2925, 2095, 1726, 1494, 1453, 1360, 1282, 1153 cm™'. 'H
NMR: ¢ = 7.37-7.18 (m, 5 H), 3.75 (d, / = 13.4 Hz, 1 H), 3.69 (d,
J=134Hz 1 H),3.39(d, J =123 Hz, 1 H), 3.25 (d, J = 12.5 Hz,
1 H), 2.72-2.66 (m, 2 H), 1.85-1.46 (m, 6 H), 0.95 (t, J = 7.4 Hz,
3 H) ppm. 3C NMR: § = 140.7 (s), 128.2 (d, 2 C), 128.2 (d, 2 C),
126.6 (d), 65.3 (s), 56.8 (t), 52.3 (1), 51.5 (), 32.6 (1), 26.6 (1), 22.0
(1), 8.8 (q) ppm. MS: m/z (%) = 188 (36) [M* -CH,N37, 130 (4),
104 (7), 92 (8), 91 (100), 65 (13). HRMS (ESI): calcd. for C4H, Ny
[M + H*] 245.1761; found 245.1755.

(3S,455)-3-Azido-1-benzyl-4-(tert-butyldimethylsilyloxy)piperidine (37)
and (2R,35)-2-(Azidomethyl)-1-benzyl-3-(tert-butyldimethylsilyl-
oxy)pyrrolidine (38): Following the general procedure with
nBuyNN3 (97 mg, 0.34 mmol, 1.1equiv.,, 0°C, 3.5h) and Xtal-
Fluor-E (78 mg, 0.34 mmol, 1.1 equiv.), the transformation of 36(>*
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(100 mg, 0.31 mmol, 1 equiv.) afforded an oil that was purified by
flash column chromatography on silica gel (PE/Et,0, 95:5) to give
a mixture of 37 and 38 (44 mg, 0.13 mmol, 41 %, 37/38, 40:60). 37:
IR (neat): ¥ = 2953, 2929, 2857, 2100, 1471, 1454, 1372, 1295, 1254,
1103, 1048, 907, 834 cm™'. '"H NMR: ¢ = 7.29-7.13 (m, 5 H), 3.43
(s, 2 H), 3.37 (m, 1 H), 3.28 (ddd, J = 9.7, 8.1, 4.3 Hz, 1 H), 2.84
(m, 1 H), 2.65 (dddd, J = 11.6, 4.2, 4.2, 2.0 Hz, 1 H), 1.98 (ddd, J
=114, 114, 28Hz, | H), 1.86 (m, 1 H), 1.76 (m, 1 H), 1.56 (m,
1 H), 0.83 (s, 9 H), 0.04 (s, 3 H), 0.00 (s, 3 H) ppm. 38: IR (neat):
¥ = 2953, 2929, 2857, 2100, 1471, 1454, 1372, 1295, 1254, 1103,
1048, 907, 834, 775cm™'. '"H NMR: § = 7.29-7.13 (m, 5 H), 4.08
(ddd, J = 6.2, 29, 29 Hz, 1 H), 3.90 (d, J = 13.0 Hz, 1 H), 3.44
(d, J=13.0Hz, 1 H), 3.18 (dd, J = 12.8, 5.4 Hz, 1 H), 3.06 (dd, J
=129, 3.8 Hz, 1 H), 2.84 (m, 1 H), 2.55 (ddd, J = 5.4, 3.5, 3.5 Hz,
1 H), 2.48 (ddd, J = 10.7, 8.9, 7.0 Hz, 1 H), 1.86 (m, 1 H), 1.56
(m, 1 H), 0.82 (s, 9 H), 0.00 (s, 3 H), —0.02 (s, 3 H) ppm. MS: m/z
(%) = 291 (14), 290 (61) [M* — CH,N37, 92 (8), 91 (100), 75 (12),
73 (40). 37 + 38: 13C NMR: 5 = 139.2 (s), 138.0 (s), 128.9 (d), 128.8
(d), 128.3 (d), 127.2 (d), 127.1 (d), 74.8 (d), 73.3 (d), 72.5 (d), 64.4
(d), 62.3 (t), 59.6 (1), 55.4 (1), 52.0 (1), 51.9 (), 50.8 (t), 33.5 (1),
33.3 (1), 25.8 (q), 25.8 (q), 18.0 (s), 4.5 (q), 4.6 (q), 4.8 (q),—4.9
(q) ppm.

[(2R,3R)-1-Benzyl-3-(tert-butyldiphenylsilyloxy)pyrrolidin-2-yljmeth-
anol (39): To a suspension of trans-3-hydroxy-L-proline (1.4 g,
10.69 mmol, 1.0 equiv.) in MeOH (70 mL) was added SOCI,
(1.54 mL, 21.37 mmol, 2.0 equiv.) at 0 °C. After 2 d at room temp.,
the reaction mixture was concentrated under reduced pressure. To
a solution of the crude material in CH,Cl, (40 mL) were added
Et;N (5.78 mL, 42.11 mmol, 3.9 equiv.) and benzyl bromide
(1.51 mL, 12.70 mmol, 1.2 equiv.). After 18 h at room temp., a satu-
rated solution of NaHCO; (15 mL) was added to the reaction mix-
ture. The aqueous layer was extracted with CH,Cl, (3 X30 mL),
the organic layer was dried with MgSO, and concentrated under
reduced pressure. After purification by flash chromatography on
silica gel (PE/EtOAc, 50:50), methyl (2S5,3S)-1-benzyl-3-hydroxy-
pyrrolidine-2-carboxylate (1.81 g, 7.7 mmol, 72%) was isolated as
a pale-yellow oil. [a]¥) = -52.2 (¢ = 1.0, CHCI;). IR (neat): ¥ = 49,
2810, 1731, 1436, 1201, 1170, 1134, 1075, 989 cm™'. 'H NMR: 6 =
7.34-7.22 (m, 5 H), 4.41 (ddd, J = 6.6, 2.9, 2.9 Hz, 1 H), 3.92 (d,
J =128 Hz, 1 H), 3.68 (s, 3 H), 3.64 (d, J/ = 12.8 Hz, 1 H), 3.23
(d, J = 3.7Hz, 1 H), 2.99 (ddd, J = 8.6, 8.6, 2.8 Hz, 1 H), 2.73—
2.59 (m, 2 H), 2.18 (m, 1 H), 1.75 (dddd, J = 13.4, 7.4, 2.6, 2.6 Hz,
1 H) ppm. 3C NMR: § = 173.1 (s), 137.9 (s), 129.2 (d, 2 C), 128.3
(d, 2 C), 127.3 (d), 75.5 (d), 74.2 (d), 58.6 (1), 52.0 (q), 51.0 (), 33.3
(t) ppm. MS: m/z= 235 (0.8) [M*], 176 (40), 92 (8), 91 (100), 65
(11). To a solution of methyl (25,3S)-1-benzyl-3-hydroxypyrrol-
idine-2-carboxylate (500 mg, 2.13 mmol, 1 equiv.) in CH,Cl,
(10 mL) were added Et;N (0.36 mL, 2.60 mmol, 1.2 equiv.), DMAP
(16 mg, 0.13 mmol, 0.6 equiv.), and TBDPSCI (0.68 mL,
2.60 mmol, 1.2 equiv.). After 18 h at room temp., a saturated solu-
tion of Na,CO;3 (20 mL) was added. The aqueous layer was ex-
tracted with CH,Cl, (3 X20 mL), the organic layer was dried with
MgSO,, filtered, and then concentrated under reduced pressure.
After purification by flash chromatography on silica gel (PE/
EtOAc, 90:10), methyl (2S,3S)-1-benzyl-3-(tert-butyldiphenylsilyl-
oxy)pyrrolidine-2-carboxylate (693 mg, 1.47 mmol, 69) was isolated
as a colorless oil. [a]f) = —14.0 (¢ = 1.1, CHCls). IR (neat): ¥ = 32,
2857, 1737, 1428, 1202, 1111, 1061, 1028, 822 cm™'. 'H NMR: § =
7.65-7.59 (m, 4 H), 7.44-7.20 (m, 11 H), 4.47 (ddd, J = 6.1, 2.8,
2.8Hz, 1 H), 3.87 (d, J = 13.0Hz, 1 H), 3.68 (d, J = 13.0 Hz, 1
H), 3.45 (s, 3 H), 3.34 (d, / = 3.3 Hz, 1 H), 2.96 (ddd, J = 8.7, 7.7,
2.3 Hz, 1 H), 2.73 (ddd, J = 10.2, 8.6, 6.8 Hz, 1 H), 1.87 (dddd, J
=13.1,10.3,7.7,6.4 Hz, | H), 1.69 (dddd, J = 13.0, 6.6, 2.3, 2.3 Hz,

2037

WWW.Eurjoc.org



FULL PAPER

A. Cochi, D. G. Pardo, J. Cossy

1 H), 1.06 (s, 9 H) ppm. *C NMR: § = 173.2 (s), 138.2 (s), 133.8
(s), 133.4 (s), {135.9, 135.8, 134.8, 129.7, 129.2, 128.2, 127.6, 127.6,
127.1 (d, 15 C)}, 76.7 (d), 74.8 (d), 59.2 (1), 51.7 (1), 51.6 (q), 34.3
(1), 26.9 (q, 3 C), 19.1 (s) ppm. MS: m/z(%) = 414 (13) [M* —
COOCHj;, 199 (17), 135 (8), 120 (6), 92 (8), 91 (100), 77 (11),
65 (11), 57 (17). HRMS (ESI): caled. for Co9H3NO;Si [M + H*]
474.2459; found 474.2458. To a solution of methyl (25,35)-1-
benzyl-3-(tert-butyldiphenylsilyloxy)pyrrolidine-2-carboxylate
(693 mg, 1.47 mmol, 1.0 equiv.) in THF (20 mL) at 0 °C, was added
DIBAL-H (1 m in CH,Cl,, 4.83 mL, 4.83 mmol, 3.3 equiv.). After
2.5h at room temp., an aqueous saturated solution of potassium
sodium tartrate (20 mL) was added at 0 °C. After stirring for 2 h,
the mixture was extracted with EtOAc (3 X20 mL), then the or-
ganic layers were dried with MgSO, and concentrated under re-
duced pressure to afford 39 (464 mg, 1.04 mmol, 71%) as a yellow
oil. [a]f) = —20.0 (¢ = 0.4, CHCls). IR (neat): v = 57, 1428, 1106,
1043, 821 cm™!. '"H NMR: 6 = 7.67-7.62 (m, 4 H), 7.46-7.21 (m,
11 H), 4.26 (ddd, J = 5.5, 2.3, 2.3 Hz, 1 H), 3.91 (d, J = 13.0 Hz,
1 H), 3.55(d, 7= 13.0 Hz, 1 H), 3.29 (dd, J = 11.0, 3.8 Hz, 1 H),
3.02 (dd, J = 11.0, 2.4 Hz, 1 H), 2.89 (ddd, J = 8.8, 6.8, 1.6 Hz, 1
H), 2.76-2.68 (m, 2 H), 2.45 (br. s, 1 H), 1.78-1.60 (m, 2 H), 1.07
(s, 9 H) ppm. 3C NMR: 6 = 139.1 (s), 134.1 (s), 134.0 (s), {135.8,
135.8, 129.8, 129.7, 128.8, 128.4, 127.7, 127.2 (d, 15 C)}, 76.8 (d),
74.1 (d), 60.1 (t), 59.1 (1), 52.2 (t), 34.6 (1), 27.0 (q, 3 C), 19.1
(s) ppm. HRMS (ESI): calcd. for C,5H3sNO,Si [M + H*]446.2510;
found 446.2511.

(2R,3S5)-2-(Azidomethyl)-1-benzyl-3-(tert-butyldiphenylsilyloxy)-
pyrrolidine (40): Following the general procedure with nBusNN3
(71 mg, 0.25 mmol, 1.1 equiv., 0 °C, 4 h) and XtalFluor-E (57 mg,
0.25 mmol, 1.1 equiv.), the transformation of 39 (100 mg,
0.23 mmol, 1 equiv.) afforded an oil that was purified by flash col-
umn chromatography on silica gel (PE/Et,0, 90:10) to give 40
(68 mg, 0.14 mmol, 63%) as a yellow oil. [a]fy = +0.3 (¢ = 1.8,
CHCl3). IR (neat): ¥ = 3071, 2931, 2101, 1472, 1428, 1296, 1262,
1217, 1111, 1049, 821, 756 cm™!'. '"H NMR: ¢ = 7.75-7.19 (m, 15
H), 4.17 (ddd, J = 5.1, 2.1, 2.1 Hz, 1 H), 3.98 (d, J = 13.0 Hz, 1
H), 3.61 (d, J = 12.9 Hz, 1 H), 3.51-3.37 (m, 2 H), 2.93 (m, 1 H),
2.76 (ddd, J = 4.6, 4.1, 2.1 Hz, 1 H), 2.67 (m, 1 H), 1.83-1.63 (m,
2 H), 1.08 (s, 9 H) ppm. 3C NMR: 6 = 137.9 (s), 132.7 (s), 132.6
(s), {135.9, 135.8, 134.5, 130.3, 129.9, 129.8, 129.0, 128.9, 128.4,
127.9, 127.7, 127.6 (d, 15 C)}, 76.3 (d), 72.8 (d), 62.4 (1), 59.8 (1),
52.2 (t), 33.8 (1), 27.0 (q, 3 C), 19.1 (s) ppm. MS: m/z(%) = 413
(23) [M™ — Bu’], 354 (13), 239 (7), 197 (17), 181 (9), 159 (6), 136
(13), 135 (95), 105 (16), 92 (9), 91 (100), 77 (4), 65 (12), 57 (11).
HRMS (ESI): caled. for Co,5H3sON,Si [M + H*] 471.2575; found
471.2574.

tert-Butyl [(2S,3R)-1-Benzyl-2-(hydroxymethyl)pyrrolidin-3-yl]carb-
amate (41): To a solution of methyl (25,35)-1-benzyl-3-hydroxypyr-
rolidine-2-carboxylate (500 mg, 2.13 mmol, 1 equiv.) in CH,Cl,
(5mL) at 0 °C were added Et;N (1.25 mL, 9.03 mmol, 4.2 equiv.)
and MsCI (0.38 mL, 4.90 mmol, 2.3 equiv.). After 2.5h at room
temp., the mixture was taken up in CH,Cl, then the organic layer
was washed with a saturated solution of NaHCO;, H,O, and brine.
The organic layer was dried with Na,SO, and concentrated under
reduced pressure. To a solution of the crude material (524 mg,
1.67 mmol, 1 equiv.) in CH3CN (2 mL) was added n-tetrabutylam-
monium azide (1.19 g, 4.18 mmol, 2.5 equiv.). After 2 h at reflux,
the reaction mixture was diluted with EtOAc, and washed with
H>O and brine. The aqueous layers were then extracted with
EtOAc, dried Na,SO,, filtered, and then concentrated under re-
duced pressure. After purification by flash chromatography on sil-
ica gel (PE/EtOAc, 70:30), methyl (2S,3R)-3-azido-1-benzylpyrrol-
idine-2-carboxylate (79 mg, 0.30 mmol, 14%) was isolated as a col-
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orless oil. '"H NMR: § = 7.35-7.21 (m, 5 H), 4.14 (ddd, J = 8.1,
6.7, 5.1 Hz, 1 H), 3.99 (d, J = 13.1 Hz, 1 H), 3.76 (s, 3 H), 3.47 (d,
J =12.6Hz, 1 H), 3.46 (d, J = 7.0Hz, 1 H), 3.11 (ddd, J = 8.9,
8.9, 3.5 Hz, 1 H), 2.40 (ddd, J = 9.2, 8.2, 8.2 Hz, 1 H), 2.22 (dddd,
J =134, 82, 8.2, 3.5Hz, 1 H), 1.98 (dddd, J = 13.3, 8.7, 8.7,
5.2 Hz, 1 H) ppm. 3C NMR: J = 170.4 (s), 137.6 (s), 129.0 (d, 2
O), 1283 (d, 2 C), 127.3 (d), 69.1 (d), 62.3 (d), 57.6 (1), 51.9 (q),
50.6 (), 29.5 (t) ppm. To a suspension of LiAIH4 (41 mg,
1.08 mmol, 4 equiv.) in THF (4 mL) at 0 °C was added dropwise a
solution of methyl (25,3 R)-3-azido-1-benzylpyrrolidine-2-carboxyl-
ate (70 mg, 0.27 mmol, 1 equiv.) in THF (2 mL). After 30 min at
0°C and 3 h at room temp., H,O (22 pL), NaOH (22 puL, 3.75 m),
and H,O (50 uL) were added dropwise at 0 °C. After 1 h at room
temp., the suspension was filtered through a pad of Celite, then
concentrated under reduced pressure. To a solution of the residue
(37 mg, 0.18 mmol, 1 equiv.) in dioxane (2 mL) was added Boc,O
(45 mg, 0.21 mmol, 1.2 equiv.). After 2.5 h at room temp., the reac-
tion mixture was taken up in Et,O, then washed with H,O. The
organic layer was dried with Na,SO, then concentrated under re-
duced pressure. After purification by flash chromatography on sil-
ica gel (CH,Cl,/MeOH, 98:2), 41 (51 mg, 0.17 mmol, 62%) was
isolated as a colorless oil. 'TH NMR: ¢ = 7.37-7.22 (m, 5 H), 5.26
(d, J = 10.0 Hz, 1 H), 4.34 (dddd, J = 8.8, 8.8, 8.8, 8.8 Hz, 1 H),
3.92(d,J=12.9 Hz, 1 H), 3.55-3.51 (m, 2 H), 3.44 (d, J = 13.5 Hz,
1 H), 2.95 (ddd, J = 8.6, 7.3, 1.2 Hz, 1 H), 2.81 (ddd, J = 8.9, 2.7,
2.7Hz, 1 H), 2.27 (ddd, J = 11.0, 9.3, 6.1 Hz, 1 H), 2.16 (m, 1 H),
1.48-1.47 (m, 10 H) ppm. 13C NMR: ¢ = 138.4 (s), 128.8 (d, 2 O),
128.4 (d, 2 C), 127.3 (d), 79.5 (s), 65.3 (d), 59.1 (t), 58.8 (), 51.8
(d), 51.1 (v), 32.6 (t), 28.3 (q, 3 C) ppm.

tert-Butyl [(2R,3R)-2-(Azidomethyl)-1-benzylpyrrolidin-3-yl]carb-
amate (42): Following the general procedure with nBuysNNj; (53 mg,
0.19 mmol, 1.1 equiv., 0 °C, 1 h) and XtalFluor-E (43 mg,
0.19 mmol, 1.1 equiv.), the transformation of 41 (51 mg,
0.17 mmol, 1 equiv.) afforded an oil that was purified by flash col-
umn chromatography on silica gel (PE/Et,0, 70:30 to 50:50) to give
42 (22 mg, 0.07 mmol, 40%). [a] = +20.0 (¢ = 1.7, CHCl;). IR
(neat): v = 3434, 2978, 2103, 1703, 1505, 1367, 1246, 1164 cm™'. '"H
NMR: ¢ = 7.35-7.23 (m, 5 H), 4.97 (br. s, 1 H), 4.33 (dddd, J =
9.6,9.6,8.3,74Hz, 1 H),3.95(d, J=13.0Hz, 1 H), 3.52(d, J =
12.6 Hz, 1 H), 3.31 (dd, J = 12.9, 3.7 Hz, 1 H), 3.07-2.97 (m, 2 H),
2.94 (m, 1 H), 2.27 (ddd, J = 10.7, 9.3, 6.2 Hz, 1 H), 2.10 (m, 1
H), 1.68 (m, 1 H), 1.44 (s, 9 H) ppm. '3C NMR: § = 155.6 (s),
138.7 (s), 128.8 (d, 2 C), 128.4 (d, 2 C), 127.2 (d), 79.6 (s), 63.9 (d),
59.4 (t), 52.0 (d), 51.0 (1), 50.7 (), 31.9 (1), 28.4 (q, 3 C) ppm. MS:
mlz(%) = 275 (5) [M* — CH,Nj37, 220 (4), 219 (29), 127 (12), 92
(9), 91 (100), 65 (10), 57 (22). HRMS (ESI): calcd. for C,,H,4N50,
[M + H*] 332.2081; found 332.2077.

(3R,5R)-1-Benzyl-5-(tert-butyldimethylsilyloxy)piperidin-3-amine
(43): To a solution of 23e (213 mg, 0.62 mmol, 1 equiv.) in THF
(12 mL) were added PPh; (242 mg, 0.93 mmol, 1.5 equiv.) and H,O
(78 uL, 4.34 mmol, 7 equiv.). After 16 h at reflux, the mixture was
concentrated under reduced pressure. After purification by flash
chromatography on silica gel (CH,Cl,/MeOH, 90:10), 43 (117 mg,
0.37 mmol, 60%) was isolated as a colorless oil. [a]) = +26.0 (¢ =
1.0, CHCl3). IR (neat): v = 2928, 2856, 1462, 1360, 1252, 1157,
1088, 880, 834, 773, 736, 698 cm™!. 'H NMR: 6 = 7.34-7.15 (m, 5
H), 3.96 (dddd, J = 8.0, 8.0, 4.0, 4.0 Hz, 1 H), 3.57 (d, / = 13.4 Hz,
1 H), 342 (d, J = 134 Hz, 1 H), 3.13 (dddd, J = 5.4, 4.0, 4.0,
4.0 Hz, 1 H), 2.60 (dd, J = 10.8, 3.9 Hz, 1 H), 2.37-2.27 (m, 2 H),
2.09 (dd, J =10.9, 7.6 Hz, 1 H), 1.64 (m, 1 H), 1.53 (ddd, J = 13.0,
8.5,4.0 Hz, 1 H), 1.45 (br. s, 2 H), 0.84 (s, 9 H), 0.00 (s, 3 H), —0.02
(s, 3 H) ppm. 13C NMR: § = 138.5 (s), 128.8 (d, 2 C), 128.2 (d, 2
Q), 126.9 (d), 65.7 (d), 62.5 (d), 60.9 (1), 60.6 (t), 46.0 (d), 42.0 (1),
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25.9 (q, 3 C), 18.2 (s), ~4.7 (q, 2 C) ppm. MS: m/=(%) = 320 (1)
[M*], 188 (43), 146 (73), 134 (51), 120 (11), 101 (15), 91 (100), 73
(26), 65 (6), 59 (11). HRMS (ESI): calcd. for C;gH33N,0Si [M +
H*] 321.2357; found 321.2352.

(3R,5R)-1-Benzyl-5-(tert-butyldiphenylsilyloxy)piperidin-3-amine
(44):%1 To a solution of 23c¢ (582 mg, 1.24 mmol, 1 equiv.) in THF
(15 mL) were added PPh; (488 mg, 1.86 mmol, 1.5 equiv.) and H,O
(156 puL, 8.68 mmol, 7 equiv.). After 5 h at reflux, the mixture was
concentrated under reduced pressure. After purification by flash
column chromatography on silica gel (CH,Cl,/MeOH, 90:10), 44
(500 mg, 1.13 mmol, 91%) was isolated. [a]) = +33.0 (¢ = 1.3,
CHClL,). IR (neat): v = 2930, 1427, 1109, 822 cm™'. 'H NMR: § =
7.67-7.59 (m, 4 H), 7.43-7.20 (m, 11 H), 4.00 (dddd, J = 7.2, 7.2,
3.9,39Hz, 1 H), 3.45(d, J = 13.8 Hz, 1 H), 3.42 (d, J = 13.8 Hz,
1 H), 3.26 (m, 1 H), 2.52 (d, J = 10.7 Hz, 1 H), 2.38 (d, J/ = 10.7 Hz,
1 H), 2.30-2.12 (m, 2 H), 2.04 (br. s, 1 H), 1.73 (dddd, J = 7.8, 7.8,
4.1, 4.1 Hz, 1 H), 1.50 (m, 1 H), 1.04 (s, 9 H) ppm. '3C NMR: 6 =
138.5 (s), 135.8 (d, 2 ©), 135.7 (d, 2 C), 134.4 (s), 134.2 (s), 129.6
(d,1C), 129.5(d, 1 C), 128.8 (d, 2 C), 128.2(d, 2 C), 127.6 (d, 2
QO), 127.5 (d, 2 C), 126.9 (d), 66.7 (d), 62.4 (1), 60.6 (t), 60.1 (1),
45.7 (d), 41.4 (t), 27.0 (q, 3 C), 19.2 (s) ppm. MS: m/z (%) = 188
(69) [M* — TBDPSO, 146 (71), 134 (32), 91 (100). HRMS (ESI):
caled. for C,5H370N,Si [M + H*] 445.2670; found 445.2671.

(3R,5R)-1-Benzyl-5-fluoropiperidin-3-amine (45):*%) To a solution
of the mixture of 28a and 29a (56 mg, 0.24 mmol, 1 equiv.) in THF
(5 mL) were added PPh; (94 mg, 0.36 mmol, 1.5 equiv.) and H,O
(40 uL, 1.68 mmol, 7 equiv.). After 5h at reflux, the mixture was
concentrated under reduced pressure. After purification by flash
column chromatography on silica gel (CH,Cl,/MeOH, 90:10), 45
(41 mg, 0.20 mmol, 82%) was isolated. [a]) = +11.0 (¢ = 2.0,
CHCl3). IR (neat): ¥ = 3700-2750, 1600, 1454, 1340, 1306, 1152,
1028, 972, 928, 910, 814 cm™!. '"H NMR: 6 = 7.36-7.21 (m, 5 H),
4.82 (ddddd, J =47.4,5.3,5.3,3.0,3.0 Hz, 1 H), 3.58 (s, 2 H), 3.26
(dddd, J = 8.3, 8.3, 3.8, 3.8 Hz, 1 H), 2.87-2.69 (m, 2 H), 2.37 (dd,
J =29.6, 122 Hz, 1 H), 2.16-1.95 (m, 4 H), 1.48 (dddd, J = 23.1,
13.1, 9.5, 3.0 Hz, 1 H) ppm. '*C NMR: ¢ = 137.5 (s), 129.1 (d, 2
), 128.3 (d, 2 ©), 127.2 (d), 87.2 (dd, J = 172.6 Hz), 62.4 (t), 60.8
(t), 56.5 (dt, J = 21.6 Hz), 44.8 (dd, J = 2.8 Hz), 38.4 (dt, J =
20.4 Hz) ppm. MS: m/z (o) = 208 (1) [M*], 188 (16) [M* — F1,
146 (27), 134 (19), 91 (100), 80 (12), 65 (13). HRMS (ESI): calcd.
for C;,H gFN, [M + H*] 209.1449; found 209.1448.

tert-Butyl [(3S,5R)-5-Amino-1-benzylpiperidin-3-yljcarbamate (46)
and tert-Butyl [(3S,55)-5-(Aminomethyl)-1-benzylpyrrolidin-3-yl]-
carbamate (47):% To a solution of the mixture of 3le and 32e
(88 mg, 0.27 mmol, 1equiv.) in THF (5mL) were added PPh;
(104 mg, 0.40 mmol, 1.5equiv.) and H,O (34 pL, 1.89 mmol,
7 equiv.). After 5 h at reflux, the mixture was concentrated under
reduced pressure. After purification by flash column chromatog-
raphy on silica gel (CH,Cl,/MeOH, 80:20) a mixture of 46 and 47
(56 mg, 0.18 mmol, 68 %, 46/47 = 90:10) was isolated. 46: IR (neat):
¥ = 3376-2805, 1685, 1512, 1365, 1311, 1230, 1164, 1111, 1055,
913 cm™!. '"H NMR ([Dg]DMSO at 120 °C): § = 7.39-7.19 (m, 5
H), 6.17 (br.s, 1 H), 3.54 (d, J=13.4 Hz, 1 H), 3.50 (d, J = 13.2 Hz,
1 H), 3.46 (m, 1 H), 2.86-2.75 (m, 3 H), 2.64 (br. s, 2 H), 1.96 (m,
1 H), 1.78 (dd, J = 10.2, 10.2 Hz, 1 H), 1.67 (dd, J = 11.7, 11.7 Hz,
1 H), 1.39 (s, 9 H), 1.0 (ddd, J = 11.2, 11.2, 11.2 Hz, 1 H) ppm.
13C NMR: 6 = 155.2 (s), 138.0 (s), 129.0 (d, 2 C), 128.3 (d, 2 O),
127.1 (d), 79.3 (s), 62.3 (t), 60.9 (t), 58.5 (t), 47.1 (d), 46.6 (d), 40.3
(1), 28.4 (q, 3 C) ppm.

Supporting Information (see footnote on the first page of this arti-
cle): Characterization data of all newly synthesized compounds.
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