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A convenient one-step RhCl3-catalyzed deprotection of acyclic
N-allyl amides is described. Preliminary mechanistic studies
reveal that the key to the success of the one-step deprotection
process is the dual function of RhCl3 in alcohol solvents.
Reaction of RhCl3 with n-PrOH not only provides an active
rhodium hydride species to catalyze isomerization ofN-allyl
amides to corresponding enamides but also generates a
crucial catalytic amount of HCl to convert the enamides to
deallylated amides throughN,O-acetal exchange.

The prevalence of amides in natural products and pharma-
ceuticals underscores the need for practical methods for their
synthesis, including protecting group strategies. Among the more
versatile of protecting groups for multistep organic synthesis is
the allyl group. While allyl deprotection of alcohols and amines
is a facile process that can be carried out with a wide variety of
reagents and conditions, the deprotection of allyl amides is
considerably more challenging,1 and few methods are currently

available. The most common approach is a two-step procedure
involving isomerization of the double bond to an enamide by
the action of Rh2 or Ru2a,3 catalysis4 and subsequent acidic2d,e

or oxidative2c,3b cleavage of the isolated enamide. By contrast,
one-step direct deprotection procedures are relatively rare. The
use ofπ-allyl chemistry for direct amide deprotection is limited
to one report involving Ni(dppp)Cl2 and AlMe3 in refluxing
toluene.5 Recently, a one-step oxidative cleavage protocol was
developed that involved the use of excess oxidizing agents.6

Given considerations of functional group compatibility, a
convenient one-step deprotection process that operated under
orthogonal conditions would improve the attractiveness of the
allyl protecting group for amide synthesis.

Despite the absence of any reports using Pdπ-allyl chemistry
for direct amide deprotection, we briefly investigated this
reaction by subjectingN-allyl-2-pyrrolidone (1) to conditions
that were recently successful for the deallylation of a pyrroli-
dine.7 In this event, the use of 1 mol % Pd2(dba)3, 2 mol %
dppb, and 1.1 equiv of thiosalicylic acid in THF failed to afford
any reaction products. Given this result, our focus shifted toward
the known Rh- and Ru-catalyzed reactions. We envisioned that
the mild conditions of these metal-catalyzed olefin isomeriza-
tions could be combined in situ with a mild acidic cleavage of
the enamide intermediate.8 In this Note, we report the successful
development of this strategy into a one-step deprotection of
N-allyl amides and provide preliminary mechanistic features of
this transformation.

Our investigations focused on rhodium catalysts due to their
high functional group tolerance.N-Allyl-2-pyrrolidone (1) was
subjected to conditions reported for the isomerization of an
N-allyl protected lactam to an enamide. A screen of catalysts
revealed that (Ph3P)4RhH gave the expected enamide22e,4e

in 85% yield (eq 1), whereas by comparison, Wilkinson’s
catalyst afforded1 in only 40% yield (50% conversion). The
use of H2O or dilute HCl as a cosolvent, as a means of
hydrolyzing the enamide in situ, did not affect the product
distribution and resulted in lower yields and conversion.
The addition of anhydrous acids such as benzenesulfonic acid
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TABLE 1. Reactivity Profile of 1 as a Function of Alcohol
Solventa

R 3:4

Me 1:0
Et 4:1
n-Pr (3) 2:1

a Molar ratios based on HPLC analysis of crude reaction mixture
measured against known samples.
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or HCl similarly resulted in unclean reactions. Interestingly,
when RhCl3 was employed under anhydrous conditions without
added acid, the observed products wereN,O-acetal 3
and 2-pyrrolidone (4) (Table 1). This transformation has not
been described thus far in the allylamide literature during olefin
isomerization reactions,9,10 and the observation of4
signaled the potential to achieve a one-step allyl deprotection
process.

When acyclic tertiary allylamide5 was subjected to the RhCl3

reaction conditions in EtOH, the only observed product was
the deprotected amide6 in 90% assay11 yield (Table 2). Whereas
the use of MeOH as the solvent led to poor conversion and
only 18% assay yield of6, the use ofn-PrOH afforded6 in
99% assay yield in 4 h. The identical reactivity profiles observed
betweeni-PrOH andn-PrOH suggest that the observed solvent
effect reflects the function of reaction temperature.12

With these results in hand, we set out to establish the
generality of the reaction protocol by examining the deallylation
of various tertiary amides under RhCl3 catalysis inn-PrOH
(Table 3). The reaction is tolerant of a wide range of steric and
electronic environments. The active catalyst, which is believed
to be a rhodium hydride species,13 is tolerant of aromatic nitro14

functionalities (entry 3) as well as aryl bromides (entry 6) and
Cbz groups (entry 5). The piperonlyoyl acetal group (entry 7),

as well as a potentially epimerizable center (entry 9), were also
unaffected. For small scale work, the use of a 5 mol % catalyst
was convenient for affording high yields of product in relatively
short periods of time (<6 h). In cases where the cost of the
catalyst or the generation of heavy metal waste is of concern,
the catalyst loading can be reduced. For example, deprotection
of 7 on a 4 gscale using 2 mol % RhCl3 afforded8 in 95%
yield after 14 h of reaction time.

The byproduct of these reactions was propionaldehyde
dipropyl acetal, which was found in equimolar quantities relative
to the secondary amide product as observed by1H NMR of the
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TABLE 2. Reactivity Profile of 5 as a Function of Alcohol Solvent

R time (h) yield (%)a

Me 8 18
Et 8 90
n-Pr 4 99

a Assay yield determined by HPLC by reference of the reaction solution
to a solution prepared from analytically pure4e.

TABLE 3. Deallylation of N-Allylamidesa

a Conditions: 0.5 M solution ofN = allylamide in n-PrOH, heated at
reflux. b Isolated yield.
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crude reaction mixture. This observation suggested that an
initially formed N,O-acetal undergoes acid-catalyzed acetal
exchange withn-PrOH to produce the deallylated secondary
amide. An interesting illustration of this point was the conversion
of allyl amide23 to a mixture of24 and25 (eq 2).15 Additional
evidence in support of this pathway comes from the observation
that theN,O-acetal3 in Table 1 was the kinetically observed
product, while4 was observed only after prolonged reaction
times.

The conversion of3 to 4 (eq 1) and24 to 25 (eq 2) suggests
the presence of acid in solution, and indeed, this was observed
experimentally as an apparent pH of 4.16 The acid was
presumably in the form of HCl, as RhCl3 liberates HCl in the
presence of olefins and alcohol solvents.13 The role of acid in
the overall transformation was probed by subjectingN-allyl-2-
pyrrolidone (1) to modified conditions including 15 mol %
NaOPr. In this event, the substrate was rapidly converted to
the enamide2 in 95% yield (eq 3).17 No other products were
observed, even upon prolonged heating.

SinceN,O-acetal3 was not observed in the presence of base,
we speculated that under the reaction conditions, HCl is
responsible not only for acetal exchange but also for acetal

formation. Support for this hypothesis was garnered when2
was converted to a 2:1 mixture of3 and4 when subjected to
15 mol % HCl in PrOH at 97°C in the absence of a rhodium
catalyst (eq 4). Interestingly, this is the same ratio observed in
Table 1.18 On the basis of these results, it appears that the
essential role of the rhodium catalyst is the isomerization of
the double bond.

In conclusion, we have developed a one-step deprotection of
acyclic N-allyl amides to secondary NH amides catalyzed by
RhCl3 in alcohol solvents. The key to the success of this method
is the use of a simple rhodium complex unadorned with ligands
and in the absence of base, such that HCl is evolved under the
reaction conditions. Following olefin isomerization, at elevated
temperatures, HCl catalyzes the conversion of the enamide
intermediate to the secondary amide. This convenient procedure
improves the utility of the allyl group as a protecting group in
amide synthesis.

Experimental Section

General Procedure.A 0.5 M solution of theN-allyl amide in
anhydrousn-PrOH was degassed via N2 sparging, then RhCl3 (5
mol %) was charged under positive N2 pressure. The resulting
solution was then heated to reflux for 4-6 h, until judged complete
by TLC or HPLC. After cooling to room temperature, the solution
was diluted with H2O, and the product was extracted with CH2Cl2.
The NH amide could be purified by silica gel chromatography,
eluting with EtOAc/hexanes. Alternatively, the reaction mixture
could be concentrated and directly loaded onto a silica gel column.

Supporting Information Available: General experimental
procedures and characterization of3, 5, 6, 8-14, 16, and18-22.
This material is available free of charge via the Internet at
http://pubs.acs.org.

JO070553T
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