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1.4 eq tBuOK
t-Bu + Ar-l A\\t'BU
toluene, 80 °C, 2-6 h
2
R Ar=4-nitrophenyl R
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Since Curran’s report in 1994, N-substitutedtho-tert-butyl- Table 1. Catalytic Asymmetric Aromatic Amination of Various NH
anilide derivatives have received much attention as novel atrop- Anilides
isomeric compounds possessing an®lchiral axis! On the other o) 3.3 mol% Pd (OAC), 0
hand, the utility of these anilides in asymmetric reaction is limited R1JJ\NH 5.0 mol% (R)-DTBM-SEGPHOS R1JJ\N/AF
by the lack of efficient methods for their preparation in high optical . A 14 eq +BuOK ’©V(\I-Bu
purity.r To date, although syntheses of several optically active toluene, 80 °C, 2-6 h
atropisomeric anilides through a multistep sequence from a chiral R2 Ar=4-nitrophenyl R2
pool precursor or HPLC separation using a chiral stationary phase 1 2
have been reported by several groups, including by ssme enty 1 R R? 2 yield(%)? ee(%)P abs config
prc_)b_lems remain in these methods with regard to generality and ™ 1 CoHs H 2a 84 93 S
efficiency. 2 1b CpHs tBu 2b 81 95 —c
Recently, we and Curran’s group reported the first catalytic 3 1c CHs H 2c 75 90 S
asymmetric synthesis of atropisomeric anilides through enantio- 4 1d PhCHCH, H 2d 84 94 S
selective N-allylation of achirairtho-tert-butyl-NH-anilide (eq 15 g i]? %C(I:O::éﬁ W gfe 22 SZ -
However, in this methodology using a chitalallyl Pd catalyst, 7 1g CHCH=CH H 29 40 89 —c

high enantioselectivity could not be achieved{&3% ee). In this
communication, we report a new and efficient catalytic asymmetric 2 Isolated yield? The ee was determined by HPLC analysis using chiral
synthesis of atropisomeric anilides through enantioselective inter- column.© The absolute configuration was not determined.

and intramolecular N-arylation mediated by a chiral Pd catalyst. iy this case, racemic anilid@a was obtained in 79% yield.
The present reaction proceeds with high enantioselectivity to give sypsequently, asymmetric N-arylation b& with various chiral
various optically active atropisomeric amides and lactams in good phosphine ligands was examined under the above conditithe.
yields. Moreover, this study should be also noted as a rare examplereaction using®-BINAP gave2ain relatively good chemical yield

of catalytic asymmetric N-arylatioh. (78%) and enantioselectivity (77% ee). WitR)}{DTBM-SEG-
o o 0 — PHOSS8 the product2a was obtained with high enantioselectivity
1)1\ JIq /X I J/ (89% ee), while considerable decrease in the chemical yield was
RTNH R! N@\//\B—-dep RUN™ oy observed (28%). Improvement of both chemical yield and enantio-
"B“\@_’ t+Bu t:,j _’ () selectivity was achieved by a survey of the base. That is, in the
R2 R2 5 reaction with R-DTBM-SEGPHOS, the use dfBuOK instead
"achiral" R ower ee” of C$CO; led to the formation oRain excellent enantioselectivity
o Al\r o (93% ee) and high yield (84%) (Table 1, entry 1).
R‘J]\N/Pd\P R1J\N/A’ Under the optimized conditiong{nitroiodobenzene (1.1 equiv),
4 ) Bu @ (R)-DTBM-SEGPHOS (5.0 mol %), Pd(OA£)3.3 mol %), and
| tBu P @ t-BuOK (1.4 equiv) in toluene at 80C], catalytic asymmetric
R2 r2" V' 'higher ee" (7) N-arylation with various NH anilidesb—1gwas further examined

(Table 1). Similar to mondert-butylphenyl derivativela, the

In N-allylation with an asymmetriez-allyl Pd catalyst, since a  reaction with N-(2,5-bistert-butyl)phenyl propanamiddb also
soft nucleophile such as anilide anion attacks Ahallyl carbon proceeded with high enantioselectivity (95% ee) to give atropiso-
from the opposite side of the Pd atom, asymmetric induction at the meric producb in 81% yield (entry 2). In the reaction with other
anilide part by a chiral phosphine ligand may be difficult (eq 1). carboxamides such as acetamide phenylpropanamidéd, and
Meanwhile, in the Pd-catalyzed asymmetrie-® coupling, it was cyclohexanecarboxamides, similar high enantioselectivities were
expected that high enantioselectivity may be achieved through attackalso observed (8994% ee, entries-35). Although the reaction of
of an anilide nucleophile to the Pd atom followed by reductive a,-unsaturated amidelf and1g brought about a decrease in the
elimination of the resulting palladium amide complex (I1), because chemical yield (40% yield), the produc® and2g were obtained
in such reaction, NC bond formation should occur near the chiral in high enantioselectivity (94 and 89% ee, entries 6 and 7).

ligand (eq 2). The high enantioselectivities observed in these reactions may
We chose an aromatic amination reaction that proceeds via suchindicate that no racemization of the produt®ccurs under the
a mechanism (eq 2)Initially, the N-arylation of propanamidéa above reaction conditions (heating for-@ h at 80°C). Indeed,

(R = Et) with racemic BINAP-Pd(OAg)catalyst was investigated  when isolated propanamida (93% ee) was heatedrf® h at 80
in the presence of various aryl halides and bases. The best resulfC, no appreciable change in the ee was detected. In addition, the
was observed in the reaction usipgitroiodobenzene as an aryl  absolute stereochemistries of major enantiomers of anilide products
halide and C£C0; (1.4 equiv) as a base [in toluene (80, 10 h)]; 2a, 2¢, and2d obtained by the use oRj-DTBM-SEGPHOS were
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confirmed to be $-configuration by comparing with authentic  chirality of 4b was determined asS[-configuration by comparing
sample prepared through a chiral pool route starting frEptectic with an authentic sampleS)-5b prepared from $)-3-(2-iodo-
acid (see Supporting Information). The stereochemistries of other pheny)-2-methylpropanoate (see Supporting Information).
anilides—2b, 2e—2g, which have positived]p values like2a, 2c, In conclusion, we have succeeded in the synthesis of optically
2d—were also tentatively predicted to b§-configuration. active atropisomeric anilide derivatives through a catalytic asym-
We next attempted the synthesis of optically active atropisomeric metric inter- and intramolecular N-arylation reaction. The present
lactams by applying the present catalytic asymmetric N-arylation reaction should provide new and efficient methodology for the
to an intramolecular version. The reaction with anilge(X =Y preparation of various atropisomeric anilides with high optical
= CH,, R = H) prepared from 3-(2-iodophenyl)propanoate was purity. Furthermore, this study should attract the interest of many
conducted under various conditions. After an extensive survey of chemists as the first example of practical catalytic asymmetric
chiral phosphine ligands (SEGPHOS and ligands shown in ref 7), aromatic amination with achiral substrates.
we found that, in the presence of L£; in toluene, the reaction

using ©-BINAP-Pd(OAc) catalyst gives the lactam produta Acknowledgment. We gratefully acknowledge Takasago In-

in 70% ee and 95% yield (eq 3). Although several bases and ternational Corporation for the supply of chiral phosphine ligands

solvents were further employed for improvement of the enantio- [(R)-(=)-DTBM-SEGPHOS].

selectivity, better results could not be obtained. On the other hand, ~Supporting Information Available: Experimental procedures and
the reaction with 2,5-bigert-butylanilide3b (X =Y = CH,, R= characterization data for compoun2s—2g, 3a—3d, 4a—4d, and5b;
t-Bu) led to a remarkable increase in the enantioselectivity; in this X-ray structural data and reaction scheme for the determination of
case, atropisomeric lacta#th of 96% ee was obtained in good absolute configuration oRa, 2c, 2d, and 4b; and a list of chiral
yield (95%). The reactions of other 2,5-liext-butylanilides3c phosphine Ii_gands examined (CIF, PDF). This material is available free
(X = NBn, Y = CH,) and3d (X = CH,, Y = NBn) also proceeded of charge via the Internet at http:/pubs.acs.org.

with excellent enantioselectivity (94 and 95% ee) to give the cyclic
urea 4c and piperazinone4d in good yields (82 and 71%),
respectively.
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