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Vicinal diamines are very important functional moieties which Table 1. Catalytic Diamination of Dienes and Trienes?

are present in various biologically active compounds and have also  Entry ~ Substrate (5) Product (7) Time Yield
been widely used as chiral control elements in asymmetric (%)°
synthesis. Diamination of olefins presents an attractive strategy RIS >j\ )OJ\ J<
for the synthesis of vicinal diamines. Various metal-fréer metal- 1 5a,R =Me N" N 30min 94
mediated34 processes have been developed. Metal-catalyzed %b R RH»,: 40min 94
diaminations have also been reportéd/ery recently, it has been 4 s5d.R ;C;{ZSBH 30 min 36
shown that both intermolecular diamination of conjugated dfénes 5 5e,R =Ph 40min 90
and intramolecul&P diamination of terminal olefins with ureas can 6 5f,R = p-MeO-Ph 30min 94

7° 5g, R = 2-furyl 30min 78

be achieved using Pd(ll) as catalyst. For the intermolecular process,

the diamination occurred regioselectively at less-substituted double RO o
bonds of dienes. In these cases, the amination is likely to proceed ged ShR = Me ﬂ\N)ka Smin 95
via a Pd(Il)-promoted aza-Wacker-type process (trans-amino- ged s ’R ;TMS [ : SEE 28
palladation39:67 followed by the replacement of the-®d bond ’ RO "=
with a C—N bond3¢67 >L i J<

As part of our general interest in synthetic transformations of 10 Me0,C " NN zh 62
dioxirané and its nitrogen analogues, we have been exploring a 5 Voo e
possible metal-catalyzed diamination of olefins via an oxidative : -
addition to the N-N bond of diaziridinel to form diamido species o]
2, followed by a migratory insertion to a double bond to fogh e /Y\ >LNJ\NJ< 5h 88
and a subsequent reductive elimination to fodnm{Scheme 1). % H\\
Herein we wish to report our preliminary efforts on this subject.

The diamination was examined with olefins andt-tiutyldi- (@\/ >L )OJ\ k
aziridinone 6)1°11using Pd(PP¥), as catalyst. Among the olefins NN
tested, conjugated dienes were found to be very effective substrates 12 51, n=1 "\ 30min 72
(Scheme 2). For example, subjectimgns-1,3-pentadiene5@) to 13 Sm,n=2 d 30min 86
the reaction conditions (Scheme 2) for 30 min led to a clean RN XX o
diamination productqa) in 94% yield (Table 1, entry 1). The >I\N)LNJ< )
reaction occurred highly regioselectively at the internal double bond i;‘ ?0' ﬁ iIgeH /_)—/ 0min 86

. . . . ,R=0CH, Y — 30 min

and highly stereoselectively as w&lAs shown in Table 1, this R
diamination can be extended to a variety of dienes including both o
electron-rich (Table 1, entries 8 and 9) and electron-deficient dienes 14 /\/& j\N)J\Nk 25h 46
(Table 1, entry 10). Trisubstituted double bonds can also be GaH7 .
diaminated (Table 1, entries +13). When a conjugated triene was 5p CH, /=

used, the diamination occurred cleanly at the middle double bond
(Table 1, entries 1415). In all these cases (Table 1, entrieslb),

essentially only one regio- and stereoisomer was obtdihéd. g
appears that only trans- and trisubstituted double bonds react under 5q ng
the reaction conditions. For example, no diamination was observed TMSO

whencis-1,3-pentadiene was used. Therefore, when a mixture of
E andZ dienes were used (Table 1, entries 2, 7, and 11), only the a All reactions were carried out with dibutyldiaziridinone 6) (0.2

. . . . mmol), diene or triene (0.24 mmol, 1.2 equiv), and Pd@R©®.02 mmol)
Elsomer reagted and thisomer was enr_lched after t_h(_e reactlo_n. in benzeneds (0.6 mL) in an NMR tube at 65C under argon unless
The diamination also occurred for the dienes containing geminal otherwise statec. A mixture of E and Z isomers was used. For entry 2,
disubstituted double bonds (Table 1, entries 16 and 17). In thesediene (0.53 mmolE/Z = 1/1.2,E isomer: 0.24 mmol); for entry 7, diene

; ; ; (0.48 mmol,E/Z = 1/1, E isomer: 0.24 mmol); for entry 11, diene (0.34
two cases, the reaction occurred also regioselectively and stereo mmol, E/Z = 2.5/1,E isomer: 0.24 mmol)¢ Containing<10%Z isomer.

selectively® The stereochemistry of the diamination produds (¢ compounds are acid sensitive and were purified on less acidic silica gel
was tentatively assigned by comparing the NOE of compouhds (latrobeads 6RS-8060, Mitsubishi Kagaku latron, Inc. Jagdsdlated yield

g, h, andp (Table 1, entries 2, 7, 8, and 16) wittg (Table 1, based orf.

entry 17) (see Supporting Information). The X-ray structure of

compound7n (Table 1, entry 14) further supports the assigned  The deprotection of compoundb (Table 1, entry 2) was
stereochemistry (Scheme 3). investigated. Treatingb with CFCO,H (TFA) at 75-80 °C for 2
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Scheme 3. The X-ray Structures of Compounds 7n and 9a
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Scheme 5. A Proposed Catalytic Cycle for Diamination
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h gave a clean deprotection prod@&in 98% yield (Scheme 4).

Interestingly, monodeprotection was also possible when the reaction

was carried out at room temperature, giviégas major product
(Scheme 4). The structure 8& was determined by X-ray (Scheme
3). The selective monodeprotection provides opportunities to
introduce different groups on the two nitrogens if it is desired.

While a precise reaction mechanism awaits further study, a

plausible catalytic cycle is shown in Scheme 5. The Pd(0) first
inserts into the N-N bond of diaziridinone6 to form a four-
membered Pd(Il) specied®.!* Upon complexing with dien&
and a migratory insertion, compourdd is then converted into
m-allyl Pd complex 12> which then undergoes a reductive
elimination to form produc? and regenerate the Pd(0) cataRfst.
In summary, a diamination for a variety of conjugated dienes
and trienes has been effectively achieved usinghilityldiaziri-
dinone as the nitrogen source and Pd{@Pds catalyst, giving the

diamination products in good yields with high regio- and stereo-
selectivities. This Pd(0)-catalyzed diamination is mechanistically
distinct from the Pd(ll)-catalyzed process, thus resulting in different
regioselectivity? Further studies of the reaction mechanism,
development of a more effective catalytic process with different

nitrogen sources and metal catalysts, and expansion of the substrate

scope as well as the asymmetric process are currently underway.
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