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ABSTRACT: A Rh'/Pd° catalyst system was applied to the
multicomponent synthesis of aza-dibenzazepines from vinyl- T

pyridines, arylboronic acids, and amines in a domino process T Rh/Pd dual
. . . . . . . catalyst system RY @2
with no intermediate isolation or purification. —_— £ \ (5
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n recent years, significant efforts have been made toward Table 1. Optimization of Pd’-Catalyzed Amination
developing new concepts in catalysis that more closely Me
mimic enzymatic systems where multiple catalysts each execute Me
a transformation selectively. While progress has been made ptoluidine (1.2 equiv)
Pd] (5 mol %)

toward developing combinations of organocatalysts' or

Ilgand(s)
biocatalysts2 with transition-metal catalysts, the use of two or 328 “NaOBu (25 equiv) \(I/\Q
R . . . . 0
more transition metals in domino sequences is less studied as dioxane, 110 °C, 22

orthogonal reactivity and time resolution are necessary.” > We @\/\
H 6L
Pd Tl

recently reported the synthesis of aza-dibenzoxepines using a Pd’ = RPhos”
two catalyst-two component domino reaction.* As the ot
analogous dibenzazepine motif is prevalent in many pharma— entry [pd] ligand(s) 42 (9)°  Sa (%)
ceutically relevant molecules,® and few de novo syntheses exist,”
1 Pd(OAc), RuPhos (S mol %) 19 41
we were interested in applying our methodology to the
. . . 2 Pd(OAc), RuPhos (10mol %) 73 -
synthesis of these interesting structures. However, the
. . . . . 3 Pd(OAc), BrettPhos (10 mol %) - 31
attempted synthesis using ortho-aminophenylboronic acids
. . . . 4 Pd(OAc), RuPhos (S mol %) 89 -
with our previously developed method failed to give the XPhos (5 mol %)
0
desired product (Scheme 1). We speculated that a strategy S 6 XPhos (5 mol %) o8 _
using two aryl halides followed by formation of the azepine ring p - RuPhos (5 mol %) 7 B

with two Pd’-catalyzed C—N bond formations with an external
amine might circumvent this problem.

Not only would this allow further complexity to be added to
the desired product in a highly modular fashion, but also would
expand the field of multicatalyst-multicomponent reactions
((MC)?R). Inclusion of three components in a multimetal

“Determined by 'H NMR spectroscopy using p-nitroacetophenone as
an internal standard.

catalyzed domino process would increase the complexity of this
strategy as the three Rh'- and Pd’-catalyzed transformations
must operate independently under the same reaction
conditions without one catalyst interfering with the others.
Furthermore, as the ortho-aminophenylboronic acid does not
Previous work: react with 1, the order of the reaction sequence is critical for

[Rh(cod)Cll, (2 mol%)
Pd(OAC), (5 mol%)

success, as the C—N bond must be formed after the other

s oot A lings. We speculated that the C—N bond would form fi
\(I/ ©i koGO, (@ 0quiv) | couplings. We speculated that the C— ond would form first
BOR), _ KaPO, (2 equiv) SN on the pyridyl ring, followed by the intramolecular amination.

i Of

- Dioxane/H;0, 100°C ' Herein, we report the successful application of Rh'/Pd’-
Ri=H EWa i:ﬁ;‘h‘;pgl‘; Zj;/;ti)cgd catalysis in a multicomponent, domino reaction to access aza-
dibenzazepines. To the best of our knowledge, this is the first

This work: example of a three catalyst-three component domino
R2NH, 8,9

R? .
L 2R N reaction.
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Scheme 1. Proposed Catalytic Steps
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Table 2. Optimization of Domino Process

Me
2 (1.5 equiv)
p-toluidine (1.65 equiv)
- o [Rh(cod)OHl, (2 mol %)
3 A [Pd] (5 mol%), ligand(s) _ .~ N v Ba+ un-P T
P P base (3 equiv) NF | bh
N dioxane/H,0 (10:1) N
110°C, 22 h N
1a 4a 8
ligand(s) Sa
entry [Pd] (5 mol %)“ base 4a (%)  (%)°
1 Pd(OAc), RuPhos NaOtBu 57 15
XPhos
2 Pd(OAc), RuPhos® K,CO 52 11
36 XPhos KCO, 71 (67) -
4 6 - K,CO;, 46 52
S 6 RuPhos K,CO; 54 34
6 6 XPhos KCO, 567

“5 mol % of each ligand is added to the reaction so that the Pd/L ratio
is 1:2. "Determined by 'H NMR spectroscopy using p-nitro-
acetophenone as an internal standard. Isolated yields in parentheses.
€10 mol % RuPhos was used. “Reaction was performed on a 1 mmol
scale. Isolated yield.

*
0 2 a 6 8 10 2 14 16 18
t/hours

Figure 1. In situ monitoring of the reaction of 1a, 2, and p-toluidine.
Conditions: 6 (5 mol %), XPhos (S mol %), K,CO; (3 equiv),
dioxane-dg/D,0 (10:1, 0.909 M), 95—110 °C, 400 MHz."*

Table 3. Scope of Domino Process (1)

Me
p-toluidine(1.65 equiv)
R X ol ol [Rh(cod)OH], @ mol %) __ N
\[ I/ . @[ 6 (5 mol %), XPhos (5 mol %), R /XIp
PNZ KoCOj3 (3 equiv) \[
N BOH):  jioxane/H,0 (10:1) SN
110°C, 22 h 4
entry product R! X yield (%)%
1 4a CF, CH 67
2 4b CN CH 49
3 4c H CH 41°
4 4d H N 53

“Isolated yields. YIsolated using a one-pot procedure: lc, 2,
[Rh(cod)OH],, and K,CO; were stirred at 110 °C in dioxane/H,0
for 30 min until 1c was fully consumed, and then p-toluidine, 6, and
XPhos were added to the reaction and stirring resumed at 110 °C for

16 h.

Studies showed that the Rhl-catalyzed arylation reaction with
ortho-halogenated ar?rlboronic acids can occur in high yields in a
short reaction time.'® This encouraging result indicates that a
time-resolved reaction sequence would be possible. A study of
the Pd’-catalyzed amination steps was then conducted using 3a

Table 4. Scope of Domino Reaction (2)

Ar-NH, (1.65 equiv) 2
[Rh(cod)OH]; 2 mol %) g N/ xR

F | Cl
Lo ® oS 6 (5 mol%), XPhos (5 mol %) 7 \ /
| PO R = K5CO3 (3 equiv) N |
N B(OH), N
1a 2

dioxane/H,0 (10:1)

110°C, 22 h 4
(1.5 equiv)
Product Yield (%)"  Product Yield (%)*
4e /\\( 4f Ac
F
69 \ 76
FsCo_~ | N FoC N
4g OMe 4h NG
MeO\Q Q
45 59
FiC /| N FaC~ N
N |
N SN
4i Me 4j Me
Q Me 82 Q OMe 74
FsC N FiCo_~ N
| |
SN SN
4k Me 41 Me
; oo @ 52
FiC~ N FiC 7 ] N CF3
S | Sy

“Isolated yields.

Table 5. Reaction Scope with Aliphatic Amines
4AMS

2 (1.5 equiv) R-NH, (1.65 equiv) R
1a RN(COG)OH], @m0l %)_| 5| 6(5 mol%) FsC N
K,COj3 (1.1 equiv) SPhos (5 mol %) <
dioxane/H,0 (10:1) NaO1Bu (2.5 equiv) N
110°C,0.5h dioxane, 110°C, 16 h 9
Product Yield (%)* Product Yield (%)*
9a P"‘\\\\ 9b Ph\\\\
FsC~ i N 60 Fiﬁ\(\/l('\p\CFs 68
SN SN
9c Ph\\\\ 9d (C\\N
270 =
FiC_~ | N Me FgC\(IN/\Q 68
NS |
N SN
9e 9f OMe
SN
= QOMe
56 64
\N X |
N
9g )
FsC~ N 50
|
SN

“Isolated yields. “Isolated as an inseparable mixture of 9¢ and
monoaminated product.

(R'=CF;). Using Pd(OAc), and an equimolar amount of
RuPhos (which has been shown to be effective for C—N bond
formations between 2° amines and aryl chlorides),'" we found
that formation of the dibenzazepine ring was incomplete, giving
predominantly intermediate Sa, where the amine reacted only
with the more electronically favored pyridyl chloride (Table 1,
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Scheme 2. Deprotection of 9f and 9g

OMe

Q\OMe
TFA (20 equiv)

FsC N N CH,Cl, reflux, 3 h
_ 77% yield
9f N
Pd(PPhg)s (20 mol %)——="*" "™
HCO,H (6 equiv) Ni
Et3N (2.5 equiv)
\[Ip dioxane, 60 °C, 2 h

90% yield

entry 1). Adding an excess of ligand partially resolved this
problem, giving a 73% yield of the desired product (entry 2).
Based on reports from Buchwald and co-workers,'> we also
examined multiligand based palladium catalysts, as C—N
coupling with both 1° and 2° amines is required in our
sequence. We found that using a 1:1 ratio of RuPhos and
XPhos gave us the best results, yielding 89% of the desired
dibenzazepine product (entry 4).

We next looked into the compatibility of the three catalyst
systems in a domino process. When all three starting materials
were combined with the catalyst systems, we were able to form
the desired aza-dibenzazepine product 4a as the major product,
with intermediate Sa and the amination/protodeboronation
byproduct 8 produced in minor amounts. By using Buchwald’s
precatalyst 6 as the palladium source,'”” we were able to
produce 4a in good yield while also simplifying the reaction
setup (Table 2, entry 3). Further studies show that, without the
addition of XPhos, product yields were significantly lower
(entries 4—5). This suggests that both palladium complexes are
critical for optimal results. The domino process was performed
on a 1 mmol scale, giving a yield of 56% (entry 6).

A study of the reaction by "H NMR spectroscopy (Figure 1)
showed that the vinylpyridine substrate la is first rapidly
consumed to give arylation product 3a. The dihalogenated
intermediate is then converted more slowly to form both the
amination intermediate Sa and the final cyclized product 4a.
This study indicates that the domino reaction occurs in a time-
resolved fashion, where the first catalytic cycle creates the
product that is fed into the next catalytic cycle. The
intermolecular C—N bond formation on the pyridyl chloride
occurs faster than the intramolecular amination, and no
intermolecular C—N bond forms on the phenyl chloride.
While the reaction did not reach completion within the same
time as that under standard reaction conditions, heatin3g for
another 24 h showed full conversion to the product 4a."

With the optimized conditions in hand, we examined the
scope of the (MC)’R. Electron-poor vinylpyridines work best
and gave the desired products in good yields (Table 3, entries
1—2). When the vinylpyridine is not sufficiently electrophilic,
the arylated product, S5, and unidentified byproducts were
observed in the domino process.

When there are no substituents on the vinylpyridine, the aza-
dibenzazepine product can be accessed in a sequential, one-pot
procedure (entry 3).'* Other N-heterocycles can also be used,
such as vinylpyrazines (entry 4) in good yields.

The electronically biased vinylpyridine 1a was used to further
explore the reaction scope of the domino process (Table 4) due
to its higher reactivity.

Ortho-, meta-, and para-substituents are tolerated on the
aniline partner, giving moderate to good yields (4e—h).
Functional groups such as ketones (4f) and nitriles (4h) are
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also compatible, and electron-poor anilines are generally higher
yielding. Substituents on the arylboronic acids are also
permitted at the 4- (4i—j) and S-position (4k-1), but 6-
substituted arylboronic acids lead to only trace amounts of the
arylation product.

For aliphatic amines, the reaction was best run in a
sequential, one-pot fashion.'® Full conversion of the Rh'
catalyzed step can generally be observed within 30 min, after
which the Pd° catalyst, additional base, and amine can be added
to the reaction vessel.'”'® Increasing the electron density of aryl
chloride 2 leads to decreasing yields of the cyclized product 9
(Table S, entries 9a—9c). Notably, heterocycles such as
pyridines (9d) and thiophenes (9e) can be incorporated.
Protected amines such as 2,4-dimethoxy-benzyl (9f) and allyl
(9g) amines are also compatible, which can then be
deprotected readily to provide the secondary amine 10
(Scheme 2).

In summary, we successfully implemented a Rh'/Pd’-
catalyzed multicomponent reaction methodology in a domino
process to access N-aryl aza-dibenzazepines in good yields. This
method was further adapted into a pot-economical protocol in
order to generate N-alkyl aza-dibenzazepines in moderate to
good yields. These convergent processes can allow the rapid
creation of complex and structurally diverse compound libraries
from simple starting materials. These processes also exemplify
that multiple transition-metal complexes can operate independ-
ently in one pot, completing several bond-forming steps
without any intermediate workup or purifications. Further
studies to extend this (MC)’R concept are ongoing in our

group.
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