Direct Chemoselective Allylation of Inert

Amide Carbonyls

Yukiko Oda, Takaaki Sato,* and Noritaka Chida*

ORGANIC
LETTERS

2012
Vol. 14, No. 3
950-953

Department of Applied Chemistry, Faculty of Science and Technology, Keio University,

3-14-1, Hiyoshi, Kohoku-ku, Yokohama 223-8522, Japan
takaakis@applc.keio.ac.jp, chida@applc.keio.ac.jp

Received January 6, 2012

ABSTRACT
o Cp,ZrHCI N
- (CH,Cl)g, t H
N R N"Ph
I\]r‘l A then TFA h:!
e
MEOzc MSHBU;; Me,ozc
72%

- single-step allylation
- functional group tolerance

Direct allylation of inert amide carbonyls utilizing the Schwartz reagent afforded either substituted tertiary or secondary amines. A preactivation
step was successfully avoided, which is generally a requisite to increase the electrophilicity of amides. The reaction exhibited remarkable
functional group tolerance and proceeded even in the presence of methyl esters and nitro groups.

Nucleophilic addition to carbonyl groups, such as ke-
tones and esters, is one of the most fundamental transfor-
mations in organic synthesis." However, the reaction with
amide carbonyls remains a formidable challenge because
of their high stability caused by the resonance effect of the
nitrogen atom. Assuming a high yielding access to amide
groups,” direct chemoselective nucleophilic addition to
the amide carbonyls would undoubtedly offer an opportu-
nity for widespread applications in the synthesis of natural
products and pharmaceuticals. However, direct nucleophi-
lic addition to amide carbonyls requires harsh reaction
conditions, which limits the substrate scope. Acyclic amides
are especially challenging substrates because the intermedi-
ates readily undergo hydrolysis.* Thus, general approaches
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for the functionalization of acyclic amides currently rely on
a preactivation step of the inert amide carbonyl (Scheme 1,
1—2~4) and use of reactive nucleophiles such as DIBAL,
Grignard reagents, and organolithium reagents (2~4—75).
A preactivation step increases the electrophilicity by redu-
cing the resonance effect of the amide nitrogen via imide 2
(DeNinno* and Suh®) or thioamide 3 (Murai®). Recently,
Bélanger’*"and Huang’* reported a practical one-pot
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nucleophilic addition via iminium triflate 4.” Although the
preactivation step enhances the electrophilicity of the amide
carbonyls, it costs an extra operation and still requires re-
active nucleophiles, which renders the reaction conditions
incompatible with sensitive functional groups.

Scheme 1. Nucleophilic Addition to Amide Carbonyl Groups
via the Preactivation Step
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As part of our ongoing studies aimed at exploring direct
functionalization of inert amide carbonyls, our group® and
that of Vincent/Kouklovsky®® independently reported the
novel sequential nucleophilic addition to N-alkoxyamides via
a five-membered chelated intermediate.® In this methodol-
ogy, exclusion of the preactivation step was achieved with
assistance of the N-alkoxy group. In this paper, we descri
be the development of a direct chemoselective allylation’
of inert amide carbonyls using the Schwartz reagent
(Cp>ZrHCI),'""!" which enables us to functionalize amide
groups directly without supporting functional groups
(Scheme 2). When tertiary amides such as 1 are exposed to
the Schwartz reagent at room temperature, they are known
to produce the zirconacycle intermediate 6, which affords
the corresponding aldehyde 7 after workup.'> We predicted
that addition of an acid to 6 in one pot would initiate the
generation of iminium ion 8 instead of aldehyde 7. The
resulting iminium ion 8 could undergo subsequent allylation
to give substituted tertiary amine 9 in a single step. On the
other hand, reduction of the secondary amide 10 mech-
anistically requires 2 equiv of the Schwartz reagent, providing
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imine 11."* We expected that imine 11 would be amenable to
one-pot allylation, providing the secondary amine 12. The
reaction conditions we developed were found to be highly
chemoselective, enabling the direct allylation of either tertiary
or secondary amides in the presence of sensitive functional
groups.

Scheme 2. (A) Direct Allylation of Tertiary Amides without the
Preactivation Step; (B) Direct Allylation of Secondary Amides
without the Preactivation Step.
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Our direct allylation of tertiary amides was first evalu-
ated with N-benzyl-N-methylbenzamide 1a (Table 1)."*
Treatment of 1a in (CH,Cl), with Schwartz reagent, which
was freshly prepared from Red-Al and Cp,ZrCl, in
THEF,'® quickly gave zirconacycle 6a. The subsequent
allylation with allyltributylstannane, in the absence of acid,
provided the desired product 9a in 9% yield, along with
a significant amount of benzaldehyde 7a (Table 1, entry 1).
This result indicated that iminium ion 8a (shown in
Scheme 2) was not efficiently formed without an acid. We
then investigated the effect of different acids, which could
potentially mediate the formation of both iminium ion 8a
and aldehyde 7a from the common zirconacycle 6a. In-
deed, the allylation with Sc(OTf); produced tertiary amine
9a in 36% yield and secondary alcohol 13a in 34% yield
(Table 1, entry 2). The selectivity depended greatly on the
nature of the acid. When BF; - Et,O was utilized, both yield
and selectivity were improved to produce 9a in 58% yield,
along with 13a in 9% yield (Table 1, entry 3). After an
extensive survey of Lewis acids and Brensted acids, TFA
proved to be the best acid with 9a isolated in 75% yield

(14) As a control experiment, tertiary amide 1a was reduced with
DIBAL (1.3 equiv) at —78 °C, and subsequent treatment with Sc(OTf)3
(1.3 equiv) and allyltributylstannane (3 equiv) at room temperature
afforded 9a in 21% yield, along with overreduced byproduct 14 in 32%
yield. These results indicated that the N,0-acetal after DIBAL reduction
was quickly converted to the iminium ion, which underwent extra
DIBAL reduction to provide 14.
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(Table 1, entry 4). Addition of MeCN prior to the allyla-
tion gave a slightly better yield (Table 1, entry 5).

Table 1. Optimization of the Reaction Conditions in the Direct
Allylation of Tertiary Amides 1a“

Cp,ZrHCl in THF
1 RN \_ y
N
Ph™ "N” "Ph Ph” N Ph
' ! Ph
Me

then

Me CH,=CHCH,SnBus OH
1a acid, additive, rt 9a 13a
yield (%)
entry acid additive 9a 13a

1 none none 9 0
2 Sc(OTo)3 none 36 34
3 BF3-Et,0 none 56 9
4 TFA none 75 15
5 TFA MeCN 77 6

“Conditions: 1a (150 umol), Cp,ZrHCI (1.8 equiv in THF),
(CH,Cl),, rt, 15 min, then CH,=CHCH,SnBu; (3.0 equiv), acid (1.5
equiv), additive, rt, overnight.  Yield of isolated product after purifica-
tion by column chromatography on silica gel.

The scope of the direct allylation with various acyclic
tertiary amides revealed remarkable functional group tol-
erance (Table 2).'> We succeeded in chemoselective allyla-
tion of the inert amide carbonyls without affecting the more
electrophilic methyl ester to afford 9bin 72% yield (Table 2,
entry 1). The reaction was also compatible with 1¢ bearing
the sensitive nitro group (Table 2, entry 2). Electron-rich
4-methoxybenzamide 1d and sterically hindered amide le
led to a decrease in product yield with the corresponding
benzyl alcohols isolated as byproduct (24% and 17%,
respectively), likely because zirconacycle 6 was not stable
during the reduction, and over-reduction to aldehyde 7
took place (Table 2, entries 3 and 4). The reaction of aliphatic
amides gave rise to better results than aromatic amides.
Allylation of aliphatic amides with, or without, the methyl
ester proceeded in good yield (Table 2, entries 5 and 6).
In contrast to aromatic amides, a variation in steric bulk
on the amine side was possible without a loss in yield
(Table 2, entries 7 and 8). While the reaction with 1h provided
a 1.2:1 mixture of diastereomers in 80% yield, proline-
derived amide 1i gave the product in 77% yield as a single
diastereomer.'®

Our next challenge was direct access to secondary amines
from the corresponding secondary amides (Table 3). Be-
cause the reduction of secondary amides with the Schwartz
reagent proceeds in a different manner from that of tertiary
amides as shown in Scheme 2, we needed to develop
different optimized conditions. We first investigated the re-
action using N-benzylbenzamide 10a. After treatment of
10a with the Schwartz reagent, a variety of allylation re-
agents were added to the resulting imine 11a in one pot. The

(15) Calderwood reported a-dimethylation of primary amides in the
presence of a nitrile group; see: ref 3c.

(16) Although 9i was obtained as a single diastereomer, the relative
stereochemistry of 9i was not determined.
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nature of the allylation reagents was found to be critical in
determining the selectivity between the secondary
amine 12a and secondary alcohol 13a. While the use
of allylboronicacid pinacol ester gave 13a exclusively,
allylindium bromide afforded secondary amide 12a as
the major product (Table 3, entries 1 and 2). We found
that the best result in terms of both selectivity and
yield was obtained when using allylzinc bromide
(Table 3, entry 3: method A). As alternative conditions,
TMSOTf-mediated allylation using allyltributylstan-
nane showed complete selectivity and good yield
(Table 3, entry 4: method B).

Table 2. Substrate Scope in the Direct Allylation of Tertiary

Amide 1¢
o Cp,ZrHCin THE
(CH,Cl)y, rt H
A e SR R
R N then R I}l/
4 R CH,=CHCH,SnBu; g R2
TFA, MeCN, rt
entry 1 yield (%)"
0
1 1b Q)LNAPh 2
MeO,C Me
0
2 1c O)\'T‘Aph o1
0N Me
o)
3 1d /Q/U\’.“/\Ph 39
MeO Me
19
4 le N™ "Ph (dr=13:1)
Me
o)
5 1f n-C7H15)]\lTl/\Ph 86
Me
o}
6 1g MeOZC(CHz)g,)leI/\Ph 68
Me
O Me
80
7 lh n-C7His” "N” "Ph (dr=1.2:1)
Me
0o —OMe
. H 77
8 1i n-C7H15)J\NQ (single)

“Conditions: 1, Cp,ZrHCI in THF, (CH,Cl),, rt, 15 min, then
CH,=CHCH,SnBus, TFA, MeCN, rt, overnight.  Yield of isolated
product after purification by column chromatography on silica gel.

As summarized in Table 4, two useful methods were
applied to each of the secondary amides 10. The high func-
tional selectivity was also observed for secondary amides
bearing the methyl ester and nitro groups (Table 4, entries 1
and 2). In these situations, allyltributylstannane (method B)
was superior to allylzinc bromide (method A) because of its
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Table 3. Optimization of the Reaction Conditions in the Direct
Allylation of Secondary Amides 10a“

Cp,ZrHCl in THF
j\ CH,Cly, —20 °C to 1t \\3<H \\‘><,_|
AN
Ph H Ph then Ph H/\Ph Ph OH
CH,=CHCH,M, acid
10a temp 12a 13a
yield (%)
entry M acid temp (°C) 12a 13a
1 B(pinacol) none none 0 73
2 InBr none —78 tort 56 7
3 ZnBr none Otort 81 0
4 SnBug TMSOTf rt 74 0

“Conditions: 10a (150 umol), Cp,ZrHCI (2.6 equiv in THF),
CH,Cl,, rt, 15 min, then CH,=CHCH,M (2.0 equiv), acid (2.0 equiv),
rt, overnight. * Yield of isolated product after purification by column
chromatography on silica gel.

milder nucleophilicity. Method A was found to be more
effective on electron-rich p-methoxybenzamide 10d and
sterically hindered amide 10e (Table 4, entries 3 and 4).
In contrast to the tertiary amides shown in Table 2,
aliphatic secondary amides tended to give relatively
lower yields than aromatic secondary amides (Table 4,
entries 5 and 6). Method A was preferable for aliphatic
amide 10f (Table 4, entry 5). Variation in the steric bulk
on the amine side was possible without detrimental
effects on yield (Table 4, entry 06).

In conclusion, we have developed a direct allylation re-
action of inert amide carbonyls by taking advantage of the
properties of the Schwartz reagent. The methodology af-
forded either substituted tertiary amines or secondary amines
from the corresponding amides without a preactivation step,
which is generally required to increase the electrophilicity of
amide carbonyls. A conspicuous feature of the direct allyla-
tion was its high chemoselectivity. The reaction conditions
allowed us to perform functionalization of inert amides even
in the presence of more electrophilic esters or sensitive nitro
groups. Studies in which a carbon nucleophile is introduced
in the first step, instead of the hydride, as well as the intro-
duction of a variety of nucleophiles in the second step, will be
forthcoming.
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Table 4. Substrate Scope in the Direct Allylation of Secondary

Amides 10¢
Cp,ZrHCl in THF \
% CH,Cly, —20 °Cto 1t H
N g CHeGR 207G o
R™ "N then R! H/
10 CH2=CHCH2M 12
entry 10 method yield (%)°
0
~ A 66
1 10b du PAo o o
MeO,C
o)
PN A 73
2 10¢ ” Ph B 32
O,N
o)
PN A 71
3 10d H Ph B 38
MeO
I
A 83 (dr=2.4:1)
4 10e ©)\ﬁ Ph B 71(dr=161)
9 A 58
5o ot n—C7H15)LH/\Ph B 18
P )M\e A 62 (dr=1.5:1)
r= 1.5
6 10g n—C7H15)J\H Ph B 52(dr=1.5:1)

¢ Conditions: 10, Cp,ZrHCl in THF, CH,Cl,, —20 °C to rt, 4 h, then
<method A > CH,=CHCH,ZnBr, THF, 0 °C to rt, overnight or <meth-
od B> CH,=CHCH,SnBus, TMSOTT, rt, overnight. ? Yield of isolated
product after purification by column chromatography on silica gel.
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