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2 E.nc;m'f.fosefec'{‘i\/e TOT(,\JZ Synﬂ'\esis o? H—)‘Geﬂsemine
T. Fukuyama, et. ol

~| . Retrosynthetic Amﬂysrs

(o]
Vet divindcyedoprpant. g . cHo  Meinwald
Me-N 9 NH -C)' hQ?dekﬂQ H veorr
° , & = 7 —_—
'6 " MeQ,C | CO,Me | 7 coy
. y 3a 4
Gelsemine (f ) 2 .
Z
e STy cYl be
z z OSymmetric > The stereochemistry at can
Diefs- . .
0 — X dﬁfem"‘: contvolled by divinylcyclopropane
7 coy cchohePtadrehe rearmngemen-t,
YOC coy /II/
5 6 ..
* s > Total synﬁ\esfs commences with

asymmetric Diels-Alder reaction .

2-2. Key Reaction ~ Divfnyﬂcycfopvarane = Cycfoheptadiene Rearmngemen-r ~
» This reackion is one of the Cope=type rearrangement.

Point groups in Parentheses and N NS
- Energies, Including ZPVE (kcal/mol), in Brackets — @ PreTerred +transition state 13

Relative to Those of 4tt . .
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— 7 —_—
gﬁ [ & 2] H\omgh-r Tto ":Yoc,eeo( viQ radncaﬁt e
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°  trang~ Drvmy.Qc{cQa?rosane rearv, 1S alsa J ) >U

h.ghl\/ sterecseleckive reackion .
So . I think this reackien ?roceecls vig
|$omer|zahoh - Cov\cerTeJ ?od'hwqy .
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co,Ma o,gh 4 .
Clezs‘O'SOz ® Combined with asymmetric
"‘3 * Rhy(S-DOSP),, 1 ) < \
P CyCQG?Vo]’)OJ\QT\oV\ , this reaction
can be used as a powerful
MeO,C R, CoMe
“' R methed o construct cycﬁohe?t&°
v (1) N .
b R diene d.‘as-rer.eoseflecﬂvely and
2]
50-98% s enantioselecTive ly _
CO;Ms CO;Me CO,Me
Q Rhy(SDOSP), Ny={  Rhy{S-DOSP),, Q
(Y]
\ -78°C A\ .
m P (M:\ A M S TA
9 3 10
8.yiold, % | 9, 00 % R 10, 09, % | 10, yleld, % J Am . Cﬁem . Soc . H?&, 120, 3326
“ 98 b Ph o8 81
62 98 ¢ | CH«CHPh 95 82

2-3 . Tokal Synthesis

SiMeoH
Q /?L SMeoH A 9
N O+ . .
Jaelre
Cl Bn x o
9 10 0
11:X = A
Y r B ~~
. 12: X = 6Me
OH OH OSiEt,
cl d ¢ o e o
- - 7
CO.Me COMe . Me0,C
13 14 15

h)

CO,Me

3a: fransisomer 2

3b: cis isomer

Scheme 2. Synthesis of the bicyclo[3.2.1} system. a) EGAICI, CH,Cl,,
—78°C, 88%; b) cat. Sm(OTf);, MeOH, 99%; c) 30% H,0,, KF, KHCO,,
-THF/MeOH, 53%; d) VO(acac),. fBuOOH, benzene, 100%; ) TESOTT,
2.6-lutidine, CH,Cl;, 97%; (BuOK, benzene, 98%; f) MAD, toluene,
—20°C; g)4-iodooxindole, cat. piperidine, MeOH. 60% (2 steps);
h) TBAF, THF, §7%: CrOs, H,SO;. acetone; toluene/MeCN, 90°C, 83%
(2 steps). Bn = Benzyl, Tf = trifluoromethanesulfonyl, acac = acetylaceto-

— Synthess of the bicyelol3.2.17 system—

3tio —= 115 Chiral auxiliory contrlied
asymmetric Dieds- Alder vxn.

Ho ,SiMeH
HMe,S: \g (giﬁﬁ 7%\
: o
/\\\ ,U\
€7

B\

thfk G

. OPracql(\/ pure compouhol was

sbtained by using Bvans’s chim
auml-wy

18— 16 ; Meiwald vearrangement.
catalyzed by MAD,

eTE§
o Me
—_— ] " = [
“ AR
Me 0L + N
732 4‘%‘\(
— \/'
MAD \_j

nate, TES = triethylsilyl, MAD = methylaluminum bis(2,6-di-ters-butyl-4-
methylphenoxide), TBAF = tetrabutylammonium fluoride.




!_@ *—7_’_'1,' Kh'deveho\geﬁ condensation
® The ratic of E/2 i< very impor ToanT ok
next step .

o They oFSorded %o obtain desived product in
rocemic Cose .

@ By introducing buﬂky substituent,

&cm , &\im ?‘” °In© () -isomer woas obkained as sole

WM T A e b o Product

) : 75 4:n L)

L_ o onM o This STrategy worked well, too,
m&o}lp on conversion of _l_()_ ts 17 .

. 9 . N
* Conditions: (a) oxindole, catalytic piperidine, MeOH, 23 °C, 60%; ((?) -isemer is more stabde than )

(b) 4-iodooxindole, catalytic piperidine, MeOH, 23 °C, 89%; (B) - tsomevr by v.2 kead ‘mol~!

J. Am . Chem. Soc . !996,_“_&,‘7{(26 Ac-cora‘\“ng vo PM3 cafcudation
"

> 2] Div:‘nyﬁcycﬁofrofome~ Cycﬁohepmdi'ene rearroxhgemenT.

o 3a.b and 2 were in the veaction mixture atter Jones’
oxidation ot r.t.. |
By heating ot 90% , these compounds Furnished 2 in

good yr‘efcf . .
A | ¢
0‘ O N o Cs\\'NH /,b\\\_.(\(t—-\
Q\(\\"}: — l/u\!\‘\):\ = [/ \,;S/ S\
MQOaC = I>\ s MQULC/%:JI)'\/ MQOL(-/P /”\/;

° Trans ~ Isomer also converted s 2 SMookay .

This vesult is .consistent with racemi case .

a: A \, (v}

©
|
case. o~ =) 90°C, 30 min j
S///@MQ )J\j ¢ // \/\%\“

Toluene ~CH3CN
L Pefe MeS

ans -
Somer oy\ﬁy ' o




22:R=H
2L_23'R = Copn

——ConsTruction of the pyrrofidine ring

Scheme 3. Construction of the pyrrolidine ring. a) (EtO),POCH,CO,Buy,
nBuLi, THF, 65°C; MOMCI, (BuOK, 72%; nBu,SnH, AIBN, benzene,

reflux, 75%; b) MeNH;, MeOH, 100%; ¢) AllocCl, pyridine, cat. DMAP,
. CH,Cl,, 94%; LiBH,, cat. LIBEt,H, THF, 94 %; d) [Pd(PPh,),], pyrroli-

dine, THF; ICH,CN, iPr,NEt, MeCN, 60°C, 78% (2 steps); ¢) KHMDS,

- THE, - 78 to 0°C, 62%; f) PhCOQY, pyridine, cat. DMAP, CH,Cl, 92%.

MOM = methoxymethyl, AIBN = 2,2"-azobisisobutyronitrile, Alloc = allyl-
oxycarbonyl, DMAP =4-dimethylaminopyridine, KHMDS = potassium

hexamethyldisilazide.

1§ — 19

Michaed oddition of the methylamine

o Methyfamine attacked from Jess hindered exo side,
ond ?ro-\-onaﬁov\ afso occurred ot exo side.

> This S‘reveoseﬂ.ecﬁvi*r\/ is imperkevt to constvuckt desired
Pyrroﬁfdme ring ond ?etvmhydro?yrome \m‘hg.

(9 —20 TReduckion oF meﬁ\yq ester

Table I. Rate of Reduction of Eﬁxyl Caproate by LiBH,
_ in the Presence of Various Catalysts in Ether at 25 °C9-
’ : % reaction
catalyst 0.6h 1h 2h 4h 8h 24h
no catalyst S 17 28 41 65 100 100
LiEt,BH 80 100 100
H
N :
L.'@B\. 100 100
LiEt,BOMe 83 98 100
/OMr.
L@a\w 100 100
e

BF,-OEt 21 35 50 73100 100

BH,-THF 10 14 .18 26 63 62

n-Bu,B 22 98 100

@a-—-om 100 103

n-OctB(OMe), 92 100

(Me0),B 52 100

(Ph0),B 14 30 45 68 98

(n-Dod0),B® 26 46 100 -

® [Ester] = 1.0 M; (LiBH,] = 1.0 M; [eatalyst] = 0.1 M.

J. Org . Chem. 1982, 47, 1606 .

o) C&Tauyﬁt‘c amount of LiBEt:H
accelevates the veduction of
the ester.

> One possible explonation 15 a
Yoqn‘d mobile equibrium that
produces o small guantity of
the subskituted \)orohydrfcle

(&)
BHy + BRy e [HaBH-BR;)
«— BH; + BRsHQ
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——Completion of fOTa.Qog‘ynﬂneS‘ IS
O, Bu ) B

o
26: R = COPh
97 Rok

‘Scheme 4. Completion of the total synthesis of (+)-gelsemine (1).
Mo=N NH a}HCO,H, 96%; CICO;Bt, NEt;, THF, then NaBH,, H,;0, 80%;
o - 'b)0-NO,CH,SeCN, PBu,, THF; MCPBA, then NEt,, 97%; ¢) MCPBA,
THF/H,0, .then NEt, 8%; d)K,CO,, MeOH, 96%; ¢) Hg(OTY),:

(%) : ‘PhNMe,, MeNO;, then aq NaQl, 97%; NaBH,, NaOH, BaNEy,(Cl,
29:X=0 ..  CHCHH,0,63%;f) TMSCL Nal, MeCN; NEt,, MeOH, 63%; g) DIBAL, -
9L 3 XaHH ~ ‘toluene, 30%. MCPBA=3-chloroperorybenzoic acid, TMS i trimethyl.

sityl, DIBAL = diisobutylaluminum hydride.

23 =24 | Reduction of tert-buryl ester win mived anhydride .

o
q H €O o o &RCGEL,
R/“\%’,:; BALLL L R)ké’sf\f } > wlon ——NEtg > R*")\o&tﬂ
5 - )f
T " \ ded under mitd conditio
> RNy © Reduction proceeded under mild condition .

24 —28 | Grieco’s rrocedure_

N v\ @ @ @ o
Ay —Se — CN > AY‘ng;l}dg > AY"SQ Bux?‘/‘:/\/\k
't: Pan HO/\’R,_\
MCPBA §oon ~
_ AY—S\Q \/\R _——D Ar/%er'j\}kk > ¢\R

N N CAI o
2§ —26 ; Novel oxjdation. R/I\N/R' — Ay R

\RQ_ \-Rl
» Bssibde mechanism . e
N Nt {oH
Ho CN w—NEG @D\T'(X:OHz o v

Y,

-

>

N
- MEPBA T\ MRH P
Nﬁ Ne > K

.6

l
—_— NN

\
7 — 2% Oxymercuﬂoxl‘ah Folowed by veductive demerculation

& Desired zemhydmpyme ving was construeligl smoofhﬁy.

) A oTf) Mg(eTS ) e He& BH
"ﬂ\/\ //T l{i@‘ﬂz HN_M—G;,.Q/\E%}/«.\z — Nv\/\l///’r' ————-——: ?Az'> "‘i'/\|//7“ _—____Nt + >
ahio
TG ~— o'y —o exchange — &
HgH AV RAR 7 -
’W\/\'Lr —_— r‘(/\:/_')" an > ﬁ</\'7/ + R +H3_L0) R= \C”
\.__ Q/ \ -—Q / N °
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3 TOTQQ i\ymkesc‘s o‘? (T) CTQQS‘QMMQ

3~ Rewosyn theti¢ Amaﬂyn‘s ‘

Damshe%‘ky S.J.

et al .

gelsemine (1)

Y ‘S’orma‘l’\on of
pro rem@ veavyr,
# ‘ ’Buo H
,5 rl

intyoduction
of CLunit

e

( g.\&hmm P I¢

reexrr.

. 3 3rou P
divinylicycdo~

equrva!ent

€_

&,rmc\h‘o nNo S'
Pyrro@idme h‘ng,

vefeising.

..E'L'i) hydrexy methyl

[3.3)- sigmatrva pic
Y reoyr,

BuO

- %}

& The}/ used d.vmyQchﬂorro?ane rearr., too ,

@ Hydroxymethyd group was vefeased +o convex side via oxetane ying.
6)} S‘sgma‘fva?l‘c vearv. ?Qa)/eol mportant roles .

3-2. Key Reackion

~ Cch‘san vearmﬂf}emen’r derivaTives ~

Eschenmoser — Claisen

COzMe . GOMe
Me . Me
MeC(OMe);NMe,
AT eRMe:
§ . Xylene M
Me 140%C, 14h :
OH
/ NMe,

MeaN ™
%
" Me

More efabollated ketene

acetads ave difficuls to
Prepave.

Johnson —Claisen

R1 é\
' X Y
H 0 ; Rz Eiozc Rz

| )
HyC RY jﬂ‘
‘Eé‘oo?‘\o R2 EtO.JL o7 "R?
7 ‘ s

CHyC(OEl)s

It requives tvace amount
of & wealc acid .

|

Trelond = Clotsen

. Rt -
é/\/nzm
LICA AR
'/\/R1 /ﬁ; o U+ b \ R
R2 .18°C 7z
) l (CHa)ySiCH R?
70(<R3 SC Mol AR
o
(\/RI(S) / .
e
L OTMs

Reacklon Ppreceeds
under mifd baste condition .,

_
& These reackions prefer chalrlike
transition state To boaklike transition = o cf\/ -!P
oo . R ar
state, (minimizing the repulsive steric ci) - v ,
intergetions ) | &\ /\/ — =N
® Steveochemistry of the product s ° \/\ AN
\ boat .
ensy o predict  because of the chairiike
Transitionstate .
@ Recenﬂly enantioselective Claisen rearrangement has deve foped.
N chir _Q auxx,Qtav
Lewis actd catalyzed . using chira 7 oo
K=Ph, tBu Cl/\ocm :
Catalyst {$~toal75) ¢ N-N : Rﬂ.\
CH;Ch, RT \ ] "f} 20T i 1) LDA A1
R”\HLOIPr OPr N, N - o g ‘
R Yk AN R/ ; Ll
\|/\/ . 2) LAH OH

Al"\j_QVJ . Ch.Qm,

Int. IEd, 12001') ?'/qaﬁo

' A.{iew.'@e.%«. Int.Ed, 119534 2278
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3-3.

¢ Conditions and reagents; (8) 11, LIHMDS, —10 °C, 71%: (b) BH,CI-DMS, Et,0, 0 °C; NaOH/H20;, 77%, +7% regiocisomer; (c) (COCl);, DMSO,
EtN, CH,Cl,, =78 °C, 99%.

'Totaﬁ Synihesfs_
—— Synthesis of the b:cchoB 2.11 system

a

O,
By o8 (E‘O)Z(O)P\é
Lg _mCPBA L@ A0, ‘@\H 12
—————m— i ———————
L
ev},-n

O'Bu osun O NOz 0,
/| —
O
RZB—H 1

158, X = H, Y-OH
15b, X = OH, Y =

2__7ﬂ 7 HWE OQQ??Y\QX'\\OV\ "'\oﬂowec{ by dl‘Vl'Y\y.Qcy(_,ao?)"oFay\e yeayy .
> In contrast to Fukuyama’s cose , I3 was cis—1isome v
onlly , so the reaction proceeded smooﬂqﬂy ot ~10°c .

[ — T2  Chemoselective and Vegjoseﬂeci-l\/e h)drobomﬂon‘oxfdaﬂon.

® CE-Clb double bond is more reactive than C3-ClY  doubls
bond , because of the yfem‘ﬁx doved oF stvamn .

® Regioselectivity depends on homoallyfic effect of C3-cry

Study of Regloselectmty of Hydroborations

0'Bu By H B H
G) More eﬂectroPhn‘fl‘c boren g‘ %@ i [ 3

re(xgeht (BH.L-DMS ) enhances
the efectron - deficient transition condions 8

stale , and rvesufts in a

higher regioselectivity . L& ‘KL& J&
When 9-BBN was used on l_f_ﬁ,)

(ﬂ«e vetio of 0:b was G:. condtona b i : )

* Conditions and reagents: (a) 9-BBN, THF, 0-25 °C; NaOH/H,0;;
(b) BHCI-DMS, Et,0, 0 °C; NaOWH;Oz

) Afmost no se.Qechv‘t'y occurred
without homoa"ya!\c effect .

" Cyedopropyd substitution showed
simi lar effoct. |

2278 T B050
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T

Cons T ruetion oF oxerone ving

OBun NO: BunH NO2 oBun O
a b c
"& —_— L _° .
)
MezN

(o] /’| o
16 21 22
'BU H 02 lBu H NO2 OlB\:I H N02
=0 —— ) — g‘
—_— N
/ OH OH ¢ 0
CH, .
23 24

25
? Conditions and reagents: (a) LIHMDS, TESCI, E4N, THF, —78 to 0 °C; Eschen

95%:; (c) NaBH,, CeCl;-7H,0, MeOH, 99%; (d) 9-BBN dimer, THF; NaOH/H,0,,

moser's sait, CH2Cly, 91%; (b) Mel, CH,ClLy/E{,0; Al O3, CH;Cly,
9%,

88%; (¢) MsCl, Et;N, CH,Cl,, —78 °C; NaHMDS, THF, ~78 to 0 °C,

Scheme 8. Johnson~Claisen Rearrangement and Construction of Quaternary C77

OR NO, . X NO. .
g0

25 R=0'Bu 27 28apb, R = CO,E
B PN d{ 2080, R = CH,0H

30

“ Conditions and reagents: (a) TFA/CH,Cl;, 0 °C, 81%;
°C. 32, 92%; (d) DIBAL, CH;Cl;, —78 °C, 88%:

31

(b) (COCl);, DMSO, EsN, CH;Cly, ~78 °C, 81%; (¢) triethyt phosphonoacetate, NaH, THF, 0
(e) CH;C(OEt),, catalytic propionic acid, toluene, reflux, 64%.

22 —> 23 ; Luche reduction

6 NaBHy attacked From eyc side , because oF the steric
hindrance . And next hydrobsration alse ottacked From
exo side .

29 — 3] ' © Johnson — Claisen rearvangement.

® Both Tsomers (298.b) wae converted +o 31,

U

& Several Tactors fLead *o it S‘Tereodwemfs*tvy.
» repudsion between the proton ok 7.
. repulsion between the C3-CIY '{'L—S}/QJEQM ‘(J
. attracted to electron withdrawing €S-Clb bond.
&

high ‘
disfavered intevaction - elocteophiicity lE’ _?/Z— —
L'/ NO. H:C& " o R nucleophiticity
2 8- NO, \ 3 UK :
X high
E©O - = ﬂ
OEt

X = elactron-rich group
g T
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Q[—'— Formation of the Pyrrolidine Ring*

“ Conditions and re,
~7810 12 °C, 64%,

(INBS, AIBN, 4v,

agents: (a) NaOH/THF/EtOH, 86%;
(d) PivCL, EuN, DMAP, CH,Cl,, 0--25 °C, 92%. (®) zinc dust, THF/HOAc;
CCL/CH,Cly, 55~60 °C; () Ag20, CFyCH,0H/H;0., 65% for two steps.

D y NO, NQ, . NO, x
R b c e, ¥
——— ———— 4 »
MeO,C Me0,C
OMe . 2 OR 2
31, R = CO,Et 48, RxH ‘ :
2445 R = CoH 47 Uao R piv So
. h CbzHN 3\.
—) —_— cad cullated ﬁ’on\
. oH NE B rewv'/e red SM .
MeO,C c _MeO,C ) GoYe y.
“ opw MeOC e Opw y
ol r2 £3

(b) diphenylphosohoryl azide, EtyN, benzene, reflux; MeOH, reflux; 89%: (c) BFy'Et,0, CH,Clz,

¢ CbzCl, NaHCO;, CHCl,, | 94% for two steps; .

—
46 — 41 | Modified Curtius rearvangement
O
o
i EtaN & o ° § QQ N
R/U\OH 24 'R )J\O /—\jP(QPh)I P\/}é\o/ P(OPh)z
o N3 o ﬁe
/Lk‘ﬁ‘a @ & 5
> Rann ——\,):EN > Rs =-=f: >?\\N=< 7 R~ AN
Me o Me6-H

® This is much more simple and convenient than the
originaf procedure

® It doesn't veguive either sTreng acid o base .

(He¥marnn veorr & base , Schmidt vearr = acid ).

_(L'J —""74_31 , Fermation o"? PyrroQI\di‘ne V\‘ng and refeasfng hyc(roxymekhyﬂ
group *o convex side

® CS-04 bond is activali by Lewis acid BF; Et,0 .

Intrameleculay displacement accomplished desived
product 4§ .

$o —> 81 5 Bromination and allyfic Transpesition .

®) Reducing the nitro group on 49 made it easy to oxdize
benzyﬂl‘c carbon .




CbzHN
N
silicagel
—_—
N OH
MeO,C
OPiv

54

" Conditions and reagents: (a) CH)C(OMe),NMez, m-xylene, 45% of 74 and 26% of 75; (b) CFsCH;0H/H0 111, TsOH-H;0, 70 °C, 81%.

75

§4 — 13 ; Eschenmoser - Claisen rearvongemenT,
® At fivst ﬂaey oktempted to introduce Cl-unit to CY
by [‘2,3]-9i3maTroTu\c vearrangement, Bt off artempts Saild .
W‘\-‘--n\ \' HN \b\ §‘ !{}_N—/\3
¢ 2 nBuli, THF —_ o [1.2] -rearvan gement
reary — \/\\L P
=18 ws 20 N \~o:
Me 0,¢ * 0/\5.“3“3 Meozc/ : 1
OTIPS oTIPS
A a\ Chypn=¢ =
%{ Cbz{d’S/ \ M€0><0Me §' /\P j 2N< />
1 )= ~!
N H™ "NMe, N (\/ llid)z + (\\
g\.\ m-xylene //V = /NE‘\%
oH
c veflux  Meoc MeOC
Mt Z oy Y
0Py
x N© NI A RN
\ -Phg > Ne vyxh ° C\'Mlﬂg oX Ohﬂ/\lO
/NA€L<BY : carbenoid veayrr.
MOy
OPry

®  Other Claisen rearvangeiment derivatives (Ireland ~Claisen,
Johnson - Claisen ) enly vecovered SM .




No.
Date

OHG

i N, cHoo2
cd ['g
——— —_——
N-

Me O, Cli OR

9( 105, R TES

Cbz

MeO,C

{106, R=TES MeQ,C . -
107,R=H 108

k( 109, R = Cbz gelsemine (1)
83, A=H

“ Conditions and reagents: (a) DIBAL, CHyCl;, —78 °C, 86%; (b) TsOH-H,0, CHaCly, reflux, 72%,; (c) OsOa, THF, —25 °C; NaHSOs (aqueous), 44%
+ 33% of starting material; (d) NalO,, THF/H;0, 99%: (€) TESOTS, E;N, CH,Clz, 0 °C, 52%: (f) K2COy, MeQH; (g) TPAP, NMO, CH,Cl,, 4 A MS, 78%
for two steps; (h) HF-Py, THF, 0 °C, 99%; (i) Hg(OTf);CeHsNMez, CHiNO,, 92%; (j} NaBHa, 10% NaOH, EtOH/CH;Cly; (k) 10% NaOH, THF, 67% over
two steps; (1) LiAlH,, THF, 0—25 °C, 81%.

108 — 166 ; N-De'ﬁwmy'ﬂah‘on and ring closure .

H N A0 &1‘\
OMe L\\._H

R 571’7

) They ?mq“\/ succeeded in cbtaining.. g?irooxihdofﬁ Frovy -
(07 — 18

N ey
</ \/7

Orymercufotion Sollowed by veductive demevcullation .

> The same swategy as Fukuqua’s Xo construct
Tei‘ro\hydroryray\e rn‘ng{.

4, Cther Appmaclr\es in COHS"TV‘UCTI‘Y\Q SPl\V'oodeoﬂ at C'7.

4 -1 . Free vadical cycdization by Hark and co-workers .

T Am . Chem Soc. 1994 116, 6743

1
A0 o8 I R=MOM, Bn
’ the main product was
+ 0 MOM,_
OAc ~N‘M° N OR,

0
?L\/OM'ZH Ph oV\zh .
RI:H/P\IZOAC M 9“/.; 420 R 4

et Riz0Ac, RazH 3 oA / and the C'7 isomer,

i~ ) 2~ . @

T T T
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Tntramoleculor Heck reaction loy Overman and co-wovkers

- ]
AN 0 N O N N O
Q Conditions ' NR
. N —_— +
‘ N- R B N Q ',N o |
MeO,C5/ ] : MeO,C | MeO.C, \

-

2
N\

™n cond' * QOxindole \
Enty ~ Catalystt  Additive® Solvent - temp,’C  time,h  Yield%¢ 2a:3ad - | Me0,C7 Y E=Fo—L
1 Pd(PhsP)y EtN MeCN 82 15 66 60:40 s U B
2 Pd(Ph3P)y EiN THF © 66 24 20¢ 60:40
3 Pd(dppe): EtsN THF 66 24 46t 55:45
4 Pd(dppf)*  EtsN THF 66 36 (18) ~50:50
5 sz(dga)3 Et:N THF 66 24 750 - 73:27
6 Pda(dba);  Et3N toluene 110 1 ' 80-95¢ 89:11
7 Pdy(dba);  AgiPO; THR 66 36 77 3:97

4 Capil

*10-20% was employcd. ® Unless noted otherwise, 10-15 equiv of Et3N or 2 oquiv of Ag3PO4 (per cquiv of 1a) was
employed. € Yiclds in parcnthescs are % conversions by cupillary GC analysis (peak arca % without calibration).
lary GC or 500 MHz 'H NMR analysis aficr conversion (o the corresponding mixture of hexacyclic aziridines 8
and 9,310 ¢ Propared in siiu from 1 cquiv of Pua(dba)y and 2 cquiv of the diphosphine. { The majority of the remaining
__mass was recovered 1a. & Multiple experimeats conducied with 100-300 mg of 1.

~Applicakion to rokad S‘ynﬂ\%"‘s

® At fivst  they consMered o veduce steric interacTions berween
phosphine digand and the pirrolidine ving | but Faifed .

® In cationic condition , palladium coordinated to angular

vmyﬂ group.

b,

|
3.0
S NTNT o e NMoM S
—— +
- OMe 0
RN AN- oMe RN~
Br Br
14 15a

21 22 23 R=MOM

@ [Pd; (dbeds]- CHUy , Aq;PO¢ , BN, THE refllux, 61 ~79+ ; b> DBU. PhMe ,veflux, $oc/o

S They succeeded tramofleculor Heck reaction xo +etrasubstituted
v»‘n\/ﬁogous carbamate .
® By refluxing 19 and DBU in toluene , desived epimervization occurred,




