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Abstract This graphical review provides a concise overview of indole alkaloids and chemical reactions that have
been reported to transform both these natural products and derivatives to rapidly access new molecular scaffolds.
Select biologically active compounds from these synthetic efforts are reported herein.
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Natural products have played an essential role in medicine due to their abilities to bind to and
modulate biological targets critical to disease. Vincristine, vancomycin, morphine, and pacli-
taxel are complex natural products with unique molecular architectures enabling exquisite
drug-target interactions and therapeutic benefit to humankind. Many drug discovery pro-
grams have focused on utilizing synthetic chemistry to optimize the inherent biological activi-
ty, or pharmacology, of natural products as disease treatments; however, this graphical review
focuses on synthetic transformations of indole alkaloids and relevant derivatives that would be
expected to significantly alter, or re-engineer, their biological activity profiles.
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Our group is developing a ring distortion platform to re-engineer the biological activities of
readily available indole alkaloids using a combination of ring cleavage, ring rearrangement, and
ring fusion reactions to rapidly generate diverse collections of small molecules bearing high
stereochemical complexity. We hypothesize that dramatically altering the inherently complex
molecular architectures of indole alkaloids will lead to new biologically active small molecules
with activity profiles distinct from the parent indole alkaloid and alternative derivatives with
diverse scaffolds.

Upon scanning the literature, one can find a diversity of exciting synthetic transformations
that have been applied to numerous indole alkaloids and related indole-based molecules. Al-
though these transformations have been used in total synthesis or methodology development,
we view these precedented reactions as potential launching points for ring distortion chemis-
try. The overarching goals of this graphical review are to provide an overview of useful syn-
thetic transformations of indole alkaloids (and related derivatives) by reaction type and for se-
lect indole alkaloids (e.g., yohimbine, vincamine).

This graphical review will begin with some basic background information related to a diversity
of biologically active indole alkaloids (there are also many synthetic indole compounds of ther-
apeutic utility in significant disease areas). Then, we will transition the graphical review to
published ring cleavage and ring rearrangement transformations on indole alkaloids and deriv-
atives. Finally, we will focus on reported transformations of select indole alkaloids (e.g., yohim-
bine, reserpine, catharanthine) that have been used, or could be useful, to generate novel scaf-
folds for drug discovery and chemical biology.
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Indole Alkaloids: Their Biological Activities & Clinical Applications
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Figure 1 Select indole alkaloids, their biological activities and clinical applications'-

SynOpen 2023, 7, 165-185



SynOpen D. A. Leas et al.

168
THIEME

Indole-Promoted C—-N Ring Cleavage Reactions Employing Chloroformates and Related Electrophiles (Part 1)

Notable Features:
* Access to diverse compounds through chloroformate and nucleophile selection

* Can incorporate diverse nucleophiles (e.g., alcohols, hydrides, carboxylates,
cyanides, amines)

Seminal Studies:
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Figure 2 Indole-promoted C-N ring cleavage reactions employing chloroformates and related electrophiles (Part 1)-222
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Indole-Promoted C-N Ring Cleavage Reactions Employing Chloroformates and Related Electrophiles (Part 2)

: Chloroformate-mediated ring cleavage for drug discovery libraries:

H
Troc-Cl. MaO 2-methylindole N E
Jroc-tl, Mgo N 1-chloroethyl /
aq. THF N\ chloroformate, DCE; N 45%, Ar= Me \
94% N then MeOH, 50 °C N H
- H H Ar
(-)-Koumidine (3a) Sakai, J. Org. Chem. 1994, 59, 4381
Y
Oy, -OBn Boc Y]
BnOCOCI, Na,COs3; 7\‘/ N N 8% Ar=
then BnNH B ArH '
A 2 N\ (Boc),0, Arl N Me -
N THF, 75% N DCE
b H N A 46%, Ar= F O 4 O
(+)-Desbromoarborescidine A N NHBn N

(3b) Mahboobi, Arch. Pharm. 1995, 328, 371. HO OMe
OMe “ H
J OMe N
. o) N 1-chloroethyl N /
N allyl chloroformate; YO AN chloroformate, DCE: ( A\ OMe N\
AN then NaCNBHj3 N N R Pttt Mkt B AN \
N H then MeOH, 50 °C H N
N = THF, =78 °C ==
—

Chloroformate-mediated ring cleavage provides key C-C bond formation and
C-N bond cleavage en route to the antitumor alkaloid vinblastine and analogues

ROCOCI
vindoline, DBMP

MeNO,, —20 °C
90%, 2:1 dr

See also:
(3g) Magnus, J. Chem. Soc., Chem. Commun. 1989, 518.
(3h) Magnus, J. Am. Chem. Soc. 1992, 114, 10232.

MeO : NMeo

ROCOCI, DBMP o}
e ——— +
MeNOy, 75%, 4:1 dr H
MeO,C
M
R = 4-O,NCgH,GH, MeO - °0 NM
DBMP = 2,6-di-tert-butyl-4-methylpyridine €2 e
60% 15%

(3j) Magnus, Tetrahedron Lett. 1992, 33, 899.

Figure 3 Indole-promoted C-N ring cleavage reactions employing chloroformates and related electrophiles (Part 2)3a-°
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Indole-Promoted C-N Ring Cleavage Reactions Using the von Braun Reaction (Part 1)

Notable Features of Indole Alkaloid von Braun Chemistry: Indole-Promoted von Braun Reaction Mecha

* Generally diastereoselective (inversion product preferred)

* Water, alcohols, cyanide used as nucleophiles N
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Figure 4 Indole-promoted C-N cleavage reactions using the von Braun reaction (Part 1)2b:n4a-i
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Indole-Promoted C—N Ring Cleavage Reactions Using the von Braun Reaction (Part 2)
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Indole-Promoted Birch Ring Cleavage Reactions

Notable Features:

* Employs a variety of quaternary ammonium salts

Seminal Study:
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Figure 6 Indole-promoted Birch ring cleavage reactions®2-2®
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(A) Indole-Promoted C-N Ring Cleavage via Propiolates and Other Alkynes

Notable Features:
* Employs a variety of diverse substrates

Seminal Study:
o

N
O AN
N o
N O MeOH, 40 °C O

50%

MeO,C CO.Me

N
o8
Z >N
Ts CH,Cly, —20 °C
39%

o]
/I\OMe
_—

MeOH, reflux
78%

Vincamine

(0]

/I\OMG

—_—
MeOH, 40 °C
Me 82%

MeO,C :

Apovincamine

(7a) Voskressensky, Russ. Chem. Bull. 2012, 61, 1231.

N—-\ é OEt
EtOH COzEt
(/

44%

(7b) Voskressensky, Eur. J. Org. Chem. 2004, 2004, 3128.
(7c) Voskressensky, Chem. Heterocycl. Compd. 2007, 43, 587.

Figure 7 (A) Indole-promoted C-N ring cleavage via propiolates and other alkynes. (B) Ring cleavage of quaternary ammonium salts (non-Birch reaction).2->%e.60-p.7a-i
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Seminal Study
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EtOH, reflux
81%

(6k) Szantay, J. Org. Chem. 1985, 50, 3760.

COoMe

\ =, ®

®N

FoHC

N

N H©
H BF, HCI, MeOH, 80 °C

36%

(+)-Isovoacangine
—_—_—

(79) Han, J. Am. Chem. Soc. 2021, 143, 19966.

Further Reading:

(én) Kutney, J. Am. Chem. Soc. 1970, 92, 1727.

(60) Takano, J. Chem. Soc., Chem. Commun. 1980, 616.
(6p) Atta-ur-Rahman, Tetrahedron 1980, 36, 1063.

(7h) Bailey, Tetrahedron Lett. 1987, 28, 2879.

(7i) Royer, Tetrahedron 1998, 54, 6507.
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Oxidative Rearrangements to 2- or 3-Oxindoles

(@]
Cl.
N al N
O\ o TN 1,2-alkyl N H
o OMe ) shift TFA (aq.)
— / » H e —_— OMe —_— (o)
(NCS) N H oN bme -c® N N
Alternative Halogenation Reagents: carbon migration in the rearrangement (alkyl shift) step is 2-oxindoles
'BuOCI, NBS/AcOH agq. (bromination) stereospecific to displace chloride/bromide from the back side (3 steps)

bromination-rearrangement pathway
Br

SEERN
@A%/NR 1,2-alkyl shift
—_—
€]
N1 oH - Br
H
3 N Sc(OTf)s
A —
N 2 PhMe, heat
H
C-8 s nucleophilic Alternative Oxidants:
Davis oxaziridine, PIFA/H>0, Oxone
(o}
_oH HO
R™ O @,D Base
V/4En
TFA :
N H or Lewis Acid to

activate nitrogen

Further Reading: Medicinal Applications of Oxindoles
(1f) Huigens, ChemBioChem 2019, 20, 2273.

(8b) Trost, Synthesis 2009, 18, 3003.

(8c) Silakari, Eur. J. Med. Chem. 2016, 123, 858.

(8d) Sekhar, Biomed. Pharmacother. 2021, 141, 111842,
(8e) Bull, Org. Chem. Front., 2021, 8, 1026.

Figure 8 Oxidative rearrangements to 2- or 3-oxindoles'*%-¢

(8a) Movassaghi, Org. Lett.
2008, 10, 4009.

€]
Ox .
( | ) N 1,2-alkyl shift
NS N/) 3
3-oxindoles
(2 steps)
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Reactions of Indole Alkaloids to Yield 2-Oxindole Derivatives via Ring Rearrangement

; CO,Me 1. BuOCI, TEA, 0 °C
3. pyridine ; 1. NBS, THF/H20, AcOH 2. AgCIO,, ag. MeOH/HCIO,
: NBoc 2. TFA, CH,Cl,
reflux ; AN Me 44%, 2 steps
1. BUOCI, CH,Cl, 3 VO N SPh 43%, 2 steps
2. KOH, CH3OH pove H Ve MeO
A\ N reflux (9h) Martin, Tetrahedron Lett. 1990, 31, 4557.

: 1. acid chloride, TEA, CH,Cly, 0 °C :
2.Zn, THF, MeOH, NH,ClI (aq.)
3. NalO4, H,0/MeOH .
4. PhMe, reflux

(x)-Desbromoarborescidine A

3. 10% AcOH

2r§fll1u>‘;r 39%, 4 steps Oxone, NaHCO3
.3 : ;
. . UREER Acetone/H,0
(9a) Wenkert, Acc. Chem. Res. 1974, 7, 46. acid chloride = C|\’ g 56%, 4:1 dr R
3 ki 3 oMe e H
: Spirotryprostatin A .
(9e) Danishefsky, J. Am. Chem. Soc. 1999, 121, 2147. Cyclopiamine B congener

(9i) Sarpong, Nature 2014, 509, 318.

-NBS, TFA, THF/H,0, 78%

1.NCS

2. NaOMe/MeOH

3. aq. TFA, reflux
38%, 3 steps

2. m-CPBA, CHClg, 62%

1. 'BuOCI, TEA, quant
2. AgClOy4, aq. MeOH/
HCIO,

: H >
' MeO,C  OH

: Yohimbine Hui Chem. Eur. J. 2017, 23 4307 : 3. AlHz, THF, —50 °C
i (5¢) Huigens, Chem. Eur. J. 2017, 25,4327. | NaBH;CN, MeOH/ACOH
' See also: (9f) Tong, Nat. Commun. 2019, 10, 4754. : 72%, 3 steps
1. PPTS; then Isopteropodine
Davis oxaziridine
2. AcOH Voo NBoc :
: e NBoc NIS, catalyst MeO. o : Me
47%, 2 steps : | N 4 | A o : H*
3 AN THF/H,0, —45 °C AN 3 o AcOH, reflux
: H 95%, 95% ee H : 3:1 dr, quant
synthetic precursor ©‘\
to (-)-Citrinadin A : 1.TEA 3 N COzMe
: ! H "
(9c) Martin, J. Am. Chem. Soc. 2013, 135, 10886. 3 catalyst = 2. CH,0, NaBH3CN | Pteropodine
3. MeOH, TEA (9h) Martin, Tetrahedron Lett. 1990, 31, 4557.
: 67%, 90% ee :
3 steps
fBUOCI, TEA, CH,Cl,, 0 °C; N,Me 3
(0] then 10% AcOH/MeOH, 100 °C | ! 1. Pb(OAc)4, CHoClo
4 \ “Bn y MeO : 2. AcOH, MeOH/H20
75% Ar = 1-pyrenyl lo) i
MeO N ! reflux
H MeO N :
‘ H : 6%, 2 steps
synthetic precursor to : :
(-)-Gardmultimine A (-)-Horsfiline Reserpiline Carapanaubine
(9d) She, Org. Lett. 2020, 22, 2022. 3 (99) Sun, Angew. Chem. Int. Ed. 2021, 60, 5871. i (9j) Finch, J. Am. Chem. Soc. 1963, 85, 1520.

Figure 9 Reactions of indole alkaloids to yield 2-oxindole derivatives via ring rearrangement>%2-i
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(A) Ring Rearrangements of Indole Alkaloids to 3-Oxindoles
{ N m-CPBA, HCIO,
/ —_—_—
1. DMDO, CH,Clp, -5 °C, 94%  MeO_~_ 4/ N Ve MeOH, 12%
2. NaOH, MeOH, 90% | P, CO,Me
Catharanthine (10h) Hazai, Molecules 2018, 23, 2574.
Iboluteine 1. m-CPBA, TFA, CH,Clo, 34%
Ibogaine (10a) She, Org. Lett. 2016, 18, 2447. 2. NaOH, MeOH, reflux, 82%

1. Pb(OAc)4, CHxCly, 85%

o 2. AcOH, MeOH/H,0, reflux, 70% Vincamine derivative (5d) Huigens, J. Med. Chem. 2020, 63, 5119.

N
N
H

Megzc (B) Ring Rearrangements of Indole Alkaloids to Spirooxindole-1,3-oxazines
Ajmalicine General Transformation photocatalyst
(10b) Borschberg, Helv. Chim. Acta 1994, 77, 1331. N Oy, hv (vis)
See also: (10c) Finch, J. Am. Chem. Soc. 1965, 87, 2229. N or
H o H O,, cat. CuBr
N
1. Pb(OAC)s, CH;Cly, 67% @\\ H H R\
2. AcOH, MeOH/H,0, reflux, 68% 4 = |
- N
MeO,C* Y MeO,C Y photocatalyst
579 OH 119% OH MeO NH, O Oz, hv (vis)

(10b) Borschberg, Helv. Chim. Acta 1994, 77, 1331. OMe MeCN, 63%

OMe
0,, NaOMe * OMe "
———— e
DMSO, 22% O NH OlMe
MeO,C~ X—OMe = | .
(10d) Hemingway, Phytochemistry 1975, 8, 1855. X
See also: (10b) Borschberg, Helv. Chim. Acta 1994, 77, 1331. e}

]
N OM
photocatalyst MeO 0
NH; Oy, hv (vis) O H
MeCN, 24% N
H

OMe o
1. PIFA, H2O, MeCN, 0 °C, 57% Mitragynine .
2. Zn(OTf)», PhMe, reflux, 39% (10i) Brasholz, Chem. Eur. J. 2018, 24, 10253.
0 (e}
MeO,C Mitragynine pseudoindoxyl N N Oy, cat. CuBr-DMS N
MeO,C~ Xx-OMe | N\ cat. DMAP L
Mitragynine Z~N N CHCls, 37% 07N
(10e) Majumdar, J. Med. Chem. 2016, 59, 8381. H IVIIe HN o H I\III
See also: (10f) Horie, J. Med. Chem. 2002, 45, 1949. e
(10g) McCurdy, ACS Pharmacol. Transl. Sci. 2020, 3, 1063. (x)-Evodiamine (10j) Chen, Org. Biomol. Chem. 2019, 17, 8811.

Figure 10 (A) Ring rearrangements of indole alkaloids to 3-oxindoles. (B) Ring rearrangements of indole alkaloids to spirooxindole-1,3-oxazines.>¢102-
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Oxidative Cleavage and Ring Rearrangement of Indole Alkaloids to Give Quinolones

Notable Features:

 Intermediate keto-lactam is isolatable in some cases

* Keto-lactam intermediates can undergo a transannular
condensation in acid or base

* Generally these reactions are carried out in one pot

Yohimbine

Sreas

Dihydrocorynanthean

Seminal Study:
Witkop—Winterfeldt Oxidation

N\ Oy, Pt
—_—

HN

O
1,2,3,4-Tetrahydrocarbazole

Keto-lactam
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1. O3, AcOH, 0 °C

_—
2. NaHCO3
54%

(11b) Witkop, J. Am. Chem. Soc. 1953, 75, 3371.
(0]
1. 03, AcOH | N
2, NaHCO3 N
57%
(11c) Prelog, Helv. Chim. Acta 1955, 38, 1073.

IBUOK, 02
DMF, 92%

MSOZC

(11d) Winterfeldt, Liebigs Ann. Chem. 1971, 745, 23.

500 W halogen lamp

Camps 2 N NaOH
cyclization quant
Alternative Oxidants:
Og; CrO3; PhCOzH; m-CPBA; N
autoxidation via air; N
NalOy; singlet Oy; 0 H
05, NaH or BuOK; KO,
S
l = l Ajmalicine
Quinolone
(11a) Witkop, J. Am. Chem. Soc. 1951, 73, 2641.
N
Further Reading: A
N
H

Witkop-Winterfeldt oxidation and related review:
(11j) Roxburgh, Tetrahedron 1993, 49, 10749.
(11k) Breinbauer, Curr. Org. Chem. 2007, 11, 159.

Other applications of Witkop—Winterfeldt oxidation:
9f) Tong, Nat. Commun. 2019, 10, 4754.
111) Husson, Synlett 1998, 1071.

11m) Sigaut, Tetrahedron 2000, 56, 9641.

11n) Hammouda, Z. Naturforsch. 2009, 64b, 415. A
)

11p) Kozmin, J. Org. Chem. 2013, 78, 8645. ”

11q) Dai, Org. Lett. 2014, 16, 6216.

11r) Wang, Synthesis 2018, 50, 2897. (x)-Harmicine

(

(

(

(

(110) Breinbauer, Tetrahedron 2011, 67, 965.

(

(

(

(11s) Vennerstrom, J. Org. Chem. 2020, 85, 2846.

N :
H :

Figure 11 Oxidative cleavage and ring rearrangement of indole alkaloids to give quinolones®ef10f.11a-s

rose bengal, Oy; o
EtOH, reflux, 99% | N
or
N
05, BuOK, DMF, 58% H

(+)-Desbromoarborescidine A

(11e) Nakagawa, J. Chem. Soc., Chem. Commun. 1982, 742.
(11f) Husson, Tetrahedron Lett. 1997, 38, 2997.

(0]
Og, tBUOK
N | N
DMF, 63% N
H

(11f) Husson, Tetrahedron Lett. 1997, 38, 2997.

Mitragynine

Me

Tadalafil (PDE5 inhibitor)

@f@b

(+)-Evodiamine

Eburnamonine

derivative

Indoloquinolizine
congener

1. Op, 'BUOK, DMF
_ e PR

1. Oy, Methylene Blue

0o, NaH

DMF, 49%

OMe

2. PyBrOP, DIPEA
43%

0

(11g) Sui, Bioorg. Med. Chem. 2004, 12, 1505.

(0]
KO,, 18-crown-6 0
DMF, 42 /o | N
or N
H N
/
Me

02, BuOK
DMF, 48%

(11h) Daich, Tetrahedron 2011, 67, 5564.

Red LED, MeOH, 96%

2. NaOMe, CH,Clo/MeOH, 90%

R' = OH, R?=H; R' = H, R? = OH (90%, 3:1 dr)
(11i) Westwood, Org. Lett. 2012, 14, 6166.

NalO,4, MeOH/H,0;
then TEA/MeOH, 39%

(5e) Al-Tel, J. Org. Chem. 2022, 87, 1377.
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Reactions that Dramatically Change Yohimbine’s Complex Structure

MeO,C™ ™
Yohimbine
(5¢) Huigens, Chem. Eur. J. 2017, 23, 4327. (5¢) Huigens, Chem. Eur. J. 2017, 23, 4327.
11 examples
BrCN, ROH ' NCS .
?f:g:'\:;WDa'\\fg I’CHCl 14-63% ylelds CHQC|2 NS
3 dr 50:1 to 1.2:1

divergent modes of ring cleavage using

2. NaOMe/MeOH

von Braun chemistry

Oy

H
RO

CN

N
H

()

MeO,C  ©OH

45% major diastereomer
Sn2 product

minor diastereomer

RO N .,
MeO,C OH

Sn1 product

35%

(12a) Vincent, Nat. Chem. 2017, 9, 793.

-
-

OH
HO CO,H (\s
Ag20, HCO,H TfOH, MeCN
MeCN, 40 °C -35°Cto rt

1. O, AcOH, 0 °C
2. NaHCO3

PIFA, (CHoOH),

H
0=

OH
54%  OMe

(11b) Witkop, J. Am. Chem. Soc. 1953, 75, 3371.

Figure 12 Reactions that dramatically change yohimbine’s complex structure3c11b:12a-c

NH,CI iO )
o

MeCN, 40 °C

Y

OH

H
ME‘OQC
83%
(12b) Horie, Org. Lett. 2006, 8, 5705.

NaOMe
—>

Raney-Ni

Acetone

T H
N OMe \—/
MeOZC OH

TFA
reflux

38%, 3 steps

H
MeOQC

60%
(12c) Winne, Org. Lett. 2022, 24, 4119.
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Reactions that Dramatically Alter Vincamine’s Molecular Skeleton

MeO,C OH :\

1) LiAlH,4, THF Me 1) LiAlH4, THF
1) p-TSA, PhMe 2) NalOy, THF/H,0 Vincamine 2) NalO,, THF/H,0
2) BrCN, DMF, microwave 3) KOH (aq.), EtOH 3) MeO,C—==, MeOH

45%, 2 steps 91%, 3 steps 76%, 3 steps

Nearly all reactions in this figure are reported from:
(5d) Huigens, J. Med. Chem. 2020, 63, 5119. e

Ring
Cleavage £O:Me

CNBr
Mel, Ko.CO3 2-1-BnOH
DMF, 75% CHCl3, 40%

m-CPBA, TFA
CH,Cly, 34%

1) NaN3, DMF, microwave ! (a) = R'RENH
2) PPhg, MeOH et

3) RCOCI, TEA, DMAP CICOzEY; then (a)
or EDC, DMAP

: Stereoselective S
Hydroxylation

E Methylene Blue
: air, red LED
H MeOH, 99%

/

Single Diastereomer

NaOH, MeOH
m-CPBA,TFA reflux, 82%

CH20|2

E Ring Fusion ' ‘ Further Reading:

! ! ! (7a) Voskressensky, Russ. Chem. Bull. 2012, 61, 1231. .

: C NE : : (13a) Husson, Tetrahedron 1987, 28, 2123. i ‘;‘g‘iséwg’jdé%’g' Lett
: N O : : (13b) Szantay, Heterocycles 1988, 27, 1179. P :

! H ! - ! (13c) Szantay, Tetrahedron 1993, 49, 10421.

H Me H i (13d) Greiner, Heterocycles 2007, 11, 2347.

13 derivatives (13e) Colby, Bioorg. Med. Chem. Lett. 2013, 23, 5865.

E Avg. Yield = 42% E H (13f) Sun, J. Mol. Struct. 2015, 1097, 87.

Figure 13 Reactions that dramatically alter vincamine’s molecular skeleton®d.711.13a-f
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Ring Distortion of the Indole Alkaloids Vincamine and Yohimbine: A Complexity-to-Diversity Approach to New Molecules for Drug Discovery

2 Derivatives

1 Derivative

SO /

antiplasmodial HCRTR2
agents antagonist
* *
OH \Me prevents morphine-
seeking behaviors in
OH Vincamine mouse models Me
V2a
20 Derivatives cocaine 17 Derivatives
abuse @ opioid & \*

cocaine abuse

MeO,C B

COoMe
NPSR1B antagonist
9 Derivatives

2 Derivatives

(5d) Huigens, J. Med. Chem. 2020, 63, 5119.
(14a) Huigens, ACS Omega 2021, 6, 20455.

20 Derivatives

Y

Me

Q\(NO

Br

|
O OMe

CNR1 (or CB1) antagonist
25 Derivatives

8 Derivatives

12 Derivatives

* Biologically Active
Compounds Discovered

2

-

Derivatives

“OH

16 Derivatives

antiplasmodial
agents E
-
* N

Cl H R

MeO,C  OH
PhO 9 Derivatives
Yohimbine
OMe Nrf2-ARE Inhibition
(MDA-MB-231 Cancer Cells)
*

*

Nrf2-ARE Activation
(LNCaP Cancer Cells)

(.FN

N

H
\_R/ Y oH
N H‘: COgMe

2 Derivatives

2 Derivatives

(5¢) Huigens, Chem. Eur. J. 2017, 23, 4327.
(14b) Huigens, ACS Infect. Dis. 2020, 6, 159.

Figure 14 Ring distortion efforts of vincamine and yohimbine, and the discovery of biologically active small molecules in significant disease areas (e.g., cancer, opioid addiction, malaria)>-d.142.b
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C\N
H
N OH
BrCN
EtOH/CHCl3 ‘OMe
70% CO;Me

N i
MeQ H Okt

(15d) Hokonok, J. Am. Chem. Soc. 1969, 91, 4317.

PhOCOCI
proton sponge

DCE, 43%

Methyl Reserpate

O NH,

NH, O
photocatalyst H
Oy, hv (vis)

o
Y]

MeO,C OMe  MeCN, 53%

Isoreserpine MeO,C OMme
(10i) Brasholz, Chem. Eur. J. 2018, 24, 10253.

PIDA (2.2 equiv.)
(CH20H),

MeCN, 0 °C, 93%

(12b) Horie, Org. Lett. 2006, 8, 5705. Reserpine

Me Me 1. Pb(OAc)s, CH,Cly
NucH (1.0 equiv.) 61%
—_— > 2. NaOMe, MeOH
benzene, 85 °C
MeO reflux
48%, 5:1 dr

H =
NucH: yield (dr) MeO,C  OMe

4-BuCgH,OH 35% (1:1)

Zn, AcOH
reflux, 23%
HCO,H, HCONH,
reflux, 53%

MeO
MeO'

Iz

(15a) Gaskell, Tetrahedron 1968, 24, 5115.

(15b) Sakai, Chem. Pharm. Bull. 1978, 26, 678.

H
MeO,C

: . Methyl Reserpate
TMSCF.CI (2.0 equiv.) benzotriazole 34% (24:1) Yy P

NH4OAc (4.0 equiv.)
1,2-DCE, 25 °C

(15¢) Hoye, Nat. Chem. 2017, 9, 523.

56% (>20:1 dr) p-TsOH, collidine NaOMe
reflux, 86% B MeOH, reflux
M o &
epimers are in equilibrium OMe 51%, 5:1 dr
EHOH under reaction conditions

Pb(OAC)4

H CHCly, 52%
MeO N oAc

(2aa) Seo, Nat. Commun. 2020, 11, 4761.

Methyl Isoreserpate

(10b) Borschberg, Helv. Chim. Acta 1994, 77, 1331.
See also: (9j) Finch, J. Am. Chem. Soc. 1963, 85, 1520.
(10c) Finch, J. Am. Chem. Soc. 1965, 87, 2229.

Figure 15 Chemical reactions of reserpine that significantly change its architecture2210b.ci.12b,15a-d
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Catharanthine Transformations

N
) H
N
H
O~ Me
(+)-Conodusine B
A (16¢) Han,
(10h) Hazai, Molecules 2018, 23, 2574.
7 steps
m-CPBA, HCIO,
MeOH, 12%
N
Ir(dF(CF3)ppy)2(dtbbpy)PF (cat.) \ y
/ TMSCN, hv (vis) N
D A < H Me
N 4 H MeOH, 93% CO,Me
H COyMe
(16a) Stephenson, J. Am. Chem. Soc. 2014, 136, 10270. Catharanthine

1. Dimethylaniline, FeCls
aq. 0.05 N HCI, TFE

2. NaBH,
90%, 2 steps 1. Hy, PA/C, MeOH, 80%
Me 2. BrCN, THF; then
HCI, MeOH, 7
3. AcOH, H0, 1
MeO,C NMe,
NH
(16b) Boger, J. Am. Chem. Soc. 2012, 134, 13240. N Me
N COgMe

H

(+)-20-epi-19-deoxytabercarpamine J
(16¢c) Han, Chem 2019, 5, 353.

Figure 16 Reactions that alter catharanthine’s complex structure?s10h.16a-
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1. DMDO, TFA, CH,Cl,, 0 °C
2. AcOH, H,0, 70 °C
40%, 2 steps

Chem 2019, 5, 353.

1. Hp, Pd/C, MeOH, 73%
2. CICO,Me, KH, THF, 83%
3. TMSCF,Br, NH,OAc, DCE;
then AgOAc, 0-60 °C;
then aq. work-up, 70%

Y

veogh o,

OAc
(79) Han, J. Am. Chem. Soc. 2021, 143, 19966.

1. Hp, Pd/C, MeOH, 80%
2. CICO,Me, KH, THF, 78%
3. BrCN, THF, 86%

1%

35 °C, 78% ,CN

N H

N Me

N
| P
MeO,C Co,Me™pr

(16c) Han, Chem 2019, 5, 353.

FeCl3-Promoted Single Electron Oxidative
Coupling of Catharanthine

) 7

N
H  Come Me

Catharanthine

zZ®

=z
Iz

CO,Me Me

NaBH,4

MeO,C

This interesting ring cleavage reaction was used to advance
vinblastine anticancer agents.

(16b) Boger, J. Am. Chem. Soc. 2012, 134, 13240.
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Evodiamine Transformations
Me
\
HN
N NoHg4-Ho0
A 0 EtOH, 70 °C
88%
N 0
H
Rhetsinine
A Me
(17a) Gao, Org. Lett. 2019, 21, 7475. HN
(0] N
K2S,0g, H2O N4
Me4NCI, DMSO N N~
(¢] p O,, cat. CuBr-DMS 40 °C, 87% H
Me cat. DMAP, CHCls
46%
Evodiakine
(10j) Chen, Org. Biomol. Chem. 2019, 17, 8811.
(0]
N
N
N N
/
H Me
(x)-Evodiamine
Oy, cat. CuBr-DMS 1. Mel, NaH, DMF, 80 °C, 77%
cat. DMAP, CHCl3 2. TFA, CHxCly, 55%
37%
(0]
KO,, 18-crown-6, DMF, 42% o)
or
O,, BUOK, DMF, 48%
2, BU N /) N N
; \]/ \M
v Me HO €

(10j) Chen, Org. Biomol. Chem. 2019, 17, 8811.

O
O
I N
N
H N
/
Me

(11h) Daich, Tetrahedron 2011, 67, 5564.

Figure 17 Chemical reactions reported to dramatically change evodiamine’s scaffold!0-11h.17a-k

(17b) Zhao, Chem. Biol. Drug Des. 2022, 99, 535.

Oxidation of Tetrahydro-§3-Carbolines by Persulfate

O,
OH H,'80 (20 equiv)
Me4NCI (0.1 equiv)
NBoc K2S,0g (2 equiv)

Iz __

(17a) Gao, Org. Lett. 2019, 21, 7475.

DMSO0, 40 °C

['80]-2, 84%

25 examples, 52-90% yield

Proposed Mechanism for the Late-Stage
Oxidation of Evodiamine

(6] # (0]
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N N N N
/
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82032_
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-
.
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NHO

Me

proton
transfer
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\
.
N
(I\Q o
H
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N
N Q2
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;] ®
H (Me
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-
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Further Reading:
(Medicinal Applications of Evodiamine)

(17¢) Hu, Molecules 2009, 14, 1852.

(17d) Sheng, J. Med. Chem. 2012, 55, 7593.

(17e) Sheng, Chin. Chem. Lett. 2015, 26, 267.

(17f) Koltai, Open Access J. Oncol. Med. 2018, 1, 37.
(17g) Xu, Int. J. Mol. Sci. 2018, 19, 3403.

(17h) Chen, Anticancer Drugs 2019, 30, 611.

(17i) Wang, J. Exp. Clin. Cancer Res. 2020, 39, 249.
(17j) Dong, Eur. J. Med. Chem. 2021, 220, 113544.
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