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Abstract. Readily available 1,2,3,4-tetrachloro-5,5-dimeth- bicyclic products which make them convenient entities in the
oxy-cyclopenta-1,3-dien€) is an excellent cyclic diene for synthesis of complex molecules. The most important is the
Diels—Alder reaction with a vast variety of dienophiles. Therigid framework that act as a powerful template to provide
products so formed (norbornene derivatives) constitute imhigh degree of selectivity and directional nature to various
portant building blocks for the synthesis of diverse complexsubstituents. The proposed article is intended to focus on Diels-
natural as well as non-natural products. Apart from very highAlder reactions of and the applications of norbornene de-
endo selectivity associated with Diels—Alder reactions, thereivatives in organic synthesis.

are several other fascinating features associated with these

Contents of 2 with maleic anhydride was first demonstrated by New-
comer and McBee [1]. Subsequently the remarkable reactiv-
1. Diels—Alder Reactions of 1,2,3,4-Tetrachloro-5,5-dimeth-ity of this diene2 in Diels—Alder reactions with a variety of

oxy-cyclopenta-1,3-diene electron rich and electron deficient olefinic dienophBlEs—
2. Application in the Synthesis of Natural Products and thei8] was thoroughly investigated by McBee [3] and then by
Intermediates Hoch [4] and Jung, [5] exclusively giving rise to thiedo
3. Application in the Synthesis of Unnatural Products adductst. The adductd, in majority of the cases, provide a
4. Miscellaneous convenient route to the synthesis of bicyclic bridged ketones

5 upon treatment with conc.,BO, [3, 5, 7a] which are po-
The preparation of 1,2,3,4-tetrachloro-5,5-dimethoxy-cy-tential synthetic intermediates leading to diverse carbocyclic
clopenta-1,3-diene?} was first reported by Newcomer and skeletons.
McBee in 1949 [1a]. The addition of KOH-MeOH [1] or

NaOMe—-MeOH [2] to the easily available hexachlorocy- MeO. _OMe o
clopentadienel() affords2, the yellow coloured liquid hav- R? cl I

ing sweet odour. This cyclic electron deficient di@nleas 2+ A Cl Cl Cl
been successfully utilized as an excellent reactant in numer- 1 15-100% e )
ous Diels—Alder reactions with a wide variety of dienophiles R ¢ c R CI” cl R
possessing both electron rich and electron deficient groups 3 4 5

under mild conditions. Apart from higindoselectivity as-
sociated with the products so formed, the dizoan serve as Cl, CHHal (Hal = CI, B)

masked cyclopentadienone, which is not a suitable candidatg _ ;" \/c CHCl, Cl '

for the Diels—Alder reaction as it undergoes dimerisation. i ge - c(0)(CH),- (x = 2, 3), Indene, Acenaphthalene

R! = H, Me, Hept, CGH, COMe, CQMe, Ph, CN, OEt, OAc, P(O)(OMg)

cl_ Cl MeO_ OMe The [4+2] cycloaddition o with quinonest proceeds
Cl Cl AorB Cl Cl smoothly giving rise to thendoadductsr [9]. However,2
_ remains unreactive with chloranil and 2,5-dichloroquinone
cl cl cl cl [9a]. The adductaphotocyclized to give the cage compound
8[9c].
1 A=KOH/ MeOH (77%) 2
B=NaOMe/ MeOH (85%) MeO.__OMe
R i R cl cl
. . . 2 acetone Cl
1. Diels—Alder Reactions of 1,2,3,4-Tetrachloro-5,5-di- N A Y o cl
methoxy-cyclopenta-1,3-diene 54-98% \OO
Diels—Alder reaction is one of the most important and funda- 6 7 8 (Ri=Re=Re=H, 93%)

mental carbon—carbon bond forming reaction for the construc-
tion of six membered carbocycles. The Diels—Alder reaction Rt =H, Cl, OMePr; R = H, Cl; R = H, Me
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The addition o with dienophilesd [10a] (across the £

The initial Diels—Alder adduc6 formed from2 and ace-

C; bond) andL0[10b] was also reported to give exclusively tylenic dienophile25 undergo aromatization either by re-

theendoadducts.
4 N3
M
S[»Z\N' ¢
© Bn

Reaction o with methyl methacrylat&l gave exclusive-
ly theendoadductl2 whereas apxdendomixture (3.5:1) of
adductsl4 were formed with methacrylonitri&3 [11].

Me

OMe JI\ JI\ Me OMe
cl
Cl ,COMe Me” “CN Cl c
Me 13 Me
CI~ Cl neat, 110C neat, 125C cl” cl
COMe 48 h 24-26 h CN
12(86%) 14

exq endo(73%, 21%)

With conjugated 1,3-dienes, for exampk only the least

hindered double bond of the dienophile reacts, [12a] whereas

sealed tube
18 h, 95C

giving rise to adduct$6 and18[12b].
OMe
3 %I\/
95-100C Cl
18300 18(70-00%)

alkene is preferred over alkyne in case of allyl acetyléiies
sealed tube
R=H, CMgOH

16/(85%)

Although?2 is highly reactive with mono- and disubstitut-
ed olefinic dienophiles it is very unreactive with tri- or te-

trasubstituted olefins [13]. The reaction2ofvith isobutenyl
acetatel9 affords the adduct®0 in poor yields even when

taining the bridge carbon leading to prod®&Z®r by extru-
sion of dimethoxy carbene from bridgehead resulting in prod-
uct 28 [15]. However Lemakt al. reported the isolation of
some of the cycloadducts in pure form [15a].

OMe cl
cl R
N R
B2 R

CO,Me Cl

Ri= Re= H, CHOAc, COMe, SCR
RL= H, CHOAc, CQEt, Re= Br, Ph, Me, CHMeOAc, P(O)(OEt)

A3-Phosphine30 was obtained from the reactionénd
phosphaalkyn@9 [15h]. The dien& reacts with phenyl vi-
nyl sulfoxide31 as acetylene equivalent to give tetrachloro
benzene8 (R = R2= H) [15i].

Cl

‘Bu
I|I <
Cl N Cl P PhH |
| 29 31
Nt 2
MeO,C Bu 150C, 3d

28
(Ri=Re=H)

30

The cycloadducB2 of 2 with benzyne was described to
yield 1,2,3,4-tetrachloro-naphthaleB8 [16a] and 7-ben-
zonorbornenone [16b] through simple manipulations.

@I }OE@ H259,
(CH ay, Ccl CH cl2 cl

32 (84%) 33 (100%)

refluxed in neat for 3—4 weeks, whereas with tetrasubstitut- The Diels—Alder reaction & with cyclic alkeneg§4were

ed ethylenic dienophil2l the reaction fails [13a].

MeO. _OMe Me. Me Me. Me
“w [ x
OAc

Me 21 Ar
cl Me no reaction

3-4 weeks
20 (35%)

The reaction of with allenic dienophile such as vinylid-
ine cyclobutan@?2 gave a mixture of 1:1 regioisomeric cy-
cloadduct3 and24 [14].

2 OMe
sealed tube al Cl
{ m— —_— —
< > 130-135C

(68%)

22
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investigated to give the cycloaddus [5, 17, 18] which
after dechlorination [19] and hydrolysis were converted to
the bicyclic ketone36. The cycloadduc?8was formed from
the addition of2 with cyclobutenic dienophiles such 38
[20].

oM
[M—»

CI
1) Na/BuOH, THFLbQ
34(n=1, 3-5) cl ), 2 HH,0

35(60 -88%)

Me OMe
Cl cl Cl

1 toluene
2 + DC' —=, cl

= H flux, 4 h Y
1 reflux clI” cl Lcl

I

37 38(46%)
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The non-conjugated cycloalkadier83®also serve as good 2. Application in the Synthesis of Natural Products and
dienophiles to furnish both mond0 and bisadductdland  their Intermediates

42[21, 22]. Using excess @fin cycloaddition reaction with . L
: _ . The norbornene skeleton, obtained from the reacti@mith
cyclooctadien@9 (n = 2),synandantiisomers oendo—endo a suitable dienophile [1-26] and adorned with 7-keto group

diadducts in a ratio of 1:4 were formed [22c,d]. The conju-(in the form of acetal), &C, double bond and SC, substi-

gated <y clo_hequ|ene3 was reportec_i to yleléndomono. tuents, acts as a powerful template for the regio- and stereo-
adduct in high yield [23a]. The reaction of CyCIOheF)tameneselec’uve synthesis of complex molecules. These functional
A4 with 2 affords both mono- and bisadducts [23b] whereas groups actually provide the handle to convert norbornene de-

fnygli?‘c;ﬁ?%trﬁgzggeoiiﬁetgﬁg:ggJ[Cst\fgiﬁnce isdwsult- rivative into desired structural entity through cleavage of ap-
' propriate skeletal bonds. For example, the bond between car-
bonyl carbon (G and bridgehead carbon (Gr C,) in 51
MeO__OMe (obtained from¥, R = Ph, R= H) was broken by a two step
A cl Cl procedure involving Baeyer—Villiger oxidation followed by
2+ @ n LiAIH , reduction to give cyclohexene derivati&3or 53
n cIcl depending upon the sequence in which the two steps were
39(n=1, 2) n executed, with as many as five contiguous stereocenters fixed
40(n=2, 55%) [27]. The same approach was extended for the synthesis of
MeO_ _OMe tricyclic core of Pancratistatine and Narciclasine type alka-
cl cl loids, [27] carbasugars [28] and Shikimic acid derivative [28].

Cl~ ¢y

OH OH

HO. HO,,

41 cl 1) HO, |
ACOHILAIH, Ho™ ~"""Ph
_ACORLAR,_

2) 0sQ/NMO
h

1) OsQ/NMO
it
2) mCPBA,
HO™ 52 LiAH,

HO “bh

HO™ 53
+

¥
@ @ © @ Regioisomer Regioisomer
43 44 45

The highly functionalized-ring 55 of Reserpine was ele-
gantly synthesized by Mehta [29] from the addbitof 2
The Diels—Alder reaction &with norbornadiene$6with- with cyclopentadiene. By utilizing the same two-step proce-
out bridge substituents $R H) proceeds regio- and stereo- dure (Baeyer-Villiger oxidation and LiAlHreduction) for
specifically with inverse electron demand to the less hindered@-keto cleavage, glycomimics like polyhydroxylated hydrin-
exoface of46resulting inendo—exseries o#t7[25]. Where-  dane56 was conveniently prepared [30].

as the 7-oxy substitutetb (R®= OR) furnishendo—-enday-
MeO__OMe FoMe ot OH
OH
Cl MeO,C HO
ontt oH

cloadducts18in a stereoselective manner [25a,b].
54 55 56

46 47 (R3=H)
Ri= R=H, CQMe; R, Re= CH,

The C-ring fragmenb8 of the antitumour agent, Taxol
was constructed in a stereocontrolled manner starting from
citraconic anhydride addub¥ [31].

The heteroatomic dienophild® and50 also reactvith 2

MeO._OM
resulting in mono- and bisadducts respectively in quantita- © ©
tive yields [26]. - -
CI
?O ¢ BnO—" BnO—"
O

COMe
JOL it 0 57 (m.d.=9:1)
N \—pr il N-(CH) i
N The doubtful structur&9 of ottelione A was unambigu-
0 o o osly proved by Mehtat al [32] by its synthesis starting from
49 50 norbornadiene adduéf.
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Me OMe (0] o]
H Bn |
CHO
47 = =
—_— o R ———
(R1=R2=H) b 7f s o A
o - 7

[ e

The carbobicyclic substructure of squalene synthase and

farnesyl transferase inhibitors CP-225,917 and CP-263,114 coMe
were elegantly synthesized [33] from 2-hydroxy-7- nor- —— S
bornene acetdO. Interestingly, the compouréd for the key
step was obtained by predictable diastereofacial selectivity
in vinylation step [34]. Subsequent manipulations furnished
the required carbobicyclic substruct@2 of the CP-mole-
cules.

o
OH

66

0 X X X R

Me! OMe = OH i AorB i
’% E— ’Lb /\MgBr % X X RlR X R R1R
OH o Et,0, °C, 40 min

60

Bz OBz X=Cl, Br
A) Bu,SnH, PhH, reflux, R =H
61 (m.d.=5:1)
B) Bu,SnH, CH=CHR® (R®= CN, CQMe)

Et,SiO_ PhH, reflux, R = CHCH,R®(when X = Br)
) OSiEt,
'BuPhS
P IO\”«,_/ 1,2-dichlorobenzene O&
—_— o > .

o A
~~0siPhBu
62 (100%)

Extraction of five membered carbocyckg3 from 7-nor-
bornene derivatives by the cleavage gfC, double bond
was demonstrated by Juagal [5]. This methodology was
applied in the synthesis @fcuparenoné4 [13a].

MeO__OMe o 3. Application in the Synthesis of Unnatural Products
1) KMnO,, KH,PO,, NaHPO,
3 tBUOH- H,O é The aesthetically pleasing shape and unusual chemical reac-
: R 2) HO* tivity of [n]-Prismanes with general formula (CHand By,
A, -(2c0) RM R symmetry has attracted many of synthetic chemist for its syn-
63 thesis. The Diels—Alder adducts of the title di2iagain serve
Rt=Me,Ph, OEt, CQMe, 0 Overall yield (22-40%)  as advantageous precursors for the construction of prismane
R2= (CH,)sCH;, H analogues. The intermedia8 [38b] obtained from benzo-

R, R2= ~(CH,)s-, -(CH,),- quinone adducta was transformed into various prismane
analogue§0-72, [21, 38] tetracyclic hexaer[39] and a

novel cage compouni#4 [40].

Ph""'] Me
Me Me
64

Chatancir66, a molecule with an unusual oxygen-bridged
dodecahydro phenanthrene skeleton and seven stereogenic
centres succumbed to synthesis by Géssiagelr [35]. The

required intermediaté5 was synthesized from the adduét o
(R=1Pr, R=H, B = Me). -~
Cl

The selective utilization of halogens for bridgehead func-
tionalization and partial reduction in these systems was de- 70
monstrated for the first time by Kha al. [36].

The natural products Ikarugamycin [37a] was synthesized
by Paquette starting fro6¥ employing oxy-Cope rearrange- O\»\@# M
ment as the key step [37b] leadingst®) an advanced inter- o
mediate in the synthesis. The same strategy was used for

Spinosyn-A, [37c¢] a related natural product. 72 73 74
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Quest for hexaprismane starting from cyclooctadiene ad4. Miscellaneous

duct40(n = 2) resulted in the synthesis of seco—[6]—prismana|_he norbornyl derivative83—85 and few other related sys-

75[41]. tems obtained frorf@ have served as excellent probes for elec-
tronic control ofrefacial selectivities by remote substituents

cl CCI (R, R?) during nucleophilic and electrophilic additions to tri-
gonal center, a topic which has been the subject of intense
40(n=2) ’ =0 —— debate and discussion in the recent past [34].
75

[n]-Hetero-[n]-peristylanes are related to the [n]-peristy- X 0
lanes, where the methylene groups on the rim of the ‘bowl’ | I
are replaced by heteroatoms. Pentaoxa[5]peristylanes
efficiently synthesized by Mehtt al [42] in very few steps ) 5
from 76. Ozonolysis of the intermediald triggered a facile R R
cascade cyclization resulting in the formation of the oxabowl R R R'
78. 83 84 85

X =0, CH, CMe,
Me OMe
cl c °T1S
5 In summary, the title dien2is an extremely versatile rea-
ci~ cl OH o gent for [4+2] cycloadditions with a variety dienophiles pro-
OH 0 viding immense flexibility in the stereocontrolled synthesis
76 8 of numerous densely functionalized natural and unnatural tar-

get molecules.
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