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Isodon diterpenoids are a large family of bioactive polycyc lic 
natural products isolated from plants of Isodon species. Bio
synthetically, these diterpenoids are derived from geranyl
geranyldiphosphate (GGPP) by carbocationic cyclization 
rearrangements, which are catalyzed by a series of terpen
oid cyclases. Several known bicyclo[3.2.1]octene containing 
iso don diterpenoid skeletons (entkauranetype, junger
mannenonetype, entbeyerenetype, etc.) are generated via 
carbocationic rearrangements from a common intermediate 
entpimarenyl cation. An initial biosynthetic hypothesis spe
culated that jungermannenonetype diterpenoids could be ge
nerated from entkaurane diterpenoids via two intermediates 
through carbocationic rearrangements (Scheme 1A).1  During 
a research program aimed at developing the syn thesis of com
plex isodon diterpenoids, the research group led by Professor 
Xiaoguang Lei and Professor Houhua Li at Peking University 
(P. R. of China) discovered a latestage photoin duced radical 
skeletal rearrangement of the bicylco[3.2.1]octene ring sys
tem, which suggested that these photoinduced radical rear
rangements are possibly involved in the biosynthetic pathway 
of entkauranes and jungermannenones.

Previously, the Lei group had accomplished the scalable 
total synthesis of isodon diterpenoids racjungermannenones 
B and C via a regioselective 1,6dienyne reductive cycliza tion 
reaction.2 Professor Lei said: “We are interested in studying 
the biosynthetic pathways of natural products. Based on 
our previous work and inspired by the aforementioned bio
synthetic hypotheses, we undertook the investigation of the 
biomimetic rearrangement of entkaurane diterpenoids to 
jungermannenone diterpenoids.” As a result, in this work the 
authors developed an enantioselective and protectinggroup
free synthesis of the entkauranetype diterpenoid (+)ent
kauradienone using several radicalbased reactions (Scheme 
1B). Professor Lei said: “The development of an enantioselec
tive synthetic route to these compounds is very challenging. 
Gratifyingly, after extensive experimentation of enantiose
lective polyene cyclization methods, the enantioselective 
synthesis was achieved by using MacMillan’s organocatalytic 
radical cation bicyclization.3” Another challenge faced by the 
authors was to construct the entkaurane bicyclo[3.2.1]octene 
framework. After extensive conditions screening, the desired 
entkauranetype skeleton was obtained as a sole product via 

regioselective 1,6dienyne reductive radical cyclization. “In 
our previous work, the reductive radical cyclization occurred 
exclusively at the C11 position to form the jungermannenone
type scaffold in the presence of a C12 hydroxy group,” said 
Professor Lei, who continued: “Interestingly, when the C12
OH was converted into the oxidized ketone, the radical cycli
zation occurred at the C8 position exclusively, instead of oc
curring at the C11 position. Further mechanistic studies using 
density functional theory (DFT) calculations showed that the 
regioselectivity is mainly controlled by geometric factors.” 

Then the biomimetic transformation of entkaurane to 
jungermannenone skeleton was investigated. Unfortunate
ly, initial extensive attempts to convert biosynthetically ent
kaurane-type into jungermannenone-type scaffolds on model 
substrates via a carbocationic rearrangement were unsuccess
ful. Professor Lei said: “To our delight, we finally achieved the 
interconversion between entkauranes and jungermanne
nones via a photoinduced rearrangement of bicyclo[3.2.1]
octene.” A detailed previous mechanistic study had suggest
ed that this photoinduced skeletal rearrangement possibly 
occurred via 1,3acyl migration involving a cage radical pair 
or a biradical intermediate.4 Professor Lei remarked: “The in
terconversion between dihydrokauradienone and (–)junger
mannenone C also occurred smoothly promoted by sunlight, 
which indicated that entkauranetype and jungermanne
nonetype diterpenoids are biosynthetically interrelated via 
this photoinduced radical rearrangement, which was previ
ously thought to be a carbocation rearrangement. We there
fore speculate that dihydrokauradienone is most likely a na
tural product.”

Furthermore, a series of structurally diverse ent   
kau ranetype and jungermannenonetype diterpenoids or 
anal ogues and sesquiterpenoids also underwent this late stage 
photo induced skeleton rearrangement smoothly  (Scheme 
1C). “These transformations show that the photochemical  
re arrangements are highly functionalgrouptolerant, so  
allylic alcohols, acids, primary and tertiary alcohols, lac
tones and enamide can all be present,” explained Professor 
Lei, who continued: “Careful examinations were conducted 
case by case to improve the yields. We discovered the optimal 
wavelengths didn’t cor relate with the UV absorption data of  
the substrates. The computed study indicated that the  
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Scheme 1  (A) Proposed carbocationic biosynthetic pathway of isodon diterpenoids. (B) Protecting-group-free synthesis of isodon 
diterpenoids (+)-ent-kauradienone and (–)-jungermannenone C. (C) Late-stage photoinduced skeletal rearrangements of terpenoids.



© Georg Thieme Verlag Stuttgart • New York – Synform 2020/02, A19–A22 • Published online: January 21, 2020 • DOI: 10.1055/s-0039-1691148

Literature CoverageSynform

A21

photochemical rearrangement is not a thermodynamic equil
ibrium.” 

 Professor Lei concluded: “The enantioselective and pro
tectinggroupfree synthesis of (+)entkauradienone and 
(–)jungermannenone C were achieved in 12 and 14 steps, re
spectively, relying on three radicalbased reactions, including 
a latestage photoinduced radical rearrangement. Further ap
plications of the latestage rearrangements to various diter
penoids show good functionalgroup compatibility and sug
gest they are possibly involved in the biosynthetic pathways. 
We hope the photochemical 1,3-acyl migration will find more 
applications in natural products synthesis. Our work, together 
with previous examples contributed by other groups,5 is ex
pected to spur more interest in radical chemistry for natural 
products synthesis.”
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