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Palladium-Catalyzed Direct Methylation and Benzylation of
Enamides Using lodomethane and Benzyl Halides with Retention

of Alkenyl Moiety

Ran Ding*® and Borong Yu™

Abstract: A palladium-catalyzed direct methylation and
benzylation of enamides at S-position with iodomethane
and various benzyl halides was developed. The correspond-
ing multisubstituted enamide products could be obtained
in good yields under mild reaction conditions.

Alkylation of lithium enolates,™ enol silyl ethers,” metalloen-

amines®™ and metal enamides™ with alkyl halides has been well
developed as a fundamental reaction for efficient construction
of carbon-carbon bonds in organic synthesis. Consequently,
various alkyl substituents can be introduced at the a-position of
carbonyl groups with concomitant loss of the original alkenyl
moiety in the starting materials (Scheme 1, eq 1). From the view
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Scheme 1. Alkylation reactions of double bonds with alkyl halides.
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point of potential application, conservation of the double bond
during this transformation is more preferable yet challenging.
Moreover, further functionalization could be easily performed
for the precursors with retention of the double bond.

It is well known that enamides are versatile functional
groups widely applied in synthesis of complex nitrogen-
containing compounds,” and the key subunits in many natural
products and bioactive molecules.” Therefore, the develop-
ment of efficient methodologies for preparation of functional-
ized enamids is highly desirable.

Recently, the direct alkenyl alkylation with retention of the
double bond has emerged as a powerful tool for synthesis of
multi-substituted alkenes.”” Among them, the reported meth-
ods, the use of transition metal catalysts including Co,® Pd,””
Cu," Ni,"™ etc., as well as photocatalysts''? have been elegantly
applied for the coupling reactions between alkenes and a-
halide carbonyls (Scheme 1, eq 2). However, only limited scopes
of substrates have ever been explored thus far. Therefore, the
development of efficient catalytic systems and accommodation
of expanding various functional alkenes still remain of broad
prospect in thisfield. It is well known that benzylic halides and
methyl iodide can be employed in coupling reactions with
organometallic reagents or aryl C—H bonds"® with the help of
transition-metal catalysts. However, only few examples of direct
methylation and benzylation of alkenyl C—H bonds have ever
been explored (Scheme 1, egs 3 and 4)." Herein, we communi-
cate the results on palladium mediated direct methylation and
benzylation reactions of enamide for synthesis of multi-
substituted functional alkenes (Scheme 1, eq 5)."

Initially, enamide 1a and iodomethane 2 were chosen as
the model reaction to optimize the reaction conditions. The
results are summarized in Table 1. Fortunately, the system of Pd
(TFA), with AgOAc afforded the desired product 3a in 83%
yield. Further screening of various palladium catalysts showed
that Pd(TFA), was more efficient (Table 1, entry 1 to entry 9),
while other silver salts proved to be less efficient to promote
the formation of the desired product (Table 1, entry 10 to
entry 13). Following that, the catalyst loading and reaction
temperature were also examined. When the catalyst loading
was reduced to 5mol%, a slightly decreased yield of the
product was obtained (Table 1, entry 16). It was found that
either higher or lower reaction temperature decreased the
product yield (Table 1, entries 18 and 19) also. It is noteworthy
that adding PPh; (20 mol%) ligand into the reaction greatly
suppress the product’s formation. Moreover, control experi-
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Table 1. Optimization of reaction conditions of alkylation of enamide 1a
with iodomethane.”
NHAc NHAc
Pd/ Ag ‘
+  CHgl CHyChy CH3
1a 2 3a
entry Cat (10 mol%) AgX (2.0eq) T (°C) time (h) vyield®
1 Pd(TFA), AgOAc 80 9 83%
2 Pd(PhCN),Cl, AgOAc 80 9 57%
3 Pd(CH3CN),Cl, AgOAc 80 9 69%
4 Pd,(dba)z AgOAc 80 9 trace
5 PdCl, AgOAc 80 9 66%
6 [Pd(ally)Cl], AgOAc 80 9 12%
7 Pd(OPiv), AgOAc 80 9 74%
8 Pd(acac), AgOAc 80 9 20%
9 Pd(OAc), AgOAc 80 9 64%
10 Pd(TFA), AgOTf 80 9 trace
11 Pd(TFA), AgOTs 80 9 trace
12 Pd(TFA), Ag,CO3 80 9 trace
13 Pd(TFA), AgTFA 80 9 trace
14 Pd(TFA), — 80 9 trace
15 - AgOAc 80 9 16%
160 Pd(TFA), AgOAc 80 9 74%
17° Pd(TFA), AgOAc 80 9 trace
18 Pd(TFA), AgOAc 70 9 81%
19 Pd(TFA), AgOAc 90 9 82%
204 Pd(TFA), AgOAc 80 9 87%
214 Pd(TFA), AgOAc 80 5 88%
22¢ Pd(TFA), AgOAc 80 9 75%
23f — AgOAc 80 5 14%
@l Reaction conditions: To a mixture of 1a (0.3 mmol, 1 equiv), 2 (0.6 mmol,
2 equiv), catalyst, ligand, additive and solvent (1 mL) in the sealed tube
under air. ® Pd(TFA), (5 mmol %).  PPh; (20 mmol%). ¥ AgOAc
(0.45 mmol, 1.5 equiv). * AgOAc (0.3 mmol, 1.0 equiv). " TFA (0.06 mmol,
0.2 equiv). ¥ Isolated yields.

ments displayed that the presence of palladium catalyst and
AgOAc were necessary for providing the desired product in
good vyield (Table 1, entries 14, 15 and 23). Finally, the
optimized reaction conditions are summarized as following:
10 mol% Pd(TFA), as catalyst, 1.5 equiv. AQOAc as additive in
DCM(dichloromethane) at 80 °C under air atmosphere.

After optimization of the reaction conditions, the substrate
scope of different enamides was tested (Scheme 2). When
various substituted cyclic enamides were subjected to this
reaction, it was found that the substrates with electron-
donating groups would give the products in high yields (3b
and 3 e, 3¢c). However, only moderate yields of desired products
could be achieved when the substrates with electron-with-
drawing were applied in reactions (3g, 3h and 3f). It was
observed that only 60% vyield of 3d was obtained when the
reaction of substituted N-(1-methyl-1H-inden-3-yl)acetamide
was examined. It is notable that 3i was also obtained in 33%
isolated yield. Further studies showed that only moderate yields
of the corresponding products (3j and 3k) were observed
when the N-(2H-chromen-4-yl)acetamide and its derivatives
were applied in reactions. Other cyclic enamides such as N-(3,4-
dihydronaphthalen-1-yl)acetamide and N-(6,7-dihydro-5H-ben-
zo[7]annulen-9-yl)acetamide were also tolerated in this cou-
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* Reaction conditions: To a mixture of 1 (0.3 mmol, 1 equiv), 2 (0.6 mmol, 2 equiv),
Pd(TFA); (0.03 mmol, 10 mol %), AgOAc (0.45 mmol, 1.5 equiv) and CH,Cl,
(1 mL) in the sealed tube at 80 °C under air . ® Isolated yields.

Scheme 2. Palladium-catalyzed methylation of different enamides.””

pling reaction, with only moderate yields of the products(31
and 3m) obtained. Finally, it was found that the change of
acetal group to benzoyl group decreased the product yield
significantly (3 n).

We next turned our attention to investigate the reaction of
the enamide with 1-(bromomethyl)-2-nitrobenzene (Scheme 3).
Based on the conditions established for methylation reaction,
subsequently the reaction could proceed smoothly by using
5 mol% Pd(TFA),. Then various enamides were subjected to this
benzylation reaction. Generally, both electron-rich and electron-
deficient cyclic enamides were well tolerated to give the
corresponding products in moderate to high yields (5a to 5i).
Meanwhile, N-(2H-chromen-4-yl)acetamide, N-(6,7-dihydro-5H-
benzo[7]annulen-9-yl)acetamide and benzoyl group protected
enamides were further proved to be less efficient to afford the
corresponding products (5j, 5k and 51 respectively).

Different benzyl bromides were then investigated in this
benzylation reaction (Scheme 4). A wide range of functional
groups including electron-donating (6f) and electron-withdraw-
ing groups, such as F, Cl, CF;, NO,, acetal and ester all could be
well tolerated in reaction under the standard reaction con-
ditions (6a-6h, and 6m, 6n). Inspired by the positive results of
primary benzyl halides, we attempted to employ more sterically
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? Reaction conditions: To a mixture of 1 (0.3 mmol, 1 equiv), 4a (0.6 mmol,
2 equiv), Pd(TFA), (5 mol %), AgOAc (0.45 mmol, 1.5 equiv) and CH,Cl, (1 mL)
in the sealed tube at 80 °C under air. ° Isolated yields.

Scheme 3. Palladium-catalyzed benzylation of various enamides.””

hindered chlorides (Scheme 4). Both secondary benzyl chloride
and bromide could be used as coupling partners smoothly.
Moreover, when tertiary triphenylchloromethane was used, the

product 6j also could be obtained in excellent yield.

To gain more insight into the benzylation and methylation
reaction, 2 equivalents of TEMPO were introduced into this
reaction under the standard reaction conditions. It was found
that compound A could be isolated in 49% vyield along with
product 5a in 10% yield (Scheme 5a). Furthermore, enantioen-
riched 2-(chloro(phenyl)methyl)naphthalene B was prepared
and subjected to this benzylation reaction (Scheme 5b). Finally,
the coupling product C could be obtained in 90% yield with
retention of 14% enantiopurity (Scheme 5c). Comparing with
this, only 67% vyield of product C along with complete
racemization could be observed in the absence of palladium
catalyst. These results show that the palladium catalyst plays a
significant role during the cleavage of C—X bond in this
benzylation reaction. On the basis of all above results and
previous reports,™9 a radical processes is still the most
reasonable proposal for this transformation (for possible

catalytic cycles, see the Supporting Information).

In conclusion, we have described a palladium-mediated
methylation and benzylation of enamides with iodomethane
and various benzylic halides, and the corresponding products
could be obtained in moderate to good yields, which provide a
simple and general method for synthesis of functional multi-

substituted enamides.
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* Reaction conditions: To a mixture of 1 (0.3 mmol, 1 equiv), 4 (0.6 mmol, 2 equiv),
PA(TFA), (5 mol %), AgOAc (0.45 mmol, 1.5 equiv) and CH,Cl, (1 mL) in the
sealed tube at 80 °C under air. ® Isolated yields. © 4 = (Ph),CHCl. ¢4 =
(Ph)(Nap)CHCL. © 4 = (Ph); CHCI. 4 = (Ph)(Me)CHBE. & 2 = (Ph)(CO, Me)CHBr.

Scheme 4. Palladium-catalyzed benzylation with different benzylic ha-

lides.
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Scheme 5. Reactions in the presence of TEMPO and with a chiral substrate.
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