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Abstract

s A 2 s oA x

A number of LINRUSOUSR It YAY 2 |2d¢Hédy BomA y O
enantiomerically pure h-amino acids, were allylated withmethyl 2-
(bromomethyl)prop2-enoate 1l under copper catalysed conditiongo give a
number of N-protected aminoenoate substrateslll in good yieldsDeprotection

and cyclisation under thermal conditioggve the lactamsV. Hydrogenation of

the exo double bond gaveeparable2-substituted5-methyl piperidir6-onesV

in excellent yields (90%3%)with varyingdiastereoselectivitywith a preference

for cisdiastereoisomein a range>19:1 to 2:1(Scheme A

IZn 0}

SoM_, ] cumroms . TFA, CH,C,
H,N" "R ™ HNT R Q . T, Et,N, toluene
Boc MeO)Y Br HN™ "R reflux o/n o H R
Boc

[
n n v
R = 'Pr, 'Bu, Bn, CH,CH,CO,Me 52%-54% 30%-82%

R ='Pr, Bu, Bn

10% Pd/C
H,, o/n

90%-93%
R ='Pr, Bu, Bn

Scheme A

Extensionof this general methodologio a rangeof mesylated electrophile¥l,
followed by deprotection and cyclisation under thermabnditions gave the
more substituted lactama/1ll. Hydrogenation of the unsaturated lactanvdll
gave 2,5disubstituted piperidir6-ones IX in excellent yields (929%4%)

(Scheme Bwith varyingdiastereoselectivity.
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1Zn

o) R?
CO,H j\ CuBr.DMS : x
}Kz - = MeO i. TFA, CH,Cl,
H,N~ R s O OMs Il ii. Et3;N, toluene™ N
RZ"HN” R! 0" 'N" 'R
2 ) H
Boc

éOC

MeO R reflux o/n
I
VI Vi Vil
52%-57% 80%-88%
R! = (5-)CO,Me, (R-)'Bu Rl = (5-)CO,Me, (R-)'Bu
RZ= Me, Ph R2= Me, Ph
10% Pd/C
H,, o/n

92%-94%
R! = (5-)CO,Me, (R-)'Bu
R2= Me, Ph

SchemeB

2,6-Disubstituted piperidines were synthesized by reductiyelisationof 5-oxo
amine derivativesXIl, prepared byl,4free radical conjugate addition ofa
selection of alkyl iodideX to a range of enoneXI. Stereoselectiveeductive
amination of the iminium salts Xlll was carriedout using Pd/C (10% w/w) over
hydrogen gas at ambient pressure and temperatuaed produced 2,6-
disubstituted piperidinesXIV exclusivelyasthe cisdiastereoisomerwhichwere

eachconverted to the correspondinigydrochloride salt§Scheme €

Xiii
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0]

CO,H [
Py 2 j\ Cul (2.0eq.), Zn (6.0eq.) RZJ\/j\
H,N” “R? ’ * aq. EtOH 70%, ))), 3h. %

HN” R HN” ~R?
éOC Q éOC
X RZJ\/ Xl
X 51%-69%
TFA, CH,Cl,
i. 10% Pd/C (10% w/w)
- HaMeOH, o/n @
ii. LIOH (aq.) RZ” N7 R
iii. 1 M HCl in Et,0 oH
CF,CO0
XIvV Xl

85%-91%
Rl=(S-)cO,Me, (R-)'Pr, (R-)Bu, (R-)Bn
RZ= Me, Et

Scheme C

(-)-Indolizidine 167Band (-)-indolizidine 195Hwere synthesizedby 1,4-free
radical conjugate additioof alkyl iodice XV derived from enantiomerically pure
L-proline to a selection of enoneXV| followed bydeprotection and cyclisation
to the iminium salts XVIII in quantitative yields Finally, stereoselective
hydrogenation of iminium saltgavethe natural productsXiXa and XIXb in good

yieldsof 72%and 76% respectivelySchemeD).

(0]

o) [
f > j Cul (2.0 eq.), Zn (6.0 eq.) RM TFA, CH,Cl, R \ﬁ ,,/H
N BOC‘N\_"/ aq. EOH70%,))),3h. . Boc. -, o/
o U7 CF,CO0
R~ XVIi XVil
75% - 78%
R= Et,"Bu 10% Pd/C
H,, EtOH

N N 7,

L/

HO

Xv

XIX
R= Et, Indolizidine 167B, 72%, XIXa
R="Bu, Indolizidine 195H, 76%, XIXb

SchemeD

'
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1. Introduction

1.1 Background

Both pperidines and indolizidins are found in a range of natural productBhe
stereoselective synthesis of substituted piperidinesd indolizidines has
attracted much attention: Two groups of compounds within thpiperidine
family are the 2,5and 2,6disubstituted piperidines. Specifexamples include
Streptolutine, (-)-Hydroxysedamine Scopolamine, Pinidine Slaframine
(-)-Indolizidine 167B(-)-Indolizidine 195Hind ¢)-Indolizidine 2090Figure1).2®

) "
H
., NH, ~OH
N™ Sy N
CO,H Me

Streptolutine (-)-Hydroxysedamine
HO‘\—<O
W :
Scopolamine Pinidine
H,N
wH H
N OAc NS,
Slaframine (-)-Indolizidine 167B
(b H
NN N\\"’// SN\,
(-)-Indolizidine 195H (-)-Indolizidine 209D
Figure 1

Moreover there area large number of simple substituted piperidines and
indolizidines that have potentially useful biological activity like pipecolic acid,

coniine, carpamic acid ar(g)-coniceine Figure 3.”°

—
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HO
(e O T ()
N7 CO,H N Me” N ¥(CH,);CO,H N

N 2
H L/
Pipecolic acid Coniine Carpamic acid (-)-Coniceine
Figure 2

This project will focus on diastereoselectsynthesis of a range of disubstituted
piperidines, particularly 2;5and 2,6disubstituted piperidines as well as the
synthesiof (-)-indolizidine 167B and)tindolizidine 195H.

1.2 Importance of 2,5 -Disubstituted Piperidines

The synthesis of 28isubgituted piperidines has attracted attention because
these compounds are widespread in natural products and in significant bioactive
molecules®® For example, the stereoselective synthesis of pipecolic acid
(piperidine2-carboxylic acid)l and derivatives has received attention due to
their powerful biologicalactivities***?> Examples include -Bydroxy-substituted
pipecolic acid® and 3 which have been used in the synthesis of novel chiral

sixmembered PNAReptide Nucleic éid) analoguesKigure 3."*3

(Nj\COZH
H

1
Pipecolic acid

N COOH N COOH
H H

2 3
(2S,5R)-5-Hydroxypipecolic acid (2S,5S)-5-Hydroxypipecolic acid

Figure 3: Pipecolic acid and-bydroxypipecolicacid
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Furthermore the cis2-diphenylmethyi5-(4-fluorobenzylaminopiperidine 4,

exhibitedthe mostactivity and selectity for the dopamine transporte(Figure

4)M

F
H
N,

cis-2-Diphenylmethyl-5-(4-fluorobenzylamino)-piperidine

1.3 Importance of 2,6 -Disubstituted Piperidines

2,6-Disubstituted piperidines with alkyl substituent groupscurextensivelyin a

number of importantpharmacologicdy activecompounds™> Prior work in this

area has concentrated on the diastereoselectivity in thgnthesisof 2,6-

disubstituted piperidines*®!’ 2,6-cisDisubstituted piperidines (isosolenopsins)

havebeenextracted from the poison of fire ants of the genBslenopsis invicta

and showed insecticidal, antibacterial, necrotic, cytotoxic, antifungal and- anti

HIV propertiegFigure 5.1%2°

WQ\
n H

n = 8, (2R,6S)-Isosolenopsin

n = 10, (2R,6S)-Isosolenopsin A
n =12, (2R,6S)-Isosolenopsin B
n = 14, (2R,65)-Isosolenopsin C

Hp‘"

H

n =8, (2S,6R)-Isosolenopsin

n =10, (2S,6R )-Isosolenopsin A
n =12, (25,6R)-Isosolenopsin B
n = 14, (2S,6R)-Isosolenopsin C

Figure 5: Examples of isosolenopsins
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Additionally, prosopinine, prosophylline and their deoxo analogues have shown
antibiotic activity, anaesthetic and analgesic propertiesand also exhibited

central nervous system stimulating propertigsgure 6.2

X X
X=0, (-)-Prosopinine X=0, (+)-Prosophylline
X=H,, (-)-Deoxoprosopinine X=H,, (+)-Deoxoprosophyline
Figure 6

1.4 Importance of Indolizidines

Indolizidine alkaloids arevidely spreadin natural products with anitrogen
bridged bicyclic construction, founid antrAlzheimer drugs and inompounds
used for thetreatment of infectious microorganisnfé.For instance, idolizidines
(-)-167B5, (-)-195H6 and (-)-209D7 were obtained fromthe skin secretions of
neotropical frogs which play asignificantrole as defensive agents due to their
toxicity>®> Moreover, indolizidines -J-167B and (-)-209D are promising
cardiotonic agents and act as non-competitive blockes of neuromuscular

transmission(Figure7).24%

\ 7
5 6 7
(=)-Indolizidine 167B (=)-Indolizidine 195H (=)-Indolizidine 209D
Figure 7
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1.5 Previous Syntheses of Disubstituted Piperidines

There are many approaches to the preparation of disubstituted piperidines. This
section will summarize some of the common procedures for creating
2,5disubstituted and 2,6-disubstituted piperidines employing a cyclisation

strategy, rather than starting with the piperidine skeleton

1.5.1 Preparation of 2,5 -Disubstituted Piperidines

In this section a selection of previous methods for the synthesis of
2,5-disubstituted piperidines which are related to our target molecules will be

reviewedf"8'15'26'27

1.5.1.1 Tandem hydrofo rmylation -condensation

Bates and cavorkerssynthesized peudoconhydrinel7 and its epimerl8 using
a tandem hydroformylationcondensation process”® This approach started
through a sequence involving condensation fgmino alcohoB with butanal,
allylation with either allyl bromide and indium powder or allylzinc bronfie.
Good diastereoselectivity fothe allylation product 10 was obtained under
carefully controlled conditions. Hydroformylation dfl was achieved using
rhodium acetatein THF under ra atmosphereof CO and Kcorrespondingly to
give the protected amino aldehyde, which underwent cyclisation to di2e

(Schemet).

—
(&)
| —



/\/Br/ln
OH "¢ @\AOHor/\/ZnBr OH

e T, i. Pb(OAC)
NH, N 80% \O’NH i NH,OH.HCI
X iii. TsCl, base
8 9 10 78%
BIPHEPHOS =
OMe OMe
NHTSs
O E\/l\/\‘RhZ(OAc)MBIPHEPHOS PN
N - CO, H,, THF
0 0 Ts quant. yield
O\p\/ \/p/o 12 11
ot To

Schemel

Finally, treatment of compound?2 with osmium(Vllijetroxide afforded cisdiol
13, which was converted into the ketopiperidirig, followedby reduction with
K-Selectride® to give theans-alcoholand the protecting group was removed to
furnish pseudoconhydrine 17. Epipseudoconhydrine18 was obtained by
reduction of ketopiperidinel4 with sodium borohydride, followed by removal of

the tosyl group(Scheme2).

0s0, NMO  1© 0
m%’ :(jv\ CFCOMH,
N aqg. HO” >N N

| | quant.
|
Ts Ts Ts
13

12

90% 14

(dr7:1)
K(sec-Bu);BH NaBH,, MeOH

i 95% 93%, 3:1 i
HO,,,(j\/\ HO
N

£

Ts Ts
15 16
Mg, MeOH, ))), Mg, MeOH, ))),
70% 70%
Ho,l,(j\/\ HO\(j\/\
N
N
H H
Scheme?2




1.5.1.2 Diastereoselective Synthesis of ( 2S,5R-5-Hydroxypipecolic Acid

Blaauw and cavorkers havedescribeda diastereoselective synthetapproach
to (2S,5R5-hydroxypipecolic acid23 using a highly diastereoselective

epoxidation reaction of an enantiomerically pure cyclic enamide intermedfate

(2S,5R5-Hydroxypipecolic aci®3 was synthesized in sigteps starting with
N-protection of 19 with CbzOSu, followed by methylation of the carboxylic acid
with Mel to obtain the protected amino acid0. This compound was treated
with a catalytic amount op-toluenesulfonic acid in refluxing toluene, promoting

a cyclisatiorelimination sequence leading ®namide21.3! The key step in this
route was the epoxidation a1 which was performed in MeOH using Ox6&ne
leading to the Bhydroxypipecolic acid derivativ@2 with the trans-isomer
favoured (96:4dr). The next step was deprotection tife amine, followed by
hydrolysis of the methyl ester and precipitation from agueous acetone, to give

the desired natural produc@3 as the corresponding HCI séficheme3).

O/> O/> TsOH (10 mol%)
J\/\/Lo i. Cbz-OSu, NaHCO, /(\/Lo DMF (50 mol%) O\
ii. Mel, K,CO |
H,N"CO,H 503 = HN" CO,Me toluene, reflux, 2h N COMe
97% bz 98% ) 2
Cbz
19 20 21
L-Allysine ethylene acetal
Oxone®
NaHCO,
MeOH
98%
i. H,, Pd/C
HO«@\ ~ii. 6M HCJ, reflux Ho’;(j\
N"NCO,H 3% MeO™ “N7CO,Me
H Cbz
HCI
23 22
(2S,5R)-5-Hydroxypipecolic acid (2S,5R):(2S,55) = 96:4

hydrochloride salt

Scheme3




1.5.1.3 Synthesis of 5,6 -Dialkylpipecolic Acids

Lubell and Swarbrick have reporteddiastereoselective synthetic approach to
enantiopure 5,edialkypipecolate derivatives involving sequential aldol
condensation followed bycyclisation via a diastereoselective rediive

amination?

Reaction oflithium enolates of aaumber of ketones with aldehyd®4 gavethe
02 NNB & LI2 ¥ RR & RINRNBhF)amino esterg5 in a range of yields
40-81%. Conversionof the hydroxyl group to a better leaving group was
achieved bytreatment of the compound 25 with acetic anhydride and DMAP in
pyridine to give thedesiredacetates 26, with " >unsaturated ketonse 27 as a
by-product Diastereoseletive reductive cyclisationof acetates 26 using Pd/C
(10% w/w)gave(2S5S69-5,6-dialkylpipecolate®8 as a single diasterésomer.
Finallythe esters28 were converted to the correspondinigydrochloride salt29
by treatment with HClin dichloromethanein quantitative yields(Scheme4 and
Table 1).

Rl

0 _ -
RZJJ\/Rl i. LDA, THF, -78 oc . RZ COZtBU ACZO, DMAP, Pyrldlne
i,
H C0,'Bu O OH NHPhF
O  NHPhF 25
24
1
Rs RY R2 i co,'B
n HCl, CH,Cl, j\/j\ H,, Pd/C 28U
- -
R? N7 CO,H quant. RZ7SN7CO, fBu MeOH O  OAc NHPhF
HCl 2
29 28
Rl

) R
PhF = ’ 0] NHPhF
i v
9-phenylfluoren-9-yl

Scheme4
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Table 1: Synthesis of 5,6-dialkylpipecolic acids

25 26 (27) 28
entry Ketone R i (vield, %)| (yield, %)| (vield, %)
a 1,3-Diphenylacetone Ph PhCH 81 - 75
b | 2,2-Dimethyl3-pentanone| Me '‘Bu 62 99 67
C Cyclopentanone b(CH)sb 75 77 (15) 82
d Cyclohexanone b(CH)4b 79 89 (6) 82
e 2-Nonanone "GHi | Me 40 95 82

1.5.2 Preparation of 2,6 -Disubstituted Piperidines

There have been a number of synthetic strategies developed for the preparation
of 2,6-disubstituted piperidines and some that give the products ian

enantiomerically pure fornf1®3%3°

1.5.2.1 Sonogashira and Suzuki cross-coupling reactions

Sewald and Sadig have deveddnl an efficientroute for the preparation of
6-substituted @R,6R-pipecolic acid derivatives. This route started by seqisnt
esterification and lactamizationof (R-h-aminoadipic acid 30 to give
6-oxopipecolate3l, followed by reacting with DMF and PQRr give thebromo
compound32 (Schemes).®

0 .
HOM " 50Ck MeoH /(l DMF, POBry, m

" OH > CHo sax ™

- Me0,C” “N"~0 CHyCly, 84% — \eo,C jl\ Br

o) NH, ii. Kugelrohr distillation

(0] H
30 31 32
Scheme5
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Sonogashira crossoupling reactions on the vinyl bromidg2 with terminal
alkyne derivatives gave N-acyl substituted 2,3lehydropiperidines 33
(Schemes and Table 2).

i. NaCNBH,,

m H——R | TFA, CH,Cl, O
PdCI,(PPh,),, Cul

7 N Br 2(PPhs)y, CUl Me0,C” NS rt,18h Me0,C” "N™ "
A Et,N,DMF, r.t., oAy R i HCLTHR R

0™ 'H o/n 18 h, 56%

MeO,

34
32 33 R=Ph, 56%

Scheme6

Table 2:

alkyne 33(yield, %)| alkyne | 33(yield, %)

= Ph 77 =< 74

=—CO,Et 72 =—C3H, 75

=—CH,OH 68 =—TMS 80

Finally, the compound 33 was reduced by NaCNB# in the presence of
trifluoroacetic acid followed by cleavage of theN-formyl group under acidic

conditions gave methyPR,6R-6-(2-phenylethynylpiperidine-2-carboxylate34.

Suzuki crossoupling reaction was accomplished between compo@2dand a
range of boronic acids under mild conditions to giwhe corresponding

6-substituted R)-pipecolates35in moderate yields§cheme7 and Table 3).

L eageen L
g, PdCL(PPh), |
A

MeO,C Me0,C” “N” R
Et;N,DMF, r.t.,
0" 'H overnight 0" 'H
32 35
Scheme7
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Table 3:

Boronic acid | 35(yield, %)| Boronic acid| 35 (yield, %)

B(OH), Ny

© 72% @ 539%
B(OH)2
™

B(OH)
O e (Lo | a8%
2

]
L) aom, 66% N/A N/A

1.5.2.2 Hydrozirconation / transmetalation / acylation

Szymoniak and eworkers have described the preparation of @liBubstituted

piperidines using a hydrozirconation/acylation proc@ss.

Preparation of protected amino ketones37 was achieved by applying
hydrozirconation/acylation sequence on the enantiomerically pure
N-Bocprotected 2substituted homoallylic amine36, which used 2 equivalent

of the Schwartz reagenflreatment ¢ compound37 with trifluoroacetic acidn
dichloromethane resulted in deprotection and cyclisation to the iminium salts
Treatment withbase gave the freeminium intermediate38, which underwent
reductive amination using saain borohydrideto give the 2,6disubstituted
piperidines39 with diastereoselectivities typically >19:1 with RPh, but much
lower with othersubstituents(SchemeB and Table 4).
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)

BocHN

i. Cp,Zr(H)Cl,CH,Cl

0]

/gl ii. RZCOCI,CuBr.DMS

RZ
2=

BocHN

i. TFA,CH,Cl,
‘R! i Na,CO,

RZ

N ‘r

/Rl

36 37 38
lNaBHm MeOH
RZ\““(N\/""'/ Rl
H
39
Scheme8
Table 4: Synthesis of Piperidines
entry R R 37 (yield, %)| 39 (yield, %)  dr
a Ph Ph 70 77 >19:1
b Ph 3-ClGH, 50 87 >19:1
C Ph 2-BrGH, 56 81 >19:1
d 2-OMeGH, Ph 45 73 >19:1
e Ph Me 69 72 >19:1
f Ph GGHs 51 88 >19:1
g Ph 'Bu 72 73 >19:1
h (B-PhCH=CH Ph 56 47 4:1
i (CH)s-OBn | n-GHis 47 58 5.5:1

The diastereoselectivity in the reduction step presumadsigesthrough an axial

hydride addition toa half-chairlike conformation, particularly when the'R

substituentoccupiesn a pseudaeequatorial position Eigure8).

-

_@'\ e Q\\J\Rl

RZ

Figure 8: Proposed origin of theisselectivity
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1.5.2.3 Maruoka asymmetric allylation / Grubbs G cross-metathesis /

reductive cyclisation .

Babu and ceworkers have synthesizedenantiomerically pure-J-pinidinone 45
by utilizing Maruoka asymmetric allylation aGdubb®) 2 tr&Jnietdthesisas
key steps.®” This approach started bgelective protectionof commercially
available propan€,3-diol 40, followed by oxidation to the aldehyde and
enantioselective Maruoka allylation usinBINOL compex S,%1 gave the
homoallylic protected alcoho#2 with excellent enantioselectivity(98% ee).
After several steps, D NHz0 avodsihetathesis was achieved between olefin
precursor 43 and methyl vinyl ketoneto obtain cydkation substrate 44.
Treatment of compound 44 with Pd/C under hydrogen atmosphere
Cbzdeprotection, anddiastereoselective reductiveyclisationsequence ld to

the final product45 (Scheme9).

I
0 o
NaH Br [

, i , DMSO, THF, r.t., 3 h.
HO” >"OH — > PMBO™ >""OH ) : 0
Bu,N"I", THF, 0°C-r.t. ii) Binol complex (S,S)-
40 5h 95% a1 (10 mol %), A SnBU
CH,Cl,,-15t00°C, 24 h 84%
(0]
OH
AL O NHCbz N
Grubbs' 2" generation (5 mol %),
CH,Cl,, 40°C,1h 90% a3 42

(98% ee)

EtOAc, 12h 72%

O  NHCbz 0 0
A s Hp 10% Pd/C (10% w/w),
- N

44 45

CC i -
=" ) " NI;(
o~ “o_ , Y a
0

IPro;Tlr 'RUi\
OO ™" pn
O P(Cy)s

BINOL complex (S,5)-1 Grubbs' 2" generation

Scheme9
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1.5.3 Preparation of Indolizidines

There are many strategider the preparationof indolizidines. This section will
review the previous proceduresto synthesize(-)-indolizidine 167B (5) and

indolizidine195H(6) which are our targets.

Polniaszek andBelmont described the firstenantioselective synthesis of
(-)-indolizidine alkaloid 167E5) in ten steps and appromately 23% overall yield
from (9-(-)-"-phenethylamine® Condensation ofS})(-)-" -phenethylamine with
succinic anhydride, followed by stereoselective reduction by lithium
triethylborohydride gavestereoisomeric95:5 of hydroxylactan¥7, which on
treatment with allyltrimethylsilane in the presence of stannic chloride afforded
inseparableepimeric mixture of 48a:48b. The mixture of48a and 48b was
reduced with LiAIH, then hydrozirconation with G@grHCI, followed by
carbonylaton gave a mixture of homologated aldehydd®. Treatment of
aldehydes 49 with excaess trimethyl orthoformate gave the corresponding
dimethyl acetals50a and 50b, which separated by mediwpressure liquid
chromatographyThe amino nitrile52 was obtainedoy sequental removd of the
phenethyl groupfrom 50a, followed by hydrolysis othe acetal 51 in the
presence of hydrogen cyanidBeprotonation of52 by LDAand alkylation with
propyl bromide gave alkylated amino nitril&8, whichwere reduced by sodium

borohydrideto givethe desired produch (SchemelO).
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i. succinic anhydride, HO '
o 180°C,20h 93% . @ SnCly, CH2C|2,/\/S||\/|e3
Ph O

NH, ii. LIEt;BH, THF, -78°C 22°C,35h  97%

47
92%
H
i. excess (MeO),CH, MeOH, H
reflux, 9.5h 85% o) ‘ i. LIAIH,, THF, 66 °C, 2 h
ii] medium-pressure liquid ”urN i Cp,ZrHCl, CgHg, 5°C, 10 h
chromatography Ph then CO, 5 h, then Na,-EDTA (aq.) 68%
49
MeO o <
OM/e N\> MeO \ome :
//,,r //"'rN
Ph Ph
50a 50b
H H
10% Pd/C ‘MGOM3 KCN, HCI-H,0-CH,Cl, OH
MeOH, NH,HCO, 95% HN 25°C3h 98% . NC NL//
51

LDA, THF, -78 to 0 °C
then "PrBr, -78 to 0°C 84%

H 7.0 eq. NaBH, H
. y - 5 NN
P N\J EtOH, 25 °C, 20 h. NC L/

5, 81% 53
(-)-indolizidine 167B

Scheme10

Jefford and coworkers have described the enantioselective synthesis of
(-)-indolizidine 167B (5) in six stepsin an overall yield of 15%tarting from
D-norvaline® Condensation of  D-norvaline 54 with 2,5
dimethoxytetrahydrofurarb5 gavel-pyrrolylacetic acid6, which was converted
i 2 (dkaso kétone57. Treatment of57 with silver acetate affordedhe acid
58, which repetition of the diazomethane prcess gave the corresponding

h-diazo ketoneb9. Decomposition 069 by rhodium(lJacetate catalysigrovided
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the dihydroindolizinone60. Finally,60 was subjected to hydrogenation using
Adams'scatalyst under acid conditiorte give the desiregproduct5 in 67%yield

(Schemell).

0]

OMe O. OH i. N-methylmorpholine
N OH 0 i. NaOAc, AcOH \]\: isobutyl chloroformate, Et,0 OT§N2
NH, reflux 51% -\ N\:> ii. diazomethane in Et,0,0°C, =~ N@
MeO =/ then25°C  74% —
54 55 56 57
AgOAc, 25 °C
30 min. 80%
(0]
0 i. N-methylmorpholine 0
Rh,(OAc), _N, isobutyl chloroformate, Et,0 oH
. - -€
NN 93% 3 ii. diazomethane in Et,0, 0 °C,
— NS NN o NN
. then25°C  81%
60 =
lHZ, PtO,, 6N HCl 59 58
(e
SN N\\’//
5,67%
(-)-indolizidine 167B
Schemell

Lhommet and ceavorkers have synthesized of(-)-indolizidine 167B (5)
stereoselectivelyin eleven steps starting from(9-pyroglutamic acid® The
lactam ester 62 was obtained from §-pyroglutamic acid 61 in five
straightforward steps: esterification, reduction, tosylatioeaction with cyanide
then acidicmethanolysis. Bduction of62, followed byamino group protection
gave amino alcohd@3, whichwasconverted tothe corresponding aldehydé4.
Wittig reaction on64 gave the aminoenone, then reduced to the corresponding
saturated amino ketone 65 using Adams catalyst.Finally, sequential
Cbzdeprotection, anddiastereoselective reductive aminitiggave the targeb in
70% yieldSchemel?2).
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Oj/OH OMe OH
., 5Steps ///l\\o i. LIAIH,, THF 71% J) bvridine.SO
WN™ Y ——= . i. Cbz-Cl, K,CO; . Chzey - ynane->Yy
)\/ H;_j acetone N\\] DMS0
o
o
61 62 63
(0]
O H
C;H
3M7 %C3H7 J/&o
@H H,, Pd/C i PPhy [ THE  Cbzey -,
P N\J MEOH CbZ\N\\"j ~ii. H,, PtO,, MeOH v/
5,71% 65 64
(-)-indolizidine 1678 95% 70%
Scheme12

Leeand coworkershavereported a stereoselective synthesis ¢)-indolizidine
167B(5) in twelve steps starting from(S-proline.*® The protected pyrrolidine
acrylate67 was obtained from 9-proline 66 in four sequent steps (protection,
borane reduction, oxidation, and Wittig reactior§equenthydrogenation and
reductionof 67 wasafforded68. p-Aminoacrylates9 was obtained byeactionof

68 with ethyl propiolate, followed by conversion to the corresponding bromide
Treatment of69 with BsSnH/AIBNesulted in a radical itermediates to givi,
which was reduced by LiAlH, followed by conversiorto the correponding
tosylatedalcohol71. The desired producd wasobtainedby treatment of 71 by
lithium dimethylcupratgSchemel?3).
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0]

OH CO,Et OH o)
/ .
HNj: 4 Steps J) i. Hy, Pd/C,MeOH J/// P %oa

e T Vi
Cbz, -, ii. LiAIH,, THF  53%
- N HN™ ™, ii. p-TsCl, Et3N, CH,Cl, l

\\/ iii. LiBr, acetone

66 67 68

Br

63%
1.2 eq. BuSnH J///
@H i. LIAIH,, THF EtOZC\\\\-QH < 0-1eg ABN EtOzC\/\N\J

Ts0™ SN ii. p-TsCl, EGN N\\/ Benzene (0.05 M)
\J CH,Cl, reflux, 5h
71 70 62/
91% 86% 73%
(CH,),Culi
Et,0, 0°C
e
PSS N\J
5,99%

(-)-indolizidine 167B

Scheme13

Remuson and cworkers have synthesized (-)-indolizidine 167B (5)

stereoselectivelyn nine stepsand an overall yield of 17% startifigm (3R)-3-

aminohexanoate72.** Ethyl (3R-3-aminohexanoate72 was condensedwith

succinic anhydride, followed byeatment with AcClto yield imide 74. The imie@

74 was reduced by sodium borohydride to ethoxylact@®) then treated with

trimethylsilylmethylmagnesium chloride in thpresence of Ced to give a
mixture of 77a and 77b. These isomers were reduced by LiAtH give two

separable isomerg8a and 78b, which were each converted into tHeetones79a

and 79b. @mpound 79b was converted to79a by refluxing with1N HClfor six
days Finally, compound9a was converted into its dithiolane anskequential
desulfurization using Raney nickebducel (-)-indolizidine 167B5) in 70% yield
respectively(Schemel4).
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oﬂ/:ko EtO,C

NH o)
PP A AR NagH, EtozcI
ii. AcCl 93% "N .
H,SO,/EtOH = -~
72 0 -30°C  80%
74
ANTSNT AN ~THF 98% ;J’
./ 5
78b 78a 77a
0s0, 0s0, 1:4
then 10§ then\l0J 82%
82%
o)

i. HSCH,CH,SH

SN >
ii. H,/ Raney-Ni

, ,
\_/  1INHC
6 days 72%

79a

Scheme 14

C L

PN N\J
5,70%

(-)-indolizidine 167B

OEt i. Me;SiCH,MgCl
CeCl,

N
ﬁ i HCI  86%
o

75

SiMe;]

Kibayashi and cworkers have reported asymmetric synthesis route of

(-)-indolizidine 167K5) in ten steps startingrom (9-2-(1-aminoethyl} phenol*?

Condensation of§-2-(1-aminoethyl}phenol80 with succinic anhydride gavée

imide 81, which was reduced partiallyvia RedAl and treatment with acid

resulied the N,O-acetal 82 as a single

isomer. Allylation of 82 with

allyltrimethylsilane gave the (59-allylated product 83a in high vyield and

diastereoselectivityand 83b as a minor diastereomeMethylation of83a gave

the methoxy derivatived4, followed by oxidative cleavage QgNalQ afforded

aldehyde 85, which was converted into

the (B-enone 86 using a

HornergWadswortigEmmons reactionwhich wasthen hydrogenated to87.

Reduction of87, and DessMartin oxidation of the resultingamino alcoholgave

19

—
| —



amino ketone88. Finally, sequential deprotection of the nitrogen protecting

group, and intramolecular diasteeoselective reductive amitian gave the

desired compound in 93% yield as a single ison{&chemels).

I\A\ Benzene, reflux
O then AcCl, reflux. then AcCl, reflux

81%

EtO” \)K/\ OM

OEt
NaH, THF, 96%

e

85

_Hy Pd/C
MeOH 96%

%;w

_~_SiMe;

OHO Red-Al
g Ticl, >90%

\\\% “then HCI 95%
(0]

e (3

81
0504, NalO, OMM Mel, K,CO4
~dioxane-H,0 ,0 | acetone

63% J‘Q 97%
0

84

Q\OMe o
\\\“ b/\%/\
g7 ©

li. LiAIH,, THF, reflux

ii. Dess-Martin periodinane
CH,Cl,,  84%

% OMe o0 h,pd/c @H
o b/%\ MeOH =~ ™\ N\\”]
5,93%
88 (-)-indolizidine 167B
Scheme15

Pereiraand Corvo have synthesizedof (-)-indolizidine 167B(5) in eight steps
from racemicnorvalineusing a stereoselective addition of a carbon radical onto
an optically pure acrylamid® Gonversion ofDL-norvaline 89 into a pyrrole
carboxylic acid derative 90, was followed byformation of the N-hydroxy
Irradiation of 91 at low temperature gave the
added {®-N-(1-
phenylethyl)acrylamide¢o produce92in 53% vyield, withdr 53:47 of SRratio).

thiopyridone ester 91.

corresponding carbon radical precursor, which

Removal of the chiral auxiliary and cyclisatioaccurred concomitantly by
treatment of 92 with boron tribromideresultingin the cyclic ketone93, which

wasi NBI SR 6AGK wyovedtheSthiopyddg NFowd Soield 642
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The compound94 was hydrogenatedver palladium/carbon in acetic aci
furnish tothe desired {)-indolizidine 1678Scheme 1k

S
/—Ph
SOcCl,, MeOH HO-N \ \ S}
/\rr'”J\ i c ,/\#}\Q o
MeO/(j\ DCC, CHy Tl T
89 OMe 90 0°Ctort. "N \:> CH2C|2

NaOAc, AcOH o
iii. KOH, MeOH 79% 91 -o0%¢
96%
=
|
0 N Ph
@H H,, Pd/C NiCl,-NaBH, < B3
- . -
SNTSNT, AcOH SN SN EtOH/H,0 or CH CI
./ — Zn/ACOH ">
5, 74% 94 93 92
(-)-indolizidine 167B 60% 72% 53%
de (53:47 of S/R)
Scheme 16

Blechert and cavorkers have reported enantioselective synthesis of
(-)-indolizidine 167BY) in eight stepsand an overall yield of 35%arting from
cycloheptenedicmonoacetate® which was prepared frontycloheptene95 in
four steps. Mitsunobu reaction of 95 with N-nosy-N-allylamine produced
protected amine96, followed by asequence oprotecting group replacement by
Cbzgroup, O-deprotection and O-silylaion. Rutheniumcatalysed tandm ring
rearrangement metathesis, followed ksilyl ether cleavage 097 gave amino
alcohol99, which converted to the correspondirkgtone 100 usingDessMartin
oxidation Treatment of compound.00 with Pd/C under hydrogen atmosphere,
Cbzdeprotection, anddiastereoselective reductive aminitiosequence leading

to the enantiomericallypure desired compoun8 (Schemel?).
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/7
M, HO... .wOAC (Ot .~ S
— 0 J\ o'N oA
o C
95 \(OWN\Nko @
80% o} Va

PhP, THF, r.t.  88% 96

i. PhSH, K,CO3, DMF, 70°C,

ii. Cbz-Cl, 0°C, 84%

iii. NaCN, MeOH, r.t., quant.
/\/SiMeZCI

iv.

Y Et3N, DMAP, CH,Cl,, 0°C

Chz
TBAF, 0°C to r.t. (j\/\ h ] Cl,(Cy3P),Ru=CHPh N 0,/
97% N N ST (5.0 mol%) 5 Si—
Cbz 7
97 /
98 90%
(\/l\/\/k/\ Dess—Martin perlodlnane (j\/\/u\/\ H,, Pd/C @H
Cb2 73% X MeOH N\\’/’
99 100 5, 79%
(-)-indolizidine 167B
Schemel7

Bosch and cavorkers have disclosed na enantioselective synthesis of
(-)s-indolizidine 167B(5) in four steps starting fromthe bicyclic lactam101*

Itself prepared fromglutaric anhydride in four stepsTreatment 101 with a

cyanocuprate regent in the presence of BELO gave 102 RedAl reduction of
102 gavethe oxazolopiperidonel03, which reactedwith the Grignard reagent
derived from 2(2-bromoethyl}1,3-dioxane toproduce 104. Cleavage of the
chiral auxiliary followed by diastereoselective hydrogenaton using Pd/C

(10% w/w)furnishedthe desired compound (Schemel8).
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(npr)ZCu(CN)LIZ (l Red-Al O
U 4 steps J\/l o ™~ N

O BF,E,0 65% " 'N"-0 gy

Ph—_on h)\J

101 102 103
>9:<1 A
o__0O
Ho " Mg

77%
(e

@H Hy Pd/C  ~"ON /\i/
S “"HCI, EtOH-H,0 Ph)\\ o)

L/

5, 90%
(-)-indolizidine 1678

Scheme18

Baskaran and Reddy developed a novel stereoselective synthefsis
(-)-indolizidine 167B(5) and ¢)-indolizidine 195H(6) in ten steps fromthe
ketoester 105.*° Treatment105 with neutral titanium carbene reagent derived
from Zn/TiCJ CHBr, gavethe exocyclic olefiri06, whichwasreduced by LiAlkl
to give the corresponding alcohdlO7. The alcohol107 was converted to
azidalkene 108, which onreaction withm-CPBA gavthe epoxyazidel09 as a
separableracemic mixture otis: trans (1:3) diasteredasomers. Treatment of the
transepoxyazidel09with Lewis acid (EtAlglfollowed by the addition oNaBH
gave the hydroxymethyl indolizidine110, which was convertedinto the
corresponding tosylatel1l Finally, copper catalysedreaction of 111 with
EtMgBr at -78 °C, afforded enantiomerically pure desired compoufl.
Treatment of the tosylate111 with "BuLi in the presence of CuCN gave

(-)-indolizidine 195H®6) in optically pure form(Scheme 1%
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° Zn, CH,Br,, TiCl, _LiAIH,, THF I. MeS0,Cl, Et3N
COEt —Chcl61% COEt—gogr > OH Ti. NaN;, DMF
98%

105 106
il | 9 CPBA
! i. EtAICl,, CH,C : m
__p-TsCl, Et;N Hov(jg“:__ 2 272 N.| ~ cH.al, Ns
DMAP, r.t., 3h N™ ™ ii.NaBH, 0°C,1.5h.| ‘— } og
83% -/ 63% A o
trans-109 108
110

cis : trans

Y QI
cis-109
Ts0 H
N"7,  EtMgBr,CuCN . ~H

—_— \ N s,
L/ Et,0, -78 °C v/
111
5,62%
BulLi, CuCN (-)-indolizidine 1678
Et,O, -78 °C
(L
PN N\J
6, 53%

(-)-indolizidine 195H
Scheme19

Kamimuraand ceworkers have reported @tereoselective conjugate addition
approach to synthesize of){indolizidine 167K5) in eight steps starting frorthe
tosyloxymethylpyrrolidinone 112*’ Cornversion to the 5-substituted
pyrrolidinone 114 in two steps (iodinabn followed by Grignard reaction),
followed by conjugate additionof 114 to (B)-1-nitropent-1-ene produced the
correspondingnitroalkane 115in high selectivitydr 93:7) Treatmentof 115with
OsQand NMOthen NalQ gavealdehydel16, which underwentintramolecular
nitroaldol reaction under basic conditioris give indolizidinonel17. Sequenial
removal of the nitro and the hydroxgroupsgave119, which wasreduced by

LiAlH to furnishto the desiredcompound5 (Scheme 21
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AN |
: \. PN /\/\/Noz

Hjj Nal, acetone |,\ A~ _CH,=CHMgBr, Cul, THF N H
88% //x:> 30°C, 1 h., 64% (90% ee) Q ‘BuOK, 18-crown-6, HZO,J

of
0 o] THF, 50 °C then aq.NH,Cl
112 113 58%

O,N__~
UH DBU, CH,CN OZN\/\ 0s0,/NMO _ o N\/\
S e ~then NalO,, 60% Q

117 116 115
dr 93:7

Bu3SnH, AIBN
toluene 58%

. X

@ &m\) DMAP

then Bu,SnH, AIBN - N —
79% )/'\/
o o}
5, 78%
118 119 (-)-indolizidine 1678
Scheme20

Ma and coworkers developed a enantioselectiveapproach to synthesize
(-)s-indolizidine 167B(5) in sevenstepsfrom the 1-acetylpyridinium st 120.*
Reaction betweeri20and 121in the presene of the bis(oxazoline) ligandand
Cul gave dihydropyridine122, which was hydrogenated partially to afford
tetrahydropyridine123. Allylation of 123 with allyltrimethylsilane produced 24
as the only stereoisomer Hydrogenaton, deprotection with TMB and
AlMes-mediated cyclisationgave lactaml119, which was reduced by LiAjHo

furnish to the desired compoun® (Scheme 2}
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| o —  CO.Et 10 mol% Cul, 10 mol% L @ H,, Pd/C @H
@® — L - ! ) —
- & 2 ipr,NPr-n, CH,Cl,, -78°C ' MeOH 72%

7 0 N
V" N N o
CO,Me 72% CO,Me ~CO,Et CO,Me
120 121 122 123
_~_-SiMe;
TFA, CH,Cl,
94%
. i. H,, Pd/C, MeOH H
H LA, Et,0 @H < M PA/C, 0
/\(Nj’ -2 . N ii. Nal, TMSCI, MeCN~ ™\ N 7 C0,Et
\\/ )J iii. AlMe;, toluene CO,Me
o 65%
5, 82% 119 124
(-)-indolizidine 167B 0 o
L= & NN

Scheme?21

Sandersonand coeworkers have disclosed asynthetic route to prepare
(-)-indolizidine 16785) in five stepsand an overall yield of 35%arting from
N-Boc pyrrolidine”® Enantioselective eprotonation of 125 by secBuLi/diamine
(89 126 and allylation in the presence of CuCN.2LIClI gavde7.
Exchange thé\-protecting groupto Cbzgave 128 whichwas converted t0129
via olefin crossmetathesis followed by Des#artin periodinane oxidatiorno
give 130. Treatment of compound.30with Pd/C under a hydrogen atmosphere,
Cbzdeprotection, anddiastereoselective reductive aminitiosequence lead to

the desired compound (Scheme22).
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H OH
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Cbz
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’ 129
(-)-indolizidine 1678 130
Scheme?22

Settambolo and cavorkers developed an optically active synthesis of
(-s-indolizidine 167B(5) in six steps from amino acid Bnorvaline 54.%
Esterification of54 and condensationwith 2,5-dimethoxytetrahydrofuran gave
pyrrole 132, which was reduced to the corresponding aldehydd33
Wittig olefination of133 gaveN-protected amino alkend34, which underwent
cyclisation under rhodium catalysed conditiogave 135. Finally,compound135
was subjected to hydrogenatiaactionusingrhodiumon carbonas catalysto
give the desired produdch in 64%yield (Scheme23).

i S0Cl,, MeOH i @\ O OMe Ox-H
, Me
N~ %OH2—>\/ HKOMG OMe T DIBAL, T

98% P
[©) —> \ N, ————> -
NH, NH3C<|> AcOH/AcONa Q -78°C ~ ™ N@
80 °C, 70% 889 =
54 131 ? 132 % 133
D-norvaline

® o
Ph,PCH,Br, NaNH,
THF, -30°C, 65%

N ~
H, 10 atm, Rh,(CO),,, 30 atm. CO:H, (
ANTSNT, Rh/C (5%), ~S"SNTY, 125 °C, toluene, 24 min, © N N@
r.t., 60 min. — 76% —
5, 64% 135 134

(-)-indolizidine 1678
Scheme?23
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PelletRostaing and cavorkers developed aynthetic approachio synthesize of
(-)-indolizidine 16785) in five stepsfrom 1-nitrobutane.*® Conjugate adition of
1-nitrobutane to benzyl acrylatéen the presence obenzyltrimethylammonium
chloride under basic conditions gave nister 137, which converted tal38via
reduction of the nitro groupand removalof the benzylester. Treatment 0f138
with dimethoxytetrahydrofurarand sodium acetate gave pyrrotierivative 139,
which underwentintramolecular FriedetCrafts acylationin the presence of
polyphosphoric acido produce bicyclic addu@4. Eventually diastereoselective
hydrogenation o©4 using Pd/C (10% w/wy acetic acidesultedthe compound
(£)5in racemic formdr 88%)(Scheme24).

NO @ €] NO NH
/\)\2 /\[fOBn PhCH,NMe,CI™ 2 oBn Ha Pd/C 2 oH
H o K,COj3, ))), 30 min “MeOH
98% 0 quant. o
136 137 138
MeOQOMe
NaOAc, AcOH
2h, 80 °C
73%
Y 0
(0]
O W
@H H,, Pd/C __ polyphosphoric acid N OH
AINWISNT, </i’— AN 30 min, r.t.
L/ ~ AcOH 7
o/n, r.t. = 80%
5,91% 94
! 139
(dr = 88%)
(t)-indolizidine 1678
Scheme?24
()



Yuefei Hu and cworkers developed stereoselective approach to the synthesis

of (-)-indolizidine 167B(5) and (-)-indolizidine 195H®6) in five stepsfrom the
precursor 140> Treatment of140 with Grignard reagers gave 2vinyk6-alkyl
piperidines 141 and 142, which were each 02 y @S NIi S-#satirged h i
aldehydes143 and 144 by crossmetathesis reaction withbut-2-enal in the
presence oHoveydaGrubbs HG2 catalystFinally, Treatment each compounds

143 and 144 with Pd/C under hydrogen atmospher€&€bzdeprotection, and
diastereoselective reductive aminitiosequence gaveenantiomerically pure

compoundss and6 (Scheme25).

i. RMgBr, Et,0, 0 °C, 30min. O
Ph, _N - w 9
ii. ag. NaOH, THF, MeOH, 60 °C, 1-4h R" °N 0
OO O i, Cbz-Cl, Na,CO;, CH,Cl,, .., 4h Cbz N\JLH
R=CsH,, 84%,141 HG2 (10mol%)
140 R=CgHy;, 82%, 142 CH,Cl,, reflux, 18h
\J

@H _ H,,Pd/C RWQW,,A(H

"~ MeOH, 12h, r.t.

R™ N\\/ Coz 0
R =C3H,, 83%, (-)-indolizidine 167B 5 R=C3H,, 85%, 143
R=CsH,,, 86%, (-)-indolizidine 195H 6 R=CgH,4, 88%, 144
MesN NM
esN.__ es
oY
CI,Fé(u_
O:<E >
npy”
HG2 = Hoveyda—Grubbs
2"d generation catalyst
Scheme?25
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Pinho andBurtoloso have reported a diastereoselective synthetic route to
(-)-indolizidine alkaloid 167H5) in five stepsfrom aldehyde NCbzpyrrolidine
146.%% Activation of(diethylphosphono)acetic acigith oxalyl chloride under dry
conditions then reactiorwith diazomethane gavé >unsaturated diazoketone
145, which treated with NCbpyrrolidine precursor to producé46. Irradiation
of 147 in methanol gave the product48, followed by lydrogenationusing Pd/C
in the presence of BN with concomitant Cbzdeprotection and
diastereoselective reductiveyclisation gave théactam 149. Finally,treatment
of lactam 149 with propylmagnesium bromidefollowed by stereoselective
reduction using NaBHfurnished to the enantiomerically pure compound 5
(Scheme26).

0
cl
o o cl 0o 0 i
. toluene, CHCI
Eto/?\)J\OH PO oluene, tits EtO/EQH NaH, THF, -78 °C_ Hﬁ
OEt ii. CH,N,, Et,0/THF Okt [ 0 TNy
' 0-25°C2h.  70% ? \\(j O
(Diethylphosphono) 145 N Cbz’N
acetic acid Cb?
146 147

70% (> 99% ee)

MeOH, hv
25°C,4h. 97%

MeO 2
.

@H i) "PrMgBr, THF, 0-25 °C Ije"' < 2 Pd/C, MeOH, \([)(\/ ,\Q
- 0~ "N Cbz”

W , “, 0,
S N i) AcOH, NaBH,, 0-25 °C L/  EsN.48h 25°%C
[
92% 148
5,42% 149
(>99% ee)

(-)-indolizidine 167B

Scheme?26
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CordereVargas and coworkers have described a synthetic routefor
(-)-indolizidine alkaloid 167E5) in sevensteps fromN-Boc proline estet50.>3
Reduction of150 with LiAIH gave the corresponding alcoh@bl, which was
converted to olefin 152 by Swern oxidation followed by Wittig reaction
Treatment of152 with ethyl iodoacetatein the presence ofriethylborane gave
153, which was converted to the iodo lactani54. Remowl of iodine gavethe
bicyclic lactam 149, which was treated with #propylmagnesium chloride,
followed by diastereoselective reductiorusing NaBH which resulted in the

desired copound (Scheme27).

i. DMSO, (COCl),, Et;N Ot
. ? ’ ? I
M
Q\«O ©_LiAlH, THFE [ \__OH _ CHyCl,-78°C, 1h /\g/
o >
4, O Octort,lh ii. PhyP=CH,, THF,-10°C, N 1\ ~ E;8/0,
95% Boc 3h, 69% Boc CH,Cl,, r.t. 64%

150 151 152
: 0
Bu,SnH, AIBN ﬁ“ AcCl, AcOEt,
i. "PrMgCl, THF, r.t. 07 N .,//H ~ benzene, reflux o= >N, MeOH, H,0 N OEt
0,
ii. ACOH, NaBH, L/ 90% -/ 60% Boc |
149 154 153
L
SN N\\r//
5, 29%

(-)-indolizidine 167B

Scheme?27
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1.6 Jackson Group Chemistry

The Jackson group reported the use of a reactive zinc/copper reatfeit

prepared by treatment of the iodoalanine derived zinc reagdm5 with
YY20KStQa &d2ftdzofS O2LIISNI al f ds56mwdcted b dH [ A/
efficiently with different allylic halides by an apparentiS Y SOKIF yAayYy
provide a range ofprotected Sy I Y1 A 2 YSNR O f f daminddanis dzy a I G c
(Scheme28) >**°

R2

Rl
1Zn 1Zn(NC)Cu , RY
cl R
-10 °C, CuCN.2LiCl (1.0 eq.) l A
) - .
CO,Bn BocHN CO,Bn

BocHN™ ~CO,Bn| in THF, then 0°C, 10 min.  BocHN

1 1
35 56 R'=RZ=H 65%

R'=H, R2?=Ph48%
Rl=Me, RZ=H 56%

AAAAAA

Scheme28Y { &y iUuKS&aAa 27F LanEnd&idsi SR dzyal { dzn

This methodology was extended to the synthesis of enantiomerically pure
dzy & I G dzNdndk &Rinoiacid derivatives using the reaction zhc/copper
reagents derived from -Bspartic and dglutamic acids with allyl chloride to

furnishallylated compoundin good yields§cheme29).>°

Scheme29: Synthesis of unsaturated and- -amino acid derivatives

They observed that the use of a polar apratmvent reducd i -elimination of
the carbamate grou y-amino organozinc reagestMoreover, the use of such
solventsresulted inreliable formationof these zinc reagents and successful

crosscoupling reactions under mild conditions.

32

—
| —






























































































































































































































































































































































































































































































































