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1. Introduction

The sedum alkaloids have been isolated from thegedum.'
The most commonly occurring members of this fanofyen
display the 2-substituted piperidine and pyrolidawee, with the
different side chains featuring various relativeresbchemistries
of 1,3-amino alcohol moiety and a selected set o
piperidine/pyrrolidine members are shown in Figure® 1
Sedaminel, sedridine4 and allosedaming have been isolated
from Sedum acre®* and Indian tobacco plantobelia inflate,
respectively. (-)-Halosalin® has been isolated frotdaloxylon
salicornicum.® The pyrrolidine alkaloids pyrrolsedamiréand
pyrrolallosedamin& have subsequently been detecte®ddum
oryzi Johum.! Hygroline 10 was isolated from the mother liquors
of cocaine preparations obtained froErythroxylum coca
extracts in 1943.The sedum alkaloids have been shown to
exhibit a wide range of physiological activities whiiclude
therapeutic effects e.g., control of anxiety argbadre effective
in the treatment of cognitive disordérs.

As result of useful biological activities of sedulkadoids, many
researchers have been attracted towards the devetbmhnew
strategies for the synthesis of sedum alkaloidse synthetic
strategies mostly based upon manipulation of clpicall starting
materials and asymmetric methods have been repbiedour
knowledge, only one asymmetric synthesis of tRER)(+)-
pyrrolsedaminé is reported in literature by Daviesal.”. They
have explored the scope of lithium amide conjugadeition
method for the stereo controlled synthesis &)-(R)-(+)-
pyrrolsedaminé in 18% overall yield.
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(RR)Ph [ON] (R™>"(R)'Ph (115" Me
(+)-sedamine 1  (+)-allosedamine 2 (+)-norsedamine 3
NH OH Me,
: OH N
RINR) z
Ph™ () (R)
(-)-halosaline 5 pyrrolallosedamine 7
Me, Me
Ph7(S)™>(s) S

(-)-pyrrolsedamine 8 (-)-hygroline 10

sedridine 4

Me,
Ph"(R)™>(R)

(+)-pyrrolsedamine 6

Me,
Ph™R™(S)
pyrrolallosedamine 9

Figure 1 Selected examples of piperidine/pyrrolidine mendfer
sedum alkaloids

As part of our research program into the stereoobett
synthesis of biologically active moleculs,we became
interested in the synthesis of sedum alkaloids. iHese would
like to describe the first enantioselective synithe$ pyrrolidine
members of sedum alkaloid§){(R)-(+)-pyrrolallosedaminez,
(9-(9-(-)-pyrrolsedamine 8 and second enantioselective
synthesis of R)-(R)-(+)-pyrrolsedamine6 by using sequential
organocatalytic proline catalysed asymmets@mination of
aldehyde followed by HWE olefination reactith.

2. Result and discussion

The retrosynthetic analysis of Pyrrolsedamine alkisl6, 7 and

8 is shown in the Scheme 1. TH8-(R)-(+)-pyrrolallosedamine
7 and  ©-(9-(-)-pyrrolsedamine8 can be obtained by-
methylation, TBDMS ether deprotection and reductibtactams
16 and2l. (R)-(R)-(+)-Pyrrolsedamin& can be obtained from
by performing oxidation reduction-reduction sequena?7. The
lactams21 and 16 may bederived through cyclisation of amino
esters 20 and 15, which in turn can be obtained through
sequentialoa-amination and HWE olefination of the common
intermediate aldehydd4.* Aldehyde 14 could be accessible

diisopinocampheylborart.
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Scheme 1. Retrosynthetic analysis of pyrrolidine member of
sedum alkaloids

The synthesis of the chiral key intermediate aldehy4 is
shown in Scheme 2. Our synthetic endeavour began fhem
known 3-benzoylpropanoic acidl, which was subjected to
asymmetric reduction by diisopinocampheylborane aftord
chiral (§-4-hydroxy-4-phenylbutanoic acid2 in 90% yield"
The esterfication of acid2 in EtOH was promoted bin situ
generated HCI and further protection of free hydrgryup ofy-
hydroxy ester with TBDMSCI in C}Cl, afforded esterl3 in
89% vyield over two steps. The reduction of eth§-4-((tert-
butyldimethylsilyl)oxy)-4-phenylbutanoaté3 with DIBAL in
CHCIl, at -78 °C gave the desired S4-((tert-
butyldimethylsilyl)oxy)-4-phenylbutanal4 in 93% yield.Next,
we envisioned the transformation of a chiral keyelintediate
aldehyde 14 into pyrrolidine member of sedum alkaloids
(Scheme 3).The synthesis commenced with sequential
amination of aldehydel4 using D-proline and dibenzyl
azodicarboxylate (DBAD) as amine source, subsequemedio
Wadsworth—-Emmons (HWE) olefination using ylide gered
from triethyl phosphonoacetate afforded desitedmino«,s
unsaturated estel5 in 76% overall yield. The absolute and
relative configuration of amino alcoh&b is based on.- or D-
proline used in the reactidh.

i) AcCl, EtOH, 0 °C

O COOH  1n OH COOH o refiu oh TBSo ookt
PR PR ii) TBDMSCI, CH,Cl,, ~ Ph
o 0,
" 12 NEts, 0°C, 3 h, 89% -
DIBAL, CH,Cly,
7550 oTBS
Ph CHO

3 h, 93%
14

Scheme 2 Synthesis of chiral key intermediate aldehyderom
3-benzoylpropanoic acitil
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Further compound5 was subjected for reductive hydrogenationheating in EtOH at 50 °C furnished lact&@hin 79% overall

using Raney nickel to furnish free amine, which absequent
heating in EtOH at 50 °C gave lactd® as separable mixture of
diastereomers (97:3, dr) in 79% overall yid\dMethylation of
lactam 16 is achieved by treatment with NaH and Mel,
subsequent deprotection of TBDMS group with TBAF iHFT
afforded free hydroxyl compounti7 in 82% overall yield over
two steps. The reduction of th& with LiAIH , provided desired
synthetic isomer)-(R)-(+)-pyrrolallosedaming [a]%’ = +5.69
(c 0.5, EtOH)] in 76% yield.
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Scheme 3 Synthesis of §-(R)-(+)-pyrrolallosedamin& and R)-
(R)-(+)-pyrrolsedamin®

After successful preparation of synthetic isom&-(R)-(+)-
pyrrolallosedamine7, we focused our attention towards the
synthesis of natural isomerR)¢(R)-(+)-pyrrolsedamine 6.
Initially, we had planned inversion of benzylic smcenter of7

by Mitsunobu reaction under various conditions, imstead of
expected compountlB complex reaction mixture was observed.
The IBX oxidation of §-(R)-(+)-pyrrolallosedaminé followed
by reduction of ketond9 with LiAl(OtBu);H in THF at 0 °C
gave desired R)-(R)-(+)-pyrrolsedamine 6 as single syn
diastereomer in 89% yielda]?® = +72.1 ¢ 2.00, EtOH)
[ref [a]?® = +73.7 ¢ 2.00, EtOH)]. The stereoselectivity
obtained in the reduction reaction of ketd®ecan be explained
by chelation of Li with carbonyl and amine functitiba as
shown in transition statd S-I. The chelation of the lithium
directs hydride delivery from the least hinderedefeof the
ketone, which resulted in exclusive formation ofgn syn
isomer8.

The scheme 4 represents the synthesis of syntiseticer §)-
(9-(-)-pyrrolsedamineB from chiral key intermediat@ldehyde

14.
o
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Scheme 4 Synthesis of9)-(9-(-)-pyrrolsedamine

Sequential a-amination of aldehydel4 using L-proline and

dibenzyl azodicarboxylate (DBAD) followed by subsedquen
Horner—-Wadsworth—-Emmons (HWE) olefination
desiredy-amino«,f unsaturated est&0 in 76% vyield. Further

afforded

yield (98:2, dr). The diastereomers are separatedcdumn
chromatography. ThBl-Methylation was carried with NaH/Mel,
followed by deprotection of TBDMS group with TBAF aftted
hydroxyl compound22 in 82% vyield over two steps. The
reduction of the lactam &2 using LiAlH, gave the desireds|-
(S)-(-)l-spyrrolsedamineﬁ []?® = -13.3 € 0.19, MeOH) in 76%
yield.

3. Conclusion

In conclusion, we have accomplished first enantextile
synthesis of $-(R)-(+)-pyrrolallosedamine7 and §-(9-(-)-
pyrrolsedamine8 as well as second enantioselective synthesis
(R)-(R)-(+)-pyrrolsedamine 6 by using sequential proline
catalysed a-amination and Horner Wadsworth—Emmons
olefination reactions. This organocatalytic protoscsimple and
efficient, which providedR)-(R)-(+)-pyrrolsedamines, (9-(R)-
(+)-pyrrolallosedaming and(S)-(S)-(-)-pyrrolsedamines in 31,

28 and 31% yields, respectively. The present metbear be
easily applied for the synthesis of a variety diestalkaloids
which encountered these ring systems.

4, Experimental section

General Experimental Details

All reagents were obtained from commercial supplientess
otherwise stated and solvents were used as receivied the
following exceptions. Tetrahydrofuran (THF) was dlistl from
benzophenone and sodium immediately prior to udeméisture
sensitive reactions were carried out under a nitraenosphere
with dry solvents under anhydrous conditions, unigberwise
noted. Reactions were magnetically stirred and rocetdt by
analytical thin-layer chromatography (TLC) E. Mer@R5 mm
silica gel 60 s, TLC plates were visualized by exposure to
ultraviolet light (UV, 254 nm) and/or exposure to agueous
solution of potassium permanganate (KMj@n acidic solution
of Ninhydrin or a solution of PMA followed by heatinvgth a
heat gun. Chromatography was performed using siiéta(100-
200 mesh) with solvents distilled prior to use. Yéelefer to
chromatographically and spectroscopicaltf (and *C NMR)
pure material. All spectra were recorded at 25 4€.NMR
spectra were recorded on 500 MHz and 400 MHz specteose
and™C NMR spectra were obtained at 500 NMR (126 MHz) and
400 (101 MHz) spectrometer using CDRCls solvent.
Tetramethylsilane (0.00 ppm) served as an intestzaidard iftH
NMR and CDC} (77.0 ppm) in**C NMR. Chemical shifts were
recorded in ppm, and coupling constany (ere in Hz.
HRESIMS were taken on Bruker Impact HD quadrupole jgos
trap at CIF, S. P. Pune University. Infrared spewateae recorded
on a Nicolet Nexus 470 FT-IR spectrometer. Opticahtionhs
were measured on a digital polarimeter. The following
abbreviations are used for the multiplicities:isgket, d: doublet,

t: triplet, m: multiplet, bs: broad singlet dd: dibet of doublet for
proton spectra.

4.1.Ethyl-(S)-4-((tert-butyldimethyl silyl) oxy)-4-phenyl butanoate

(13):

Acetyl chloride (1 mL) was added dropwise over perddlO
min to EtOH (10 mL) at O °C. The solution was stirfed extra
10 min and then acid2 (1.0 g, 5.5 mmol) was added in one
portion. The solution was heated to reflux for Zafier complete
consumption of starting material (TLC check), theaation
mixture was concentrated in vacuo to give the crposuct,

ester 20 was subjected for reductive hydrogenation using Ranehich without any chromatographic purification sutbget to

nickel to furnish the free amine product, which absequent

next reaction. To a cooled solution of above crester and NEt
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(1.55 mL, 11.10 mmol) in C}€l, (20 mL) at 0 °C was added **C NMR (126 MHz, CDGJ) § 166.1, 156.1, 154.6, 145.3, 144.0,
TBDMSCI (1.0 g, 6.66 mmol) portion wise over theipdrof 15 136.0, 128.5, 128.3, 128.0, 127.4, 125.8, 122.8, A8.5, 67.7,
min and after stir it for 3 h at same temperatdféer completion  60.3, 60.1, 56.5, 55.6, 41.6, 29.5, 28.9, 25.62,14.0, -5.2;
of reaction (TLC check), residue was diluted with waaed HRMS (ESN[M+Na]™: found 669.2972. &H.N.NaO;Si
extracted with CHECIl, (3 x 15 mL). The combined organic requires 669.2972
phases were dried over anhydrous,®@ and concentrated
under reduced pressure. The crude product wasguiiify silica  4.4.(R)-5-((9-2-((tert-butyldimethylsilyl)oxy)-2-phenyl ethyl)
gel column chromatography using Hexane: EtOAc (95@&j)eg pyrrolidin-2-one (16)

esterl3 as yellowish liquid (1.59 g, 89%) The solution of compound5 ( 0.5 g) in MeOH (10 mL) and
Yellow liquid, R = 0.66 (Hexane: EtOAc, 9:1); acetic acid (5 drops) was treated with RANEY® nickelg(l
[a]3’=-8.71 € 0.60, MeOH); excess) under a H60 psi) atmosphere for 24 h. The reaction

'"H NMR (400 MHz, CDCJ) 6 7.38 — 7.24 (5H, m), 4.76 (1H,X,  mixture was then filtered over celite and conceattab the give
= 6.0 Hz), 4.13 (2H, q] = 7.1 Hz), 2.47 — 2.27 (2H, m), 2.07 — the crude free amine which was further subjectedytlisation
1.96 (2H, m), 1.27 (3H, 1 = 7.1 Hz), 0.92 (9H, s), 0.05 (3H, s), by stirring in EtOH at 50 °C for 5 h. The reactionxtare was

-0.12 (3H, s); concentrated in vacuo to give the crude producliceSigel
¥%C NMR (101 MHz, CDC}) 5 173.6, 144.7, 128.1, 127.0, 125.8, column chromatography (Hexane: EtOAc, 6:4) of thederu
73.7,60.2, 35.6, 30.1, 25.8, 18.1, 14.2, -4.1;-5. product gaves6 as a thick liquid (0.201 g, 79%).

HRMS (ESH[M+Na]": found 345.1860.GHsNaO;Si requires  Thick liquid, R = 0.40 (Hexane: EtOAc/ 1:1);

345.1862 [a]2’=-4.62 € 0.24, MeOH);

. . IH NMR (400 MHz, CDCJ) 5 7.40 — 7.20 (5H, m), 5.90 (1H, s),
4.2. (9-4-((tert-butyldimethylsilyl)oxy)-4-phenylbutanal (14) 4.80 (lH,( ddJ = 8.4, 4.(1:J)Hz), 3.85 — 3.751 (1H, )m), 2.3(4 - 2.)22

A solution of ested3 (1.0 g, 3.10 mmol) in 20 mL of GBI, at _ ]
—78 °C under an Natmosphere was treated with a 1 M solutiongn’ S)]) 1.94 = 1.73 (4H, m), 0.92 (9H, s), 0.04 (3},-8.16

of Dt'.BA'- in IHF (3.10 mL, 3%]0(;"”‘%2 a”dt St"tre(‘;rf? r: T..[:le 13C NMR (101 MHz, CDCJ) § 177.4, 144.2, 127.9, 127.5, 124.9,
reaction mixture was quenche WI saturate artagmi, 738, 516, 471’ 301, 278, 258, 178, '4Q,'4

diluted with E$O, and stirred vigorously for 2 h at room iy .
temperature. The organic layer was separated, an@dbeous Ir-lelz]mrstas éEZSTl)z[BI\éI;Na] - found  342.1862  (HoNNaO,SI
layer was diluted with brine and extracted with ,CH. The ’ ’
combined organic layers were dried over .83, and 4.5.(R)-5-((9-2-hydroxy-2-phenylethyl)-1-methylpyrrolidin-2-
concentrated to give crude aldehyt#e The crude product was one(17)

purified by silica gel column chromatography usiRigxane: To a solution of NaH (28 mg, 1.13 mmol) in 2 mL of DMR&s
EtOAc (95:5) to give the aldehydd as a thick liquid (0.805 mg, added solution of lactari6 (0.300 g, 0.94 mmol) in DMF (1

93% vyield). mL) at 0 °C under an Natmosphere and stirred for 2 h. The
Thick liquid, R = 0.63 (Hexane/EtOAc, 9:1); reaction mixture was quenched with water and extraetiid
[a]3’=-9.23 € 0.27, MeOH); EtOAc (3 x 15 mL). The combined organic layers weridir

'"H NMR (500 MHz, CDCJ) 6 9.77 (1H, tJ = 1.6 Hz), 7.43 — over NaSQ, and concentrated under vacuum gave crude N-
7.25 (5H, m), 4.79 (1H, dd,= 6.6, 4.9 Hz), 2.56 — 2.33 (2H, m), methylated lactam, which as is subjected for neactien. A

2.08 — 1.97 (2H, m), 0.91 (9H, s), 0.05 (3H, s), -q3A3, s); solution of tetrabutylammonium fluoride (TBAF; 068, 1 M in
C NMR (126 MHz, CDC}) 5 202.5, 144.4, 128.1, 127.2, 125.8, THF, 2.81 mmol) was added to a stirred solution fde N-
73.7,39.7, 33.0, 25.8, 18.1, -4.7, -5.0; methylated lactam in THF at 0 °C and the mixturiered for
HRMS (ESI+)[M+Na]+: found 301.1602.,6H,¢NaO,Si requires  another 1 h at room temperature. The reaction wasajed by
301.1600 the addition of water, and the organic layer was rs¢pd. The

aqueous phase was extracted with EtOAc (3 x 15 mL),tled
4.3.Dibenzyl 1-((1S,3S E)-1-((tert-butyldimethylsilyl)oxy)6 ethoxy =~ combined organic layers were dried with 8@, and
60x0-1-phenylhex-4-en-3-yl)hydrazine-1,2-dicarboxylate (15) concentrated under vacuum. The crude product pdrifdy
To a cooled solution of dibenzyl azodicarboxyla@BAD) column chromatography on silica gel by using Hexat@Ac
(0.445 g 1.49 mmol) andd-proline (0.051 g, 0.446 mmol) in (9:1) to give alcohol7 as a thick liquid ( 170 mg, 82%)
CH5CN (30 mL) at 0 °C was added aldehyt# (0.5 g, 1.79  Thick liquid; R; = 0.12 (EtOAc/ hexane, 8:2);
mmol) and the mixture was stirred for 2 h at 0 °@d &urther for  [a]f’= +5.16 € 0.22, MeOH);
1 h at 10 °C. This was followed by addition of littiichloride  *H NMR (400 MHz, CDC)) § 7.44 — 7.30 (5H, m), 4.80 (1H,%,
(0.098 g, 2.33 mmol), triethyl phosphonoacetatd4anL, 2.33 = 6.9 Hz), 3.49 — 3.38 (1H, m), 2.79 (3H, s), 2.41 (i, J =
mmol) and DBU (0.272 mL, 1.79 mmol) in that sequesrce the  15.6, 9.6, 6.1 Hz,), 2.28 — 2.23 (1H, m), 2.23 -8A2H, m),
whole mixture was stirred at 5 °C for 45 min. It wadeert 1.95-1.78 (2H, m);
quenched with aqueous NEl solution (15 mL) and extracted “°C NMR (101 MHz, CDGJ)) § 175.1, 143.9, 128.8, 128.1, 125.8,
with EtOAc (3 x 15 mL). The combined organic layers ever 72.1, 58.0, 42.5, 29.9, 28.1, 25.0;
washed with brine, dried over anhydrous ,8@ and HRMS (ESI)[M+Na] found 242.1154 GH,NNaO;Si
concentrated under reduced pressure to give cmagiaigt. Silica  requires 242.1157
gel column chromatography (Hexane: EtOAc; 85:15) & th (D). ‘B0 v o 1 i
crude product gavd5 as a colourless syrupy. (0.914 g, 76%4'6' (9-2-((R)-1 methy_lpyrrolldm 2-¥1)-1-phenylethan-1-ol/(S)
ield based Idehvd (R)-(+)-pyrrolallosedamine (7)
)c/;le| ?se ona .e y0e£)15 H /EtOAC. 7:3): To a suspension of LiAIH(28 mg, 0.72 mmol) in anhydrous

OZE)’Er SSSSSWS%)S Fli:/l é)H ( exane ¢, 7:3); Et,O (3 mL), a solution 017 (80 mg, 0.36 mmol) in ED (2 mL)

EQ]D =-3.08 €0.50, MeOH); was added and reaction mixture was heated to refinx2fh.
H NMR (500 MHz, CDCJ) (rotamers) 7.49 — 7.19 (15H, m), : ; o

After completion of reaction (TLC check), a 15% aoue NaOH
6.83 (1H, bs), 6.54 (1H, bs), 5.91 (1H, bs), 5.17 (B#), 4.16 , .

solution (0.3 mL) and water (1 mL) were successiaglgled, and
(2H, g, 7.0 Hz), 1.89 — 1.80 (1H, m), 1.66 (1H, bs281(3H, t,J : : :
s 71 H 088 (9H 003 (3H 025 (3H _the resulting mixture was then extracted withCE{3 x 5 mL).
- 2), 0. (9H, s), 0. (BH, s), -0. (BH, S)’The combined organic phases were dried ovesSNa and



concentrated in vacuo to give crude producthe crude product
was purified by silica gel column chromatographyhgsCH,Cl,:
MeOH (9:1) to give th& as white solid (57 mg, 76%).

White solid; Mp 88-92 °C;

R; = 0.42 (CHCI,/MeOH, 9:1);

[a]2’= +5.69 € 0.50, MeOH);

IR (neat): crit 3355, 3092, 2951 1510;

'"H NMR (500 MHz, CDC)) 6 7.46 (2H, dJ = 7.7 Hz,), 7.37-
7.27 (3H, m), 4.97 (1H, dd,= 9.9, 1.8 Hz), 3.76 — 3.67 (1H, m),
3.55 — 3.47 (2H, m), 3.31 (3H, s), 2.77 — 2.71 (1H,, 249 —
2.41 (1H, m), 2.33 (1H, ddd,= 16.2, 9.9, 2.6 Hz), 2.16 — 2.06
(2H, m), 2.03 - 1.98 (1H, m);

¥C NMR (126 MHz, CDCJ)  145.5, 128.5, 126.6, 124.9, 73.8,
65.0, 55.9, 43.0, 42.7, 29.5, 23.3;

HRMS (ESH[M+H]": found 206.1541 GH,NO requires
206.1545.

4.7.(R)-2-((R)-1-methyl pyrrolidin-2-yl)-1-phenyl ethan-1-ol/
(RR)-(+)-pyrrolsedamine (6)

To the solution7 (50 mg, 0.24 mmol) in EtOAc was added IBX
(203 mg, 0.36 mmol), and the mixture was heatecetiix for
2h. After complete consumption of starting mateffdlC check)
reaction mixture was cooled to room temperature dided
with EtOAc. The precipitate was removed by filtratiamdasolid
residue was washed with EtOAc (3 x 5 mL). The combine
filtrates were again washed with 5% NaHZ®@ x 3 mL), HO (3

x 3 mL), and dried (N&Q,), followed by removal of solvent
invacuo to give crude product, which without anyttier
chromatographic purification subjected to next teac To a
suspension of LIAI(@Bu)H (124 mg, 0.60 mmol) in THF (1.5
mL), was dropwise added solution of crude ketone HFT1
mL) at O °C and stirred for 8 h. After complete camgtion of
starting material (TLC check) reaction mixture waseched
with aqueous NECI (3 mL) and extracted with EtOAc (3 x 10
mL). The combined organic layers were dried with9@, and
concentrated under vacuum. The crude product pdrlfiy silica
gel column chromatography (eluent €H,: MeOH, 9:1) gave
syn-6 as white solid (44.5 mg, 89%)

White solid, (25 mg, 89%); Mp 88-93 °C;

R¢ = 0.43 (CHCI/MeOH, 9:1);

[a]20 = +72.1 € 2.00, EtOH) [ret[a]2® = +73.7 € 2.00, EtOH)].

IR (neat): crit 3350, 3085, 2955 1490;

'"H NMR (500 MHz, CDCJ) § 7.40— 7.28 (4H, m), 7.28 — 7.24
(1H, m), 4.88 (1H, dJ = 10.0 Hz), 4.11 (1H, bs), 3.15 (1H, dt,
=10.7, 6.5 Hz), 2.95 — 2.87 (1H, m), 2.47 — 2.42 (A}, 2.09 —
2.04 (1H, m), 1.86 — 1.78 (3H, m), 1.66 (1H, ddd&; 14.1, 5.7,
2.5Hz), 1.49 - 1.40 (1H, m);

*C NMR (126 MHz, CDCJ) & 145.4, 128.2, 127.0, 125.5, 73.8,
66.1, 55.4, 43.0, 42.9, 30.4, 22.7;

HRMS (ESN[M+H]": found 206.1541 GH,NO requires
206.1545

4.8. Dibenzyl-1((1S.3R E)-1-((tert-butyl dimethylsilyl) oxy)-6-
ethoxy6oxo- 1phenyl hex-4-en3yl)hydrazine-1,2dicar boxyl ate (20)

To a cooled solution of dibenzyl azodicarboxyla@BAD)
(0.445 g 1.49 mmol) andL-proline (0.051 g, 0.446 mmol) in
CH:CN (30 mL) at 0 °C was added aldehyi# (0.5 g, 1.79
mmol) and the mixture was stirred for 2 h at 0 °@ &urther for

1 h at 10 °C. This was followed by addition of lithiuchloride
(0.098 g, 2.33 mmol), triethyl phosphonoacetatd4dnL, 2.33
mmol) and DBU (0.272 mL, 1.79 mmol) in that sequesce the
whole mixture was stirred at 5 °C for 45 min. It wdeert
quenched with aqueous NEl solution (15 mL) and extracted
with EtOAc (3 x 15 mL). The combined organic layers aver
washed with brine, dried over anhydrous 8@ and
concentrated under reduced pressure to give cnadligt. Silica
gel column chromatography (Hexane: EtOAc; 85:15) & th

5
crude product gav@0 as a colourless syrupy (0.911 g, yield
76% based on aldehyde)

Colourless syrupy; R= 0.44 (Hexane: EtOAc, 3:7);

[a]3°=-1.70 € 0.67,MeOH);

'"H NMR (400 MHz, CDC)) (rotamers)s 7.30 (15H, s), 6.92
(1H, dd,J = 7.5, 6.6 Hz), 6.74 (1H, bs), 5.98 (1H, s), 5.28.80
(6H, m), 4.18 (2H, ) = 7.0 Hz), 2.36 (1H, bs), 1.95 — 1.90 (1H,
m), 1.29 (3H, tJ = 7.0 Hz,), 0.91 (9H, s), 0.03 (3H, s), -0.21
(3H, s);

*C NMR (101 MHz, CDGJ) § 166.1, 156.6, 155.2, 144.8, 144.2,
135.6, 128.5, 128.3, 128.0, 127.4, 126.0, 122.9,,7%8.3, 67.7,
60.5, 60.3, 56.2, 41.6, 29.7, 29.0, 25.8, 14.21,14.5, -5.0;
HRMS (ESDH[M+Na]™: found 669.2972. GH,N,NaO,Si
requires 669.2972.

4.9.(9-5-((9)-2-((tert-butyl dimethyl silyl )oxy)-2-phenyl ethyl)
pyrrolidin-2-one (21)

The solution of compoun@0 (0.5 g) in MeOH (10 mL) and
acetic acid (5 drops) was treated with RANEY® nickelg(l
excess) under a H60 psi) atmosphere for 24 h. The reaction
mixture was then filtered over celite and concenttdb the give
the crude free amine which was further subjectedyttisation

by stirring in EtOH at 50 °C for 5 h. The reactionxtare was

Oconcentrated in vacuo to give the crude producliceSigel

column chromatography (Hexane: EtOAc, 6:4) of thederu
product gavel as a thick liquid (0.203 g, 79%).

Thick liquid, R = 0.40 (Hexane: EtOAc, 1:1);

[a]3°=-2.74 € 0.2, MeOH);

'H NMR (500 MHz, CDCJ) § 7.40 — 7.26 (5H, m), 5.92 (1H, s),
4.80 (1H, ddJ = 8.5, 3.9 Hz,), 3.81 — 3.71 (1H, m), 2.33 — 2.26
(2H, m), 1.95 — 1.90 (1H, m), 1.87 — 1.73 (3H, m)10(9H, s),
0.04 (3H, s), -0.16 (3H, s);

®C NMR (126 MHz, CDCJ)) 5 177.4, 144.3, 128.4, 127.5,
125.7,74.2,52.3,47.7, 29.9, 28.2, 25.8, 18.5,4..9;

HRMS (ESNH[M+Na]™: found 342.1862 GH,,NNaQ.Si
requires 342.1865

4.10. (9-5-((9-2-hydroxy-2-phenylethyl)-1-methyl pyrrolidin-2-
one (22)

To a solution of NaH (14 mg, 0.56 mmol) in 2 mL of DMR&s
added solution of lactar@l (0.150 g, 0.47 mmol) in DMF (1
mL) at 0 °C under an Natmosphere and stirred for 2 h. The
reaction mixture was quenched with water and extraetiid
EtOAc (3 x 10 mL). The combined organic layers weriedir
over NaSQO, and concentrated under vacuum gave criide
methylated lactam, which as is subjected for neattien. A
solution of tetrabutylammonium fluoride (TBAF; 08¢, 1 M in
THF, 1.40 mmol) was added to a stirred solution mfde N-
methylated lactam in THF at 0 °C and the mixturiered for
another 1 h at room temperature. The reaction wasaped by
the addition of water, and the organic layer was rs¢pd. The
aqueous phase was extracted with EtOAc (3 x 10 mL),tled
combined organic layers were dried with 8@, and
concentrated under vacuum. The crude product pdrifby
column chromatography on silica gel by using Hexat@Ac
(9:1) to give alcoho®2 as a thick liquid (85 mg, 82% two steps)
Thick liquid; Ry = 0.13 (Hexane: EtOAc, 8:2);

[a]3°=-1.35 €£0.21, MeOH);

'H NMR (400 MHz, CDCJ) 5 7.43 — 7.30 (5H, m), 5.31(1H, s)
4.80 (1H, ddJ = 13.0, 2.9 Hz), 3.88 — 3.78 (1H, m), 2.81 (3H, s),
2.48 — 2.37 (1H, m), 2.31 (1H, ddi= 9.6, 6.6 Hz), 2.27 —2.21
(2H, m), 1.89 — 1.79 (1H, m), 1.65 — 1.53 (1H, m);

¥C NMR (101 MHz, CDGJ) § 176.3, 144.3, 128.7, 127.9, 125.5,
71.0,57.7,42.3,29.8, 27.8, 24.2;

HRMS (ESNH[M+Na]™: found 242.1152 GH,NNaQSi
requires 242.1157
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411. (9-2-((9-1-methylpyrrolidin-2-yl)-1-phenyl ethan-1-ol/
(9-(9-(-) pyrrolsedamine (8)
To a suspension of LIAIH(10 mg, 0.252 mmol) in anhydrous
Et,O (3 mL), a solution o2 (28 mg, 0.126 mmol) in ED (2
mL) was added and reaction mixture was heated boxrér 2 h.
After completion of reaction (TLC check), a 15% aoue NaOH
solution (0.3 mL) and water (1 mL) were successiaglgled, and
the resulting mixture was then extracted with(E{3 x 5 mL).
The combined organic phases were dried ovesSNa and
concentrated in vacuo to give crude producthe crude product
was purified by silica gel column chromatographyhgsCH.Cl,:
MeOH (9:1) to give th& as white solid (20 mg, 76%).
White solid, Mp 88-93 °C; R= 0.42 (CHCIl,/MeOH, 9:1);
[a]?® =-13.3 £0.19, MeOH)
IR (neat): crit 3354, 3085, 2955 1492;
'"H NMR (400 MHz, CDCJ) 8 7.42 — 7.32 (4H, m), 7.30 — 7.23
(1H, m), 4.87 (1H, ddJ = 10.0, 2.5 Hz,), 4.27 (1H, bs), 3.23 -
3.12 (1H, m), 2.98 —2.92 (1H, m), 2.49 — 2.42 (4H, 2008 (1H,
ddd,J = 16.0, 12.7, 8.0 Hz), 1.88 — 1.77 (3H, m), 1.68 (déH,
J=14.1,538, 2.6 Hz), 1.47 — 1.42 (1H, m);
*C NMR (101 MHz, CDGCJ) 6 145.3, 128.2, 127.0, 125.5, 73.7,
66.1, 55.3, 42.8, 42.7, 30.4, 22.7
HRMS (ESN[M+H]": found 206.1541 GH,NO requires
206.1545
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Table1. 'H and *C NMR data comparison of 6 and 8

Sr. No. (R)-(R)-(+)-pyrrolsedamin& (9-(9-(-)-pyrrolsedaming
(natural isomer) (synthetic isomer)
S8H (Jin HZ2) 6C S8H (Jin HZ2) 6C
1 4.88 (1H, dJ=10.0 Hz) 73.8 4.87 (dd,= 10.0, 2.5 Hz, 1H) 73.7
2 1.66 (1H, dddJ=14.1,5.7,2.5 | 42.9 1.68 (ddd) =14.1, 5.8, 2.6 Hz, 42.7
Hz) H,and 1.86 — 1.78 (1H, m) 1H) H,and 1.88 - 1.77 (m, 1H),H
H
3 2.95-2.87 (1H, m) 66.1 2.98 —2.92 (m, 1H) 66.1
4 1.49 - 1.40 (1H, m) tand 2.09 —| 30.4 1.47 - 1.42 (1H, m ) and 2.08 30.4
2.04 (1H, m) H (ddd,J=16.0, 12.7, 8.0 Hz, 1H)H
5 1.86 —1.78 (2H, m), 22.7 1.88—1.77 (m, 2H) 22.7
6 2.47 - 2.42 (1H, m) t&dnd 3.15 | 55.4 2.49 - 2.42 (m, 1H)t&nd 3.23 — | 55.3
(1H, dt, J=10.7, 6.5 Hz) H 3.12(m, 1H) H
7 2.47 — 2.42 (3H, m) NMe 43.0 2.49 — 2.42 (m, 3H) Nme 42.8
8 - 145.4 i-Ph - 145.3i-Ph
9 7.40-7.28 (4H, m) 128.2 o-Ph 7.42 -7.32 (m, H) 28.2 0-Ph
10 125.5 m-Ph 125.5 m-Ph
11 7.28 - 7.24 (1H, m) 127.0 p-Ph 7.28-7.24 (1H, m 127.0 p-Ph
12 OH 4.11 (1H, bs) OH 4.27 (1H, bs)




