. . e i B G Meeti
Jinghan Gui Tetrahedron Total Synthesis in the 1980s aran ] 1rI‘(’)‘_‘,|/°1 5 eeting

History of Tetrahedron: (x)-Pentalenolactone E methyl ester, Douglass F. Taber, 1987, 43, 5677-5684.

- Founded in 1958 with the help of Sir Robert Robinson and Robert Burns Woodward; (o A _/_O o 1) Trisyl azide
. Cn o) |— [/ 2) MeOH, hv
- Weekly peer-reviewed scientific journal; n | N\ 3) LiOH
4’
- Impact factor (2014): 2.641.
- COOMe O NaH, 27% o

name reaction!

Notable Events of Tetrahedron in the 1980s: \_ H ) Lmemmmmccmean- '

¢ The Tetrahedron Prize for Creativity in Organic Chemistry (established in 1980):
1) intended to honour the memory of the founding co-Chairmen of Tetrahedron publications;
2) prize winners in the 1980s: Albert Eschenmoser (1981); Elias J. Corey (1983);
Gilbert Stork (1985); Arthur J. Birch (1987).
¢ A supplement issue in 1981 (volume 37): Woodward Memorial Issue.

1) (COCI)s,
LiCH,COOMe
2) TsN;

¢ Most cited paper: lterative partial equalization of orbital electronegativity-A rapid access to
atomic charges. J. Gasteiger; M. Marsili. 1980, 36, 3219-3228. (2474 citations).
¢ Authors with most publications: Kenji Mori(89), Jack E. Baldwin(50), Derek H.R. Barton(35).i

MeO m SM: Pdt = 33 : 67 MeO
83% after three cycles m
MeO O N or o_N
2

------------------------------------------------------------------------------------ e A
(-)-emetine, Tozo Fuijii, 1980, 36, 1539. OH Q
(MeO 1 H MeO i 4 steps
N 2 steps i o
—_— N :
MeO 2/, —>» MeO 4 . | Another synthesis by R. E. Ireland,
: Et v + | (JACS 1981, 103, 2446) covered in GM:
~COOEt : Et : | 1) Herrmann (Robert E. Ireland)
3 B i | 2) Rodriguez (JACS review 1981
HN OMe from degradation SCOOEt ! \ ) guez ( ) J OJ/ 0
quinolizidine O@: of cinchonine, see 1) Hg(OAc)-EDTA o . . S 1) LAH, 95%
alkaloid OMe J Org. Synth. 1998, 75, 223. 1% AcOH, reflux { 1) 0.03% Sodium tert-pentoxide, 2) ethyl vinyl ether,
A g 41% + i toluene, 220 °C, 60%; Hg(OAc),, 90% H
_ ' _ oxid. at C4 35% |  2)LAH, 93% H :
Bischler-Napieralski ' v A o' Y
2) Pd/C, quant. ! 0] > —H I H
a) 180 °C, neat, 80 min : z }\O/
; 0 0
: Na,Fe(CO),
, < MeO zj 4 "Collman's reagent"
“Et b) 10% HCI, reflux, 20 h ! — gTTTTTm e .
71%)(SM0' Pdt ratio not given) : H ! \ N-methylpiperidone = \  failed model study: O ¢
isomerization at C2 __, COOR : 30% : Y A o
NaoH (— R=Et i R =H; ~ TsCl, Py —— [0 E — :
96% R=H; R=Ts: 96% | Mechanism? OTs

.......................
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Gymnomitrol, George Buchi, 1981, 38, 4509-4513. . (+)-Estrone, Gary H. Posner, 1981, 37, 3921-3926.
Aother synthesis in (JACS 1981, 103, 1831) covered in GM: Rodriguez (JACS review 1981). ! Br ~ oL
HO OMe : Br
s Me oo 1) m-CPBA MeO OM(—:) . : OTMS 0 b
Me © 2)10% KOH, 85% © — >
= M 3) DDQ, MeOH " ; O‘ MeLi, THF O‘
e 63% e : MeO MeO
CHO 0 ; o | i
A SnCly (1 equiv) | Me Me : Me .
% combined vield MeNO,/DCM (6/1) 5 _ Z PPhs | e
6 st o combined yie on o . : PN - Br-
steps A 20 °C, 10 min : Z “PPhs Br MeLi, THF
...................... : Ph.b +
! M T 3 T r 1 r PhsP .
Me : ° OMe | ! Me P Mo Lo T\ Br 2
- IO P9 0
OMe M(l,\/le OMe | Meo OMe
i major side product !
________________________________________________________________________________________________________ ‘ MeO MeO MeO
Gliotoxin, Tohru Fukuyama and Yoshito Kishi, 1981, 37, 2045-2078. : 8% B B
Prior communication: JACS, 1976, 98, 6723-6724. I (21% BRSM) 57%
i o [Three C-C bonds formed in one step
(o) < O :
6 steps HN /“\f ;
HN p Jéi— -Ar : 3 steps
OJ\/N ‘Me 30% o > N : —— > (+)-Estrone
Ar = p-MeOPh ' MeO
CoofBu COOBu ;e MeO
For a recent synthesis Triton B, ! 9,11-secosteroid
by Nicolaou, see: DCM e R E LR
JACS, 2012, 134, 17320-17332. \ N 45% ' (+)-lsocomene, W. Oppolzer, 1981, 37, 4359-4364. Me
! Me M X 1) MeONa :
f 1 = e
PhLi, CICH,OBn COOBu : ' y CE 2) BUOK, 49% 5
: e +
THF, - 78 °C : @ B
- 78 N(\ro 7Steps NN Me 0 3) tAmOK, Mel, 55% A~ Me
L 45% oH HJE? Ar oH H 2>— -Ar 1| Me z =
N AN
© Me 07 ™ "Me : Another synthesis 280 °C, to'“‘*V
O 1) m-CPBA i (J%I\SASMP Iqrggg’sz) Ve We 1) Pd/H5, 97%
m- 1 > v f]
NG _:r BCl, DCM NS Far 2ealHOO, . covered in GM: Me 2)’2UOO}I<\I’O .
OHH S’>-N 50% : oHH S N S ————— > Gliotoxin ! Rodriguez + o m 1%y,
0 ‘Me o ¢} ‘Me 65% ' (JACS review 1981); Me Me " 3) NaOCI, NH3, 97%
I and .
OBn OH ; 17% | Forster reaction

Weidner (Triquinanes).
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Ve N> Me Me 0 H H
T hv, MeOH - 4 steps : : " : i ‘0, T
COOM p Me | _ hv, g?gtane Meé_zl,o/Cul A OTBOMS
o) 80% Me Ve | o 1OTBDMS o
Me ve Me Me : OTBDMS

(x)-Modhephene and (+)-epimodhephene, Leo A. Paquette, 1981, 37, 4431-4435.

For its communication (JACS 1981, 103, 722) covered in GM: Rodriguez (JACS review 1981).

( M
Me V'€ Me )/\COOH
Me -ﬁ/le Me  Me

L epimodhephene modhephene)

MgBr
1) Cul,
> 360 °C BF3+Et,0
2) 15 (cat.), _ 85% 52%
benzene Me M Me 2) TBAF. 81%
92% © e ) TEAR
Me Me
2 steps ~o n;ﬁ/PBA > 1) 360 °C, 56% >
0
6 ‘/ 2) BF3*Et,0 2 2) PhaP=CH,
modhephene 59% Me " Me 81%  Me

(+)-Pentalenene, Gerald Pattenden, 1987, 43, 5637-5652.

-MgBr
Cul, BF3* Et20 81%
decalin

0
PPA, 40 °C

16% -
Me Me

T™MS

For a similar strategy in the synthesis of isoamijiol, see GM by: Horn (Gerald Pattenden).

Me
Me 1) dimethyl malonate
Me m_Me \)I\/>(\/ KOBu, 97% #
2) NaCl, DMSO
Me s ’ COOMe
'\/ 150 °C, 87%

1) KOBu, 98%
2) TBDMSCI, 99%

HF, THF, rt
73%

O]

1 ) Ph3P=CH2,
82%

2) RhCl3, 51%

-
tryptamine
owenne o T
74%
cl COOMe
H
COOMe py, reflux
Aspidosperma aIkaI0|d NaBH,CN 69%
/" HOA
0. o . )\ ¢ [ NH
85% N —
COOMe H
CHO N, Joc, 1985, 50, 919-924. COOMe
LTHF
_ Ky i} 5
O O  EtsN (cat.)
69 CH3CN N
0 reflux
N >ci N~ - N o
N NS AN + Cl
H N retro-[4+2] COOMe 0_7
= COOMe COOMe [4+2] | followed by:
32% 20% HQSO4
For the same synthetic strategy used in the synthesis of Ibogamine 21%

and other related alkaloids, see GM by: Chu (JOC review 1992).

(x)-Minovincine
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Aspidosperma alkaloid framework, Mitsutaka Natsume, 1985, 417, 2115-2123.
-

\

N

.
v
“,

N O

Aspidosperma alkaloid
framework

~

J

6
N Cbz N
| CbzCl, THF I
2 S > X
0 then Red-Al o)
58%

0/

“y

N O

HH

(C2+C4): 16%

1) MsCl, K2CO3

-

0

0,, DCM, hv

methylene blue
—_—

then indole, SnCl,

0
YAAN

MeOH, 44%

Aspidosperma alkaloid framework

MeO

MeO N

Me

MeO

MeO

NH
__ COOEt

COOEt
Me

2) KHMDS, 35%

3
H
! @)
N
H

3 steps MeO
S NH
NO, MeO N™ 2
OCH,COMe o\/L,Me
o)
o= \_n 1) HOAc, 61%
—\ 2) HoNNH,,
87%
o)
COOEt
— MeO
EtO COOEt |
NH,
EtOH, 98% MeO N~ Me

Ac,0, HOAc
reflux, 4 days
e
30-35%

BCD-ring system of C19-diterpene alkaloids, J. L. Van Der Baan, 1986, 42, 5111-5122

- N\
7
L OH cardiopetaline ;oc 1
OBu
MeOOC N
MeOOC
H COOBu
toluene, 80 °C
B OBu
o HCI
————
l.\l. 58%
MeO (38% SM
recovered)
COOBu

OBu

1) m-CPBA
f

——
2) Al,Os, <56%%
961, 26, 287-190.

NaH,
M62003
6%

BuO

ox

H

malonic acid,
py, piperidine
100 °C, 2 h

CHO

A

67%

mechanism?

OBu

1)
2)

SOCl,, then _OBu
CH,N,

Cu,32% 4

-

3) Li/NH3, 96%

COOH

Recl. Trav. Chim. Pays-Bas 1969, 88, 766-778.

OH
OBu
steps
MeOOC —> MeOOC o
e
OH 5 oJ
H COOBu BCD-ring system
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Amauromine, Hatsuo Aoki, 1986, 42, 5887-5894. . CN OH
A H 1) P2Ss, py I Et,NH OH
COOMe  2) K,COs Mel, 52% MeOHH0 nc 9 steps  TBDMSO
NHCbz ! CHO 41%
H O : O
3 steps
: OH
; OH Pb(OAc), OH
J ! Cu(OCAc), O PDC, 97% HO
For recent reports on reverse prenylation 31% ~-~
at C3 position of indole, see: : 0 HO
1) JACS, 2014, 136, 16756-16759; . norpatchoulenol carboxylic acid derivative hydroxyl patchouli alcohol
2) OL, 2007, 9, 283-286;
3) OL, 2005, 7, 677-680. LT TmTSnToTTTmTmnomoonoonoonooons
/\)\ : (x)-14-Epiupial, Leo A. Paquette, 1987, 43, 5567-5582.
Br Z TiCl,, LAH v N 1) dimethyl malonate,
> ’ ™M 72%;
. B B OHC o
K-COg, dioxane 15% ! Me o N 2) CuBr, Red-Al, 96%
rt, 7 days, 18% ; Me 14 200 °C, neat s 3) O3, Zn-HOAC, 74%
------------------------------------------------------------------------------------ : ( cHO 82%, dr 1:1
(x)-Norpatchoulenol, (+)-hydroxy patchouli alcohol, Kiyoyuki Yamada, 1987, 43, 825-834. 0
- N\ E 0
OH OH OH OH PN g
HO O 5 M M
% /% \/% Y% : MeOOC _ _COOMe MeOOC _ __COOMe eOOCJ/COO ©
hyd I HCZ:orrespinding )/ J/ 1) LDA, TMSCI
ydroxy . . R
norpatchoulenol patchouli alcohol patchouli alcohol carboxylic acid : N e + & o <2) PdCl,, CuCl, O, o
\ ' / 14 60%
L biooxidation products of patchouli alcohol ) : separation of diasteromers
1)LDA, 78% OMe E 1) NaBH,, CeCls, 84%
! a 4, Lelljs, (o
| H oM !
\/\)\OMe TsCl, LiCl, Py ! 2) MOMCI, 77%
/ > // :
OMe .
MeO 2) NH,OH, 99% MeO | MeOOC.__COOMe n_OMOM
o] NOH ! J/ Me
b GN OMe CN OMe .. . 1) KOH, MeOH Men,( 9 steps
HOAc 5 ' OM N .OMOM » ‘ COOMe ——» T.M.
OMe e ' ‘ 2) Mn(OAc)s, HOAC
0 57% E 35% o 70°C, 2 h, 68% o

desired pt This key step also covered in GM by: Voica (Applications of Mn(lIl) in Organic Chemistry).

...............................
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(x)-Anhydrocannabisativine, Harry H. Wasserman, 1988, 44, 3365-3372. : (@)
For a prior synthesis of Dihydroperiphylline by Wasserman, see: JACS 1981, 103, 461; N /\/B ~ 0] .
also covered in GM: Rodriguez (JACS review 1981) \ /H\/\N hv (254 nm) \ i
. TFA N H  EtOH N /\/§ 93%
a o s idine alkaloids: N Required Z, E-dienone L X — NN >T. M.
permidine alkalolds: conformation for ring closure:i H
: 0]
! 0 N - Z, E-dienone -
' single isomer
Eupolauramine, Yasuo Kikugawa, 1989, 45, 1653-1660
cannabisativine anhydrocannabisativine
\_ J/ H COOH

1) BrCH,COOBn, LDA, 95%
2) Pd/C, H,, 96%

OMe Menke nitration

25°C, 1 h; O 1) Na/NH3, 87% COOMe e OO COOMe
NH = 180°C, 12 h v A 2)Boc,0, 99% /\/> :
NH COOEt — > ! 4> :
- 70% N BOC L OMe ™% ),
piperidazine ' :' | MeONH,,
I ' : 1-hydroxy-
For its preparation, see : ; -C'N\/\/N\ i | benzotriazole
0 ¢ AN ;
JOC, 1980, 45,1130-1135 ~ MegOBF4 | 98% | : WSC 'l WSC, 95%
Q 0 \ o)
AcO ! )
N/\/> NaCNBH; N N + conc. H>S04 (5 equiv) MeO . 1) BUOCI, DCM MeO,N
SN W \? N ‘# | e MeOH, reflux, 87% ! H
mesitylene  MeO '
N Boc o Boc 1 on aous e Boc | COOMe 2) Zn(OAG), MeNO, OO COOMe
OAc OAc ' 70 °C, 7 min, 88%
0 e
1) Boc;0, 100% Php NF Y H ; N N
2) NaOMe, 100% N/\/> 90%  OH NN 1) P2Ss, 96% 1) Pd/C, Hp, 94%
; H > . Boc | 2) Ra-Ni, 84% COOMe 2) NaH, Mel, 97%
NN N Boc : COOMe T M
3) DMSO, DCC , Boc 2)MnO,, 75% : NO ’
82% Boc - 3) Cu(NOg3)2, AcO 2
H 0o 5 69% OMe
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(+)-16-hydroxydihydrocleavamine, Atta-Ur-Rahman, 1980, 36, 1057-1062.

For reviews on vinblastine, see: .

N ’ '

| | N | N 1) Dale L. Boger, :
a N N Acc. Chem. Res., 2015, 48, 653! MeO

Huo H 4 2) Tohru Fukuyama, i

DDQ, HOAc
——>— (+)-Steganacin
11%

200 °C, neat

—>
yield not given 1.0
O SM:pdt=1.6:1

16-hydroxydihydrocleavamine Cleavamine Pure Appl. Chem., 2003, 75, 29. MeO
e

1) P5Ss, 79% OMe Atropisomerization
2) Ra-Ni, 81% | Y R
! - . .
> H 16 ' (+)-Isoptychanolide, Andre S. Dreiding, 1987, 43, 4875-4886.
COOMe . M O
: € Me @) o Me
1) KOH, 90% ! M 620°C Areverse process of
2) Ac,0, 60% ! 14 torr Seyferth-Gilbert
, Homologation.
1) NaOH, 99% ! Me pe O
I N 2) LAH, 99% I N o 5 carbene
- ;
N N : 76% For generation of vinyl
Huo HACO : carbene via
----------------------------------------------------------------------------------- s Me /O alkynyl(aryl)-A3-iodanes,
(+) and (-)-Steganacin, Kenji Koga, 1984, 40, 1303-1312 e see GM by:
/ Julian Lo (Hypervalent
O S T lodine
0] Me )
MeO
S
| o, R T SRR
H *—oBn  MeO 0
OMe Br
Prepared from ') NMeOMe
L-glutamic acid, see: 1) NHMeOMe M
T, 1974, 30, 3547-3552 "BULi. THE e} 96% e o O
uLi, > M
96% M 0 SN HN —)\_O )
° e 3) Me-Alan, 75-90% P

...........................

. . Me
@) : Me :
r ‘RLj = Li—:/_\=< .| 1) POCI3, 83%
o) 1) Ra-Ni, 5Z% steps N Me . 2) RLi, 91%
VOF;, TFA 0 g Ao Me Q
—~—
61%  MeO 0 2; o, S i 7 0 ” e PhEt
ollins oxid. -MeCN Me
OMe -
-
MeO | o\ OMe ~~ 949 0 reflux
b
OMe OMe Me Me N" Me

R, R' = -SCH,CH,CH,S-




	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7



