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Abstract

Various achiral and chiral Cu(I) salts have been prepared from mesitylcopper(I) and investigated for
the diamination of conjugated olefins with 1,3-di-tert-butyldiaziridinone as nitrogen source. It has
been found that copper(I) phosphate has high catalytic activity for the diamination, and encouraging
ee’s have also been achieved with chiral phosphates as anionic counterions.

Vicinal diamines are contained in various biologically and chemically important molecules.1
Diamination of olefins presents an attractive approach to these diamines and has recently
received intensive interest. Various metal-promoted2,3 and -catalyzed4-6 diaminations have
been developed. Recently, we reported that conjugated dienes and trienes can be
regioselectively diaminated with Pd(0)7,8 or Cu(I)9 as catalysts and di-tert-
butyldiaziridinone10,11 as nitrogen source (Scheme 1). High enantioselectivity has also been
achieved for the Pd(0)-catalyzed diamination process using tetramethylpiperidine-based
phosphorus amidite ligands.7c,8b The Cu(I)-catalyzed diamination is consistent with a radical
mechanism, which adds additional challenges to the development of its asymmetric process.
Earlier, we reported that encouraging ee’s were obtained using (R)-DTBM-SEGPHOS as chiral
ligand (Scheme 2).9b While the ee’s can be further improved by optimizing and designing
chiral ligands, we have also been exploring the possibility to achieve asymmetric induction
using Cu(I) catalysts bearing chiral anions.12 Herein, we wish to report our studies on this
subject.

Various Cu(I) salts were prepared in situ from mesitylcopper(I) (5)13 and modifier RXH
(Scheme 3).14,15 1H NMR studies with phenol, benzoic acid, and N-
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methylbenzenesulfonamide (Table 1, entries 7, 9, and 12) showed that the reactions between
these additives and mesitylcopper(I) (5) were finished within 0.5 h. The catalytic activities of
these in situ generated Cu(I) salts along with other common Cu(I) salts were investigated for
diamination using 1-phenyl-1,3-butadiene (1a) as substrate. The results are summarized in
Table 1. These Cu(I) salts exhibited moderate to excellent catalytic activity for diamination,
giving product 4a with very high regioselectivity. The electronic property of the anionic
counterions has a large impact on the catalytic activity. In general, Cu(I) salts with more
electronegative anionic counterions show better activities, with CuCl displaying the highest
(Table 1, entry 1). A comparable activity was observed with copper(I) diphenylphosphate
(Table 1, entry 14).

The catalytic activities displayed by these Cu(I) salts prompted us to investigate the possibility
of the asymmetric process using Cu(I) salts generated from various chiral modifiers. Various
chiral molecules containing OH or NH groups were converted in situ to the corresponding Cu
(I) salts by reactions with mesitylcopper(I) (5) and were then examined for diamination using
1-phenyl-1,3-butadiene (1a) as substrate (Figure 1). Modifiers Y1-Y6 gave low to moderate
conversions and almost no ee’s. However, BINOL-derived chiral phosphoric acid Y7 gave
diamination product 4a in 93% conversion and 48% ee.16,17 Similar results were obtained with
H8-BINOL-based chiral phosphoric acid Y10. Introduction of substituents at 3,3′ or 6,6′
positions on the BINOL (Y8 and Y9) resulted in lower ee’s.18 TADDOL-derived phosphate
Y11 gave no asymmetric induction.

Chiral copper(I) phosphate can be obtained as an easily-handled solid. For example, treating
Y7 with mesitylcopper(I)(5) in benzene at rt overnight afforded CuY7 as a white solid in 69%
yield (Scheme 4), which can be stored in the freezer for three months without any obvious
decomposition. The isolated CuY7 gave similar diamination results to the corresponding in
situ generated Cu(I) salt.

With chiral catalyst CuY7 in hand, reaction conditions were further optimized for the
diamination with 1-phenyl-1,3-butadiene (1a) by adding various achiral phosphine and
nitrogen ligands. The ee for the diamination was improved to 55% using CuY7-tri(2-naphthyl)
phosphine as catalyst in C6D6 at rt. When various conjugated dienes and a conjugated triene
were subjected to these conditions, diamination products were obtained in good yields and
encouraging ee’s (49-61%) (Table 2).19 For aliphatic diene such as (E)-deca-1,3-diene,
however, only a trace amount of diamination product was detected from the crude 1H NMR
of the reaction mixture.

In summary, various Cu(I) salts were investigated for the catalytic diamination of conjugated
dienes with 1,3-di-tert-butyldiaziridinone (2) as nitrogen source. The anionic counterions are
shown to have a large effect on the catalytic activity for the diamination. Like CuCl, copper(I)
diphenyl phosphate generated from mesitylcopper(I) and the corresponding phosphoric acid,
is shown to be a highly active catalyst. Encouraging ee’s have been obtained when the
diamination is carried out using chiral Cu(I) salt derived from BINOL-based chiral phosphoric
acid, which provides a viable approach to an asymmetric diamination process. The applications
of these chiral Cu(I) catalysts in other asymmetric reactions will be pursued.

Experimental Section
Representive diamination procedure with CuY7 generated in situ (Figure 1)

A 1.5 mL-vial containing a stir bar and (R)-(-)-1,1′-binaphthyl-2,2′-diyl hydrogen phosphate
(Y7) (0.0070 g, 0.020 mmol) was evacuated and filled with Ar three times. Upon addition of
dry C6D6 (0.1 mL) and mesitylcopper(I) solution (0.5 M in dry benzene, 0.04 mL, 0.020 mmol),
the reaction mixture was stirred at rt for 1 h, followed by the addition of PPh3 (0.0104 g, 0.040
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mmol) solution in dry C6D6 (0.1 mL). After the mixture was stirred for additional 1 h, 1-
phenyl-1,3-butadiene (1a) (0.026 g, 0.20 mmol) and di-tert-butyldiaziridinone (2) (0.068 g,
0.40 mmol) were added. The reaction mixture was stirred at rt for 24 h. Diamination product
4a was formed with 93% conversion (determined by 1H NMR) and 48% ee.

Representative diamination procedure with CuY7 (Table 2, entry 1)
To a mixture of (R)-(-)-1,1′-binaphthyl-2,2′-diyl hydrogen phosphate (Y7) (1.04 g, 3.0 mmol)
in dry benzene (6.0 mL) was added mesitylcopper(I) solution (0.5 M in dry benzene, 6.12 mL,
3.06 mmol) at room temperature over 5 min under argon atmosphere. The reaction mixture
was stirred at rt overnight in the dark, filtered, and washed with dry benzene (2 mL) and hexane
(3 mL × 2) to give CuY7 as a white solid (0.85 g, 69%).

A 1.5 mL-vial containing CuY7 (0.0082 g, 0.020 mmol) and tri(2-naphthyl)phosphine (0.0165
g, 0.040 mmol) was evacuated and filled with Ar three times. Upon addition of dry C6D6 (0.2
mL) and stirring at rt for 1 h, 1-phenyl-1,3-butadiene (1a) (0.026 g, 0.20 mmol) and di-tert-
butyldiaziridinone (2) (0.068 g, 0.40 mmol) were added. The reaction mixture was stirred at
rt for 30 h and purified by flash chromatography (petroleum ether:ethyl ether = 5:1, v/v) to
give diamination product 4a as a white solid (0.0385 g, 64% yield, 55% ee).

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Asymmetric diamination of 1-phenyl-1,3-butadiene (1a) with chiral Cu(I) salts. All reactions
were carried out with olefin (0.20 mmol), 1,2-di-tert-butyldiaziridinone (2) (0.40 mmol),
R*XCu-PPh3 (1:2) (0.020 mmol) in C6D6 (0.2 mL) at rt under argon for 24 h. RXCu was
prepared in situ by stirring mesitylcopper(I) and R*XH in dry C6D6 for 1 h, followed by treating
with PPh3 at rt for 1 h. In the cases of Y2, Y4, and Y5, no PPh3 was used.

Zhao et al. Page 5

J Org Chem. Author manuscript; available in PMC 2010 November 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Scheme 1.
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Scheme 2.
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Scheme 3.
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Scheme 4.
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Table 1

Diamination of 1-phenyl-1,3-butadiene with copper(I) saltsa

EntryCuX Conv. (%)b

1 CuCl 98
2 CuBr·SMe2 66
3 CuI 89
4 CuCN 68
5 CuOTf 50

6 17

7 32

8 58

9 52
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EntryCuX Conv. (%)b

10 46

11 63

12 81

13 63

14 95

a
All reactions were carried out with olefin (0.20 mmol), 1,2-di-tert-butyldiaziridinone (2) (0.30 mmol), CuX-PPh3 (1:2) (0.020 mmol) in C6D6 (0.2 mL)

at rt under argon for 24 h. For entries 6-14, catalyst RXCu was prepared in situ by stirring mesitylcopper(I) and RXH in dry C6D6 for 1 h, followed by
treating with PPh3 at rt for 1 h.

b
Conversion was determined by 1H NMR of the crude reaction mixture.
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Table 2

Catalytic asymmetric diamination of conjugated dienes and trienea

EntrySubstrate (1) Product (4) Yield
(%)b

ee
(%)c

1 64 55

2 70 58

3 77 61
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EntrySubstrate (1) Product (4) Yield
(%)b

ee
(%)c

4d 67 49

5 69 49

6 45 55

a
All reactions were carried out with olefin (0.20 mmol), 1,2-di-tert-butyldiaziridinone (2) (0.40 mmol), CuY7-tri(2-naphthyl)phosphine (1:2) (0.020

mmol) in C6D6 (0.2 mL) at rt under argon for 30 h.
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b
Isolated yield based on olefin.

c
The ee was determined by chiral HPLC (Chiralpak ADH column).

d
A mixture of isomers (E/Z = 1.9:1) was used, only trace amount of cis-isomer in the diamination product was observed by 1H NMR.
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