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Applications of tert-butanesulfinamide in the
synthesis of N-heterocycles via sulfinimines
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Chiral sulfinamides are among the best known chiral auxiliaries in the stereoselective synthesis of amines

and their derivatives. The most extensively used enantiopure tert-butanesulfinamide emerged as the gold

standard among many others over the last two decades. The present review attempts to provide an
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overview of tert-butanesulfinamide mediated asymmetric N-heterocycle synthesis via sulfinimines and

covers literature from 2010-2020. This methodology offers general access to structurally diverse
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1 Introduction

Chiral auxiliaries serve as vital tools in the synthesis of enan-
tiomerically pure compounds® including amines and their
derivatives with significant bioactivities.> The development of
chiral sulfinamides as efficient chiral auxiliaries occurred over
the last two decades. Enantiopure tert-butanesulfinamide,
developed by Ellman and co-workers® represents one of the
widely explored chiral sulfinamide reagents attributed to its
easy access for large-scale reactions,’ assistance in highly
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piperidines, pyrrolidines, azetidines, and their fused derivatives that represent the structural motif of
many natural products and therapeutically applicable compounds.

diastereoselective conversions, effortless cleavage,® and recy-
clability after reactions.® The tert-butanesulfinamide condenses
directly with a large class of aldehydes and ketones to give the
respective enantiopure N-tert-butanesulfinyl aldimines and
ketimines that are stable electrophilic species for organome-
tallic additions, cycloadditions, reduction reactions, Mannich-
like reactions, etc. with good diastereoselectivities.” Impor-
tantly, these sulfinimines are chiral building blocks for the
asymmetric synthesis of diverse N-heterocyclic systems.®
Synthetic methodologies towards N-heterocyclic compounds
are of peak demand due to their application in building natural
products, bioactive structures, and therapeutic compounds
(Scheme 1).>*° Nitrogen heterocycles present in nature are
components of many biologically relevant structures like
nucleic acids, vitamins, hormones, agrochemicals, dyes, and
several others." Besides, a closer look at FDA databases
suggests that a major portion of approved drugs with relevant
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Scheme 1 Representative bioactive N-heterocycles of interest.

pharmacological properties contain nitrogen heterocycles.*'* In
this context, the reliable methodology involving N-tert-butane-
sulfinimines emerged as a significant endeavor offering facile
access to enantiopure or highly enantioenriched nitrogen
heterocycles comprising of azetidines, pyrrolidines, piperi-
dines, and their polycyclic derivatives.

In 2010, Ellman et al. extensively reviewed the synthesis and
applications of tert-butanesulfinamide.”> The review offered
a detailed discussion on all reported preparation methods and
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reactions based on tert-butanesulfinamide enclosing up to 400
articles. Since then, we witnessed rapid development along these
lines and calls for systematic summarization of novel reports in
the last decade. Interestingly, a review completely devoted to
stereoselective preparative methods of sulfinyl compounds has
appeared very recently that included a section on sulfinamide
and sulfinimine synthesis.””> Further, the application of chiral
sulfinamides as organocatalysts®™ and in the synthesis of a-chiral
primary amines has been recently reviewed.”

In the current review, we attempt to provide an outline of
tert-butanesulfinimine mediated novel methods towards N-
heterocycle synthesis and their utility in the synthesis of
natural alkaloids and other valuable compounds. The review
covers the relevant articles from 2010 to September 2020 and is
organized based on the ring size as 4-, 5-, and 6-membered
heterocycles, and their derivatives.

2 Four-membered ring
2.1 Azetidine ring

In 2014, Kudale with coworkers disclosed a simple asymmetric
method for preparing chiral 2-substituted 4-, 5- and 6-
membered cyclic amines by using (S)-tert-butanesulfinamide as
a chiral auxiliary."* From the sulfinimine 1, modified Refor-
reaction

matsky afforded the esters 2 in good
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Scheme 2 Asymmetric synthesis of 2-substituted azetidines.

diastereoselectivities which in turn underwent LAH reduction
followed by cyclization to accomplish 2-substituted azetidines 4
in 66-77% yield (Scheme 2). Similarly, the common precursor 1
underwent a sequence of diastereoselective allylation (dr >
95 : 5), hydroboration-oxidation of the resultant alkene, and the
cyclization to furnish 2-substituted pyrrolidines 7. Lastly, 2-
substituted piperidine 9 was synthesised from the intermediate
ester 2a (Scheme 3).

In all the above cases, the cyclization was achieved in presence
of Tsunoda reagent - cyanomethylenetributylphosphorane,
which conducted facile ring closure through C-N bond forma-
tion. Notably, the protocol offers general applicability in synthe-
sising 2-substituted cyclic amines in a stereoselective manner.
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Scheme 3 Asymmetric synthesis of 2-substituted pyrrolidine and
piperidine.
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3 Five-membered ring
3.1 Pyrrolidine ring

In 2010, Yao and coworkers established a direct route to the
stereoselective synthesis of (S,S)-PDP 15, a chiral amine ligand
over seven steps starting from r-prolinol 10."* During the reac-
tion sulfinimine 11 derived from (S)-tert-butanesulfinamide
underwent Grignard addition with excellent diastereoselection
(up to 94% de). Then, the diastereomeric mixture on reaction
with PPTS in propanol yielded the major isomer which subse-
quently carried out base mediated intramolecular substitution
to furnish the bipyrrolidine scaffold in 14 (Scheme 4). The
authors envisaged the utility of the same method in synthesis-
ing (R,R)-PDP starting from p-proline derivative and employing
(R)-tert-butanesulfinamide as the chiral source.
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N OH N H CH,Cly, —48 °C
10 Boc 44
\\t—Bu \\t— —Bu
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o . ‘ 0 —
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N 3 OEE N 3OEE  RT,30h
Boc Bo
12 12b
2 (12aM2b 13 (94% vyield,
=31.8:1) major isomer)
e
1) MsCl (2.5 equiv.) t-Butt: S
Et3N (2.7 equiv.), CH,Cl,
0°C to RT, 15 min
2) t-BuOK (2 equiv.) "{
THF, RT, 30 min Boc A / \
14 (75% yield
for two steps) 15 (S,S)-PDP
Scheme 4 Asymmetric synthesis of (S,S)-PDP.
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Scheme 5 Synthesis of cis-2,5-disubstituted pyrrolidines.
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Scheme 6 Application of cis-2,5-disubstituted pyrrolidine in con-
structing tropane alkaloids.

Stahl et al. developed an elegant method to access cis-2,5-
disubstituted pyrrolidines in enantiopure form, through a Pd-
catalysed oxidative cyclization as the key process.'® Initially,
sulfinimine 17 was prepared from cis-4-hexen-1-ol 16 over 2
steps (Scheme 5). Then, sequential diastereoselective nucleo-
philic addition provided a-substituted sulfinamides 18 which in
turn underwent the aerobic oxidative cyclization in presence of
Pd(TFA), and LiOAc in DMSO to afford the desired pyrrolidines
19. Of note, higher diastereoselectivity (dr > 20 : 1) in the final
step is attributed to the cooperative action of sulphur- and
carbon-based stereocenters present in compound 18. Moreover,
the applicability of the prepared pyrrolidine 19a in preparing
azabicyclic alkaloids 21 and 22 is also discussed (Scheme 6).

In the following year, the research group of Stockman pio-
neered in implementing a general protocol for Pd-catalysed [3 +
2] cycloaddition of sulfinimines 23 and trimethylenemethane
precursor 24 gaining methylene-pyrrolidines 25 in good yields
(up to 100%) and diastereoselectivities (dr = 2:1 to 7:1)."”

Working with different sulfinimines, they observed
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Scheme 7 Synthesis of methylene-pyrrolidines from sulfinimines.
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comparatively higher yields and selectivities when aldimines
instead of ketimines were used in the reaction. Moreover, they
presented the potential functionalization of the methylene-
pyrrolidine 25a accomplished through diverse trans-
formations (Scheme 7).

In 2015, enantiomerically pure (E)-alkylidene-B-prolines have
been accomplished in good yields from N-tert-butanesulfini-
mine 26 in three to four steps.” In the key step, N-tert-butyl-
sulfinyl-a-(aminomethyl)acrylate 27 reacted with the dialkylzinc
compounds in a radical zinc transfer based reaction involving
1,4-addition followed by a sequential 5-exo-dig cyclization in
presence of Sm(m) triflate (Scheme 8). Herein, high diaster-
eoselection (dr > 90 : 10) obtained upon cyclization validates N-
tert-butylsulfinyl species as an ideal chiral directing group.

In addition, functionalized vinyl silanes 29 were generated in
situ by an extra step of electrophilic addition to the vinyl zinc
intermediates. These iodo- or allyl-vinylsilanes are amenable to
further transformations to deliver alkylidene-B-prolines like 30
and 31.

3.2 Benzofused pyrrolidine ring

A simple and flexible synthesis of the potent drug candidates,
hexahydropyrroloindole alkaloids was established by Zhang
et al. in 2012." The synthesis commenced with the preparation
of sulfinimine 34 which upon reduction and N-methylation
provided 35, an o-bromoanilide possessing the chiral tert-
butanesulfinamide entity (Scheme 9). The key step in the
synthetic strategy involved Cu-catalysed successive arylation-
alkylation to give the cyclized product 36 as a non-separable
mixture of diastereoisomers. The cleavage of tert-butanesulfi-
namide group from 36 provided with the enantioenriched
amines 37. Furthermore, they demonstrated the utility of the
method in preparing alkaloid compounds of interest
(—)-debromoflustramine B 38a, (—)-debromoflustramine E 38b,

SiMe,R’ SiMe,R! H R?
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; /
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i
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N
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S S 0°c )\
07" YtBu 077 NtBu 0% By
% 27 28 (dr> 90:10)
_ )
SiMeR 1)R%Zn, SmOTh; E /R
i R'Me,Si £ COytBu
I | COyBu dry air, CH,Cly \ %
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2) CuCN-2LiCl "
'}‘ allyl bromide (E=allyl, I)
S or
07" “tBu 0~ “tBu
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dr > 98:02
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Scheme 8 Synthesis of enantiopure alkylidene-B-prolines.
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Scheme 9 General synthetic protocol for hexahydropyrroloindole
alkaloids.

and pseudophrynamine 38c after a sequence of reactions from
37.

In continuation of their interest in preparing pyrroloindole
alkaloids, they successfully achieved the total synthesis of
(+)-nocardioazine B utilizing the aforementioned strategy and
the final coupling of key fragments 42 and 46.>° Both the frag-
ments were constructed through sulfinimine intermediates 39
and 43 which went through a series of transformations. The
compounds 40 and 44 were prepared based on their earlier
methods in which the diastereoselective addition of vinyl
magnesium bromide to the sulfinimines was assisted by stereo
directing tert-butanesulfinyl group. Further, the Cu-catalysed
sequential arylation-alkylation represented the key step to
render 41 and 45 mostly as a single diastereoisomer bearing
quaternary stereocenter at C3a position (Scheme 10). In the
final stages of the synthesis, the key intermediates 42 and 46
coupled to give the final alkaloid 47.

3.3 y-Lactam ring

(+)-Jatrophalactam 56 is a diterpenoid lactam that features
a unique tricyclic structure comprising of 3, 5 and 10 membered
cyclic units. A scalable method for synthesising 56 along with its
XRD analysis was reported.> The revised synthetic route dis-
cussed here commences with a set of reactions including the
cyclopropanation to construct the ester 50. Thereafter,

This journal is © The Royal Society of Chemistry 2020

View Article Online

RSC Advances

Q 1) Cul (10 mol%)
Me—N | Me—N 1 LIN[Si(CHa)l2 Me—N .
toluene B |
8 steps o
4 P g 60°C,5h d
A 2) Prenyl bromide
N MOMO N—Bn 0 °C, under Ar MOMO N—Bn
/
t-Bul' S\\ t-Bur 'S\\ t-But S\\
] ¢}
41 (single

diastereomer)

39 40
P
L WCOH
— P
-, @\/Q\BOC
N H

\
42 Me

Q Q 1) Cul (10 mol%)
Bn—N I Bn—N I LINISI(CHy)l.  gp—N Me
toluene
6 steps of
o} —_— o) —62)8_%, e}
\ I 3 i
/N // /N~Bn 0 °C, under Ar // /N——Bn
t-Bu=S t-Bu=S t-Bu=S
N\ A\ \
o [e] 45 (single O
43 44 diastereomer)
—
—

Scheme 10 Synthetic route towards (+)-nocardioazine B.

a Horner's Wittig reaction was performed with 50 using
LiHMDS and a novel Horner's reagent 51 prepared from (S)-tert-
butanesulfinamide and diethyl (2-oxoethyl)phosphonate,
providing the sulfinimine 52 which sequentially undertook
vinylation to afford 53 along with its C3 epimer (dr = 3.6 : 1)
(Scheme 11). A sequence of reactions followed wherein the 14

1) LIHMDS, 51
THF, 0°C

2) TBSOTF, 2,6-lutidine
CH,Cly, 0°C

Me 48

vinyIMgBr
THF, -60 °C

850 "Me

53 (78% yield,
dratC3: 3.6:1)

52 (70% yield)

Me
: 1) Pd(OAC),

PMBN, 2 PMBN,
2 toluene %,
Me  750c
Me  2)aq. HCI
RT
TBSO Me TBSO 'Me
54 55 major product (>20:1) 56 (+)-jatrophalactam;

Scheme 11 Synthesis of (+)-jatrophalactam 56.
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membered lactam formation and the Pd™-assisted oxidative
cyclization of 54 formed the key conversions to furnish
(+)-jatrophalactam 56.

3.4 Pyrazole ring

The research group of Jeon disclosed a new pyrazole derivative
as an effective PDE4 inhibitor for treating anti-inflammatory
diseases.” In the synthetic route to enantiopure derivatives,
the preference to tert-butanesulfinamide over p-toluenesulfina-
mide has been illustrated based on the resultant yield and
diastereoselectivity. While synthesising the (R)-pyrazole deriva-
tive 63, sulfinimine 57 derived from (S)-tert-butanesulfinamide
was subjected to nucleophilic addition of 4-picolyl lithium to
give the addition product 58 in 100% de. Eventually, the pyr-
azole ring was constructed as the result of one-pot amination
and thermal dehydrocyclization of 59 (Scheme 12). Similarly,
they prepared (S)-pyrazole derivative starting from (R)-tert-
butanesulfinamide.

3.5 Isothiazole ring

Isothiazoles are recognized as an important group of heterocy-
cles with valuable medicinal applications. In 2016, aryl[4,5]
isothiazoles were prepared from tert-butanesulfinamide and
tert-butyl sulfoxide as the respective sources of sulfur and
nitrogen.” The synthesis commenced with ortho metalation of
aryl sulfoxides 64 and its addition to N-tert-butanesulfinimines

F
F)\O

4-picolyl lithium
—_—

.
. —78°C,3h . -
s THF ., s
H” N7 “tBu ’H/ Nt-Bu
=
57 ~ | s (100% de)
N
F F
A i A
F7 o _NH, F7 o
o)
oA A
O,N 60 , NaH
Q DMF,0°C, 3h 2
N N
H |
=z | % ‘ NH
X, 59 NO, X 61 NO,
N N
A
- -
ey

NO, NHAC

Scheme 12 Synthesis of (R)-pyrazole derivative through sulfinimine
57.
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1
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R
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N\ S
N s\o e | S
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1
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67 (71-88% yield)

Scheme 13 Protocol for aryl[4,5]isothiazoles synthesis.

65 to produce the ortho-substituted aryl sulfoxides 66 (Scheme
13). Then, 66 was treated with NBS and acetic acid in DCM to
obtain the aryl thiazole 68 through a non-isolated cyclized
intermediate 67. Thus wusing the protocol, differently
substituted aryl-thiazoles were synthesised in good yields.

4 Six-membered ring
4.1 Piperidine ring

In 2010, an effective asymmetric synthetic route to substituted
piperidin-4-ols has been established along with an illustration
of its utility in the synthesis of enantiopure (+)-subcosine II 75.*
They introduced a one-pot consecutive reaction of Au-catalysed
cyclization, chemoselective reduction, and Ferrier rearrange-
ment to furnish substituted piperidin-4-ols with remarkable
diastereoselectivities. The synthesis of (+)-subcosine II began
from sulfinimine 69 which smoothly provided the chiral amine
72 in 94% ee. This free amine is readily functionalized for the

tBu tBu
g $
_s
NS0 HN” \\o/ NH, _
| Z Z

P MgBr conc. HCI

//70\ MeOH
MeO” MeO MeO

OMe OMe OMe
69 71 (dr=30:1) 72 (94% ee)
o)
)&*q 1) [Au(PPh3)NTF,] (5 mol%)
HN A MsOH (1.2 equiv.)
= 4AMS., 1h
2) catecholborane (8 equiv.)
o
CiCHCOC! o —40°C, 24 h MeO
CHyCly, EtsN OMe 3) MeOH, K,CO3
reflux, 4 h
73 74

! (94% ee)

Scheme 14 Synthesis of enantiopure (+)-subcosine II.
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Scheme 15 Synthesis and applications of 2-allyl piperidines.

generation of desired quinolizidine unit in 74 through the
proposed one-pot cyclization coupled with an intramolecular
alkylation (Scheme 14).

In 2011, a direct and scalable synthetic route to 2-allylpi-
peridine 79 in enantioenriched form has been developed.* The
route comprises of only two steps from 5-bromo-pentanal 76.
Initially, one-pot aminoallylation delivered compound 78 in
high diastereoselectivity (dr = 94 : 6) via the sulfinimine inter-
mediate 77 derived from (R)-tert-butanesulfinamide. Then, base
mediated cyclization of the crude compound 78 provided with
the desired 2-allylpiperidine 79. A similar method was used in
preparing the enantiomer of 79 using (S)-tert-butanesulfina-
mide as the chiral auxiliary. Compound 80 obtained after the
removal of the sulfinyl group formed the fundamental block for
providing numerous alkaloids (Scheme 15). The authors dis-
cussed the complete synthesis of alkaloids (—)-pelletierine,
(+)-coniine, and 5-epi-(+)-cermizine C and also the formal

i
o o S/ S\ o allyl bromide S' s HN/S‘t-Bu
4 steps I 60°C, 5 h z
i 3
)J\/U\OEQ MN/S‘LBU - N
89 (84% vyield,
87 88 dr=97:3)
O NHCbz O H,, 10% PdiC b o :
R H S EtOAc E i
RT, overnight : H :
90 91 (-)-pinidinone :
(74% yield)

Scheme 16 Stereoselective synthetic protocol towards enantioen-
riched (—)-pinidinone.
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92 (l)l 4
Y 94 (98% yield,
NI/ /t-Bu dr > 95:5)
Br
, Hoes
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23°C,12h ' ;
5) HCI, Et,0 195 (=) pelletlerlne.

Scheme 17 Synthesis of (—)-pelletierine commencing from sulfini-
mine 93.

synthetic route to (+)-allosedridine,
(+)-lasubine II.

A simple synthetic route to the 2,6-disubstituted derivative of
piperidine, (—)-pinidinone 91 was described by the research
group of Jun in 2016.>° Treatment of ethyl acetoacetate to
successive ketone group protection and ester reduction
provided the prerequisite aldehyde which generated sulfini-
mine intermediate 88 on condensation with (S)-tert-butane-
sulfinamide. Then, a-aminoallylation of sulfinimine 88 led to
the homoallylic amine 89 in good yields and excellent diaster-
eoselectivity (dr = 97 : 3) (Scheme 16). In the late stage of
synthesis, the cross metathesis product 90 conducted hydro-
genolysis to deliver the desired cyclized product (—)-pinidinone
91 in good yields.

In 2018, the utility of N-tert-butanesulfinyl aldimines as
chiral imines in decarboxylative Mannich reactions was inves-
tigated to synthesise B-amino ketones with good diastereocon-
trol and yields.”” Importantly, they proposed an 8-membered
cyclic transition state to explain the observed stereoselection.

(—)-cermizine C, and

2 ]
_s ' SN
><O7CN ~igu RMgX (1.5 equiv.) ><O H Nt-Bu
it i
o' \_-OBn THF, 78 °C o
(R= alkyl/aryl) OBn
% 97 (dr > 99:1)
N 150N : ” i HQ :
H u °z ' o~
1) HCI, MeOH | - :
/ ~t8y ‘tBu )4(3- :Ho.mb '
- 2)KCO5 i N :
CH3CN ! :
70°C,6h {99 lentiginosine |
TSOH\E _/j : :/j ;
S o NaH, THF O ; NN ‘
>< 0°CtoRT Boc —> ! SooH
1h o 5 o2

OTs Lo -conh drlne
100 101 i (trezconhydrine

Scheme 18 Synthesis of lentiginosine and (+)-a-conhydrine by Prasad
et al

RSC Adv, 2020, 10, 42441-42456 | 42447


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d0ra08819f

Open Access Article. Published on 23 november 2020. Downloaded on 25.08.2025 19:11:44.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

RSC Advances

Further, the methodology was applied in synthesising the
piperidine based alkaloid (—)-pelletierine. Herein, the first step
is the optimized decarboxylative Mannich reaction with the
aldimine 93 prepared from 4-bromopentanal, and the B-keto
acid 92 under basic conditions in THF to produce B-amino
ketone 94 with high diastereoselectivity (dr > 95 : 5). Without
isolating 94, subsequent acid and base treatments accom-
plished (—)-pelletierine 95 in a column-free method (Scheme
17).

In 2019, Prasad et al. investigated the addition of Grignard
reagents (RMgX) to sulfinimine 96 obtained from threitol (tar-
taric acid diol).?® Alkyl and aryl Grignard reagents upon addition
to 96 gave the addition product 97 in good yields and excellent
diastereoselectivity (dr > 99 : 1). Specifically, the addition of
benzyloxybutylmagnesium bromide gave the addition product
97a which was then utilized as the precursor for the synthesis of
natural products that are glycosidase inhibitors, lentiginosine
99 and (+)-a-conhydrine 102. The bicyclic compound 99 was
accomplished via a four-step sequence whereas the synthetic
strategy towards 102 comprises of a series of transformations
starting from 97a (Scheme 18).

Likewise, the sulfinamide 97b has been applied in synthe-
sising 104, the key intermediate in preparing piperidine deriv-
atives 105-107 that are therapeutically significant. Furthermore,
the synthesis of (—)-methyldihydropalustramate 110 was effi-
ciently performed from the sulfinamide 97¢ (Scheme 19).

2-Arylpiperidines have shown applications in medicinal
chemistry forming vital building blocks of bioactive
compounds. Tong et al. introduced a synthetic route to 2-aryl-
piperidines presenting a sequential aza-Achmatowicz rear-
rangement and Pd-catalysed arylation using arylboronic acids.*

Bh o Ph
O NS ey HON " NBoc 1) Grubbs Il OH
4 H — CH,Cl,, RT, 4 h
" — —_— .,
0 H 2) Hp, Pd/C, EtOAC N”“Ph
OBn | RT,4h Boc
97b 103 104

E 105 LP-733,060 106 CP-99,994; Ar= 2-methoxy phenyl
| Ar= 3,5-bis-triflouromethyl 107 CP-122-721; Ar= 2-methoxy-3-trifluoromethoxy!

phenyl phenyl
A =
\/(/gz\E ﬁ NCOZEK _/j\/
: 1 H H
><O N7 tBu ><O NHBOC NaH, THF 0 N COEt
Wl = =X Boc
o o 0°CtoRT ~ ‘ow
OBn | |
97¢ 108 109
—
—

Scheme 19 Synthetic route to therapeutically relevant piperidine
derivatives.
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Scheme 20 The synthetic strategy towards 2-aryl-6-alkyl piperidine
derivatives.

In their efforts towards enantioselective Pd-catalysed arylation,
they utilized (S)-tert-butanesulfinamide to furnish enantioen-
riched furfuryl carbamates like 113 (>99% ee) that carried out
aza-Achmatowicz rearrangement to afford Cé-substituted chiral
dihydropyridinone 114 and subsequently undertook arylation
with high diastereoselectivity (dr > 20 : 1) even when the yields
were lower (Scheme 20). Remarkably, the method can offer
access to significant 2-aryl-6-alkyl piperidine derivatives from
the dihydropyridinones 115 and 117.

4.2 Benzofused piperidine ring

A simple and effective method towards the total synthesis of
biologically active alkaloid (—)-dihydrotetrabenazine was dis-
closed by Reddy's group in 2012 employing (R)-tert-butane-
sulfinamide as the source of chirality.>® The enantiopure N-tert-
butanesulfinimine 118 was exposed to diastereoselective ally-
lation (dr = 9 : 1) where the major isomer could be isolated and
converted to the cyclized sulfinamide 120 via base catalysed ring
closure (Scheme 21). Further conversions from 120 including an
Evans-aldol reaction rendered the anticipated compound 123
over nine successive steps.

Reddy's group also explored enantiopure tert-butanesulfi-
namide in the asymmetric synthesis of (—)-crispine A, (—)-sal-
solidine and (—)-benzo[a]quinolizidine.®* The synthetic route
towards (—)-salsolidine 126 started from the aforementioned
sulfinimine 118 derived from 2-(3,4-dimethoxyphenyl)ethanol.
Subjecting 118 to Grignard reaction provided methyl sulfina-
mide 124 with good diastereoselectivity (dr = 95 : 5) which in
turn was cyclized under basic conditions to afford the cyclized

This journal is © The Royal Society of Chemistry 2020
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Scheme 21 Enantioselective total

(—)-dihydrotetrabenazine.

synthesis of

compound 125. (—)-Salsolidine 118 was obtained straightfor-
ward from 125 after the sulfinyl group was removed (Scheme
22). Exposure of previously mentioned cyclized sulfinamide 120
to two different sequence of reactions furnished the desired
compounds (—)-crispine A 127 and (—)-benzo[a]quinolizidine
128.

In 2014, an asymmetric synthetic pathway to indolines, tet-
rahydrobenzazepine and tetrahydroquinoline were accom-
plished with o-bromophenyl N-tert-butanesulfinimine 129 as
a common precursor.’” Initially, derivatives of homoallylic
amines generated upon diastereoselective addition on imine
129 successfully formed lactams 132 and 136 which produced
the benzo-fused 1-azabicyclo[j.k.0]alkanes 134 and 137 respec-
tively after intramolecular Cu assisted N-arylation (Scheme 23).
Besides, Pd-mediated N-arylation led to the construction of
benzo-fused 2-allyl substituted N-heterocycle 139, a key inter-
mediate in the synthesis of (—)-angustureine (Scheme 24).

MeO Cl MeO Cl
Di/v MeMgBr N NaH, DMF
" .
ZNL #tBU  CH,CI, N{ #tBU 0°CtoRT
MeO i —78°C,1h  MeO 5 6h
[e] [e]
118 124 (79% yield,
dr = 95:5)
MO EtOH-HCI 1 MeO i
1,4-dioxane |
N stBu —————— NH |
MeO ﬁ 0°CtoRT,5h MeO E
o] ! i
125 + 126 (-)-salsolidine |
MeO. MeO.
. No_at-Bu :
<< MeO \ﬁ‘ —=» ! MeO

120 |

Scheme 22 Enantioselective synthesis of (—)-crispine A, (—)-benzolal
quinolizidine, and (—)-salsolidine.
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Scheme 23 Stereoselective synthesis of tetrahydrobenzazepine, tet-
rahydroquinoline and indolines.

(—)-antofine 146a, (—)-tylophorine 146b, (—)-tylocrebrine
152, and (—)-cryptopleurine 150 belong to phenan-
throindolizidine and phenanthroquinolizidine alkaloids whose
varied bioactivities prompted the development of novel
synthetic methods.*® Wang et al. discussed a collective total
synthesis of these four alkaloids mediated by tert-butanesulfi-
namide as the chiral inductor. The N-tert-butanesulfinimine
142 represents the common precursor in constructing
compounds 146a and 146b via a highly diastereoselective ally-
lation (de > 99%), intramolecular Sy2 substitution to render the
pyrrolidine ring, and finally the Pictet-Spengler annulation
(Scheme 25). Subjecting sulfinimine 151, derived from a care-
fully constructed aldehyde with the C5-methoxy substitution at
phenanthrene to a similar set of reactions afforded (—)-tyloc-
rebrine 152 in 8 steps (Scheme 26). Finally, (—)-cryptopleurine
150 was prepared from intermediate 147 obtained after acyla-
tion of 143, through a series of ring-closing metathesis reaction,

Pd(OAc); (5 mol%)
PPh3 (15 mol%)
Cs,CO3 (2 equiv.)

A iv. @(j\/\ 3 steps
- = —_—
PhMe, 110°C, 21 h N X

138 139

Scheme 24 Asymmetric synthesis of (—)-angustureine.
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Scheme 25 Collective synthesis of (—)-antofine and (—)-tylophorine.

catalytic hydrogenation, lactam reduction and Pictet-Spengler
annulation.

In 2016, Reddy and coworkers reported a facile stereo-
selective synthetic route to tetrahydro-B-carboline (THBC)
alkaloids from a common N-sulfinyimine intermediate 154
where tert-butanesulfinamide acts as a chiral auxiliary.** The
sulfinimine 154 was transformed to the alkyl or allyl derivatives
via diastereoselective Grignard addition which was then

1) Hy, PdIC
MeOH

2) LiAlH,, THF
reflux

HCHO, HCI
_—
EtOH, reflux

Scheme 26 Asymmetric total synthesis of (—)-tylocrebrine and
(=)-cryptopleurine.
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Scheme 27 Asymmetric synthesis of tetrahydro-pB-carboline (THBC)
alkaloids from sulfinimine.

intramolecularly cyclized, followed by deprotection strategies
furnishing the THBC alkaloids (—)-tetrahydroharman 157a,
(—)-komaroidine 157b, (+)-N-methyltetrahydroharman 157c,
and 1-ethyl-9-methyltetrahydro-B-carboline 157d in good yields
(Scheme 27). Meanwhile, (+)-N-acetylkomaroidine 157e was

o]
I A
S o OAc
N ‘t-Bu <
A ~OH 8steps  TBSO ° COzMe 161
HO' —=
Pd(PPhg)s, ZnEt,
THF,RT,10h
159 ‘ 160
(o] "
< i Q\AOMS +BUOK
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3h
o
162 (53% yield, dr > 20:1) 163

Scheme 28 Divergent synthesis of three Amaryllidaceae alkaloids.
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