A Molecule That Has Changed The World

“Quinine”

S GETEVARRIEIE
Sigman Group
Jun 261, 2017




Cinchona Officinalis L.
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Cinchona Officinalis L.

Pelletier; Caventou; Gilbert. Ann. Phys. 1820, 65 (8), 355—-372.
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Co0H24N207
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(R=H or Me)
Mauveine

Perkin, W. H. J. Chem. Soc., Trans. 1896, 69 (0), 596—42.
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Woodward, R. B.; Doering, W. E. J. Am. Chem. Soc. 1944, 66 (5), 849-849.
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Stork, G.; Niu, D.; Fujimoto, R. A.; Koft, E. R.; Balkovec, J. M.; Tata, J. R.; Dake, G. R. J. Am. Chem. Soc. 2001, 123 (14),3239-3242.
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ehe

des Chinins, Zur Kenntnis der China-Alkaloide XIX.
| [Vorlaufige Mitteilung aus dem Chem. Staatslaboratorium zu Hamburg] g

The Total Synthesis of Quinine
By R. B. WooDWARD AND W. E. DOERING.
structural investigations had shown in
th i B it

Seeman, J. |. Angew. Chem. Int. Ed. 2007, 46 (9), 1378-1413.
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Smith, A. C.; Williams, R. M. Angew. Chem. Int. Ed. 2008, 47 (9), 1736-1740.
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Perkin, W. H. J. Chem. Soc., Trans. 1896, 69 (0), 596—42
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Rabe, P.; Kindler, K. Ber. Dtsch. Chem. Ges. 1918, 51 (1), 466—467.
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CHO OEt N
OFEt - fro7 s HzS04, HO | ;
' EtO NH2  00c, 30min 0°CtoRT, 48 h
OH 94% OH 64% OH

Woodward, R. B.; Doering, W. E. J. Am. Chem. Soc. 1944, 66 (5), 849-849.
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OEt N
OEt Eto)\/ S H,S04, Ho0 I
+ )\/NH ' Z
EtO 2 100 °C, 30 min 0°CtoRT, 48h
OH 94% OH 64% OH
H
N O AN N
Piperidine, CH,O | =~ N NaOMe | H,, PtO,, 4 atm
> > Me > Me
EtOH, H,0O MeOH AcOH
100°C, 6 h 220 °C, 16 h RT, 18 h
OH OH OH
61% 65%
Ac Ac Ac
N Ho, Ni (Raney) N N
Ac0 200 atm H CrO; H
> Me > Me > Me
MeOH EtOH H AcOH, H,0 H
40-50 °C 150 °C, 16 h 0-50 °C, ON
959 OH OH O
b, over 2 steps 65%

30% over 2 steps

Woodward, R. B.; Doering, W. E. J. Am. Chem. Soc. 1944, 66 (5), 849—-849.
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Ac Ac Ac
N N N
H EtONO, NaOEt H2, Pt02, 3 atm Mel, K2CO3
Me > ., _Me > -, Me >
H EtOH T AcOH Ty EtOH
o 0°C,18h N\OH RT, 40 h \ NH2 Reflux, 48 h
78% 0
() CO,Et CO,Et 91% over 2 steps

Woodward, R. B.; Doering, W. E. J. Am. Chem. Soc. 1944, 66 (5), 849-849.
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Ac Ac Ac
N N N
H EtONO, NaOEt H,, PtO,, 3 atm Mel, K,CO5
Me > n, _Me > -, Me >
H EtOH T AcOH N EtOH
0°C,18h ~ N RT,40h . NH, Reflux, 48 h
© 78% H OH \I 91% over 2 steps
CO,Et CO,Et
Ac H H
N N N
Q NaOH O HCI O BzCl, K,COs4
M€ > ", P > oy P >
Y o H,0 i EtOH 7 CHCls
L®NMe; |~ 180 °C, 60 min B Reflux \ Reflux, 2 h
38% 0
CO,Et 0 CO,H CO,Et 96% over 2 steps
Bz
Bz N z
N OMe OMe Q OMe
0, N
O Z . NaOEt O ™ HCl _ !
@ COEt  g2°c,14h H,0 N0
N CO,Et Reflux, 4 h N~
COEt 63%

50%

Woodward, R. B.; Doering, W. E. J. Am. Chem. Soc. 1944, 66 (5), 849—-849.
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Et,NH, AIM
O%O/\ 2 Y ©3 OY\(% TBSCI, Imidazole OY\(% + N~oTBDPS
2Ll >
o 0 °C to RT, ON NEt, OH |§TH21%|2h NEt, OTBS
Y 3
82% 97%

Stork, G.; Niu, D.; Fujimoto, R. A.; Koft, E. R.; Balkovec, J. M.; Tata, J. R.; Dake, G. R. J. Am. Chem. Soc. 2001, 123 (14),3239-3242.



1817 1854 1856 1907 1918 1944 2001 2007 2008
Pelletier Strecker Perkin Rabe Rabe Woodward Stork Seeman Smith
& Kindler  and Doering & Williams

Oﬁ/\ Etz'é:’ /é'lMe3 > OY\(% TBSCI, Imidazole OY\(% + N~>otBDPS
2Ll >
O 0 °C to RT, ON NEt, OH CH,Cl, NEt, OTBS
82% RT, 18 h
97%
OTBDPS OTBDPS OTBDPS
i-Pr,NLi : Pyr. TsOH :
THF EtOH Xylene(s)
78 °Cto RT, 5 h NEL Notes RT, ON NEL Non Reflux, 12 h ©
79% 93% o
OTBDPS OTBDPS OTBDPS
i-Bu,AlH PhsP”CH,OMe CI (ihhogzg(g/ll\tl)&
Bu, : :
;Hom TMSNK o Me0¥™S N Sl > MeO X N
THF o THF THF
-78°C,5h -78 °C o RT, ON OH 0°C,24h N3
75% over 2 steps 95%

Stork, G.; Niu, D.; Fujimoto, R. A.; Koft, E. R.; Balkovec, J. M.; Tata, J. R.; Dake, G. R. J. Am. Chem. Soc. 2001, 123 (14),3239-3242.
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i-ProNLi

-
v

THF
-78 °C o RT, 65 min

72%

Stork, G.; Niu, D.; Fujimoto, R. A.; Koft, E. R.; Balkovec, J. M.; Tata, J. R.; Dake, G. R. J. Am. Chem. Soc. 2001, 123 (14),3239-3242.
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OTBDPS OTBDPS
E z Me
B HCI H i-PerLi
MeO* N ~ OHC N . MeO N .
CH,Cl, THF, H,0 w THF
N3 RT, 8 h N3 N -78 °C o RT, 65 min
78% 72%
OTBDPS OTBDPS OTBDPS
H DMSO, (COCiI)y, z z
P B : PhsP _ E
X
CH,Cl, THF
OH "Nj -78 °C to RT, 90 min 0 “Ng Reflux, 3 h
MeO | N 85% MeO N 81% " MeO
P ®

Stork, G.; Niu, D.; Fujimoto, R. A.; Koft, E. R.; Balkovec, J. M.; Tata, J. R.; Dake, G. R. J. Am. Chem. Soc. 2001, 123 (14),3239-3242.
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OH

NaBH, H3B@ HF SN MsCl, Pyr
H

THF, MeOH CH,Cl,

Y

MeCN,H,0  MeO

H
RT, 3 h R~ ~—7—~—0TBDPS RT, 60 min S RT, ON
N S

bz

91% L - 95% N

Stork, G.; Niu, D.; Fujimoto, R. A.; Koft, E. R.; Balkovec, J. M.; Tata, J. R.; Dake, G. R. J. Am. Chem. Soc. 2001, 123 (14),3239-3242.



1817 1854 1856 1907 1918 1944 2001 2007 2008
Pelletier Strecker Perkin Rabe Rabe Woodward Stork Seeman Smith
& Kindler  and Doering & Williams
OTBDPS )0,4
Sh Sh
NaBH HF MsCl, P
aBH, _ SN _ SN sCl, Pyr _
THF, MeOH MeO H MeCN, H,0 MeO H CH,Cl,
RT, 3 h | N RT, 60 min | N RT, ON
91% N” 95% N”
)OMS
Sh
o 02, NaH
A\ H >
MeO N MeCN DMSO
| Reflux, 3 h, 70 °C, 45 min
N/ 68% over 2 steps 78%

Stork, G.; Niu, D.; Fujimoto, R. A.; Koft, E. R.; Balkovec, J. M.; Tata, J. R.; Dake, G. R. J. Am. Chem. Soc. 2001, 123 (14),3239-3242.
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OTBDPS )OH
N N
NaBH, ; N HF _ N MsCl, Pyr _
THF, MeOH MeO H MeCN, H,0 MeO H CH,Cl,
RT,3h | N RT, 60 min | N RT, ON
91% N” 95% NZ
)OMS
A
A OMe
N H N 02, NaH
H > >
MeO N MeCN AN DMSO
| Reflux, 3 h, NI P 70 °C, 45 min
~ o)
N 68% over 2 steps 78%

R.J. Am. Chem. Soc. 2001, 123 (14),3239-3242.

Stork, G.; Niu, D.; Fujimoto, R. A.; Koft, E. R.; Balkovec, J. M.; Tata, J. R.; Dake, G.
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=z z
OMe OMe
l}] NaOEt o H N
Br Et,O
| N O Reflux, 10 min I A @)
N~ N~
1:1 selectivity
88% \
solvent
\
z
OMe OMe Z
Al powder, NaOEt | N\
EtOH X o-H
Reflux, 2 h |
N~

16%

Smith, A. C.; Williams, R. M. Angew. Chem. Int. Ed. 2008, 47 (9), 1736-1740.
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Woodward’s Synthesis

18 total steps to quinotoxine
Overall yield : 0.6%

Not steroselective

Conducted in time with no NMR, column
chromatography, or other advanced tools
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Woodward’s Synthesis

18 total steps to quinotoxine
Overall yield : 0.6%
Not steroselective

Conducted in time with no NMR, column
chromatography, or other advanced tools

Stork’s Synthesis

19 total steps to (-) - Quinine

Overall yield : 0.96%

First steroselective synthesis of Quinine




=z
OMe /Z]
N

S dhd

N~
1817 1854 1856 1907 1918 1944 2001 2007 2008
Pelletier Strecker Perkin Rabe Rabe Woodward Stork  Seeman Smith

& Kindler  and Doering & Williams
T HoN
MeC(OEt)s, hydroquinone (10%) QO AlMej, CH,CL,, reflux 0
HO/\/\/OH . ﬁ/\ _ m
150 °C 2. Separate diastereomers O

3. KOH, (HOCH,),, 175 °C
4. TsOH, benzene, reflux

89% 15%




