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Abstract: A new bifunctional phase-transfer catalyst that
employs hydrogen bonding as a control element was de-
veloped to promote efficient enantioselective Sy2 reac-
tions for the construction all-carbon quaternary stereocen-
ters in high yield and excellent enantioselectivity (up to
97 %ee) utilizing the alkylation of a malleable oxindole
substrate. The utility of the methodology was demonstrat-
ed through a concise and highly enantioselective synthe-
sis of (—)-debromoflustramine B.

- /

The 3,3-disubstituted 2-oxindole structural motif is present in a
myriad of natural products/bioactive molecules and methods
for their catalytic asymmetric synthesis are continually
sought." In addition, their facile transformation into pyrroloin-
doline compounds—an important subclass of alkaloids that
can behave as (inter alia) muscle relaxants,””’ potassium chan-
nel-blockers,” and anti-cancer agents™ (flustramine A (1), flus-
tramine B (2) and chimonanthine (3) respectively, Figure 1A)
renders them potentially highly valuable synthetic building
blocks.

Both classes of pyrroloindolines 4 and spirooxindoles 5 are
conceivably available from key 3,3-disubstituted intermediates
6, which could be prepared from an enantioselective Sy2 alky-
lation of enolate 6a. For this strategy to have general utility
the substituents at the 3-position (both existing in the sub-
strate and added via reaction) should be as malleable as possi-
ble to facilitate onward manipulation. While considerable at-
tention has been directed towards the total synthesis of natu-
ral pyrroloindolines,” including several catalytic asymmetric
approaches™® we were surprised to note that the simple,
modular and direct approach offered by S\2 chemistry had
been scarcely applied in this context.”®
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Figure 1. Pyrroloindoline natural isolates and catalytic asymmetric Sy2
chemistry as a route to pyrroloindolines and 3,3-spirooxindoles.

Since the pioneering studies carried out by Dolling et al.,””
phase-transfer catalysis (PTC) has become an efficient method-
ology for the asymmetric'® S,2-alkylation of enolates generat-
ed in situ. In 1991 Wong et al. reported the asymmetric cyano-
methylation of N-methyl oxindole derivative 7 (Figure 2A) pro-
moted by catalyst 8 in moderate ee.™

‘ y ic alkylation of oxindol (Wong et al.)
Me
MeO Me 8 (15 mol%) —CN
o CICH,CN (1.1 equiv.) o
N PhMe/NaOH (50% aq.) N
rt
7 9 83%, 73% ee

Chiral 1,2,3-triazolium ions (Ooi et al.)

Me 11 (2 mol %) Me gn
BnBr
(o] > (e]
N K2CO3 N
Boc EtOAc, -20 °C Boc
10 12 99%, 97% ee
(©) Bicyclic guanidinium ion-catalyzed alkylation (Jiang etaly
COOEt
R
15 (10 mol %) ~R N
(o] N
N ' base (3.0 equiv.) N B H 1 H
Bn additive (0.5 equiv.) Bn
13a R=Ph 14 o°C 16a R=Ph 43%,91% ee
13b R=Bn 16b R=Bn 90%, 91% ee

(‘additives (20-50 mol%): Agl, Znl, )

13c R=allyl 16c R=allyl 83%, 87% ee

@ This work: Generation of malleable oxindole core of further

OEt
EtO
Br/\/
(1.2 equiv.)
o 18 (5 mol%)
it
Boc

CHZCIQ (0.1 M)
K,CO3 (2.0 equiv.)
17 -30°C 19 87%, 97% ee
- operationally simple protocol using a malleable oxindole
- high yields and excellent enantiocontrol
- methodology applied in the concise catalytic asymmetric synthesis of (-)-debromoflustramine B

CF3

Figure 2. PTC of the S\2 alkylation of 2-oxindoles.
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A significantly more enantiocontrolled alkylation of oxindole

Table 1. Catalyst luation.
10 (Figure 2B) was carried out by Ooi et al. in 2011,"? using a able 1. hatayst evaluation

chiral 1,2,3-triazolium ion-based phase-transfer catalyst 11. o) M o

Jiang et al. in 2013,"¥ employed a bicyclic guanidinium ion 15 "o _ Bon

(Figure 2C) as a catalyst-in conjunction with a Lewis acid co- 825{2153,12?%) A

catalyst-to promote the alkylation of 3-substituted-2-oxindoles N O KaCOs (10% wiv) N e

13a-c with activated alkyl bromides such as 14. In the main, i Boc CH;CZ(SALM) - Boc

highly selective examples of these PTC-catalyzed alkylations re- i

actions often involve oxindoles incorporating a simple methyl-, ~o Br( S Br( ~o Br(

benzyl or aryl-substituent at position 3, which leaves the prod- Ne Nt Br Nt CFs

uct less than ideally placed for further structural modification. %/EN@ AN NH @ N\H\Q
Herein we describe the highly enantioselective alkylation of N o NS o No” o e,

ester-substituted 2-oxindole 17"¥ using a newly developed

bulky, cinchona alkaloid-derived bifunctional phase-transfer FoC CFs FsC CFs FaC CFs

catalyst 18 and the application of the methodology in the 21 89%,38%ee 22 84% 41%ee 23 86%,47% ee

total synthesis of (—)-debromoflustramine B (Figure 2D). ~o ;270' ~o Br/(zj ~o szj
Initial efforts were focused on the development of new cin- N;/@ N O N O

chona alkaloid-based phase transfer catalysts capable of hydro- M AN O NH O

gen bonding as a control element."” We began by investigat- N o NS o o

ing the alkylation of the potentially malleable oxindole 17 with

benzyl bromide in the presence of an aqueous solution of po- e CFs FsC CFs FsC CFs

tassium carbonate and dichloromethane, to yield 20 with the 4 (B8G42%ce 28 7% 26%ee 26 7I%;36%ee

formation of a quaternary carbonaceous stereocenter (Table 1). ~o :zj

In the absence of the phase transfer catalyst no reaction is ob- N
served under these conditions."® Catalysis by the urea-substi- %/fmq
tuted ammonium salt 21 (first prepared by Dixon et al."*)) pro- NS o
ceeded smoothly and with moderate enantiocontrol. The intro- Q
duction of electron-withdrawing substituents on the benzyl FoC CFa

. e . . . 27 90%, 56% ee 28 90%, 67% ee 29 96%, 44% ee
unit in the 3,5- or 2,6-positions led to marginal increases in 93/., 82% o

enantiocontrol (i.e., catalysts 22-24). Exchange of the phenyl ~o szj
unit of the benzyl substituent with an anthracenyl group (i.e., N3 O
25) diminished product ee, although this could be ameliorated 2NN O
Ny T*T
[¢] NH

somewhat through the introduction of a phenyl group at C-2

of the catalyst’s quinoline moiety (i.e., catalyst 26). Interesting- ) CFs
ly, returning to the N-benzyl motif and installing two bulky FiC Fac FSC
tert-butyl substituents allowed the formation of 20 with im- 15%, 54% ee M 36% 52% ee 32 5%, 65% ee

C-2 aryl unit plays in improving the enantioselectivity of the
process is unclear at present. Recently, we reported the results
of calculations which demonstrated that this unit can partici-
pate (via the o-hydrogen atom on phenyl substituent) in at- 0
tractive O-H-C interactions with a squaramide-bound enolate
in a bifunctional cinchona-alkaloid derived catalyst system;

however a precise explanation of the role of the phenyl unit in | [2l Conversion determined by 'HNMR spectroscopy using para-iodoani-
. . 6] sole as an internal standard. [b] ee determined by chiral HPLC analysis
this process awaits further study.

after isolation by column chromatography. [c] CH,Cl, (1.0m), K,CO; (s)
The importance of the N-3,5-bis-trifluromethylphenyl moiety (2.0 equiv), —30°C.

is illustrated by the poor performance of catalyst 29, in which
this group has been exchanged with a tert-butyl substituent.
Next we examined the use of squaramide derivatives. Initial re-
sults were promising: the squaramide analogue of 25 (i.e.,, 30)  phenyl moiety, the marked difference in rate between the
promoted the reaction with superior ee (54 vs. 26%) albeit  urea- and squaramide-catalyzed reactions and the lack of enan-
with a slow reaction rate. Similar catalyst modifications to  tiocontrol when neither are present"” strongly implicates the
those carried out in the urea series were then made (i.e., cata-  hydrogen-bond donating unit as being a key driver of the cat-
lysts 31-33)-and while levels of enantiomeric excess rivalled  alysis.

the best urea based catalysts, the reactions were prohibitively Given the inferiority of squaramides in this process, focus re-
slow. The contribution from the urea N-3,5-bis-trifluromethyl-  turned to the urea based systems. Catalyst 18, which compris-

proved selectivity, and again incorporation of a C-2 phenyl unit
proved advantageous (i.e., catalysts 27-28). The role that the Q;é:(
18  91%, 67%ee
95%, 93% ee®

33 15%, 54% ee
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es the superior ammonium N-alkyl and urea N-aryl substituents
previously identified, together with and a C-2 aryl unit of con-
siderably increased bulk and lipophilicity, could promote the
reaction with 91% yield and 67 %ee, but was also amenable to
operation at lower temperatures. Use of this catalyst under
modified conditions involving solid powdered K,CO; at —30°C
allowed the isolation of 20 in excellent yield and enantiomeric
excess.

With a suitable catalyst now in hand, attention turned to the
issue of substrate scope. Catalyst 18 could promote the effi-
cient alkylation of 20 at 5 mol% levels with benzyl bromides
(including analogues equipped with either electron-donating
or electron withdrawing substituents-that is, products 34-39)
with excellent ee (Scheme 1). Gratifyingly, enantiocontrol was
not diminished upon construction of quaternary stereocenters
bearing allylic substituents—with enantiomeric excesses in the
90-97 % range. Terminal (i.e., 19), conjugated (40), trisubstitut-
ed (41), a,p-unsaturated (42) and disubstituted (43) olefin
products could be easily prepared; with the densely function-
alized oxindole 42 serving as a particularly prominent example
of how highly malleable materials can be quickly and enantio-
selectively assembled in one pot using this methodology.

To demonstrate the potential utility of the catalytic process
we carried out a concise and highly enantioselective catalytic
asymmetric synthesis of (—)-debromoflustramine B (Scheme 2).
Only four catalytic asymmetric total synthesis of flustramine Bs
have been reported,”™ none of which rely on a simple Sy2-
based approach. The alkylation of 17 with 3,3-dimethylallyl
bromide (44) furnished the requisite oxindole 41 bearing the
necessary architecture capable of cyclizing to form the pyrro-
loindoline core in good yield and excellent enantiocontrol. The
aminolysis of adduct 41 to amide 45 proceeded smoothly with
concurrent Boc-deprotection and no diminution of ee. Efficient
N-alkylation of the oxindole 45 with 44 afforded 46, which
could either be carried forward, or precipitated using diethyl
ether to provide product with an enantiomeric excess of 99 %.
This amide participated in an alane-N,N-dimethylethylamine
complex-mediated reductive cyclization to form the tricyclic
product 47 in excellent yield. Reduction of the lactam with the
same alane-complex provided the natural product 48 in 94%
yield and near optical purity."®

In conclusion we have described a highly enantioselective
Sn2 alkylation of a malleable 3-substituted oxindole. The reac-
tion is catalyzed by a novel cinchona alkaloid derived phase-
transfer catalyst; generating products incorporating a new
quaternary carbonaceous stereocenter with excellent levels of
enantiopurity. Optimization studies identified the catalyst’s
urea-based hydrogen bond donating group, a bulky N-benzyl
substituent and a C-2-aryl unit installed at the quinoline ring
as key units for the facilitation of effective catalysis. The pro-
cess generates a range of functionalized benzylated and allylat-
ed 2-oxindole units equipped with functionality highly amena-
ble to onward manipulation-exemplified by the concise enan-
tioselective synthesis of (—)-debromoflustramine B. Studies to
further exploit the synthetic potential of bifunctional phase
transfer catalysis are underway.
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R-Br (1.2 equiv.)
18 (5 mol %)
o
N CH,Cl, (0.1 M)
Boc K,CO3 (2.0 equiv.)
17 -30°C, 96 h

BOC
34 98% yield, 93% ee

35 85% yield, 92% ee

36 96% yield, 89% ee

EOC
37 96% yield, 93% ee

OEt

o
/\O ,/Q
e
N
Boc Boc Boc Boc
40 88% yield, 91% ee 41 82% yield, 92% ee® 42 79% yield, 90% ee® 43, 92% yield, 92% ee

Scheme 1. Substrate scope: the electrophilic component. *Reactions carried
out at —70°C, 168 h.

(o} 44 . methanolic
(1.2 equiv.) MeNH,
18 (5 mol%) (33 % whv)
—_—
N CH,Cl, (0.1 M) N 100 °C
Boc K2COj3 (2.0 equiv.) Boc
17 -60°C 41 74%, 91% ee 45 85%,91% ee
NaH N o N
(1.2 equiv.) AlH3zEtMe,N AlHzEtMe,N
DMF (5.0 equiv.) N (1.2 equiv.) N
—_— —— N N
44 THF (0.02 M) N H THF (0.02 M) N H
(1.2 equiv.) -15°C nt
\ \ \
46 90%, 91% ee 47 96%, 99% ee 48 95%, 99% ee
—
45%, 99% ee

Scheme 2. Synthesis of (—)-debromoflustramine B (48).

Acknowledgements

This publication has emanated from research conducted with
the financial support of the Synthesis and Solid State Pharma-
ceutical Centre (SSPC), funded by Science Foundation Ireland
(SFI) under grant numbers 12\RC\2275 and 12-lA-1645 and the
European Regional Development Fund (EDRF).

© 2018 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim


http://www.chemeurj.org

:@‘* ChemPubSoc
x Europe

Conflict of interest

The authors declare no conflict of interest.

Keywords: alkylation

- enolates - oxindoles - phase-transfer

catalysis - pyrroloindoline

[1] For selected reviews concerning the synthesis of 2-oxindole derivatives

3

[4

[5

[6

[7

Chem. Eur. J. 2018, 24, 1-5

see: a) C. V. Galliford, K. A. Scheidt, Angew. Chem. Int. Ed. 2007, 46, 8748;
Angew. Chem. 2007, 119, 8902; b) B. Trost, M. Brennan, Synthesis 2009,
3003; ¢) F. Zhou, Y-L. Liu, J. Zhou, Adv. Synth. Catal. 2010, 352, 1381;
d) R. Dalpozzo, G. Bartoli, G. Bencivenni, Chem. Soc. Rev. 2012, 41, 7247;
e) N. R. Ball-Jones, J. J. Badillo, A. K. Franz, Org. Biomol. Chem. 2012, 10,
5165; f)L. Hong, R. Wang, Adv. Synth. Catal. 2013, 355, 1023; g)D.
Cheng, Y. Ishihara, B. Tan, C. F. Barbas, ACS Catal. 2014, 4, 743; h) R. Dal-
pozzo, Adv.Synth. Catal. 2017, 359, 1772.

T. Sjoblom, L. Bohlin, C. Christophersen, Acta Pharm. Suec. 1983, 20,
415.

L. Peters, G. M. Konig, H. Terlau, A.D. Wright, J. Nat. Prod. 2002, 65,
1633.

M. Yanagihara, N. Sasaki-Takahashi, T. Sugahara, S. Yamamoto, M. Shino-
mi, I. Yamashita, M. Hayashida, B. Yamanoha, A. Numata, T. Yamori,
Cancer Sci. 2005, 96, 816.

For reviews see: a) P. Ruiz-Sanchis, S. A. Savina, F. A. Albericio, M. Alvar-
ez, Chem. Eur. J. 2011, 17, 1388; b) M. Somei, F. Yamada, Nat. Prod. Rep.
2003, 20, 216.

For a recent review of catalytic approaches to catalytic asymmetric syn-
thesis of pyrroloindolines see: L. M. Repka, S. E. Reisman, J. Org. Chem.
2013, 78, 12314,

Selected references: a) N. Boyer, M. Movassaghi, Chem. Sci. 2012, 3,
1798; b) W. Zi, W. Xie, D. Ma, J. Am. Chem. Soc. 2012, 134, 9126; c) H.
Mitsunuma, M. Shibasaki, M. Kanai, S. Matsunaga, Angew. Chem. Int. Ed.
2012, 51, 5217; Angew. Chem. 2012, 124, 5307; d)S.Y. Jabriand, L.E.
Overman, J. Am. Chem. Soc. 2013, 135, 4231; e) J. R. Wolstenhulme, A.
Cavell, M. Gredi¢ak, R. W. Driver, M. D. Smith, Chem. Commun. 2014, 50,
13585; f) J. F. Austin, S.-G. Kim, C. J. Sinz, W.-J. Xiao, D. W. C. MacMillan,
Proc. Natl. Acad. Sci. USA 2004, 101, 5482; g) B. M. Trost, Y. Zhang,
Chem. Eur. J. 2011, 17, 2916; h) Z. Zhang, J. C. Antilla, Angew. Chem. Int.

9
[10]

[
[12]
[13]

[14]

[15]

[16]

[17]

[18]

CHEMISTRY

A European Journal
Communication

Ed. 2012, 57, 11778; Angew. Chem. 2012, 124, 11948; i) X. Zhang, L. Han,
S.-L. You, Chem. Sci. 2014, 5, 1059.

Trost has developed Pd-catalyzed alkylation strategies which allow ally-
lation of oxindoles with synthetically useful functionality at C-3: a) B. M.
Trost, Y. Zhang, J. Am. Chem. Soc. 2006, 128, 4590; b) B. M. Trost, W. H.
Chan, S. Malhotra, Chem. Eur. J. 2017, 23, 4405.

U. Dolling, P. Davis, E. J. J. Grabowski, J. Am. Chem. Soc. 1984, 106, 446.
a) K. Maruoka, T. Ooi, Chem. Rev. 2003, 703, 3013; b) M. J. O'Donnell,
Acc. Chem. Res. 2004, 37, 506; c) B. Lygo, B.l. Andrews, Acc. Chem. Res.
2004, 37, 518; d)T. Ooi, K. Maruoka, Angew. Chem. Int. Ed. 2007, 46,
4222; Angew. Chem. 2007, 119, 4300; e)T. Hashimoto, K. Maruoka,
Chem. Rev. 2007, 107, 5656; f)S.-S. Jew, H.-G. Park, Chem. Commun.
2009, 7090; g) S. Shirakawa, K. Maruoka, Angew. Chem. Int. Ed. 2013, 52,
4312; Angew. Chem. 2013, 125, 4408; h)S. Kaneko, Y. Kumatabara, S.
Shirakawa, Org. Biomol. Chem. 2016, 14, 5367.

B. Lee, S. Wong, J. Org. Chem. 1991, 56, 872.

K. Ohmatsu, M. Kiyokawa, T. Ooi, J. Am. Chem. Soc. 2011, 133, 1307.

W. Chen, W. Yang, L. Yan, C. H. Tan, Z. Jiang, Chem. Commun. 2013, 49,
9854.

N-alkyl-analogues of this substrate have been utilized in an PTC study
by Tan et al. involving Micheal-type addition to phenyl vinyl sulfone: L.
Zong, S. Du, K. F. Chin, C. Wang, C.-H. Tan, Angew. Chem. Int. Ed. 2015,
54, 9390; Angew. Chem. 2015, 127, 9522.

For representative references see ref: 10 and: a) P. Bernal, R. Fernandez,
J. M. Lassaletta, Chem. Eur. J. 2010, 16, 7714; b) K. M. Johnson, M.S.
Rattley, F. Sladojevich, D. M. Barber, M. G. Nunez, A. M. Goldys, D.J.
Dixon, Org. Lett. 2012, 14, 2492; ¢) M. Li, P. A. Woods, M.D. Smith,
Chem. Sci. 2013, 4, 2907; d) B. Wang, Y. He, X. Fu, Z. Wei, Y. Lin, H. Duan,
Synlett 2015, 26, 2588; e) E. Sorrentino, S. J. Connon, Org. Lett. 2016, 18,
5204.

C. Trujillo, 1. Rozas, A. Botte, S.J. Connon, Chem. Commun. 2017, 53,
8874.

Likewise, catalysis in the presence of N-benzyl cinchonidium bromide
provided the product in 34% yield and 19 %ee after 24 h.

Attempts to execute both these steps in one pot led to consistently
lower product yield.

Manuscript received: January 22, 2018
Version of record online: Il [l 11, 0000

www.chemeurj.org

© 2018 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

KK These are not the final page numbers!


https://doi.org/10.1002/anie.200701342
https://doi.org/10.1002/ange.200701342
https://doi.org/10.1055/s-0029-1216975
https://doi.org/10.1055/s-0029-1216975
https://doi.org/10.1002/adsc.201000161
https://doi.org/10.1039/c2cs35100e
https://doi.org/10.1039/c2ob25184a
https://doi.org/10.1039/c2ob25184a
https://doi.org/10.1002/adsc.201200808
https://doi.org/10.1021/cs401172r
https://doi.org/10.1002/adsc.201700361
https://doi.org/10.1021/np0105984
https://doi.org/10.1021/np0105984
https://doi.org/10.1111/j.1349-7006.2005.00117.x
https://doi.org/10.1002/chem.201001451
https://doi.org/10.1039/b110074m
https://doi.org/10.1039/b110074m
https://doi.org/10.1021/jo4017953
https://doi.org/10.1021/jo4017953
https://doi.org/10.1039/c2sc20270k
https://doi.org/10.1039/c2sc20270k
https://doi.org/10.1021/ja303602f
https://doi.org/10.1002/anie.201201132
https://doi.org/10.1002/anie.201201132
https://doi.org/10.1002/ange.201201132
https://doi.org/10.1039/C4CC06683A
https://doi.org/10.1039/C4CC06683A
https://doi.org/10.1073/pnas.0308177101
https://doi.org/10.1002/chem.201002569
https://doi.org/10.1002/anie.201203553
https://doi.org/10.1002/anie.201203553
https://doi.org/10.1002/ange.201203553
https://doi.org/10.1039/c3sc53019a
https://doi.org/10.1021/ja060560j
https://doi.org/10.1002/chem.201605810
https://doi.org/10.1021/ja00314a045
https://doi.org/10.1021/cr020020e
https://doi.org/10.1021/ar0300625
https://doi.org/10.1021/ar030058t
https://doi.org/10.1021/ar030058t
https://doi.org/10.1002/anie.200601737
https://doi.org/10.1002/anie.200601737
https://doi.org/10.1002/ange.200601737
https://doi.org/10.1021/cr068368n
https://doi.org/10.1039/b914028j
https://doi.org/10.1039/b914028j
https://doi.org/10.1002/anie.201206835
https://doi.org/10.1002/anie.201206835
https://doi.org/10.1002/ange.201206835
https://doi.org/10.1039/C5OB02446C
https://doi.org/10.1021/jo00002a074
https://doi.org/10.1021/ja1102844
https://doi.org/10.1039/c3cc46111d
https://doi.org/10.1039/c3cc46111d
https://doi.org/10.1002/anie.201503844
https://doi.org/10.1002/anie.201503844
https://doi.org/10.1002/ange.201503844
https://doi.org/10.1002/chem.201001107
https://doi.org/10.1021/ol300779x
https://doi.org/10.1039/c3sc50592h
https://doi.org/10.1021/acs.orglett.6b02398
https://doi.org/10.1021/acs.orglett.6b02398
https://doi.org/10.1039/C7CC04596D
https://doi.org/10.1039/C7CC04596D
http://www.chemeurj.org

:@2 ChemPubSoc
x Europe

COMMUNICATION

CHEMISTRY

A European Journal
Communication

{ ~A l \
o Br O’K i
PTC (0.05 equiv) ) 4 steps
o —— o —_— N
N CH,Cl, (0.1 M) N N H
Boc K3CO; (2 equiv) Boc

-60°C 74% 91% ee \

(-)-debromoflustramine B

A highly enantioselective alkylation of transfer catalyst. The methodology was
3-substituted oxindoles with a broad applied to the catalytic asymmetric total
range of electrophiles was developed synthesis of (—)-debromoflustramine B.

using a novel, bulky bifunctional phase
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