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Construction of a Quaternary Carbon Center by Catalytic
Asymmetric Alkylation of 3-Arylpiperidin-2-ones under Phase-

Transfer Conditions

Tomoaki Inukai,® Taichi Kano,*® and Keiji Maruoka*®?:cl

Abstract: A highly enantioselective synthesis of &-lactams having a
chiral quaternary carbon center at the a-position has been developed
through an asymmetric alkylation of 3-arylpiperidin-2-ones under
phase-transfer conditions. In this transformation, a 2,2-diarylvinyl
group on the d-lactam nitrogen plays a crucial role as a novel
protecting group and an achiral auxiliary for improving both yield and
enantioselectivity of the reaction.

Nitrogen heterocycles containing a chiral quaternary carbon
center are frequently found in natural products and considered as
an important and useful building block in organic synthesis.
Among them, 3-alkyl-3-arylpiperidine is an attractive structural
motif that constitutes the core structure of biologically active
compounds as shown in Figure 1.* Asymmetric alkylation of 3-
aryl-lactams is a simple and direct method to construct such chiral
quaternary carbon centers;® however, only a few reports on the
catalytic asymmetric synthesis of 3-alkyl-3-aryl-lactams have
appeared to date with limited success (e.g., Pd-catalyzed
allylation and conjugate addition under phase transfer-conditions)
(6]
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Figure 1. Bioactive molecules bearing a 3-alkyl-3-arylpiperidine scaffold.
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Scheme 1. Approaches for catalytic asymmetric synthesis of 3-alkyl-3-aryl-
lactams. a) Examples of catalytic asymmetric alkylation. b) Example of catalytic
asymmetric arylation. ¢) This work.

(Scheme 1a).5” Asymmetric arylation of 3-alkyl-lactams is an
alternative approach toward the construction of the chiral
guaternary carbon center (Scheme 1b). To the best of our
knowledge, however, the catalytic asymmetric reaction has only
been reported for the arylation of 3-alkyl-y-lactams.® In contrast to
the previous attempts, phase-transfer-catalyzed asymmetric
alkylation using alkyl halides is undoubtedly one of the most
reliable methods to introduce alkyl substituents in an
enantioselective fashion,® though such an approach has not been
developed to a useful level, regardless of the lactam ring size.°
Accordingly, we have developed an asymmetric alkylation of 3-
aryl-6-lactams bearing an N-2,2-diarylvinyl group as a protecting
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group as well as a tunable achiral auxiliary (Scheme 1c). This
novel protecting group for the amide nitrogen of lactams is found
to be well tolerated under strong basic conditions and be removed
by treatment with an acid or BHs. In the latter case, the
corresponding cyclic amine is obtained directly by reduction of the
amide moiety with BH3-THF. Here, we wish to disclose our initial
results on this study.

In the presence of a chiral quaternary ammonium salt (S)-5a,%
the reaction between N-benzoyl-3-phenylpiperidin-2-one and
benzyl bromide in cyclopentyl methyl ether (CPME) under phase-
transfer conditions gave the benzylated product in low yield and
enantioselectivity (Scheme 2). In contrast to the smooth
conjugate addition under phase transfer conditions,” the alkylation
of a trace amount of the in-situ generated enolate with alkyl
halides is much slower. We then hypothesized that the
electronical and structural modification in the lactam would result
in the facile formation of the ammonium enolate as well as an
efficient enantioface discrimination, which are attributable to tight
interaction between the catalyst and the enolate, leading to higher
yield and enantioselectivity. Hence, (E)-styryl or 2,2-diphenylvinyl
group was installed as a tunable achiral auxiliary at the amide
nitrogen of 3-phenylpiperidin-2-one. Indeed, a significant
improvement of both yield and enantioselectivity was observed in
the reaction of the modified 3-phenylpiperidin-2-one 2a.
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Scheme 2. Asymmetric alkylation of 3-phenylpiperidin-2-ones.

We then tuned the structure of a 2,2-diarylvinyl group (Table
1). Introduction of electron withdrawing groups such as p-fluoro
groups improved the yield, while the enantioselectivity decreased
(entry 2). On the other hand, introducing p-CF3; group was found
to be effective for achieving high yield and enantioselectivity,
although the reaction was performed at lower concentration for
shorter reaction time (entry 4). Fine-tuning of the catalyst led to a
slight increase in yield and enantioselectivity (entry 5). The
reaction in toluene gave 2d with increased enantioselectivity,
albeit in moderate yield (entry 7). Use of CsOH as base at lower
temperature resulted in higher enantioselectivity, while a longer
reaction time was required (entry 8, see also the Supporting
information for details).
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Table 1. Effects of N-protecting group in the asymmetric alkylation of 3-

arylpiperidin-2-ones.®
O
Bn
N ~Ph
2

(S)-5 (1 mol%)
KOH (5 equiv)

Ar. Ph H,0 (15 equiv) Ar.
W/\N + BnBr — > j/\
Ar (2 equiv) CPME, —10 °C Ar

1

Entry  (S)5  Ar tIhl Yield [%]"  ee [%]
1

(Sy5a  Ph 72 2a54 87
old]

(S)5a  4-F-CoHa 72 2b 76 79
3 (S)-5a  35-F-CoHa 24 276 63
4 (S)-5a = 4-CFsCeHs 24 2d 79 87
5 (S)5b  4CFsCeHs 24 2d 82 88
6 (S)-5c  4CFsCeHs 24 2d 85 64
7lel

(S)5b  4CFsCeHs 24 2d 47 90
glfl

(S)5b  4-CFsCeHs 72 2d 73 93

[a] Reactions were performed on a 0.1 mmol scale in 1 mL of CPME. [b]
Isolated yield. [c] Determined by HPLC using a chiral column. [d] CPME (0.2
mL) was used. [e] Toluene was used as solvent. [f] Performed at —35 °C in
toluene (0.4 mL) using 5 equiv of BnBr, 10 equiv of CsOH-H20 and 20 equiv
of H20.
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With the optimized conditions in hand, we examined the
substrate scope and the results are shown in Table 2. In the
presence of 1 mol% of (S)-5b, the reactions of 3-phenylpiperidin-
2-one 1d with various alkyl bromides gave the corresponding
products in moderate to good yields and high enantioselectivities
(2d-2i). Use of a propargyl bromide, 1-bromo-2-butyne resulted
in a decrease in both yield and enantioselectivity (2j). We then
tested the scope of the reaction by varying the substituents on the
phenyl ring of the modified 3-arylpiperidin-2-one (2k-2s).11
Introduction of a para-methoxy group significantly decreased the
yield (2k, 21%); however, the reaction at higher temperature (—
15 °C) gave 2k in high yield and enantioselectivity. In general,
para and/or meta-substituents did not significantly affect the
enantioselectivity (2k—2p), whereas ortho-substitution resulted in
no conversion (2q). While the electronic nature of the aryl group
has only a small effect on the stereoselectivity, an electron-
deficient heteroaryl substituent such as 3-pyridyl lowered both
yield and enantioselectivity (2r). On the other hand, 3-thiophenyl
group was tolerated, giving 2s in good yield and enantioselectivity.
The reaction with a less reactive alkylating agent, ethyl iodide
gave 2u in low yield. When a 3-aryl-y-lactam, 3-phenylpyrrolidin-
2-one having an N-2,2-diarylvinyl group was used instead of 1,
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the benzylated product was obtained in 17% ee (see the
Supporting Information for details).

Table 2. Substrate Scope.®!

(S)-5b (1 mol%)
O CsOH-H,0 (10 equiv)

R« Ar H,0 (20 equiv)
N + RBr ——
(5 equiv) toluene
1 -35°C,72h

(R" = (4-CF3-CgH,4),C=CH)

2e 89%, 93% ee
),
=\ )
29 94%, 92% ee

_//—Ph

2i

2u 21%, 93% eel®

2t 73%, 92% ee

[a] Reactions were performed on a 0.1 mmol scale in 0.4 mL of toluene. [b]
Isolated yield. [c] Ee was determined by HPLC using a chiral column. [d]
Performed at —15 °C. [e] Performed with Et-I (10 equiv) at —15 °C for 168 h.
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The 2,2-diarylvinyl group is well tolerated under reaction
conditions. Treatment of 2d with aqueous KOH even under reflux
conditions led to an essentially quantitative recovery of the
starting material. On the other hand, enamides are known to be
hydrolyzed under acidic conditions,*? and treatment of 2d with
H.SO, afforded 3-benzyl-3-phenylpiperidin-2-one (3d) in high
yield without loss of enantiopurity (Scheme 3). Treatment of 2d
with BH3 in THF gave 3-benzyl-3-phenylpiperidine (4d) directly as
a result of deprotection and the subsequent reduction of the in-
situ generated 3d.%°

o)
Bn Bn
Ar L H,SO :
NN N=Ph 2573 HN™ “=Ph
Ar AcOH, 80 °C, 12 h
2d (93% ee) 94% 3d (93% ee)
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o 5
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Ar THF, RT, 24 h
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(Ar' = 4-CF5-CgHy)

Scheme 3. Deprotection of 3-benzyl-3-phenylpiperidin-2-one.

Further synthetic utility of the present asymmetric alkylation
was successfully demonstrated in the formal synthesis of a
neurokinin-3 antagonist, osanetant,® as shown in Scheme 4.
Optically enriched 3-allyl-3-aryl-piperidin-2-one 2t, which is
prepared by the asymmetric alkylation of the corresponding 3-
arylpiperidin-2-one with allyl bromide (Table 2), was converted to
the  amino alcohol 6 in one-pot through BHs;—mediated
deprotection, reduction and hydroboration followed by oxidation
with H,O, and NaOH. The obtained amino alcohol 6 with high
polarity was converted to 7 by treatment with benzoyl chloride and
triethylamine without purification. Since 7 was an intermediate in
previous total synthesis of osanetant,® this work contributes to its
formal synthesis. The absolute configuration of the allylation
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Ar. S 23h
NN a0 THNTY cl
Ar 2. H,0,
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Osanetant (S)-7 (92% ee)
[o]3! +29.1 (¢ = 0.13, MeOH)

ref: [o], +35.1 (c=0.13, MeOH)

Scheme 4. Formal asymmetric synthesis of osanetant.
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product 2t was determined to be S by comparison of the optical
rotation of 7 to the literature value (Scheme 4):3 the alkylating
agent (allyl bromide) should approach from the Si face of the
enolate anion generated from the 3-arylpiperidin-2-one derivative
under the influence of chiral phase-transfer catalyst (S)-5b.

In summary, we have realized a highly enantioselective
alkylation of 3-arylpiperidin-2-ones by installing an achiral
auxiliary, 2,2-diarylvinyl group on the lactam nitrogen. The
auxiliary was readily removed from the alkylation product by
treatment with an acid or BHs;. This methodology certainly
expands the synthetic utility of chiral phase-transfer-catalyzed
alkylation and provides a practical entry to the construction of
chiral quaternary carbon centers in organic synthesis.

Acknowledgements

This work was supported by JSPS KAKENHI Grant Numbers
JP17H06450, JP26220803, and JP18H01975.

Conflict of interest
The authors declare no conflict of interest.

Keywords: alkylation « asymmetric synthesis « lactams «
organocatalysis « phase-transfer catalysis

[1] For piperidine-containing alkaloids, see: a) M. J. Schneider, Pyridine and
Piperidine Alkaloids: an Update. in Alkaloids: Chemical and Biochemical
Perspectives, Vol. 10 (Eds.: S. W. Pelletier), Pergamon, Oxford, 1996,
pp. 155; b) D. O’Hagan, Nat. Prod. Rep. 2000, 17, 435; c) J. P. Michael,
Nat. Prod. Rep. 2008, 25, 139; d) E. Vitaku, D. T. Smith, J. T. Njardarson,
J. Med. Chem. 2014, 57, 10257.

[2] a) R. W. Hartmann, C. Batzl, T. M. Pongratz, A. Mannschreck, J. Med.
Chem. 1992, 35, 2210; b) G. Fogliato, G. Fronza, C. Fuganti, P. Grasselli,
S. Servi, J. Org. Chem. 1995, 60, 5693.

[3] a) X. Emonds-Alt, D. Bichon, J. P. Ducoux, M. Heaulme, B. Miloux, M.
Poncelet, V. Proietto, D. Van Broeck, P. Vilain, G. Neliat, P. Soubrié, G.
Le Fur, J. C. Breléere, Life Sci. 1994, 56, PL 27; b) H. G. Chen, F.-Z.
Chung, O. P. Goel, D. Johnson, S. Kesten, J. Knobelsdorf, H. T. Lee, J.
R. Rubin, Bioorg. & Med. Chem. Lett. 1997, 7, 555; c) D. Alker, T. V.
Magee, G. N. Maw, D. S. Middleton (Pfizer Inc.), Patent WO 99/1451,
January 14, 1999.

[4] A. R. MacKenzie, A. P. Marchington, D. S. Middleton, S. D. Newman, B.
C. Jones, J. Med. Chem. 2002, 45, 5365.

[5] For reviews on catalytic asymmetric synthesis of quaternary carbon
centers, see: a) E. J. Corey, A. Guzman-Perez, Angew. Chem. Int. Ed.
1998, 37, 388; Angew. Chem. 1998, 110, 402; b) J. Christoffers, A. Mann,
Angew. Chem. Int. Ed. 2001, 40, 4591; Angew. Chem. 2001, 113, 4725;
c) |. Denissova, L. Barriault, Tetrahedron 2003, 59, 10105; d) J. Vesely,
R. Rios, ChemCatChem 2012, 4, 942; e) I. Marek, Y. Minko, M. Pasco,
T. Mejuch, N. Gilboa, H. Chechik, J. P. Das, J. Am. Chem. Soc. 2014,
136, 2682.

[6] a) C. Michon, A. Béthegnies, F. Capet, P. Roussel, A. de Filippis, D.
Gomez-Pardo, J. Cossy, F. Agbossou-Niedercorn, Eur. J. Org. Chem.
2013, 4979; See also: b) A. Nowicki, J. Keldenich, F. Agbossou-
Niedercorn, Eur. J. Org. Chem. 2007, 6124.

[7] S. Nunokawa, M. Minamisawa, K. Nakano, Y. Ichikawa, H. Kotsuki,
Synlett 2015, 26, 2301.

8]

[0

[10]

[11]

[12]

[13]

10.1002/anie.201913518

WILEY-VCH

a) C. I Jette, I. Geibel, S. Bachman, M. Hayashi, S. Sakurai, H. Shimizu,
J. B. Morgan, B. M. Stoltz, Angew. Chem. Int. Ed. 2019, 58, 4297; Angew.
Chem. 2019, 131, 4341, See also the related asymmetric arylation: b) M.
Bella, S. Kobbelgaard, K. A. Jgrgensen, J. Am. Chem. Soc. 2005, 127,
3670.

For representative examples, see: a) U. H. Dolling, P. Davis, E. J. J.
Grabowski, J. Am. Chem. Soc. 1984, 106, 446; b) W. Nerinckx, M.
Vandewalle, Tetrahedron: Asymmetry 1990, 1, 265; c) S. Arai, M. Oku,
T. Ishida, T. Shioiri, Tetrahedron Lett. 1999, 40, 6785; d) T. Ooi, T. Miki,
M. Taniguchi, M. Shiraishi, M. Takeuchi, K. Maruoka, Angew. Chem. Int.
Ed. 2003, 42, 3796; Angew. Chem. 2003, 115, 3926; e) E. J. Park, M. H.
Kim, D. Y. Kim, J. Org. Chem. 2004, 69, 6897; f) A. E. Nibbs, A.-L. Baize,
R. M. Herter, K. A. Scheidt, Org. Lett. 2009, 11, 4010; g) T. Hashimoto,
K. Sakata, K. Maruoka, Angew. Chem. Int. Ed. 2009, 48, 5014. Angew.
Chem. 2009, 121, 5114; h) S. Hong, J. Lee, M. Kim, Y. Park, C. Park,
M.-h. Kim, S.-s. Jew, H.-g. Park, J. Am. Chem. Soc. 2011, 133, 4924; i)
T. Kanemitsu, S. Koga, D. Nagano, M. Miyazaki, K. Nagata, T. ltoh, ACS
Catal. 2011, 1, 1331, j) T. Kano, Y. Hayashi, K. Maruoka, J. Am. Chem.
Soc. 2013, 135, 7134; k) W. Chen, W. Yang, L. Yan, C.-H. Tan, Z. Jiang,
Chem. Commun. 2013, 49, 9854, |) B. Xiang, K. M. Belyk, R. A. Reamer,
N. Yasuda, Angew. Chem. Int. Ed. 2014, 53, 8375; Angew. Chem. 2014,
126, 8515; m) B. Teng, W. Chen, S. Dong, C. W. Kee, D. A. Gandamana,
L. Zong, C.-H. Tan, J. Am. Chem. Soc. 2016, 138, 9935; n) R. Craig, E.
Sorrentino, S. J. Connon, Chem. Eur. J. 2018, 24, 4528.

For selected examples on the synthesis of &-lactams and related
compounds having a chiral quaternary carbon center at the a-position,
see: a) M. Amat, O. Lozano, C. Escolano, E. Molins, J. Bosch, J. Org.
Chem. 2007, 72, 4431; b) T. A. Moss, B. Alonso, D. R. Fenwick, D. J.
Dixon, Angew. Chem. Int. Ed. 2010, 49, 568; Angew. Chem. 2010, 122,
578; c) Y. Park, Y. J. Lee, S. Hong, M.-h. Kim, M. Lee, T.-S. Kim, J. K.
Lee, S.—s. Jew, H.—g. Park, Adv. Synth. Cat. 2011, 353, 3313; d) D. C.
Behenna, Y. Liu, T. Yurino, J. Kim, D. E. White, S. C. Virgil, B. M. Stoltz,
Nature Chem. 2012, 4, 130; e) Y. Numajiri, B. P. Pritchett, K. Chiyoda, B.
M. Stoltz, J. Am. Chem. Soc. 2015, 137, 1040; f) G. Pandey, J. Khamrai,
A. Mishra, Org. Lett. 2018, 20, 166; g) Y. Lu, E. L. Goldstein, B. M. Stoltz,
Org. Lett. 2018, 20, 5657; h) T. Song, S. Arseniyadis, J. Cossy, Chem.
Eur. J. 2018, 24, 8076; i) A. Ngamnithiporn, C. |. Jette, S. Bachman, S.
C. Virgil, B. M. Stoltz, Chem. Sci. 2018, 9, 2547. j) B. M. Trost, Y. Bai,
W.-J. Bai, J. E. Schultz, J. Am. Chem. Soc. 2019, 141, 4811.

When the TBAB-catalyzed reaction of 3-phenylpiperidin-2-one 1d with
benzyl bromide was performed in the presence of KOH for 2 h at 0 °C,
the benzylated product 2d was obtained in 70% yield. On the other hand,
the reaction of 3-methylpiperidin-2-one having an N-2,2-diarylvinyl group
with benzyl bromide gave the product in 2% yield despite the longer
reaction time (12 h). This result can be explained by slow deprotonation,
since use of a stronger base, CsOH increased the yield to 15%.

P. F. Keusenkothen, M. B. Smith, J. Chem. Soc., Perkin Trans. 1 1994,
2485.

Hydroboration of enamines or enamides with BHsz is known, see: a) B.
Singaram, C. T. Goralski, G. B. Fisher, J. Org. Chem. 1991, 56, 5691, b)
G. A. Molander, F. Vargas, Org. Lett. 2007, 9, 203.

This article is protected by copyright. All rights reserved.



Angewandte Chemie International Edition 10.1002/anie.201913518

WILEY-VCH
Entry for the Table of Contents
COMMUNICATION
o (S)-5b (1 mol%) o) O Aé'r@. Tomoaki Inuki\i, Taichi Kano,*

RCH,Br —R —iPr Keiji Maruoka:

Pa~N AT CsOH, H0 P9~y NZar ®N
|—> OO —iPr Page No. — Page No.
toluene
Ar' (S)-5b -

Pg = (4-CF5-CgH,),C=CH up to 94% ee | ap = 3,5-(3,5-F5CoHa),CeHs Construction of a Quaternary Carbon

Center by Catalytic Asymmetric
Alkylation of 3-Arylpiperidin-2-ones

. . . under Phase-Transfer Conditions
&-Lactams having a chiral quaternary carbon center were synthesized through an

asymmetric alkylation of 3-arylpiperidin-2-ones under phase-transfer conditions. A
2,2-diarylvinyl group on the d&-lactam nitrogen plays a crucial role as a novel
protecting group and an achiral auxiliary for improving both yield and
enantioselectivity of the reaction.

This article is protected by copyright. All rights reserved.



