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ABSTRACT: Remote control of the axial chirality of N-
(2-t-butylphenyl)succinimides was realized via the vinyl-
ogous Michael addition of 3-substituted cyclohexenones to
N-(2-t-butylphenyl)maleimides. 9-Amino(9-deoxy)epi-qui-
nine promoted the enantioselective desymmetrization,
leading to atropisomeric succinimides with two adjacent
stereocenters.

Organocatalysis is a powerful strategy that can exploit the
catalytic ability of organic molecules in specific reaction

pathways for the synthesis of enantioenriched compounds.
Organocatalysts have become a versatile and powerful tool in
chemists’ hands, finding applications in many of the most
important organic transformations.1 Among these organic
transformations, those organocatalysts that control the for-
mation of remote stereocenters through the generation of a
conjugated π-system, namely dienamine, trienamine, tetraen-
amine, and vinylogous iminium ion catalysts, have opened new
frontiers in the area of amino and Brønsted base catalysis.2

Recently, organocatalysis has been applied to the enantiose-
lective synthesis of atropisomeric compounds.3 Atropisomerism
is a property of molecules with important biological activities or
employed as ligands or catalysts.4 However, organocatalytic
syntheses in which the axial chirality of compounds is controlled
are still rare. After the first example of the enantioselective
synthesis of atropisomeric amides by dynamic resolution was
reported by Clayden,5 only a few papers have been published on
this topic. Most of them focus on the preparation of
enantioenriched biaryls,6 tertiary amides,7 anilides,8 allenes,9

and aminonaphthols10 using various catalytic strategies.11

Herein, we report the remote control12 of the axial chirality of
atropisomeric succinimides13 via an aminocatalytic vinylogous
Michael addition14/desymmetrization15 sequence of N-(2-t-
butylphenyl)maleimides (Figure 1). The key feature of our
methodology is the ability of a cinchona alkaloid primary amine
catalyst16 to transfer its stereochemical information to both a
prochiral center several bonds away2e−g,r,s and a more distant
prochiral axis by directing the addition of the dienamine to either
carbon atom CA or CB from the side not shielded by the t-butyl
group. Through this mechanism, the following two simultaneous
stereochemical events are realized: the generation of two
contiguous stereocenters and the remote control of an axial
chirality far from the reaction site.

We screened various primary amines and acidic cocatalysts in a
model reaction between 3-ethylcyclohex-2-en-1-one 1a and N-
(2-t-butylphenyl)maleimide 2a (Table 1). The first reaction was
performed with 9-amino(9-deoxy)epi-hydroquinine A (20 mol
%) and o-fluorobenzoic acid H (40 mol %) and afforded a 70:30
mixture of only two diastereoisomers,17 3a (major) and 4a
(minor) in 43% yield and >99% enantiomeric excess (ee) for
each diastereoisomer (entry 1). NOE NMR experiments on 3a
and 4a confirmed that the dienamine approached 2a from the
side opposite the t-butyl group.17 9-Amino(9-deoxy)epi-hydro-
quinidine B allowed the opposite enantiomers to be obtained
with high enantiocontrol but in lower yield (entry 2), and catalyst
C (6′-hydroxy-9-amino(9-deoxy)epi-hydroquinidine) or coun-
teranions with coordinating hydroxyl groups did not affect the
yields and diastereomeric ratio (d.r.) (entries 3−6). Stronger
acids suppressed the reaction (entries 7−8), and with 2 equiv of
1a, the overall yield increased to 58% (entry 9). We then tested
the effect of N-Boc-D-phenylglycine N and N-Boc-L-phenyl-
glycine O as chiral cocatalysts with quinines A or D and
quinidines B or E primary amines (entries 10−17).18 With
catalyst A, yields comparable to those with achiral acid F were
obtained, although they showed lower d.r. (entries 10−11),
whereas 9-amino(9-deoxy)epi-quinineD resulted in a reasonable
increase in the yields (entries 12−13). Low reactivities were
observed when 9-amino(9-deoxy)epi-quinidine E and B were
used (entries 14−17). With 10 mol % of D, the reaction was too
slow, and the role of the acidic species was crucial to obtain the
desired product (entries 18−19).
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Figure 1. Remote control of axial chirality via the vinylogous Michael
addition/desymmetrization of rotationally constrained N-(2-t-
butylphenyl)maleimide.
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To evaluate the thermal stability with respect to epimerization
of the chiral axis, 3a was heated to 130 °C in C2D2C4. After 10 h,
an equilibrium ratio of 62:38 with a new diastereoisomer 3a′ was
observed (Scheme 1). NMR analysis and a NOE experiment

confirmed that 3a′ was not equivalent to 4a and that it was
generated by rotation of the C−N bond. The energy barrier to
rotation was found to beΔGepi

≠ = 31.9 kcal mol−1, corresponding
to a t1/2

25 = 1000 years.13,17

The substrate scope was investigated using several enones 1
and maleimides 2 (Table 2). Remarkable yields and ee values
were obtained when 1a was reacted with various maleimides.
The reaction proceeded smoothly when halogen, phenyl or

methoxy substituents were present (entries 2−5). A protected

amino group was well tolerated, and succinimides 3f,g and 4f,g
were obtained in good yields with excellent ee values (entries 6−
7). The presence of a second t-butyl group at position 5 of the
maleimide aromatic ring resulted in only traces of products
(entry 8). Maleimides with an ortho- iodo-, triethylsilyl- or
phenyl groups give products whose chiral axis quickly epimerizes
at 25 °C.17 A cyclohexenone with two methyls at position 5
afforded the corresponding succinimides in high yields and
enantioselectivities (entries 9−10). Enones with different
substituents on the double bond19 gave the desired products
but with substantial loss of conversion, (entries 11−13) whereas
with more reactive 4-Br- and 5-NHCbz-substituted maleimides,
the reactivity remained reasonable (entries 14−15). The P,R,R
absolute configuration was assigned to 3b by X-ray diffraction,20

and the same absolute configuration was assigned to 3a by
comparison of the ECD spectra.17 Then we decided to check
whether epimerization might be the reason for the low d.r. The
catalytic salt was added to separate solutions of pure 3a and pure
4a, and after 24 h, we found the same 70:30 ratio of 3a and 4a in
both mixtures (Scheme 2). Epimerization was occurring at the
exocyclic stereocenter, thus allowing the assignment of the P,R,S
absolute configuration to 4a.17

We then further examined the scope by reacting different γ-
disubstituted cyclohexenones (Table 3). Good yields and high ee
values were obtained with isopropyl- and cyclopentyl-substituted
enones (entries 1−6). Interestingly enones having two different
substituents gave mixtures of diastereoisomers 6g−j (major) and
7g−j (minor), which had a quaternary stereocenter,21 with
increased enantioselectivity but in lower yields (entries 7−9). No
epimerization from a retro-vinylogous side reaction was observed
when disubstituted cyclohexenones were employed.17

These results emphasize the efficient control exerted by the
catalytic system in the desymmetrization of maleimides. The
absolute configuration of compound 6h was determined to be
P,R,S.17 A transition state for the formation of 6h can be

Table 1. Screening of the Reaction Conditionsa

entry catalyst acid yield (%)b 3a + 4a d.r.c 3a:4a ee (%)d 3a/4a

1 A F 43 70:30 >99/>99
2 B F 30 70:30 >−99/>−99
3 C F 33 70:30 >−99/>−99
4 A G 30 70:30 >99/>99
5 A H 25 70:30 >99/>99
6 A I 42 70:30 >99/>99
7 A L − − −
8 A M − − −
9e A F 58 67:33 >99/>99
10e A N 51 65:35 >99/>99
11e A O 60 65:35 >99/>99
12e D N 70 70:30 >99/>99
13e D O 75 70:30 >99/>99
14e E N 43 70:30 >−99/>−99
15e E O 35 70:30 >−99/>−99
16e B N 40 65:35 >−99/>−99
17e B O 33 65:35 >−99/>−99
18e D O 40 65:35 >99/>99
19e D − <10 42:58 n.d.

aReactions performed with 1a (0.2 mmol) and 2a (0.2 mmol) in 1 mL
of toluene. bSum of diastereoisomers. cDetermined by 1H NMR of the
crude mixture. dDetermined by chiral HPLC analysis. ePerformed
using 2 equiv of 1a.

Scheme 1. Thermal Stability of the Chiral Axis of 3a

Table 2. Substrate Scopea

entry R/R1/R2 yield (%)b d.r.c ee (%)d

1 Me/H/H 3a + 4a, 75 70:30 >99/>99
2 Me/H/4-Br 3b + 4b, 80 70:30 97/>99
3 Me/H/4-Cl 3c + 4c, 70 72:28 >99/>99
4 Me/H/4-Ph 3d + 4d, 75 70:30 96/95
5 Me/H/4-OMe 3e + 4e, 80 70:30 94e/n.d.
6 Me/H/5-NHCbz 3f + 4f, 80 75:25 98/97
7 Me/H/5-NHTs 3g + 4g, 45 71:29 95e/n.d.
8 Me/H/5-tBu − − −
9 Me/Me/H 3h + 4h, 60 70:30 96/95
10 Me/Me/4-Cl 3i + 4i, 60 65:35 95/95
11f Bn/H/H 3j + 4j, 50 70:30 99/97
12f n-Pr/H/H 3k + 4k, 37 64:36 97/94
13f Allyl/H/H 3l + 4l, 36 70:30 96/96
14 n-Pr/H/4-Br 3m + 4m, 76 70:30 99/98
15 Allyl/H/5-NHCbz 3n + 4n, 63 70:30 97/97

aReactions performed with 1 (0.4 mmol) and 2 (0.2 mmol) in 1 mL of
toluene. bSum of diastereoisomers. cDetermined by 1H NMR of the
crude mixture. dDetermined by chiral HPLC analysis. eDetermined by
1H NMR using (R)-(−)-2,2,2-trifluoro-1-(9-anthryl)ethanol. fReaction
time of 96 h.
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proposed (Figure 2). The Re face of the γ-carbon of 5h
approaches the “bottom” face of the CA carbon of 2b, which is
activated and held in place by a hydrogen bond from the
protonated quinuclidine moiety to one of the carbonyl groups.

In conclusion, we developed a method for the atroposelective
synthesis of succinimides using a new vinylogous Michael
addition of enones to maleimides. Primary amine catalysis was
fundamental for the enantioselective desymmetrization to occur
with simultaneous and exclusive remote control of the chiral axis
and the newly formed stereocenters. Further experiments and
calculations are in progress to elucidate the reaction mechanism
and the observed stereochemistry.
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Sayah, M.; Coŕdova, A. Chem. Commun. 2007, 734. (c) Xue, F.; Liu, L.;
Zhang, S.; Duan, W.; Wang, W. Chem.Eur. J. 2010, 16, 7979. (d) Yu,
F.; Sun, X.; Jin, Z.; Wen, S.; Liang, X.; Ye, J. Chem. Commun. 2010, 4589.

(e) Wang, J.; Zhang, M.-M.; Zhang, S.; Xu, Z.-A.; Li, H.; Yu, X.-H.;
Wang, W. Synlett 2011, 473. For vinylogous examples see: (f) Manna,
M. S.; Mukherjee, S. Chem.Eur. J. 2012, 18, 15277. (g) Guo, Y.-L.; Jia,
L.-N.; Peng, L.; Qi, L.-W.; Zhou, J.; Tian, F.; Xu, X.-Y.; Wang, L.-X. RSC
Adv. 2013, 3, 16973. (h) Lu, J.; Zhou, W.-J.; Liu, F.; Loh, T.-P. Adv.
Synth. Catal. 2008, 350, 1796.
(15) For desymmetrization of five-membered ring compounds see: K.
Aikawa, T.; Okamoto, K.; Mikami. J. Am. Chem. Soc. 2012, 134, 10329
and references therein.
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