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ABSTRACT

10 mol %
NCN cuckpPh,  —  NeN
(1:2) N—A
RN+ >(N_N CDCly, 50 - 65 °C RJ\/N%
24h

This paper describes a novel cycloguanidination process using CuCl as catalyst and diaziridinimines as the nitrogen source. A variety of
conjugated dienes, trienes, and terminal olefins can be effectively diaminated under mild reaction conditions. For dienes and trienes, the
reaction occurs at the terminal double bond with high regioselectivity.

Cyclic guanidines are present in a variety of biologically a Pd(0)°!'and a Cu(l)-catalyzédregio- and stereoselective
active compounds,including massadine (geranylgeranyl- diamination of conjugated dienes and trienes usintedi-
transferase type | inhibitoApalau’amine (antibiotic, cyto-  butyldiaziridinone )!3!4as the nitrogen source (Scheme 1)
toxic, and immunosuppressive agehstreptolidine lactam

(a component of the streptothricin antibiotiésdnd man- _

nopeptimycins (antibiotic agents against drug-resistant bac-

' - . . Scheme 1
teria)® Cyclic guanidines are normally prepatdyy cycliza- o
tion of vicinal diamine%or guanidineg,and by cycloaddition 10 mol % S J<
of aziridines and carbodiimidésCycloguanidination of Ry Pd(PPhg), NN
olefins provides a valuable approach to cyclic guanidines, RS/\/J\ 65 °C H R o
yet it needs to be further develop&&ecently, we reported R, 1 ¢ ; !

+
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nitrogen sourcé®’~22|n an effort to expand the related Pd(PPh), as catalyst. When CuCI-R{Bu); was used as the
diamination processes, we have been investigating whethercatalyst, no diamination reaction was observed with diaz-
diaziridinimines can be used as the nitrogen source to form

cyclic guanidines from olefins (Scheme 2). Herein we report _

Scheme 2
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b,R'=Ts
S A SRR
6 7

our preliminary efforts on this subject.

Initial studies were carried out using 1-phenyl-1,3-buta-
diene as the substrate and diaziridinimirgss-c?® as the
nitrogen source. Little guanidine product was detected with
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Table 1. Catalytic Cycloguanidination of OlefiAs

10 mol %
INCN CuCk-PPh, A( NCN
(1:2)
—_—
RO - >r \K CDClg, 50 - 65 °C /K/N <
5 24 h 7c
yield
entry  substrate (5) product (7¢) %)
PhM A{ NCN
1 Sa N’{\l% 86
ph/\)v
e <
O
2 sb W 70
NCN
x
n_CSHH/\/\
Se n-C5H11/\/K/ { 50
Ph A( NCN
SN e
4 5d P X 81
NCN
S S YN A
> Se MN &
N
"‘C5H11/\/\/\
6 sf 4% 78
nCSHﬂ
A( NCN
G St
W s .
st ()
N A( NCN
o 9
8 Ph N—é 48
5h
Ph
N o
o N
9 N—é 62
99
NCN
10 =T N~ { 74
N} - N
5i S

a All reactions were carried out with olefin (0.2 mmol), 1,2tdi-butyl-
3-(cyanimino)diaziridine (6cj0.41 mmol), CuC+PPh (1:2) (0.02 mmol)
in CDCl3 (0.1 mL) at 50°C under argon for 24 h unless otherwise stated.
For entries 710, the reactions were carried out at 5. P Isolated yield
based on olefin.
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iridinimines 6a and 6b. However, good conversion was the previously proposed catalytic mechanigi?proceeding
obtained withécto give the desired cyclic guanidine product. via the homolytic cleavage of the-\N bond of diaziridin-
Under the reaction conditions, diaziridinimirGa with an imine 6¢ by CuCl, followed by the addition of the resulting
electron-donatingert-butyl group remained unreacted, but nitrogen radicall(?>~28to olefin 5 and the subsequent C—N
6b with a strong electron-withdrawing Ts group decomposed bond formation and regeneration of CuCl catalyst (Scheme
rapidly. This indicates that the R substituent on iminodiaz- 4).

iridines 6 has a significant impact on the reaction outcome,
and the cyano group appears to be an effective substituen
for the reaction. After additional optimization of conditions,
the reaction was further improved using 10 mol % of CuCl-

Scheme 4. Proposed Catalytic Cycle for Cycloguanidination

PPh (1:2) as catalyst at 5065 °C in CDCk. As shown in rBuNJ<NCN ﬁCN
Table 1, the reaction can be extended to additional oléfins. _L__NBu BUN=N'BU
Dienes and trienes are effective substrates, and the reaction R 2o LCuCI 6c

occurred highly regioselectively at the terminal double bond
(Table 1, entries +6). Other regioisomers were barely
detectable byH NMR of the crude reaction mixture. Enyne

o . ) NCN

and arylethylenes can also be guanidinated but with relatively J\f\CN
lower reactivity (the X-ray structure &&iis shown in Figure BuN” "NBu BUN” “N'Bu
1). However, terminal olefins such as 1-octene and ethyl Lg;u'/ﬁ '-g“ 10

I
| " \‘<

RTX
5

The deprotection of the resulting cyclic guanidines was
investigated with compoundci (Scheme 5). Both theert-

Scheme 5
N ew N
4 1) HCI - 'BUOH HN—4
N " < 80°C, 5 h NH
2) conc. HCI OO
7ci 90°C, 20 h 12
3) NaOH 92%

Figure 1. X-ray structure of compoundci.

acrylate are not effective substrates under the current reactiorPUty! and the cyano groups were smoothly removed with
conditions HCI to give guanidinel2 in good overall yield after
’ . . . i7ati i 9
When deuterated dien was subjected to the reaction Neutralization with NaOH _ _ .
conditions, a mixture of two isomer9g and 9b) was In summary, a variety of conjugated dienes, trienes, and
terminal olefins have been effectively cycloguanidinated
_ (24) A representative diamination procedure (Table 1, entry 1):To
Scheme 3 a 1.5 mL vial equipped with a stir bar was added CuCl (0.002 g, 0.02 mmol)

and triphenylphosphine (0.0104 g, 0.04 mmol). The sealed vial was
A( evacuated and filled with Ar three times, followed by addition of CPCI

NCN
N,</ (0.05 mL). After the mixture was stirred at room temperature for 10 min,
D., N% 1-phenyl-1,3-butadiene (5a) (0.026 g, 0.20 mmol) was added, followed by
10 mol % Ph/\/krl ( _ )
D CuCl-PPhy 9a H D mmol) in 0.05 mL of CDC{ (for solid olefins, they were added together
X D {1:2) with CuCl). The reaction mixture was stirred at 8D for 24 h and purified
Ph™ ™% m’ + by flash chromatography (silica gel, petroleum ether/ethyl acetate/triethy-
8 H onel '50 Og o4 h \ \/ lamine = 4:1:0.05 to 3:1:0.04) to give the diamination prodicg as a
3 3
89%

NCN colorless oil (0.056 g, 86%).
D N% (25) For a leading review on metal-promoted radical reactions, see: Igbal,
9a:9b = 1.4:1 N‘é J.; Bhatia, B.; Nayyar, N. KChem. Rev1994,94, 519,
Ph™ ™% K (26) For leading reviews on CuX-catalyzed atom transfer reactions see:
9b D (a) Patten, T. E.; Matyjaszewski, Kicc. Chem. Resl999,32, 895. (b)
Clark, A. J.Chem. Soc. Re2002,31, 1.
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. . . . . L. In Radicals in Organic Synthesi®Renaud, P., Sibi, P., Ed.; Wiley-
obtained (Scheme 3). While a precise reaction meCI"anls’mVCH: Weinheim, 2001; Vol. 2, p 407. (b) Guin, J.; Miick-Lichtenfeld, C.;

awaits further study, the cycloguanidination is consistent with Grimme, S.; Studer, AJ. Am. Chem. So2007,129, 4498.

a solution of 1,2-dtert-butyl-3-(cyanimino)diaziridine (60)0.080 g, 0.41
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using CuCl as catalyst and 1,2-di-tert-butyl-3-(cyanimino)- sources as well as expansion of the substrate scope and

diaziridine @c) as nitrogen source under mild reaction development of an asymmetric process are currently under-

conditions, providing various cyclic guanidine derivatives way.

which are present in many biologically active compouhds.

For dienes and trienes, the reaction occurs regioselectively,.
: T fi

at the terminal double bond. The cycloguanidination is likely

to proceed via a nitrogen radical intermediate. Further studies

on the reaction mechanism, different catalysts, and nitrogen
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