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Exchange of an alkene unit of an olefinic compound with alkene unit of another compound (metathesis) leads to a new
olefinic compound. This process takes place in presence of a transition metal alkylidine complex as catalyst. A variety of
synthetic operations such as ring closing metathesis, ring opening metathesis, cross metathesis, enyne metathesis and
domino processes involving ring opening-ring closing and cross metathesis can be achieved to construct novel molecular
architectures that are difficult to make by other reactions. This account presents briefly the contributions mainly from
authors’ laboratory on applications of the various metathetic processes for synthesis of natural products and related molecules.
Key Words: Olefin Metathesis; Diels-Alder Reaction; Domino Process; Ring Closure Reaction; Terpenes;
Carbasugars

1. Introduction
The importance of natural products as valuable
sources of medicines has been well recognized. A
large number of biologically active natural products
possess densely functionalised complex molecular
structures containing multiple rings of different sizes.
Thus synthesis of natural products and related
molecules with complete regio-and stereocontrol
renders ring construction a fundamental process in
synthetic organic chemistry. Most direct method for
ring construction involves cyclization of acyclic
precursors through cationic (Godoi et al. 1990),
anionic (Godoi et al. 1990; Murphy and Wattanasin
1983) and radical mediated (Majumdar et al. 2012)
processes. Common rings such as 5-7 membered ones
are easily available by these cyclization processes.
However, synthesis of medium (Kleinke et al. 2012)
or large rings by classical cyclisation methods either
proceeds with low yields or does not proceed at all
due to unfavourable enthalpic and entropic factors.
Olefin metathesis (Kotha and Dipak 2012) has

emerged as a powerful tool for carbon-carbon bond
formation enabling synthesis of rings of different sizes
from common rings to medium rings and even
macrocycles under mild reaction condition.
Olefin metathesis is defined as a process in
which alkylidine units between two substituted
alkenes 1 and 2 undergoes mutual exchange in the
presence of a transition metal carbene complex as
catalyst to produce a new olefin 3 (Scheme 1). As
proposed by Herisson and Chauvin (1971) metathesis
proceeds through [2+2] cycloaddition between an
alkene and a metal carbene complex to produce a
metallacyclobutane 4.
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2OHILQ0HWDWKHVLV$SSOLFDWLRQLQWKH6\QWKHVLVRI1DWXUDO3URGXFWV
FDWDO\VWVHVSHLDOO\ WKHUXWKHQLXPFDWDO\VWVWRZDUGD
ZLGHYDULHW\RIIXQFWLRQDOJURXSVXQGHUWKHUHDFWLRQ
FRQGLWLRQ7KLVDFFRXQWSUHVHQWVDQRYHUYLHZRIWKH
FRQWULEXWLRQV PDLQO\IURP the authors’ laboratory on
DSSOLFDWLRQV RI YDULRXV PHWDWKHWLF SURFHVVHV LQ
V\QWKHWLFRUJDQLFFKHPLVWU\
2. Ring Closing Metathesis (RCM) in the Synthesis
of Natural Products and Related Molecules
Containing Five to Nine-Membered Carbo-and
Heterocycles
5&0ZDVHIILFLHQWO\HPSOR\HGDVWKHNH\VWHSLQWKH
V\QWKHVLVRIEDFLOODULROLGH, 9DQGEDFLOODULROLGH,, 10
R[\OLSLQV LVRODWHG IURP WKH PDULQH GLDWRP
SVHXGRQLW]VFKD PXOWLVHULHV%DFLOODULROLGH,ZDVIRXQG
WR SRVVHVV VLJQLILFDQW LQKLELWRU\ DFWLYLW\ DJDLQVW
SKRVSKROLSDVH$7KHLQWULFDWHVWUXFWXUHVDORQJZLWK
WKHLUSRWHQWDQWLLQIODPPDWRU\DFWLYLW\WKH\EHFDPH
WDUJHWV RI V\QWKHWLF LQYHVWLJDWLRQV 2XU DSSURDFK
*KRVK HWDO UHOLHGRQDQHIILFLHQW5&0RI
WKH GLHQH 11 SUHSDUHG IURP 'PDQQLWRO ZLWK WKH
FDWDO\VW 5WRDIIRUGWKHF\FORSHQWHQHGHULYDWLYH 12LQ
\LHOG 6FKHPH  7KHODFWRQHULQJIRUPDWLRQLQ
12 UHTXLUHVWKHHVWHUDQGWKHNHWDOXQLWVWREHV\QWR
HDFKRWKHU +RZHYHULQ 12WKHVHJURXSVDUHDQWLWR
HDFKRWKHU,QYHUVLRQRIVWHUHRFKHPLVWU\RIWKHFHQWUH
EHDULQJWKHWEXW\OHVWHUJURXSFRXOGEHDFKLHYHGE\
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ZKHQWUHDWHGZLWKWKHVDPHFDWDO\VWXQGHULGHQWLFDO
FRQGLWLRQWRSURGXFH 22LQ\LHOG6LPLODUO\WKH
GLHQROV 20bDQG 20cZLWKVLO\OR[\PHWK\ODQGDFHWR[\
PHWK\OJURXSUHVSHFWLYHO\DWWKHDOO\OLFFDUERQZDV
IRXQGWRSURFHHGDWDPXFKIDVWHUUDWHWRSURGXFHWKH
F\FORSHQWHQHGHULYDWLYHV 21bDQG 21c LQ DQG
\LHOGVUHVSHFWLYHO\7KHLQHUWQHVVRIWKHGLHQRO
20a WRZDUGV 5&0 LV SRVVLEO\ GXH WR VWURQJ
FRPSOH[DWLRQRI2+JURXSWR5XZKLFKUHWDUGV5&0
&RQVHTXHQWO\ SURWHFWLRQ RI 2+ JURXS GLPLQLVKHV
FKHODWLRQLQWKHGLHQHVDQGSURPRWHV5&0+RZHYHU
FHUWDLQ DPRXQW RI FKHODWLRQ RI 5X E\ WKH DONR[\
R[\JHQRIWKHGLHQHVDVVKRZQLQWKHVWUXFWXUH 24
VHHPVWREHEHQHILFLDO 1D\HN HWDO ,WPD\
GLUHFWPHWDWKHVLVLQLWLDWLRQDWWKHDONHQHQHDUHVWWR
WKHDONR[\JURXSDQGWKXVRYHUULGHVWKHFRPSHWLWLYH
QRQPHWDWKHWLFIUDJPHQWDWLRQSURFHVVGXHWRDOO\OLF
VHFRQGDU\2+JURXS7KHEXONLHUDONR[\JURXSVLQ
WKHGLHQROVDOVRIDFLOLWDWHGLVVRFLDWLRQRIWKHR[\JHQ
DWRPIURPWKHVWDELOL]HG5XFDUEHQH 24UHTXLUHGIRU
VXEVHTXHQWUHDFWLRQZLWKWKHVHFRQGDONHQHXQLW7KXV
DFHWDWHEHLQJDEHWWHUOHDYLQJJURXSWKDQVLO\OR[\
GLVVRFLDWHGDWDIDVWHUUDWHIURPWKHVWDELOL]HGFRPSOH[
24DQGWKHULQJFORVXUHZDVFRPSOHWHLQRQO\K7KH
UROHRIDONR[\JURXSVLQIDFLOLWDWLQJ5&0FRXOGEH
XQGHUVWRRGIURP5&0RIWKHGLHQROV 25ODFNLQJDQ\
DONR[\ PHWK\O JURXS OHDGLQJ WR D PL[WXUH RI WKH
VWDUWLQJGLHQH 25DQGWKH5&0SURGXFW 26LQUDWLR
XQGHULGHQWLFDOUHDFWLRQFRQGLWLRQ

RIWKHGLHQH 27ZLWKWKHFDWDO\VW 5OHGWRVPRRWKULQJ
FORVXUHWRIRUPWKHF\FORSHQWHQHGHULYDWLYH 28LQ
\LHOG7KHF\FORSHQWHQHZDVWKHQWUDQVIRUPHGWRWKH
F\FORSHQWHQ\ODPLQH 32aDVVKRZQLQ6FKHPH7KH
020 HWKHU DQDORJXH 32b LV WKH SUHFXUVRU RI WKH
QXFOHRVLGH%&$ 33
&RPSRXQGVFRQWDLQLQJFDUEDVXJDUPRLHWLHVDUH
SRWHQWLDOWKHUDSHXWLFDJHQWV$QXPEHURIFDUEDVXJDU
FRQWDLQLQJQXFOHRVLGHDQDORJXHVH[KLELWVSURPLVLQJ
DQWLYLUDO DFWLYLWLHV 2OLJRVDFFKDULGH DQDORJXHV
FRQWDLQLQJFDUEDVXJDUUHVLGXHVKDYHEHHQUHSRUWHG
WREHHIILFLHQWJO\FRV\OWUDQVIHUDVHLQKLELWRUVZKLFK
KDYH FRQVLGHUDEOH WKHUDSHXWLF SRWHQWLDO LQ WKH
PDQDJHPHQWRIFDQFHUGLDEHWHVDQGYLUDOLQIHFWLRQV
7KXVGHYHORSPHQWRIQHZDSSURDFKHVIRUV\QWKHVLV
RIFDUEDVXJDUVLVDQLPSRUWDQWDUHDLQFRQWHPSRUDU\
RUJDQLFV\QWKHVLV&DUEDVXJDUV\QWKHVLVSRVHVJUHDW
FKDOOHQJHLQWHUPVRIVWHUHRVHOHFWLYHLQWURGXFWLRQ
RI  PXOWLSOH  K\GUR[\O  JURXSV  ,Q RXU DSSURDFK

5&0ZDVXVHGDVDNH\VWHSLQWKHV\QWKHVLVRI
WKHQXFOHRVLGH%&$ %DQHUMHH HWDO 7UHDWPHQW
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Scheme 10

2OHILQ0HWDWKHVLV$SSOLFDWLRQLQWKH6\QWKHVLVRI1DWXUDO3URGXFWV
*KRVK HWDO WRFDUEDVXJDUV5&0SOD\HGWKH
NH\ UROH 6FKHPH   7KH XQLTXH IHDWXUH RI RXU
DSSURDFKLVHDV\DFFHVVLELOLW\RIERWK 'DQG /
FDUEDULERIXUDQRVHV 7KHGLHQH 35aSUHSDUHGIURPWKH
DOGHK\GH 34a RQ PHWDWKHVLV ZLWK WKH FDWDO\VW 5
SURYLGHGWKHF\FORSHQWHQRO 36aLQH[FHOOHQW\LHOG
7KH LQWHUQDO DONHQH XQLW ZDV WKHQ H[SORLWHG WR
LQWURGXFH K\GUR[\O JURXSV E\ FLVGLK\GUR[\ODWLRQ
ZLWK2V26WHUHRVHOHFWLYLW\GXULQJGLK\GUR[\ODWLRQ
ZDVFRQWUROOHGE\WKHEXONRIWKHNHWDOVXEVWLWXHQW,Q
WKLV ZD\ /FDUEDULERIXUDQRVH 37a FDQ EH
V\QWKHVLVHG )ROORZLQJ WKLV SURWRFRO '
FDUEDULERIXUDQRVH 37bZDVV\QWKHVLVHGWKURXJK5&0
RIWKHGLHQH 35bSUHSDUHGIURP WKHDOGHK\GH 34b
6LPLODUO\GLHQRO 38SUHSDUHGIURP 34aRQWUHDWPHQW
ZLWK WKHFDWDO\VW 5 JDYHWKH F\FORKH[HQRO 397KH
F\FORKH[HQRO 39ZDVWKHQWUDQVIRUPHGWRFDUED /
JXORS\UDQRVH 40 7KH F\FORKH[HQRO 39 ZDV DOVR
HPSOR\HG>@DVDQLQWHUPHGLDWHIRUWKHV\QWKHVLV
RIHSR[\V\QF\FORKH[DQHGLROGHULYDWLYH 41
VWUXFWXUDO PRWLISUHVHQWLQDODUJHQXPEHURIKLJKO\
ELRORJLFDOO\DFWLYHSRO\NHWLGHQDWXUDOSURGXFWVVXFK
DVHXW\SR[LGH$ 42HXW\SR[LGH% 43HWF



5&0 RI D GLHQH HPERGLHG LQ WKH KLJKO\
VWHULFDOO\FRQJHVWHGWULF\FOLFV\VWHP 48KDVEHHQXVHG
>@DVDNH\VWHSLQWKHV\QWKHVLVRIWKHWHWUDF\FOH
49DSURMHFWHGLQWHUPHGLDWHWRZDUGVWKHV\QWKHVLVRI
DQXQXVXDOPDULQHSURVWDQRLGWULF\FORFODYXORQH 50
6FKHPH 
2QHRIWKHZLGHO\HPSOR\HGDSSURDFKHVIRUWKH
V\QWKHVLVRIHQDQWLRPHULFDOO\SXUHWDUJHWVLQYROYHV
DQQXODWLRQRIFDUERF\FOLFDVZHOODVKHWHURF\FOLFULQJV
RI YDULRXV VL]HV RQ WR FDUERK\GUDWHV +RZHYHU
FDUERK\GUDWHVDUHVXVFHSWLEOHWRUHDFWLRQFRQGLWLRQV
WKDWDUHFRPPRQO\XVHGIRUULQJDQQXODWLRQ2OHILQ
PHWDWKHVLVKDVSURYLGHGDXQLTXHDSSURDFKIRUULQJ
DQQXODWLRQ RQ WR FDUERK\GUDWHV )LYH WR QLQH
PHPEHUHGULQJVFDQEHDQQXODWHGRQWRDSSURSULDWH
VXJDUGHULYDWLYHV)RUH[DPSOH5&0RIWKHGLHQH
52aSUHSDUHGIURPGLDFHWRQHJOXFRVH 51 RQKHDWLQJ
LQ EHQ]HQHDW RC with Grubbs’ catalyst 5 OHG WR

,Q WKH ILUVW WRWDO V\QWKHVLV 0DLW\ DQG *KRVK
 RIWKHQRUOLJQDQVHTXRVHPSHUYLULQ$ 475&0
ZDVXVHGWRFRQVWUXFWWKHVSLUR>@GHFDQHV\VWHP
SUHVHQWLQLW 6FKHPH 
7KHGLHQH 45SUHSDUHGIURPWKHF\FORKH[DQRQH
GHULYDWLYH 44RQWUHDWPHQWZLWKWKHFDWDO\VW 5DWUW
SURYLGHG WKH F\FORSHQWHQRO GHULYDWLYH 46 7KH
FRPSRXQG 46 ZDV WKHQ WUDQVIRUPHG WR
VHTXRVHPSHUYLULQ 47
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Scheme 11

Scheme 12
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IDFLOHDQQXODWLRQRIGLK\GURS\UDQULQJRQWRWKHIXUDQR
VXJDU WROHDG WR WKHIXUDQRS\UDQ GHULYDWLYH 53a LQ
TXDQWLWDWLYH\LHOG 6FKHPH  +DTXH HWDO 
8QGHULGHQWLFDOFRQGLWLRQWKHPHWK\ODQDORJXH 52b
JDYHWKHIXUDQRS\UDQGHULYDWLYH 53bLQ\LHOG
+RZHYHUDQDWWHPSWWRDQQXODWHDQHLJKWPHPEHUHG
R[DF\FOHRQWRIXUDQRVXJDUE\5&0RIWKHGLHQH
52cZLWKWKHFDWDO\VW 5ZDVXQVXFFHVVIXO
$QQXODWLRQRIILYHWRQLQHPHPEHUHGULQJVZDV
YHU\VXFFHVVIXORQWRJOXFRS\UDQRVHGHULYDWLYH +DOO
HWDO 7KHNHWRQH 54aRQUHDFWLRQZLWKYLQ\O
PDJQHVLXPFKORULGHDIIRUGHGWKHFLVDGGLWLRQSURGXFW
55a LQ  \LHOG DORQJ ZLWK WKH WUDQVDGGLWLRQ
SURGXFW 56a 6FKHPH :KLOHWKHWUDQVGLHQH 56a
IDLOHG WR XQGHUJR 5&0 WKH FLVDQDORJXH 55a
underwent ring closure with Grubbs’ catalyst 5 LQ
EHQ]HQH WR DIIRUG F\FORSHQWHQH DQQXODWHG JOXFRVH
GHULYDWLYH 57a LQ  \LHOG 7KH PHWK\ODWHG
FRPSRXQG 55b SUHSDUHG IURP 54a SURGXFHG WKH
DQQXODWHGVXJDU 57bLQPXFKLPSURYHG\LHOG  
7KH HIILFLHQW ULQJ FORVXUH RI WKH PHWK\ODWHG
FRPSRXQG 57bLVDWWULEXWHGWR7KRUSH,QJROGW\SH
HIIHFW LQ ZKLFK WKH TXDWHUQDU\ FHQWUH EHDULQJ WKH
PHWK\OJURXSUHVWULFWVWKHGHJUHHRIIUHHGRPRIWKH
DONHQHFKDLQPDNLQJULQJFORVXUHPRUHHIILFLHQW,Q
FRQWUDVWWRWKHIDLOXUHRIWUDQVDGGLWLRQSURGXFW 56WR
XQGHUJR ULQJ FORVXUH WKH KLJKHU DQDORJXH 58
REWDLQHGDVWKHPLQRUSURGXFWRQDGGLWLRQRIDOO\O
PDJQHVLXP FKORULGH WR WKH NHWRQH 54a F\FOLVHG
VPRRWKO\ZLWKWKHFDWDO\VW 5WRDIIRUGWKHWUDQVIXVHG
F\FORKH[HQHGHULYDWLYH 59LQ\LHOG 6FKHPH 

Scheme 16

WR SURGXFH WKH FLVIXVHG VL[ VHYHQ DQG HLJKW
PHPEHUHGDQQXODWHG SURGXFWV 61a-cLQ 
DQG\LHOGVUHVSHFWLYHO\ 6FKHPH 6PRRWK
IRUPDWLRQ  RI  WKH HLJKWPHPEHUHG FDUERF\FOH
GLIILFXOWWRV\QWKHVLVHE\RWKHUF\FOLVDWLRQPHWKRGV
LV QRWHZRUWK\ +RZHYHU WKH GLHQH 60d IDLOHG WR
SURGXFHWKHQLQHPHPEHUHGULQJDQQXODWHGSURGXFW
61d 2QO\ LQWHUPROHFXODU PHWDWKHVLV SURGXFW ZDV
REVHUYHG
$QQXODWLRQRIPHGLXPVL]HG R[DF\FOHVRQWR
JOXFR S\UDQRVH GHULYDWLYH ZDV DOVR DFKLHYHG >@
VPRRWKO\WKURXJK5&0'LHQHV 62a-bSUHSDUHGIURP
WKH JOXFRVH GHULYDWLYH 54a RQ WUHDWPHQW ZLWK WKH
FDWDO\VW 5 UHVXOWHG LQ ULQJ FORVXUH WR DIIRUG WKH
R[HSHQHV 63a-bLQ\LHOG 6FKHPH 

$QQXODWLRQRIFLVIXVHGVL[VHYHQDQGHLJKW
PHPEHUHGULQJRQWRJOXFRS\UDQRVHZDVIRXQGWREH
IDFLOH 7KH GLHQHV 60a-c REWDLQHG DV WKH PDMRU
SURGXFW IURP DGGLWLRQ RI DSSURSULDWH DONHQ\O
PDJQHVLXPFKORULGHRUEURPLGHWRWKHNHWRQH 54a
F\FOLVHGVPRRWKO\ZKHQWUHDWHGZLWKWKHFDWDO\VW 5

Scheme 15

Scheme 17
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Under identical condition the diene 64 afforded
the nine-membered oxacycle 65 in 74% yield. The
facile formation of nine-membered oxacycle is in
stark contrast with the failure of RCM of the carbon
chain containing analogue 60d to form the ninemembered carbocyclic compound 61d.
Spiro annulation also proceeded smoothly. The
dienes 67a, b were prepared from the glucose
derivative 66 by addition of vinyl magnesium chloride
(for 61a) or allyl magnesium chloride (for 61b)
followed by etherification (NaH and allyl bromide)
in very good yields (Scheme 18). Exposure of a
benzene solution of the dienes 67a, b with the catalyst
5 at 60 oC gave the spiro annulated products 68a, b
in very good yields.
We have used [19] RCM as the key step in the
synthesis of A/B/C tricyclic ring systems present in
densely functionalized highly structurally complex
schisandra nortriterpenoids possessing a wide ranging
bioactivity. Micrandilactone A 69 is a representative
example of this family. The synthesis began with the
preparation of the compound 73 (Scheme 19). RCM
of the dienol 71, prepared from the aldehyde 70, with
Grubbs II afforded the cycloheptenol 72 in 96% yield.
The compound 72 was then converted to the
cycloheptanone derivative 73 through a number of
trivial steps. Cycloheptanone 73 was then elaborated
to the diene 74 as depicted in Scheme 19.
RCM of the diene 74 proceeded smoothly to
form the spiro dihydrofuran derivative 75.
Transformation of the dihydrofuran 75 to 76 was
trivial. CrO3 induced oxidation of 76 proceeded
through 1, 4-conjugate addition of in situ generated
spiro butenolide 77 to afford the tricyclic lactone 78,

Scheme 19

structural motif present in the schisandra nortriterpenoids.
Cross Metathesis
Scheme 18

Cross metathesis (Cannon and Blechert 2003)
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Scheme 20

provides a mild high yielding route for diene
synthesis. In connection to the synthesis of decalins
and hydrindanes through intramolecular Diels-Alder
reaction we developed (Mondal et al. 2013) a general
protocol for synthesis of substrates containing
dienophile as well as diene units using cross
metathesis. Treatment of the diene 79a with
methacrolein in the presence of Grubbs’ catalyst 6
afforded the unsaturated aldehyde 80a in 95% yield
(Scheme 20). Under identical condition the diene 79b
gave the unsaturated aldehyde 80b in excellent yield.
It may be noted that cross metathesis took place only
at the terminal double bond. Wittig olefination of the
aldehyde moiety in 80a and 80b then afforded the
dienes 81a and 81b respectively. Oxidation of 81a
with DMP gave directly the trans-decalin derivative
82a in excellent yield. However, the trienone obtained
after DMP oxidation of 81b required heating at
140 oC for Diels-Alder reaction to produce a mixture
of cis- and trans-hydrindane derivatives 82b.
3. Domino Ring Opening (RO)-Ring Closing
Metathesis (RCM)
Domino processes (Tietze and Beifus 1993) involving
a series of organic transformations provide enormous
possibilities for rapid creation of molecular
complexity. Ring closing, ring opening and cross
metathesis generally occur under identical reaction
condition. Thus appropriately designed substrates on

Scheme 21

treatment with a suitable catalyst may undergo a
sequence of ring opening and ring closing metathesis
reaction to lead to polycyclic structures in a single
pot (Holub and Blechert 2007). This concept was
demonstrated by Grubbs and co-workers (1990) in
an approach to the synthesis of capnellene 88. The
norbornene derivative 83 when treated with Tebbe
reagent undergoes ring opening through the
titanacyclobutane 84 to give titanium carbene
complex 86 (Scheme 21). The latter on reaction with
the proximal carbonyl group afforded the tricycle 87
which was subsequently transformed to capnellene
88.

Olefin Metathesis-Application in the Synthesis of Natural Products
After the advent of the Grubbs ruthenium
catalysts, Strategies and Blechert (1998) employed
the concept described by Grubbs to construct fused
ring systems of various sizes. Treatment of the
norbornene derivatives 89a-d with the catalyst 5 in
dichloromethane under ethylene atmosphere resulted
in smooth domino ROM-RCM-CM processes to lead
to the fused bicycles 90a-d in 75-88% yields (Scheme
22).
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We have extensively employed domino ROMRCM-CM processes to construct polycyclic carbon
networks with high degree of molecular complexity.
The norbornene derivative 92, prepared from the
known Diels-Alder adduct 91, when subjected to
metathesis with the catalyst 5 under ethylene
atmosphere, produced the tricyclo [7.4.1.0 1,5 ]
tetradecane 93 in 59% yield (Scheme 23) (Malik and
Ghosh 2007). The compound 93 having “out-out”
bicyclo [4.4.1] undecene represents the tricyclic
framework of the anti-cancer and anti-HIV active
highly strained tetracyclic diterpene ingenol 94. The
most remarkable feature of this protocol is the direct

access to this structurally complex bridged tricyclic
skeleton of ingenol, which otherwise has been
prepared with difficulty through multi-step processes.
Since norbornene derivatives are easily available
through Diels-Alder reaction of cyclopentadiene
derivatives, a sequence of Diels-Alder reaction and
metathesis thus offers an attractive route for rapid
access to highly complex structures. Successful
synthesis of the analogues 96a,b from metathesis of
the norbornene derivatives 95a,b illustrates the
generality of the domino metathesis protocol.
Similarly the norbornene derivative 95c provided the
tricycle 95d in 40% yield. The formation of the
tricyclo [7.4.1.01,5] tetradecenes may be explained
by two different reaction paths (Scheme 24).
Metathesis may initiate at the norbornene double
bond to produce regioselectively the ruthenium
carbene intermediate 97 (path 1). Two consecutive
RCM then gives rise to the product 93. This
regioselectivity may be attributed to a keto-directed
addition of the catalyst from the endo face. ROM
may also take place to provide a regioisomer of 97
which on cross metathesis with ethylene followed
by two consecutive RCM steps provides 93. An
alternative path may involve initiation of metathesis
at one of the gem-diallyl moiety to produce the Rucarbene 98. An intramolecular cycloaddition of Rucarbene to norbornene double bond may give rise to
the metalla-cyclobutane 99. Cycloreversion of 99
leads to the Ru-carbene 100. CM of 100 with ethylene
followed by RCM involving the residual allyl units
finally led to 93.

Scheme 23

Scheme 24
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Scheme 25

The sequential Diels-Alder reaction of
cyclopentadiene and ROM-RCM cascade of the
resulting norbornene derivative can be extended for
the synthesis of fused tricyclic systems too. The enone
101, prepared from the aldehyde 100, on Diels-Alder
reaction with cyclopentadiene afforded an inseparable
mixture of adducts 102 and 103 in 1:2 ratio
respectively (Scheme 25) (Malik C K and Ghosh S,
2007). When this mixture was subjected to metathesis
with the catalyst 5, the cis-syn-cis and cis-anti-cis
5/7/5 fused tricycles 104 and 105 were obtained in
23% and 45% yields respectively.
In a similar fashion condensed 5/7/6 tricyclic
system can be constructed as depicted in Scheme 26
(Malik C K et al. 2009). Diels-Alder reaction of the
enone 107, prepared from the aldehyde 106, with
cyclopentadiene afforded a mixture of adducts 108
and 109 in excellent yield. Metathesis of this mixture
with the catalyst 5 proceeded smoothly to produce
the fused 5/7/6 tricyclic compounds 110 and 111 in
60% and 26% isolated yields respectively. Direct
synthesis of 5/7/6 tricycles is of great significance as

Scheme 26

this unit represents the core structure of a number of
highly biologically active natural products.
In both the cases presented above it may be
noted that a mixture of cis-syn-cis and cis-anti-cis
tricyclic systems were obtained as Diels-Alder
reaction proceeded non-stereoselectively arising from
addition of the diene from Re-face as well as from
Si-face of the enone double bond. Some selectivity
was observed as addition of the diene from Re-face
was blocked by the syn alkyl chain having the alkene
unit on the centre next to the carbon bearing the enone
unit. The major product thus arose from addition of
the diene from the Si-face.
It was envisaged that replacement of the
carbocyclic ring in the dienophile by a sugar ring may
direct addition from Re-face of the enone moiety if
the Diels-Alder reaction is carried out in presence of
a Lewis acid as catalyst. The dienophile 112 was

Olefin Metathesis-Application in the Synthesis of Natural Products
Table 1: Diels-Alder reaction of enones 112 with cyclopentadiene
Entry

Dienophile

Products

1

112a

115a+116a

88% (3:1)a
84% (1:100)b

2

112b

115b+116b

89% (4:1)a
86% (1:100)b

3

112c

115c+116c

89% (4:1)a
87% (1:100)b

4

112d

115d+116d

90% (16:1)a
88% (1:100)b

aTHF,

Yield

0oC, bZnCl2, DCM, –78oC

Scheme 27

chosen. Since Re-face is blocked by the adjacent
bulky group “R”, diene would add from the Si-face
to give 115 as the major product. Indeed, reaction of
the dienophiles 112a-d with cyclopentadiene without
any catalyst gave adducts 115a-d and 116a-d with
the former predominating (Table 1) (Scheme 27). The
ratio of adducts 115 and 116 increased with increase
in size of the “R” group. Thus in going from 115a to
115d the ratio increased from 3:1 to 16:1. It was
predicted that the bond linking the enone moiety
in the Lewis acid (MXn)-complexed dienophile 113
would rotate due to increased eclipsing interaction
with the substituent “R” and undergo chelation with
the sugar ring oxygen to form a rigid bidentate chelate
complex 114 (Fig. 3). In this complex the Si-face is

Fig. 3:
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blocked by the substituent “R”. Addition was then
expected to take place on the Re-face resulting in
reversal of facial selectivity. As a matter of fact, when
ZnCl2 was used as catalyst in the above Diels-Alder
reaction, adducts 116a-d were obtained exclusively
arising through addition on the Re-face of the chelated
complex 114 in which the Si-face is blocked by “R”.
Thus Lewis acid in these examples is simply changing
the orientation of the Re-face of the enone 112 from
hindered to unhindered position through rotation
during formation of the chelate.
Attempted ROM-RCM of the norbornene
derivative 115a with the catalyst 5 led to the ring
opened products 117a in 92% yield. ROM-RCM of
115a with the more reactive catalyst 6 caused
extensive polymerization. However, when the ring
opened product 117a was treated with the catalyst 6
smooth ring closure took place to produce oxatricycle 118a in 86% yield. Based on this observation
a protocol involving treatment of the norbornene
derivatives first with the catalyst 5 till the
disappearance of starting materials and appearance
of the ROM product (TLC) followed by treatment of
the resulting reaction mixture with the catalyst 6 led
to ROM-RCM to afford the tricyclic compounds
118a,b,d and 120a, c in very good yields (Malik et
al. 2009). Compounds 115c and 116b gave directly
the nine-membered and eight-membered carbocyclic
derivatives 118c and 120b respectively in 1h with
the catalyst 5 in excellent yields. Thus a sequence of
face selective Diels-Alder reaction of the dienophile
112 with cyclopentadiene and ROM-RCM cascade
of the resulting norbornene derivatives offered a
general expedient approach for the synthesis of

Scheme 28
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densely functionalised fused tricycles with seven-,
eight- and nine-membered rings. The most notable
feature of this protocol is the construction of both
cis-syn-cis and cis-anti-cis fused tricyclicic structures.
The sugar residues in these compounds can be
modified to make five- or six-membered carbocycles
providing opportunity to produce linearly fused
tricarbocyclic systems.
Lactaranes are a family of sesquiterpenes having
a linearly fused tricyclic system. Lactarorufin A 126
is a representative example. Lactaranes possess wide
ranging biological activities such as antifeedant,
antimicrobial and mutagenic. We have extended [28]
the domino ROM-RCM protocol for rapid
construction of the core tricyclic lactone structure of
lactaranes as depicted in Scheme 29. The synthesis
starts with diastereoselective condensation of the
known aldehyde 121 with the enolate generated from
the ester 122 to give the hydroxy-ester 123. Treatment
of this ester with the Ru-catalyst 5 at rt led to tandem
RO-RCM to afford the highly functionalized

Scheme 29: Approach to lactaranes

hydroazulene derivative 124 in excellent yield. The
compound 124 was then transformed through a
number of steps to the tricyclic lactone 125 present
in lactarorufin A 126.
Caribenol A 131, a nor-diterpene, exhibits
strong inhibitory activity against Mycobacterium
tuberculosis. It also exhibits weak in vitro
antiplasmodial activity against chloroquine-resistant
Plasmodium falciparum W2. We have developed
(Mondal et al. 2009) a convergent asymmetric route
to caribenol A using a RO-RCM of a norbornene
derivative as the key step. Condensation of the
aldehyde 121 with the enolate generated from
dihydrocarvone 127 led to the formation of the adduct
128 (Scheme 30). The norbornene derivative 128 on
treatment with the Grubbs first generation catalyst 5
failed to produce the expected RO-RCM product 130.
Rather under this condition only the ring opened
product 129 was obtained in quantitative yield. The
ring opened product 129 when treated with HoveydaGrubbs 2nd generation catalyst 8, smooth ring closure
took place to afford the tricycle 130. The compound

Scheme 30: Approach to caribenol A
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Scheme 31: Approach to umbellactal

130 closely resembles the tricyclic unit present in
caribenol A 131.
ROM-RCM sequence of norbornene derivatives
can be extended for the synthesis of angularly
annulated ring system also (Maity and Ghosh 2009).
The cytotoxic diterpene umbellactal 137 is an
angularly fused tricyclic lactone. The synthesis of its
core structure is outlined below (Scheme 31).
Reaction of lithium enolate of the lactone derivative
132 with acrolein followed by silylation and
chromatographic separation afforded the pure
products 133 and 134 in 50% and 19% yields
respectively.
Metathesis of the silyl ether 133 and 134 with
the catalyst 5 gave the tricyclic lactones 135 and 136
in 72% and 70% yields respectively. The trans fused
lactone 135 could be isomerized easily to the cis fused
lactone 136. The silyl ether 136 represents the highly
functionalized tricyclic skeleton present in
umbellactal 137.
Sesquiterpenes of the seco-prezizane type such
as minwanenones 142 exhibit bioactivity profile
ranging from neurotoxicity to promoters of neurite.
A hydrindane system with a bridged lactone/lactol is
the core structure of this family. We have
demonstrated that ROM-RCM of an appropriately
designed norbornene derivative leads smooth

Scheme 32: Approach to minwanenones

construction of the core structure (Scheme 32) (Yadav
et al. 2011). The required norbornene derivative 138
was easily prepared from 132. Metathesis of 138 with
the catalyst 5 produced the ring opened product 139
in quantitative yield. Ring closure of 139 was then
achieved with the Grubbs 2nd generation catalyst 6
to produce the hydrindane derivative 140 in excellent
yield. Compound 140 was then transformed to the
tricyclic bridged lactone 141. This compound is
structurally related to minwanenones 142. Thus
ROM-RCM sequence led to an easy access to the
family of seco-prezizanes.
Synthesis of nine-membered oxa-cycles is a
difficult task to achieve. This ring system is present
in a large number of natural products. Fused ring
system having nine-membered lactone could be
achieved smoothly by ROM-RCM of norbornene
derivative. Metathesis of the norbornene derivative
143 with the catalyst 5 provided the ring opened
product 144 which underwent smooth ring closure
with the catalyst 6 to afford the fused tricyclic system
145 containing nine-membered ring in overall
excellent yield (Scheme 33) (Malik et al. 2009).
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4. Ring Opening-Ring Closing Metathesis of
Bicyclo [2.2.2] Octenes

Scheme 33: Synthesis of fused nine-membered
lactone

From the above discussion it is clear that employing
ring opening metathesis of bicyclo [2.2.1] heptenes
in combination with ring closing metathesis a variety
of structural patterns having a fused five-membered
ring can be synthesised. ROM-RCM of appropriately
constructed bicyclo [2.2.2] octenes is thus expected
to produce ring system with a six membered ring.
Although Hagiwara et al. (2002) was unsuccessful
in ring opening of bicyclo [2.2.2] octenes through
metathesis, Chandler and Phillips 2005 have
successfully constructed hydrindanes and decalins
through ROM-RCM of bicyclo [2.2.2] octenes
(Scheme 35).

The nor-triterpenoids schintrilactones 146
belonging to Schisandracea family with high
biological activity profile pose considerable synthetic
challenge due to their structural complexity. Domino
metathesis provided an expedient route for the
construction of the central tricyclic ring in a single
step (Matcha et al. 2010). The sequence involves a
ring opening metathesis-bidirectional ring closing
metathesis of the norbornene derivative 147 with the
catalyst 6 to provide the C/D/E ring system 148
present in schintrilactones 146 (Scheme 34).

Scheme 34: Approach to Schintrilactones

Scheme 36: ROM-RCM of bicyclo [2.2.2] octene
derivative
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In connection to a synthesis of the sesquiterpene
anthecularin 152, we planned to employ ROM-RCM
of the bicyclo [2.2.2] octene derivative 154 prepared
from the lactone 153 (Scheme 36). Surprisingly
metathesis of 154 with the catalyst 6 provided the
tricyclic lactone 156 having a six-membered ring
instead of the expected product 157. Compound 156
arose through metathesis of the isomerized alkene
155 as demonstrated by transformation of 154 to 155
with Grubbs 1st generation catalyst 5 and subsequent
treatment of 155 with Grubbs 2nd generation
catalyst 6.
In contrast to this observation the norbornene
analogue 158 on sequential treatment with the catalyst
5 and then with the catalyst 6 produced the tricyclic
lactone 159 with seven-membered ring (Scheme 37)
[36]. Further, it was interesting to note that the ring
opened product 161, prepared from 153 through a
non-metathetic path (Scheme 38), underwent smooth
ring closure when treated with the catalyst 6. This
indicated that inertness of the bicyclo[2.2.2]octene
derivative 154 to undergo ring opening probably led

Scheme 37: ROM-RCM of bicyclo [2.2.1] heptenes

Scheme 39: Plausible reaction course

to isomerization of the double bond in the side chain
to produce 155. The latter then underwent domino
metathesis to produce the decalin system 156 with
the catalyst 6.
The formation of the six-membered ring rather
than the expected seven-membered ring from
metathesis of 154 may be attributed as follows
(Scheme 39). Initially, the Ru-catalyst reacts with the
alkene unit in the side chain of the compound 154 to
form the new Ru-carbene 162. This adds
intramolecularly to the bridged olefin to form the
metalla-cyclobutane 163. Cycloreversion then
generates the carbene 164 which on reaction with
ethylene leads to the product 156. The formation of
ruthena-cyclobutane 163 (n = 1) required for the
formation of the 7/6 bicyclic system is probably
entropically unfavourable compared to those required
for the formation of decalins such as 163 (n = 0).
Thus product development drives isomerization of
the double bond in 154 to 155 which subsequently
undergoes ring opening-ring closing metathesis to
lead to the product 156.
5. Conclusion

Scheme 38

A brief account on various types of olefin metathesis
reactions has been presented. It includes application
of ring closing metathesis in the synthesis of natural
products and related structures. Domino metathesis
involving ring closing metathesis-ring opening
metathesis of bicyclo [2.2.1] heptene and bicyclo
[2.2.2] octene derivatives for rapid construction of
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complex molecular structures has also been
described.
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