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Smith (1981)

(x)-jatrophane R= CHj;
(¥)-normethyljatrophane R=H

Mukaiyama aldol

aldol reaction

acid-mediated cyclization

Smith (1989)

PIRT :
otMs ! OTES!

R e eeeemmemmmem———aa- i

(+)-hydroxyjatrophane A R'= OH, R?= CH;
(+)-hydroxyjatrophane B R'= CH3, R?= OH

1. Bry, NEt3
1. Mel, CaCO;
, , o
2. HO(CH,),0H s CH.CN, H,0 {
3. "BuLi, CH,0 < >_J 2. AcOH o \J 1.LDA 1. (CH,0H),, TsOH
O 4. (COOH), s 3. TMSCI 2. Collin's reagent HC' THF (] 2. Collins' reagent
_ _ _—
<:'/ 4 steps, 62% CK/OH 1. TBSCI, ImH q/ 5 steps, 42% TMS oS 3 steps, 6 8% / I 2steps
2. "BuLi oTBS OTMS OTBS o OH °
TBSO
1. LDA, HMPA,
.78 ° (0]
propanal, -78 °C N o
o 2. TBSCI, ImH
OH 3-LAH 1. PdSOy, py, H, LDA, TMSCI
4. Collins' reagent 2 Kl, AcOH g / TiCl,
_—
4 steps, 55% VA 2 steps, 71% 47%, dr 2:1
Vi o
JACS, 1981, 103, 219.
+). 'y
'OTBS (¥)-normethyljatrophane
................................................................... X
OMe ‘o
OH /'\[( 1. AlH3, Et,0 N\ reverse aldol
Ph OMe 2. HCI, H,0 .
o 2 : o Et,AICl/Zn
DMAP O j 3. TESCI, NEt3 HO : 2
Ph ; \\ —_—
—/0 35teps 60% 0/
. [o]
o . Br o ease to convert
41% '
Ph OMe
H (CH,0) CoH Davis' OH
Q g o ° reagent
o = BF30Et,0
LT - U |- ™
o ‘ o lle » BFs 0 0
Q‘BF o—/ o—/
o i i 3
41% (+)-hydroxyjatrophane A (+)-hydroxyjatrophane B
JACS, 1989, 111, 6649. JOC, 1988, 53, 4317.
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Stille and Hegedus (1990)

acid-mediated aldol reaction
carbonylative cyclization R R T ERREERRN
o stille coupling g — : O\J OFt @
: : i, BF3eEt,0
— + SnBu; \ o . $” “CuCNLi, 3' 2
! R? —OTMS .
g o s ort OTMS PR : | A 80%
74 ! R OTES !
H : SnBuj; Bu.Sn
SnBuj; oTms T 3
()-jatrophane TL, 1984, 25, 5959.
HO 1. NCS, DMS, Et;N
O\J O\J 2. HCI, THF o o
5 steps, 40% N 1. TBAF h- OA)<7\ o 3. NCS, DMS, Et;N A Pd(CH;CN)Cl,
0O — » i OH 2 BSA i OTMS LDA  SnBug / 4 NaHMDS, PhNTf, o LiCl, CO (50 psi) g
- N » — _ .
2 steps, 73% 43% OTMS SnBu; 4 steps, 47% _ OTf V4 24% o
SnBu G
OTBS OTMS 3 (¥)-jatrophane
oTMS JACS, 1990, 112, 33, 8465.
Wiemer (1992)
stille S )
. P(OEt), -OMe Dieckmann
o coupling OTBS Ovéag Cl condensation COOMe
g — :> :> ..... otMs + —— {
o | <;t oY, / cooMe
Me;Sn oTf
(+)-jatrophane
o) o) Q 0
1. KMnO, COOMe  1.NaOMe 1. TMSCI, ImH “P(OEY),
2. MeOH, H,SO0, 2. TBAF COOMe  \mo, 0so, }\—OMe 2. LDA, PhNTf, \\—OMe \/P(OEt)z 0\
X T e —_— > " —_— .. —OH ——>» OTMS —— :
2 steps, 44% OTMS 3 steps, 58% 2 steps, 66%
) COOMe r""\r oTMS ar 101 5 ore LDA, 87% ... oTMS FeCl,

OMe 92%

1. (COCI),, DMSO, NEt; o
0 2. Pd/BaSOy, H, 1. (COCI),, DMSO, NEt;

Me3Sn\_<70TBS

— (o)
3. KI, AcOH / 2. LHMDS e \
g o 5 steps, 70% !

-~ : -~ :
1. Pd(PPh3), s 62% ;
2. TBAF \\ T o % \\
OH 2 steps, 96% oTf

(+)-jatrophane  JACS, 1992, 114, 33, 7692. HO
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Hiersemann (2006)

+
\ OTES (-)-15-Acetyl-3-prop
=0
i

o} o
0 e 2

N 1. "Bu,BOTf
(o) —_— =
\/I. 2. NaOMe MeO

2 steps, 90%

1. PPh3, DIAD,
p-BrCgHsCO,H
2, KzCO3, MeOH
3. EtCO.H, EDC N
DMAP
/

o

‘ 3 steps, 48%
o
/

1. Grubbs (IT)

2. Ac,0, TMSOTf
—_—

2 steps, 75%

(-)-15-Acetyl-3-propionyl-17-norcharaciol

HWE

RCM

ionyl-1- norcharaciol

\ o o
1.R'Cl, Base ,';(ONK)
1 2
2. DIBALH Cf OR R20 OTBS
3. SOzepyr, DMSO= K(k/\ OTBS TBSO Z =
3 steps, 90% . > 2
' T8S (30%) "BuLi, THF R0,C
R'= o = i
R!=TPS (78%) Alk = Me, 'Pr E/Z>10/1
R' = BOM (68%)
\ OTES
1. TBAF o
2. PPTS, EtOH
) TMSO P
3. DMP, pyr \ N\ PIOEY2
- ~BuLi58%
 HFopyr I "BuLi, 58%
0, g
4 steps, 50% — / OTES

OL, 2006, 8, 8, 1573.

»

Pd-coupling

TBAF, THF o OR!
-78 °C, 10 min
. > R0 Z
74%
(o}
carbonyl-ene
reaction
decane, sealed
tube, 180-190 °C
77%, dr 4.5:1
0=P{iﬂi)2 0, Ar
1. TMSCI, NEt; HO j’ o &
2. "BulLi ]\ORZ : /U\ORZ
- +
2 steps, 98% __ =
TBSO TBSO
major minor

CH3
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Hiersemann (2009)

1. LAH 1. CBry, PPhy

o ¢

HO 2.2,2-DMP, PPTS % g geLZI, ﬂeél |
: OMe 3 Os PPhg " . Cp2Zr(H)CI, I,
_——— " >

3 steps, 88% 20 3steps, 62%

TBSO

Nozaki-Hiyama-Kishi
or
iodine-lithium exchange

9-BBN, (dppf)PdCl,

1.
2,

PhjAs, CSCO3, 86%

/

SePh

3. 1BX
e

H202, Nch03
La(NO3)306H20

3 steps, 30%
TBSO

1. 'BuLi B
2.0pQ | o'

3.1BX 3 steps, 68%

(-)-15-0O-acetyl-3-O-
propionylcharaciol

failed
RCM
_——

failed

JOC, 2009, 74, 1698.
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Nishiyama and Yamamura (1993)

1. K,CO3, MeOH o
1, TBSCI, ImH ~OTBS2, MsCl, NEt; 1. MeLi, CuCl, BF3¢OEt,
OH 3 050, NMO  AcO- 3. TBAF 2. L-selectride
Aco----<;| 3. PhCH(OMe), 4. (COCI),, DMSO, NEt;3 5 3. BnCl, NaH, Nal
- 5 o} > 5
° 3 steps, 88% 0~/ 4 steps, 51% ~/  3steps, 66%
\/\/\/\‘( -Ph Ph
o
euphohelioscopin A euphoscopin A
0 1. Cp,TiCl,;, MeMgBr
OHO J( OH 1. Li, NH3, EtOH 0Bp 2 BHssTHF, H,0,, NaOH 1. p-TSA, MeOH OBn
<—_ o TsNCO, Cul 2. (COCI),, DMSO, NEt, 3. p-TSA, MeOH oBn 2. TBSCI, ImH
e L NTS NEt;  Me- 3.CeCl; —==—MgBr Me"" 4. CH,=C(CH4)OMe, CSA___ 3. (COCI), DMSO, NEt; "
- - - -
? 2 steps, Zsteps, 50% Q! 3 steps, 77% o 4 steps, 54% o 3 steps, 55% 0

O><

Phytochemistry, 1989, 28, 3421.

dr 4.6:1

AcO
OTES
MOMmO.., oTf NicO.,
MOMO ol AcO f “"ONie
AcO
AcO OAc
euphosalicin pepluanin A
1. KH,PO,, H3PO,
pH=4.1 pancreatin
2. TBSCI, NEt;, DMAP OTBS vinyl acetate OTBS 1 K2C03 OTBS
HO 3. LAH, TBSOH NEt3 MeLi
o —
\ / 3 steps, 28% 2 steps, 82% 89% HoO—
HO AcO o) :
48%, 98% ee
OTES . OTES .
MOMO.,, ot 1. MeLi MOMO., o ; _?)éfs'g'l'd"\ln;t MOMO.,
2. KHMDS, PhNTf, - 3% !
H 2 steps, 74% H N 2 steps, 80% momo H
MOMO pfis MOMO pys |:>

Synlett, 2004, 2558.

HO

® ®
H,0 -H,0 H,0 (0]
o H 2 o 2 0\ 2 WOH
\ \ / §<_7 W2

OH
53%
(" # erf 0

Tetrahedron, 1997, 53,1938.

Eschenmoser-Claisen re. S
\N/ 1. oxone, acetone, oH
OTBS 18-c-6, NaHCO.
otes | OMe 2. MOMCI, DIPEA MOMO.,_
OMe 3. TBAF MOMO o
—_—
heat, 85% 3 steps, 57% *
s Me;N )
2 o [o} o
1. MOMCI, DIPEA M
CSA o 2, KH.M’DS (o}
O trichloroacetimidate MoMo.., o Davis’ reagent OMOoMm

3 steps, 55%
OPMB
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Mulzer (2005)

_d _McpeA /(cj)\j/

1% Na,CO5

2 steps, 75%

H
o)
=
Hog —_— -
5 steps, 44% ok
ps, 444 H otBs
test
H

1. NaBH,, CeCl3e7H,0

2. NaH, PMBCI KHMDS

HO. O 3. BnOCH,C(0)CI TMSCI
\g 3 steps, 58%

TBSQ

BzO

peditithin H

OL, 2020, 22, 9360.

o
€] €]
o= o= s
o o
HO /OTMS
0/ H
H H BnO——4*" OPMB
epoxidation : -0, o *+ &Io):o ‘_\
- 01 o= H
1:1 mixture T H
H OTBS H OTBS chair-TS assumed
desired TTTTiimommmmmmmmmmmmmmmmmmmTmmTIOAN
failedlEQ- H,SO,
H H
o e) oTBS
—_— - (o] + ....g}:o
1:1 mixture o o
H H
desired Me:N™ So
1. DIBALH
N
1. CH3ReO3, 3-pentanol 2. EtPPh3Br, "BuLi
0___g 2 TBDPSCI, ImH OTBDPS LIHMDS, MoOPH OTBDPS 3. TBSCI, ImH :
3. (CH3),Culi (o) 75%, dr 5:1 4. BzCl :
HO/\g - o DR — » W OTBDPS
HO  OH 3 steps, 58% . < “on 4 steps, 45% OTBSOBz
1. HFepy, THF
TBSO TBSQ MsCl, Et,N  TBSQ toluene . 2. DMP
/ VO(acac),, TBHP ; then DBU ; . 180-190 °C _ 2 steps, 64%
o 68% i ~o
85% ° oH 47% OTBSOBz
BzO BzO
[01_
TBSQ 0 TBSO - TBSQ TBSO TBSO
X o ~q\ /;( S ﬂ\ g\/\
< ......
o
BzO

OPMB
W H
— \ OBn
76%
HO o
Z-enol ether boat-TS assumed




Hu GM

Macrocyclic Jatrophane diterpenes

Lugiong Huo

Rinner (2009)
Eschenmoser
thylenati
o / 7 ylenation (‘\)l
TBDPSOPMBO v OMe OH
TBDPSO TBSQ HO o
AcO OAc ; XN /
(R = Me, R? = H) altotibetin A RCMand C, elongation
(R'= Me, R?= H) PI-3 hydroboration/oxidation nd OBz
Ph Ph
HOH HO Ph NH
Ph o—< Ph 1. NaOMe PMBO
| Myers protocol : | 1. 1BX o Ph 2.LDA, CH,0 MeO 1. DIBALH ccly
: 2. LDA, (R)-HYTRA G 3. TsCl, NEt; 2.CSA
R R TBDPSO
m OH 2 steps, 70% 4.DBU, Nal TBDPSO 3. Grubbs (I1) PMBG
JACS, 1997, 119, 28, 6496. o s 5. TBDPSCI, ImH 3 steps, 91%
S ps,
HO 5 steps, 52%

(+)-pseudoephedrine

Alternative route

ool

1. (MeO)MeNHeHCI TMS

2. "BulLi T™MS

(S,S)-RuCI[TsDPEN]p-cymene

test: TBAF in THF/DMSO

OPMB

H
OTBDPS

1. thexylborane
H,0,, NaOH o
2.1BX

2 steps, 41% TBDPSO
PMBO

OL, 2009, 11, 22, 5326.

KHMDS/LHMDS/NaH Pd cat. reductive epoxide opening
Noyori asymmetric carefully degassed remove TMS (Tsuji and Shimizu)
hydrogenation TMS and ethene-purged 1. NaH, HMPA 1. TIPSOTH, lutidine
] 2. HCI 2. Pdy(dba), CHCI; OH
[Ru], PrOH Grubbs (IT) 2.VO(acac),, TBHP - o HCOOH, NEt, L ..
% > > =
3 steps, 55% HO 3 steps, 66% = 2 steps, 65%
93% steps, 66% steps, 65%
JACS, 1995 ’ ™S HO de > 98% TIPSO
117, 7562. Synlett, 2013, 24, 2665
test : CBS, alpine borane
(o]
Ph,P NH HN PPh,
(o) \ o]
DACH phenyl Trost ligand
>\ HCOOHeNEt;
H Pd\—L

Chem. Lett. 1986, 1775.
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Mohan (2012)

OMOM
MOMO Route 2 Route 1 momo $MOM
A * \/\)4/ : :> (OEt)ZP\‘)W\ * AN
— /O
1 HWE—
NHK or M-X
1. (CH,OH),, HC(OMe);, TBABr;
2. LAH O (o]
o 3. TBDPSCI, ImH o Z“Mger  MOMQ || 1.0s0, NaiO, OH 1. MOMCI, DIPEA (oahp
4. PPTS, acetone, H,0, 55 °C 2 MOMCL. DIPEA 2. allylmagnesium Momo 2. TBAF momo  OMoMm \
OMe - ' ' bromide N 3. TPAP, NMO
> B ——— >
3 4 steps, 65% TBDPSO 2 steps, 77% 2 steps, 75% 3 steps, 68%
1. "BulLi (\l :
3 2 1. TBAF :
2.MOMCI, TBA, DIPEA| ¢ | 2. (COC),, DMSO, NEY;
3. TBAF ~ 3. CBry, PPh; :
3 steps, 60% 3 steps, 22% MOMO
: OMOM OMOM mMomo =
s s MoMO | : moma g
MOMO Lftj 1. SO4epy, DMSO MOMO tft] Br : X
2. Ph;PCHBr,, KOBu “Ng _ ; _0 —
2 steps, 43% Br 0
Cul, MeLi, I, TL, 2012, 53, 2730.
yield not given H
Cul, Meli, I, I
50%, E/Z 4:1 MOMO
E| o vomo  OMoMm
—_—
MOMO $ / = | ] —_—
S . TBDPSO
o= 1. "BuLi Wolkoff's
2. TBDPSCI, NEt; OV\></OTBS reagent
NHK or BuLi 2 steps, 35%, dr 1:1
failed

Tanino-Miyashita’s

MOMO
momo \ OTBS MOMO ~ orBs NHKor ‘BuLi OMOM approach Momo  OMOM
fanled %\ Cul, MeLi CG\
TL, 2006, 47, 861.

TBDPSO JACS, 2007, 129, 8960.

TL, 2013, 54, 3919.




Hu GM Macrocyclic Jatrophane diterpenes Lugiong Huo

Rinner (2014)
AcO RCM conjugate addition
AcO RQ ; / 0
> + ‘OR —> . OPMB ———) % p— CR
o
‘OAc
Bz0 RO [ d vinyl lithium TIPSO oTBS
AcO  OAc TIPSO addition
PI-3
Baeyer-Villiger
1.80 DMSO, NEt 1- NaOH, H;0
. *py, s -_
1, NaBH,, MeOH 0 2. AcOH, H,0, 3 § :C}I(Idry ice 3 ; TD'SSC' lutidine o
2. (CH,CICO),0, py - o , o
2 steps, 91% enzymatic resolution OH 2 steps, 77% o pH 6,56:1 2 steps, 79%
SAM Il lipase, KH,PO, major minor TIPSO ; 'IFng mH
O (PH=7), NaOH 3 Mno 'D'(‘:‘M
enantiomeric switch . 2
0,
96%, 1:1 l Il 3 steps, 66%
. 1. KOH
minor
</ |:| o i ii)s::yl,_lnomso, NEt, Nazc|?3>, :32, K major 1. TIPSCI, lutidine TIPSQ'.
: » Hy0, @ >=o p o + 208U
> g > ._<:| >=o (o]
g
cl
Y
Br OPMB o
2,2-DMP 1. O3, pyr, Sudan lll 4
OPMB 2. NaBH4 OPMB KX CuI MelLi
- .
60%, dr 3.4:1 BuLi, pentane/Et,0 3:2 5%
OTBS OTBS 67%, dr 3:1 TIPSO OTBS TIPSO OTBS
: BrMg 1.CSA j‘i‘ :
5 } 2LAH  pygo” “cel, PhoP.  PPh, E
: 3. SOzepyr (" :
: N OPMB !
- OPMB jﬂe/\ 4. TMSCHN,, "BuLi opme Mg, ;
: > T :
: g 0~ Y 'OH DIBALH, NBS Br :
: =, 4 steps, 75% 4 “ s :
H " Colvin Re. 82% '
: ))( (S)-(+)-Roche ester J. Am. Chem. Soc. 2010, 132, 10961. :
,0 cat. ) ®
; O-B OPMB DIBALH Al'Bu, X X :
: )_/_ 6= /& /& :
H G H
NOE correlations in cyclopentanes G X = halide or B(OR),
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Rinner (2014)

lithiation/alkylation

AcO oTBS
MOMO
’ —> PMBO —
BzO ""OAc “OMOM
AcO OAc /
o
Pl-4
HO -
(o) OH 7 steps MOMO R =H, PMB, TBS
. PdCI,(PPhs),, BusSnH
. bt Pd(OAC),, CysP, BusSnH
He' oM TBSO S Do LHMDS, CeCl; Cp,Zr(HCI)
_ 84%, dr 1:2 NiCl,(PPhs),, DIBAL-H
D-ribose then PMBCI >

7 RCM
failed

sterical hindrance
of internal alkyne

alkyne add
OMOM additional rigidity

Smly-mediated

failed

: d cyclization '
. 5-exo-dig : ;
‘ OTBS ™ filea = PMBO _\ : E
OTBS MOMO : ;
K i s oL
no detected detected
Uemura (2007)
Sml,
OH 9 steps co|_0| Et Fe(acac); 6 steps
COOMe —— 3
86%
0
TL, 2007,48, 5623. —
kansuinine A

1"



