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Vicinal diamines constitute important functional
moieties which are present in a broad variety of
natural products, various biologically active mole-
cules, and are also used as ligands or catalysts in
organo- and transition-metal-catalyzed asymmetric
reactions.l'l Despite their extensive utility, the
development of new methods allowing efficient
preparation of 1,2-diamines remains a stimulating
challenge."? Among the methods usually em-
ployed to generate such scaffolds, the direct oxida-
tive alkene diamination presents an attractive
strategy. Moreover, although catalytic enantiose-
lective epoxidation, dihydroxylation, and amino-
hydroxylation reactions have been developed and
found a wide success in synthetic organic chemistry,
little attention has been paid to the corresponding
diamination process, and until 2005, catalytic ap-
proaches for these reactions were unprecedented.”
It should be noted that the development of an
efficient route for catalytic alkenes diamination is
usually confronted by the problem of the high
reactivity of diamines in the presence of transition metals,
which leads to metal coordination and, consequently, its
deactivation. Thus, attempts to devise catalytic approaches
must overcome this hurdle. This Highlight underscores major
developments, published in the last three years, concerning
transition-metal-catalyzed olefin diamination.

In 2005, Lloyd-Jones, Booker-Milburn, and Bar and
Muiiiz et al.>® independently published the palladium(II)-
catalyzed intermolecular and intramolecular diamination of
olefins via an aza-Wacker-type process (Scheme 1).

By employing 1,3-butadienes and alkyl ureas the con-
version of conjugated dienes to vinylic cyclic ureas was
devised by Lloyd-Jones, Booker-Milburn, and Bar™
(Scheme 1a). 1,3-butadienes were chosen as an efficient
source of electrophilic m-allyl palladium species since they
are not prone to f-hydride elimination. Alkyl ureas are less
reactive than their parent amines and, in addition, they can
direct the second amination step toward 1,2-regioselectivity.

EtHN

1
¥
(e}
A
2

b) Mufiz:

[*] Dr. R. M. de Figueiredo
Institut Charles Gerhardt Montpellier
UMR 5253 CNRS-UM2-UM1-ENSCM,
Ecole Nationale Supérieure de Chimie
8 Rue de I'Ecole Normale, 34296 Montpellier Cedex 5 (France)
Fax: (+33)4-6714-4322
E-mail: renata.marcia_de_figueiredo@enscm.fr

WILEY )
InterScience*

PhM

© 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

a) Lloyd-Jones/Booker-Milburn:
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[Pd(MeCN),Cl,] (5 mol%) xS EtN’(
Ph - NEt
DME, 6_0 °C,18h EtHN NEt Ph™ XX
oxidant: \n/ 3
NHEt O (1 atm) 78% yield or (e}

benzoquinone (1 equiv) 99% yield
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4 A 91% B: 81%

A: Pd(OAG), (5 mol%), PhI(OAC), (2.2 equiv), NMe,ClI/NaOAc (1 equiv), CH,Cl,
B: [Ni(acac),] (10 mol%), PhI(OAC), (2 equiv), NaOAc (2 equiv), DMF

Scheme 1. First transition-metal-catalyzed diamination of olefins. DME =dime-
thoxyethane, acac=2,4-pentanedione, OAc = acetoxy, Tos =tosyl.

Concerning the mechanistic pathway, the reaction with cyclic
dienes is consistent with an initial anti-aminopalladation step
(palladium(IT)-assisted aza-Wacker-type process), since no
nucleophilic substitution on the m-allyl complex would be
detected with a syn-aminopalladation.”!

Palladium-catalyzed intramolecular diaminations, have
independently been investigated by Muiiiz and co-workers
(Scheme 1b).”! Preliminary work relied on the utilization of
w-alkenyl-substituted ureas which allows a vicinal amino-
palladation. Iodobenzene diacetate is used as a stoichiometric
reoxidant to make formation of the second C—N bond
possible via palladium(II)-oxidation/nucleophilic displace-
ment.’! Although this method experienced great success
compared to the few other methods available for such
transformation, it lacks product diversification, good reaction
rates, and chemoselectivity. In 2007, the scope of palladium-
catalyzed diamination of alkenes could be extended by
replacing Pd(OAc), by nickel salts.’! Contrary to the Pd'
PhI(OAc),-system, the reaction takes place in the presence of
sulfamide, urea, and guanidine substrates.

Recently, this method was further improved by using
CuBr,”! instead of PhI(OAc),.""! Using this approach,
terminal and internal alkenes are transformed in high yields,
thus broadening the substrate scope. The synthetic applic-
ability of Muiiiz’s work has been demonstrated in the
synthesis of bisindoline™ and bicyclic guanidines"™ and,
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more recently, in the synthesis of the natural alkaloid
absouline."

The more recent palladium(0)- and copper(I)-catalyzed
intermolecular diamination reported by Shi and co-workers
represents a real breakthrough in this area.'*'*l Choosing di-
tert-butyldiaziridinone (6) as a nitrogen source, Shi and co-
workers have described the first palladium(0)-catalyzed
diamination of conjugated dienes and trienes (Scheme 2).141

(0]
Q 0
S e Pd BuN~ "NiBu
BUN-NBu  C¢4Dg, 65 °C
6 e
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ForR = Et
PdP = [Pd(PPh),] (10 mol%), 40 min, 94%
Pd° = [Pd,(dba)s] (5 mol%), L1 (22 mol%), 1.5 h, 91% (92% ee)
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Scheme 2. Diamination of conjugated dienes and trienes by palladi-
um(0) catalysis. Bn=benzyl, dba=dibenzylideneacetone.

L1=

A broad variety of substrates are suitable including both
electron-rich and electron-deficient dienes containing trisub-
stituted double bonds, and dienes containing geminal disub-
stituted double bonds. Preliminary results showed that [Pd-
(PPhy),] catalyzes the transformation in very high regio- (only
the internal double bond reacts) and stereoselectivities."!
When conjugated trienes are submitted to the reaction
conditions the diamination takes place at the central double
bond. In the same year, an asymmetric version of this study
was described. It proceeds through a chiral monophosphine-
based system to afford various optically active cyclic ureas in
high yields and enantioselectivities (up to 95% ee).!'> This is
the first catalytic asymmetric diamination process for olefins
and the reaction requires only 5mol% of [Pd,(dba);] and
22 mol % of phosphoramidite ligand L1 (scheme 2).

Although more studies have to be carried out concerning
the mechanism, Shi et al. consider that the first step is the
addition of Pd’ into the N—N bond of the diaziridinone 6 to
give rise to the intermediate A (Scheme 3). After coordina-
tion with the diene and a migratory insertion, the m-allyl
palladium complex C formed is converted into the desired
product via a reductive elimination to regenerate the Pd’
catalytic species. Since different regioselectivities are ob-
tained with Pd" (see Scheme 1a) and Pd" catalysts, a distinct
pathway for each case is assumed. Moving to N-heterocyclic
carbene ligands requires a lower catalyst loading (5 mol %)
and very good enantioselectivities are reached (up to
91 % ee), although longer reaction times (12h) are need-
ed.[16'17]
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Scheme 3. Mechanism proposed for palladium(0)-catalyzed diamina-
tion.

In their search for new catalytic systems, Shi et al. have
devised a copper(I)-catalyzed approach (Scheme 4).1%2" In
this case, the diamination occurs at the terminal double bond
of a wide number of conjugated dienes providing comple-
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o)
+ cu' tBuNJ(

BUN-NBu 10 mol% R/\/K/NB“

6 50 - 93% yields

RM

R = Me, Ar, 2-heteroaryl, CO,Me, E/\C5H11

For R =Ph
Cu' = CuCl, P(OPh); (10 mol%), CgDg, RT, 6 h, 75%
Cu' = CuCl, L2 (5.5 mol%), CgDgltoluene, 0 °C, 20 h, 9% (65% ee)

o
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Scheme 4. Copper(l)-catalyzed diamination of conjugated dienes and
trienes.

L2= Ar' = 3,5-(Bu),-4-MeOCgH,

mentary regioselectivity to the Pd’-process. The optimal
reaction conditions require 10 mol % of CuCl/P(OPh); (1:1).
Generally, very high regioselectivities and good yields are
obtained. Very recently, the synthetic efficacy of such cheaper
and milder conditions has been further improved with the
development of an asymmetric version.'] In the presence of
10 mol % of CuCl and 5.5 mol % of ligand (R)-dtbm-segphos
(L2; Scheme 4) a variety of conjugated dienes and a triene
could be regio- and enantioselectively diaminated at the
terminal double bond in good yields (up to 93 %) with 62—
74% ee.’)] The substrate scope of the reaction was further
enlarged by the copper(I)-catalyzed intermolecular diamina-
tion® of activated terminal olefins and cycloguanidination®!
of trienes, dienes, and terminal olefins. These reactions are
highly regioselective as only the terminal double bonds are
diaminated and cycloguanidinated.

Concerning the mechanism,"®) Shi etal. presume a
transition-metal-catalyzed radical process in which the CuCl
reduction of the N—N bond of the nitrogen donor forms a
radical species D (Scheme 5). Addition of D to the double
bond gives rise to intermediate F which undergoes homolytic
Cu—N cleavage to generate the new C,;—N bond.
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Scheme 5. Catalytic cycle proposed for copper(l)-catalyzed diamina-
tion.

Having made major achievements in palladium(0)- and
copper(I)-catalyzed diamination of olefins, Shi and co-work-
ers then developed the first asymmetric homoallylic and
allylic diamination of alkenes via a C—H functionalization
step (Scheme 6).”*%! In the reaction di-tert-butyldiaziridi-

o
o
RN+ Pd® tBuN” “NfBu
BUN-NBu  65°C
6 R —

50-93% vyields
R = Et, iPr, CsHyq, CgHia, Ph, Bn, CH,OR, CH,N(Me)Bn,
CH(OTMS)Me, $7° CgHy,
ForR=Ph

Pd° = [Pd(PPhs),] (5 mol%), 7 h, 90%
Pd° = [Pd,(dba)s] (5 mol%), L3 (22 mol%), 6 h, 80% ( 90% ee)

Me Me
o}

L3= P-N
/

(T el

Scheme 6. Catalytic asymmetric allylic/homoallylic C—H diamination
of terminal olefins. TMS =trimethylsilyl.

none (6) is used as a nitrogen source and the catalyst is
generated from [Pd,(dba);] and ligand L3 (Scheme 6). Good
yields and high diastereo-, regio-, and enantioselectivities (up
to 94% ee) are obtained. In addition, a broad variety of
terminal alkenes, mono-, and 1,1-disubstituted olefins are
suitable for this transformation. Notably, bisdiamination of
terminal diolefins can also proceed stereoselectively in one
step (one diastereoisomer, 95% ee; Scheme 7). The same
reaction using a diene strategy (see Scheme 2) would require
the synthesis of sensitive tetraenes.

Although the mechanism requires further studies, Shi and
co-workers have proposed a plausible catalytic cycle which is
depicted in Scheme 8. The opening of the strained N—N bond
of 6 with Pd° gives rise to a four-membered Pd" species A
which complexes with olefin 10 to afford intermediate G. The
formation of diene 11 takes place upon removal of the allylic
hydrogen from G allowing a m-allyl Pd complex H which at
the same time regenerates the Pd’ catalyst after f-hydrogen
elimination. The intermediate B is then obtained through the
reaction of diene 11 with A which is, after migratory insertion,
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Scheme 7. Catalytic asymmetric allylic/homoallylic C—H diamination of
1,7-octadiene.
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Scheme 8. Catalytic cycle proposed for allylic/homoallylic C—H diami-
nation.

converted into m-allyl palladium complex C. Finally, C
undergoes reductive elimination and the final product is then
obtained together with the palladium(0) catalyst.

In conclusion, these studies on the transition-metal-
catalyzed diamination of olefins are very significant. The
examples presented herein show breakthroughs in this
research that are important, not only because it is the first
time that such a desired transformation has been realized, but
also because asymmetric versions have been developed in
which high levels of asymmetric induction has been achieved.
Diaminations reported by Lloyd-Jones/Booker-Milburn and
Muidiz involve a palladium(I)-catalyzed aza-Wacker-type
process and asymmetric versions have not yet been devel-
oped. The palladium(0)- and copper(I)-catalyzed diamination
described by Shi and co-workers provides a completely new
approach to diamination. They were also the first group to
devise catalytic and asymmetric diamination processes. Nota-
bly, they have assigned the possibility to address the
regioselectivity of diene diamination by simply switching the
catalytic system. Impressive high regio- and enantioselectiv-
ities are obtained and, generally, the cyclic ureas are isolated
in excellent yields. Even more impressive, Shi and co-workers’
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allylic’homoallylic diamination of alkenes via a C—H func-
tionalization represents a real step forward in this field. The
efficiency of this catalytic system lies on the conversion of
simple terminal alkenes into conjugated dienes in situ besides
being highly enantioselective. Undoubtedly, this intriguing
transformation is among the most useful recent discoveries in
synthetic organic chemistry. Such reactions have become a
valuable tool for C—N bond formation which will have a
major impact on future work including transition-metal
catalysis. Thus, it can be expected that such results will
stimulate their application in synthetic strategies for elabo-
ration of more complex molecules bearing the 1,2-diamine
moiety.
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