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Chemoselective hydrogenation of unsaturated compounds bearing an o-nitrobenzenesulfonyl (Ns)-amide moiety, affording the corresponding
saturated compounds, was accomplished efficiently without loss of the nitro group by using the Pd/MS3A catalyst and a H, balloon. Partial
hydrogenation of alkynes bearing an Ns group to corresponding cis alkenes was achieved with the combination of the Pd/BN catalyst and an

additive (diethylenetriamine or acetic acid).

The development of synthetic methods for the obtention
of nitrogen-containing compounds has attracted much
attention, mainly because these compounds often possess
a variety of interesting biological activities. We have devel-
oped an efficient synthetic methodology for primary and
secondary amine synthesis by employing nitrobenzenesul-
fonamides (Ns-amides).! This strategy enables selective
preparation of secondary amine synthesis from primary
amines, as shown in Scheme 1. In addition, the reactions
of Ns-NH, and its derivatives, such as N-Boc-Ns-NH and
N-Cbz-Ns-NH, can produce protected primary amines
from the corresponding alcohols via the Mitsunobu reac-
tion (Method A) or from alkyl halides via conventional
alkylation reactions (Method B).?
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Furthermore, the high alkylation ability of Ns-amides
permits the efficient construction of macrocyclic amines
without the need for high dilution conditions.'~* Although
this strategy has great potential, there is a serious limita-
tion: commonly used heterogeneous Pd-catalyzed hydro-
genation conditions cannot be applied, because the nitro
group on the sulfonylbenzene ring, which is essential for
removal of the Ns group via a Meisenheimer complex, '
is considered to be highly sensitive to such conditions
(see Table 1, entries 1—5). During our synthetic studies
on natural products, we needed to achieve selective partial
hydrogenation of an alkyne in the presence of an Ns group.
Therefore, we set out to develop a suitable reaction for
this purpose, anticipating that such a selective reduction
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Scheme 1. Conversion of Primary Amines to Secondary Amines
via the Ns Strategy
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reaction would further enhance the synthetic utility of our
Ns-strategy.

Recently, one of the authors (H.S.) has developed
heterogeneous Pd-catalysts?5 such as Pd/MS3A>™ and
Pd/BN (Pd/boron nitride),”" which are useful for chemo-
selective hydrogenation of unsaturated bonds without
decomposition of various reducible functional groups
including N-Cbz, O-benzyl, nitro, and azide groups.
Therefore, we speculated that such Pd catalysts would be
suitable for the desired selective hydrogenation of unsatu-
rated compounds bearing an Ns group, even though the
nitro group is activated by the neighboring sulfonylamide
group. Herein, we report the chemoselective hydrogena-
tion of unsaturated bonds linked to an Ns-amide moiety by
using a Pd/MS3A or Pd/BN catalyst system.

To establish appropriate reaction conditions, we exam-
ined the hydrogenation of N-methyl-N-propargyl Ns-
amide (8a), which was readily prepared by the alkylation
reaction of N-methyl Ns-amide (7)® with propargyl bro-
mide (Table 1). While reactions with 5% Pd/C, Lindlar’s
catalyst® [Pd/CaCOs poisoned with Pb(OAc),], PtO,, 5%
Rh/C, and Wilkinson’s catalyst [RhCI(PPh;)s]” gave an
inseparable mixture resulting from the undesired reduction
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(8) Hydrogenation reactions of 8a with these catalysts in other
solvents (n-hexane, THF, EtOAc) were also investigated. For details,
see Supporting Information.
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Table 1. Catalytic Activity for the Selective Hydrogenation

X
N H,, (balloon)
Me K,CO3 Me catalyst Me
T N
HN<\s  DMF Ns  MeOH - ""Ns
7 71% 8a 9a
time yield®
entry catalyst (wt %) (h) (%)
1 5% Pd/C (10) 1 ~b
2 5% Lindlar (10) 3 -
3 5% PtOo/C (10) 1 -
4 5% Rh/C (10) 1 -
5 Wilkinson’s cat. (10) 1 _d
6 0.5% Pd/MS3A (15) 22 80
7 0.5% Pd/MS3A (25) 12 85
8 0.5% PA/MS3A (50) 2 86

“Isolated yield. ® An inseparable mixture of alkane and reduced
aniline derivative was formed.® “A reduced aniline derivative was
formed.® ¢ An inseparable mixture of alkane and alkene was formed.®

of the nitro group (entries 1—5).* we found that the
reaction of Ns-amide 8a with H; (delivered from a balloon)
and Pd/MS3A (15 wt %) in MeOH for 22 h proceeded
smoothly to give the corresponding saturated alkane 9a in
80% yield (entry 3). In this reaction, no appreciable
reduction of the nitro group was observed. Increasing the
amount of Pd/MS3A from 15 to 25 wt % resulted in faster
conversion, affording 9a in 85% yield after 12 h (entry 4).
With 50 wt % of the Pd/MS3A catalyst, the reaction was
completed in only 2 h, and 9a was obtained in 86% yield.

With optimized conditions in hand, we examined the
generality of this reaction using several alkyne or
alkene substrates bearing Ns-amide. As shown in Table 2,
chemoselective conversions to the corresponding alkanes
were accomplished without any loss of the nitro group in
the Ns-amide. This method was applicable to a variety of
terminal alkynes 8a—8f (entries 1—6) as well as internal
alkynes 8g—8Il (entries 7—12), with excellent yields. Fur-
thermore, internal alkenes 8m—8o (entries 13—15) were
also reduced cleanly to the corresponding alkanes 9d—9f
with 0.5% Pd/MS3A (100 wt %) over 10—15 h in excellent
yields. In these reactions, an acidic Ns-amide proton did
not inhibit the reaction (entries 3, 6, 9, and 12).

Notably, removal of the PMB protecting group was not
observed (entries 2, 5, 8, 11, and 14).9

Next, we turned our attention to selective partial hydro-
genation of alkynes bearing Ns-amide to the correspond-
ing cis-alkenes. While Lindlar’s catalyst® has been the
catalyst of choice for this transformation, the reaction of
nitrobenzene compounds containing alkynes is difficult to
perform without reduction of the nitro group (see also

(9) Hydrogenation reactions of N-Boc-N-propargyl Ns-amide and
N-Cbz-N-propargyl Ns-amide were also investigated. However, these
reactions failed to give the desired alkanes. Thus, hydrogenation of
N-Boc-N-propargyl Ns-amide did not occur and the starting material
was recovered. In the case of N-Cbz-N-propargyl Ns-amide, the Cbz
group was removed without hydrogenation of the alkyne.
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Table 2. Scope of Terminal or Internal Unsaturated Ns-Amides

H, (balloon)
Rial R 0.5% Pd/MS3A R
AN N. R N.
n Ns MeOH S s
8a-0 9a-1
time yield?®
entry substrate R product (h) (%)
1° Me (8a) 9a 2 86
R
2P N PMB (8b 9b 4 96
NN, (8b)
3® H (8¢c) 9 2 94
4° . Me (8d) 9d 4 91
N 1
5P \\M:N\Ns PMB (8e) 9e 5 94
6° H (8f) of 10 99
7¢ Me (8g) 9g 10 85
Me S Il?
8 \MN\NS PMB (8h) %h 12 95
9¢ H (8i) 9i 12 86
10¢ Me (8j) 9j 12 82
n-Pr. $
e \N‘NS PMB (8K) 9K 15 95
12¢ H (81) 9] 10 83
13¢ R Me (8m) 9d 3 82
|
14¢ NSN\NS PMB (8n) % 3 97
156 Me H (80) 9f 20 78

“Isolated yield. ® The reaction was carried out using 50 wt % of 0.5%
Pd/MS3A. “The reaction was carried out using 100 wt % of 0.5%
Pd/MS3A. “MeOH/THF = 10/1 was used.

Table 1, entry 2).'” However, our previous study indicated
that the target transformation would be possible with the
Pd/BN-diethylenetriamine (DETA) system.” ' As shown in
Table 3, the same alkynes used in Table 2 were tested using
Pd/BN-DETA as a catalyst. As we had hoped, selective
reduction of terminal alkynes 8a—8f proceeded smoothly,
leaving the nitro group intact, affording 10a—10f in ex-
cellent yield. However, reaction of the internal alkynes
8g—8l was accompanied by concomitant reduction of
the nitro group under the same reaction conditions.!' To
overcome this problem, we examined the effect of addi-
tives. After numerous attempts, selective partial hydroge-
nation of internal alkynes was finally achieved by changing
the additive from DETA to acetic acid (AcOH). As shown
in entries 7—9, selective reduction of methyl-substituted
alkynes 8g—8i was accomplished by using 20 wt % of 0.3%
Pd/BN and 5.0 equiv of AcOH, and the desired cis-alkenes
were obtained in high yields. Even in the case of bulkier

(10) Hydrogenation reactions of 8a with Lindlar’s catalyst in other
solvents (n-hexane, THF, EtOAc) were also investigated. However,
these reactions failed to give 10a. For details, see Supporting
Information.

(11) In this case, selective partial reduction occurred to afford cis
olefin and the saturated product was not formed. However, separation
from aniline derivatives formed by the undesired reduction of the nitro
group was difficult.
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Table 3. Partial Reduction of Terminal Alkynes Bearing
Ns-Amide

H, (balloon)
0.3% Pd/BN R'

R’ R additive
\MN‘ — M]N’NS
Ns |'Q2

n MeOH
8a-l 10a-1

entry substrate R product tl(?:)e yzi/k;
0

1° Me (8a) 10a 2.5 98

R
20e N PMB (8b 10b 0.25 88
\\/N\Ns (8b)
3t H (8¢c) 10¢ 4 94
4° o Me (8d) 10d 1.5 99
b Y !
5 \\M:N\Ns PMB (8¢) 10e 1 92
6° H (8f) 10f 4 91
7° Me (8g) 10g 10 85
Me R
8¢ \)&N‘NS PMB (8h) 10h 10 93
9¢ H (8i) 10i 11 90
104 Me (8§) 10j 0.2 97
n-Pr. IIQ

11¢ \MN\NS PMB (8k) 10k 4 97
12¢ H (81) 101 4 95

“Isolated yield. ® The reaction was carried out using 25 wt % of 0.3%
Pd/BN and 1.0 equiv of DETA. ¢ The reaction was carried out using
20 wt % of 0.3% Pd/BN and 5.0 equiv of AcOH. “The reaction was
carried out using 100 wt % 0f 0.3% Pd/BN and 5.0 equiv of AcOH. ¢ The
reaction was carried out using 50 wt % of 0.3% Pd/BN and 5.0 equiv of
AcOH in EtOH/THF = 10/1.

n-propyl-substituted alkynes 8j—8l, the partial reduc-
tion proceeded smoothly to provide the corresponding
alkenes 10j—101 in excellent yields, albeit with 100 wt %
of catalyst.'? Since the undesired Pd/BN-catalyzed reduc-
tion of nitro groups is assumed to be a result of the Lewis
acidic affinity of Pd metal on Pd/BN for the nitro group,
this result can be rationalized by assuming that addition of
AcOH as a mild acid reduces the affinity, thereby effec-
tively suppressing the reduction of the nitro group.

Finally, we investigated recycling of the Pd-catalyst.
The catalyst was easily recovered by simple filtration and
rinsing with MeOH. As shown in Table 4, Pd/MS3A could
be reused at least three times, generating 9¢ with similar
chemical yields (85—94%), although the reaction time
tended to become longer as the number of runs was
increased.

In conclusion, we have demonstrated the chemoselective
hydrogenation of unsaturated bonds with Pd/MS3A in
compounds bearing an Ns group, which is sensitive to
reducing conditions. Moreover, partial hydrogenation of

(12) Interestingly, Pd/BN-AcOH was not applicable to terminal
alkynes 8a—8f. The reaction of these substrates gave the corresponding
alkanes 9a—9f. Although the reason for this is not clear, we speculate
that AcOH is a weaker catalyst poison than DETA for more sterically
less accessible terminal alkynes.
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Table 4. Recycling of the Pd/MS3A Catalyst

H, (balloon)
o H 0.5% Pd/MS3A (50 wt %) H
1 1
AN
\/N\Ns MeOH ANons
8c 9c
run time (h) yield (%)*
1 2 94
2 3 89
3 8 85

“Isolated yield.

alkynes bearing Ns-amide to the corresponding cis-alkenes
was also achieved by using either Pd/BN-DETA or
Pd/BN-AcOH without loss of the nitro group. To our knowl-
edge, this is the first example of selective hydrogenation of
unsaturated bonds while leaving an Ns group intact.

(13) The recent reviews on olefin metathesis reaction: (a) Fiirstner,
A. Angew. Chem., Int. Ed. 2000, 39, 3012. (b) Trnka, T. M.; Grubbs,
R.H. Acc. Chem. Res. 2001, 34, 18. (c) Connon, S.J.; Blechert, S. Angew.
Chem., Int. Ed.2003, 42, 1900. (d) Schrock, R. R.; Hoveyda, A. H. Angew.
Chem., Int. Ed. 2003, 42, 4592. (¢) McReynolds, M. D.; Dougherty, J. M.;
Hanson, P. R. Chem. Rev. 2004, 104, 2239. (f) Grubbs, R. H. Tetrahedron
2004,60,7117. (g) Nicolaou, K. C.; Bulger, P. G.; Sarlah, D. Angew. Chem.,
Int. Ed. 2005, 44, 4490. (h) Hoveyda, A. H.; Zhugralin, A. R. Nature 2007,
450, 243.
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Considering the utility of the Ns-strategy as well as
alkene-containing compounds, as exemplified by the olefin
metathesis reaction'® and Mizoroki—Heck reaction,'* the
reaction we report here should be a powerful tool for the
synthesis of nitrogen-containing compounds. Further ap-
plications of the present methodology are under intensive
investigation in our laboratory.
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