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SAMP/RAMP synthesis First synthesis of (S)- and (R)-stigmolone
1) LAH 1) NaH, Mel ¢ Vo ~~~OCH o
[ D=cooH 3 Erono [>—= 2t [ o= & ) 3 1)LDA -78C S~OCH,
N — N OH ' N OCH; ! . N
H ‘ ) A RAMP N 2N N
No WM S /U\)\—> /lk)\ —B"> h
-Pro o over 4 steps '
(S)-P 58% over 4 \ |
(8)-(-)-1-Amino-2-methoxymethyl- . (R) (R)
lidine SAMP .
pyrrolidine : 1) LDA, -78°C
1) CH,N, Synthesis 2000, 13, 1848 2) Mel, -100°C— r.t.
CO.H H,0 p'"COZH 2) LAH D\ : -

2 — N —> ~N"  OH e memeaeaaes . &™~OCH
HN"N"NCO,H  reflux N N Pl 0 . 1) 1M CuCl/THF C\ :
(R)-Glu : ' o N 5 ~_2) Coftfa),, O, reflux NAN

J 1) EtONO ! ¢ TF |
35% over 6 st : D : 2) NaH, Mel: : ; X
% over 6 steps ' \ : 3) LAH ! ! . '
(R)-(+)-1-Amino-2-methoxymethyl- ; N OCHs: : : (S)'ggg’”‘)’o”e ;
pyrrolidine RAMP i NH, : ; Nl 088 . e . (S, R)
Variations Chem. Ber. 1979, 112, 2933 ; /ﬁ\)\ via SAMP ' W I
' —_— i '
: _— + HO Y !
. —_— H '
OCH;, OCH, OCH; , OCH; | . : :
% m-Ph '“O"”/ : : (R)-stigmolone '
N N N Ph w=N : { 89% ee H
NH \ \ \ Y T m e e
2 NH, NH; NH, ! Total synthesis of (+)-Pectinatone:
SADP SAEP SAPP RAMBO E 1) LITMP, 0°C
Bull. Soc. Chin. Belg. 1988, 97, 691 : 2)_~_.-78°C T
. N > —_— 1
Cleavage of substituted SAMP hydrazones . /\4'!‘ OCH3  3) Mel, HCI ’/\H »
o .
E NC._.E  from propanal and SAMP (S)
H YU~ O3 or v j
i\ “~. Mel, HCI C\ MMPP _.-- R ‘ I;l Sen
- . 3
) N N\N -’ . Tetrahedron Lett. 1998,39, 7823 N
H | H
Hco™ L\ b
. I Vo N
NH, R m . N~
WE 4T DLAH HS(CH,),SH, & S._S E v I OCH
2) Raney-Ni, H, BF, Ot H>ﬂ\‘ D 3
R R D
Acc. Chem. Res. 2000, 33, 157 Vot (S,S,9)
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Total synthesis of (+)-Aspicilin 1) m-CPBA - Aldol/Michael
) . _N
1) t-BuLi, -78 °C 2)LAH, 3) HF-Py “OM/\‘/O"' ; N
NN 2) Br(CH,)100TBS o ~ 9 : RJ\ OCH,
| 3) 03 -78 °C '
ph ~OCH; : » TBSO Ph 1) CBr, PPh; ! R2
. 9 2) TBSCI, NEts! Aldol Michael
rom DMAP : o
propiophenone .
¢ 1LDA 2) 3”\ then auxiliary LDA AEWG
) t-BuLi, -78 °C B'\(vyg/\rOTBs ' 3 RASIC R*> "H removal
NN Br\H/YOTBS o : i IIRsS
H'\ OCH, o/\:)l\‘/\Mg/\OTBS : 0 OH
3) t-BuLi, -78 °C 0.__0 : 2
o o 4) CICH.OB 7{ E R1Jl\:/\R3 Jl\/k/
— 5; 0y 78 g : : R? R?
2 5 - :
from 2,2-dimethyl-1,3- ... cl O ; de, ee >98% de, ee = 90->98%
dioxan-5-one ' OH : cl ' ACIE1978,90,219  Tetrahedron Lett. 1983, 24, 4967
: wOH 1 NETs o omom - :
' , cl cl H Wittig rearrangment
' “on | - HO” N2 OH N2 NRe*
5 : then DMAP 6_o ° : N NRz* 5t
Liebigs Ann. 1995,1185 | ° : . pA R o A SO s
: 0 : [name?7] A R® AR
'\ de>91%,ee >96% . \ R2 \
----------------------- : R
Carbon-Heterobond formation e eeeaes i _ Re -
: BuLi -78° HE R
: AR Tetrahedron Lett. 1988, 29,2437 | ! ¢ =/ [2.3]
: N )e ectrophile (o] Tetrahedron 1998, 54, 10069 P \ _‘,'/T
; NI 3) auxiliary removal .E Liebigs Ann. 1996, 189 Lo o—~© N NR,*
; R)\ OCH; -~ ROY Tetrahedron 1998, 54, 10239 Ve L@ RZR' N’
- R 1996 Vo N
E R Synlett , 796 b * H3C’o C,Hs A RS
R v L osi CHs OH
: o] 0 Boc o] o] o] b
; R)H\\\OH R” NN NHBoc R%\\\SiMezR RJ\\\\SR R” PRz | Tetrahedron 1996, 52, 1503
: R R R P R2ZR!' O
; with: 1) O with BocN=NBoc with RMe,SiOTf with RSSR with CIPR,-BH; ' A R3 5N HCI
H NSO,Ph ee = 30-75% ee = >96% ee = 87-96% then DABCO P :
; o NaH ee = 91-97% Lo OH
: )Na L ee = 94-97%
' ee = 89-96% H

Syn = 88->98%
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ACIE 1990, 29, 179

Liebigs Ann. 1996, 1361 Synlett 1992, 837
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Carroll rearrangment R3Si as a “traceless” directing group
) :
o o nSAUE poE z 1) LDA
2) LDA (2.2 eq. ] : o) SAMP/RAMP o 2) EX o]
1 2 - R" , ;
R JHTU\Q/\C/\R . de = 89-96% Ru}\l method R 3) SiR3 removal R E
R R HO ce= 82-98% ! ) R5SIiOTf 1 E=F BroH )
OCH R SiRy R N3 (over lodo-Int.) R
3 '
) sAwp C(\ ! Synlett 2000, 10, 1371 ee = >96% up to > 95% ee
2) LDA (2.2 eq.) 3)LAH, 4) O, :
J5/k0 . Aldol
: o]
ACIE 1995, 34, 2278 RS : Q  BuBOSO,CF, oBBu; 1) e QM
s PR iPrNEt _ R! R® H RL)J\‘/L
R : A R3
o ——— o 2) ox. workup
OCH;, : o o SiR; R? SiR; RZ2  3) SiR; removal R?
1) LTMP (2.4 eq.) : Vo
Nen 2) LAH _ : (o ' ACIE 1988, 27, 581 de = 92->98%
| 2 3)0 o : ~CoHyg } e = >98%
( 7/[( : Y '\ Michael/Mannich
0/\4 : HO [
; o o R
! (-) malyngolide ! . R Ré
' o 1!
Tetrahedron 1996, 52, 5805 i de.ce>9%6% : /" de = >96% \)l\ljk/
_______________________________________________________________________________ : O 1)LDA OTMS ee = >98% R
a-Amino nitrile chemistry Rl —>2) L R’ then SiR; removal
o R e : SiR; R2 SiR; R2 o
A )LH * ONFNcoMe — > —> —> Ar)H/\COZMe ; R
r R H anNCH2OCH3 Nan
; BF3-OEt, R2
+ Ph ' ! Synlett 1999, 6, 747; ACIE 1996, 35, 981 ee = 91-97%
: 0 : recycling S
:H\N Yo Cuso, ;
; J i (aq.) | j
N0 [0 ANy A
Ph _O — o e
o Ph 0\(... j/\/ 0 5 o
2) LDA j/\/o R co,me ~N o o E Y
~ ]
N Li@ NC")Y\CO " 40-81% E 25-49%
e 92-95 9
ArOCN Ar I 2 %ee | 298 %ee
]
)
]
[}
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Iron mediated chirality transfer S R Total synthesis of (-)-(S)-myroporone
n  DFexcO) b ogr® X )Nue e N . SO,Ph
Y\/ 2) HBF, LN 52) Ox. Y\/R \(9/5\/302”‘ OTMS _
OBn { OCZFe—CO ! Nuc OCZFe—CO 2) Ce(IV)
i oc co oc’ co o ®
(45) L (2S4R) (4S), ee >99% syn.syn(1R, 2S, 3R) 1) Hp, Pd/C
' - ; 2) (Me3SiO),(CHy),
: TMSOTf o
Synlett 1993, 401 N>R | R=CO0,Ar, CO,Alkyl, SO,Ph 3) n-Buli, | /
Liebigs Ann. Chem. 1993, 551 : - Nuc = amine, silyl enol ether, O~
ACIE 1994, 106, 2033 ' a*-synthon ' silyl ketene acetals Synlett 1994, 1327 4) Swern ox.
_________________________________ ‘_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'____________________________, 0 SO,Ph
Zirconocene-mediated synthesis of five membered-heterocycles A < Zn, AcOH o
Ar o Ar E o : | o reflux (o N o] /\E\>
Oy  1)ArNH, g ! A g | o
2) CppZrClp, nBuli ™\ o R_R zr Ph' (S) >99% ee (R/S,R)
= toluene 0 L
Ph reflux % H , . e
Ph + Asymmetric epoxidation !
R? : o ; 94-99%
X 0 1>99% de, 61-92% ee
P N PN 0,, ZnEt, R1ll\<l\R2 T
2 Ar ® . R R . o ' .
R N= I : R*OH L Me |
R1: o 006 : or or : H R*OH = Ph !
NHAr <*— HO ' o toluene, 0°C o I '
- X "Ph H,0O ' ol T b NMe, ;
R2R! . N A~52 _N pTTTTTTTTmmmT e
i 0@ R o <XIR | 47-64%
HCl (aq.) : 1 >98% de, 36-82% ee
derivatisation THF 2 R2 : Proposed mechanism
R'=—0 Ag2C0s RS0, : ZnEt, + R'OH ———  ZnEtOR’
J:)MOH toluene J:):O : —C,Hg
Ph reflux Ph : ZnEtOR* + O, ———————  EtOOZnOR’
de = 95->98 .
PPTS  BHjMe,S : R*OZ=~ R'OZ
Auene THF ' o O OFt *, .JOEt o
. I ® - o — > R R2
R? R? h 1 2 X -R*OZnOEt ()
R1% -0 R1Z O, : RO R R’ R?
1 10 s
ACIE 1998, 37, 1673 Ph Ph ' ACIE 1996, 35, 1725; Tetrahedron Asymmetry 1998, 9, 3959
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Early proline-catalyzed asymmetric Michael addition Synthesis of carbohydrates

d.r. =2:1-99:1, >99%ee
Nature 2006, 441, 861 (d.r. = <99:1 after chromatography)

L-ribo-phytosphingosine
Chem. Commun. 2006, 655 78%, >99%de, 95% ee

5 : 0
i o) D—COZH O OH ! O“/(
@—cozH 5 o N : N0
N o Ph ' N J\ H 30 mol% R ! y Il"H
. —_— = ' .
0 oo oNO; M 20mol% - I A No, | O30 R™H  88-96% de 00 ; oR)BH
~ A MeOH, rit. : : /- 90-98%ee /- ; .
_ _ 1 74%, 88% de, 76% ee . )
via o . O OH HAC H i OH OH :
' 3+ _O. o) : :
LN ' OMe N, : OMe |
NS -0 Synlett 2002, 1, 26 : M Me,NHB(OAc)s H3c>4° MH : :
Z : 0_0O OMe MeO N 100 OMe !
e see also 7. e Coac™ 7 :
List, Org. Lett. 2001, 3, 2423 : ; . ;
Barbas, Tetrahedron Lett. 2001, 42, 4441 l i >9%%de
. pommmmmmmmmmmmsees . \ protected D-ribose !
- - : ! O OTBS | N e .
_________________________________________________________________________ ; lutidine : OMe !
First asymmetric organocatalytic triple domino reaction : o) o OMe -
: ACIE 2005, 44, 1210 L7 :
o ? \ Tetrahedron 2006, 62, 329 VUL s ‘
1| ; 1) L-Selectride
R\) Rs’v : _ 2) MsCl
: L-Selectride BnNH,, AcOH
1 2 : NaHB(OAc); 3) NaN3 18-crown-6
+ ' 4) H, Pd/C
xNO, E gTTTTT s e G T e TR T .
Ph RZY Ph : ! OH OTBS | i ""NH oTBS | ; NH20QTBS
Q""GOTMS 3 D—QOTMS : P A OMe : | A OMe: | . OMe
N Ph N Ph : ; : b : b 5 :
H H : !0_O0 OMe @ |0_0O OMe : | °7{° OMe
(R)-1 Toluene, 0°C —r.t. (S)-1 E : 7{ b 7{ ; : %, :
20 19 -H,0 ) . : E : E . E
( mo. A) (20 molﬁ) : ' ~96% de : : >96% de : : >96% de . :
o] o) : ! protected L-lyxose i | Protected 4-amino- i protected 4-amino- ;
| R! R I ' " . 1__4-deoxy-L-lyxose ; 1 4-deoxy-D-ribose
3 . : 1) MsCl, DMAP
R® z R? R? : R® . ?H OTBS 2) NaNg, 18-crown-6 NH, OH
NO, NO, ' - C14Ha0 3) LAH, 4) TFA - HO z
' o. 6 - T CagHp
32-70% ; 7/ OH
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5 new C-C bonds
7-8 new stereocenters (<99%ee)

<99% de, ee,n=0
(after chromatography)

<99% de, ee,n =1
(after chromatography)

Chem Eur. J. 2013, 19, 10818
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[]
Proposed mechamsm E Endo/Exo selectivity
o E TSforn=0 TS forn=1
R R N0z ¥ '
+H0 D—{—OTMS b :
Y 1 3 i . E
NO Enamine catalysis i : ' :
catalyst (S)-1 " i :
H,0 ()1 ¥ : ! :
i endo : endo endo :
i Iy K ! favored H
Ph o '
% <§>\<0Tms R i
ot | Ph cascade '
cycle R2 i
i
Rz‘ - R3 N02 :
- ]
NO, Q E exo exo endo
| |
0\4 RS’\) + (S)-1 E disfavored disfavored difavored
Enamine catalysis | OTMS 2 e
1 i Tripl ]
R — Iminium catalysis i riple domino reaction
. H,0 :
R2' NYR? |
NO, | Ph
------------------------------------------------------------------------------------------ H OTMS R! R4
Tricyclic Carbon Frameworks Ph ACIE 2007, 46, 467 i Ph [oH
mOTMS i H (20 mol%) __ N
,\) Ph 0 : CHClj rt. {
H (s)-1 | i "o R )
(20mol%) Z M i . ,\) 14-84% o
Toluene, 0°C — 5°C rR" R2 ' R > 20:1 dr
H H (2 eq.) 96-99% ee
4 NO, !
)
9’ i triple cascade via
z Diels Alder i
endo/exo !
Me,AICI >99:1 H
W %H3 z |
H CH ~78°C— 0°C |
2\
R* " "Ph 35-56% E
NO, '
i
1
1
]
]
1
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[
Quadruple domino reaction Ph E N-Heterocyclic Carbenes
1
Dﬁ—oms |
N Ph ' T en |
Ph Ph ' Ph |
H CHO ! ; ; 80 °C ' o
(o} 20 mol% ! . .
) + R/\/Noz ( % > E N’N\® © NaOMe n-N 0.01 mmbar_ N-N o
THF, H,0 (2 eq.) R | P& »Clo° ——— P& >—OMe ————! PR D!
. 2 ! N MeOH, r.t. N quant. ' N !
microwave NO H Ph \ 78% Ph \ \Ph v
(10 eq.) 2 ! Ph o Ph ' Ph !
25-45% ; U .
1.4:1-3.5:1 dr ]
- 9, H
89-99% ee ! ACIE 1995, 34, 1021 First commercially available and stable NHC
quadruple cascade via E ------------------------------------------------------------------------------
! Asymmetric Benzoin Reaction
)
)
EN ! M ! EN ! ! EN E 0 Catt.)A orB
'—> —_— —> —_— P : H ase
Michael ~ pw Henry pwWN\\\Michael pw Aldol E R
NO, NO, NO, E
)
! pmmmmmsImmmmmmmmmmmmmms N . .
Synthesis 2010, 4, 567 ] ! : ' :
y 5 i cloy Ph, o o : o BFs :
"""""""""""""""""""""""""""""""""""""""""" ' ' 7\‘ H ' H
: : Ph< 4\ w : : Ph\Né\N :
Quadruple domino reaction H ! N\ N o ' ' ‘N—% '
Ph : : N= : : o ;
! . . ' .
D+OTMS o : ' Cat. A 22-72% ; i Cat.B 883% ;
o N Ph R R2 | ' 20-86% ee (R) ! ' 80-95% ee (S)!
1 2 H (20 moi%) N : T aae 7a 4 e 2009 47 1745
R‘N)H(R ORI > R3: | Helv. Chim. Acta. 1996, 79, 1217 ACIE 2002, 41, 1743
NaOAc, DCM, r.t. !
H (o] (2eq.) 34.71% R3 ! Proposed TS (Breslow type intermediates)
- 0 1 1
>20:1 dr CHO E o E
84-97% ee ' H 1 o
quadruple cascade via E ':
fo) ] i H
R ! -
. o ) o R 2 E Si-attack Q E ;‘l N
X | - OH
PR REn) gt , (m N EN ; Ho_ | b\l) + Q N Re-attack "
—_— o ——> N / R-_>R“‘\ -0 ———>P = N ]
aza- R3 Aldol Michael 3 Aldol ' !
Michael rRE \ R3 ! / %o .
N (o] ' -~ |/CH3 i H,;C
o ~ ] 7 O H 3 CH3
o E R )04 CHj; E
Synthesis 2014, 46, 1539 | : ‘
! Re-attack 1 Si-attack
See also; Acc. Chem. Res. 2017, 50, 2809 E :
1
1
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]
Intramolecular Crossed-Benzoin Reactions E NHC Catalyzed Quadruple Domino Reaction
]
Ph : E
=N&_ o E OH S
| 0,
N__N BF, ACIE 2006, 45, 1463 E E 4 Rz’\/CHO cat. A (20 mol%) - A R2
I R oxidant, DBU, LiCl
]
o i E DME, r.t. R 0 o)
I o (10-20 mol%); ‘\ROH ! 4 5 65-92% 6
KOt-Bu (9-19 mol%) 43-93% | 84-99% ee
THF, r.t. 93-98% ee |
T e T T T N
____________________________________________________________________________________ 1 ’ 1
i Proposed mechanism : o BF4@ :
Asymmetric Synthesis of Pyrroloindolones | ‘—»:N '
1 ' @\, Me :
9 N BFS L _,_\CHO - NN :
= ' R : Me |
wiN ®N Me ! : Me .
2 Q i ; :
NO, ClI Me Me N\ e : cat. A I E
R t 1 A L]
» :j I NEt; (2.2 eq.), toluene, 50 °C R R2 !
|
1 ) 35-78%, d.r. >20:1 9 : OH
91-99% ee A ol RN
1 R?2 N —
1) NEt3 ' N e
] -
proposed mechanism 2)2 ! s N -
(o) Pre cat. ]
¢l wN_ NMe :
]
H\RZ NEt;HCI I)M;Q‘Me i .
o NEts HO Cl ! 1) H-Shift
! 2) lactonisation
Bn © :
NO Q’EQN :
s O Me |
z wN ~ ]
' i
]
]
]
]
1
|
|
]
]
]
]
]

-H,0 ’ For more see: iScience 2018, 2, 1

r
é
.

Not covered in this GM: Merging organocatalysis and gold

or silver catalysis; see: Chem. Eur. J. 2012, 18, 10212 for a review
ACIE 2013, 52, 13562




