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NIS/Phl(OAc),-Mediated Diamination/Oxidation of N-Alkenyl
Formamidines: Facile Synthesis of Fused Tricyclic Ureas

Jun Zhang,*™ Weijie Wu,”

Abstract: Facile synthesis of bicyclic ureas by NIS/
PhI(OAc),-mediated diamination/oxidation of N-alkenyl
formamidines is reported. Bulky aromatic groups such as
2,6-diisopropylphenyl and mesityl and alkyl groups were
tolerated towards the process. Several control experi-
ments have been performed, and the reaction outcomes
indicate that the oxidation process is probably concerted
with the diamination cyclization, and succinimide generat-
ed from NIS-mediated aminoamidiniumation step promot-
ed the PhI(OAc),-mediated oxidation step. The new meth-
odology provides an efficient method for the synthesis of
fused tricyclic ureas.

\ /

Vicinal diamines occur in a variety of bioactive molecules and
natural products, and serve as building blocks in organic trans-
formations as well as chiral ligands for stereoselective synthe-
sis.l"! Direct difunctionalization of alkenes is clearly an attractive
route to generate vicinal diamines,”’ and, since 2005, increas-
ing attention has been paid to the development of efficient
catalytic procedures for Pd"™-" Cu"-* Ni'-® and Au'-mediated®
intramolecular diamination of alkenes. Very recently, metal-free
difunctionalization of alkenes has also been established to cir-
cumvent the toxicity and cost associated with metal catalysts.
Muhiz et al. reported the intramolecular diamination and ami-
nooxygenation of alkenes with N-sulfonyl ureas in the pres-
ence of the iodonium reagent IPy,BF, (Py = pyridine).® Widen-
hoefer et al. further employed N-iodosuccinimide (NIS) as an
efficient promoter for the intramolecular diamination and al-
koxyamination of alkenes with N-sulfonyl ureas” Hennecke
et al. also reported an intramolecular anti-selective diamination
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reaction of alkenes in the presence of NIS.® Recently, Mufiz
et al. presented the intramolecular diamination of alkenes with
N-Boc sulfamides and N-sulfonyl ureas employing bromide cat-
alysis with sodium chlorite as an oxidant” Michael et al. re-
ported an intramolecular aminooxygenation of alkenes with
ureas using Phl=0 and an acid promoter.!® Wirth et al. also
developed the stereoselective aminooxygenation of alkenes
with ureas using an Arl(OAc),/acid system."" Chang et al. em-
ployed Phl(OAc), and a halide additive to improve the intramo-
lecular diamination of alkenes with N-sulfonyl ureas.!'?

Most employed alkene substrates in these processes are
those having a second N-sulfonyl or N-carbamate substituent,
and very few cases involved those with a second N-alkyl or N-
aryl substituent. N-alkyl or N-aryl bicyclic ureas could be ob-
tained by Cu"-mediated intramolecular diamination of an
alkene,” but excess metal oxidant, a high temperature, and an
extended reaction time are required to achieve considerable
yields (a, Scheme 1). Metal-free methods for intramolecular dia-

a) Cu(ll)-catalyzed diamination of alkenes with N-alkyl, or N-aryl urea
CuY; (3 equiv),
K>COj3 (2 equiv)

C§j/ N R solvent, 90-120 °C, 48 h MMR

CuY, = Cu carboxylate fe)
R = alkyl or ary[ up to 69 %

b) Metal-free diamination and aminooxygenation of alkenes with N-aryl urea

o Ph
Arl(OAc), Ph@j
TMSOTf N N N fo)
—_—
N Ar Solvent, \[( ~Ph ©f \|(
78°C X Ny,
15 % 15-45 %

Solvent: CH3;CN
AgOTF (20 mol%), Ph@_\
NIS (2 equiv) PH N O
A" “toluene, 25 °C, 14 h N
N‘Ar

83 %

Solvent: CH,Cl,

c) This work: NIS/Phl(OAc),-mediated diamination/oxidation of formamidines

NIS (1.2 equiv) R
Phi( OAc) (2 equiv) N__N<g
—N-R CHZCIZ 25°C,1-3h Y
O
R = alkyl or Ar up to 81 %

Scheme 1. Intramolecular diamination of alkenes with N-alkyl or N-aryl sub-
strates.
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mination of alkenes with N-alkyl or N-aryl ureas are still rare
and often suffer from the formation of aminooxygenation
products and poor yield (b, Scheme 1).7™"

Recently, we have developed several synthetic strategies for
the facile preparation of various N-heterocyclic carbene precur-
sor azolium salts starting from formamidines."® Formamidines
could be prepared readily from one-pot condensation reac-
tions of two primary amines and orthoformate, and have only
two nitrogen reactive sites (Scheme 2). Therefore, we envisiond

RNH, H
HC(OEt); HOACc ( cat.)
Ar-NH Ar—Ng OEt| ————— Ar—N__N-R
% 120-140 °C [ e ] 140-160 °C ~F
R = alkyl or aryl

Scheme 2. Synthesis of N,N'-disubstituted formamidines.

that formamidines could be used as nitrogen sources for the
intramolecular diamination of alkenes. Herein, we report an un-
precedented NIS/PhlI(OAc),-mediated diamination/oxidation of
N-alkenyl formamidines for the synthesis of bicyclic ureas, in
which succinimide generated from the NIS-mediated aminoa-
midiniumation step promoted the PhI(OAc),-mediated oxida-
tion step (¢, Scheme 1).

Very recently, we found an efficient NIS-mediated aminoami-
diniumation of amidines for the synthesis of bicyclic imidazoli-
dinium salts (Scheme 3).'" Besides NIS, Phl(OAc), has also

/% ol

NIS (1-2 equiv)
_——

< R23\“—N__N-
R23 \_NYN_R1 toluene, 25 °C, \f R
f 1-3h R
R
R'-R3 = alkyl or aryl up to 77 %

R4=HorPh,n=1o0r2

Scheme 3. NIS-mediated aminoamidiniumation of amidines.

been widely employed in both transition metal-catalyzed and
Lewis acid-promoted intramolecular difunctionalization of al-
kenes, due to its high oxidation potential. Therefore, we fur-
ther examined the reactivity of NIS towards the process in the
presence of PhI(OAc),. Interestingly, combining NIS with
PhI(OAc), as oxidant led to unexpected formation of bicyclic
ureas 2 (Table 1). It was shown that bulky aromatic substitu-
ents such as 2,6-diisopropylphenyl and mesityl groups (for 2a
and 2b, Table 1) and alkyl groups (for 2c-2e, Table 1) were tol-
erated towards the process. Introducing a methoxy group in
the N-aryl substituent resulted in a substrate with lower reac-
tivity (for 2f and 2g, Table 1), while, with formamidines 1h
and 1i bearing a methyl group in the N-aryl substituent, the
method proved to be more efficient, and the desired products
1h and 1i were formed in good yields (for 2h and 2i, Table 1).
This result indicates that the presence of a methoxy group in
the N-aryl substituent probably led to a lower stability of the
intermediate and/or product. Unfortunately, the methodology
did not work with N-4-pentenyl formamidine 1j (Entry 10,
Table 1). The structure of 2d was identified by NMR spectro-
scopic comparison with an authentic sample.""!
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Table 1. NIS/Phl(OAc),-mediated diamination/oxidation
formamidines: facile syntheses of fused tricyclic ureas.”’

of N-alkenyl

/ NIS (1.2 equiv) J
PhI(OAc); (2 equiv) \
/' NN_N-R' CH,Cl, 25°C R/ NN R
< / oCly Y
R2\= 0
H
1 2
Entry Starting Material Product [%]®
/
1 H 1a N__N-Mes 2a (81)
N__N-M
N es o
/
2 H 1b N__N~pipp 2b (58)
N__~N-Dipp
o}
/
3 H 1c N__N-cy 2c (52)
N__N-C
e N-Cy 3
/
4 H 1d N__N-gn 2d (77)
N_N-B
~N-Bn o
/
5 H e N NAS a6
N_ N \[(])/

eO

1f N-Mes 2f (35)

(o)}
=
[0}
o)

ZT N ZT L\
4
z
=
(]
w
=
p4
o=

Meo\@?‘_\N
~Ar
7 MeO N-Ar 19 L( 29 (30)
Ar = 2,6-Et,-Phenyl Ar = 2,6-Ety-Phenyl
/ Me
8 H 1h NYN‘Bn 2h (81)
Me N _N-Bn o
/ Me
9 H 1i N N-Mes 2i(77)
Me N_~N-Mes
(0]
Ph
en_~ P“@_\
10 Ph H 1j N N\Dipp 2j(0)
N_~N-Dipp 1)(

[a] Reaction conditions: 1 equiv of NIS, CH,Cl, (0.1 m), 25°C, 2-3 h. [b] Iso-

lated yields.

A plausible reaction mechanism for the NIS-mediated amino-
amidiniumation is as follows (Scheme 4)."¥ Formamidine
1 reacts with NIS to afford an N-iodinated formamidine A, the
N-I group of which further oxidizes the double bond of the
alkene to form a cyclic iodinium ion B. Intermediate B subse-
quently undergoes a nucleophilic backside attack of the nitro-
gen atom to give cyclic formamidine C. Intermediate C under-
goes amidiniumation and closes the second ring to generate
aminoamidiniumation product 3.

Several control experiments were designed to investigate
the mechanism of the unexpected diamination/oxidation pro-
cess. Firstly, aminoamidiniumation product 3a, prepared from
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Scheme 4. Proposed reaction mechanism.

NIS-mediated aminoamidiniumation of 1a, was treated with
PhI(OAc), (2 equiv), and a low yield (30%) was obtained
[Eqg. (1)]. Considering the transformation of NIS into succini-
mide during the aminoamidiniumation process and the poten-
tial reactivity of succinimide towards Phl(OAc),*'* we further
reacted 2a with PhI(OAc), (2 equiv) in the presence of succini-
mide (1.2 equiv), and an improved yield of 51% was achieved
[Eq. (2)]. Although the yield is still lower than that obtained
under the reaction conditions of the one-pot diamination/oxi-
dation of 1a, it should be noted that succinimide, a byproduct
generated from the NIS-mediated aminoamidiniumation step,
promoted the PhI(OAc),-mediated oxidation step. The method
also worked for the transformation of monocyclic imidazolidini-
um salt 4 into the corresponding monocyclic urea 5 [Eq. (3)].
Next, urea 6 was subjected to the standard reaction conditions
of the diamination/oxidation process, and the desired product
2d was not observed. This excludes the possibility of oxidation
of the C1 atom occurring as the initial step [Eq. (4)]. Finally,
PhI(OAc), (2 equiv) itself could not transform formamidine 1a

into urea 2a [Eq. (5)].
I PhI(OAC), (2 equiv) g?\l_\N
Tl - 1
m\/_/\N‘Mes CH,Cl, 25 °C, 8h o Mes )

o
3a 2a (30 %)
0PN "S0
- H (1.2 equiv)
I PhI(OAG), (2 equiv) @j
. N_ N- 2
m\;\N‘MeS CH,Cl, 25 °C, 8h N Mes @
o)
3a 2a (51 %)

oA o
- H (1.2 equiv)
N/ \N+ PhI(OAc), (2 equiv) Mes’NYN‘MeS @)
Mes™"\7""Mes " cH,cl, 25°C, 3h o)
4 5 (44 %)
/
NIS (1.2 equiv) @_\
H H Phi(OAc), (2 equiv)
N_ N
N_ _N-B B 4
Y CH,Cly, 25°C, 8h Y B @
o o}
6 2d

Chem. Asian J. 2015, 00, 0-0

These are not the final page numbers! 22

www.chemasianj.org

CHEMISTRY

AN ASIAN JOURNAL
Communication

/
} PhI(OAc), (2 equiv) m;N*Mes (5)

N.__N-Mes CH,Cl,, 25 °C, 8h 3

1a 2a

These reaction outcomes indicate that the oxidation process
is probably concerted with the diamination cyclization, and
succinimide generated from aminoamidiniumation step pro-
moted the oxidation step. The diamination/oxidation process
presents a sustainable synthetic strategy to improve the syn-
thetic efficiency and allows the byproduct of one reaction to
be used to promote another reaction in a one-pot reaction.

The synthetic utility of fused tricyclic ureas 2 was preliminari-
ly investigated. Imidazolidine-2-thiones have been reported to
exhibit a diverse range of biological and pharmaceutical activi-
ties,™ and represent excellent ligands in bioactive coinage
metal complexes."® Treatment of 2d with Lawesson’s reagent
smoothly afforded the desired thiourea 7 (Scheme 5).

Lawesson's Reagent

@;\ BN “toluene, reflux, 24h Y Bn

o S
2d 7 (49 %)

Scheme 5. Transformation of urea 2d into thiourea 7.

In conclusion, we present an unprecedented NIS/Phl(OAc),-
mediated diamination/oxidation of N-alkenyl formamidines for
the synthesis of fused tricyclic ureas, in which succinimide gen-
erated from the NIS-mediated aminoamidiniumation step pro-
motes the Phl(OAc),-mediated oxidation step. The resulting tri-
cyclic urea could be readily converted into a tricyclic thiourea.
The methodology provides efficient ways for the facile synthe-
sis of fused tricyclic ureas and fused tricyclic thioureas.

Acknowledgements

Financial support from Shanghai Pujiang Talent Program
(11J1402500), the Shanghai Municipal Committee of Science
and Technology (11JC1402600), National Basic Research Pro-
gram of China (973)-2010CB833302, and the National Natural
Science Foundation of China for financial support (21171056,
u1162111 and u1362111) is greatly acknowledged.

Keywords: alkenes - aminoamidiniumation - deamination - N-
iodosuccinimide - oxidation

[1] D. Lucet, T. Le Gall, C. Mioskowski, Angew. Chem. Int. Ed. 1998, 37, 2580;
Angew. Chem. 1998, 110, 2724.

[2] a) H. C. Kolb, M. S. VanNieuwenhze, K. B. Sharpless, Chem. Rev. 1994, 94,
2483; b) K. Muiiiz, Chem. Soc. Rev. 2004, 33, 166-174; c) K. Muiiz, New
J. Chem. 2005, 29, 1371-1385; d) S. De Jong, D. G. Nosal, D. J. Wardrop,
Tetrahedron 2012, 68, 4067; e) F. Cardona, A. Goti, Nat. Chem. 2009, 1,
269; f) R. M. de Figueiredo, Angew. Chem. Int. Ed. 2009, 48, 1190; Angew.
Chem. 2009, 121, 1212; g) G. L. J. Bar, G. C. Lloyd-Jones, K. |. Booker-Mil-
burn, J. Am. Chem. Soc. 2005, 127, 7308; h) H. Du, B. Zhao, Y. Shi, J. Am.

© 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim


http://dx.doi.org/10.1002/(SICI)1521-3773(19981016)37:19%3C2580::AID-ANIE2580%3E3.0.CO;2-L
http://dx.doi.org/10.1002/(SICI)1521-3757(19981002)110:19%3C2724::AID-ANGE2724%3E3.0.CO;2-4
http://dx.doi.org/10.1021/cr00032a009
http://dx.doi.org/10.1021/cr00032a009
http://dx.doi.org/10.1016/j.tet.2012.03.036
http://dx.doi.org/10.1038/nchem.256
http://dx.doi.org/10.1038/nchem.256
http://dx.doi.org/10.1021/ja051181d
http://dx.doi.org/10.1021/ja0680562
http://www.chemasianj.org

Chem. Asian J. 2015, 00, 0-0

Chem. Soc. 2007, 129, 762; ) H. Du, W. Yuan, B. Zhao, Y. Shi, J. Am.
Chem. Soc. 2007, 129, 11688; j) W. Yuan, H. Du, B. Zhao, Y. Shi, Org. Lett.
2007, 9, 2589; k) B. Zhao, H. Du, Y. Shi, Org. Lett. 2008, 10, 1087; I) H.
Du, W. Yuan, B. Zhao, Y. Shi, . Am. Chem. Soc. 2007, 129, 7496; m) H.
Du, B. Zhao, Y. Shi, J. Am. Chem. Soc. 2008, 130, 8590; n) F. C. Sequeira,
B. W. Turnpenny, S.R. Chemler, Angew. Chem. Int. Ed. 2010, 49, 6365;
Angew. Chem. 2010, 122, 6509; o) C. Rében, J. A. Souto, Y. Gonzélez, A.
Lishchynskyi, K. Muniz, Angew. Chem. Int. Ed. 2011, 50, 9478; Angew.
Chem. 2011, 123, 9650; p) C. Martinez, K. Muiiz, Angew. Chem. Int. Ed.
2012, 51, 7031; Angew. Chem. 2012, 124, 7138; q) E. L. Ingalls, P. A. Sib-
bald, W. Kaminsky, F. E. Michael, J. Am. Chem. Soc. 2013, 135, 8854;
r) J. A. Souto, C. Martinez, |. Velilla, K. Muiiz, Angew. Chem. Int. Ed. 2013,
52, 1324; Angew. Chem. 2013, 125, 1363; s)S. Tang, Y. Wu, W. Liao, R.
Bai, C. Liu, A. Lei, Chem. Commun. 2014, 50, 4496.

For selected recent examples of Pd'-catalyzed diamination of alkenes,
see: a)J. Streuff, C. H. Hovelmann, M. Nieger, K. Muhiz, J. Am. Chem.
Soc. 2005, 127, 14586; b) K. Muiiz, J. Am. Chem. Soc. 2007, 129, 14542 —
14543; c) K. Muniz, C. H. Hovelmann, J. Streuff, J. Am. Chem. Soc. 2008,
130, 763-773; d) K. Muiiz, C. H. Hévelmann, E. Campos-Gémez, J. Bar-
luenga, J. M. Gonzadlez, J. Streuff, M. Nieger, Chem. Asian J. 2008, 3,
776-788; e) K. Muniz, J. Streuff, P. Chavez, C.H. Hovelmann, Chem.
Asian J. 2008, 3, 1248-1255; f) C. H. Hovelmann, J. Streuff, L. Brelot, K.
Muniz, Chem. Commun. 2008, 2334; g) P. A. Sibbald, F. E. Michael, Org.
Lett. 2009, 11, 1147; h) P. Chavez, J. Kirsch, J. Streuff, K. Muhiz, J. Org.
Chem. 2012, 77, 1922; i) G. Broggini, V. Barbera, E. M. Beccalli, U. Chiac-
chio, A. Fasana, S. Galli, S. Gazzola, Adv. Synth. Catal. 2013, 355, 1640.
For Cu'-mediated diamination of alkenes, see: a)T.P. Zabawa, S.R.
Chemler, Org. Lett. 2007, 9, 2035; b) T. P. Zabawa, D. Kasi, S. R. Chemler,
J. Am. Chem. Soc. 2005, 127, 11250; c) Y.-F. Wang, X. Zhu, S. Chiba, J.
Am. Chem. Soc. 2012, 134, 3679.

[5]

[6]

9l

[10]
[l

[12]
[13]

[14]

[15]

[16]

CHEMISTRY

AN ASIAN JOURNAL
Communication

For Ni'-catalyzed diamination of alkenes, see: K. Muiiz, J. Streuff, C. H.
Hovelmann, A. Nunez, Angew. Chem. Int. Ed. 2007, 46, 7125-7127;
Angew. Chem. 2007, 119, 7255-7258.

For Au‘—catalyzed diamination of alkenes, see: A. Iglesias, K. Mufiz,
Chem. Eur. J. 2009, 15, 10563.

H. Li, R. A. Widenhoefer, Tetrahedron 2010, 66, 4827.

C. H. Mller, R. Frohlich, C. G. Daniliuc, U. Hennecke, Org. Lett. 2012, 14,
5944 -5947.

P. Chavez, J. Kirsch, C. H. Hévelmann, J. Streuff, M. Martinez-Belmonte,
E. C. Escudero-Adan, E. Martin, K. Muniz, Chem. Sci. 2012, 3, 2375.

B. M. Cochran, F. E. Michael, Org. Lett. 2008, 10, 5039.

U. Farid, T. Wirth, Angew. Chem. Int. Ed. 2012, 51, 3462; Angew. Chem.
2012, 124, 3518.

H. J. Kim, S. H. Cho, S. Chang, Org. Lett. 2012, 14, 1424.

a)J. Zhang, X. Su, J. Fu, M. Shi, Chem. Commun. 2011, 47, 12541; b) J.
Zhang, X. Su, J. Fu, X. Qin, M. Zhao, M. Shi, Chem. Commun. 2012, 48,
9192; c) J. Zhang, J. Fu, X. Su, X. Qin, M. Zhao, M. Shi, Chem. Commun.
2012, 48, 9625; d) J. Zhang, X. Qin, J. Fu, X. Wang, X. Su, F. Hu, J. Jiao,
M. Shi, Organometallics 2012, 31, 8275; e)J. Zhang, J. Fu, X. Wang, X.
Su, M. Shi, Chem. Asian J. 2013, 8, 552; f) J. Zhang, S. Song, X. Wang, J.
Jiao, M. Shi, Chem. Commun. 2013, 49, 9491.

J. Zhang, G. Zhang, W. Wu, X. Zhang, M. Shi, Chem. Commun. 2014, 50,
15052.

a) H. Kogen, K. Tago, M. Arai, E. Minami, K. Masuda, T. Akiyama, Bioorg.
Med. Chem. Lett. 1999, 9, 1347; b) S. Liu, C. Tang, B. Ho, M. Ankersen,
C. E. Stidsen, A. M. Crider, J. Med. Chem. 1998, 41, 4693; c) C. T. Supuran,
A. Scozzafava, B. C. Jurca, M. A. llies, Eur. J. Med. Chem. 1998, 33, 83.

K. Yan, C-N. Lok, K. Bierla, C.-M. Che, Chem. Commun. 2010, 46, 7691.

Received: November 11, 2014
Published online on Il A 11, 0000

www.chemasianj.org

© 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

KK These are not the final page numbers!


http://dx.doi.org/10.1021/ja0680562
http://dx.doi.org/10.1021/ja074698t
http://dx.doi.org/10.1021/ja074698t
http://dx.doi.org/10.1021/ol071105a
http://dx.doi.org/10.1021/ol071105a
http://dx.doi.org/10.1021/ol702974s
http://dx.doi.org/10.1021/ja072080d
http://dx.doi.org/10.1021/ja8027394
http://dx.doi.org/10.1002/anie.201003499
http://dx.doi.org/10.1002/ange.201003499
http://dx.doi.org/10.1002/anie.201103077
http://dx.doi.org/10.1002/ange.201103077
http://dx.doi.org/10.1002/ange.201103077
http://dx.doi.org/10.1002/anie.201201719
http://dx.doi.org/10.1002/anie.201201719
http://dx.doi.org/10.1002/ange.201201719
http://dx.doi.org/10.1021/ja4043406
http://dx.doi.org/10.1002/anie.201206420
http://dx.doi.org/10.1002/anie.201206420
http://dx.doi.org/10.1002/ange.201206420
http://dx.doi.org/10.1039/c4cc00644e
http://dx.doi.org/10.1021/ja055190y
http://dx.doi.org/10.1021/ja055190y
http://dx.doi.org/10.1039/b719479j
http://dx.doi.org/10.1021/ol9000087
http://dx.doi.org/10.1021/ol9000087
http://dx.doi.org/10.1021/jo202507d
http://dx.doi.org/10.1021/jo202507d
http://dx.doi.org/10.1002/adsc.201300104
http://dx.doi.org/10.1021/ol0706713
http://dx.doi.org/10.1021/ja053335v
http://dx.doi.org/10.1021/ja2120629
http://dx.doi.org/10.1021/ja2120629
http://dx.doi.org/10.1002/chem.200901199
http://dx.doi.org/10.1016/j.tet.2010.03.082
http://dx.doi.org/10.1021/ol302855z
http://dx.doi.org/10.1021/ol302855z
http://dx.doi.org/10.1021/ol302855z
http://dx.doi.org/10.1021/ol302855z
http://dx.doi.org/10.1039/c2sc20242e
http://dx.doi.org/10.1021/ol8022165
http://dx.doi.org/10.1002/anie.201107703
http://dx.doi.org/10.1002/ange.201107703
http://dx.doi.org/10.1002/ange.201107703
http://dx.doi.org/10.1021/ol300166q
http://dx.doi.org/10.1039/c1cc15609h
http://dx.doi.org/10.1039/c2cc34952c
http://dx.doi.org/10.1039/c2cc34952c
http://dx.doi.org/10.1039/c2cc35020c
http://dx.doi.org/10.1039/c2cc35020c
http://dx.doi.org/10.1021/om300887y
http://dx.doi.org/10.1002/asia.201201082
http://dx.doi.org/10.1039/c3cc45823g
http://dx.doi.org/10.1039/C4CC07082H
http://dx.doi.org/10.1039/C4CC07082H
http://dx.doi.org/10.1016/S0960-894X(99)00203-6
http://dx.doi.org/10.1016/S0960-894X(99)00203-6
http://dx.doi.org/10.1021/jm980118e
http://dx.doi.org/10.1016/S0223-5234(98)80033-0
http://dx.doi.org/10.1039/c0cc01058h
http://www.chemasianj.org

CHEMISTRY

AN ASIAN JOURNAL

Communication
/ Oxidation
NIS (1.2 equiv) I ——
PhI(OAc); (2 equiv) 7\ NN o ]
5 NoN /N—R1 CH,CL,, 25°C R2N__ Y “R! Jun Zhang,* Weijie Wu, XuejuTw thng,
R2\=— \( 0 Gengtao Zhang, Sheng Xu, Min Shi
H
HE-ENR
As simple as riding a tricycle: Facile ed. In this approach, succinimide, the . o
synthesis of fused tricyclic ureas by NIS/ byproduct of the diamination step, NIS./Ph!(OAC)z'Med'atEd D'am'“‘f‘t'_o"‘/
PhI(OAc),-mediated diamination/oxida- functions to promote the oxidation OX|fiat|on of N.-Alkenyl Forn:\aml.dlnes:
tion of N-alkenyl formamidines is report-  step. Facile Synthesis of Fused Tricyclic
Ureas
Chem. Asian J. 2015, 00, 0-0 www.chemasianj.org 5 © 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

These are not the final page numbers! 22


http://www.chemasianj.org

