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This paper describes a diamination process usingt di-
butyldiaziridinone as nitrogen source amdheterocyclic
carbene-Pd(0) complex as catalyst. A wide variety of
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Initial studies were carried out using 1-phenylbutadiene as
substrate. Several commercially available NH&H complexes
4—9 listed in Figure 1 were examined for the diaminatfof!
Among these catalysts tested, (NHC)Pd(allyl)Cl compleked
were found to be effective for the diamination (Table 1). More
sterically hindered (IPr)Pd(allyl)CHj gave a higher conversion
than IMesPd(allyl)CI ) (Table 1, entry 3 vs entry 8), suggesting
that the steric hindrance of NHC ligand plays an important role
in catalytic activity. One possible reason for this is that the steric
hindrance of NHC ligand may facilitate the reductive elimination
step in the catalytic cycleAmong the bases examined, sodium
tert-pentoxide (Na®m) was found to be most effective in
generating active NHEPd(0) catalyst from (NHC)Pd(allyl)ClI
precatalyst (Table 1, entries 43), possibly due to its good
solubility in organic solvent. The amount of base used was found
to be crucial, with 3 equiv with respect to Pd being optimal.
Using a greater or lesser amount of base led to a decrease in
yield. High conversion was obtained in solvents such as benzene,
toluene, and THF (Table 1, entries-8). High conversion was

conjugated dienes and trienes can be effectively diaminatedalso obtained without solvent (Table 1, entry 7) but with

in good yields with high regio- and stereoselectivities.

N-Heterocyclic carbenes (NHCs) have been shown to be
effective ligands for a variety of metal-catalyzed transforma-
tions! Compared to phosphines, carbene ligands usually form

more stable complexes with metals. Their electron richness andy,

steric bulkiness generally facilitate the oxidative addition and
reductive elimination processes which are fundamental steps
in many reaction$.Recently, we reported a regio- and stereo-
selective diamination of conjugated dienes and trienes using
di-t-butyldiaziridinone as nitrogen source and Pd(®Plas
catalyst (Scheme $?38 The unique features displayed by
carbene ligands prompted us to examine whether this transfor-
mation could also be effective usimdtheterocyclic carbene
Pd(0) complex as catalyst. Herein we report our preliminary
results on this subject.
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FIGURE 1. NHC—Pd complexes.

TABLE 1. Diamination of 1-Phenylbutadiene with NHC—Pd
Complexe$

[¢]
PhM + >|\NJ_{NJ<

o}

% NHC-P ﬂ\ J<
10 mol% NHC-Pd N)J\N

30 mol% activator

_—

65°C, 12h il =

NHC—-Pd conv.

entry precatalysts activator solvent (%)P
1 (IPr)Pd(allyl)CI @) KO®Bu CsDg 70
2 NaCBu CsDsg 76
3 NaCAm CsDs 85
4 NaCAm  toluene 90
5 NaCAm THF 95

6 NaCAm  dioxane 30
7 NaCAm  none 95
8 (IMes)Pd(allyl)ClI 6) NaOAm  CgDs 45
9 (SIPr)Pd(allyl)Cl 6) NaOAm  CgDs 80
10 (SIPr)Pd(cin)CIT) NaOAm  CgDs 80
11 (IPr)PdC4(3-chloropyr) 8) BulLi¢ CeDe 0
12 EtMgBF  CeDs 0
13 ZnEpd CsDs 0
14 NaGAm CeDs <5
15 [(IMes)Pd(BQ)} (9) none GDs <5

a All reactions were carried out with diene (0.2 mmol),tdiutyldiaz-
iridinone @) (0.24 mmol), NHC-Pd (0.02 mmol), and activator (0.06 mmol)
in solvent indicated (0.6 mL) under Ar at 6& for 12 h.P Conversion
was determined b¥H NMR analysis of the crude reaction mixtufed.04
mmol usedd0.02 mmol used.

salts10—14and dihydroimidazolium salts5—16 (Figure 2)1213

Cl )\
(IPr)PACIy(3-chloropyr) (8) e N” N Me
\—/
Me Me

[(IMes)Pd(BQ)]» (9)

can be effectively diaminated. As in the case of Pd¢pFh
the diamination using (IPr)Pd(allyl)Cl4) proceeded highly
regioselectively at the internal double bond and also highly
stereoselectively. When a conjugated triene was employed, the
diamination occurred cleanly at the middle double bond (Table
2, entries 9 and 10). Compared to the previous conditions using
Pd(PPh)4,2 less NHCG-Pd(0) catalyst is used in the current
procedure although a longer reaction time is required.

In conclusion, it has been found that (IPr)Pd(ally)@) (s
an effective catalyst for the diamination of various conjugated
dienes and trienes with dibutyldiaziridinone as nitrogen
source, giving diamination products in good yields and high
regio- and stereoselectivities. The feasibility of NHEd(0)
complexes as viable catalysts for the diamination opens ad-
ditional opportunities to develop highly effective catalytic
systems by electronic and steric tuning of ligands as well as an
asymmetric version of this reaction using chiral carbene ligands.

Experimental Section

All diamination products are known in Table 2, except entries 2
and 9, and gave satisfactory spectroscopic chareateriZation.

General Diamination Procedure.A 2.0 mL vial was charged
with (IPr)Pd(ally)Cl (0.0171 g, 0.030 mmol) and sodiutert-
pentoxide (0.0099 g, 0.090 mmol) and a stir bar. The vial was sealed
with a septum, evacuated, and then filled with argon three times.
THF (0.1 mL) (distilled from sodium) was then added via a syringe.
After stirring for 10 min at rt, diene or triene (0.6 mmol) was added
(for a solid substrate, it was added earlier along with the Pd catalyst),

Thus far, these in situ generated complexes have been found tqg|jowed by addition of ditbutyldiaziridinone (0.122 g, 0.72
be much less effective for the reaction. Poor conversion was mmol). Upon being stirred at 65 for 12 h, the reaction mixture

also obtained using the complex generated from carbh@aad
Pcy(dba).?

The substrate scope was subsequently examined with 5 mol

% (IPr)Pd(allyl)Cl @). As shown in Table 2, various substrates

(12) For leading references on imidazolium and dihydroimidazo-
lium salts and related carbenes, see: (a) Arduengo, A. J., lll; Harlow, R.
L.; Kline, M. J. Am. Chem. Sod.991 113 361. (b) Arduengo, A. J., lll;
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1999 55, 14523. (d) Bourissou, D.; Guerret, O.; Gahtai P.; Bertrand,
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Gstdtmayr, C. W. K.; Grosche, M.; Reisinger, C.-P.; Weskamp,JT.
Organomet. ChenR001, 617—-618 616.

was purified by flash chromatography (silica gel, hexane:ether
5:1) to give the diamination compound.

Table 2, Entry 1: Colorless oil;'H NMR (300 MHz, CDC}) 6
5.89 (dddJ = 17.1, 10.2, 8.1 Hz, 1H), 5.16 (d,= 17.1 Hz, 1H),
5.06 (d,J = 10.2 Hz, 1H), 3.48 (dJ = 8.1 Hz, 1H), 3.24 (gJ =
6.3 Hz, 1H), 1.32 (s, 9H), 1.31 (s, 9H), 1.18 (b= 6.3 Hz, 3H);

(13) For leading references on in situ generated NIP@ catalyzed
reactions, see: (a) Huang, J.; Nolan, SJPAm. Chem. Sod.999 121,
9889. (b) Huang, J.; Grasa, G.; Nolan, S@rg. Lett 1999 1, 1307. (c)
Stauffer, S. R.; Lee, S.; Stambuli, J. P.; Hauck, S. I.; Hartwig, D1g.
Lett 200Q 2, 1423. (d) Lee, S.; Hartwig, J. B. Org. Chem 2001, 66,
3402. (e) Hadei, N.; Kantchev, E. A. B.; O’Brien, C. J.; Organ, MC&g.
Lett 2005 7, 1991.

J. Org. ChemVol. 72, No. 18, 2007 7039



JOCNote

TABLE 2. Catalytic Diamination of Dienes and Triene$

5 mol%
(IPr)Pd(allyl)Cl
O

1) 15mtol%
s o ke >tNHJLNJ//<

THF, 65°C, 12 h

Ri R
Entry Substrate Product Yield (%)
NS e (0]
S A K
1 R =Me — 94
2 R =n-Pr o= 90
3 R =Ph 80
4 R = p-MeO-Ph 83

R S

0
6 X o 65
MeO ﬂ\N)LNk
W
eO —
(0}
‘@v/ S
. ZZ} \ ‘6
XX
9 E:C4}\Ig h N N/]< 84

10 R = CsHy ﬁ)J 83

a All reactions were carried out with diene or triene (0.6 mmol)}t-tiityldiaziridinone 2) (0.72 mmol), Na®m (0.09 mmol), and (IPr)Pd(allyl)CI (0.03
mmol) in THF (0.1 mL) at 65°C for 12 h.P Isolated yield based on diene or triene.
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FIGURE 2. Precursors used to generate NHEd complexes.

13C NMR (75 MHz, CDC}) 6 157.9, 140.1, 115.5, 63.6, 55.4, 53.1, 29.0, 18.2, 14.3. HRMS calcd. forgH31N,O (M + 1), 267.2431;
525, 29.1, 28.9, 21.2. found, 267.2433.

Table 2, Entry 2: Colorless oil; IR (film) 1685 cm?®; IH NMR Table 2, Entry 3: Colorless oil;'H NMR (300 MHz, CDC}) 6
(300 MHz, CDC}) 6 5.89 (dddJ = 17.1, 10.5, 8.1 Hz, 1H), 5.16  7.34-7.25 (m, 5H), 6.01 (ddd] = 17.1, 9.0, 8.4 Hz, 1H), 5.18 (d,
(d,J=17.1 Hz, 1H), 5.06 (dJ = 10.5 Hz, 1H), 3.64 (dJ = 8.1 J=17.1 Hz, 1H), 5.13 (dJ = 9.0 Hz, 1H), 4.14 (dJ = 0.9 Hz,
Hz, 1H), 3.10 (dd,J = 8.4, 3.0 Hz, 1H), 1.551.27 (m, 4H), 1.34  1H), 3.63 (dJ = 8.4 Hz, 1H), 1.31 (s, 9H), 1.25 (s, 9HFC NMR
(s, 9H), 1.32 (s, 9H), 0.92 (d,= 7.5 Hz, 3H);13C NMR (75 MHz, (75 MHz, CDCB) 6 159.2, 144.1, 140.9, 128.9, 127.9, 125.9, 115.8,
CDCly) 0 158.3, 140.7, 115.1, 60.7, 59.5, 53.1, 52.7, 36.6, 29.1, 64.9, 63.3, 53.7, 53.4, 29.0, 28.8.
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Table 2, Entry 4: Colorless oil;'H NMR (300 MHz, CDC}) 6
7.21-7.17 (m, 2H), 6.8%6.82 (m, 2H), 6.00 (ddd] = 16.8, 9.6,
8.1 Hz, 1H), 5.18 (dJ = 16.8 Hz, 1H), 5.13 (dJ = 9.6 Hz, 1H),
4.09 (d,J = 0.9 Hz, 1H), 3.78 (s, 3H), 3.61 (d,= 8.1 Hz, 1H),
1.31 (s, 9H), 1.25 (s, 9H)C NMR (75 MHz, CDC}) ¢ 159.3,
159.1, 140.9, 136.2, 127.1, 115.7, 114.2, 65.2, 62.8, 55.4, 53.6,
53.4, 29.0, 28.9.

Table 2, Entry 5: Light yellow oil; *H NMR (300 MHz, CDC})

0 7.32 (brs, 1H), 6.31 (brs, 1H), 6.24 @@= 3.0 Hz, 1H), 6.05
5.90 (m, 1H), 5.24 (dJ = 17.1 Hz, 1H), 5.16 (dJ = 10.2 Hz,
1H), 4.22 (s, 1H), 3.84 (d] = 8.1 Hz, 1H), 1.33 (s, 9H), 1.24 (s,
9H); 13C NMR (75 MHz, CDC}) ¢ 158.6, 155.9, 141.7, 139.7,
116.5, 110.6, 106.4, 62.0, 57.2, 53.5, 53.3, 28.8, 28.6.

Table 2, Entry 6: Colorless oil;*H NMR (300 MHz, GDe) 6
5.60-5.48 (m, 1H), 5.00 (dJ = 17.4 Hz, 1H), 4.87 (dJ = 10.2
Hz, 1H), 4.23 (s, 1H), 3.71 (d} = 8.1 Hz, 1H), 2.89 (s, 3H) 1.42
(s, 9H), 1.35 (s, 9H)*3C NMR (75 MHz, GDg) 6 158.1, 139.7,
116.6, 90.4, 60.4, 53.8, 53.1, 51.1, 29.1, 28.9.

Table 2, Entry 7: Colorless oil;'H NMR (300 MHz, CDC}) 6
5.97 (dd,J = 17.4, 10.5 Hz, 1H), 5.09 (d} = 17.4 Hz, 1H), 5.00
(d, J = 10.5 Hz, 1H), 3.33 (tJ = 6.9 Hz, 1H), 2.26-:2.20 (m,
1H), 2.072.03 (m, 1H), 1.89-1.81 (m, 1H), 1.741.70 (m, 1H),
1.54-1.44 (m, 1H), 1.37 (s, 9H), 1.421.35 (m, 1H), 1.32 (s, 9H);
13C NMR (75 MHz, CDC}) 6 158.9, 145.5, 112.0, 69.5, 67.0, 54.8,
53.2, 39.3, 37.5, 29.8, 28.9, 24.4.

Table 2, Entry 8: Colorless oil;'H NMR (300 MHz, CDC}) 6
6.13 (dddJ = 17.4, 10.8, 0.9 Hz, 1H), 5.13 (d,= 17.4 Hz, 1H),
5.07 (d,J = 10.8 Hz, 1H), 3.01 (ddJ = 9.3, 4.8 Hz, 1H), 2.27
2.22 (m, 1H), 1.8%1.75 (m, 1H), 1.68-1.57 (m, 2H), 1.541.46
(m, 3H), 1.36 (s, 9H), 1.33 (s, 9H), 1.30.21 (m, 1H);3C NMR

JOCNote

(75 MHz, CDC}) 6 160.0, 143.1, 113.0, 64.2, 60.0, 56.3, 52.5,
30.4, 29.8, 29.0, 28.9, 21.3, 19.9.

Table 2, Entry 9: Colorless oil; IR (film) 1685 cm?; IH NMR
(300 MHz, GDg) 6 5.98 (ddd,J = 17.1, 10.2, 8.4 Hz, 1H), 5.68
(dd,J = 15.3, 8.4 Hz, 1H), 5.46 (d = 15.3, 6.6 Hz, 1H), 5.06
(d,J=17.1 Hz, 1H), 4.96 (dd) = 10.2, 1.2 Hz, 1H), 3.59 (d]
= 5.7 Hz, 1H), 3.56 (dJ = 6.3 Hz, 1H), 1.93 (gJ = 6.6 Hz, 2H),
1.48 (s, 9H), 1.46 (s, 9H), 1.30L.19 (m, 4H), 0.99 (tJ = 6.6 Hz,
3H); 13C NMR (75 MHz, GDg) 6 158.3, 140.6, 132.7, 132.0, 115.8,
63.9, 62.9, 53.6, 53.5, 32.4, 31.9, 29.2, 22.8, 14.3. HRMS calcd.
for CigH3sN,0 (M + 1), 307.2744; found, 307.2747.

Table 2, Entry 10: Colorless oil;'H NMR (300 MHz, GDe) 6
5.98 (dddJ=17.1, 10.2, 8.4 Hz, 1H), 5.68 (dd,= 15.3, 8.4 Hz,
1H), 5.47 (dt,J = 15.3, 7.2 Hz, 1H), 5.06 (d] = 17.1 Hz, 1H),
4.90 (dd,J = 10.2, 0.9 Hz, 1H), 3.59 (dl = 5.7 Hz, 1H), 3.56 (d,

J = 6.3 Hz, 1H), 1.89 (qJ = 6.9 Hz, 2H), 1.48 (s, 9H), 1.46 (s,
9H), 1.31-1.19 (m, 6H), 0.90 (tJ = 6.9 Hz, 3H);13C NMR (75
MHz, C¢Dg) 6 158.3, 140.7, 132.7, 132.1, 115.8, 63.9, 62.9, 53.6,
53.5, 32.7, 32.0, 29.4, 29.2, 23.1, 14.6.
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