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TABLE 1. Reactivity Profile of 1 as a Function of Alcohol

Solveng
C{o 5 mol% RhCls Cfo C.(O
+
N~  ROH, reflux N%Me NH
1 8h 3 OR 4

R 34

Me 1:0

Et 4:1

n-Pr 3) 2:1

aMolar ratios based on HPLC analysis of crude reaction mixture
measured against known samples.

5 mol% RhCl,

n-PrOH, reflux

R4, Ry = alkyl, aryl 88-96% yield

A convenient one-step Rh&tatalyzed deprotection of acyclic
N-allyl amides is described. Preliminary mechanistic studies

reveal that the key to the success of the one-step deprotectio

process is the dual function of RhGh alcohol solvents.
Reaction of RhGlwith n-PrOH not only provides an active
rhodium hydride species to catalyze isomerizatioNeflyl
amides to corresponding enamides but also generates
crucial catalytic amount of HCI to convert the enamides to
deallylated amides througK,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 challengifdgnd few methods are currently

* Corresponding author. Tel.: (732) 594-0363; fax: (732) 594-5170.

(1) Greene, T. W.; Wuts, P. G. MProtecte Groups in Organic
Synthesisdth ed.; Wiley: New York, 2006. For example, while Pd catalysis
is well known for the deprotection df-allyl amines, there are no reports
for the use of Pd catalysis the deprotection\sallyl amides.
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but not applied toN-allyl deprotection, see: Krompiec, S.; Pigulla, M.;
Krompiec, M.; Baj, S.; Mrowiec-Bialon, J.; Kasperczyk, Tetrahedron
Lett. 2004 45, 5257.
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appeared: (a) Dallavalle, S.; Merlini, Letrahedron Lett2002 43, 1835.
For Fe, see: (b) Sergeyev, S.; Hesse 3ynleti2002 1313 and (c) Hubert,
A.J., Feron, A.; Goebbels, G.; Warin, R.; TeyssieJRChem. Soc., Perkin
Trans. 21997, 11. For Co, see: (d) Onishi, M.; Oishi, S.; Sakaguchi, M.;
Takaki, I.; Kiraki, K. Bull. Chem. Soc. Jpril986 59, 3925. For Ir, see:
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available. The most common approach is a two-step procedure
involving isomerization of the double bond to an enamide by
the action of RA or Ri?23 catalysi4 and subsequent acidfe

or oxidativeé3° cleavage of the isolated enamide. By contrast,
one-step direct deprotection procedures are relatively rare. The
use ofz-allyl chemistry for direct amide deprotection is limited

to one report involving Ni(dppp)Gland AlMe; in refluxing
toluene® Recently, a one-step oxidative cleavage protocol was
developed that involved the use of excess oxidizing adents.
Igiven 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 usingtRalyl chemistry
Jor direct amide deprotection, we briefly investigated this
reaction by subjectingN-allyl-2-pyrrolidone () to conditions
that were recently successful for the deallylation of a pyrroli-
dine’ In this event, the use of 1 mol % Kdbak, 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 intermediatdn 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 toleranc®l-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 (PJPRhH gave the expected enamidés4e
in 85% vyield (eq 1), whereas by comparison, Wilkinson’s
catalyst affordedL in only 40% yield (50% conversion). The
use of HO or dilute HCI 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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(6) Kitov, P. I.; Bundle, D. ROrg. Lett.2001, 3, 2835. For an application
of this reaction, see: Clement, E. C.; Carlier, PTRtrahedron Lett2005
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(7) Xu, F.; Murry, J. A.; Simmons, B. A.; Corley, E.; Fitch, K.; Karady,
S.; Tschaen, DOrg. Lett.2006 8, 3885. See Experimental Section.

(8) A similar strategy has been documented for the deallylation of allyl
ethers but has not been applied to amides: Boss, R.; Scheffokhdew.
Chem. Int. Ed1976 88, 578.
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TABLE 2. Reactivity Profile of 5 as a Function of Alcohol Solvent TABLE 3. Deallylation of N-Allylamides?
(0] (o) (0] 5 mol% 0 OPr
Me. Cl 5mol%RnCl;  Me. cl o~ A RhCls H,0 | Riy g, * Mo
N — N N Re prop g7°c N R OPr
ROH, reflux H R, : H
| 5 6
entry N-allyl amide product yield (%)°
R time (h) yield (%3} o o
Me 8 18 Me. Cl Me. Cl
Et 8 90 1 N)K©/ N o2
n-Pr 4 99 H
a Assay yield determined by HPLC by reference of the reaction solution | 5 6
to a solution prepared from analytically pute. 0 )
Ph. Me Ph. Me
2 N)Kﬁ NJ\ﬁ 96
. . . . Me H Me
or HCI similarly resulted in unclean reactions. Interestingly, H Me Me
when RhC} was employed under anhydrous conditions without Il 7
added acid, the observed products wekgO-acetal 3 0o o}
and 2-pyrrolidone 4) (Table 1). This transformation has not 3 Ph. Ph.
X . - . i N N 90
been described thus far in the allylamide literature during olefin H
isomerization reactions!® and the observation of4 I o NO, 10 NO,

signaled the potential to achieve a one-step allyl deprotection

process. CL O OMe O OMe
S oIS S

4 N
5 mol% H
Cf e o 3. h
N EtOH, reflux N Me
. 8h 2 O\ )OJ\ O\ o
85% 5 N~ 0" Ph HJ\Q/\ph o3
When acyclic tertiary allylamidd was subjected to the Rh(Cl H| 14
reaction conditions in EtOH, the only observed product was 13
the deprotected amidiein 90% assay yield (Table 2). Whereas o] o
the use of MeOH as the solvent led to poor conversion and & Me.y Me. 88
only 18% assay yield 06, the use ofn-PrOH afforded6 in H
99% assay yield in 4 h. The identical reactivity profiles observed | Br 16 Br

between-PrOH andn-PrOH suggest that the observed solvent

5
. ) o}
effect reflects the function of reaction temperattre. Me. o Me. o
With these results in hand, we set out to establish the N > N > 94
generality of the reaction protocol by examining the deallylation ﬁ o o
7
M

of various tertiary amides under RhQtatalysis inn-PrOH

(Table 3). The reaction is tolerant of a wide range of steric and
electronic environments. The active catalyst, which is believed g
to be a rhodium hydride speci&ss tolerant of aromatic nitfd H
functionalities (entry 3) as well as aryl bromides (entry 6) and ﬁ 19 20
Cbz groups (entry 5). The piperonlyoyl acetal group (entry 7),

1
e O Me O

? NJ\/\Ph Ph/j\NJ\/\Ph 96

PR

Me O Me O

(9) A structure similar ta@2 was observed under HRh(P{phcatalysis 9 B -
but only derived from secondary allyl amides (ref 2b), whereas tertiary Ph/\NJ\i/\Me Ph/\HJ\i/\Me o
allyl amides were shown not to fori,0-acetals (e.g.2). There are no Me Me
known reports of products resulting from complete deallylation under Rh | 21 22
catalysis.

(10) Use of EtOH as a solvent resulted in a 4:1 ratio, whereas use of  aConditions: 0.5 M solution oN = allylamide inn-PrOH, heated at
MeOH resulted in the exclusive formation of theO-acetal. reflux. ® Isolated yield.

(11) Assay yield is determined by HPLC, comparing the reaction solution
to a solution of known concentration prepared from an analytically pure ) ) )
authentic product. as well as a potentially epimerizable center (entry 9), were also

(12) When a MeOH reaction was heated to *in a sealed tube, 2 ynaffected. For small scale work, the used mol % catalyst
reactivity similar to PrOH was observed. For relevant observations, see ref . . . . . .
2¢. was convenient for affording high yields of product in relatively

(13) For relevant observations, see: (a) Cramer).R-Am. Chem. Soc short periods of time €6 h). In cases where the cost of the

1967, 89, 1633 and references therein. (b) Trebellas, J. C.; Olechowski, J. Cata]yst or the generation of heavy metal waste is of concern,
R.; Jonassen, H. B.; Moore, D. W. Organomet. Chen1967 9, 153. (c) : :
Hirai, H.: Sawai, H. Ochiai, E.-I.: Makishima, S. Catal.197Q 17, 119, the catalyst loading can be reduced. For example, deprotection

(d) Su, A. C.Adv. Organomet. Cheml979 17, 269. These mechanistic ~ Of 7 on a 4 gscale using 2 mol % Rhglafforded8 in 95%
studies, including deuterium labeling experiments, suggest rhodium hydride yield after 14 h of reaction time.

as the active catalyst. A Rh(l) species is likely, as Rh(lll) is reduced to ; ;
Rh(l) in the presence of olefins and alcohol solvents. The Dbyproduct of these reactions was propionaldehyde

(14) Liou, K. F.; Cheng, C. HJ. Org. Chem1982 47, 3018. RhG{ in dipropyl acetal, which was found in equimolar quantities relative
the presence of alcohols and KOAc reduces nitro-arenes to anilines. to the secondary amide product as observettb)MMR of the
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crude reaction mixture. This observation suggested that anformation. Support for this hypothesis was garnered wBen
initially formed N,O-acetal undergoes acid-catalyzed acetal was converted to a 2:1 mixture 8fand4 when subjected to
exchange witn-PrOH to produce the deallylated secondary 15 mol % HCI in PrOH at 97C in the absence of a rhodium
amide. An interesting illustration of this point was the conversion catalyst (eq 4). Interestingly, this is the same ratio observed in
of allyl amide23 to a mixture of24 and25 (eq 2)15 Additional Table 118 On the basis of these results, it appears that the
evidence in support of this pathway comes from the observation essential role of the rhodium catalyst is the isomerization of
that theN,O-acetal3 in Table 1 was the kinetically observed the double bond.

product, while4 was observed only after prolonged reaction

times. © 15 mol% HC © + C‘(O @)
N e PrOH, reflux N\(\Me NH
(e} 5 mol% (@] (o] 2 90% 3 OPr @1 4
L _RACl3'H0 N N ‘
N~ Ph N"Ph o+ N PR @ - i
A MeOH, reflux H 25 In conclusion, we have developed a one-step deprotection of
3 40% 24 OMe Meo OMe acyclic N-allyl amides to secondary NH amides catalyzed by
(1:4) RhCk in alcohol solvents. The key to the success of this method

is the use of a simple rhodium complex unadorned with ligands
The conversion 08 to 4 (eq 1) and24to 25 (eq 2) suggests  and in the absence of base, such that HCl is evolved under the
the presence of acid in solution, and indeed, this was observedreaction conditions. Following olefin isomerization, at elevated
experimentally as an apparent pH of'®The acid was  temperatures, HCI catalyzes the conversion of the enamide

presumably in the form of HCI, as Rh{iberates HCl in the  intermediate to the secondary amide. This convenient procedure
presence of olefins and alcohol solvetitdhe rple _Of acid in improves the utility of the allyl group as a protecting group in
the overall transformation was probed by subjectigllyl-2- amide synthesis.

pyrrolidone () to modified conditions including 15 mol % . )
NaOPr. In this event, the substrate was rapidly converted to Experimental Section

the enamide? in 95% yield (eq 3} No other products were General Procedure.A 0.5 M solution of theN-allyl amide in
observed, even upon prolonged heating. anhydrousn-PrOH was degassed via parging, then Rhgl(5
mol %) was charged under positive, [gressure. The resulting
0 5 mol% RhClyH,0 0 solution was then heated to reflux for-8 h, until judged complete
CN( 15 mol% NaOPr Cﬁ _ 3) by TLC or HPLC. After cooling to room temperature, the solution
T PrOH, reflux ~ Me was diluted with HO, and the product was extracted with §&CH.

1 10 min, 95% 2 The NH amide could be purified by silica gel chromatography,
eluting with EtOAc/hexanes. Alternatively, the reaction mixture
SinceN,O-acetald was not observed in the presence of base, could be concentrated and directly loaded onto a silica gel column.
we speculated that under the reaction conditions, HCI is Supporting Information Available: General experimental

responsible not only for acetal exchange but also for acetal procedures and characterization®, 6, 8—14, 16, and18—22.

This material is available free of charge via the Internet at
(15) Determined by*H NMR analysis of the crude reaction mixture,  http://pubs.acs.org.
referring to reported characterization dat®dfand25: Han, G.; LaPorte,

M. G.; MclIntosh, M. C.; Weinreb, S. MJ. Org. Chem1996 61, 9483. JO070553T
After 10 h, the combined yield & and7 was~40%. Whenn-PrOH was
used as solvent, the combined yield of the analogous products-#&%. (18) After 8 h. In the presence of HCI in PrOH, enamideas rapidly
(16) Apparent pH was measured by preparing a 1:1 (by volume) solution converted toN,O-acetal2, which slowly converted to the observed 2:1
of the reaction solution and 4. mixture. In the case of lactams, the observed ratios may reflect an
(17) As was the case with the use ofEt'PrNEg, and NaCOs, the equilibrium. For example, see: Afinogenov, V. A.; Filimonov, V. D,
only observed product wak Sirotkina, E. E.Zh. Org. Khim.1978 14, 1723.
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