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Enantioselective Total Synthesis of (+ )-Flavisiamine F via Late-Stage

Visible-Light-Induced Photochemical Cyclization

Xiaogang Tong, Bingfei Shi, Kangjiang L iang, Qian L iu, and Chengfeng Xia*

Abstract : The structural features Kopsia alkaloids, in partic-

ular multiple all-carbon quaternary stereocenters in a caged

and strained polycyclic skeleton, poses particular challenges

for enantioselective total synthesis. Herein, wereported thefirst

total synthesis of (+ )-flavisiamine F. The synthetic approach

involved a room-temperature Overman rearrangement for

introducing the chiral amine at C21, a TMS-promoted ketal

Claisen rearrangement for constructing the all-carbon quater-

nary stereocenter at C20, and a late-stage visible-light-induced

photochemical cyclization for establishing the all-carbon

quaternary stereocenter at C7.

Besides their promising biological activities,[1] alkaloids

from plants of the genus Kopsia feature a caged and strained

polycyclic skeleton containing five consecutive rings along

with one or two additional bridged rings (Figure 1).[2]

Furthermore, there are multiple continuous stereogenic

centers in Kopsia alkaloids, including two all-carbon quater-

nary stereocenters at C7 and C20. Due to these intricate

features, after the first and only total synthesis of ( )-

kopsanone by Maguns and co-workers in 1983,[3] no more

reports on chemical synthesis of Kopsia alkaloids were

documented in subsequent three decades. Interestingly,

since MacMillan and co-workers reported their efforts on

the enantioselective total synthesis of ( )-kopsanone in

2011,[4] Kopsia alkaloids have aroused renewed enthusiasm

from the synthetic community. A round ten Kopsia alkaloids

have been asymmetrically synthesized in succession, includ-

ing methyl (+ )-N-decarbomethoxy chanofruticosinate,[5]

(+ )-methyl chanofruticosinate,[6] ( )-fruticosine,[6] ( )-iso-

kopsine,[6] ( )-kopsine,[6] ( )-demethoxycarbonylkopsi n,[7]

(+ )-kopsinidine C,[7] and (+ )-5,22-dioxokopsane.[7]

The enantioselective establishment of the two all-carbon

quaternary stereocenters (C7 and C20) has posed particular

challenges in asymmetric total synthesis of Kopsia alkaloids.

Reported strategies for enantioselective construction of C20

have included intermolecular Diels–A lder reaction,[4] palla-

dium-catalyzed decarboxylative asymmetric allylic alkyla-

tion,[5,6,8] and thiourea-catalyzed asymmetric Michael addition.[7]

Meanwhile, to install the C7 quaternary stereocenter, four

methods were successfully developed, namely organocatalyzed

addition–cyclization cascade reaction,[4] intramolecular oxida-

tive coupling of dianions,[5] metal salt catalyzed intramolecular

propanation,[6] and Mn3+-mediated oxidative cyclization.[7]

Herein, we reported the first enantioselective total synthesis

of (+ )-flavisiamine F (1), which was isolated from leaves of

Kopsia flavida by Morita and co-workers in 2008.[9] In addition

to the strained polycyclic skeleton and continuous stereogenic

centers, the double bond in ring D of (+ )-flavisiamine F (1)

raised challenges in the total synthesis. Our synthetic strategy

features two continuous 3,3-sigmatropic rearrangements and

a late-stage visible-light-induced cyclization to assemble the all-

carbon quaternary stereocenters at C20 and C7.

Our retrosynthetic analysis of (+ )-flavisiamine F (1) is

illustrated in Scheme 1. We envisioned that the all-carbon

quaternary stereocenter at C7 could be established from the

ketone 2 through a visible-light-induced photochemical

cyclization. The construction of the seven- and six-membered

ring systems in the pentacyclic compound 2 would be

accomplished by Mannich reaction and ring-closing meta-

thesis (RCM). The assembly of the all-carbon quaternary

stereocenter at C20 and the chiral amine at C21 of the

compound 3 was of importance in the asymmetric total

synthesis. We proposed that two continuous 3,3-sigmatropic

rearrangements, Overman rearrangement, and Claisen rear-

rangement, could be ideal strategies both in enantioselectivity

and atom economical utilization. The rearrangement precur-

sor 4 would be prepared from carbazole triflate and glycer-

aldehyde through Nozaki–Hiyama–Kishi (NHK) coupling.
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Figure 1. Structures of representative Kopsia alkaloids with all-carbon

quaternary stereocenters at C20 and C7.

Angewandte
ChemieCommunications

1Angew. Chem. Int. Ed. 2019, 58, 1–5 2019 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

These are not the final page numbers! Ü Ü

Angew. Chem. Int. Ed. 2019, 58, 1 – 5

German Edition : DOI : 10.1002/ange.201901241Total Synthesis
International Edition : DOI : 10.1002/anie.201901241

Enantioselective Total Synthesis of (+ )-Flavisiamine F via Late-Stage

Visible-L ight-Induced Photochemical Cyclization

Xiaogang Tong, Bingfei Shi, Kangjiang L iang, Qian L iu, and Chengfeng Xia*

Abstract : The structural features Kopsia alkaloids, in partic-

ular multiple all-carbon quaternary stereocenters in a caged

and strained polycyclic skeleton, poses particular challenges

for enantioselective total synthesis. Herein, wereported the first

total synthesis of (+ )-flavisiamine F. The synthetic approach

involved a room-temperature Overman rearrangement for

introducing the chiral amine at C21, a TMS-promoted ketal

Claisen rearrangement for constructing the all-carbon quater-

nary stereocenter at C20, and a late-stage visible-light-induced

photochemical cyclization for establishing the all-carbon

quaternary stereocenter at C7.

Besides their promising biological activities,[1] alkaloids

from plants of the genus Kopsia feature a caged and strained

polycyclic skeleton containing five consecutive rings along

with one or two additional bridged rings (Figure 1).[2]

Furthermore, there are multiple continuous stereogenic

centers in Kopsia alkaloids, including two all-carbon quater-

nary stereocenters at C7 and C20. Due to these intricate

features, after the first and only total synthesis of ( )-

kopsanone by Maguns and co-workers in 1983,[3] no more

reports on chemical synthesis of Kopsia alkaloids were

documented in subsequent three decades. Interestingly,

since MacMillan and co-workers reported their efforts on

the enantioselective total synthesis of ( )-kopsanone in

2011,[4] Kopsia alkaloids have aroused renewed enthusiasm

from the synthetic community. A round ten Kopsia alkaloids

have been asymmetrically synthesized in succession, includ-

ing methyl (+ )-N-decarbomethoxy chanofruticosinate,[5]

(+ )-methyl chanofruticosinate,[6] ( )-fruticosine,[6] ( )-iso-

kopsine,[6] ( )-kopsine,[6] ( )-demethoxycarbonylkopsi n,[7]

(+ )-kopsinidine C,[7] and (+ )-5,22-dioxokopsane.[7]

The enantioselective establishment of the two all-carbon

quaternary stereocenters (C7 and C20) has posed particular

challenges in asymmetric total synthesis of Kopsia alkaloids.

Reported strategies for enantioselective construction of C20

have included intermolecular Diels–A lder reaction,[4] palla-

dium-catalyzed decarboxylative asymmetric allylic alkyla-

tion,[5,6,8] and thiourea-catalyzed asymmetric Michael addition.[7]

Meanwhile, to install the C7 quaternary stereocenter, four

methods were successfully developed, namely organocatalyzed

addition–cyclization cascade reaction,[4] intramolecular oxida-

tive coupling of dianions,[5] metal salt catalyzed intramolecular

propanation,[6] and Mn3+-mediated oxidative cyclization.[7]

Herein, we reported the first enantioselective total synthesis

of (+ )-flavisiamine F (1), which was isolated from leaves of

Kopsia flavida by Morita and co-workers in 2008.[9] In addition

to the strained polycyclic skeleton and continuous stereogenic

centers, the double bond in ring D of (+ )-flavisiamine F (1)

raised challenges in the total synthesis. Our synthetic strategy

features two continuous 3,3-sigmatropic rearrangements and

a late-stage visible-light-induced cyclization to assemble the all-

carbon quaternary stereocenters at C20 and C7.

Our retrosynthetic analysis of (+ )-flavisiamine F (1) is

illustrated in Scheme 1. We envisioned that the all-carbon

quaternary stereocenter at C7 could be established from the

ketone 2 through a visible-light-induced photochemical

cyclization. The construction of the seven- and six-membered

ring systems in the pentacyclic compound 2 would be

accomplished by Mannich reaction and ring-closing meta-

thesis (RCM). The assembly of the all-carbon quaternary

stereocenter at C20 and the chiral amine at C21 of the

compound 3 was of importance in the asymmetric total

synthesis. We proposed that two continuous 3,3-sigmatropic

rearrangements, Overman rearrangement, and Claisen rear-

rangement, could be ideal strategies both in enantioselectivity

and atom economical utilization. The rearrangement precur-

sor 4 would be prepared from carbazole triflate and glycer-

aldehyde through Nozaki–Hiyama–Kishi (NHK) coupling.

[* ] Dr. X. Tong, B. Shi, Dr. K. Liang, Q. Liu, Prof. Dr. C. Xia

Key Laboratory of Medicinal Chemistry for Natural Resource

(Ministry of Education and Yunnan Province), State Key Laboratory

for Conservation and Utilization of Bio-Resources in Yunnan

School of Chemical Science and Technology, Yunnan University

Kunming 650091 (China)

E-mail : xiacf@ynu.edu.cn

Dr. X. Tong, Prof. Dr. C. Xia

State Key Laboratory of Phytochemistry and Plant Resources in West

China, Kunming Institute of Botany, CAS

Kunming 650201, Yunnan (China)

Supporting information and the ORCID identification number(s) for

the author(s) of this article can be found under :

https:/ /doi.org/ 10.1002/anie.201901241.

Figure 1. Structures of representative Kopsia alkaloids with all-carbon

quaternary stereocenters at C20 and C7.

Angewandte
ChemieCommunications

1Angew. Chem. Int. Ed. 2019, 58, 1–5 2019 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

These are not the final page numbers! Ü Ü



General reaction profile of 1,n-HAT.

• Small distortion from linearity (X-H-C angle between 145–180o) was shown to
have little energetic cost.

• The distance between the radical center and the hydrogen atom to be
abstracted should be ≤3 Å.

• 1,5-HAT are the most favored processes because the six-membered transition
structure can readily accommodate a C-H-X angle close to 180o.

Chem. Eur. J. 2014, 20, 16034 – 16059



and structurally assigned in 2009 by Hao et al.16 The chemical
structure of dapholdhamine B contains a rare aza-adamantane
core skeleton and eight contiguous stereocenters, including
three contiguous fully substituted stereocenters, which present
a daunting synthetic challenge. To our knowledge, dapholdh-
amine B and its congeners daphnezomines A and B (Figure
1),17 acosmine-type diaza-adamantanes (such as panacos-
mine),18 and the indole alkaloids nareline19a and scholarisine
H19b (Figure 2) are among the only known aza-adamantane
natural products. Representative oxa- and oxa, aza-adamantane
natural products, such as tetrodotoxin20 and terengganensine
A,21 have been synthesized previously. Herein, we report the
first and asymmetric total synthesis of 1, which is also the first
synthesis of an aza-adamantane natural product.

■RESULTS AND DISCUSSION

As shown in Scheme 1, our retrosynthetic analysis of 1
indicated that the key C-9 tertiary hydroxyl group could be
introduced via an intramolecular oxa-Michael ( IMOM)
reaction. The equally crucial C11−N bond could be formed
through an SN2-type reaction, and formation of the cyclo-
hexenonemotif in enone2 wasenvisaged to beaccessible from
amide 3 using Huang’s amide-activation−annulation reac-

tion.22 The C1−N bond can be formed by an intramolecular
aza-Michael addition (IMAM) of sulfonylamide 4. Finally, the
aminomethylene group in 4 can be introduced using a
vinylogous Mannich reaction of readily available chiral
diketone 5.

Our synthesis began with an L-prolinamide-catalyzed
asymmetric Robinson annulation of known compound 623 to
afford diketone5 (Scheme2; 85%, 94%ee).24Selectivemethyl

enol ether formation followed by a vinylogous Mannich
reaction25 produced tertiary amine 8, which was then
deallylated and tosylated to give sulfonylamide 9. Notably,
diastereomeric enrichment was observed during the purifica-
tion process. Subjecting this sulfonylamide to conjugate
addition under Luche’s conditions26 formed the critical
quaternary center to afford diketone 10 as a single
diastereomer. It was postulated that the C-6 epimer of 9
could not undergo the conjugate addition. Subsequently,
treating 10 with lithium bis(trimethylsilyl)amide (LHMDS)
selectively generated the corresponding lithium enolate, which
was then treated with sulfinimidoyl chloride 11 to trigger a
Mukaiyama dehydrogenation,27 affording desired enone 12 in
75% yield. Subsequent oxidative cleavage of the PMB group
afforded sulfonylamide 13.

With IMAM precursor 13 in hand, triggering the IMAM
reaction and introducing the isopropyl group into the skeleton
of compound 13 in the same step would be preferred (Table
1). These transformations would have ideally been achieved
through an IMAM/ alkylation or IMAM/ aldol cascadereaction
using sulfonylamide 13 and appropriate electrophiles, such as
2-iodopropane or acetaldehyde, under basic conditions.
However, these attempts, based on racemic model substrate
(± )-13, were all unsuccessful. In particular, extensive
investigation of the IMAM/ aldol cascade reaction using
various bases and additives led only to the formation of
IMAM product 15. No trace of desired IMAM/ aldol product
14 was detected by NMR or LC−MS. Subsequent traditional
aldol or Mukaiyama aldol reactions using 15 led only to a

Figure 2. Adamantane-type natural products.

Scheme 1. Retrosynthetic Analysis of Dapholdhamine B

Scheme 2. Synthesis of IMAM Precursor 13
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crown-5 slightly improved the yields of enones but normally,

the reaction worked well without adding it.  Other additives

such as HMPA or TMEDA did not improve yields of enones.

Interestingly, the less substituted position was selectively dehy-

drogenated and 6-methyl-2-cyclohexen-1-one was obtained

exclusively when 2-methylcyclohexanone was dehydrogenated

by this procedure (entry 9).  

Typical experimental procedure is as follows (Table 1,

entry 1).  Under an argon atmosphere, to a mixture of diiso-

propylamine (151 mg, 1.49 mmol) in THF (1.5 mL) was added

n-BuLi (1.68 N in hexanes, 0.79 mL) at –78 °C and the result-

ing mixture was stirred for 10 min.  Then, a solution of 2 (119

mg, 1.21 mmol) in THF (1.5 mL) was added and the mixture

was stirred for 10 min at –78 °C.  Finally, a solution of 1 (345

mg, 1.46 mmol) in THF (1.0 mL) was added at –78 °C and the

resulting pale yellow solution was stirred for 30 min at the same

temperature.  The reaction was quenched by adding 1%

hydrochloric acid (5 mL) and the mixture was extracted with

dichloromethane (20 mL ´ 3).  The yield of 3 was determined

by GC analysis using an internal standard (93%).  

The present reaction proceeds much easier to afford the

dehydrogenated products at –78 °C than the respective reac-

tions of using sulfoxides which generally require elevated tem-

peratures around 60 to 120 °C and selenoxides which cause

elimination at temperatures between 0 and 25 °C.  It was then

assumed that a lithium enolate would react with 1 to give a sim-

ilar C-sulfinimidoylated intermediate (4) as in the cases of sul-

foxides and selenoxides.9 Thus formed 4 is immediately con-

verted to a,b-unsaturated ketones even at –78 °C by the

intramolecular elimination via a five-membered transition state

(see Scheme 2).10
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