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5 Cycloaddotion:
] ﬁf Diels-Alder Reaction

oS IO RSN 1,3-dipolar addition

c . TM catalyzed [M+N+O]

funct ."'zal‘ionl cyclization (Seldom used In truly
@ OO S Complex cage molecule)
HO HO OH
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nominine neofinaconitine daphmanidin E

David Gin 15LLS David Gin 27LLS Erick Carreira 30 LLS

(*)-ryanodol (1)
lepenine (2)

Inoue 35LLS A B Smith 37 LLS |
Fukuyama 35 LLS Deslongchamps 41 LLS
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|solated at 1947 by Japanese Group

David Gin 15LLS - _
Nastume 40LLS first SyntheS|ZEd by 2004

H OH
OH
Me = —CH,
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Kobusine Hetisine
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. Allylic C-H oxidation Radical 6-endo cyclization
nominine
H
Nastume 40LLS H
Me OR
N" |\| /
Cbz OR OR |
Reductive condensation B-oxidation
H O
H
O O /|
H
z/o o) OMe
Birch reduction Br

Ireland-Claisen Rearrangement

a-arylation

Nastume Tetrahedron Letters, 2002,43,2913
Nastume Angew. Chem. Int. Ed, 2004,43,4646
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' Br
| LDA
- O

TMSCI, Nal, (TMS),NH, CH5CN, rt,
95% 2 3
OMe ° OMe then NBS, THF, -18°C to rt, 80% OMe
then Li,COj, LiBr, DMF, 120°C, 73%
NO, o
|
B i
CH3NO,, KF, 18-crown-6, | (ALY, [0 Br
CHCN. reflux, 96% benzene, reflux QLA)
—»
O  KOH, MeOH, 0°C, then o" 0
KMnO,, MgSOy,, /
OMe MeOH/H,0 (7:1), 0°C to 1,75%  OMe

PdClz(Ph3P)2, CSQCO3,
THF, reflux, 4 65%

4 (cis/trans=4.2), 12a 11%, 12b 6%

O
H
(1 D ome
O
\.__/O
4 12a: trans

12b: cis

Nastume Tetrahedron Letters, 2002,43,2913
Nastume Angew. Chem. Int. Ed, 2004,43,4646
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H

Me S (CH,OH),, p-TsOH,
H A benzene, reflux
N

OMe e OMe

(CHon)z, p-TSOH,
benzene, reflux

OMe

Li, EtOH, lig. NH3/THF, -78 to -60°C, 92%;
0.5% HCI in THF/H,0 (4:1), 0°C -

Nastume Tetrahedron Letters, 2002,43,2913
Nastume Angew. Chem. Int. Ed, 2004,43,4646
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MeOH, 0°C 94%

NaBH,, CeCls* 7H,0,
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MeO

M
OH
N

~

Me” “Me

o

Tol 170°C

i H
lgE,‘:HE‘,Z'éTg'f ugLA:L/ : BF3¢OEt,, toluene,-18°C; OPiv
H 3 0, D
> OPiv g 3
-TsOH, acet
2. Piv,0, Et3N, 4-DMAP, p-TsOH, acetone
CH,Cly, -18°C to rt, 98% HOH,CH,CO
66%
TMSCI, Nal, (TMS),NH, Br _
CH3CN, reflux; OPIV 2% HCI, THF/H,0 (12:1), 0°C; op
NBS, THF, 0°C to rt. & MOMCI, i-Pr,NEt, CH,Cl,, -20°C to rt; iv
TMSOH,CH,CO DBU, benzene, reflux O
MOMOH,CH,CO
Ac,0, pyridine,
MeLi, THF, -78°C  HO OH CHCly, rt; 93% _ OAc
g Me 20 wt.% PCCI/AI,O3, Me
MOMOH,CH,CG benzene, 5°C tor.t. , 63% MOMOH,CH,CJ

59% : 1%

Nastume Tetrahedron Letters, 2002,43,2913
Nastume Angew. Chem. Int. Ed, 2004,43,4646
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OH
Me o —CH,
OAc TMSCI, LDA, THF, -78°C; Me OAc
Et2A|CN Me LiAlH,4, THF, reflux;
- A , - CN
) RO
MOMOHZCHZCO 'C to RT, 63%
H H
L.%)/Al,03,
Me Me =
.
N |
Cbz OR

; N
K2CO3 . MeOH, rt. CP% OCH,CH,OH

83%
H
Bu3SnH, AIBN,
toluene,reflux; SnBus Me
'
SiOQ, CHzclz, r.t. N

Cbz OCH,CH,0H Cbz OCH,CH,0OH Cbz

57% 31%

Nastume Tetrahedron Letters, 2002,43,2913
Nastume Angew. Chem. Int. Ed, 2004,43,4646
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Me

H —CH,
N
H H H
MsCI, EtsN CH,Cl,,20°C, 97%; _ —
Me LiBr, acetone, reflux, 90%; Me tert-BuOOH, btz
> o
N N Se02, CH2CI2,rt, 77% N
Cbz OCH,CH,0H Cbz OCH,CH,Br Cbz OCH,CH,Br
14% OH
H H H
Me Z ~  Ac,0 pyridine DCM r.t. 93% Me Z
NaBH,, CeCl3* 7H,0, Me 29 PY it o0
-
Zn, NH,ClI N
N MeOH, 0°C 90% N DAL A (14
Cbz OCH,CH,Br ° Cbz OCH,CH,Br iPrOH/H,0 (14:1), reflux, 97% Cbz OH
H ’ H
Et;SiH, cat.Pd(OAc),, cat. EtsN,
Me Z CH,Cl,, room temperature; Me ~  K,COs3, MeOH, reflux, 95% Me
> >
N SOCl,, pyridine, N
Cbz OH CH,Cl,, RT, 80% N

Nastume Tetrahedron Letters, 2002,43,2913
Nastume Angew. Chem. Int. Ed, 2004,43,4646
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[1,3-DC] [DA]

—
1. Swer ox. o MeO o~ _OTMS 5
OH 2. BnNH, N \/\[r Z
- | o
™S ms) ZnCly, CH,Clp, 61% 5NN
(overall} T™S

R
OR R
ROTf @/ A7 RO%
BnN S
+ N
'Bn
R=H, COQME, SOQPh

Yields: 20-43 %

Kevin M. Peese and David Y. Gin J. Am. Chem. Soc., 2006, 128, 8734—-8735
Kevin M. Peese and David Y. Gin Chem. Eur. J. 2008, 14, 1654 — 1665
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OTf TMSCHO, ZnCl, CO,Me

Danishefsky's diene oTf >
55%, 1.2:1 dr o (PhgP)4Pd, LiCl, 87%
1 » / »
)
NH2 N ~

BU3Sﬂ \/\
CO,Me
Me Me 2 N

- stable and unreactive

MeOTf TfO- towards intramolecular
—_— OMe  cycloaddition

- underwent intermolecular
Me addition with DMAD

1, CIH3N’I(3)
OTf 7 CN

NaBH,, MeOH, 99% Bry, AcOH:H,0 1:1

N =~
20 2. KCN, 18-crown-6

Me (Ph3P)4Pd, PhH, 75% Me

PhMe, 170 °C, CN O

CN v
5d, 73%
Cj\/@\ - g \
N = N=
Me + (_) +

Kevin M. Peese and David Y. Gin J. Am. Chem. Soc., 2006, 128, 8734—-8735
Kevin M. Peese and David Y. Gin Chem. Eur. J. 2008, 14, 1654 — 1665
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SO.Ph X PhMe, reflux, 70% Q2P
CL AL -
N = H =
Me ° N2
H o
NO,
PhMe, 170 °C
QL T R
N -
+ Z o) N—=
Me - Ao
14% 81%
BnO - 7]
B
SO-Ph "o SO,Ph
2.  PhMe, 120°C, 67% SO,Ph OBn
PJ - I‘\ —> Me J_ O
=
N =
Me * 9 Me + 9 N 7

Kevin M. Peese and David Y. Gin J. Am. Chem. Soc., 2006, 128, 8734—-8735
Kevin M. Peese and David Y. Gin Chem. Eur. J. 2008, 14, 1654 — 1665



http://pubs.acs.org/action/doSearch?ContribStored=Peese,+K+M
http://pubs.acs.org/action/doSearch?ContribStored=Gin,+D+Y
http://pubs.acs.org/action/doSearch?ContribStored=Peese,+K+M
http://pubs.acs.org/action/doSearch?ContribStored=Gin,+D+Y

THE UNIVERSITY OF

TEXAS WHAT STARTS HERE CHANGES THE WORLD

—— AT AUSTIN ——

CN
H CH
tEhtzAICN DIBAL Tol 92% CNA
en szo TBAT - N Qsi.,p
. Pd(PPh),, Zn(CN), cHO HiC—""" " \—CHs ~F
© DMF 85% @
81% ©
MeO OMe
- e e ACOH.MeOH  MeC
tBulLi r.t. 5min
Ny o g O OMe
eO\ (0]
/N—/<_ N3~ bMe
Cl OMe 52% 92%,

then NaNj in acetone

P(n-Bu)s;, NaBH( OAc TFA DCM
DCM 79% N S

95%

Kevin M. Peese and David Y. Gin J. Am. Chem. Soc., 2006, 128, 8734—-8735
Kevin M. Peese and David Y. Gin Chem. Eur. J. 2008, 14, 1654 — 1665
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N
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©
CN 12 O
OMe
a

OMe

(1:3.6)

Kevin M. Peese and David Y. Gin J. Am. Chem. Soc., 2006, 128, 8734—-8735
Kevin M. Peese and David Y. Gin Chem. Eur. J. 2008, 14, 1654 — 1665
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1. NaBH,4, EtOH, 23 °C
2. SOCIz, CHQCIQ, reflux
OMe -
3. BuzSnH, AIBN, PhH, reflux
68% (3 steps)

1. DIBAL-H, 85%
2. PhaP=CH,, 96%

Na, i-PrOH, THF, NH; -78 °C

then HCI (aq), 97%
- OMe

9:1 MeOH/pyrrolidine,
60 °C, 78%
1. Ph3yP=CH,, 77%

2. SEOQ, f—BUOQH, CH2C|2,
O 66%. 7:1 dr

Ve

5

H
X_ray X'ray

Kevin M. Peese and David Y. Gin J. Am. Chem. Soc., 2006, 128, 8734—-8735

Kevin M. Peese and David Y. Gin Chem. Eur. J. 2008, 14, 1654 — 1665
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H H OH
OH OH
N N

nominine Kobusine

Selective C-H oxidation based on
masked-OH?

OH
6: (-=)-spirasine Xl

Hetisine
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O
OH

"' H

H
OMe OMe

6,6,5,6,5,6
Hexacyclic core

MeO —_NMe

MeO"
HO HQOMe
talatisamine (4) chasmanine (5) 13-desoxydelphonine (6)

Shi, Y.; Wilmot, J. T.; Nordstrgm, L. U.; Tan, D. S.: Gin, D. Y.
J. Am. Chem. Soc. 2013, 135, 14313-14320.
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Et O
& " N ¢ coMe
OMe O H
Ar)J\O ——NEt MeO,C #NEt Br 7

Mannich H

T R c— AN 0
. 8l r
: radical
MeO HOOMe cyclization
MeO
neofinaconitine (3) OR 7 OR
X azepinone
\ 9 Diels—-Alder
N
/(:/57002'\”9
Br £\ TBSO
8a (X =Bn)

b(X=Et) /—
——> 8b(X=EY — m— +Y

{/\ cyclopropene MeO OR
Diels—Alder
9 OR 10 1

Shi, Y.; Wilmot, J. T.; Nordstregm, L. U.; Tan, D. S.; Gin, D. Y.
J. Am. Chem. Soc. 2013, 135, 14313-14320.
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an
HO 1.Br,,DCM
OMe OMe MeO,C._ 2.Et3N, THF 2.0 equiv DIBAL DCM 77?7
7 s N 2997 » 7777 > Z> LOTIPS
’ TIPSCI, Imdazole NH4Cl(aq) work up

3.CHBr;,NaOH

o TBSO
OH OTIPS \_OTBS
o AcOH, H,0 Q\/ \
o H >
\ / 240°C, 1.5min . LDA, TBSOTY, 0°C C [y
Then Mel, Ag,0 OMe ~OTIPS OMe OTIPS
70%
1 1.6 (desired)
Q ,OMe TBSO
1. NaOH, THF/H,0 N
2. KHMDS,P(OEt),=OCH,CO,Et Me MgBr 7 \
H-W-E Olefination ﬁ THF
> >
4. AlMe3, NHMeOMeeHClI LWy THE, -78 77% for 2 steps
° ToTiPs OMe  ~oTips

39% vyield for 5 steps

Shi, Y.; Wilmot, J. T.; Nordstrgm, L. U.; Tan, D. S.; Gin, D. Y.
J. Am. Chem. Soc. 2013, 135, 14313-14320.
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BnNH, neat 120°C 78%
SO, py, NEt 0 Bn Sc(OTH)3
Dcﬁ}l/valsosés% N Bry, NEt;, DCM, 86% N c(OTM)3,
o
> | LHMDS, cicoMe, || )~ 9OMe ol it 9%
TSOH, TOI, reﬂUX, 77% PhSeCI, -78 to 20 OTIPS
then H202, 99% —_—
B
Nn @) OMe
/ CO,Me
Br
H TBAF, THF
OTBS Then, IBX
OMe  ~oTips
1.0
Desired

Shi, Y.; Wilmot, J. T.; Nordstrgm, L. U.; Tan, D. S.; Gin, D. Y.
J. Am. Chem. Soc. 2013, 135, 14313-14320.
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a,,H

HO
OMe OMe

Tf2NH,
DCM, 0°C

Shi, Y.; Wilmot, J. T.; Nordstrgm, L. U.; Tan, D. S.; Gin, D. Y.
J. Am. Chem. Soc. 2013, 135, 14313-14320.
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NH, O
OH
o7|NEt

HO
OMe OMe

MeO o) MeO o)
C19-norditerpenoid alkaloids 35. (a) TBSOTf, Et,N, CH,Cl,, 86%.
(b) 0OsO,, PhI(OAc),, 2,6-lutidine, THF/H,0O, 74%. (c) Ce-
(NH,),(NO;),, CH,CN/CH,Cl,/ H,0, 50 °C. (d) MsCl, Et;N,
CH,Cl,, 50 °C, 57% over two steps. (e) Bu;SnH, AIBN, PhH, 80 °C,
Shi, Y.; Wilmot, J. T.; Nordstregm, L. U.; Tan, D. S.; Gin, D. Y. J. Am. Chem. Soc. 2013, 135,
14313-14320.
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TBSO
OH |
o—|—NEt
OTBS
an -
HO
OMe OM MeO
e ove OTIPS
9
o)
OMe TBSO
i MgBr 7 \
Me  1BAF, THF99% THF
o Br 80% for 2 st
HBI/AcOH TBSOTY, KHMDS or < SIeps
L PhF, 0°C 63% THF, -78
® SoTIPS OMe
Et /
M
TBSO N (0) Br Coz e
/\ | p CO,Me -
Single Diastereomer
Br > BrO 87%
SnCl4, MeCN,
4A. MS
OMe OMe

Shi, Y.; Wilmot, J. T.; Nordstrgm, L. U.; Tan, D. S.; Gin, D. Y. J. Am. Chem. Soc. 2013, 135,
14313-14320.
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Br

(f) TE,NH, CH,CL, 46%. o™

38 (single
diastereomer) Et
(@)
(@)
CO,Me f )9 MeOLC, .
Br 2
(g) AgO,CCEF;, CH,Cl, 60%. HMBC P ’
"4/ ScH
MeO CH; MeO 2

Shi, Y.; Wilmot, J. T.; Nordstrgm, L. U.; Tan, D. S.; Gin, D. Y. J. Am. Chem. Soc. 2013, 135,
14313-14320.
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NH, O
OH
(0] ~—NEt
my
HO
OMe OMe

/ CO,Me EtN COzMe
Br 2 Br.
H 0s0O4, NMO, THF/H,0O
Then Pb(OAc), 65%
BrO ( 2 > > 0O
DBU, tol, 87%
oM OMe O
s 0

MsCI, NEt;, DCM 50°C

CO,Me o f'
CAN, MeCN, H,0 Br EtN 2 MeO,C NEt BuzSnH,AIBN MeO,C ‘II
= PhH,80°C 99% '@
o) {
AV,

0
—
OMe O OMe O
NEt NEt LiBH4, THF
MeOC7 I MeOC7 1R then, CrOs, 40%

TMSOTf, NEt3, THF. 0°C

PhSeCl. DCM. 86% Pd/C, H, EtOAc r.t.
3 5 >

NaBH4, MeOH, 89%

0.5N HgSOA(aq) -

NalO,, THF/H,0, 59% tBUOK, Mel, THF, 34%

Shi, Y.; Wilmot, J. T.; Nordstrgm, L. U.; Tan, D. S.; Gin, D. Y. J. Am. Chem. Soc. 2013, 135,

14313-14320.
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Cl @)

) OMe NO
LiBH,, THF r NEt e 2
then, CrO3;, 40% e "' HO
0.5N H,S0,(aq) _ LAH, THF

_>
HO

v —_—
DMAP, Et;N, PhH
OMe OMe
Cl @)
OMe OMe
NO, %o NEt o0 NEt
O,N Zn, HCI, H,N
MeOH, H,O
—_— S—S .
DMAP, Et3N, T 1O
PhH, Reflux OMe OMe OMe OMe

13% for 4 steps

27 LLS, 2 D-A, 1-Manich, radical

Shi, Y.; Wilmot, J. T.; Nordstrgm, L. U.; Tan, D. S.; Gin, D. Y. J. Am. Chem. Soc. 2013, 135,
14313-14320.
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Calyciphylline H
(=)-Calyciphylline A

OAc
F;HU CO-Me

N
(LA H

HO O
Paxdaphnine B Daphniglaucin C Daphnicyclidin A

CO,Me
wH

L"——/ OAc

(-)-Daphmanidin A Daphenyliine (Li)
C14-C45 dehydro: (+)-Daphmanidin E (Carreira)

M.E. Weiss, E.M. Carreira, Angew. Chem. Int. Ed. 2011, 50, 11501
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Claisen rearrangements

Me,
3 0
18
HO _N EtO,C._ .
CO2Me - R COzEt
- 0
11
N
OAc 1 2 x Late-stage 3
Alkyl Heck
Coupling
NaH, tBOUOH, CO-Et
neat 60°C 9)
Then BrCH,CH,Br
2¥T280 07 Co,Et
1. PPL, pH 5 citrate buffer

COEt  kHMDS CO,Et MTBE, rt, 24 h CO,Et
o hexanoic anyhdride 0 O 90% (based on (-)-3) 8]

o THFn‘ -78°C CEHH'J.I\D 2. Ti(OEt),, EtOH o
Co,et % CO,Et ;2;0- 24 h CO.Et

(rac)-3 (rac)-3C ’ (-)-3 (e.r. = 96:3)

M.E. Weiss, E.M. Carreira, Angew. Chem. Int. Ed. 2011, 50, 11501
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Me,
. 7 preferred I
~N P
COzMe
TBDPSQ
OAc \_//
Pd,(dba); AsPhy
9-BBN,K;P0,
E o CH,(CH;0H), LDA, THF, -78 OTF DMPATAFMO
TsOH, PhH, reflux C
o0 E Then TsOH actone 50°C
87% N 87%
Tf
OTBDPS OTBDPS
HO BzO
BH3;eSMe,, THF H TsOH actone 50°C H KHMDS, [18]-crown-6
then NaBO3* 4H,0 o
> OH »> o OMOM
DIBAL, THF, -25°c 0 o H\\\ BzCl, DMAP, py 0 0A<
89% 1o, OTBDPS 95% TsO
OTBDPS
MOMO, OTBDPS OMOMy5 PTBDPS
H z Y 0Bz 9-BBN, THF
KHMDS, [18]-crown-6 H S
Xylene 165°C - then NaBO3* 4H,0 60%
>
Br MOMO O= o) Ac20,DMAP, pyridine
o o= Zd H 0= TBAF, THF 86%
65% 83%

6%

M.E. Weiss, E.M. Carreira, Angew. Chem. Int. Ed. 2011, 50, 11501
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! i
Me, : H O :
% 1 '
HO : = N \)J\ '
N | Ej\fw 7 "NEt,
|I O - 1
CO,Me . PPh, \Q :
! i
! i
I OBn
OAc : L1 :.
OAc OAc
on  NO
OBz SeCN OBz _ OAc
H H
CeCl3* XH,0, oxalic acid
MOMO O= o) P(n-Bu)s,  momo O= O  , MeCN rt98%

H 5 5< THF, rt. H 0= e
0-0.DOM = TMSCI, imidazole, oM MOMQ -
buffer pH= 7 MOMCI, iPr,NEt DCM

TBAF, THF, 90%
94%
ZnMe, Cu(OTf),eTol
DMP DCM, 99% 2 ? O3 PPhs, DCM
MeNO,, NH;,OAc 77% Chiral Ligand then NaBH(OAoc)3
H TOl, 90% HOAc THF 72 /0>
O~
MOMG - ‘%OM = MsCl, Et3N, DCM
\ dr=5: 1 Nal acetone 76%
NO, DBU toluene r.t.92%
Zn,NH,CI,

EtOH, H,O
Boc,O EtOH r.t. 85%

M.E. Weiss, E.M. Carreira, Angew. Chem. Int. Ed. 2011, 50, 11501
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110 mol% 20, sunlamp, 60 °C, MeCN

Me,
. . Stoichiometric
ZN 95%
COzMe Snpha
Me. OHg BocHN
Me—< el N Me
OAc © N - Co I Me:
f -0 Me
MOMO
« |
20
) 93%
Catalytic
25 mol% 20, 1.5 equiv iPrzNEt,
blue LED, 23 °C, MeCN
Me NHBoc
Me,  NHBoc Me, NHBoc 2
/ K,COs3, MeOH 77% 7 MOMO
MOMO, 23, o
0 PCC, DCM, 92% SIS o) NaCN,MnO,
OAc  Bn,NH® TFA PhH 77% o MeOH/AcOH r.t. )
0 > Y —
K2003, MeOH OMe
then Acy0 iPr,NEtDCM ) -
OBz OBz 79% for 3 steps
Me,’
HO _N
TFA, DCM, rit.
NH,4CI, EtOH reflux 56»% CO,Me
Ph,BBr DCM -25 76% 30 LLS 7
OAc

M.E. Weiss, E.M. Carreira, Angew. Chem. Int. Ed. 2011, 50, 11501
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Me,
f‘ R
HO _N
0 ~H.
CO,Me Me =N_ ? M
N\ [=]
Me - = LN
R 15 mol% catalyst g I'I'l""oo,,\ I
OAC m iPr,NEt (1.5 equiv) \J[ 0. N"Ne
; /| - ‘H"I"O
' ! blue LEDs . i N I : R=SnPh;
CH4CN, RT, 24 h z | Il: R=jPr
1 2 X

[Collor Iy Ld,, [Co] -~ [Co'—R  Option 1
red.

Zn, electrolysis

R—X Stoichiomeric
A hv l jii Reagent
! Il
Option 2 : [CoT]+R*
Stoichiomeric  vj | . R. .-
Reductants L R' ﬂ’f R
TMSCHoMgBr !

[Co"[-H —— [Co'] + 1/2 H,

T
[}
[}
L]
]
L)
[}
[}
1
[]
[}
1
[}
[]
r-
[}
]
)
[}
[}
[}
]
L)
[}
[}
[}
[}
[ 5

M.E. Weiss, E.M. Carreira, Angew. Chem. Int. Ed. 2011, 50, 11501
M.E. Weiss, E.M. Carreira, Angew. Chem. Int. Ed. 2011, 50, 11125
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e [Co"|-R B
COzMe L R A
OAc }\ R~
o R
5 [CG'] [CO"I] H
I D «—C
ST
RsN—H NRj3
Turn over
BHOZC | cat (X equiv) BHOZC | Bn02C |
| iProNEt (1.5 equiv)
- + |
light source R
4 CHiCN, T, 16 h 5 6 H
. . . o ] Me ,O - O
Entry Cat. (equiv) Light source Conversion [%] (5/6) N 7 Me
SN N~

1 1 (0.2) sunlamp®® 95 (5:1) Me NHCO:
2 I (0.1) sunlamp'® 48 (5:1) 0. N= M
3 none sunlamp 0 “H----0 e
4 1 (0.1) no light <5 I: R=SnPh;
5 1 0.1) blue LEDs 95 (5:1) N 4 R= P
6 1 0.1) blue LEDs 10 - 1
7 I (0.1) blue LEDs >95 (1.3:1)

M.E. Weiss, E.M. Carreira, Angew. Chem. Int. Ed. 2011, 50, 11501
M.E. Weiss, E.M. Carreira, Angew. Chem. Int. Ed. 2011, 50, 11125
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R
Me N'O‘HH‘O /
gr— 1 M ‘
Me “NJCO:N: ) 1 o) | 3 |- 86
O il gt e I: 97
" L e suph, 4-(MeO)CoHa p-MeO CeHy
ENJ I: R=iPr I 0
- 2 ] )/ N 1: 91
\ I: 85
S
0 o)
Me
MeQ H Me :
| MeO
OEt o
O/l\/l O'<
' I: 83

[ f] z Me : “‘\
4 Me I1: 501
H H
H

|
o (j’ f" I: 82

. [
O 0 0 '-,O II.<5
|

b iM O:\ 1 76°
CO,Bn 11: 520
Z>C0,Bn

M.E. Weiss, E.M. Carreira, Angew. Chem. Int. Ed. 2011, 50, 11501
M.E. Weiss, E.M. Carreira, Angew. Chem. Int. Ed. 2011, 50, 11125
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8 continuous tetra-substituted carbon,
7 free —OH group in C20, diterpene
Ryanodol, 5,5,5,6,6 penta-cyclic core

a high-conductance, an intracellular calcium channel
known as the ryanodine receptor

Pierre Deslongchamps Can. J. Chem. 1979, 57, 3348.

|. Nagatomo, M.; Koshimizu, M.; Masuda, K.; Tabuchi, T.; Urabe, D.; Inoue, M.
J. Am. Chem. Soc. 2014, 136, 5916.
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1,2 additon initiated by
Disolving metal reduction epoxidation and

Arrange the oxidation state

WHAT STARTS HERE CHANGES THE WORLD

Arrange the oxidation state
C-C bond cleavage

o 0

e O>\O A OH Me e O>\o Me Ho [

Me ~ Me - > e M
(MeO)zHCO)\O e (MeO)zHCO)\O LE o 0 )

Transannular aldol reaction baeyer villiger oxidation

(@) Me
Me
Me 0
OHC Me — +

@)

Diels-Alder Reaction

Aldol reaction

*Can. J. Chem. 1979, 57, 3348.
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i Me (CH,0H),, p-TsOH, Li
H, PtO,, Et20> Me/ﬁ/\r(OH benzene, reflux ?/\K Me | iH, r w
S it bl S o6 o X‘f;’toﬁzg% o
0
Meom MeOCHCl,, Ticl,, bcm  HO Br/\g Oy oS T I;D
> —
MeO BBrs, DCM . HO T Na,COs, PhH 8030 ERKLGSSV?IyCOI
b

NaOH,NBS, o

T HZO MeCN 95%
Ou,
O=<’
(0]

Can. J. Chem. 1979, 57, 3348.
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1 : 1 exo

AcOH : H,0=7:3

75°C 2 hour
_———
—_——
1N NaOH THF, r.t
1N NaOH THF, r.t then O
Cl Cl pyridine, PhH
endo 31 ex
27% yield for Me
five steps i
— M€
Me
Can. J. Chem. 1979, 57, 3348. orc
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(MeO)CMe,, p-TsOH,

MeOH, r.t.

O3, TsOH, EtOAc
then Me,S

LAH, THF

(MeO),HC”J

(0}
Mo o
Me fe} 40% AcOOH
AcCOONa
s WClg n-BuLi
(MeO),HC Me
(0]
LDA, THF -78
then Et3B, -25
then Mel
_——
NaBH,4
> 90%
MOMO

CrOg3, THF 76%
—_——
MsClI, py, 89%

Me

Me

HO™ HO
95%

WHAT STARTS HERE CHANGES THE WORLD

O O

(MeO)zHCE ; %i Me  (MeO)HC M=

80% 12%

Ac,0 py, MeCN
_———

NaH, MOMCI, THF

MOMQ
Li Me,
\
\S_/
Me
DMSO (MeO);HC
then 0.10 N HBF,,
in THF

Can. J. Chem. 1979, 57, 3348.

MOMO

(0)

A

OH Me

Me
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N N
OH Me OH Me

Me 'y NaOH, DME,
" / CF3CO3H, Na,HPO,, DCE, 98% _RTTN
(Me0)HC” Me (MeO),HC™ N

? py, 97%

PDC, DCM, 78%

LiBH4, THF, 73% TsOH, PhH, reflux [/ 03, DCM, Me,S "
—_—_—nmm ’ ’ —_——
—_——
Acz0 py, MeCN NaOAc in Ac20
QH Me HO CF3CO3H, Na,HPO,,
DCE, 859
DBU .Tolene NaBH, MeOH mCEIEOT
_—
NaOH THF Me
Me o)
OH 0
o)
50% for 5 steps
90% 3 :1
- HO OH Me
Me HQ OH Me & OHo \HO
oHo \Ho Li, NH3 41 LLS
Mé
Me H
H \ Me
Me 0
OH o
0 60% No 13C-NMR and 2D

85%

Can. J. Chem. 1979, 57, 3348.
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HO H Deslongchamps (ref. 3)
HO 210 OH, 1. CF3C(O)OO0OH, 2. Li/NH3
HO

—_—
Wiesner
H* (ref. 1¢)
HO
Wlesnerl—_-.(ﬂ ryanodol (1, R = H) H anhydroryanodol (3)
(+)-ryanodine (2, R = ,.‘ﬂ\c?)
(ref. 1b) \ Deslongchamps
ﬂ (ref. 3)
41 steps
\:‘: :3 2 MeO:u: :
1 o MeQ™ ¢
4
OH

S 1 5
\/ OPh
MOMO . o9 JoMOoM HO

0 100 oPH13steps pg 9
S W P gV

15 14 O 0 O
BnO 7 8
it desymmetrization  Cz-symmetric intermediates

|. Nagatomo, M.; Koshimizu, M.; Masuda, K.; Tabuchi, T.; Urabe, D.; Inoue, M.
J. Am. Chem. Soc. 2014, 136, 5916.
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OH 0

1% 15 210°C
5 + | @) -

" 14 24%

OH O

5 6 (2.8 equiv)
H,0, 80 °C;
py, Et;N, 0°C
Pt(+)-Pt(-), 0.8 A O Me;S(0)l, NaH, THF

64% © 15\
14
4
0 28% NH; aq
1,4-dioxane, 120 °C
O -
N
8
NaNO,, AcOH Q., O
H,0, 0°C 1
- a +
3N N
10 (27%, 3 steps) 11 (9%, 3 steps)

Hagiwara, K.; Himuro, M.; Hirama, M.; Inoue, M. Tetrahedron Lett. 2009, 50, 1035
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Qe a. TMSOTF, Et;N e
‘a b. DMDO ~ TMSO
XN @) \\©
6 8
H Ha J=10.3 Hz
HO— Ok
c. TfOH, MeOH > ‘: B
B o'\ Hc
o-.... NOE
C11-deoxygenation d. Smi, e. TTOH C11-deprotonation
CHZCIZ

Sm(lll)~0m3m(m)

] R " ‘t@

N

s A 10 - 12
transannular
j transannular
pinacol .
coupling aldol reaction
OH OH
HO 1244 HO - 0
H HYA
3 s - -

IUrabe, D.; Nagatomo, M.; Hagiwara, K.; Masuda, K.; Inoue, M. Chem. Sci. 2013, 4, 1615
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%

HOOH o @ dimethoxypropane
H# PPTS Q11,0 c.LDA, TBSOTf

3 o 3 -
HO = X7 Yo

13 . —14: X=0H, H
b. Dess-Mart|n| 5X=0
Zé OTBS RO O OR
d. m-CPBA Q/. O
\Y . H 2 - H
15 16: R=H
. TBSOTT [ " o . T

IUrabe, D.; Nagatomo, M.; Hagiwara, K.; Masuda, K.; Inoue, M. Chem. Sci. 2013, 4, 1615
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.pl =
(-8 R =H 1 a NaH, MOMCI
e. O,, Co(acac), Et;SiH c. NaH, CS,; Mel
t-BuOOH d. n-Bu3zSnH, AIBN

f. NfF, DBU

|. Nagatomo, M.; Koshimizu, M.; Masuda, K.; Tabuchi, T.; Urabe, D.; Inoue, M.
J. Am. Chem. Soc. 2014, 136, 5916.
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MOMO_\ OF o OMOM <— MOMO _ 3@ HoOMOM
H
e H H o S/ H
Et;Sio-0 ™ "
F FFFOO 13; X =H
S 18 X = OH =
F F f. NfF, DBU
FFF F H 13

; SiO, column

<l = 7
4 R ZH 19 BnOH, 4AMS, SiO, 80 °C

|. Nagatomo, M.; Koshimizu, M.; Masuda, K.; Tabuchi, T.; Urabe, D.; Inoue, M.
J. Am. Chem. Soc. 2014, 136, 5916.
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OPh i Y i
Y i a. AIBN o
MOMO LooMoM % B, | MOMO ( 9P, o) OMOM
H H *
: 0 of — " o) 0
BnO L BnO o 1
4 Ly b. BF 3-OEt,, Me,S [ 30: R; = MOM

g.B
BnO 3
e. BF3-OEt, Me,S [ 53 2= MOV
Q—w R;}
Clr..
cr" !
\,(O
241025 26 to 27 B

|. Nagatomo, M.; Koshimizu, M.; Masuda, K.; Tabuchi, T.; Urabe, D.; Inoue, M.
J. Am. Chem. Soc. 2014, 136, 5916.
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Z = T TN =11

I | K. NPh
™S T™MS ANES
I BnO CF Bn .~/ Bn .~/
HO O j TMSOTf pyridine TS0 o 3 ‘100 )\ HO O % bt o
Q0% 0 7o’ S¢(OTf)5; NaOH x< \.0 s m. 2>, CeCly Q[0
H 2 2\ 3 6
o 0 0 9 _ o 9
21%(47%conversion)
BnO BnO BnO
27 29: X=0H, H n. TAS-F 31
BH;, THF |. Dess-Martin [, 30: = o 0. HCI
) then NaBO3
Y ™S HQ (& T0™ k0 , HO 15 Qo eoH HO &i0oloH
TMSO OO mo/ b g. Hp, Pd/IC p NaBH(OAc)3
“\g 13[ H 1) 13 H
H™? a7 HO Y& HO
O HO BnO
(*)-ryanodol (1)

Compounds 32, 33, 1 and 2 have a propensity to form the corresponding
borates with B;O; leached from borosilicate glassware (Pyrex glass).
Therefore, these reactions were carried out in quartz glass flask, and
soda-lime glassware was used for the purification, and quartz glass tube was
used for the NMR experiments. For a related example, see: A. Kawamura,
J. Guo, Y. Itagaki, C. Bell, Y. Wang, G. T. Haupert, Jr., S. Magil, R. T.
Gallagher, N. Berova and K. Nakanishi, Proc. Natl. Acad. Sci. USA, 1999,
96, 6654.
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1Br,DCM CBr Br | |
Me0207 2.Et3N, THF el y 2.0 equiv DIBAL DQA T|P80/y 2.0 equiv MelLi . V =
, 3.CHBr3,NaOH B’ &, TIPSCI, Imdazole B %, NH4Cl(aq) work up S
OO NaH, tBuOH, CO.Et
EtO—U—OEt neat 60°C o)
Then BrCH,CH,Br CO,Et
1. O3, DCM
AN OMOM
OMOM then PPhs
then Bn,NH-TFA
:
2. NaBH,, MeOH
67% OH

%A 9B



THE UNIVERSITY OF

TEX_AS WHAT STARTS HERE CHANGES THE WORLD

—— AT AUSTIN —

HO Br, MeOH HO — / 1-2% HSO, HO —
/Yy o 5
0 A N

o . © 20 -60 °C o ©

Furfuryl alcohol (FA)

4

-H'
O —| (Y

Y

4-Hydroxy-2-cyclopentenone 1 5
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ArSeCN + BugP — ArSEPBug CN- (6)

J’LrSePBua CN~- + RCH;0H — RCHEDPBIJ;;
+ HCN + ArSe—  (7)

+
RCH30PBug + ArSe™ — RCHySeAr + BugP=0 (8)



