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What's special about sparteine?

* (-)-sparteine first isolated from scotch broom by Stenhouse from Cytisus scoparius in
1851, relative stereochemistry determined in 1951[1

« a-isosparteine and B-isosparteine (C,-symmetric diastereomers of sparteine) also
naturally occuring

« Tetracyclic lupine alkaloids with quinolizidine and bispidine motive

* (+)-sparteine also occuring in plants (extraction more inconvenient) - semisynthetic

preparation from (-)-lupanine (obtainable by racemate resolution)(!

» Certain biological activities, but little medicinal use
* Most significant property: formation of optical active complexes with organolithium species

—> used for asymmetric deprotonation

* Problem: use of sparteine relies on natural product extraction = strong variations in price

ich icc
and availability[5] Relevant conformations of sparteine.®!

[1] J. Von Stenhouse, Justus Liebigs Ann. Chem. 1851, 78, 1-30. [2] unchanged from: https://en.wikipedia.org/wiki/File:Cytisus_scoparius_by_Danny_S._-_001.JPG [3] T. Ebner, M. Eichelbaum, P. Fischer, C. O. Meese,
Arch. Pharm. (Weinheim). 1989, 322, 399—-403. [4] C. Strohmann, T. Seibel, K. Strohfeldt, Angew. Chemie - Int. Ed. 2003, 42, 4531-4533. [5] N. R. Norcross, J. P. Melbardis, M. F. Solera, M. A. Sephton, C. Kilner, L. N.
Zakharov, P. C. Astles, S. L. Warriner, P. R. Blakemore, J. Org. Chem. 2008, 73, 7939—7951.
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Use of sparteine in asymmetric synthesis:

Early works by Hoppelll

1.°BuLi, (-)-sparteine,

Et;0,-78 °C,5h

2.CO,

3. HCI/H,0 s o]

:
o N

oL
-

CO,H

75%, > 95% ee

o
A

“"}

and Beak!2.[3]

1. *Buli, (-)-sparteine, Et,0, -78 °C, 4 h

2. Ph,CO
{ ! 3. CH4CO,H Z 5 Ph
N > N "ﬁ Ph

| 70%, 99.3% ee |
Boc ° ° Boc OH

More recent work by Aggarwall4
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[1] P. Tebben, F. Hintze, D. Hoppe, Angew. Chem., Int. Ed. 1990, 29, 1422-1424.[2] S. T. Kerrick, P. Beak, J. Am. Chem. Soc. 1991, 113, 9708-9710. [3] P. Beak, S. T. Kerrick, S. Wu, J. Chu, J. Am. Chem. Soc. 1994,
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116, 3231-3239. [4] M. Burns, S. Essafi, J. R. Bame, S. P. Bull, M. P. Webster, S. Balieu, J. W. Dale, C. P. Bultts, J. N. Harvey, V. K. Aggarwal, Nature 2014, 513, 183-188.
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Sparteine surrogates

« Development of (+)-sparteine surrogates ((+)-sps) due to limited availability of (+)-sparteine ((+)-sp) by O‘Brienl!

~ H
HN Z 1. cat. PtO,, H, N
| 1. EtzN, MeO,CClI 2. LiAlH,
N - —_— N
92% 86%
o o]
(-)-cytisine (+)-sparteine surrogate
e Comparable or even better performance in asymmetric lithiations!!2]
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1.°BuLi, (-)-sp. 1.°BuLi, (+)-sps,
Et,0,-78 °C, 5 h Et,0,-78 °C, 5 h
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Hi E} P -{;I'LI
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Me CPME, -78 °C, 1 h Me;Sn  Me R

/\/'\_H)O 2. Bu,SnClI - H ratio (product/SM)
TIBO : - — TIBO . N (+)-sparteine surrogate 100:1
Bo:3s Crystal structures of [(+)-sps-MeLi], and [(+)-sp-MeLi], .=

s N s (+)-sparteine

/ /

[1] M. J. Dearden, C. R. Firkin, J. P. R. Hermet, P. O’Brien, J. Am. Chem. Soc. 2002, 124, 11870-11871. [2] A. Varela, L. K. B. Garve, D. Leonori, V. K. Aggarwal, Angew. Chemie - Int. Ed. 2017, 56, 2127-2131.
[3] C. Strohmann, K. Strohfeldt, D. Schildbach, M. J. McGrath, P. O’'Brien, Organometallics 2004, 23, 5389-5391.
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Racemic syntheses of sparteine

« First racemic approach, synthesis of 10-oxosparteine (Clemo, Morgan & Raper, 1936)

0] OEt
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(EtO)4CH, 7 bar H, b) PBrs,
= ] N Ac,0 AcOH c) K;CO4 later: LAH
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« First racemic synthesis by a reductive cyclization aproach (Leonard & Beyler, 1948, 1950)!2}(3]

350 atm H,,
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dioxane,
250°C

\

as before by

Clemo et al.
(o) OFEt /

200 - 310 atm H,,
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paraformaldehyde,
EtO (0] cat. pyr, 58%

\

(t)-sparteine (*)-u-isosparteine

265 °C
30% ca. 5:1

[1] G. R. Clemo, W. M. Morgan, R. Raper, J. Chem. Soc., 1025-1028. [2] N. J. Leonard, R. E. Beyler, J. Am. Chem. Soc. 1948, 70, 2298-2299. [3] N. J. Leonard, R. E. Beyler, J. Am. Chem. Soc. 1950, 72, 1316-1323.
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First ,biomimetic“ synthesis of (+)-sparteine (Anet, Hughes, Ritchie, 1950) — veracity called into question[t[2]

pH = 13,
CO;H then o Clemmensen reduction,
Z0 (0] H,N Il "nearly quantitative” .
ﬁ
[::j;;z thi o? 15 - 20%
CO,H

(+)-sparteine

Unambigous biomimetic approach by double Mannich reaction (Tamelen & Foltz, 1960)!
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Another biomimetic aproach by enamine-imminium-cyclization (Bohlmann, Muller & Schumann, 1973)4
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[1] E. Anet, G. K. Hughes, E. Ritchie, Nature 1950, 4184, 35-36. [2] R. Rokohl, H. Hinkel, F. Braun, G. Benz, C. Schopf, Angew. Chem.
2400. [4] F. Bohimann, H. J. Muller, D. Schumann, Chem. Ber. 1973, 106, 3026—-3034.

1953, 65, 161-162. [3] E. E. van Tamelen, R. L. Foltz, J. Am. Chem. Soc. 1960, 82,
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Most accurate biomimetic approach (Wanner & Koomen, 1996)(
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[1] M. J. Wanner, G. J. Koomen, J. Org. Chem. 1996, 61, 5581-5586.
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Synthesis of (+)- a-isosparteine by a 1,3-dipolar cycloaddition approach (Oinuma, Dan, Kakisawa, 1983)!

cat. Pd(OH),

RN
o D D H,, MeOH
e O o0 == CliD 5
® ®
CI\I“oe o eo’hI N‘ojﬁ\o’i\o’N NH I\ I\HN

(+)-a-isosparteine

Formal total synthesis of (z)-sparteine by a 1,3-dipolar cycloaddition approach (Takatsu, Noguchi, Ohmiyata & Otomasu, 1987)2

10% Pd/C,
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| 870/ WOH  MsCl, NEt3
"0 CO,Et N~o’ % co,et N NH OH sg%
0

“® —

99% (exo/endo 5.7/1)

[1] H. Oinuma, S. Dan, H. Kakisawa, J. Chem. Soc., Chem. Commun.

LiAIH,,

then 10% Pd/C,
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—’.
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CrO3, H,S0,
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H

1983, 654-655. [2] N. Takatsu, M. Noguchi, S. Ohmiya, H. Otomasu, Chem. Pharm. Bull. 1987, 35, 4990—4992.
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Synthesis of (+)-sparteine by a sequence of ring-closing and ring-opening events (Fleming et al.,2005)

MeO,C,  CO;Me

D Br
CO,Me . H
—_— ) OMe MeO
MeO,C Br 1.Li, NH; o o MeOC,, CO:Me 4. me,co,
Me,AICI 2. isoprene 07N ~ =0 MeOH H H then PPh,
—_— e H H —_—
95%, 3:1 68%
MeO,C  CO;Me
T Br
H H
MeO,C CO,Me MeO,C CO,Me —
‘. 4, HO™ ™. OH
MeO.C,, COMe  \1i.0H, Hel, 1. MeSO,Cl
pyr 2. THF, 60 °C LiAIH, CCl,, PPhy
HH _— —_—
H H 53% N W7 52% NH HN 90% NH HN 53%
N
O o 1 1
0 0]
OH OH (+)-sparteine

[1] T. Buttler, I. Fleming, S. Gonsior, B. Kim, A. Sung, H. Woo, Org. Biomol. Chem. 2005, 3, 1557-1567.
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Unified syntheses of (+)-sparteine, (+)-a-isospartein and (+)-B-isospartein (Blakemore, 2008)

o] o}
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[1] N. R. Norcross, J. P. Melbardis, M. F. Solera, M. A. Sephton, C. Kilner, L. N. Zakharov, P. C. Astles, S. L. Warriner, P. R. Blakemore, J. Org. Chem. 2008, 73, 7939-7951.

(+)-p-isosparteine
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N N —_—
_\= 520
0 ]

1. Grubbs 2, 92%
2.5% Pd/C, H,, 82%

o

LiAIH,

80%

(t)-sparteine

Universitat Konstanz



First asymmetric synthesis of (+)-sparteine (Aubé, 2002)!1]

1. HSICl5, [(Allyl)PdCI],,

3. ethylene glycol, TsOH

9. TiCl,

62%

15.TFA, 4 AMS, then NaHCO,

-

(=)-(S)-MOP 4. LDA, BnO(CH,);CHO
2. H,0, o o 5 MsCl 7. H,, Pd/C, Pd{OH),
3. Swern oxidation 6. DBU 8. Zn(3),e2pyr, DEAD, PPh,
/ r - o N3
64% (o] 78%
asymmetric hydrosilylation o BnO 0\)
_ _ 10. Lawesson's reagent
11. Raney Ni
LA 12. LDA, I(CHy)4Cl
W @ I 0
N~ O -N, »' 13. Nal, acetone
1 -LA 14. HN(Boc)(OBoc), K,CO
I N —_— 2 é
H 0 72% 74-98%
A ° °
i i Boc™ “oBoc
intramolecular Schmidt reaction
Ve hv (254 nm), benzene v Ve LiAIH, Ve
N \ = N - N
H ®N 76% DAY H N 95% H N
/ o]
o)
© _
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photo-Beckmann rearrengement

[1] B. T. Smith, J. A. Wendt, J. Aubé, Org. Lett. 2002, 4, 2577-2579.
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First asymmetric synthesis of (=)-sparteine (O‘Brien, 2004)[1

» Concise six-step synthesis by use of enantiomerically pure commercially available (R)- and (S)-a-methylbenzylamine

NH2
Ph Ph 1. LIHMDS,
k |\ EtOCH,CI
wTSN wINN 2.KOBu
™ Eto,c Et0,C -
EtO,C NEt, 2 2 z 61%
H H
249, 45%
CO,Et
H : RN Pd(OH),/C, .
CozEt LDA, A 2 NH,4HCO,, LiAIH, H y
—_— ) —_— —_—
EtO,C NEt, NR, 2 36% 02s 88% |
EtO,C N =
Ph H
45% R1 = (S)-a-methylbenzyl (_).Sparte'me
R; = (R)-a-methylbenzyl

[1]J. P. R. Hermet, M. J. McGrath, P. O’'Brien, D. W. Porter, J. Gilday, Chem. Commun. 2004, 10, 1830-1831.
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Gram-scale synthesis of (-)-sparteine and (-)-sparteine surrogate (O‘Brien, 2018)!1

1. H,, cat PtO,,

CO,Et EtOH, HCI CO,Et CO,H
2. Boc,0, DCM, H Lipase from B. Cepacia,
B 90% pH =7, H,O/THF, 35 °C
| —_— N :
2N “Boc
49% (98:2 er)
CO.Et CO,Et CO,Et
i H:? 1. TFA, DCM H 3
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EtOH, DCC, DMAP LIHMDS,
' —_—
94%
| ©
N
<o~
“®
92%, dr > 99:1
CO,Et 1 TFA H CO,Et LDA.
O " 2. BnBr, Na,CO4 O o then A
ot —_— -t _
91%
N N
“Boc “Bn

[1] J. D. Firth, S. J. Canipa, L. Ferris, P. O'Brien, Angew. Chemie - Int. Ed. 2018, 57, 223-226.

CO,Et
g $92

46% (= 99:1 er)

cat. NiClye6H,0,
NaBH,

C{.»‘l LiHMDS, then C}f;\ 2. K;CO3

—_— —_— —_—
N CN N 84%, > 19:1dr N .

Br/\ﬂ’ i CN CN

Pd(OH),/C,
NH4HCO,,
then K,CO4

69%,
dr>19:1

1, Mel
2.DBU

92%, 98:2 er

NH

NaH, Mel
—h
72% 02s

COEt 1 TFA

97%

LiAIH,,
then H,S0,

B67%

2, BnBr, Na,CO;

o)
H
N”  DIBAL-H N
_’.-
93% N

(=)-sparteine surrogate

« 2 H,;S0,
(-)-sparteine bis sulfate (1.0 g produced)
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Conclusion

» Several racemic syntheses starting from 1948
* Only one asymmetric synthesis of (+)-sparteine Aubé (2002, enantioselective) and two of (-)-sparteine (O‘Brien, 2004 & 2017, both resolution

based)[l],[211[3]
» Basically two general approaches: a) outside-in (A and D ring constructed first or introduced by SM, afterwards cyclization event
under formation of B and C ring [sequentially by intermediates A or in one step by intermediates
BI)

A: 0. _OEt e Q

HO™ “., OH

NH HN

[1] B. T. Smith, J. A. Wendt, J. Aubé, Org. Lett. 2002, 4, 2577-2579. [2] J. P. R. Hermet, M. J. McGrath, P. O'Brien, D. W. Porter, J. Gilday, Chem. Commun. 2004, 10, 1830-1831. [3] J. D. Firth, S. J. Canipa, L. Ferris, P.
O’Brien, Angew. Chemie - Int. Ed. 2018, 57, 223-226.
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b) inside-out (B and C ring constructed first or introduced by SM, afterwards cyclization events under formation of A and D ring [sequentially by
intermediate A or in one step by intermediates B])

A: B:
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