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ABSTRACT
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The first examples accounting for the catalytic deprotection of allylic amines by using reagents different from palladium catalysts have been
achieved via Grubbs’ carbene-mediated reaction. The current mechanistic hypothesis invokes a nitrogen-assisted ruthenium-catalyzed
isomerization, followed by hydrolysis of the enamine intermediate. We believe that an unprecedented mode of ring opening of the ruthena-
cyclobutane was involved.

Neither improvements in selectivity nor the invention of new compound found broad applications in both organic and
reactions have lessened the dependence of modern organipolymer chemistry. Here we present a new, synthetically
chemistry on protecting groupsAllylic protecting groups simple, and general method toward N-deallylation of amines
and their removal through catalytic palladiurrallyl meth- by using Grubbs’ carbene. To our knowledge, there are no
odology have recently received growing attenfi@specially examples of the catalytic deprotection of allylic amines that
in the field of peptide chemistry. Allyl carboxylates, carbon- do not use a palladium catalyst. In addition, reactions
ates, carbamates, ethers, and amines have been successfulyoviding a straightforward rupture of-€N bonds are raré.
deallylated. However, this methodology requires the presence In our ongoing project in the asymmetric synthesis of
of both the palladium catalyst and a nucleophilic compound potentially bioactive products throughlactams] we found

as an allyl group scavenger. On the other hand, the chemistrythat in some cases the isomerization to the internal double
of late transition metal carbene complexes has recentlybond in aN-allyl amide is favored versus ring-closing
received much attention, primarily as a result of the high metathesis (Scheme 4)On the basis of these results we
catalytic activity of phosphine and imidazolidine ruthenium assumed that successful catalytie-lg cleavage from an
carbene complexes in olefin metathesiBhe most useful
Ru carbene in this series is Grubbs' catalysi{(@lsP),Ru=
CHPh, bearing a benzylidene ufiBeing highly active and

Scheme 1
remarkably tolerant to common functional groups, this
H H QH R’ H H QH R?

T Permanent adress: Department of Chemistry, Faculty of Science at R'0 ~ Grubbs' carbene R'O ~
Qena, South Valley University, Qena, Egypt. " - . "

(1) For areview, see: Jarowicki, K.; Kocienski,J?Chem. Soc., Perkin o N\/\ CH,Cly, reflux G N
Trans. 11999 1589.

(2) For a review, see: Guib&. Tetrahedron1998 54, 2967. f n=0,1

(3) For some recent reviews, see: (a) Grubbs, R. H.; Trnka, TAdd. R'=CHs, Ph
Chem. Res2001, 34, 18. (b) Fustner, A.Angew. Chem., Int. E00Q HHH R? = COCHj, Ph
39, 3012. (c) Buchmeiser, M. Chem. Re. 2000 100, 1565. (d) Fustner, R'O = )
A. Synlett1999 1523. (e) Wright, D. LCurr. Org. Chem.1999 3, 211. ",
(f) Grubbs, R. H.; Chang, Setrahedron1998 54, 4413. (g) Armstrong, G N /R

S. K.J. Chem. Soc., Perkin Trans1998 371. (h) Schuster, M.; Blechert,
S. Angew. Chem., Int. Ed. Endl997, 36, 2036.

10.1021/0l0167412 CCC: $20.00  © 2001 American Chemical Society
Published on Web 10/19/2001




Table 1. Use of Grubbs' Carbene as Reagent for N-Deallylation
R! ~F Grubbs arbene R! _H

N ———— Ty
R? toluene, reflux R?
1 2
entry substrate t(h) product yield (%)
[¢]
1 Mea bl HA 2 vea b bA 73
(+)-1a H H (+)-2a "
N N
o PMP| d PMP
H H
Me )
2 (+)-1b H 0.5 49¢
o N\H [
|
|
3 0.5 74
4 5 77
5 4.5 75
6 4.5 (+)-2f HA 78
H 1
3<° :
7 --1g 4 2 --2g H 69
H H
22N S
PhCH,. N PhCH; N,H
8 1h CHoPh 3.5 2h CH,Ph 77
CH:;,N CH:;\N,H
9 1i CHoPh 1.5 2i CH,Ph 78

a All reactions were carried out on 1 mmol scale. PMP-MeOGH,. ° Yield of pure, isolated product with correct analytical and spectral daa.
additional 30% of RCM product was isolated as well.

enamine intermediate can be attained by using allylaminesdeprotection of allylamines. The treatment of tertiary allyl-

as a substrat®. amine (t)-lain the presence of 5 mol % &CysP)LRu=
An investigation of this chemistry led to the discovery that CHPh in toluene at 11%C for 2 h gave a deallylated product,

Grubbs’ ruthenium carbene is an efficient catalyst for the isomerically pure secondary aminé-)2a, in an isolated
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yield of 73% after chromatographic purification. Tertiary || NG

allylamines bearing a variety of substituents were smoothly Scheme 3
catalytically deallylated by Grubbs' carbene to give the

1 — 1
corresponding N-deprotected amir®&@able 1)'° Aromatic R*N:\/ _LoRu=CHPh R"N:\7RUL“
as well as aliphatic amines were amenable to this novel R R
deallylation reaction. The only exception was 1-allyl-2- ! 3
phenyl indole, which gave recovered starting material *1
together with a complex mixture of products in which the R
deallylated product was a minor component; this could be R!N'H 50, R' A RZ,N RuL
due to steric hindrance. Attempts to effect the reaction at g2 T gz 3 }1—1 "
temperatures lower than BC (refluxing dichloromethane) 2 7 gz

notably increased the reaction time. The deallylation reactions
of compounds £)-1b (entry 2) and {)-1c (entry 3) with

the ruthenium catalyst deserve special mention, because we ] . ,
have previously reported the ring-closing metathesis of intermediate5 or 7 in the presence of a catalytic amount of
related-lactam diene substrafésndla—b are susceptible Grupbs’ carbene. Thl§ mechanlstlgally informative result was
to both reaction pathways. Of interest is the ability of Grubbs’ Provided by monitoring the reactions betwegd and 1h
carbene for the selective deprotection of allylamines in the With Cl(CysP)Ru=CHPh by'H NMR spectroscopy. Indeed,

presence of allyl ethers (entry B)competing favorably with  We observed disappearance of the terminal vinyl group and
the zr-allyl palladium deallylation methodology. a comparable rate of appearance of a methyl group, pointing
It may be reasonable to postulate that a nitrogen-assisted® Scheme 3 as the correct mechanism. Intermediate metalla-

ruthenium-catalyzed isomerization to a more stable olefin pyclobutaneﬁ evolve through a retro metathesis-like reaction

took placet3followed by hydrolysis under chromatographic involving the cIeavage of bonds other thqn thosg accoun_ting
work up of the enamine intermediate to the NH-amine. From for the cycloreversion in the metathesis reaction to give
a mechanistic point of view, our results could be explained €namines’ and the metal-carbene compl8xFragment3

as illustrated in Scheme 2 or Scheme 3. Intermediates generated in this way could react with a new molecule of

can account for this catalytic cleavage reaction. allylaminel, being involved again in the catalytic cycle. Not
unexpectedly, enamine&l and 7h were characterized by

_ the IH NMR spectra of the crude reaction mixtures as a

mixture of two isomers.

Scheme 2 Grubbs’ catalyst is known to be moderately termally

RIg™~  LiRu=CHPh Rl R unstable, and the thermolytic half-live of Grubbs' carbene
R? R2 was reported to be 8 days at 55.14 It should be mentioned

1 3 that we used an experimental trick that proved to be very
L efficient in our previous report on RCM,namely, Grubbs’

carbene was added in small portions every 20 min (5 mol

RTN,H S0, R1,N/\ RTN/\/RuHLn % is the overall amount of all the portions). In this way, the

R2 B2 I catalytic species is continuously being renewed by fresh

2 5 4 Grubbs’ carbene.

In conclusion, Grubbs’ carbene efficiently catalyzes the
deprotection of tertiary allylic amines. In addition to the

To probe the correct mechanism (Scheme 3) we must shownovelty of the method, it is general, selective, and syntheti-
that an allylamine does give the corresponding enamine cally simple, offering the first ruthenium-catalyzed deallyl-
ation of allylamines. We believe that this-®l bond cleavage
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preparation of enantiopure indolizidines, see: (a) Alcaide, B.; Almendros, (c) Furstner, A.; Thiel, O. R.; Ackermann, L.; Schanz, H.-J.; Nolan, S. P.
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