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Examples and selected syntheses (*asymmetric)

crinine arborisidine acetinophyllic acid
strychnine Ma>.<fedlt (1966) Snyder (2019)* Overman (2010)*
Woodward (1954) ~ Whitlock (1967) Zhu (2020)* Martin (2013) *
Overman (1993)* Overman (1385) Jiao (2021)* Kwon (2016)*
Rawal (1994) Cho (2008) HO Chen (2017)*
Fukuyama (2002)* Ting (2017)* \—OH
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Wood (2012) Fukuyama (2012)* -~ ritton ( )

. The pyrrolidine ring feature widely in alkaloids, sugars, peptides, and
pharmaceuticals

. Over the years, synthetic chemists have established several ways of
accessing these motifs in complex systems

Common Pyrrolidine Motifs in Natural Products

H
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Topics covered
1) Pyrrolidine reactivity
2) Polyhydroxylated pyrrolidines
3) Aza-Cope/Mannich, [3+2]
cycloadditions, Diels-Alder
4) Highlights in Modern Syntheses
Relevant Baran GMs
Al Padwa (Krawczuk, 2009); Classics in
Semisynthesis (Kanda, 2017);
Dendrobine (O’Malley, 2004); Stemona
Alkaloids (Maimone, 2006); Total
Synthesis of the Daphniphyllum
Alkaloids (Palkowitz, 2020)

Strychnine — strategic analysis
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Useful literature readings

Reviews

Chem. Rev. 2005, 105, 2765; Chem. Rev.
2006, 106, 4484; Chem. Rev. 2017, 117,
4104. ACIE 2012, 51, 4288. RSC Adv.
2015, 5, 50890. Org. Chem. Front. 2017,
4,1876. Chem. Rev. 2004, 104, 231
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Reactivity of the pyrrolidine ring

Glycosides as a chiral pool

Chiral lithiation Radical reactions (+)-Preussin — (Pak — 1991)
1) s-BuLi OMe HO
N (-)-sparteine N \S) D Et;B, air, rt
o 2 (CHNOCI o N 79% N
then AcOH Me dr = 58:42 Me OH
1. Hy, Pd/C
Chem. Commun. 2006, 2607  57%, 85 %ee 4 rc2005, 127, 11610 D-glucose ) CIZCOZMe
Radical addition Imine formation 3. HCOzH,
S o +)-Preussin
CHysl >\ 1) NCS, pentane X *) OH THF/H,0
@ Bu3Sn, &c H 0" 'O 2) LiTMP, THF o” o S HO- 1. Wittig
N pep—" N 7H1s -78°C Z—S . ] N Ph olefmatlon
CO,Me 2C12; o CO,Me RO\\\‘I 3) PhMgBr RO\\\.- iph HqeCo" — H49Cyq )
H H Me Me 2. H2, Pd/C COzMe
. LAH. THF
JACS 1999, 121, 9546 Tetrahedron 1997, 53, 2915 17 total steps 81% over 3steps 3 55% over 3 steps
Directed Petasis reaction ’ P
OH JOC 1991, 56, 1128
\ (+)-Castanospermine — (Madsen — 2009)
OH .?OH OAc Hq_
E B‘\\_\; Cbz . /—/_ , ~OH 1.homoallylamine
BF; OEt N — BnO, BnO, NaCNBH,, HOAC Bno
¢ Sk Cbz n Zn, THF,4AMS
Tetrahedron 2000. 41. 9935 99%, dr = 98:2 (+/-)-6-deoxycastanospermine THFH,0 gLo 2 triflic anhydride g
. 41, o Bno” Y OMe g0 NEt,, CH,Cl, "
Chiral commercial building blocks . stepg?rgm 3. RCM, [Ru] cat. CF3
4. oxone, NaHCO
OH O Ho. o D-glucose (78%)  joc 2009, 74, 8886 ’
HO_ -~ OH O/Av/—_).,,(o [3\(0 * Useful for accessing
I 6H H OH H 9 goc OH 1. KO'Bu (+)-castanospermine (poly)hydroxylated pyrrolidines
L-tartaric acid D-pyroglutamic acid trans-4-hydroxy- Boc- L-proline H,O/Et,0 Ho QH H OH . IVIake.s use of highly reliable
L-proline 2 PAIC.H chemistry. However, syntheses
. s 112 . .
OH HCI/MeOH Ho N tend to be lengthy due to iterative
9 rotection and deprotection steps
19 steps Cl cl | 11 steps 14 steps 11 steps 267?th9’ 9 total steps p P P
ps
Ho  OAc \ —con (-)-Swainsonine — (Pearson — 1996)
CO,H 3 2
D\ ;
N HOZCW Ho, JOH jLo 1) Hy, Pd(OH),
H cryco, M)y COaM Z—& 8steps O 2) NaOMe HO
(-)anisomycin (-)-kaitocephalin (-)-kainic acid (’)-ipalbidine o” O 3) BHySMe
aftocepha P p-erythrose N3 4) 6N HCI

Chem. Commun OMe
1996, 1521

JOC 2008, 73, 1661

JOC 2005, 70, 10860  jOC 2010, 75, 6019

JOC 1996, 61, 7217

68% over 4 steps
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A modern approach to hydroxylated pyrrolidines

(+)-Preussin

OH
o 1.LDA,THF O OH reductive =
W -78°C H amination ) /Ph
6 2. O Ph HigCo" !
. 98 %ee 6 ¢ 91% o
o, =4 d.r. =6:1 e
H)H/\Ph 75% (d.r. = 4:1) 3 total steps

cl
Org. Lett. 2010, 12, 4034
Hofmann-Lo6ffler-Freytag (HFL) reaction (1881)

. heat,
H
R1\/\/\N’R — ﬂ —>hv’ or
| Ry” HNZ radical R
X =Cl, Br, | X )I( initiator
1,5-HAT /. X
R{™ HNZ
I 'R
H

* Limited use in natural product synthesis

Baldwin — 1979

o (o}
tBuOCI hv AN
. o
CCly/HOAc benzene
NHAc l:lAc NAc
78% CI 43%
Tetrahedron Lett. 1979, 20, 3275
Sudrez modification
Me Me
Me Me
PhI(OAC)z, |2
Me E——
benzene, hv
WG N—-EWG

Tetrahedron Lett. 1985, 26, 2493

i) = ) L

(o]
A
NH
o
NAc
R = OCHj (gelsemicine)
R = H (gelsedine)

EWG = NO, (63%)
EWG = CN (64%)
EWG = P(O)OEt, (99%)

Overman pyrrolidine synthesis (1979)  pyyerful method
< o O  3acyl | forconstructing:
2 ) y JJ\ ” H pyrrolidine
= N3 (
OR, H CSA, solvent R, N N
mild heating |';3 by '\ N
JACS 1979, 101, 1310
Mechanism 1
. . i [o] * loss of
R0 [.‘i,:a]’-’zgr]'m:'t;:g:c _ Mannich H stereochemistry
o g RG 5 reaction
¥ '*'9 - + P
Ry N (cationic R, N R N
! 2-aza-Cope) 2 ! 2 |
R3 R, R;

Possible alternative mechanism 2 (not observed)

O *retention of

aza-Prins i .

R,0 N cyclization R((_)\‘ X ,ea,‘:;':,zce?,l,ent H stereochemistry
R;™ NO R;” °N R;” °N
R3 IIQ:, |'23

* The aza-Cope/Mannich mechanism supports the racemization (*) that is
observed in some substrates

* Reaction proceeds well when using electron deficient alkenes (once again
supporting mechanism 1)

Rationalization of stereochemistry

OH Ph R = Ph Ph _ ? ph
B small +,,—Me aza-Cope Wme Mannich Ve
"INHR N | /7L TN\ D— =N = N
HO R HO R H R
MeCHO “
CSA
R= Ph Me Ph Me fo) Ph
large i +/) aza-CopeW Mannich
N =N e Me
Is.J.Chem. 1997, 37, 23 HO k HO k T Nk

* Reaction proceeds via chair-like transition state (allows for good transfer of
chirality in annulated systems)
* Bulkiness of the amine R group influences the relative stereochemical outcome
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(-)-strychnine (Overman — 1993) Formal synthesis of (-) - FR901483 (Brummond — 2008)
Curtius ::)l:)rotecting Mannich
reaction

Carboxymethylation;
imine formation;
tautomerization

(-)-strychnine

'BuO — _

/
NH aza-Cope

N
<|,:| IN
HO
HO
NRj
NR,

JACS 1993, 115, 9293

(+/-)-acetinophyllic acid (Overman — 2008)

O Mannich
N reaction
——> HNY/

OH
HO,C RO,C” ~CO,R ©
o
N
H

JACS 2008, 130, 7568

NP
CO,R

o
Mannich
reaction

CO,R

(-)-FR901483

Il
o [ -oH 0 oP
OH  rearrangement
MeHN—<Ho§- » ——>  oHc=o
Nl(b\ N——H
OMe OMe

OP
aza-Cope

oP
Meom
N
=3

OMe

oP

O& alkylation

N —
PO H
aldol
MeO |
€ H
OMe

JOC 2005, 70, 907

o
(o}
BocHN
o o OMe
-/

(-)-arborisidine (Zhu — 2020)

\
\n}-\- TFA, CH,0 then PhIO
HN N toluene/MeCN then KOH
H
4 steps from
tryptamine

JACS. 2020, 142, 14276

— wﬁ"@ —

—

Iminium
formation

OMe

(-)-arborisidine
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.. ] spirotryprostatin A (Williams — 2003)
Some additional representative syntheses
T™MS
LT e o :
OH N toluene N
M
Y N < e0 H 0°C MeO
N H o
(+/-)-deoxoapodine  (+/-)-dehydrotubifoline (+/-)-pancracine (-)-crinine
JACS 1991, 113, 2598 JACS 1991, 113, 5085 JOC 1991, 56, 5005 Helv.Chim.Acta o
1985, 68, 745 } )|-|||12i\nP?3(H H),
-Me
[3+2] Cycloadditions with azomethine ylides spirotryprostatin A 2) RCHO, AcOH
R cis
R
o NF ethylene m N
N T G S Ry
= R, ©F NS IR O 1) L-pro-OBn
R, R R™ °N 2 R SN 2
W-shaped ylid aped 4 R R : : BOP, NEt; .
-shaped ylide  U-shaped ylide Z ” “)H,, PdIC y
trans 2) Hy, PdIC
3) WSC, Et;N
R
E* R, RN’ _ethylene @ ; D, 43% 9% (quant.) OMe
(/ 2 TN j - R4 N R2 © Ry N Ra OMe OMe
R R, R R Org. Lett. 2003, 5, 3135
S-shaped ylides . . . .
(+/-)-martinellic acid (Snider — 2001)
FMO diagram Intramolecular
Type |
Dipolarphile .
LUMO E:\ guanylation HN
PN - X
LUMO N ;
. = NH
N AN HOMO N~ SN2
1} Type Il H
HOMO Dipole '!l;\ AN\\) (+/-)-martinellic acid
-
K\ _( HN [3+2] imine
General comments cycloaddltlon formatlon |
p—
. Reaction works best with electron deficient alkene as dipolarphile; however, N N
intramolecular cycloadditions can proceed regardless of this
. The intramolecular cycloaddition is dictated by the proximity of the o o
reactants and conformational constraints of the molecule.
Org. Lett. 2001, 3, 4217 5
Chem. Rev. 2005, 105, 2765; Chem. Rev. 2006, 106, 4484
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(-)-quinocarcin (Garner — 1993) — chiral auxillaries

Oppolzer's
"stabilized Zﬁltam
yllde
o
OH NMe on® NMe \)L
ll:, N hv = | N‘S
' { _254nm 0 0,
MeO Me dioxane MeO Me 61%
Me
N

Me
o N
OH\/I‘ o
L, N

Xc

(Xc = chiral auxillary)

1. MOMCI, NEt,
2. NBS, hv
3. PPh, CHCI,

MeO MeO

(-)-quinocarcin

JACS 1993, 115, 10742

(-)-daphenylline (Fukuyama — 2016)

MO0,

~WeH, o=
B MeO HO
N</H

(-)-daphenylline

t

4. KO'Bu, 120°C
41% (4 steps)

M
W 1)
X
Me¢'

L

o S I
NaOAc BocN
-

H
(o]
Me

H

MeOZC
" O’ (3421 | e HMO.H
Me H<— e
. BHT, 200°C
)N microwave
N H _
EtO,C

53% co,Et

ACIE 2016, 55, 6067

key intermediate

Phosphine catalyzed [3+2] cycloadditions
Lu reaction (1997)

useful synthetic

handle
EWG T Ewe
?ITS PPh,, rt A:&
o (e
benzene \ pyrrolidine
Tetrahedron Lett. 1997, 38, 3461 Ts precursor
Mechanism
CO,Et
VR EtO,C
|
Ts PR,
©)
R;P_ o COEt o
R Y\cozEt
PPh,
R-P. OZEt
k 3 NTS
[1,2]-H
shift
Ts

Org. Chem. Front. 2017, 4, 1876

Uses in asymmetric
syntheses

HO,C

(-)-acetinophyllic acid
JACS 2016, 138, 3298

(+)-trachelanthamidine
Tetrahedron 2007, 63, 11920

(+)-ibophyllidine
Chem. Sci. 2012, 3, 2510

Formal synthesis of (+/-)-allosecurinine (Loh — 2011)

EtO,C [3+2] cycloaddition
CO,Et
I PMBO. L _NTs oy
PMe; (20 mol%) o 4 ~opmB
toluene, rt Ts
OH
0 o
5 steps ‘|‘> o
o EtO” |
- OEt

\

q&

I
(-)-allosecurinine

OH

[;S ;SOPMB

9 steps

—_—

Chem. Sci. 2011, 2, 1988

o -
1 Sopmp 4 steps

ACIE 2008, 47, 7945
6
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Applications of Diels-Alder cycloaddition

Useful method for constructing a variety of aza-bicyclic systems:

Aza-Diels-Alder for constructing indolizidine core

Amidofuran cycloaddition-rearrangement methodology (Padwa -1997)

OTBS +)-lentiginosine
TBSO, rBso,  OTBS *) Hog -
TMSO g H :
N ‘e,
N Yb(OTf),, -40°C
OMe CH,CI, o
73% 36% OtBu

JOC 2012, 77,7891 Org. Lett. 2000, 2, 3233
Pyrroles in Diels-Alder reactions for accessing bicyclic skeletons

Boc
H
lBoc 1 _ CO,Et O.N N2+F aza-Cope/Mannich
' 2 9 steps °
(LN—/Z/CHZOH O,N step: (CH,0),, 80°C
—_—
OMe = o,
oMo 2. H,, PdIC Et0,C ‘of L) ome 94% oo
JACS 2003, 125, 15284 73% OTIPS
strychnine — (Vanderwal — 2011)
n/\% Zincke reaction N\ = N =
D oN N N-DNP =— N N
N 2 N |l N
N N NO,
cr SNDNP
in EtOH - -
Pd(PPh H 4
me(thyl ok B _~_OH N SiMe?H NaHMDS, NMP
Meldrum's r _ then CuBr'SMe,
acid O SiMe; Q ——
T —— Brook rearrangement/
H H CHO 'PrNEt O N 4 CHO conjugate addition
H

10%
69%

Chem. Sci. 2011, 2, 649

-
/kQO DA _ H
165°C 4 ;
N
Oﬂ\ \

\(N

OTIPS
R = (E)-CH=CHEt R = (E)-CH=CHEt
didehydrostemofoline isodidehydrostemofoline
R = nBu, stemofoline R = nBu, isostemofoline
AN
N\ N
aq. NaOH ARG KO'Bu Q
ey ) e C
81% H - THF, 80°C N H CHO
CHO

64%

cHz(COZH)z, ACZO
NaOAc, AcOH, 110°C

H Ho
Wieland-Gumlich
aldehyde
(caracurine Vi)

strychnine




T . . B GM
M. Meanwell Pyrrolidine Containing Natural Products :r/ir}u

e —

Synthesis of (+)-peganumine (Zhu- 2016)
Retrosynthetic analysis

CN
(o] OHQLQ\/'@\
Me o N OMe

. Boc
(+)-peganumine

Synthesis B
CN F3C\I//O o (o]
TFA, Py o) HO
- N"O . N
OHC 4 CH,Cl,, rt H L ) P )
o N OMe
Boc E OMe Boc OMe goc OMe
oc
4 steps from
6-methoxytryptamine —

NCS, Me,S

then NEt;,

CH,CI,, 78°C
—_—

6-methoxytryptamine
toluene, 4A MS, reflux

chiral thiourea catalyst
OMe then TFA

OMe

TFA

(+)-peganumine

JACS 2016, 138, 11148



