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1. Introduction - History

Classical Pinacol Rearrangement:

Fittig 1860:
HO  OH H,SO, T
pinacol pinacolone
RM\ R’ ] H ] .1.2-. ﬁ
3 H H . Q RZ | migration M R?
Ho \l IO / \IU 'R.. - H" R1 \T‘:"Rh‘
RI R | RM J R

Z.-L.Song, C.-A. Fan, Y-Q. Tu, Chem. Rev., 2011, 111, 7523-7556.
R. Fittig, Liebigs. Ann. Chem., 1860, 114, 54-63.

Wilhelm Rudolph Fittig
1835 -1910

Disadvantages:

* poor regio- and
diastereoselectivity

e unpredictable side reactions




Semipinacol rearrengement — definition:

* common reactive species: electrophilic carbon center (including but
not limited to carbocations) is vicinal to an oxygen-containing carbon

* 1,2-migration of a C-C or C-H bond to terminate the process
generating a carbonyl group

RO RM | o
\7 5 R2 1, 2-migration | R2
Ri'”'?' ‘ - R T
Q = electrophilic carbon [ R
R center R*

Z-L.Song, C.-A. Fan, Y-Q. Tu, Chem. Rev., 2011, 111, 7523-7556.




Semipinacol Rearrangement — 4 different types

Type |: rearrangement of 2-heterosubstituted alcohols and their derivatives

M 0

HO):R 5 acid or base >

R" \\/"R - Rl%/’R
/- ; X = OMs, OTs, Cl, Br, |, 4
X R N.*, SR, SeR etc. R R

rearrengement is facilated by the loss of the leaving group

Type ll: rearrangements of allylic alcohols and their derivativs

RO RM R? E® = halonium ions, RSe*. H*, L.A. O E R3
> (infermolecular) |\
»_'.‘-'-"""n 4 - - 177~ i
R || R E* = oxocarbenium, thiocarbenium, R / R

” . . =M
R* iminium R R"
(intramolecular)

addition of an electrophile to a C=C bond (intramolecular with
oxocarbenium is also known as the Prins-Pinacol Rearrangement)

Z.-L.Song, C-A. Fan, Y-Q. Tu, Chem. Rev., 2011, 111, 7523-7556.




Type lll: rearrangements of epoxides — mainly focused on 2,3-epoxy alcohols

R R R* ORR1
O
R* > C3 T 2,3-migration
HO R4 O R R?
1,2-migration T,O ORR1 2,3-migration 3--‘ )
l/ R/ - \l/\R RO‘J/!\\-:;;C;'O
R' > C2 2| C1-C3
R® R R R R R?

R'— C2 l 3,2-migration
O OR

A IR

R RZ
R3 R-l

migration depends on the structural feature of the substrate and the
reaction conditions

Z.-L.Song, C-A. Fan, Y-Q. Tu, Chem. Rev., 2011, 111, 7523-7556.




Type IV: rearrangements of tertiary a-hydroxy ketones or imines (also known as acyloin
rearrangement or a-ketol rearrangement)

M O
HQ :R 2 base or acid J‘ R2
, _ - 1 N
R™ X = 0, or NR D7
X X R o

Advantages of the semipinacol compare to the pinacol rearrangement:

* not restricted to 1,2-diols

* compatible with a variety of reaction conditions

* no problem of regioselectivity

* migratory aptitude of substituents is also often controlled by stereoelectronic effect

(migratory group must be antiperiplanar to the leaving group)
* key part of tandem reactions

Z-L.Song, C.-A. Fan, Y-Q. Tu, Chem. Rev., 2011, 111, 7523-7556.




2. Rearrangement of 2-heterosubstituted
alcohols (Type I)

2.1 Sulfonates as Leaving Group

* Reproducibly efficient in both cyclic and acyclic systems
* Lewis acid and base can promote the 1,2-migration with loss of OMs or OTs

Tsuchihashi‘s Total Synthesis of Protomycinolide IV:

O
0 ™S , . TMS OH Jx
me. J__~__or DIBALHMenAEL — J . _1-Swemn oxdation P QP )
I CH,Cl, RO [ 9" 2 mecH=cHcHBr RO [ A
OMs TMS -7810-20 °C CrCl,, 2010 0°C - |
1 (R =BOM) 85% 2 (> 95% ee) 72% 3 4
stereospecific 1,2-
alkenyl migration ; 1
HO — - ™S O H. OEE ™S _R
o/ i t3 e - Me —~)—
r‘VIIe'x,_ TN N _,.IOR o _,.-.‘_'}J\.ﬂ_ P - E—_ i NN N N __f' H'/ { /\ R}‘
I [~ CH-Cl. -78 °C RO ~ T I / -
OMs TMS Mz 80 ’ I l O o’
5 (R = BOM) " 6 (> 95% ee) 7 S~ LAl
Me™ I \O/ ‘
Os ~OH 8
(@) \ O — (/ \/ OH
L\ S Hs QEE n-Buli | e : ' /
OEE ci) e NN AL . § ~. { . ) protomycinolide IV
NN N [ hexane, 0 °C x J \, ) /
| 91% ceo C 1 )=q
: v L [
OEE

K. Suzuki, T. Tomooka, E. Katayama, T. Matsumoto, G. Tsuchihashi, . Am. Chem. Soc., 1986, 108, 5221.




Rawa‘s Total Synthesis of Ent-elisapterosin B:

- O, Me
S Meo One _ '5"89) 'fo
CaCO, M
- MeM - )
Me OMs wet MeOH e,
MeO OMe o
50 °C
Me
10 Me 11
| MeO a
B 72%
i f MeO OMe
; /O . \
S one
Me Me CO;Me
- 12
endo-intramolecular 1. toluene, 80 °C
Diels-Alder reaction 66% | 2. H,, Wilkinson’s catalyst
3. Lil, lutidine

biomimetic oxidative
cyclization
CAN, MeCN

then Py, Et;N, 50 °C
84%

epi-ent-elisabethin A ent-elisapterosin B
N. Waizumi, A. R. Stankovic, V. H. Rawal, J. Am. Chem. Soc., 2003, 125, 13022.

stereospecific
1,2-aryl migration




Corey’s Total Syntheses of Isoedunol and B-Araneosane:
sequential ring expansion to construct the trans-fused 5,11-membered ring system

O

HO
o P ) Q =
P Me' OMTM AlMe . E"*Q'W'ez P Me 1. ACOH/H,0, then NalO,

o toluene/CH,CI, S(’)Me 2. Sml,, THF, 67 °C

14 90% 15 - 16 ~-—-0 72% 17 (trans)
; < o< A
0 L O . 0O 1. Swern oxidation | _ ..
2. LiAIH,, THF ’
\ Br \ Me /"1 Me
\ Sy A MsCI, NEt,
< tZT <’ ",H ’ CH,Cl; 1 h - 'OH
-BuLl TN 22
82% 98% 7 OH
19 18 (cis)
\i
1,2-migration 1,2-migration = o
‘of C3-C4 bond SN Me)  ofc1-c4bond <
! /
MsO-17 (trans) MsO-18 (cis) 19
coformational rigidity imposed by the 12-membered ring orients
different C-C bonds antiperiplanar to the secondary C-O bond in
MsO-17 (trans) and MsO-18 (cis)

10

J. S. Kingsbury, E. J. Corey, J. Am. Chem. Soc., 2005, 125, 13813.




Corey’s Total Synthesis of Longifolene:

solvolytic ring expansion

LiClO, at saturation to facilate

Yﬁ

/y\.

TsO

Me Me
\/

Me
longifolene

ionization of Ts
CaCO3 to ensure neutrality

LiCIO,/CaCO-
THF, 50 °C, 60 h

(CH,OH),, NEt;

225°C, 24 h
10-20%
intramolecular
Michael

cyclization

E. J. Corey, M. Ohno, R. B. Mitra, P. A. Vatakencherry, . Am. Chem. Soc., 1964, 86, 478.

0

—
/

‘f, _'O=(

>,/O more favorable 1,2-

migration of vinyl

/ /\/ group (a) than alkyl

100°C

2NHCI‘ 24 h

i
oﬂj’!—_ g w

/\"-‘:; _/ ~

33

migration (b)

11




Heathcock’s Total Synthesis of (+)-Confertin:

different conformer because of hydrogen bonding => different 1,2-migration

TsO

OH 0!3
LiOH

~0
-BuOH
65 °C

39

’> B O"’> HA
g _LioH \‘o 0
t-BuOH - —
0 I O

(+)-confertin

TSOY j‘

ACO 38-conformer

1,2-migration

— 39 36 =

1,2-migration

OTs
35-conformer

C. H. Heatcock, E. G. DelMar, S. L. Graham, J. A. Chem. Soc., 1982, 104, 1907.

12




Paquette’s Total Synthesis of (+)-Taxusin and Synthesis of an Advanced Precursor of 1-
Deoxypaclitaxel:

Me
0 Me ‘, OAc
\«LMG OTBS EtAICI MeOH
CH,ClI,
-718°Ctort pe < H:'
. \
52% BzO ACd 0
50 1-deoxypaclitaxel
Me, Me
Me. [/ _(V)\ACQAC
Et,AICI He ' Me
CH,Cl,/hexane W
AcO
7810 -15°C ¢ N\
96% 7 onc
51 (+)-taxusin

antiperiplanar alignment of the a-oriented OMs Leaving group and the vicinal bond itn
the bridge => stereospecific 1,2-migration of the bridge

X. Guo, L. A. Paquette, J. Org. Chem., 2005, 70, 315. fe




2.1 Halides as Leaving Group

* halohydrins rearrange under either basic conditions or in the presence of various silver salts

* halohydrins rearrange with loss of halogen and formation of carbonyl group

Hart‘s Total Synthesis of RP 65479:

-'\ \
[ *“*j/’ “Br  THF
N 57
BZO, ’,/\\\
J\ ,J S’i NHMe
N
RP 65479

M\ ] 0
/ \ - _,/'A‘\\
D
FoH | _AgBr
=~ 0 g S Y
-lf’ \j/':: Br | 95% ﬂ T
N, 2 - "N’
N™ 55 A9 59

1. t-BuOK, then MeNCS

"
2. KBH,, EtOH ' 81%
HO,, _~_
PhCO,H, DCCI i\ )
CHZCIZA’IPY [l _,--_, Sc/ \-NHNIG
55% N’

T. W. Hart, D. Guillochon, G. Perrier, B. W. Sharp, B. Vacher, Tet. Lett., 1992, 33, 5117.

14




Fleming’s Approach to Gelsemine:

stereospecific 1,2-
migration of the
bridged C-C bond

p\’qurz

benzene

“T"
78%
RHN"Y___oAc

RHN" Y __OAc
61 (R = CO,EL) ' o 63 .
@ = subsequent
1. PhlNMeBr; | 3. KaLO; intramole?:ularS 2
2. DHP, H* 4. PPTS el ot
substitution

0O OEt

.=-— HO ‘y‘goa
0O HN™

gelsemine gelsemine core 64 (62%)

C. Clarke, I. Fleming, J. M. D. Fortunak, P. T. Gallagher, M. C. Honan, A. Mann, C. O. Nlbling, P. R. Raithby, J. J. Wolff, Tet., 1988, 44, 3931.




Harding’s Total Synthesis of (1)-Sirenin:

access to highly substituted cyclopropane moiety by ring contruction

sirenin

K. E. Harding, J. B. Strickland, J, Pommerville, J. Org. Chem., 1988, 53, 4877.

16




Harmata‘s [4+3]-Cycloaddition/Quasi-Favorskii Process in Natural Product Synthesis:

Synthesis of the core of tricycloclavulone

Formal synthesis of spatol

Me \ \
& . ij %fér -30°C /jﬁ; . \ 1. LIAIH,, Et;0 E‘I:I‘f%tl;-{ ':[:5\
} o THF, -78°C \}Me 90% \7 \o 2. KH, THF y \C'O?-:. 76% 7 “CHO
79 80
[4+3]_ Grubbs | 50% H|
cycloadduct CH.Cl; § N
— OAc =N\ Hom— L
AcO /\ Q : HY =0 L— Il GHO
]:] \/\/\COQMe E
L "0
N Me spatol 81
tncycloclavulone N 77
><\<o ] 1. LIAIH,, Et,0
TN 2. KH, THF
Br
82
H
H - :
— NG X_I LIA|H4 Etzo ><\
><, : - ] 3 steps
H - Soy  91%
sterpurene 85 84

M. Harmata, S. Wacharasindhu, Org. Lett., 2005, 7, 2563.

M. Harmata, P. Rashatasakhon, Org. Lett., 2001, 3, 2533. 17

M. Harmata, G. J. Bohnert, Org. Lett., 2003, 5, 59.




2.3 N, as Leaving Group

* diazotation of 1,2-amino alcohols by nitrous acid or direct addition of diazoalkane to
ketones can lead to efficient ketone homologation (also known as Tiffenau-Demjanov

rearrangement)

HN-CH, OH 0]
> (CH),
(CH,),, HNO,/HO
nN=2-6
1-aminomethyl
cycloalkanol cycloalkanone
homolog
/\ HN—CH, OH
H+
O//N\OH SR H\O-FN\\O —_— +OEN‘_/ (CH2)n
|
H
st
CN*-CH, OH H* N—CH, OH
= O>N HO -N
> (CH,),, (CH2)n
N:r“‘\—CH OH OV\
H* - 7 loss of N, (CH2)n
NS CH 9 s
-HZO ( 2)n

* migration of the less-substituted group usually preferred




Greene’s Total Synthesis of (+)-Hirsutic Acid C:

H
- O
\<‘“ — N,CHCO,EL, SbCls 1,2-methylene
MeO,C \— CH,Cl,, -78°C, 2 h migration
H
86
W% /f
: 63% = A
Ho,C L\ \< I > \< 1 >-CO-,EI
_. MeO ,C MeO,C B
H H
(+)-hirsutic acid C 89 88 (regioselectivity: 98:2)

A. E. Greene, M. J. Luche, A. A. Serra, J. Org. Chem., 1985, 50, 3957. 19




Deprés and Greene‘s Total Synthesis of 9-Acetoxyfukinanolide:

interesting spiro-y-butyrolactone hydrindane structure

M Me
'-"0516 Me 10 Me]
N,CHCO,Et k< ~, HCCCH,0H ),k<
- B0 )
/ \/] SbC's, CHZCIZ H N-" DTSOH Ce HL e
O — 64°fn O H
90 91 (regioselectivity: 92 radical 5-
81:19) Mn(OAC); | 1% exo dig
EOR, 20°C ¢ cyclization
Vv T " T 1
o Me’ﬂe 1 ToAF THE T Mehi ©
'O ] '__— /____ \_\ - Smlz y"-\/"-- }
L 2 NE: CEI)MAP 0. SN THRH0 O\ 4
C H H 92 |‘|. "‘l H
. O OH 00
60-70% subsequent Sml,-
9-acetoxyfukinanolide retroaldol-aldol 94 mediated reduction 93
equilibration
process
20

O. Hamelin, J. P. Deprés, A. E. Greene, J. Am. Chem. Soc., 1996, 118, 3957.




Uyehara and Yamamoto’s Total Synthesis of (+)-Nakafuran-8:

bridged or highly strained polycyclic systems:

‘f‘Q HO'.,. /“\NH
f . _ 2 .
1T 1. TMSCN an,> NaNO, 15t ring
/2 LiAIH,4 / AcOH expansion
106 107
2" ring
expansion

TMSCHN,, BF4OEt,

then K,CO; MeOH -
67%
(*)-nakafuran-8 110 (2:1) 109 (12:1)

in both ring expansions the methylene group was the predominant migration group

T. Uyehara, M. Sugimoto, I. Suzuki, Y. Yamamoto, J. Chem. Soc., Chem. Commun., 1989, 23, 1841. 21




Yoshikoshi‘s Total Synthesis of Longipinenes:

y 1. Me,S=CH,
| -
2. NaN,, DMF
\ 85% _
111 Corey- Chaykovsky 112 113
reaction to epoxide HNO; | 100%
g g 0
a-longipinene p-longipinene 114:115 =906
O--H C8-C9 C9-C10
' q 1 2-m:granon 1,2- ngrat/on
S TN N, 113 k/\
—NZ
\
117 116 steric control dominates
over electronic control

srencally unfavorable sterically favorable
but electronically more ~

g R favorable g%
| V114

115
M. Miyashita, A. Yoshikoshi, J. Am. Chem. Soc., 1974, 96, 1917. 22




2.3 Thiolates and Selenolates as Leaving Group

Bach’s Total Synthesis of (+)-Fredericamycin A:

rearrengement of a 1,2 hydroxy thiol compound

1,2-acyl
—OT™S O,‘:\ migration
HO EtS L orms OH % HO O="\
L ‘l. SE[ 119 ,-:.’ N ’,_._‘ 1 '. .,'
1 L ) Hg(OCOCF;), pERCENECS o
~ S~ - CH‘.;Cl? |\SEt TN1S /_/' ‘\._\:"}" -
118 120 121
O . _-OMe
\'f ~T l'
HO. A A
= Yo
0 HOOS NN O MeO 0=,
| | 2,

..{'d “

IR -'-'i”l“ ’M : .-:?l /?\\O ) Py Hi\ E J > 50

- S

— TN N

(x)-fredericamycin A 122

J. A. Wendt, P. J. Gauvreau, R. d. Bach, J. Am. Chem. Soc., 1994, 116, 9921.

23




Krief’s Total Synthesis of a-Cuparenone:

rearrangement 1,2-hydroxy seleno compounds:

15t ring
0 MeSe expansion 0
l><seMe Et,0 p-TsOH
+
Li 85% 72\
123 124 125 “— 126 /_\
1
MeSe(CH,),CLi 66%
EIQO
o) " Mo T
Me /O‘/. OH SeMe
AN e seve Ry
82% Et,O 7 N\
2" ring .
- | expansion
a-cuparenone 128 127

S. Halazy, F. Zuttenman, A. Krief, Tet. Lett., 1982, 23, 4385.

24




3. Rearrangement of allylic alcohols (Type Il)

3.1 Induced by Halonium lons

Halonium ions are highly electrophilic species that can induce semipinacol
rearrangement of various allylic alcohols and their derivatives to give synthetically
useful B-halo carbonyl compounds

Wood‘s Total Synthesis of (-)-Welwitindolinone

1 eH

O
Mo

CN~ ‘\*2;;"
|
N
H
(-)-welwitindolinone
A isonitrile

NaOCl HNT X7 |
CeClye7H,0 1 M omes
- O’ ~ O' ) "H
CHCN/CH,Cl, \ ~ !
convex attack }_'{,O
130
78%1
| ¢
2 !’{'f-
- Tlpso/H" =\
0"\~
o= T
N-_" .—'_'--':
N N=
131

A Isonitrile:

1,2-methyl
migration anti to
chloronium ion

introduction of a

quaternary center
and neopentyl

chlorine

diastereoselectively

S. E. Reisman, J. M. Ready, M. M. Weiss, A. Hasuoka, M. Hirata, K. Tamaki, T. v. Ovasaka, C. J. Smith, J. L. Wood, J. Am. Chem. Soc.,

2008, 130, 2087.




Tu‘s Total Syntheses of (t)-Lycoramine and (t)-Galanthamine:

NBS-induced rearrangement/desilyation/cyclization process

OH OTBS
OMe  NBS
‘ O CH2C|2 or
R -PrOH
132 133
dr =3:2 R'=OTBS, R" = H; or 93-95% |
R, R" = -O(CH,),0-
-

Br
— R7 17 cHo
§t> DBU, DMSO £

— TBSO
R’ —0 OMe 90-95% @
R" H MeO

135 134

Me
N N~ only 1
= _ diastereomere
) | |
—\ diastereoselective
RS o OMe amplification effect

(+)-lycoramine (R’ = OH, R? = H)
(+)-galanthamine (R'= OH, R? = H, A% %)

C.A.Fan, Y. Q. Tu, Z. L. Song, E. Zhang, L. Shi, M. Wang, B. M. Wang, S. Y. Zhang, Org. Lett., 2004, 6, 4691.

26
X. D. Hu, Y. Q. Ty, E. Zhang, S. H. Gao, S. H. Wang, A. X. Wang, C. A. Fan, M. Wang, Org. Lett., 2006, 8, 1823.




Tu’s Total Syntheses of (t)-Tazettine, (1)-Haemanthidine, ()-Pretazettine, and (t)-Crinamine:

OH OH
NBS Zero TMSCN &
| Ar > ' CN
O CH4CN hydroqumme O
0 95% \~O Lo e
136 137 138 (dr=3.5:1)
/—0 o 0
. "L |
= N®) Ar oH A OJ(
@\/tOH o : 1. 2N Hcl /ﬁ;k/NH intramolecular
P - 2. (Boc),0 Michael
\ - N - N O
es A Me © A Boc \(;\’7 addition
(+)-tazettine 140 139
/0 /0 /—Q
O 0O N O
@—ro“ Q
= R OH :// O = >
: -(OH (IS mOH
MeO" = f\i \“ =N M 2 r\i
eO i MeO o Me eO 9
(¥)-haemanthidine (+)-pretazettine (+)-crinamine
F. M. Zhang, Y. Q. Tu, J. d. Liu, X. H. Fan, L. Shi, X. D. Hu, S. H. Wang, Y. Q. Zhang, Tet., 2006, 62, 9446. 27

J. d. Liu, S. H. Wang, F. M. Zhang, Y. Tu, Y. Q. Zhang, Synlett, 2009, 18, 3040.




3.2 Induced by Selenium lon

similar electrophilicity as halonium ions

Trost‘s Total Synthesis of Plumericin and Allamandin:

H - - H
<1 PhSe T 1
.
N /> PhSeBr “\¥ j\/H PhSe >
" L CH2C|2 g -3 Q 880/0 O:‘.- --",‘ E{
<J™oH | A
147 addition to the less- 148 149
- Bayer-Villiger
hindered convex face m-CPBA | 65-70% Zeactior:g
., COzMe CO,Me '
H L H
OH | P R
é r\!’ HCIO, ﬁ I/ o {I}
iy ® T ont
0= \|/‘ o-:-'—\(-—o“ - - H
S~
allamandin plumericin 150

B. M. Trost, M. K. T. Mao, J. M. Balkovec, P. Buhimayer, J. Am. Chem. Soc., 1986, 108, 4965.
B. M. Trost, J. M. Balkovec, M. K. T. Mao, J. Am. Chem. Soc., 1986, 108, 4974. 28




3.3 Induced by Brgnsted Acids

Paquette’s Total Synthesis of (+)-Dactyloxene B and C:

rearrangement of vinyl ether-derived tertiary allylic alcohols

i + I , =\ ’
'_ _J“"‘ I' XN 'I.| H > A , Me _/.__- - ' .__!‘.- O "-\ N . __/'_ ~. ": RS
.... Crad T |"=s=d| " (" e

ll'». — 3 &) '-.___-.__.-“.-'.'::.I O " ;O

151 H™ 7152 . 153 (44%) 154 (18%)
oxonium intermediate 1. KN(TMS),, PhNTE, |

2. N‘BQCLLL THF!‘E‘EO'

. T y o oy
v T 0 ~ N
. - T -
- H ey

(=)-grindelic Acid theaspirones (+)-dactyloxene B (+)-dactyloxene C

—
_—
(
—
y‘—
o
O
3
—
N

L. A. Paquette, M. D. Lord, J. T. Negri, Tet. Lett., 1993, 34, 5693.




Royer‘s Total Synthesis of (-)-Cephalotaxine:

(I'Naph/,‘rMe " ('J,-Naph_ (I‘Naph/,l Me
aq HCI A @ —Me @) diastereoselective
Q ( =0 CH,Cl, /\N/:O 860/: ’// N —=0 amplification
j o} (AT
155 (de 4%) M 456 i 157 (de = 80%)

1. HOC,;H40OH | 2. Li/NH;,
p-TsOH, toluene | EtOH

1. AlCHOTs

NaH O OH
‘e, .—_‘_O - ~ f, --O
. ;_/Q 2. ACOHH,0 [ A
OMe 4 steps 80% \—7/
(-)-cephalotaxine 159 158

L. Planas, J. Perard-Viret, J. Royer, J. Org. Chem., 2004, 69, 3087. 30




Pira‘s Total Syntheses of (t)-a-Cuparone and Ist Analogues:

~ O

(1 7

- OH PPTS )\/

—~Rr2 CgHg, reflux \'—':;R;)
: .

selective 1,2-migration of the
more-substituted alkyl group

R
160 161
enty R’ R? yield natural product
1 Me -CgHs-4-Me- 76% 162
2 Me -CgH,-3-Me- 70% 163
3 Me -CgH,-2-OMe-4-  91-94% 164, 165, 166
Me-5-OMe
4 Me -CgHy-2-OMe-4-Me 91-94% 167
)O\/ N0
,I‘ /‘u '-' II_‘-‘
I\‘L Q — %:--/ # }---
(£)-a-cuparenone 162 (+)-herbertene 163 (+)-cuparene-
1.4-quinone
H 9
r-/"‘\-' © o) 164
] 0 )\/ e N2
/ / - ‘L..-""“ I/---. z "}--_ /--__
HO o)
(+)-enokipodins A (+)>-enokipodins B (+)-cuparene
165 166 167

A. M. Bernard, F. Secci, P. P. Piras, Chem. Cummun., 2005, 30, 3853.

31




3.4 Induced by Lewis Acid

such as BF; - OEt,, Hg(OCOCF;) and Pd(ll) catalysts by activating the C=C bond

Nemoto and Fukumoto‘s Total Synthesis of (-)-Aplysin:

Me._ R Me. -~
|y 1.7 mgBr ceCl, L
N, - T

2. TESOTY, 2,6-lutidine
TBSO ago. 0 TBSO
O ’ | OTES
173 174
Pd(OAc),, AsPh 31 89%
Me\/ A

Me—

TN (. [

"\ /r TBSO -~
(-)-aplysin 175 O

Me—\—/ Me Me

(+)-laurene scripene

H. Nemoto, M. Nagamochi, H. Ishibashi, K. Fukumoto, J. Org. Chem., 1994, 59, 74.

32




Nemoto and lhara‘s Asymmetric Total Synthesis of (+)-Equilenin:

tandem Pd(ll)-promoted ring-expansion/intramolecular-insertion process

OH Xde o,,H
\\/L Pd(OAc),
g HMPAITHF (1:4) ‘ :
) H ] H
MeO MeO/\ Z MeO’
176 - 177
from 179
HO™ ~F MeO™
179:180 = 73:27
X;Pd-or ) I
N
/\/
Naph--
H
179 L 177-TSA i 177-TSB - 180

polar solvent (HMPA)

nonpolar solvent (toluene)

M. Yoshida, M. A. H. Ismail, H. Nemoto, M. lhara, J. Chem. Soc., Perkin Trans. 1, 2000, 16, 2629. 33




3.4 Prins-Pinacol rearrangement

rearrangement involves a a final Prins reaction followed in tandem by a pinacol-like

(or semipinacol) rearrangement (Overman’s group)

method for synthesis of spirooxacyclic compounds:

R? R
' RQ_\ . R \
. J\ OH ~ R'COR? TMSOTf |r “‘1\,;‘\‘-‘0:;: r’ I e
ty 80-90% L [ oH L | OH
R £ A [
198 199 200
i [/ —
O ' R? VA" au ‘;f":' n
1R H s ';3}?8_“.'.“ 7
O - h' s \ - F& )
l \< t J ~ f._0 /|
- )~ A O' / ’ R1
. H o O | R? |
(+)-bakkenolide A 202 201
-0 O -0 HO. O/\ Y
Ny e { (oo
.-L ) J X v/
AcO" 1 Fi A
I N
(+)-expansolide A QHO (+)-wiphaphysalin F

S.N. Chavre, P. R. Ullapu, S. J. Min, J. K. Lee, A. N. Page, Y. Kim, Y. S. Cho, Org. Lett., 2009, 11, 3834.

Min and Cho’s Stereocontrolled Synthesis of Spiro Oxabicycles vie Prins-Pinacol Annulation:
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Overman’s Stereocontrolled Construction of Either Stereoisomer of 12-Oxatricyclo-

[6.3.1.0]-dodecanes:

OTES [ H H H H ]
MeOQ _ H L . 1@ |
0L~ _Snch (@ST LROTES chair_ 7 ol ZnOTES
| CH,Cl, -.[j-_'-', ,f
N ~ - el
208 - 209 210 ~
L \ ( \,l»H P .
(0 N\ / “_Z_0 oL, a: 1,2-migration of C-H bond
/\/I HZ_SCHO and H”]_0 — | ®5T°H s
H )\ | H—f~g=rH H H 88% | /[Qa b: 1,2-migration of C-C bond
/ |‘-—\__ _/-'J g L TES J
1,5-epoxysalvial- 213 (path b) 212 (path a) 211
4(14)-ene 213:212=1.0:16
¥ MeOTIPS [ L /OTIPS [ ] OTIPS
MeO.:- 0O, '/f\ SnCl, - boat H\-T— '/
ST\ [ jCH S _O-LaMe — " | O--.rMe
idea: tuning the substrate to [ 3~ ~ e /S,[_ Sl
: ~ 214 2 215 /87 216
control the stereochemistry of =~ ~/ .
the transition state between I
chair and boat conformations ,/, hd [ cHO d
. . : . H A~
during the Prins cyclization { \L S»_’_./L_* /
A -Me
Hd (2 H- \6 A\
aspergillin PZ 218 - 217 -

L. E. Overman, E. J. Velthuisen, Org. Lett., 2004, 6, 3853.




4. Rearrangement of epoxides (Type Ill)

4.1 2,3-Epoxy Alcohols and the Derivatives
advantages:
e variety of Lewis acids can be used (also in catalytic amount)
* migrating group generally attacks anti to the epoxide
* reaction can generate various aldol-type products diastereoselectively or
enantioselectively if antipure 2,3 epoxy alcohols are used (easily prepared via
Sharpless asymmetric epoxidation)

* resulting carbonyl can serve as reactive site to support tandem reactions

a RYOOR

<

O
R?— C3 | 2,3-migration

HO R* O 4 RS R4

7, 1.2-migration ;R,O OF?R‘ 2, 3-migration =0 \ o
S5y TR2 T 57~ 2 AN
R R Risce R TR oy ca F
R? RI R3 rR2 R! R3

RY - C2 l 3, 2-migration

1

O OR
b

. JQR

R 71 TR?
Rfﬁ R-‘l




1,2-migration

Danishefsky‘s Total Synthesis of (-)-Peribysin E:

y H Suzuki coupling
eTo 0 Me o\BJ\,OTBS PA(PhCN),Cl,, Ag,0, PhsAs
+ l -
© 17 Me™\_0 THF/H,0, it, 4 h
Me o Me Me 89%
230 231

O

H OMe
e
MeOH
Ve OH 80%
(<)-peribysin E

A. R. Angeles, S. P. Waters, S. J. Danishefsky, J. Am. Chem. Soc., 2008, 130, 13765.

H
MeYO 0
0 Me OTBS
Me
232
1. HQOQ, NaOH
2. NaBH,, MeOH 79%
3. TESCI, imidazole
H
TESO WOTES
TiCl B
4 Me 0 OTBS
Me
233
37




Tanino and Kuwajima’s Total Synthesis of Ingenol:

interesting highly strained ,inside-outside” trans intrabridge-head

\ OH: TBHP, Ti(Oi-Pr),, MS 4A 0.\ OH:
sel aaliee
ry Ty R
OR OMe O
237

AlMes, CH?CI?l

76%
ingenol 239 - 238 -
stereospecific 1,2-
migration

K. Tanino, K. Onuki, K. Asano, Miyashita, T. Nakamura, Y. Takahashi, |. Kuwajima, J. Am. Chem. Soc., 2003, 125, 1498.
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Tu‘s Total Synthesis of (+)-Stemonamine:

tandem semipinacol/Schmidt reaction

chelated transition states

[ Cl, Cl,
I, Ti 0 @

. Oj 'O tandem semipinacol/ N,
TMSO N3_ T|C|4 . Schmidt — - N’__-

L _~_-  CHyCl N J\ -

O -78t0 0 °C — 7
N3

246 N 247

\J

MeO

Q 1. PCC
\-,, 5/ _\' \’ X 2. 04, CH,Cl,
”"’“ /f { s ¢ 7O 3.tBuoK
|\\/‘ 65% {
(+)-stemonamme 250 0249 as single isomer

M. Y. Zhao, P. M. Gu, Y. Q. Tu, C. A. Fan, Q. W. Zhang, Org. Lett., 2008, 10, 1763. 39




Dake’s Formal Total Synthesis of Fasicularin:

method to construct aza-spirocyclic skeleton

TBSO

., . TBSO
OoTtms TiCly
N CH,CI
T 2vi2
s 96%
254 256
KHMDS, PhNTf, | ..,
THF, -78 °C \96“
c/-SCN . [Fotss Suzuk  TBSO
-J ~ E/ - . /{_ ‘Jj - coupling
[‘-’*-—-N — 4 1-:sN" ) OPMB
CeHiz PMBO CeH,, Czia/_\/\ai' ~7
6113
fasicularin 259 84%

M. D. Fenster, G. R. Dake, Chem. Eur. J., 2005, 11, 639.
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Suzuki‘s Total Syntheses of Furaquinocins A, B, D, and H:

acyclic 2,3-epoxy silyl ether containing a Co-complexed alkynyl group
=> introduction of quaternary center stereoselectively

T pi" S
(' C O :’ 3 l"|, \

0.]  Acoico), TiCla ELSH ﬁ\g LKE O\

~ Y Y then CAN 2. TBSCI

TMSO ™S 89% 5H OH 95% OH OTBS
260 261 262

Pd(_OAC_:'E, CU'

s R HO._ . Sonogashira

: couplin
B 0Bn 1 PPh,, Et;NH pling

A . L A 98%
“ “ _ N ‘ U - I OTBS - OBn
f‘AC O-.". “-‘—.v-“f- “-‘l--:;.-_ -.“.OH ) "J b,“e O--" “‘-._I—'_'.'-—'.': ‘"‘~.____.-'C O:_‘Pde -'\._[.-"-'.?. - I
O R 3

N
furaquinocin A, B, D and H 264

PN .-:C’ N B
OMe MaO” 7 o I

OMe 263

T. Saito, T. Suzuki, M. Morimoto, C. Akiyama, T. Ochiai, K. Takeuchi, T. Matsumoto, K. Suzuki, J. Am. Chem. Soc., 1998, 120, 11633.
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Tsuchihashi and Suzuki’s Total Syntheses of Avenciolide and Isoavenciolide:

/\<l\f/c H
817
BnO o) l

OTMS
265

avenaciolide

(i-PrO),TiCl,

CgH17

-78to 0 °C

BnO
OH
266
LiBEt;H, THF 89%
-78 °C

), &t

Q
4

.'.\
O
isoavenaciolide

K. Suzuki, M. Miyazawa, M. Shimazaki, G. Tsuchihashi, 1988, Tet., 44, 4061.

BFJ'OEtZ
b &sHi7
CH,Cl, BnO
-78 to -40 °C O
LIBE'[3H'.. THF 95%
-78 ¢
-— QsH17

270 (dr>99 1)
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Jung’s Synthesis of the C1-C11 Subunit of Tedanolides:

|(l

useful ,nonaldol aldol” process based on acyclic 2,3-epoxy silyl ethers

Br
Br Me Me
?V p\"e \ v
Tf' Me \ eTMSOTf - Me ,-\’-’1|_’ T\e Meme f\' \
TBSO. -~ ,\ 89% OHC"’“‘\f"xof TBSO e NN
o TMSO OMs
271 272 273
on 1 1. TMSOTf, DIPEA
JH Me Me 2. (CF4CH,0),P(O)CH,CO,Et| 40%
OvT/"\/ w/ ~. »COH KHMDS, 18-crown-6
OMe O _A.
Me Me Me L S Me ¢ J” Me E10,C Me Me } ~
L\ /\ ."" J\ /: ,;\ii.l/\l A, - ----- k‘\ P ,T \
s N - o n/ @ eceve NN N
© 6H O OH O TMSO OMS
tedanolides 274 (C1-C11 fragment)

unusual 1,2-migration of C-H bond

R. Marquez, M. Jung, Org. Lett., 2000, 2, 1669.
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Tu’s Total Syntheses of (£)-Crinane and (t)-Mesembrine:

2,3-aziridino alcohols can also undergo Lewis acid-catalyzed semipinacol
rearrangement => a-quaternary, B-amino carbonyl compounds

OH OH Ar
N J§ CI-T N L ZnBr, (cat.) ~~-CHO

AN S A A~ ™~ TAr -

[ | " eptaB [ [NTs CHCl [_.__\_J,,LNHTS
| gl ~ >95% . .

phenyltrltrr?grtgrﬂ%rgmomum 281 282 1,2-ary| 283 (Slngle dla.)
Ph _ migration laldehyde homologation
R, l and cyclization
chloramine-T - fo

O\\ //O - I W \] rvqu'\ '/"_At""
SN | Na O~ Y N /
/©/ s < | H}f N MeO— Ve
O~ N N — ‘\_\_/ NMe

(£)-crinane (£)-mesembrine

Z.L.Song, B. M. Wang, Y. Q. Tu, C. A. Fan, S. Y. Zhang, Org. Lett., 2003, 5, 2319. 44




3,2-migration

in some special cases 3,2-migration instead of 1,2-migration occures during the rearrangement

Kimura’s Total Synthesis of (S)-Noremopamil:

_,/\'\ o
At o DL s
I/A\\Q N CH,C OHC\ 2. CDI/THF NG §
L\?j OSiPh, 99% OSiPh, 3. TBAF OH
285 - 286 78%
b - \J
r Bu -Bu g CN ’ l
fT A PPN N ~ A
Y 0] O D
“t-Bu 1 BJ = N
288 (MAD) (S)-noremopamil

T. Kimura, N. Yamamoto, Y. Suzuki, K. Kawano, Y. Norimine, K. Ito, S. Nagato, Y. limura, M. Yonaga, J. Org. Chem., 2002, 67, 6228. 45




Kita‘s Total Synthesis of Fredericamycin A:

BzO\ ©BF;
[T\ BF4eOEt,

289 (trans)
BzO

3,2-migration of C-C bond

£ \ BF¢OEt,

CH,Cl,

1,2-migration of C-H bond

292 (cis)
reason:
¢ regioselective epoxide opening to
CpCO; CpCO; give the more stable benzylic
MeOMeO Y\  BE..OEt. CH.CL MeO MeO Y\ ;
[ ) 3*V R, MMM carbocation
0°C *in 290: C-C bond antiperiplanar to
205 ,| empty vicinal p orbital => such
O~ _on situation does not exist for 293 =>
o ~OMe , X . s
HO Y A\'\ 94%1 alternative 1,2-migration of C-H bond
T’E; .""\o CoCO adjacent to benzoyl group
O A 2
/OKH)O\%/\f N MeO MeO |
/\M j N 10
R A
fredericamycin A 297
Y. Kita, K. Higuchi, Y. Yoshida, K. lio, S. Kitagaki, S. Akai, H. Fujioka, Angew. Chem., Int. Ed., 1999, 38, 683. 46

Y. Kita, K. Higuchi, Y. Yoshida, K. lio, S. Kitagaki, K. Ueda, S. Akai, H. Fujioka, J. Am. Chem. Soc., 2001, 123, 3214.




Nemoto and Fukumoto’s Total Synthesis of (-)-Mesembrine:

TBHP, Ti(i-PrO),
(+)-DIPT, -40°C

e - __/:;'[ 5 '.),:"
MeO” Ny 65%

SN

} ]\[\ N M
O [0
(-)-mesembrine n‘i h”1(30\ _/'/‘:ZZ_‘- W -"‘\4/ ‘[_] cho\_/f\i\’\

(0]

1] & 30%

o -~
- T
e

305

MeO

\\ /‘

TBHP, Ti(i-PrO),

MeO. -~ l OH - MeO._

~
~ ~ RSN

= (+)-DIPT, -55°C )
MeO™ % 82% MeO™

306 307 (63% ee)

> . .
M(,O\/’r\x:;_

MeO” % “TmMS
302 303 (92% ee)

/”‘\\ {/"/’
MeQ™ ™~

o Classical conditions for SAE =>

good ee but lower yield

classical conditions for SAE =>
good yield but lower ee

O

7
\ /

" @
epoxy-306-TSA

/
1" I II\/
O | ( )

epoxy-302-TSA

Ti(IV) [
MeO. -~ _~~_0 MeO &

+
MeO” ™7 “H MeO” ™7 “H
epoxy-306-TSB

epoxy-302-TSB

benzylic carbocation stabilized by overlap
with phenyl group => high reactivity of
306 => epimerization possible

steric hindrance between TMS and
hydroxyl methyl and cyclopropyl group
=> phenyl no longer coplanar to
carbocation center => lack of stabilization
=> reduction of reactivity => preventing

H. Nemoto, T. Tanabe, K. Fukumoto, J. Org. Chem., 1995, 60, 6785.

epimerization 47




2,3-migration

Yamamoto’s Semipinacol Rearrangements of 2,3-Epoxy Silyl Ethers Promoted by MABR:

P i AlL; l
[ *To MABR O
~” 2<__OTBS - AL
] CH,Cl,, -78 °C A~ \\ OTBS
[ Generally:
308 (from geraniol) |~ 309 ] e two substituents or cation-
>95% | stabilizing group at C3
Y Me {%CHO * selecitive opening at C3 =>
T T R g N P .
. ML e Iler ~OTBS 2,3 MIEIEIIEIT |
TR * bulky ligand on catalyst crucial
MABR 310 (Ror S, > 95% ee)
for rearrangement:
\\>H . 1) repulsion between ligand an
[ I\ | [o siloxymethyl moiety facilate
y. O \l\._ _./')" P P 4 . .
~0 0 7/ alkyl migration
(-)-anastrephin furanoterpene 2) bUIky l'gand inhibits
0 siloxymethyl moiety interact
/4 1 with cation
RN i 0
P - s o O ,-‘l .
-~ g g g g ~ \z,/ )\O o \_:.1
T 0H ok 0N
(R)-bakuchiol (+)-kuhistaferone

48
K. Maruoka, M. Hasegawa, H. Yamamoto, K.Suzuki, M. Shimazaki, G. Tsuchihashi, J. Am. Chem. Soc., 1986, 108, 3827.




Kita‘s Total Syntheses of (S)-(+)-Sporochnol A, (-)-Aphanorphine, (-)-a-
Herbertenol, and (-)-Herbertenediol:

MeO. “‘190\._._._-_
L /L\ Q./ Al(OCgFs)s \\ /A regioselective C3-cleavage of
[ ">_OpNB 96% ;ﬂ_"'>-oPNB oxirane ring => 2,3-migration of
320 321 — methyl group
LiAIH,, then o/
Phi(OAc), , 74%
HO> .. MCO\} . Reasons for regioselectivity:
'S ;/> { p * electron-withdrawing
\ / \.'\ /Y
e -~ ' E/CHO nature of acyloxy alkyl group
NN T "CHO * stabilizing ability of the
(S)-(+)-sporochnol A 322 electron-rich aryl group
\(/\ /Q---'::'l‘

HO\_ NN \

L\ /L /]\,\N Me /

P R\
-~ -~ H OH
(-)-a-herbertenol (R = H)
(-)-aphanorphine (-)-herbertenediol (R = OH)

Y. Kita, A. Furukawa, J. Futamura, Y. Ohba, Y. Sawama, J. K. Ganesh, H. Fujioka, J. Org. Chem., 2003, 68, 5917. 49




4.2 Simple Epoxides and 2,3-Epoxy Ketones
Srikrishna‘s Total Syntheses of (-)-Microbiotol and (+)-B-Microbiotene:

semipinacol rearrangement of tetrasubstituted cyclic epoxides with one
electron-withdrawing substituent

- ’/o BF3+0Et,, CH,Cl, [\wc,oa
" g 90% 324
"l

1. CuS0,4/Cu, c-CgHy;

{\ | f | reflux, W-lamp [ \: .\[ P intramolecular

— / / \ - —~— /.' O .
. AN Tzenpcr e f, L L, CYclopropanation and
- ' 56% T F7 Wittig olefination

(+)-f-microbiotene 325

|}
'|
u. it
,\
- ~ /
o~ \\ - - .‘\ -
\,-'— \.'. __/-._‘ o~ o
/ { \ ! { 7 g g
— /

- l' O - ’/ 0’ l' - e ™ v
T. "7 ~ . | |
/ > N / \-f’/'OH CHO O
(-)-microbiotol (+)-cyclocuparenol (*)-secocuparenal

A. Srikrishna, S. A. Nagamani, S. G. Jagadeesh, Tet.: Asym., 2005, 16, 1569. >0




Srikrishna’s Total Syntheses of (+)-Solavetivone and (+)-Solanascon:

T

>, S 0 A
Lo S
4 l' t' - \
F o A O
~ CH 2 Cl 2 ."*-._l R R4 K I ' “\ \ "/_.,
= o4 o
A 327 328
326 | |
AT vl
cycloaddition \ 2 Yo

2. Me,CulLi, Et,O

“ ._“- \\?::: O -—--\\",.
Cr° O
: ‘H N "" /
- /

(+)-dehydrosolanascone (+)-solanascone (+)-solavetivone

(+)-2/-hydroxysolanascone (+)-anhydro-Srotunol

A. Srikirshna, S. S. V. Ramasastry, Tet. Lett., 2005, 46, 7373.
A. Srikirshna, S. S. V. Ramasastry, Tet. Lett., 2006, 47, 335.
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5. Rearrangement of a-Hydroxy Ketones and
Imines (Type IV)

Oltra‘’s Tandem Transannular Cyclization and Ring-Contraction Process Towards
Oxygen-Bridged Terpenoids:

HO O
| OH J| OH
[ N 1. Dess-Martin (O] [ ~N K
\ " 2. m-CPBA o
O""v_fgl" O"’(‘
335 0O 33 O
f\'1e;gSiC|, Nal l
o ~ ;
~7 H-o .
X\ ;\, ¥ rearrangement of a-
[ /O ~‘ “overall 72% tro_ M‘ - tertiary hydroxy ketone
/™y 0770 (O/}L oL ) Mgty
OH . LA o
338 337

A. Rosales, R. E. Estévez, J. M. Cuerva, J. E. Oltra, Angew. Chem., Int. Ed., 2005, 44, 319. 52




McWhorter’s Synthesis of 8-Desbromohinckdentine A:

O
A Vi
HCO,H, toluene_ | = Jg/‘“/ stereospecific 1,2-migration
reflux, 30 min ZON TN of allyl group =>key C12
96% Bf;if\:j quaternary carbon
345

8-desbromohinckdentine A 346

Y. Liu, W. W. McWhorter, J. Am. Chem. Soc., 2003, 125, 4240. 53




6. Biosynthesis and Biomimetic Synthesis
Involving Semipinacol Rearrangement

oxidase-catalyzed oxidation generating an active
intermediate such as a carbocation or epoxide =>
rearrangement (probably without interacting with any
enzyme)




Andersen’s Proposed Biosynthesis of (+)-Liphagal:

OH OH
OH

cHo 1. polyene cyclization

| U OH 2.olefin shift

~f

2

H 363 siphonodictyal B

epoxidation l

1,2-migration of ortho-
quinone methide

1. epimerization at C8

2. benzofuran formation

| - _ 366 (s+ )-lip ha al
F. Marion, D. E. Williams, B. O. Patrick, I. Hollander, R. Mallon, S. C. Kim, D. M. Roll, L. Feldberg, R. Van Soest, R. J.

Andersen, Org. Lett., 2006, 8, 321.
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George's Biomimetic Synthesis of (+)-Liphagal:

TFA, CH,CI,
.78 °C

highly stabilized
benzylic carbocation

semipinacol rearrangement ]selective 1,2-migration of

Me
MeO\{;/_ N
= L

(#)-liphagal ~<—

\

J. H. George, J. E. Baldwin, R. M. Adlington, Org. Lett., 2010, 12, 2394.

C9-C10 bond
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Williams‘ Proposed Biosynthesis of Brevianamides:

unique bicycle-[2.2.2]-diazooctane core and spiroindoxyl ring system

o)

= O Me OPP :’ H
-\ o \ B
cyclase < Y g N~ I,,/V \ { | L (0]
L-Trp + L-Pro —— “—— e N
N— HN__-~ \T i
H H

reverse prenyl (R)-selective indole

H
transferase Me Me O oxidase
0 \\
brevianamide F deoxyrevianamide E
semipinacol
rearrangement
Me Me Me Me

/ 0 |~ O
O X
IMDA O w/\ )k [2e” ox]/enoclization T\)\
—~—s {R)

(R) I - )
cyclase / \ —~NH Nj/ > oxidase/enolase /' \~NH HN__-
0o

N/
brevianamide B brevianamide A 390 389

X

IMDA: intramolecular Diels-Alder cycloaddition

L. R. Domingo, J. F. Cervery, R. M. Williams, M. T. Picher, J. A. Marco, J. Org. Chem., 1997, 62, 1662. 57




Williams’ Biomimetic Synthesis of Brevianamide B:

=
W H it 7
" N’> KOH I\
HN- N&H\\ MeOH/H,0
Me Me 60%
P OMe ’
391 392 (dr= 1:2)
1. m-CPBA
2. aq HCI
= OMe
N/ Me 1. NaOM
\ / " H . Na e,
-_KN\" " MeOH .
L‘—-
" JJ>' | 2. HCI, MeOH
N 65%
0

brevianamide B

R. M. Williams, J. F. Sanz-Cervera, F. Sancendn, J. A. Marco, K. M. Halligan, Bioorg. Med. Chem., 1998, 6, 1233.
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Williams‘ Biomimetic Synthesis of (+)-Versicolamide B:

1 DEAD, PBuj

Me ? 20% aq KOH
Me MeOH

{dr- 1 4 1),

(+)-versicolamide B

K. A. Miller, S. Tsukamoto, R. M. Williams, Nat. Chem., 2009, 1, 63.

n-Bu - —\ -
20 U
OH (;L'S\\ OIN]:"OH
§o "
398 o i u 0
/ . -
CH,Cl, ) /i‘v:\?
O/ \\ “N f\O 'l_- e
H ) ——
/
_»7 " 401 N

Me, \ "’H
'\’10 g

S

~Z 402 (dr = 3:1)
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7. Recent example

Grainger‘s Semipinacol Rearrangement of Cis-Fused 3-Lactam Diols into Keto-Bridged
Bicyclic Lactams:

OH
N H
a, R=8Bn; b, R=PMP PN o7 HN
¢, R=PMB; d, R = CgH,7 o H
0 E R
% PhsP, C,Clg (;Lk—l
RN
MeCN OH 0
O OH
1 6

Lyconadin A OH

Actinobolamine

Caldaphnidine M (R = H)
Calyciphylline F (R = Me)

reflux, 18 h OH
—
a (97%); b (94%) a (74%); b (81%)
i (80 /0); d (80 /o) - (80 /0); d (80 ) Sarain A Peduncularine Nominine
hond i\_ Ph,PO /ph3pc|2 representive Natural products with 6-
miaration* — - azabicyclo[3.2.1] octane ring system
R
stereoselective — PhsPO N 5
» . o TN "< VI Y =
N-acyl migration 36 hond i
Ol =h) migration o)
Ph’ \Ph 7 | not observed 8

R. S. Craigner, M. Betou, L. Male, P. B. Mateusz, S. J. Coles, Org. Lett., 2012, ASAP (web: April 18, 2012). 60




8. Conclusion

* broad applicability to various structural systems (especially ring systems)
* tandem reactions => highly efficient construction of complex molecules

 exeptionally good for constructing synthetically challenging quaternary
carbon centers, which are usually impossible or extremely difficult to create by

other methods







