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Nitrogen heterocycles containing the vicinal diamine unit are Scheme 1

ubiquitous_ in biologic_ally ac_tive small moleculgs and are also L N Vi
common ligands for inorganic as well as organic catalygis. NH H+ N i N
X-NHen “H X- H X-NBn
n NHBn

intramolecular alkene diamination offers a direct method for the

synthesis of cyclic vicinal diamines. Herein is presented the first 7apje 1. Olefin Diamination Reaction Optimization?

intramolecular diamination of unactivated olefins. This method is _ Cu"base

general for the formation of both five- and six-membered hetero- @\/ solvent, 90 °C @\/3\,
.. . . NH N

cycles, and substrate-based asymmetric induction has been achieved. —_— x-NBn

The direct diamination of olefins is an important method for the XNHen 48h
synthesis of 1,2-diaminésnd is analogous to the highly useful 1%,))((2%86 32',%((2886
olefin dihydroxylation reactiod.Current methods for the intermo-
lecular olefin diamination are primarily limited to the use of My tether Cu'lequi)  base(2equv)  solvent” 9% yield
stoichiometric amounts of late transition metal salts, which are both >>§ = 2% guggﬁc)ﬁ ggg Ezzg% gl—-liFCN zslg
. : ; R = u(OAC) (1.
expensive and toxiz A Pd'-catalyzed intermolecular diamination X—50, CU(OACY (L2) KGO, DM3F 28

has been reported recently; however, this method is limited to
conjugated diene substrafdVe sought a solution to this problem
using an inexpensive alternative to bring about the diamination of

X=S0, Cu(OAch(1.2) K,COs DMF/DMSO 92
X=C=0 Cu(OAc)(1.2) K,CO; DMF/DMSO  no rxn
X=S0, Cu(OAcy(1.2) CsCO;  DMF/DMSO 84

Co~NOOUThWNE

isolated alkenes X=S0, Cu(OAck(1.2) none DMF/DMSO 34
W o ('j the diaminati d fimally Vi X=S0, Cu(OTfr(1.2) K:COs DMF/DMSO  no rxn
e envisione e diamination would occur optimally via an X=S0, CuR(12) KoCOs DME/DMSO  no rxn

intramolecular strategy, where the two nitrogen nucleophiles are 10 x=S0, CuOAc (1.0) KCO3 DME/DMSO 22
tethered (Scheme 1). In this reaction design, a transition metal must 11  X=S0,  CuOAc (3.0) KCO, DMF/DMSO 54
activate the olefin toward nucleophilic attack by the first nitrogen,
then become displaced by the second nitrogen nucleophile (a net10
M2 — M" reduction). An intramolecular aminocarbonation

reaction recently discovered in ours labs indicated that copper(ll) shown previously to provide aminohalogenation rather than diami-
could perform such oxidative cyclization chemistry. nation producté. Treatment of sulfamidela with CuOAc (3.0
Gratifyingly, we found that Cu(OAg)is an excellent promoter  equiv) under argon atmosphere (to prevent air oxidation df Cu
for the intramolecular diamination of olefins using sulfamide provided 54% of the cyclized produ2g, while the reaction ofa
substrates, such ds (Table 1). Treatment oR-(2-allylphenyl)- with 1 equiv of CUOAc gave only 22% @fa. The partial conversion
N'-benzyl sulfamidelawith Cu(OAc) (1.2 equiv) in the presence  can be explained by the disproportionation of CuOAc to Cu(QAc)
of K,COs at elevated temperature (SC) provided the desired  and CJ, thus enabling the oxidative cyclizatiériThis oxidative
diamination adducRa in up to 92% yield. We screened several cyclization requires a stoichiometric amount-@ equiv) of Cu-
solvents, bases, and copper(ll) salts in order to define the reaction(OAc), for optimal conversion. Copper(ll) acetate is inexpensive
parameters. We found the polar solvent DMF to be superior to THF and relatively nontoxic. Cross-coupling and oxidation methods
and CHCN, and added DMSO increased the reaction yield in DMF, mediated by stoichiometric and, in some cases, catalytica®e
possibly due to increased Cu(OAsplubility (entries +-4). These of recognized importance in organic synthésis.
reactions were conducted in pressure tubes, and stirring was With the optimized reaction conditions in hand, a variety of
controlled so as to keep the copper salt in solution. The sulfamide substrates were surveyed to explore the scope of the reaction (Table
functional group proved to be a significantly superior dinitrogen 2). The intramolecular diamination reaction occurred with complete
source compared to the uréd, possibly indicating a sensitivity  regioselectivity (exo vs endo cyclization) in all cases, generating
to the electron density or coordinating ability of nitrogen (compare the smaller ring size. Both five- and six-membered rings can be
entries 4 and 5). Use of base (2 equiv) was also necessary forformed efficiently. These substrates required3lequiv of Cu-
optimal conversion (compare entry 7 to entry 4, Table 1), apd K (OAc), and a temperature range of 9020 °C for optimal
CO; proved slightly superior to GEOs. conversion. The geminal disubstituted aliphatic an@nederwent
The nature of the ligands and the oxidation state of copper conversion to cyclic sulfamidel in 73% yield. The styrenyl
profoundly affect the reaction outcome. Copper(ll) acetate was substrates provided the benzylic diaming&in 56% yield. Geminal
infinitely superior to Cu(OTfand Cuk; as no diamination product  olefin substitution is also tolerated. The 1,1-disubstituted oléfin
was observed in the crud# NMR spectra of the latter two  provided the tertiary amin8 upon cyclization in 57% yield. The
reactions (entries 8 and 9, Table 1). Other copper(ll) halide salts allylic alcohol substrat® provided the diamination produt® with
(CuBr,, CuCh) were not further investigated as they have been >20:1 diastereoselectivity (71% yield). This example also illustrates

aPressure tube, Ar atmosphere, dry solveit/hen DMSO was included,
equiv was used.Remainder of material is recovered substrhte
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Table 2. Intramolecular Diamination of Olefins?
entry  substrate product(s)? yield (%)°
19 . 73
NH R >(R~;‘NBF‘I
on‘NHBn 02
3,R=H 4
| NBn
2d H N-SO, 56
N.g NHBn
5 % 6
Me
NH 's-NBn
7 %S\, 8 02
OH OH
NH Ne_NBn
9O%SNBn 10 O

selectivity = >20:1

59 83

6d

selectivity =12 : 1

aReaction conditions: 3 equiv of Cu(OA¢R equiv of KCOs, DMF
(0.08-0.1 M), DMSO (10 equiv), 90C, 48 h.? Selectivity determined by
analysis of the crudéH NMR spectrum and by amount of the isolated
adducts® Yield refers to amount of product isolated by chromatography
on silica gel.d Reaction was conducted at 120.

that an acid-sensitive group (a benzylic, allylic secondary alcohol)
can survive the mild diamination reaction conditions.

The isoquinolinel2 was formed in 83% yield upon cyclization
of the 2-allylbenzylamine sulfamidel. Cyclization of the branched
benzylic sulfamidel3 led to a 1.2:1 mixture of diastereomeric
isoquinolines14 and 15, albeit only in 34% vyield. Reaction of
substratel 3is both entropically and sterically challenging, and side
reactions included loss of the substrate’s sulfamide group (Bn-
NHSO,—) under the reaction conditions.

The transmethyl-1,2-disubstituted olefin derivative 8f(R =
Me) andN-benzyIN'-(2-cyclopent-2-enylethyl)sulfamide failed to
provide the diamination products; primarily starting compounds with
and without the sulfamide group were obtained. Clearly, steric
hindrance on the terminal position of the olefin affects the reactivity
of the substrate.

The free diamine can be obtained by reduction of the sulfamide
with LiAIH 4 (cf. 2a— 16, 93% vyield).

LiAIH4, THF,
N reflux
g-NBh — H
0, 93% 16

NHBn
2a

A working hypothesis for the diamination mechanism is proposed
in Scheme 2. The reaction is likely initiated by coordination of the

Scheme 2
©\/v/ +Cu(OAC), @(V/ oo
NH - . N-CuOAc _
1aog's.NHBn -HOAc 17725 NHBn
O o N
18 O?S~N:|3ljr;OAc -HOAc 2a N.%—?NBn

sulfamide nitrogen to Cu(OAg)providing intermediatd 7. Migra-
tory insertion would then form the new%N—C bond, givingl847
The organocopper specié8 may undergo ligand exchange with
the remaining nitrogen, followed by reductive elimination, providing
sulfamide 2a. Yet another mechanistic scenario would involve
homolysis of the carboncopper bond ofL8 followed by copper-
(I)-promoted oxidative coupling for NC bond formation.

The method communicated herein expands the olefin diamination
concept to include an intramolecular process and new copper(Il)
chemistry, thereby yielding a number of cyclic diamines. The cyclic
sulfamide adducts are valuable entities to medicinal chemistry and
material sciencé,and the free diamine is easily liberated using
LiAIH 4. Further expansion of the substrate scope and mechanism
studies are underway.
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