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CHAPTER 1 - INTRODUCT
POLYCYCLIC CAGE COMP

For the past three to four decades, many %ynthetu: rgamc chemists around the
world have been enchanted with the synthe§13 and hemxsiry of novel strained
polycarbocychc cage’ compounds.' Many oon?pounds f this class possess unusual
symmetry properties. Their inherent beauty c|bup1cd ith structural and chemical
features render such ‘cage’ compounds uniquci:'among mPlcx organic compounds.
Apart from their aesthetic appeal, study of their r
into the pathways that carbonium ions, carbanibns and radicals follow under strained

gements provide an insight
circumstances.’ .

The use of light for the construction of strained rings was first illustrated by
Cristol and Snell in 1954.> They showed that irradiatio of bicyclo[2.2.1]heptadiene-
2,3-dicarboxylic acid 1 resulted in an intramoleculdr [#2s + n2s] cycloaddition
leading to the highly strained product tetracycio[2.2.1.0%5.0>]heptane-2,3-
dicarboxylit acid 2 as shown below (Scheme I). Thus, photochemical [2 + 2] addition
was identified as an easy route to these strained systems and the synthetic strategy for

obtaining polycylic cage compounds was greatly simplified.

mcom{ hv COOH
COOH COOH
1 ' 2
Scheme I

Cookson ef al. in 1964 were the first to explogt this report.‘ Using the Diels-
Alder cycloaddition method, they synthesised a large pumber of compounds in which
the olefinic bonds were spatially oriented in |such a manner that [2+2]
photocycloaddition was allowed. The simplicity of their approach is best exemplified
by the synthesis of pentacyclo[5.4.0.0%.0>°.0% Jundeca-8,11-dione (hereafter
abbreviated as PCUD) 3. The synthesis of the compgunds 4, 5 and 6 (among others)
were also carried out by them in both solution and solid phases (Scheme II).



Cl
Cl z
Cr '&o o
Cl 0 0
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Scheme 11

1.1 Synthesis of Substituted Pentacyclic Undecanes and Further

Transformations:

One of the earliest and most interesting transformations carried out on 3 was by
Underwood and Ramamoorthy in 1970. Their conversion of 3 to the highly
symmetrical compounds homopentaprismane 7° and trishomocubane 8° (Scheme I1I)
was carried out through reaction schemes which were the epitome of economy. Their
work led to a flurry of activity in studies related to synthesis of and rearrangements

involving substituted pentacyclo[5.4.0.0*¢.0*'".0**]lundeca-8,11-dione framework.



Zn powder
EtOH (reflux)

Scheme 111

The field of synthesis of non-natural products now saw an explosive growth
with a large number of derivatives of PCUD being prepared, especially by the groups
led by Marchand and Mehta. The most popular te¢hniques were to either start with
appropriately substituted precursors for the Dielg-Alder reactions, as extensively
elaborated by Mehta er al.” (Scheme IV), or to use classical chemical methods to
modify the functional groups on the PCUD skeleton, as exemplified by Marchand
er al®" (Scheme V). Several interesting aspects of the work carried out by
Marchand’s group are claborated in the introductiL)n of Chapters 2, 3 and 4, and

thercfore, only briefly mentioned here.

6 A1 A2 3 4 ?
Al A B B!
+ ———
3 2
@)

Scheme IV
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Scheme V !
The discovery by Mehta et a/. " Lﬂat PCUD can be smoothly convcrl%ed to the

triquinane skeleton by flash vacuum Fyrolysis provided them the im'?petus to

synthesise many substituted PCUDs. This technique was used to obtain important
synthetic intermediates en route to e natural products hirsutene, coriolin,

A’"D_capnellene, precapnelladiene and ikarugamycin (Scheme %%



Rs | R=R~R,~R,-H

R, | ' Ry=Ry~CH, Ry™R4H

. { | R{=R7CLRFRz=H
| R,=R~CH,, R,=R;=H

| R ,=R=Cl R7=R,=H
: R,=R=Br, R,=R;=H
| R =R;=Cl, R=R=0CH;
| R =R,=Cl, R,=R;=OCH;
| R=R,~R,=R,=Cl
F‘ R =R,~R;=R,=Br

||| Scheme VI
Mehta et al. further elaborpted these intermediates to prepare hirsutene and
precapnelladiene also.'**® The reéios'pcciﬁcity and stereospeciﬁcityl of the thermal
and photochemical reactions lcaf\fmg to PCUD derivatives was éxploited in the

synthetic scheme in order to obtain the required placement of thé various groups

(Scheme VII). |[

7 steps
R = Me
R H H
s
0 (ka )
R © - T 6 steps
R=H
precapnelladiene
Scheme VII

Apart from the flash vacuum pyrolysis technique for the cleavage of the
: i in! entacycli age, Mehta and -workers also
strained cyclobutane ring 1n | the pentacyclic cage chta a co-workers a

: an
developed acid and base catalysis methodologies for the same.'®'” These methods are



complementary to each other and open up many vistas for the future as they lead to
differentially functionatised tricyclopentanoids (Scheme Vi),

R
F3B.OE
2N »
) Y v
CHjO O

@o moist E‘zo HH CH3 ©

Ref. 17

Scheme VIII

Organic chemists went on to display their ingenuity and versatility and
synthesised a large number of substiuted PCUDs and n vel cage systems by

manipulations using a variety of synthetic procedures. Some of the fascinating
conversions are depicted in scheme IX.'*” Details of these transformations could not

be included as it would necessitate extensive number of pages. Of note is a recent

report in which the group led by Kotha® synthesised variou allylated derivatives of

cage compounds via the fragmentation methodology, the all;rl group being usefu! for
subsequent synthetic trunsformations.
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Scheme IX |

Two other interesting compounds with the asic PCUD skeleton was
® and 10"’ (Scheme X) had
an additional ring, three- or five- membered, on the bridiing;methylcnc group on the

synthesised by Singh and co-workers. These compounds

norbomyl portion of the cage. These groups were introjuced by first incorporating
them on to cyclopentadiene itself.
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Scheme X
The standard techniques used for manipulatin fuqfctional groups continue to
be used for the preparation of many fascinating mol uleF starting from PCUD’s or
PCUD derivatives as shown in scheme XI. These molecules are fascinating on their
own with the incredible strain inherent in some of them; as well as their aesthetic
appeal arising from symmetry properties.”'” Of these, the most note-worthy is the

synthesis of pentaprismane by Eaton.’"

R = CH3, CGHS’ CﬁF5
Ref. 28
3
Cli p— K
6 — Ref. 29
o v
0
—_— \ ™
\ Ref. 30
N O .
3 O

Scheme XI
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MeO OMe
Br
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Bl' Br
—I—D
\O Ref. 33
|
Scheme XI (contd.)

The synthesis of multicage systems like 13 through an unusual dimerisation of
a PCUD derivative has also been reported by Mehta et al.** In the presence of acid,
the hexacyclic propellane 11 smoothly rearranges to pentacyclic triene 12 which
undergoes Diels-Alder reaction with another molecule of the hexacyclic diene 11 to

give 13 as shown in scheme XII.

'dlmerlses
Dnels Alder /
C reaction C O

O
y 00
+
%
0
7 0 13

11

' Scheme X1I
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1.2 Comparative Studies Using PCUD Derivatives:

Suggested uses of such cage compounds are as far reaching as medicinal
applications and application as novel explosive sub|stances. Potential medicinal
applications are suggested for polycyclic compounds containing polar substituents |
where the combination of a hydrophobic core surrounded by hydrophilic groups
render them unusual properties at cell interphases. The hydrophobicity of the
hydrocarbon core allows the molecule to cross the blood-brain barrier and also cross
the celli-membrancs while the polar groups increase the; solubility of the compound
under physiological conditions.*® This leads to the compound having more in vivo
stability and such drugs can remain active and effective for a longer period. Another
potential medicinal application that is envisaged utillises the cavity within the
polycyclic cage to transport pharmacological agents across cell-membranes.

Kanematsu and co-workers have reported the linking of a crown-ether moiety |
to the PCUD cage in order to study the viability of a new type of ditopic host
molecule 14 for amines bearing electron-donating aromatic rings such as dopamine
and tryptamine (Scheme XII1).”® It is anticipated that there will be double interaction
via ion-binding and charge transfer complex formation. This mimics the non-covalent

binding of specific substrates as seen in allosteric enzymes.

O/\ O/\\
(quantltatlve) O

o Lo\*/ y o

Scheme XIII

In addition to the work reported above, many other groups have been working

n=1,2

in this area and have synthesised a number of compounds incorporating a crown-ether

7-39
k33

motety or aza-crown ether moicty with the cage framework. The cage framework
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is used not only to fix the orientations of the crown; or azaAcr:own ether in order to
increase the affinity of lhe'§e molegules for small polat entities (Scheme XIV),

| ‘Ref. 38
Scheme XIV
but it is also used to change the cavity size of the ether (Scheme XV). The binding
aB'ility of these molecules along; with their selcctivit!ics have been studied.
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-
O ol v 9 A o
<, o < 0 ~o
Ref. 39 |
Scheme XV

PCUDs substituted with nitro- groups are olf interest as new strained energetic
materials.** Strain in these: compounds can atise | from deformations of the carbon
framework that is allssociatc with t:th norbornyl moiety and the cyclobutane ring as
well as from the nonbonded interactions betweén the endo nitro groups. Additionally
these compounds are of thebretical interest, and the cumulative effects of increasing
stability and the chemical J.eactivity Jaf carbocyclic cage systems have been probed
through the studies of the' physical land chemical properties of compounds with
increasing number o;fnitro- s:ubstitucnt:s as in compq';unds 15 and 16 (Scheme XVI).‘“’b

15 16

Scheme XVI
Groups led by Thu nmel and Marchand have been working on ‘cleft’
molecules such as 17, 18 and 19 where a polyala cavity is formed. These are
synthesised through a Friedlander condénsation b;etv.J:ccn cage diketones and aromatic
ortho-aminoaldehydes. The sAapc of the cavity df tﬂlcse ‘cliﬁ’ molecules depend on
the ring size of the cage diket()nes.“'“ As the car'borﬂ!yl groups in PCUD:s are oriented
in a parallel fashion, it leads to the cq‘nsl‘truction of a !syn-orqhocyclophanc as depicted

in scheme XVII. The X-ray diffractiom sltudics on "the{;c compounds reveal that a water
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molecule is incorporated in the ‘clefi’. This water molecule is hydrogen bonded to the
nitrogen atoms and forms an additional bridge between the heteroaromatic rings
causing them to cant slightly towards one another. A humbcr of derivatives have been
prepared in order to study the complexing ability of these compounds by varying the
nature of the heteroaromatic portion of the ‘cleft’ molecule thereby changing the
electron density of the system.*' The juxtaposition of two aromatic rings close to one
another is possible in these cases because of the rigidity of the cage framework.

X=Y=CHR,=R,=H
X=Y=N,R,=R,=H

X=CH Y=N,R,=R,=H

X =Y =COCH, R,=R,=H

X = COCH,, Y = CH, R, = OCH,, R,= H
X =YE COCH, R, =R, = OCH,

Ref. 43 Ref. 44

Z N Ar = Ar' = 2-pyridyl
I?I | | ITI Ar=Ar =Ph
N Ar=2-pyridyl, Ar' = Ph

2

_Ar H H Ar

Ref. 45
Scheme XVII .
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1.3 PCUD Derivatives in Probing the lﬁliving Forces in Reactions:

The strained muitipie ring system in PC
of the ngidity, the substituent groups are held i

proximity can lead to unexpected effects duri

physical properties of the compounds. The sterig

can also be studied by using appropriately chosel

Sauers et al. synthesised pentacycloun

hydrogen atom abstraction by photoexcited cat

analysts of these structures by force field calcul

also has other advantages. Because
fixed orientations and this enforced
g the course of reactions or in tlhe
strain during the course of a rcactibn
1 PCUDs. |
decanones 20, 21 and 22 to stuidy
bonyl groups (Scheme XVII.* An
ions emphasised the proximity of the

hydrogen atoms to the carbonyl group. However, these compounds were found to be
inert to irradiation at 300 nm confirming the importance of stereoelectronic barriers
towards hydrogen atom abstraction in the realm perpendicular to the carbonyl plane as

predicted by theoretical models.

Scheme XVIII

Pandey and co-workers have studied the n-facial stereoselectivity in Diels-

Alder reactions of hexacyclo[7.4t2.0"9‘03‘7.0'%‘”.Oﬁ‘ls]pentadecane-10,l2-dicnc-2-,8-
|

dione 23 and the corresponding diol 24 (formed by the sodium borohydride reduction)

(Scheme XI1X).*’ Reaction with acrylonitrile, et}
products arising from the addition of the dienop
even though rates were slower in the reaction
carbonyls are not the key directing factor for the
of 2-chloroacrylonitrile and [E]-1,2-dichloroeth

development of considerable steric repulsion be

nyl acrylate and diethyl maleate gave
hile away from the cyclobutane face,
with the diol. This indicates that the
n-facial selectivity. The nonreactivity
wylene with 23 and 24 indicates the

lween the hydrogens on the diene and

the C-C) bond in the dienophile in the transition

state.
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’
=~ O OH
3 O 24 OH

Scheme ! l)$

A similar study was carried out by the graup led by Co>'(on and Steel in which
they concluded that olefinic  diengphiles

hexacyclof7.4 2.0 0% 0" 08 \pentadec

exclusive attack on the carbonyl-bearing fa

reacts with the |diene
-10,12-diene-2,8-dione 23 with

of the diene while the dienophilés like
benzyne, acetylenes and azo compounds lea tolmixed selectivity as seen in scheme

. : : .
XX.* The lack of selectivity in the latter casgs ig attributed to the higher reactivity of

these dienophiles as well as a balancing effect of steric factors and non—bolpding
interactions with the carbonyl groups.

B¢nzene
eﬂﬁx o

O
X =0, NPh : X sole product
| O
4 ©‘ Benzene 4
7 Reflux
~ N O

23

Scheme ;(X
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The diastereofacial selectivity in the addition of methy! acrylate to various
unsymmelrical derivatives of the hexaéyclo[7.4..2.0"9.03‘7.04'“.06"’]pentadecane 23
has also been reportcd.” The study reveals that there is high n-facial selectivity with
no addition taking place from the cyclobutane face while there is only a moderate
level of regioselectivity (Scheme XXI). This has baen further studied using theoretical
models and the moderate level of regioselectivity has been attributed to the small

energy differences in the balance of electrostatic and steric factors.
X=Y=0
no addition | X =H), Y =0CH,CH,0
from this face ™ X =0,Y = OCH,CH,0
7 k X = O’ Y = H2
= \YX X = endoOH, Y = H,
25 X = endoOH, Y = O-CH;CH,0

methyl
acrylate !

N
|
N

MeOOC Y
MeOOC”

Scheme XXI1
Mehta and Uma have studied the diastereofacial control in the addition of
singlel oxygen, dimethyl acetylenedicarboxylate and maleic anhydride on other
derivatives of hexacyclo[7.4.2.0"7.0°7.0*'*.0%'*}pentadecane 26 (Scheme XXII) and
found that the addition of DMAD and singlet oxygen is preferred from the
cyclobutane face in the presence of distal protecting groups.*® They propose that this
reflects the effect of subtle variations in the positioning of the oxygen atoms on the

extent of repulsive interactions.



1/

X=Y=0
X = Hz, Y = 0CH,;CH,0
X=0,Y= (D‘Cf{2‘C['I2‘O
~ Y .l_o><
X X=0,Y= ((_')Me)2
26 X=Y= _Oj
—O0
Scheme XX11

The same investigators have extended thils study and investigated th.:e
stereodirecting influence of distal protecting groups to many more derivatives of 26
(Scheme XXIII).S ' They concluded that in the addition to the cyclobutane face by
singlet oxygen, N-phenyl-1,2 4-triazolinedione (PTAD), dimethyl
acetylenedicarboxylate (DMAD), maleic anhydride (MA) and N-methylmaleimide
(NMM), the predominant directing effect may be the unfavourable nonbondéd
interactions between the heteroatoms and the filled orbitals in the dienophiles. The
selection of the dienophiles was done so as to engompass the following mmnsic
factors. viz., (1) MA and NMM have two olefinic protons to induce a steric bias, (1j)
DMAD has a filled 7-orbital and (iii) singlet oxygen dnd PTAD are heterodienophiles
with filled n-orbitals. |

X=Y=0
X =H,, Y = 0CH,CH,0
X=QY=@C@C@O
/ X=0,vY=—0
< v —o-X
X X=0,Y = (0OMe),
26 X=Y

Scheme XXIII
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Other comparitive studies look into ﬂ%e cycloreversion of PCUD derivatjves to
give tricyclic derivatives. The group led by Kanematsu has studied the thermal
[2 + 2]cycloreversion of 27 to 28 and observed ithat the increased rate for the -OMe
substituted compound is due to the capto-daj/vc jubstituent effects of the -OMeigroup
and to through-bond interactions (Scheme )dl(l\/).5 2

A \( (fastest when D = OMe)
> \ Temperatures- D = OMe, 85 ¢C
D~ 0 D’ O D =Me, 249 °C
D 0O D 0O D =H, 261 °C
27 28 .

Scheme v
The effect of the methoxy group in drax?natically increasing the rate of the

reaction is attributed to the enhanced through-bond interaction between the loné-pair
electrons, thus leading to the lengthening |of the cyclobutane C-C bond which
facilitates the bond cleavage.*? This is again stcn in the two examples depicted below
in scheme XXV,

0 0 0 0
- Me Ph Me ‘Ph Me Ph Me
Ph A Ph Me & ﬂ)h . Me A Ph Y Me
MeO 0O MeO~ 0 ' O 0
QA N N
MeO L o MeO o Yo Yo

—™ this cycloreversion is faster

Scheme XXV
A related study by Kanematsu er al.| of 'the acid-catalysed cycloreversion
revealed the competitive rearrangement w ichi, also takes place.”® At hié,her
temperatures, the rearranged trishomocubane -riv\Lativc 29 is obtained exclusively as
shown in scheme XXVI. This difference in p oduct distribution is attributed to'the
formation of the thermodynamically more stab‘c trfshomocubanc derivative at hig!her

temperatures.
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at 0 °C
F.B.OEt,
MeO~ o)
MeO 0 at 25 °C only 29 is formed
Scheme XXVI

Mehta and co-workers have reported the formation of novel polyquinanes from
a caged propellane system 30 under Lewis acid catalysed conditions.>* The formation
of the hexacyctic[4.3.3]propellane 31 in scheme XXVII could be rationalised in terms
of a Cargill-type rearrangement in which the driving!lforce for the reaction is the rinllg
expansion of the cyclobutylcarbinyl cation. The second product 32 was formed by
tandem reduction and dehydration; when the rc:ac:tion‘I was carried out in cumene, that
was incorporated into the product with no change in t: product distribution implying
that the source of hydrogen atoms is internal. The formation of the last product 33 is
probably vie a fragmentation-recyclisation pathway. This report once again
emphasises the special forces acting upon the cage systems which leads to unexpected

products.

F 3B .0 E,l2 .\
N benzene
ﬁ\ O or
O cumene O

30 }
R = H, CH(CH,),

Scheme XXVII
Eaton and Yip have reported a fascinating study into the interconversion of
tetracyclo[6.3.0.04"'.05‘9]undeca-2,6-dicnc 34 and 51ctracyclo[7.2‘0.04‘l‘.06"°]undcq:a-

2.7-diene 35 ring systems (Scheme XXVl 35 They:l report that the first ever isolation
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of the {7.2.0.0*'.0%'"] ring system which is seen in 35 was possible due to the change
in the hybridisation of the bridging carbon from sp’ to sp’. This paper revcaTs the
often subtle effects that goven the formationi and reactions of polycyclic| cage
compounds. |

MeO_ _OMe Q |
HSO,, hexang
, i |
= MeOH, H®' |
34 o 35 ‘
0 |
\ Me.  OH . Me._ OH \
|
. i
MelLi spontaneous ':
! ether - ' = l
a5
Scheme XXVITL

Kotha and Chakraborty have described a protection and deptotection
methodology for PCUD 3 which is unique in the usage of tetrachlorosilane ('lfCS) asa
reagent in both the steps under slightly different conditions (Scheme XXIX).*® This

protection strategy is only possible due to the nature of the orientation of the I;Icarbonyl
groups in PCUD. '

0,
i) O\ ]k OEt
N~
0
3 0 £t
(i) TCS / EtOH
(1) TCS, Nal

Scheme XXIX :
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Mlinaric-Majerski and co-workers avé reported another thermodynamic
rearrangement of the PCUD skeleton 3 on r actxbn with ethanedithiol in the presence
of a Lewis acid (Scheme XXX).”” The relief of steric strain is proposed to be the
driving force for the formation of the p djct 36 which is a tnshomocr,xbanc

derivative, the parent hydrocarbon having been shown to be the pentacyclic C“HM
‘stabilomer’.

|
HSCH,CH,SH_

‘Sﬂ | F,B.OE,

HSCH,CH,SH

F,B.OEL,
NS
0 0

7

Scheme
Another unexpected result is

cyclopentylidenecarbene 37 which contains

een. in the case of a dlaged

iast'lereotopically differentiated n—ﬁ;’aces.
This vinylidenecarbene is trapped by the a dition of cyclohexene from the more
highly sterically congested endo face of |the n-system in the carbene.® \ The
cycloadduct 38 was further reacted with d'\ch\oroéarbene and the resulting prod\ict 39
was established by X-ray crystal studies (Schﬁbme ] XXXI). Marchand et al., who made
the above observation, have not been able to expldm this stereopreference.

CHCl,, KOH
D/Br Q, : ﬂ L,

phase transfer

K (trap) H Catﬂlyst Y |
N\ ; Cl i
N O ]—F 3
‘ C 3 H
_ 37 38| 39 H
o

Scheme dXI
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In the preceding pages, a veryl brief attempt has been made to convey the magic

of polycyclic cage compoqnds andI their m)griad uses ard applications. Even this
manages to convey the vast potential of the field and the many areas and courses that
remain to be charted. The work carried out during this Ph. D. programme is an
attempt to explore and explain some of the complexities of polycyclic cage
compounds. In each of the ¢hapters fthat follow, a brief introduction outlines the area
in which work has been carried out and the rationale behind the selection of that

particular problem.
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CHAPTER 2 -~ THE SYNTHESIS OF VARIOUS TETRA- AND
PENTACYCLIC CAGE COMPOUNDS
|
The synthesis and exploration of the chemistry of novel polycyclic cage
compounds have been the aim of many research grou:j,

prominent examples have already been discussed in

chapter focuses on the synthesis of tetracyclo- and penta

for several decades. A few
ductory chapter. This
ydlo- cage compounds and
rearrangements that take place due to the presence of different functional groups on
the skeleton leading to novel and unanticipated products. '

Rigid cage molecules have proved to be valuable substrates for the study of -
organic reaction mechanisms. Compounds of this type ve: marked advantages over
conformationally mabile molecules. As reaction centrejain rigid molecules are fixed
with respect to the remainder of the molecular skeleton, perturbations due to
conformational changes are effectively diminished or rémoved in such systems. This
greatly simplifies the understanding of many reactilbn mechanisms and permits

analysis of structure-reactivity relationships.

Apart from mechanistic studies, synthetic organic ‘chemists have also taken
advantage of the potential interaction betwcen‘ two reactive centres in
conformationally restricted molecules to synthesise polycyclic compounds of great
rigidity and often of high symmetry. Such compounds 'oftén result from transannular
ring closure. Also, molecular rearrangements in polycqclic: cage compounds occur in

highly unexpected fashion because of the proximitP' effects leading to unusual
products.

2.1 Introduction:

As has been elaborated in the first chapter !of this thesis, a great many

_ derivatives of pentacyélo[S.4.0.02'6.03"0.05'9]undeca",l l-dione, commonly called
!
- Cookson’s dione (abbreviated as PCUD) have been

epared. All these compounds,
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and products formed by the further reactions id 1‘|!ea.rrangemcnts, have been put to use
in divers fields such as solar energy utilis 'on{ natural product synthesis and the
synthesis of high energy compounds. It is inte Isting to note the importance of the
exact placing of various substituents in affel:tin further reactions. A few examples
that are significantly important are delincated‘belmw.

|

Mehta and co-workers' have reported an unusual (6,2] type of intramol

hydride shift in a bicyclo{2.2.2]octane systeh 1, during their study of carboni

This fascinating rearrangement and the artay of products obtained are depic

scheme [.

Y

O
| X(Y) = NH; Y(X) = CO
X(V)=0;Y(X)=CO

MesO
H
NaN3
MesOH
Mesun o
— ”Hzo
1 0 -
\O §O
Mes = Mc.SO2

Scheme I
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Another example of the effect of sb#wigically placed substituents on further
reactions of polycyclic cage compounds is illlus'lrated in scheme II. It was anticipated
by Marchand ef al. that the presence of the Halbgen atofn adjacent to the reaction site
would lead to regiospecific ketone homologahon by D F;B.OEtz leading to the
higher homologue.” However, it was observed that

when a-halo ketone 2 was
employed as substrate in the homologation rcactlon, th

effectively suppresses migration of 1|.'he tcrmim;s to whi

X  EDA
—_—
F4B.OE, X~

X= CLBr
2

_pr¢sence of the halogen atom
4!\ it/is attached.

Scheme I1
A survey of the literature also revealed somj¢ other fascinating rearrangements

that have taken place in these constrained systems vhich deserve special mention. As

|1y as 1976, Marchand er al’ have re f.)rt the, transformation of a

tacyclo[5.4.0.02‘6.03"0105‘9]undecanc system 3 I"nlo a trishomocubane skeleton asl
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I -
shown in scheme (Il. The (anti, anti produ:ptiat is not isolated, instead, under the
reaction conditions, an equilibrium mixture of § and 6 which are ,Liiastereomers are
formed as shown in scheme I11.

OTs

TSQ

| | Scheme III
| 4 . 2,6 4,8 8 3
§ur1 has reported the first entry into the tetracyclo{5.3.1.0°.0™°] system 8 via
a basc—ﬂromoted eliminatjve cyclisation of 7 as shown in scheme IV,

MeO oMe MeO_ OMe o
cl CIH O NaBH, CeCLTHO  CI A2
Cl ﬂb MeOH e Cl ?_‘H" t-BuOH, -BuOK
85% - o 84%
0 HOT N 7
MeO  OMe
Cl
Cly OH Cl
A
" 5 ~OH
9, H
8

Scheme IV
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Further, he has reported a nonphotochemical apgfoa h* to the synthesis of
pentacyclo[5.4.0.02"’.03"0.05‘9] system 10 and 10' from the fetracyclic compound 9
using samarium(II) todide mediated reductive ¢yclisation gs shown in scheme V.

R R R R

2.8 eq. Sml,
THF

MeOH
-78°C to RT

5.5eq. Sml,
THF . Cl |
MeOH HO | _‘.,.‘O{-I

-78 °C to RT

12 eq. Sml,
9 THE (
:

MeOH
-78°C,16h o7

R,=R,=H
R,=CLR,=H
10

Scheme V
Starting from the tetracyclic system 11, he has'alsd synthesised novel oxa-cage

¢omipounds 12 as shown in scheme V1.6
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R, R,= OCH,, CL R, R,=H, CLR,=Cl

Scheme VI

Various derivatives of Cookson’s dione have been synthesised and have found
applications in fields as diverse as medicinal chemistry’ and in the probing of
molecular mechanics.® As the first part of this research programme, it was decided to
prepare some 1,9- derivatives of PCUD". The advantages of having substitutions in
these positions are numerous. For example, starting from a symmetrically substituted
quinone 13, reaction with cyclopentadiene followed by [2 + 2] cycloaddition would
lead to a molecule 14 which has disymmetric faces (Scheme VII).

13

Scheme VII

Flash vacuum pyrolysis of 14 would lead to substituted triquinanes of use in
natural product synthesis. Further reactions on this dione could also reveal the role of
the cage skeleton in dirccting the course of such reactions. Specifically, it could be
used to study the difference in approaches from various faces of the cage and the role
of the substituents and keto groups in directing the course of the reaction. Radical

* All new compounds have been named using von Baeyer rules for the nomenclature of polycyclic compounds.
The nomenclature has been confirmed by the Chemical Abstracts Service in the case of each new ring structure.
The numbering has been depicted clearly for each new ring system.
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initiated rearrangements could be triggered from | different; sites Iea*iing to new
compounds. Therefore, the synthesis of substitu{ed PCUDs appeared to 'be a
worthwhile exercise. The proposedl substituents at the 1 and [9 positions being polar
groups amenable to further reactions and transformauons,:nt was felt that these
compounds 15, 16, 17 and 18 (Scheme VIII) would not only be a synthetic challenge,

‘but also provide new biologically active molecules.
|

X x=mr .15
| Cl , 16
OAc - 17
Ph - 18
SchexﬂeVH]

22 Reésults and Discussion:
22.1 Sy{nthesis of the Required Tricyclic Precursors:

The first requirement was 'the preparation of the trigyclic precursors which
could lead to various. functionalised pentacyclic compounds throug,*; a[2 + 2]
photocycloaddition. This in tum necesslated Diels-Alder additions |between the
corresponding functionalised quinones and cyclopentadiene. :

Therefore, the immediate target was 2 ,5-bis(bromornethyl)-1,4-quinone 21
which could be prepared starting from hydroquinone dimethy| ether| 19 through
bis(bromomethylation). A search of the literature on bromonricthylationi of aromatic
systems revealed a report from Gates’ which described the mono(bromomethylation)
of naphthaquinol dimethyl ether using !laarafqnpa]dehyde and hydrobromic acid
(Scheme IX)., '
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HBr in Acetic Acid
Paraformaldehyde
OMe

Scheme IX ||
van der Made et al.'® carried this work further by can'yingllout?thc facile mono-,

bis- and trisbromomethylation of mesitylene using paraformald#shydc and a solution
of hydrobromic acid in glacial acetic acid at varying temperatureéI (Scheme X).

HCHO - HBr

CH COOH
50 °C 2 h, 94%

_HCHO-HBr _
T CH,COOH
80 °C, 8 h, 95%

-

HCHO - HBr > Br Br

CH,COOH
95 °C 12 h, 90%

CH,Br

Scheme X
This procedure was adapted for the synthesis of 2,5-bis(bromomethyl)-1,4-
quinol dimethyl ether 20. Accordingly, hydroquinone dimethyl ether 19 in glacial
icetic acid solvent was treated with paraformaldehyde and a solution of hydrobromic
icid in galcial acetic acid. However, it was found that using the '&ugh temperatures

equired by the reported procedure gave rise to large number pf unwanted side
rrodicts. To our delight, it was observed that sonication speeded ub thé reaction and
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the expected product 20 could be obtained in 65% yield after purification by
crystallisation from dichloromethane-petroleum ether (Scheme XI). The product was
obtained as off-white powdery crystals with a m.p. of 203-205 °C. The 'H NMR
spcctrum  showed two aromatic protons at & 6.86; four protons of the two
bromomethy! groups at & 4.53 and the six methyl ether protons at & 3.86, thus
confirming the structure.

This compound 20 was readily oxidised to the corresponding quinone 21 using
nitric acid in acetic acid (Scheme XI)."' The quinone 21 (m.p. 122-124 °C) was
obtained in 42% yield and was found to be identical to that! reported in literature. The
'H NMR spectrum showed two protons at & 6.87 and the four protons of the
bromomethyl groups at 6 4.19. The IR spectrum showed A strong absorption due to

the quinone carbony! group at 1675 em™.

OMc OMe
~4
| —2 Br p
Br
OMe a) 3 eq. paraformaldehyde,
19 3 eg. 33% HBr in glacial acetic
0 acid, gladial acetic acid,
sonication, 1 h, 65%. b) conc.
Br nitric acigl, glacial acetic acid,
5 | RT, | h, 42% c) cyclopentadiene,
‘ dry benzene, ~10 °C-RT, 15 h, 88%.
O
21 22

Scheme XI
The quinone 21 was reacted with freshly cracked cyclopentadiene in dry
benzene (Scheme XI). Afier addition of the cyclopentadiene at low temperature
(~ 10 °C), the reaction mixture was further stirred at rbom temperature for fifteen
hours which gave the required Diels-Alder adduct 2,5-bis(bromomethyljtricyclo
[6.2.1A02‘7]undcc-4‘9-dienc=3.6-dionc 22 in 88% yield as bright yellow diamond
shaped crystals (n.p. 110-112 °C). The product was identificd on the basis of its

spectra. The IR spectrum showed strong carbonyl stretch at 1675 cm’ and a weaker
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one at 1657 cm’, this being indicative of an @, funsaturated carbony} system. The 'H
NMR spectrum (Fig. 1) showed the olefinic protons at & 6.72 as a singlet and as a
multiplet between 6 6.14-6.07. The protons on the allylic bromomcthyl group
appeared as Y2 ABq signals at 6 4.28 (J = 11.5 Hz) and & 4.03 .(J = 11.5 Hz). The
proton on C-7 appeared downfield as a doublet at 8 4.06 (J = 9.2 F{z). The proton on
C-1 was observed as a multiplet signal between & 3.51-3.49. 'lrhe protons on the
bromomethyl group at C-2 appeared as a multiplet between & 3.30-3.23. The protons
on C-8 appeared as a multiplet between & 3.14-3.13. The two protons on the norbornyl
bridge were scen as a singlet at 8 1.61. The "C NMR spectrum (Fig. 2) showed
carbonyl carbons at & 199.7 and 196.3, and the olefinic carbons| at & 148.8, 140.1,
136.7 and 136.4. The quartenary carbon bearing the bromome¢thyl group gave a
signal at & 59.9, the norbomyl bridge carbon was seen at & 25.3 and the other
saturated carbons gave signals between & 55.9 and & 39.9 supporting the assigned

!

structure 22.

~ |
|
/I I
/]
y i Ta 5 [

Figure 1: 'H NMR Spectrum of 22
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Figure 2: *C NMR Spectrum of 22 |

In order to obtain the 2,5—bis(chloromcthyl)tIic_yclo[6.2.l.ﬁ2’7]tndec—4,9-dienc_
3,6-dione 25, the above procedure was varicdlslightly. The bis(chloromethylation) of
hydroquinone dimethyl ether 19 was successfully carried out usirig p%rafomialdchyde
and concentrated hydrochloric acid in glacial acetic acid under sonication conditions
(Scheme XII). The '"H NMR spectrum of 23 showed the aryl p toTs at & 6.64, the
chloromethy! protons at & 4.63 and the methyl ether protons at & 3 | 9. |

The 2,5-bis(chloromethyl)-1,4-quinol dimethy! ether 23)was also oxidised
using nitric acid in glacial acetic acid (Scheme XII). The Ilﬂ spectrum. of 2,5-
bis(chloromethyi)-1,4-quinone 24 showed a strong carbonyl pea.l# at E660 cm’l. The
'H NMR showed only two signals, one at & 6.96 for the two ring p'lxotolps and one at &

4.43 for the four protons in the two chloromethyl groups.



OMe
a Cl ¢
S L.
OMe a) paraforma
conc. HCL, g]
19 sonication, I
O b) conc. nitrig
acetic acid, 0
Cl ¢) cyclopentac
Ci dry benzene, (
20 h, 87%.
@)
24 25
Scheme X]1

The quinone 24 was reacted with cyclopentadiene in be
required tricyclic precursor 2,5-bis(chloromethyltricyclof6.2.1.07
3,6-dione 25 (Scheme XII). The structure of the: Diels-Alder adduc
on the basis of spectral data. The IR spectrum showed a strong str

indicative of an a,f-unsaturated |
[

and a smaller one at 1625 cm’’
peak at 3020 cm™ was indicative of the olefinic groups. The
showed a signal at & 6.82 for the olefinic proton adjacent to the ca
" another signal at & 6.12 for the olefinic protons on the norbornyl

chloromethy] protons resonated as a multiplet overlapping with

H
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hde yde (3 eq.),
acidl acetic acid,
h, 63%.

acigl, glacial
°C-1$T I h, 26%.

hem‘r (2 eq.),
°CiRT,

nzene to give the
g
t 25! was assigned
etch at 1670 cm™

ec-4,9-diene-

carbonyl group, a
spectrum
Ibo§11yl group and
nnb. The allylic
the 'signal of the

proton at C-7 between & 4.38-4.19. The chloromethyl protons on the ﬂorbomyl ring

. appeared as a multiplet between & 3.50-3.42. The norbomy!l bridgeh
| and C-8 showed up upfield as a multiplet between 8§ 3.25-3.23
& 3.12. The protons on the norbornyl bridge appeared as a single
8 1.64. The *C NMR spectrum showed the carbonyl carbons at § 19
the olefinic carbons at & 148.6, 140.1, 136.9 and 136.4. The other
appeared between d 60.1 to 39.6 with the quarternary carbon C-2 ap

The

2,5-bis(acetoxymethyl)tricyclo[6.2.1.0* Jundec-4,9-die

ead jprotons on C-

and hs a singlet at

[ si lnal upfield at
9.3iand 196.8 and
aliphatic carbons
pearing at 5 60.1.

ne—§,6-dione 28

| R
was prepared in three steps slarting from the 2,5-bis(bromomethyl)-1,4-quinol
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|

dimethyl ether 20. Treatment of 20 with sodium acetate in glacial acetic acid resulted
in the 2.5-bis(acetoxymethy!)-1,4-quinol dimethy! c:tht:tl 26|(Scheme XIII) which was
identified on the basis of its spectral data. Its IR spectrum!showed the presence of a
strong absorption at 1736 cm’' indicative of an ester functionality. The 'H NMR
spectrum showed four signals, all of them singlets ag e)q_ipected. The two aromatic
protons appeared as a signal at & 6.89, the four methylene pi‘rotons were seen at & 5.13,
the six protons on the two methyl ether groups could b¢ obgerved at 8 3.82 and the six
protons on the two acetoxy groups appeared at  2.10. '

This compound 26 was oxidised using ceric am#non"ium nitrate in a 3:1 mixture
of acetonitrile and water (Scheme XIII). The quin \ne '27 was identified as 2,5-
bis(acetoxymethyl)-1,4-quinone on the basis of speo‘lral lanalysis. The IR spectrum
clearly showed two strong absorptions, one at 1748 cm" Itlue to the acetoxy carbony!
group and one at 1645 c¢m’ due to the quinone catbonyl. The 'H NMR spectrum
showed only three signals, one at § 6.67 due to the two pfotons on the quinone ring,

one at 8 4.98 due to the four methylene protons arld one at § 2.17 due to the six
protons on the acetoxy groups.

OMe OMe
Br , OAc
o —_—
Br AcO '
OMe OMe | ) NaOAc (2.5 eq.), glacial
20 26 acetic acid, 80 °C, 5 h, 84%.
0 b) CAN (5 eq.), acetonitrile-
ywater (3:1), 1 h, 0 °C-RT,
68%. ¢) cyclopentadiene
| Ay beazene, Q CC-RX
AcO 14,9%%.
O
27

Scheme XIIT'

| .
‘The quinone 27 thus obtained was treated v\rlth freshly cracked cyclopentadiene
and the Diels-Alder adduct 28 was obtained i(Sclﬁcme XIM). The product was

identified as the required tricyclic dione using various spectral techniques. In the IR



spectrum, the acetoxy carbonyl absorption could be easfly
1742 cm™. The absorption due to the a,B-unsaturated
seen as a strong peak at 1669 cm™ and a smaller one at|162
spectrum, the olefinic protons gave sjgnals as two singlets,
proton and another at & 6.09 for two protons. The allyl
quartet at & 4.86 (J = 15.7 Hz), while the other acetoxy m
signals at  4.51 (J = 10.6 Hz) and 6 4.16 (J = 10.6 Hz).
three tertiary carbons on the norbomyl ring appeared at §
also as a singlet and at & 3.08 as a doublet with J=3.8 H,

{wo acetoxy moieties appeared as two singlets at § 2.13

The

z. T
d
downfield being attributed to the allylic acetoxymethyl group,

norborny! bridge carbon appeared as a multiplet between & 1
sh
carbons on the tricyclic system appearing at & 199.7 and 197.]

spectrum was also in agreement with the proposed struc

at 8 170.2 and 169.7. The olefinic carbons gave signals

c m
pthy
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dentified as the one at

onyl group could be clearly

5 cm™. In the '"H NMR
one at & 6.54 for one
iethylene appeared as a
lene appeared as 2ABq
protons attached to the

3.49 as a singlet, at & 3.17

he methyl groups on the
1.97, the one appearing
The two protons on the
.68-1.56. The '°C NMR

jowing the two carbonyl

7, the acetoxy carbonyls

148.0, 137.5, 136.9 and

135,9 with the fully substituted olefinic carbon app
other carbon signals appeared between 5 71.4 and 20.7.

1e most downfield. The

The 2,5-bis(benzyl)tricyclo{6.2.1.0*"Jundec4,9- ienle—3,6—dione 31  was

prepared starting from 2,5-bis(bromomethyl)-1,4-quinol dime
of the bis(bromomethyl) compound 20 with activiated
refluxing benzene for eighteen hours led to the 2,5-bis(be

ether 29 (Scheme XIV). Examination of the 'H NMR sp

on

yl ether 20. Treatment
orillonite K 10 clay in

‘ 1)-1,4-quinol dimethyl

of 29 clearly indicated

the presence of ten aromatic protons as a multiplet between § 7.28-7.14 showing that

both the bromines had been replaced lby pheny! groups.
protons appeared separately as a singlet at 8 6.62. The
methylene groups appeared as a singlet at & 3.94 and
methoxy groups also appeared as a singlet at 8 3.68.

This compound 29 was oxidised to 2,5-bis(benzy!

ammonium nitrate in 3:1 acetonitrile-water mixture (Schem

e two other aromatic

ur protons on the two

the|six protons on the two

}-1,4-quinone 30 using ceric

:

XIV). The IR spectrum

of the quinone 30 clearly indicated the presence of carbopyl group by the strong
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absorption at 1650 cm™. The 'H NMR spectrum showed the aro at}c protons on the
two phenyls as a multiplet between § 7.27-7.09 and the other tw aro;matic protons as
a singlet at & 6.28. The four protons on the two methylene groups aliso appeared as a
singlet at & 3.64, |

OMe OMe

I3r
|

a) activated M ntmprillonite K 10
clay (50% by wei t), dry benzene,
reflux, 18 h, 66%. H) 4 eq. CAN,
3:1 acetonitrilerwatpr, 0 °C-RT,

1 h, 52%. c) cyclopentadiene,

dry benzene, ~10 °C-RT,

4d, 68%. '

20

Ph

Scheme XIV
The quinone 30 was treated with freshliy cracked cyclope tad;iene whereupon
the expected Diels-Alder adduct 31 was obtained (Scheme XIV), The spectra of this
tricyclic adduct displayed various characteristics expected of it. ]}lts IR spectrum

showed the expected absorptions at 1655 (strong) and 1619 (weak r:rri‘1 indicating the
presence of an g,B-unsaturated carbony! group. The aromatic pro onsl_% in the 'H NMR
spectrum showed up between 8 7.26-7.16 (6 protons), 6.98-6.96 (2 pr| tons) and 6.75-
6.73 (2 protons) as a series of multiplets. The olefinic protons showed up separately as
a multiplet between 6 6.10-6.08, a singlet at 6 6.03 and another Eplet between &
5.87-5.85. The four protons on the two benzyl methylene group aq.d the norbornyl
ring protons showed up as an overlapping multiplet between 8 3.52-3.15 and a doublet
at 5 2.68 (J = 12.9 Hz). The norbornyl bridge methylene protons apﬁcared as 2ABq
signals centred at & 1.77 and § 1.58 (/ = 9.1 Hz). The Be s;ilcctrum showed
signals due to the two carbonyl carbons at & 202.9 and 198.9. The olefjfinic carbons on

ul

the tricyclic ring system appeared at & 152.8 (disubstituted olcﬁrnic '[parbon), 140.4,
138.1 and 135.4. The twelve carbons of the two benzene rings sholrvcd six signals




bctw?cn 5 129.5 and & 126.6. The quafiema:y carbon on the

41

icyclic ring appeared at

8 59.7 and the rest of the carbons gave signals upfield between & 54.5 and 8 35.2.

2.2.2 Photolysis of the Tricyclic Precursors:

The photolysis of the Diels-Alder adducts were carried out by exposing a 1%
weight / volume solution of it in dry degassed ethyl acetate o sunlight for about two
hours. The products were identified using the psual spectral and analytical methods. -

Cl
hv, sunlight
Dry Ethyl Acetate

o  Argon Atmosphere
2 h, 83% Cl+.

Cl 25 O

Scheme XV

Specifically, photolysis of the 2,5-bis(chlorom yhitricyclo[6.2.1.0%" Jundec-

4,9-diene-3,6-dione 25 was carried out by irradiating with

sunlight for two hours in

dry degassed ethyl acetate (Scheme XV). The crystalline product obtained, viz., 1,9-
bis(chloromethyl)pentacyclo[5.4.0.02¢.0*'° 0°>*Jundeca-8,1 1-dione 16 (m.p. 88-90 °C)

was characterised using spectroscopic methods. Its IR sp
stretches at 1757 and 1738 cm™'. The characteristic spli
protons in the 'H NMR spectrum (Fig. 3) of cage compa
through the signals at 8 2.27 and 1.95 (ABq, J = 1.
which could be assigned to olefinic protons. The fo

chloromethy! groups overlapped to give a multiplet betw

trum showed the carbonyl
ing pattern of the norbornyl
ds was clearly discernable
HZ). There were no signals

ur protons on the two

Fen 8 3.77-3.51. The six

protons on the tertiary carbon atoms on the pentacyclic ring showed up as multiplets

between 8 3.23-3.17 (two protons), & 3.03-2.99 (two protor

1s) and & 2.82-2.79, and a

doublet at & 2.62 (J = 3.4 Hz). The ¥C NMR spectrum (Fig. 4) confirmed the
structure by showing the carbonyl carbons at 8 208.9 and ﬁOB.l and all other signals

upfield between 3 62.8 and 34.9.
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Figure 3: '"H NMR Spactrum of 16
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Figure 4: °C NMR Spectrum of 16
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OAc ,
hv, sunlight | OAc
Dry Ethyl Acetatp !
/ 0 Argon Atmosphere a \ 0
0 2 h, 88% AcO 0
AcO 28 17
Scheme XVI1

The compound 2,5-bis(acetoxymethyl)tricyc:lo[é.z1.02'7]undec-4,9-dienc-3,6-
dione 28 was subjected to photolysis by expos’mﬂa degassed solution of the

compound in dry ethyl acetate to sunlight for two ho

(Scheme XVI). The product

17 was easily identified as the expected pentacyclic px}oduct 1,9-bis(acetoxymethyl)

pcntacyclo[S.4.0.02‘6.03‘10.05 “Jundeca-8,11-dione on
IR spectrum showed a very strong, broad absorpti
at 1762, 1741 and 1725 cm™. The 'H NMR spec

the |basis of spectral analysis. Its .

nsisting of overlapping peaks
showed protons of the acetoxy

bearing methylene groups as a combined multiplet between & 4.24-4.08. The six

protons on the tertiary carbons on the pentacyclic ring gave separate signals: a
multiplet between § 3.19-3.14, another between & 3/09-3.05, a broad singlet at 8 2.95,
doublets at & 2.83 (J = 5.1 Hz),  2.72 (J = 6.4 Hz) and & 2.49 (J = 2.6 Hz). The

methylene protons on the norbornyl bridge appeared
0 2.17 and & 1.89 (J = 11.6 Hz). The six protons of
as a singlet at & 2.08. The >C NMR spectrum alsa
with the two carbonyls on the pentacyclic ring appe

two acetoxy carbonyls overlapped to give a single

as ¢haracteristic 2ABq signals at '
" the| two adetoxy groups appeared
supported the proposed structure
aring at 8 209.5 and 208.4 and the
signal at § 170.6. There were no !

signals in the olefinic region and all other carbons
and 5 20.8.

apﬁeared upfield between 6 61.3 |



hv, sunlight|

Dry Ethyl Acetate

Argon Atmosphere,
1h,92%  Ph

| Scheme XVII .

The photolysis of the bis(benzyl)tricyclic cqu_pqund 31 gav the expected
pentacyclic compound 18 in high yield #92%) (Scheme XVII) and ithe
readily characterised by its spectral data. Its IR s'pct':trum s [ow
absorption at 1750 cm™' due to the strained ring keétones. The 'H
showed ten aromatic protons as a multiplet between '8 7.23-7.13. The méthylene
protons on the horborny! ring appeared as V‘zAB‘ sigﬂla s at 5 1.77|an
value of 11.2 Hz. The '*C NMR spectrum showed the two carbonyl|signals at & 213.1
- and 212.0. The twelve aromatic signals overlapped to; give six signals between &

137.2 and 126.4. The other eleven carbons on the %,)entacyclic ring and benzyl
methylenes appeared upfield between § 63.2 atnd 34.9. Thus, the compound was
identified as 1,9-bis(benzyl) pentacyclo[5.4.0.0%¢/0*'°.0*|undeca-8,] 1-dione 18.

|

mpound was

a darbonyl

Interestingly, the photolysis of the tricyclic precursor 22| to the bis-
bromomethyl compound 15 took a totally new turn. The reaction mixture after two

with a minor amount of a non-UV compound (Scheme XV1II). Afterchromatographic

hours of irradiation showed a new UV active compound as the major product along
separation, the major compound was found to |be present in 63% yleld and was
crystallised from ethyl acetate-petroleum ether as white drystals. Following extensive
delibration on the spectral data, the product vJas assigned the structure 32. The
spectral characteristics which lend credibiiity to tllis surmi|se are desc]rib below. The
high resolution mass spectrum gave a value of 359.9184: for the compound which is
the same as the starting material. This inciicatcd tr\at the écolmpound had |been formed
by a rearrangement. The IR spectrum showed absorptiong at 1715 and 1613 cm™' and

the 'H NMR spectrum (Fig. 5) showed signals at}ﬁ 6.21 and 5.49. This|indicated an
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ne having an exocyclic double bond. A singlet atlﬁ 441 could be attributed to the
n on C-1 which would appear downfield since itjis a to both the double bond and
nyl group. The protons which appeared as '4JABq signals at 6 3.56 and 3.28
a J value of 10.6 Hz were attributable to the bromomethyl moiety. The norbornyl
idge protons appeared as “2ABq signals at 8 2.81 and‘l .98 with a J value of 11.9
The "C NMR spectrum (Fig. 6) showed signals at & 205.0 and 194.7 for the
nyls and at & 141.5 and 124.8 for the exocyclic double bond. The DEPT
also supported the assigned structure. Tﬂc structure of this unexpected
mpound received final confirmation by single crystal X-ray analysis (Fig. 7).

B
/ " hv(sunlight)y Br
> +
| 2h ]
Ethyl Acetate :
[e) O o)
Br 6) 19710 §A) Br O
' 22 32 | 15
63% | 17%
Scheme XVIII
e ( ’
| |
(/)
|
‘ . J\LJ'U_J “L._Lf

o-

T ~r
4 2

Figure 5: '"H NMR Spectrumiof 32
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Figure 7: X-ray Crystal Structure of %2
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|
brL The reaction mechanism proposed for the formation of this compound, viz., 3-

mo-7-(bromomethy!)tetracyclo[5.3.1.0%.0**)undeca-10(12)-ene-9,11-dione 32
(Sl:heme X1X) envisages the initial cleavage of the allylic carbon-bromine bond in the

| |
compound 22 to give a bromine radical which is held within the solvent cage itself.

RcLorganisation of the radical within the polycyclic framework followed by final
bromine radical recapture gives the tetracyclic enong 32 as the rearranged product.

| B F Br
r
: / Y/
| — —
5 N0 o ( %
2 | Br . 0 Br )
Scheme XIX

The minor product was readily identified a$ 1,9-bis(bromomethyl)pentacyclo
‘[5.4.0.02'6.03‘10.05'9]undcca-8,1I-dione 15 and was obtained in 17% yield (Scheme
| XVIII) as white crystals with a melting point of 95-96 °C. Its IR spectrum showed
 strong absorption due to carbonyl at 1755 cm™. The 'H NMR spectrum showed no
signals in the olefinic region and the norbony! bridge protons were observable as
2ABq signals at 6 2.25 and & 1.94 with a J value of 11.7 Hz. The two bromomethyl |
groups appeared as two separate 2ABq signals: one at & 3.63 and & 3.47 with a J
value of 10.8 Hz and the other at 6 3.55 and & 3.35 with a J value of 10.9 Hz. Two
protons each on the pentacyclic ring system appea:red as multiplets between 6 3.21-
3.18 and & 3.04-2.98. Another proton appeared as a multiplet between § 2.78-2.76 and
one as a doublet at § 2.62 with a J value of 4.3 Hz. The '>C NMR spectrum showed
two signals corresponding to the carbonyl carbons at & 208.9 and 207.9 and all other
signals were between & 62.6 and 29.7 confirming the absence of olefinic groups.
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223 Synthesis and Photolysis of 5{Bromomethyl)tricyclo[6.2.1.0* Jukdec-4,9-

diene;3,G-dione:
|

sor having a bromomethyl substituent in the S position,
momethy)tricyclo[6.2.1.0>"Jundéc-4,9-diene-3,6-digne

Since this anomalous behaviour had been exhibited only by the tricyclic

t was sought to prepare
37 and study its

ysis in order to propose a general reactivity trend.| The synthesis started with

commercially available toluquinol 33 which was O-methy|ated using a standard

proceduré'? involving heating toluquinol in an :aqueous safuti

n of sodium hydroxide

with 4imcthyl sulphate (Scheme XX). This furnished 2,3+dimethoxytoluene 34 as a
viscous liquid which was easily identified on the basis of its spectra. The 'H NMR

. spectrim showed the presence of three aromatic protons|as

singlet at & 6.64, the

protonls on the two methoxy groups appeared as separate singlets at:8 3.69 and 3.68

while | the protons on the methyl group appeared at

OH OMe OMe
sEeEieas
OH Me OMe |

13 34 35

220 as a singlet.

| O

Br 4

O

36
|

a) dimethylsulphate (5 eq.), NaOH(aq.) (8 eq.), 0 °C-RT, tthen 50-60 °C,
2.5d, 97%. b) NBS (1 eq.), AIBN (cat.), carbon tetrachloride, reflux, ! h,

61%. c) CAN (4 eq.), acetonitrile-water (3:1), 0 °C-RT,

I'h, 36%.

d) cyclopentadiene (2 eq.), dry benzene, 0 °C-RT, 2 d‘, 6206

/ Ha.ﬁovi,a lamp Br
/ Dry Ethyl Acetate
0.5h
Br O
37

Scheme XX

39
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The methyl group on the compound 34 was brominated using NBS with AIBN

i@ .the initiator (Scheme XX). The product 35 was

sily identified as 2-

(bromomethyl)-1,4-quinol dimethy) ether on the basis of its ! NMR spectrum which
now showed the aromatic protons as three separate signals af & 6.93, 6.80 and 6.74.

Also was 'seen a signal at & 4.55 which integrated for two
downficld of the signals due to the protons on the two metho
3.73 indicating the successful bromination of the methyl in the
The compound 35 was oxidised using CAN in acetoj
(bromomethyl)-1,4-quinone 36 (Scheme XX) whose identity
basis of its spectra. Its IR spectrum showed a strong ab

otons. This signal was

Xy groups at § 3.86 and

starting material.

1itrilie-watcr to give 2-

was confirmed on the
orption at 1678 cm’

|
indicating a quinone carbonyl stretch. The '"H NMR spectrum howed the presence of

only five protons indicating the loss of the methoxy protons.
6.90, 6.82 and 6.72 for the ring protons and the protons on

e signals appeared at &
e bromomethyl group

appeared as a singlet at & 4.28.

The Diels-Alder reaction of 36 with freshly cracked cyclopentadiene gave the
required adduct 4-(bromomethyl)tricyclo[é.2.1.02‘7]undec-él,9-dicne—3.6-dione 37
(Scheme XX). Its IR spectrum showed a strong absorption at | 662 cm™ and a smaller
one at 1621 cm™' due to a,Bunsaturated carbony! group. The 'H NMR spectrum
showed the signals due to the three olefinic protons as two|singlets at & 6.68 (one
proton) and & 6.09 (two protons). Since the olefinic region integrated for only three
protons, it was clear that the required Diels-Alder adduct with|the fbromomethy] group
on the olefin had been formed by addition of the cyclopentadi
double bond in the quinone. The protons on the bromometh
doublet of a doublet at & 4.12 and the norbornyl methyle
another doublet of a doublet at & 1.50. The '*C NMR spectrurp likewise supported the
proposed structure. The carbonyl carbons gave signals at 3 1989 and 197.1. The
olefinic carbons appeared at & 149.5, 140.0, 135.4 and 135.1. The signal at § 149.5
was due to a quarternary carbon and could be assigned tolthe carbon bearing the
bromomethyl group. The HRMS value of 265.9934 was in agreement with the

required molecular formula C(;H,0,Br for the compound 37.

l .
ene to the unsubstituted

yl group appeared as a
ne protons appeared as




50

The photolysis of the compound 37 could not be carried out under the usual
‘bonditions (Scheme XX). On exposure to sunlight, the reaction mixture was seen to
aurn black in colour and extensive decomposition of the starting material was
I'(I\IJsiervcd. Therefore, the degassed reaction mixture was irradiated for ‘4 hour using a
i-ﬂmvi& medium pressure Hg vapour lamp in a quartz immersion well. This yielded
‘the products 38 and 39 afler chromatography, albeit in fairly low yields.

The compound 38 was easily identified as 3-bromotetracyclo
[5.3.1.0%.0%* Jundeca-10(12)-ene-9, 1 -dione (numbering is the same as in compound
32) on the basis of its spectra and comparison with the spectra of compound 32. The
IR spectrum showed a strong absorption at 1748 cm™ and a weaker one at 1702 cm’’
indicative of the presence of both a carbonyl group and an a,funsaturated carbonyl!.
The 'H NMR showed two singlets at 8 6.17 and 5.44 for the protons on the exocyclic
double bond. The sharp singlet at & 4.39 could be attributed t¢ the proton on C-! as in
the case of compound 32, the signal appearing down-field since 1t is adjacent to both a
double bond and a carbonyl group. The *C NMR spectrum supported the assigned
structure by showing the signals due to the carbonyl carbons at 8 211.1 and 197.3 and
the olefinic carbons at & 149.4 and 120.8. All other signals appeared upfield between
d51.8 and 38.6.

The cycloadduct 39 was also readily identified by means of its spectral data. Its
IR spectrum showed strong absorption peaks at 1748 and 1717 cm™ due to the
carbonyl groups. The 'H NMR spectrum showed no signals in the olefinic region, all
the protons gave signals between & 3.62 and 1.95. Of these, the 2ABq signals at §
3.62 and 3.45 were attributed to the protons on the bromomethyl group. The
norbornyl bridge protons appeared as the characteristic 2ABq signals at & 2.08 and
1.95. The >C NMR spectrum confirmed the absence of double bonds. The only
signals down-field of CDCly were the two signals due to the carbonyl carbons at &
210.3 and 209.1. The other sigr{als appeared up-field between 8 55.3 and 30.5. Thus,
the compound 39 could be assigned the structure of I-(bromomethyl)pentacyclo
[5.4.0.07°.0'%.0**Jundeca-8.1 1 -dione.
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22.4 Synthesis and Attempted Phot?lysis of 4,5—Bistrolrnomethyl)tricyclo

[6.2.1.0"|undec-4,9-diene-3,6-dione:

After studying the photolysis pathway of $-(bromom thy(j)tricyclo[6.2.l.02'7]
undec4,9-diene-3,6-dione 37, further confirmation of th rllc of the allylic
bromomethyl group in spearheading the rearrangement was isought. The next
derivative prepared was the 4,5-bis(bromomethyl)tricyclo[6.2.]1.0% "Jundec-4,9-diene-
3,6-dione 44. Synthesis started from the oommcréially availpble 2,3-dimethyl-1,4-
quinol 40 which was O-methylated usingi the same proced [‘as before using a
erme XXI).'? The 2,3-

solution of dimethy! sulphate in aqueous sodium hydroxide (S
| by its proton NMR

dimethyl-1,4-quinol dimethyl ether 41 formed was identift
which showed the two aromatic protons at & 6.61, the six methoxy protons as a singlet
at § 3.76 and the six methy! protons as another singlet at  2.15 ;

The two methyl groups in the compound 41 were 'brogrninatcd using N-
bromosuccinimide with AIBN acting as the catalytic initiator (Scheme XXI). The 'H
NMR spectrum of the product 42 clearly showed that the two met:xtl groups had been
replaced by two bromomethyl groups since the signal at § 2.15|in tllme starting material
had disappeared and another had appeared downfield at & 4.67 |as 4 singlet integrating
for only four protons. The two aromatic protons were seen as (& sj\glet at 6 6.75 and

the six methoxy protons were seen as another singlet at & 3.77. |

£ [2026
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Br
Br

43

—Y,  intractable -
~ mixture

nitrile-water (3:1),
, 78%, d) CPD
nzene, 0 °C-RT

Scheme X}&l

Thc' 23 Bis(bromomethyl)-l 4- hyL.roqum ne dimethyl ether 42 was oxidised to
the concspondmg 2,3- bls(broniomethyh) l4-q inone 43| us g cenc ammonium
nitrate 1n a 3:1 solution of acetonitrile and w er (Scheme
showed ' thé absence of mcthoxy proto s in it proton
aromatid protons appeared as a singlet at 8 6 88 and the fo
appeared as another singlet at & 4.39.

The qumone 43 was reactéd with ﬁ'csh[y 'cracked cytlo ntadnenc in order to
obtain the reqmred tricyclic photoiysns précursor &Scheme (1). In the reaction of this
quinone \mth cyclopentadiene, there cxnsds the pdssnbmty o dle e addmg to either of

" the sides of the quinone leading to two ptoducts M and / o
|
XX11.

). The quinone 43
spectrum. The two
methylene protons

44' as shown in scheme
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0 Iz
: + Br

43

Scheme XXI[

- However, the only product obtained in [the reaction was identified as the

fequired  compound  4,5- b:s(bromomcthyl)tn c}b[6 2.1.0*"Jundec-4,9-diene-3,6-
\dione 44 on the basis of its spectral data. The IR spectrum as expected showed the
'p}'esence of an a,funsaturated carbonyI monety wﬁrh a strong absorption at 1663
zissomatcd with a weaker one at 1613 cm™. The lH NMR spectrum (Fig. 8) was much
qlmpllf ied due to the symmetric nature of the compound, the two olefinic protons
a%p’carcd together as a singlet at & 6.11, the]| four methylene protons on the
bromomethy! groups showed up at 5 4.29 as a doublet of a doublet (J; = 27.3 Hz, J, =
9.6 Hz). The two protons on the norbornyl ring d to 'the ketones (on C-2 and C-7)
appeared as a singlet at § 3.59 and the two protons| & to the double bond (on C-1 and
C-8) appeared as a singlet at  3.37. The methylcn# prptons on the norbornyl bridge
appeared as a doublet of a doublet at & 1.52 (J, = 24,8 Hz, J, = 8.7 Hz). The C NMR
spectrum (Fig. 9) showed only 7 signals with eqlhivaient carbons appearing at the
same place. The two carbonyl carbons were seen at & 196.2, the two disubstituted
olefinic carbons at 8 146.5, the other two olefinic caj"bon's at & 135.3, the bromomethyl
carbons at & 49.2, the four tertiary carbons on the Torb’omyl rng at 5 49.9 and 48.6
and the norbornyl methylene at § 20.8. Since the 'H/NMR spectrum showed only two
olefinic protons, it seemed obvious that the diene had added to the less hindered side
of the quinone to give the required tricyclic adduct] Further confirmation was given
by the DEPT-135 spectrum which showed only ong sigjnal at & 135.3 in the olefinic
region indicating that the other olefinic carbdns were substituted with the
bromomethy! groups. |



Figure 8: "H NMR Spectrum of 44
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It is probable that the other isomner 44 dic’ not form due to steric hindrance
caused by the two bromomethyl groups to the addition of cyclopentadiene to the tetra-
substituted double bond in the quinone 43. |

However, on photolysis of this Diels-Alderjadduct 44 under standard reaction
conditions (Scheme XXI), the reaction mixture w%s seen to turn black and led to an

intractable mixture not amenable 1o separation by column chromatography.
Indubitably, the two reactive allylic bromines had both formed radicals under the
reaction conditions and then given rise to cascade ﬁcactions leading to a large number
of products. |

|
2.2.5 Synthesis and  Photolysis of | 5+Bromo-2-(bromomethyl)tricyclo
6.2.1.0*"|undec-4,9-diene-3,6-dione: |

In continuation of the earlier studies, the s'ynthcsis of another derivative 47'
with the required bromomethyl group on C-5 o the% double bond of the tricyclic enone
was attempted using a synthetic sequence s inE from the 2-(bromomethyl)-1,4-
hydroquinone dimethyl ether 35 prepared earlier. This compound 35 was treated with
a solution of molecular bromine in carbon tetrlhchloride which resulted in ting
bromination and gave rise to 2-bromo-5-(bromomethyl)-1,4-hydroquinone dimethy!
ether 45 (Scheme XXIII). This was charactcriscd in the following manner: in the
proton NMR spectrum. two protons showed up separately in the aromatic region at &
7.08 and b 6.89 indicating that they were no longer equivalent, the six methoxy
protons appeared as two singlets at & 3.85 and & 3.84, and the methylene protons

appeared at & 4.51 as a singlet.
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OMe Me 0

|
Bra, Br p | /[ B '.
Br '
Me Me |
35 45 \ a) Br,, CCl,,0 °C-RT,
| 24d, 67% b) CAN
Br | CH,CN-H,0, 0 9C-RT
1 h, 94% (crude yield).
o, hv (synlight) -c)}cl:’yclopc(ntadi , )
Ethy! Acetate dry benzene, 0 °C-RT
O 3 h,32% 2 d, 60%. |
Br O Br | I

47 |

acetonitrile-water (Scheme XXIII). But ?r-b mo-5-(bromomethy!)-1,4-quinpne 46
proved to be unstable and could not be p\*:iﬁ by column chromatography. Hence
the crude product was treated with freshly ¢racked cyclopentadiene in order to obtain
the Diels-Alder adduct (Scheme XXIII). The reaction of this unsymmetric qlumone
with cyclopentadiene was expected to give }rise to two products 47 and 47' asishown

in scheme XXIV.

O
. J o
@ + /ﬂ\ | f —
Br |
© 6 Br

Scheme XXW
The Diels-Alder reaction however, gave hse to only one product in moderate

yield, and this was identified as the compou*\d by comparision of its spectral data
with that of 2 5- b1s(bromomcthyl)tncyclo[¢ 2. ]J 02,7]undec-4,9-diene-3,6-dione 22.
[ts IR spectrum showed the expected absorptlons due to the a,funsaturated Edlon<:
system at 1688 and 1676 cm™. The '"H NMR spectrum (Fig. 10) showed one olefinic
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oton & to the carbonyl group as a singlet at § 7.27 and the other two as a doublet of
doublet at 8 6.14 (J, = 7.2 Hz, J, = 2.5 Hz). The other protons on the norbormyl
Bystem appeared as doublet at 8 4.04 (J = 9.6 Hz), a singlet at & 3.53, another singlet
M8 3.15 and the methylene protons on the norbornyl bridge appeared at & 1.65 as a
Iinglct. The protons on the bromomethy! group appeared upfield as a multiplet
tween O 3.35-3.29. The absence of the signal downfield indicated that the
romomethyl group was not present on an olefinic carbon. The *C NMR spectrum
1g. 1 1) supported this structure showing the carbonyls at  197.1 and 190.7, the four
Jefinic carbons at § 144.3, 143.8, 137.3 and 136.3. The other signals came upficld
tween & 60.2 and 39.9.

This Diels-Alder adduct 5-bromo-2-(bromomethyl)tricyclo[6.2.1.0% Jundec-
44'9-dicne-3,6—dione 47 under standard photolysis reaction conditions (Scheme XXIIT)
underwent the expected [2 + 2] cycloaddition to give the pentacyclic product 48
which was characterised in the following manner. Its IR spectrum showed the
carbony] absorptions as two peaks at 1746 and 1744 cm™. The proton NMR spectrum
(Fig. 10) showed all the signals between & 3.54 and 1.92 indicating the total absence
of olefinic groups. The protons on the bromomethyl group appeared as '2ABq signals

|at & 3.54 and 3.38. The norbormnyl methylene protons also appeared as “2ABq signals
'lat 82.23 and 1.92. The *C NMR spectrum (Fig. 11) showed two carbonyls at & 205.9
land 202.0 and the other signals appeared upfield between 6 62.2 and 29.6 confirming
Ilthe absence of olefinic groups. The HRMS value of 343.9043 also supported the
'required molecular formula of Cy;H,;p0O,Br;. Thus, t'lhe cycloadduct was identified as
1-bromo-9-(bromomethyl)pentacyclo[5.4.0.0%¢.0>'°.0°*Jundeca-8, 1 1 -dione 48.



Figure 10: "H NMR Spectrum of 43
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Figure 11: C NMR Spectrum of 42
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In order to account for the total absence of the expected product 147' in the
Diels-Alder addition, various studies w ied out. The calculation of molecular
orbital coefTicients using the PC SPAR AN Graphical Interface Package" allowed

the rationalisation of the formation of a s ngl;; product (Fig. 12). |
I
|

o | -0.54236 _~_=0,54236
0.32397 J|_ -0.31672 . '
Br |
037109 | % 040477 0.40477
' ~0.34964  -3.10370 eV

LUMO AE = 11.32222 eV

\ AE = 6.97452 eV
0 : ~0.57216~_0.57216

~0.00028 -0-14349 -9.07822 eV

r ;
~10.84134 eV |
0.41368 —10.84134 eV HOMO ;) 41549 0.41549
Br -0.01277 HOMO

Figuﬁe 12
As the figure shows, the signs of the orbital; coefficients of the reacting carbon centres
show the interaction between HOMO of the diene and LUMO of the dienophile is not
possible in spite of the favourable energy difference. In the interaction of the LUMO
of the diene with the HOMO of the dienophile too, the signs of the orbital coefficients
allow addition from only one side of thc! quinone since the signs of the orbital
coefficients are not compatible on the other side. Thus, an inverse electron demand
Diels-Alder pathway is followed and a single product 47 is obtained from this

reaction.

Thus we have succeeded in prcparinlg several novel substituted PCUDs and

also in unravelling the mechanism of a radical rearrangement which develops an
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glternate route 10 tetracyclic compounds. I# the next two chapters, furthel reactions
and rearrangements of the compounds prepared have been explored.

23 Experimental:

General Experimental Details:

All melting points are uncorrcctéd and were determined on a Meltemp II hot
stage melting point apparatus. UltrasoniJ:atiq%n was carried out using Julabo sonicator.
The IR spectra were taken on Nicolet ‘(Im'pact 400D FT-IR) spectrophotometer or
Bomem MB-Series FT-IR spectrophotometer. NMR spectra were recorded on Briiker-
300 MHz or 500 MHz NMR spectrdmeter. NMR spectra were obtained using
chloroform-d, or a 7:3 mixture of C%Cb and CClg as solvent unless otherwise
mentioned. Chemical shifts are given in 3-scale with tetramethy! silane as internal
standard. Abbreviations used in 'H NMd are: s — singlet, d — doublet, dd — doublet of
a doublet, brs — broad singlet, q — quartct'and m — multiplet.

Analytical thin layer chromatogtaphy (tlc) was performed on glass plates
coated with silica gel (Merck) containing 13% calcium sulphate as binder. Column
chromatography was done using 100-200 mesh silica gel and appropriate mixture of
petroleum ether (60-80 °C) and ethyl acetate for elution unless otherwise specified.
The solvents were removed (under reduced pressure where necessary) using Heidolph
or Buchi rotary evaporator. All solvents were distilled prior to use and reactions
requiring dry conditions were carried out using dry solvents which were dried
according to the literature procedure."*

Extraction of the reaction mixtures were done with the appropriate organic
solvents, the extraction was repeated with fresh solvent at least three times before the
organic layers were combined. Washing of the combined organic layer was also
repeated three times in each case (distilled water, saturated sodium bicarbonate
solution. brine, etc. as required by the procedure). Reactions conducted in an ice-

water bath imply a temperature range of 5-10 °C.
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|
Bromomethylation of hydroquinone dimethyl ether 19 to give 20:
The hydroquinone dimethyl ether 19 (5.04 g, 36.5 mmol) and 3.41 g (0.11 mol, 3 ¢q.)
of paraformaldehyde were taken in 100 ml of glacliial acetic acid in a 250 ml flask.

Hydrobromic acid in glacial acetic acid (20 ml of a 33% w/v solution, 0.11 mol, 3 €q.)

was added to this and then the reaction mixture was sonicated for one hour. The
reaction was worked up by pouring into ~ 100 m] of a mixture of ice and water. The
precipitate was filtered out and washed with waJ[:r and then dried. Crystallisation from
dichloromethane-petroleum  ether gave $.l6- g (65% yield) of the

bis(bromomethylated) product 20.

m.p. (°C) ©203-205 (Lit..200-202)."

FT-IR (KBr, Vipa/cm™) . 2960, 1510, 1460, 1400, 1320, 1230, 1035,
885, 725.

'H NMR (300 MHz, CDCl5) © §6.86 (s.2H), 4.53 (s, 4H), 3.86 (s, 6H).

Oxidation of the 2 .5-bis( bromomethvl)-l.Z‘I-hvdroquinonc dimethyl ether 20
logive 21:
2,5-Bis(bromomethy!)-1,4-hydroquinone dimcthyl ether 20 (3.02 g, 9.3 mmol) was

taken in a round-bottomed flask. 60 m! of glacial acetic acid was added and the
solution was cooled in an ice-water bath. Nitnd acid (38 ml) was slowly added to-the
above solution and then the reaction mixtur¢ was left stirring to come to room
temperature. Afler one hour, all the starting material was seen to have dissolved and
the solution was an intense yellow colour, It was worked up by pouring into ~ 100 m!
of a mixture of ice and water. The solid precipifate was filtered out and dried. Column
chromatography on silica gel gave 1.21 g of the quinone. This was recrystallised from
dichloromethane-petroleum ether to give 1.16 g (42% yield) of bright yellow crystals
of the quinone 21.

m.p. (°C) o 122-124 (Lit. 123-126)."
FT-IR (KBr. vpa/em’™) . 1675, 1440, 1355, 1255, 1205, 1180, 940,
920, 910.

'H NMR (300 MHz, CDCl5) : 56.87 (s, 2H), 4.19 (s, 4H).
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} aration of 2.5-bis( bromomethvl)tricvclo[6.2..|1 0% lundec-4.9-diene-3,6-dione 22
, 21: |

lA solution of 2,5-bisbromomethyl—1,4-bcnzoquiJ10ne 21 (0.85g, 2.9 mmol) in dry
ne (20 ml) was cooled in an ice-water bLth (~ 10 °C) and freshly cracked
i clopentadiene (0.350 ml, 6.1 mmol, 2 eq.) waﬁ added drop by drop. The reaction

I |
Hn'xture was left stirring at room temperature for|15 hours, tlc then indicated that the

!Ming material had been completely consumed. The reaction was worked up by
removing the solvent under reduced pressure and fhe residue was purified by silica gel
«¢olumn chromatography using 5% ethyl acetate in petroleum ether as the etuent which
afforded the Diels-Alder adduct 22 as a pale yelllow solid (0.92 g, 88% yield). This
was recrystallised from CH,Cl,-petroleum ether pxixture giving pale yellow diamond
shaped crystals of 22.

m.p. (°C) : H0-112.
FT-IR (KBr, v/cm™) : 3036, 298%, 1675, 1657, 1538, 1331, 1237.
'HNMR (300 MHz, CDCl;) : 0 6.72 (s, 1H), 6.14-6.07 (m, 2H), 4.28

(4ABq, J = 11.5 Hz, 1H), 4.06 (d, J = 9.2
| Hz, 2H), 4.03 (4/ABq, J = 11.5 Hz, 1H),
3.51-3.49 (m, 1H), 3.30-3.23 (m, 2H), 3.14-
3.13 (m, 1H), 1.61 (s, 2H).

»C NMR (75 MHz, CDCl,) © 85199.7, 196.3, 148.8, 140.1, 136.7, 136.4,
| 59.9,55.9, 54.2, 49.9, 47.2, 39.9, 25.3.
' C/H Analysis . Calculated for C,3H,,0,Br, C: 43.37, H:
| 3.36. Found C: 43.70, H: 3.32.
| UV (CH,Cly, Anax) : 243 nm.

| Chloromethylation of hydroquinone dimethyl ether 19 to pive 23:

| The hydroquinone dimethyl ether 19 (10.11 g, 73.2 mmol) was taken in 100 ml of
| glacial acetic acid along with 7.25 g (0.24 mol, 3 eq.) of paraformaldehyde in a 250
ml round-bottomed flask. This was sonicated for five minutes to dissolve the
hydroquinone dimethyl ether and 25 m! of concentrated hydrochloric acid was added

and then the reaction mixture was sonicated for one hour. The reaction mixture was
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orked up by pouring into ~ 100 ml of ice-cold water.!;The precipitate was filtered

d dried (initially using filter paper and then by us
de product was crystallised from a mixture of
ther to give 10.75 g (63% yield) of the analytical

ing| CaCl, in a desiccator). The
dichloromethane and petroleum

y pure sample of 23 (off-white

owdery crystals). .
. (°C) 163-165 (Lit. 164 °C)."
T-IR (KB, Vima/cm™) 3748, 2945, 1513,1463, 1406, 1212, 1037,
620. |
HNMR (300 MHz, CDCl;) 8 6.64 (s, 2H), 4.64Ir (s, 4H), 3.69 (s, 6H).

h
Y

dir}_lcthyl ether 23 to give 24:

Oxidation of 2,5-bis(chloromethyl)-1,4-hydroquinong
The 2,5-bis(chloromethyl)-1,4-hydroquinone dimeth
was taken in 50 ml of glacial acetic acid and the r
mixture of ice-water. To the cooled solution was ad
acid. The reaction mixture was allowed to attain roo
for one hour. It was worked up by pouring the reacti
of a mixture of ice and water. The product was re
dried. The crude material was purified on a silica gel
$ % ethyl acetate in petroleum ether). The pure prodi
after crystallisation from dichloromethane-petroleum
m.p. (°C) 98-100 (Lit. 97
FT-IR (KBr, vpa/cm™) 2984, 2947, 1

940, 780, 665. |

'H NMR (300 MHz, CDCl;)

yl cber 23 (6.01 g, 25.6 mmol)
eactﬁon mixture was cooled in a
ded: 75 mi of concentrated nitric
m temperature and further stirred

on mixture slowly into ~ {00 ml

moved by suction filtration and

column (packed and eluted with

)ct 24 was obtained in 26% yield

ethér as bright yellow crystals.
-99-°C).'¢

60, 1415, 1335, 1225, 1100,

5 6.96 (s, 2H),4.43 (s, 4H).

Diels-Alder reaction of 2,5-bis(chloromethvl)—l,4—q1Juinonc with 24 cyclopentadiene

to give 28:

The quinone 24 (0.64 g, 3.2 mmol) was dissolved in dry benzene and the solution was

cooled in an ice-water bath. Cyclopentadiene (0.60

ml, 7.3 mmol, 2 eq.) was added

slowly to this solution drop-by-drop. The reaction fnixture was left stirring at room

temperature for 20 hours. It was worked up by removing benzene under reduced
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pressure and then purified on a silica-gel colulj'm. he compound was rccxystal]i!Sed

from dichloromethane-petroleum ether and gavL: light yellow coloured crystals (0,74

g, 87% yield) of the Diels-Alder adduct 2,5-bis(chloromethyl)tricyclo[6.2.1.0%)

undec-4,9-diene-3,6-dione 25.

m.p. (°C) © 118-120.

FT-IR (KBr, Vi/cm™) . 3020, 2982, 1670, 1625, 1432, 1334, 1279,
1241, 1073, 708.

'H NMR (300 MHz, CDCl5) © 8 6.82 (s| 1H), 6.12 (s, 2H), 4.384.19 (m,
3H,), 3.50-3.42 (m, 2H), 3.25-3.23 (m, 1H),
3.12 (s, 1‘Fa), .64 (s, 2H). i

3C NMR (75 MHz, CDCl5) . 8 199.3, 1968, 148.6, 140.1, 136.9, 136.4,
60.1, 55.$, 53.1,51.8,49.8,47.2,39.6.

UV (CH,Cly, Avay) - 239nm. |

- Acetoxymethylation of 2,5-bis(bromomethyl)-1,4thydroguinone dimethy! ether 20
to give 26:

2,5-Bis(bromomethyl)-1,4-hydroquinone dime:i'.hylI ether 20 (5.56 g, 17.2 mmol) was
taken in a round-bottomed flask along with 3.64'g (44.5 mmol, 2.5 eq.) of socliium
acetate and 160 ml of glacial acetic acid. This was heated at 80 °C for 5 hours. At the
end of this period, the glacial acetic acid was removed under reduced pressure on the
rotary evaporator and the residue diluted with ~ 100 ml of distilled water, and
extracted with dichloromethane. The com,Lined dichloromethane extracts ‘were
washed successively with distilled water, sfaturatcd sodium bicarbonate soltlhtion,
distilled water and brine, and finally dried|over anhydrous sodium sulphate. The
dichloromethane was removed and the ¢rude product was crystallised 'from
dichloromethane-petroleum ether to gin.'» 4.'058 (84% yield) of off-white

crystals of 26.

m.p. (°C) : 117-120 (Lit. 122-123 °C)."

FT-IR (KBr, vga/cm™) . 2995, 2946, 1736, 1511, 1468, 1377, 1247,
1216, |f030|L 860.

'H NMR (300 MHz, CDCl;) © 8 6.89/(s, 2H), 5.13 (s, 4H), 3.82 (s, 6H),
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2.10 {s, 6H).

Oxidation of 2.,5-bis(acetoxymethyl)-1.4-hydroguinone dimethyl ether 26 to give 27:

2,5-Bis(acetoxymethyl)-1,4-hydroquinone c:limfcthyl ether 26 (2.07 g, 7.3 mmbol) was
taken in a round-bottomed flask with 80 ml of a 3:1 mixture of acetonitrile-water. The
reaction mixture was cooled in an ice-water bath and 20.28 g (36.9 mmol, 5 eq.) of
ceric ammonium nitrate was added slowly [to it. The reaction mixture was allowed to

come 1o room temperature after the additicrn was completed and then left stirring for
one hour. It was worked up by adding ~ 100 ml of distilled water and extracting into
dichloromethane. The dichloromethane layer was washed with distilled water and
dried with brine and anhydrous sodium sulphate. Dichloromethane was removed on
the rotary evaporator and the crude mate{rial was purified on a silica-gel column.
Efution with 30% ethyl acetate in petrgleum ether gave the product. This was
crystallised from dichloromethane-petroleum ether to give bright yellow crystals of
the quinone 27 (1.26 g, 68% yield).

m.p. (°C) . 133-137 (Lit. 132-134 °C)."

FT-IR (KBr, Vga/cm™) : 1748, 1645, 1426, 1365, 1322, 1268, 1219,
1036, 927.

'H NMR (300 MHz, CDCL3) . 86.67 (s, 2H), 4.98 (s, 4H), 2.17 (s, 6H).

Diels-Alder Reaction of 2,5-bis(acetoxymdthyl)-1.4-quinone 27 with cyclopentadiene

to give 28: ,
The quinone 27 (0.81 g, 3.2 mmol) was taken in a round-bottomed flask and dissolved

in 50 ml of dry benzene. The reaction mixture was cooled in an ice-water bath and
0.32 ml of freshly cracked cyclopentadjene was added drop-by-drop to it. The
reaction mixture was left stirring for a day and further 0.30 ml of cyclopentadiene was
added after cooling the reaction mixture in an ice-water bath. After another twenty-
four hours, the starting material was still present in the reaction mixture as indicated
by the tlc, so. another 0.36 ml of cyclopentadiene (11.9 mmol, 3.5 eq. total) was added
as before and stirred at room temperature for further twenty-four hours. At the end of

this time. the reaction mixture was worked up by removing the solvent and the
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[

product purified on a silica-pe) CONMT, QT\‘&\\\S‘Z\\\Q\\ i ddnioromethane-

petroleum ether gave 1.001 g of the Diels-Alde ad(}uct 28 in the form of 1ght Ye 0W
crystals (98% yield).
m.p. (°C) o 116-117.

FT-IR (KBr, Vpp/cm™) 3055, 2982, 1742, 1669, 1626, 1371, 1225,

1030, 92 8§4
1 -
HNMR (300 MHz, CDCl,) . 86.54 (s,1 LH), 6.09 (s, 2H), 4.86 (q,J=15.7

Hz, 2H)| 4.51 (%4ABq, J = 10.6 Hz, IH);
4.16 ('/zA‘Bq,iaJ= 10.6 Hz, 1H), 3.49 (s, 1H),
3.17 (s, IH), 3.08 (d, J = 3.8 Hz, [H), 2.13
) (s, 3H), 11.97 (s, 3H), 1.68-1.56 (m, 2H),
CNMR (75 MHz, CDCl,) 11997, 1977, 170.2, 169.7, 148.0, 1375,
136.9, 185.9, 71.4, 59.6 (2C), 57.0, 53.9,
50.9, 49.6, 47.1, 20.7.
UV (CH,Cly, Xppa) D240 nm.l

" Friedel-Crafts reaction of 2,5- bxs(bromomethvl) 114-hydroquinone dimethyl ether 20
10 give 2 5-bis(benzy!) 1 4-hydroquinone dxmeﬂm/l Ethcr 29-

2,5-Bis(bromormethyl)-1,4-hydroquinone dim thy[ ether 20 (3.25 g, 10.0 mmol) was
taken in a dry round-bottomed flask along with Montmonllomte K 10 clay (1.70 g,
activated by heating at 85 °C for 2 hours). T this was added 100 ml of dry benzene
and the reaction mixture was refluxed for ﬁours At the end of this pencld tle

showed that all the starting material had been copsumed. The reaction was worked up
by filtering out the clay using Whatman grade ,[l filter paper, and then benzene was
femoved on a rotavapor under reduced pres%urc} The crude product was purified on a
silica-gel column and the compound crysfalli%ed from dichloromethane-petroleum
ether. The product 29 was obtained in 66% ylclq (2.10 g).

mp. (°C) . 97- 1(10( Jit. 100-102 °C).'®
FT-IR (KBr, vpa/cm™) - 3030/ 2937, 1495, 1451, 1401, 1220, 1039,
696.

'HNMR (300 MHz, CDCL)  : & 7.28-7,14 (m, 10H), 6.62 (s, 2H), 3.94 (s,



4H), 3.68 (s, 6H).

Oxidation of 2,5-bis(benzyl)-1,4-hydroquinone dimethyl ether 29 t

2,5-Bis(benzyl)-1,4-hydroquinone dimethyl ether 29 (150 mg, 0.5
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D give 30:
mmél) was taken in

a round-bottomned flask along with 10 ml of a 3:1 solution of acftonitrile-water and

the mixture was cooled in ice-water bath. Ceric ammonium nitrat

4 eq.) was added slowly to this cooled solution and then the react
stiring at roomn temperature for 1 hour at which time tlc indic

starting material. The reaction mixture was worked up by removin

€

(1.17 g, 2.1 mmol,
In mixture was left
ed the absence of

g the¢ acetonitrile on

the rotavapor under reduced pressure and the reaction mixture was dilpted with water

and extracted with dichloromethane. The combined dichloror

nethane layer was

washed with distilled water and brine; and dried over anhydrous sddium sulphate.

After evaporation, the crude product was purified on a sili

crystallised from dichloromethane-petroleum ether to give 71 mg

¢a-gel column and
(52% yield) of the

quinone 30.

m.p. (°C) 134-136 (Lit. 136 °C)." |

FT-IR (KBr, Vmp/em™) 3025, 1650, 1614, 1493, 1450, 1304, 1231,
1091, 896.

'"H NMR (300 MHz, CDCl;) & 7.27-7.09 (m, I0H), [6.2B (s, 2H),
3.64 (s, 4H). -

Diels-Alder reaction of 2.5-bis(benzyl)-1.4-quinone 30 wi

{h cyclopentadiene

to give 31:

The quinone 30 (0.07 g, 0.25 mmol) prepared in the earlier step w

bottomed flask and dissolved in 10 ml of dry benzene. This soluti

ice-water bath and then 0.04 ml of cyclopentadiene was added t

by-drop. Afier the addition was complete, the reaction mixture

room temperature for two days. Since some starting material rem

reaction mixture was again cooled in ice and 0.04 ml of cyclopg

mi, 0.97 mmol, 4 eq.) was added. The reaction mixture was furth
days whereupon the tlc indicated complete consumption of the st

as taken in a round-
pn was cooled in an
0 the solution drop-
was left stirring at
ained unreacted, the
ntadiene (total 0.08
er left stirring for 2

arting matenal. The
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reaction was worked up by removing the benzene unPcr ireduced presuure on a
roavapor and the crude product was purified on a silica-gel calumn. The material thus
obtained was crystallised from dichloromethane-petroleum ether to give the light-

yellow crystals of the product 31 (0.06 g, 68% yield). l

mp. (°C) . 125-128.

FT-IR (KBr, vadom™) . 3033, 2979, 1655, 1619, 1487, 1451, 1332,
1242, 686. |

'HNMR (300 MHz, CDCL) ~ : & 7.26-7.16 (m, 6H), 6.98-6.96 (m, 2H),

6.75-6.73 (m, 2H), 6.10-6.08 (m, 1H), 6.03
(s, 1H), 5.87-5.85 (m, |1H), 3.52-3.15 (m,
6H), 2.68 (d, J = 12f '

HT, 1H), 1.77 (4ABgq,
J=9.1 Hz, 1H), 1.58 ((zABq, J=9.1 Hz,
1H).

BCNMR (75 MHz, CDCl5) : 82029, 1989, 152;8, 140.4, 138.1, 135.4,
129.5 (2C), 128.9 ch:)' 128.6 (2C), 128.5
(2C), 126.9 (2C), lzs.L (2C), 59.7, 545,
53.7,49.5, 46.7 (2C), 35.2.

UV (CH;Cly, Agyad) . 239 nm. |

Photolysis of 2,S-bis@hloromethvl)tricvcloL6.2.l.02’7]undeic-4.:9-dicne—3\6-dionc 25 to

>

give 16:

The Diels-Alder adduct 25 (0.74 g, 2.7 mmol) was taken‘ in a clean and dry round-
bottomed flask and dissolved in 80 ml of dry ethyl acetate[ Tht round-bottomed flask
was closed with a septum and the solution was degassed by pas:sing argon gas through
it for five minutes. The round-bottomed flask was connected to a balloon containing
argon gas and then exposed to sunlight for 2 hours. At the‘end, of this period, the UV
active starting material absent and a non-UV active product had formed. The reaction
was worked up by removing the solvent under reduced p|rcssure on a rotavapor and
the crude material was purified by column chromatograp{hy on silica-gel. The pure
product was crystallised from a mixture of dichloromethane and petroleum ether to

give off-white crystals of 16 (0.61 g, 83% yield).
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m.p. (°C) . 88-90.

FT-IR (KBr, Vye/cm™) . 2970, 1757, 1738, 1430, 1284, 1146, 1100,
732.

'HNMR (300 MHz, CDCl;)  : & 3.77-3.51 (m, 4H), 3.23-3.17 (m, 2H),

3.03-2.99 (m, 2H), 2.82-2.79 (m, 1H), 2.62
(d, J = 3.4 Hz, 1H), 2.27 (4ABgq, J = 11.7
Hz, 1H), 1.95 (4ABq, J = 11.7 Hz, 1H).

3C NMR (75 MHz, CDCl,) . §208.9, 208.1, 62.8, 58.9, 52.6, 46.9, 46.2,
43.7,41.9, 41.7, 41.5, 39.3, 34.9.
C /H Analysis . Calculated for C,3H;;0,Cl, C: 57.58, H:

4.46. Found C: 57.74, H: 4.45.

Photolysis of ZTLS-bis(acetogmethyl)u-igyglg]§.2.1.dz’7 Jundec4.9-diene-3,6-dione 28

to give 17:

2,5-Bis(acetoxymethyl)tricyclo[6.2.l.02’7]undec-4,9-diene-3,6-dionc 28 was dissolved
in dry ethyl acetate [0.85 g (2.7 mmol) in 160 ml] and the solution was degassed with
argon. The round-bottomed flask was fitted with a balloon containing argon and then
exposed to bright sun-light for 2 hours. At the end of this period, tic showed the
absence of starting material. The reaction was therefore worked up by removing the

solvent on the rotavapor under vacuum and the residue was purified on a silica gel
column. fhe pure compound 17 thus obtained was crystallised from dichloromethane-
petroleum ether (0.76 g, 88% yield).

m.p. (°C) . 117-119.

FT-IR (KBr, Vg /cm™) .t 2995, 2964, 1762, 1741, 1725, 1443, 1383,
1249, 1225, 1036, 976.

'HNMR (300 MHz, CDCly)  : & 4.24-4.08 (m, 4H), 3.19-3.14 (m, 1H),

3.09-3.05 (m, 1H), § 2.95 (brs, 1H), 2.83 (d,
J = 5.1 Hz, 1H), 2.72 (4, J = 6.4 Hz, 1H),
2.49 (d, J = 2.6 Hz, 1H), 2.17 (4ABgq, J =
11.6 Hz, 1H), 2.08 (s, 6 H), 1.89 (4ABq, J
=11.6 Hz, 1H).
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KNMR (75 MHz, CDCl;) @ 6 209.5, 208.#1, 190.6 (2C), 61.3, 61.1, 61.0,
57.8 (2C), 5%9, 6.5, 45.5, 43.7, 41.4, 39.6,

| 35.5,208. |

€/ H Analysis . Calculated f#r Ci7H,505 C: 64.14, H: 5.70.

Found C: 64.33, H: 5.69.
[

Photolysis _of 2,5-bis(bcnzynm'cyclo[6.2.1.o|?~’1u;1dec-4‘9-diene-3.6-dione 31

ive 18: f

e Dicls-Alder adduct 31 (60 mg, 0.17 mmol) was dissolved in dry ethyl acetate (10
hl) and degassed with argon. The reaction vessel was fitted with an argon-filled
1 loon and kept in direct sunlight for 1 hour. 1‘/\\ the reaction was seen to be
mplete on tlc, it was worked up by removing| the! solvent on the rotavapor. The
de product was purified on a silica-gel column using 5% ethyl acetate in petroleum
er as the eluent and the pure compound 18 thiis obtained was crystallised from a

ixture of dichioromethane and petroleum ether (B4 g, 92% yield).
|

m.p. (°C) © 121-123. |

FT-IR (KB, Vpg/cm™) 3030, 2975, 17{50, 1480, 1431, 1231, 1140,
1100, 910, ;'6801

'"H NMR (300 MHz, CDCl,) © 8 7.23-7.13 (m, 10H), 3.06 (dd, J, = 28.3

Hz, J, = 14.2 Hz, 2H), 2.88-2.74 (m, 3H),
2.67-2.62 (m, 2H), 2.54-2.50 (m, 2H), 2.4
(d, J = 2.7 Hz, 1H), 1.77 (4ABq, J = 11.2
Hz, 1H), 1.65 (4ABgq, J = 11.2 Hz, 1H).

3C NMR (75 MHz, CDCly) : 2131, 212.0, !'137.2 (2C), 130.4 (2C), 129.8
(2C), 1283 (2C), 128.2 (2C), 126.4 (2C),
63.2, 609, 529, 47.9, 47.4, 43.9, 41.9, 39.6,
36.9,35.1, 349.

HRMS (M") . 354.1368, C,5H,,0; requires 354.1619.



The Diels-Alder adduct 22 (0.48 g, 1.3 mmol) was disgolved in 100 ml of dry ethyl
a0 td', degassed with argon gas and exposed to bright uanght for two hours. At the
cn4 of| this period tic showed the complete consumption df starting material along
with the formation of two products. The reaction was worked up by removing the
solyent and the residue was separated using silica ie‘l‘column chromatography.

éther afforded 32 (0.30 g,
§3%), which crystallised from ethy! acetate-petroleum cd)er *s white crystals. Further
Jution of the column gave 15 (0.08 g, 17% yield) wLich" crystallised from ethyl

cetatc-petroleum ether as pure white crystals.

Elution of the column with 10% ethyl acetate in petrole

|
ipectral Data for 32: |

1p. (°C) . 136-137.

T-IR (KB, Vpg/cm’™) © 2989, 1762, 1715, 1613, 1465, 1283, 1175,
960. |

INMR (500 MHz. CDCl;) - 8 6.21 (s, I1H), 5.49 (s; 1H), 4.41 (s, 1H),

3.56 (4ABq, J = 10\6 Hz, 1H), 3.47 (d, J =
8.8 Hz, 1H), 3.28 (4ABq, J = 10.6 Hz, 1H),
3.25-3.22 (m, 1H), 3.09 (d, J = 4.9 Hz, 1H),

297296 (m, 1H),1281 (AARq, J = 119
Hz, 1H), 268 d, J = 5.5 Hz, 1H), 1.98
(2ABq,J=11.9 H2, 1H).

13
CNMR (75 MHg, CDCly) & 205.0, 194.7, 14!].5, 124.8, 62.6, 59.1

33.2,52.2,49.5,45.8, 45,6, 36.6, 30.3
359.9184, C\3H,,0,B},
230, 251 and 309 nm. |

HRMS (M")

UV(CH,CD, 4,,,) requires 359,91 83,

Crystal data for 32 (Fig. 7):
Cy3Hy3Br;,0,, colourless crystalline solid. 0.33 x 0.20 x 0.12 mm., monoclinic, Space
goup : P2,/c. Unit cell dimensions ; a = 14.2893(2) A alpha = 90°% b = 13.5780(1) A
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\
beta = 96.556(1)°; ¢ = 12.9552(2) A gamma = 90°. R indices ( all data ) : R1 = 0.0996,
wR2 = 0.0847, Volume = 2497.13(6) A®, Z = 8. Density( alcylated) = 1.915 Mg/m’.
F(000) = 1408. Absorption coefficient = 6.478 mm’". |

Spectral Data for 15:
m.p. (°C)
FT-IR (KBr, v, /cm™)

'WNMR (300 MHz, CDCly)

"CNMR (75 MHz, CDCIy)

RIS MYy

95-96.

2975, 2874, 1755, 1#31,'. 1236, 1142, 1101,

912, 730.

5 3.63 (%ABq, J |

(“2ABq, J = 10.9 Hz,
10.8 Hz, 1H), 3.35

1p.8 Hz, 1H), 3.55

l
1H), 3.47 (4ABq, I =
4ABg, J = 109 Hz,

[H), 3.21-3.18 (m, 2H), 3.04-2.98 (m, 2H),

2.78-2.76 (m, 1H), 2.
225 (4ABq, J=11.7
J=11.7 Hz, 1H).

ADXD ., ALD .39 5,349

2(d4,J=4.3 Hz, 1H),
Hz, 1H), 1.94 (4ABaq,

Awh,2o .

3 208.9, 207.9, 62.6,£0.3, 52.7, 48.0, 47 4,

259 9184, Caf\ O n‘:;eques 250 91RY .

fethylation of toluguinol 33 to give 34:
oluguinol 33 (5.27 g, 42.5 mmol) was taken in a solution of sodium hydroxide in

lled water (14.29 g, 3574 mmol, 8 eq., in 50 ml of
passed through this solution for five minutes. The round-bo

water) and argon gas was
med flask was fitted

areflux condensor and the mixture was cooled in an icei water bath. Dimethyli
miphate (21 ml, 0.22 mol, 5 eq.) was added to this solutjon slowly, taking care to

wgure that the temperature did not go above ~10 °C. After the zrddition was complete,

oil-bath maintained at 50-60 °C. It was then stirred at this te

perature for 2% days.

reaction mixture was allowed to come to room tempcrature}and then immersed In

Attheend of this period, the product could be observed as

an 9gily layer on top of the

us layer. The reaction was worked up by dituting, the acLuc:o\_\s layer with cold

istilled water and then extracting with ether. The ethq

=T \Tyer was  washcecd with
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distifled water and brine, and dried over anhydrous sodium sulphate. The crude
material was purified on a silica-gel column using 2% ethyl acetate in petroleum ether
to give 34 as a clear colourless oily liquid (6.28 g, 97% yield).

FT-IR (KBr, Vpa/cm™) . 2950, 2918, 1510, 1493, 1467, 1232, 1090,
786. ‘

'HNMR (300 MHz, CDCl;)  : §6.64 (s, 3H), 3.69 (s, 3H), 3.68 (s, 3H),
2.20 (s, 3H).

Side-chain bromination of toluquinol dimethyl ether 34 using NBS to give 35:

A
2-Methyl-1,4-hydroquinone dimethyl ether 34 (6.05 g, 39.8 mmol) was taken in 50 ml
of dry carbon tetrachloride in a round-bottomed flask fitted with a reflux condensor

and a calcium chloride guard-tube and 3.63 g N-bromosuccinimide was added. The
reaction vessel was immersed in an oil-bath maintained at 85 °C and then a catalytic
amount of AIBN was added. The reaction mixture was refluxed for '; hour and then a
further aliquot of NBS (3.59 g, total 7.22 g, 40.6 mmol, 1 eq.) and a catalytic amount
of AIBN was added. The reaction mixture was again refluxed for %2 hour. At the end
of this period, the starting material was seen to have been completely consumed on
‘the tlc and the NBS which had been denser and found at the bottom of the reaction
mixture was seen to have been completely converted into succinimide which is lighter
than carbon tetrachioride and hence floated on top of the solution. The reaction was
worked up by filtering out the solid succinimide and the carbon tetrachloride was
removed on the rotavapor under reduced pressure. The crude product was purified on
a neutral alumina column to give the product 35 as an off-white solid which was
crystallised from dichloromethane-petroleum ether (5.64 g, 61% yield).

m.p. (°C) . 155-157.

FT-IR (KBr, Vg /cm™) . 2957, 2644, 1509, 1463, 1404, 1320, 1220,
: 1040, 877, 715, 663, 553.

'HNMR (300 MHz, CDCl;)  : 86.93 (s, 1H), 6.80 (s, 1H), 6.74 (s, 1H),

4.55 (s, 2H), 3.86 (s, 3H), 3.73 (s, 3H).
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Oxidation of 2-~(bromomethyl)-1,4-hydr
to give 36:

1-Bromomethyl-1,4-hydroquinone dimethyl ether 35 (1.00 g, 4.3 mmol) was taken
aiong with 10 m! of a 3:1 acetonitrile-water mixture and|cooled in ice. Then 10.04 g
(18. ! mmol, 4 eq.) of ceric ammonium nitrate was added to

is solution slowly with
ing and the reaction mixture was left stirring at room temperature for one hour. At

the end of this period, the reaction mixture was worked up by removing the

5e niul'ﬁle on the rotavapor under reduced pressure. The reaction mixture was then
with distilled water and extracted with dichloromgthane. The dichloromethane
.vdfs washed with distilled water and brine. The drganic layer was thoroughly
bver anyhydrous sodium sulphate and the dicholomethane removed by

tion. The crude material was purified on silicargel| column and crystallised

]

remy' dichloromethane-petroleum ether to give 36 as yellow crystals (0.31 g, 36%

vehd), |!

my. (°f:) . 128-130. |

F-IR (KB, Vaax/cm’™) . 1678, 1455, 1335, 12Fs, 1208, 1177, 930,
915, 775. |

§NMR (300 MHz, CDCly) @ 86.90 (s, 1H), 6.F2 (s, 1H), 6.72 (s, 1H),

| 4.28 (s, 2H). |

DielssAlder reaction of 2—(br0momcthvll—l.4—quino%3{5 with cyclopentadiene

o We 37

ﬂ .
Thl :%‘me 36 (0.30 g, 1.5 mmol) prepared in the e:irhei' step was taken in a dry

reund-hottomed flask and dissolved in 20 ml of dry benﬁcne This solution was cooled
i anflec-water bath and then freshly cracked cyclopen}adlenc (0.25 ml, 3.0 mmol, 2
W) was added drop-by-drop using the syringe-sep1uml technique. The reaction
nivure was allowed to attain room temperature and funhc} stirred for two days. The

wclion was worked up by removing the solvent under vac

um on the rotavapor. The
wud¢ product obtained was purified on a silica-gel col

mn by eluting with 5% ethyl
il in’peiroleum ether to give 0.25 g of the produdt 3 ' after crystallisation from

M]-ruméﬂlanc—pctroleum ether (62% yield). '
i
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(m, 2H), 2.56-2.53 (m, 1H), 1.97-1.93 (m,

1H). .
'>C NMR (75 MHz, CDCl3) . 82111, 197.3, 1494, 120.8, 51.8, 50.7,
47.5,45.7,45.3,41.3, 39.2, 38.6.
HRMS (M) . 265.9945, Cy,H;,O,Br requires 265.9942.
. Spectral data for 39: .
FT-IR(KBT, Vpa/cm’') . 2982, 1748, 1717, 1663, 1535, 1456, 1420,
1371, 1243, 1109, 1037, 732.
'H NMR (300 MHz, CDCl,) . 63.62 (*24ABq, J = 10.8 Hz, 1H), 345
(*2ABq, J= 10.8 Hz, 1H), 3.17 (s, 2H), 2.94
(brs, 2H), 2.85-2.72 (m, 2H), 2.64-2.63 (m,
1H), 2.08 (/2ABq, J = 11.3 Hz, 1H), 1.95
(*2ABq, J = 11.3 Hz, 1H).
'>C NMR (75 MHz, CDCls) : 82103, 209.1, 55.3, 55.1, 52.4, 48.2, 44.],
43.6 (2C), 40.8, 36 .4, 30.5.
HRMS (M") - : 265.9939, C,H,,0,Br requires 265.9942.

O-methylation of 2,3-dimethyl-1,4-quinol 40 to give 41:
Commercially available 2,3-dimethyi-1,4-quinol 40 (1.04 g, 7.5 mmol) was dissolved

in an aqueous solution of sodium hydroxide (3.08 g, 77.0 mmol, 10 eq. in 20 ml of
distilled water) and argon gas was bubbled through this solution for approximately
five minutes. Then the solution was cooled in an ice-water bath and 4.0 mi of
dimethyl sulphate (41.9 mmol, S eq.) was added drop-by-drop taking care to keep the
temperature of the reaction mixture below 10 °C. After the addition was complete the
reaction mixture was stirred with heating at 70 °C for 4 days. The reaction was
worked up by diluting with distilled water and extracting with diethyl ether. The
combined ether layers were washed with distilied water and brine, and dried over
anhydrous sodium sulphate. The ether was removed by evaporation and the crude
product obtained was purified on a silica-gel column to give the pure product 41 as a
colourless viscous liquid (0.93 g, 75% yield).
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FT-IR (KBr, vy/cm™) : 2958,2910, 1486, 1462, 1255, 1091, 793.
'"H NMR (300 MHz, CDCl,) : 86.61 (s, 2H), 3.76 (s, 6H), 2.15 (s, 6H).

Side-chain bromination of 2.3-dimethyl-1,4-hydroquinone dimethyl ether 41 using
NBS to give 42:

2,3-Dimethyl-1,4-hydroquinone dimethy! ether 41 (0.86 g, 5.2 mmol) was dissolved
in 30 ml of dry benzene. N-Bromosuccinimide (2.50 g, 14.0 mmol, 2.5 eq.) was added

to this in three equal lots along with a catalytic amount of AIBN each. The reaction
mixture was refluxed for an hour after each addition. After three hours, when the tlc
indicated the absence of starting material, the solvent was removed and the crude
product was purified on a silica gel column to give 1.28 g of the product 42 after

crystallisation from dichloromethane-petroleum ether (76% yield).

m.p. (°C) . 148-151 (Lit. 152.2 °C).%°

FT-IR (KBr, v /cm™) . 2968, 2831, 1588, 1487, 1462, 1448, 1436,
1267, 1215, 1158, 1052, 952, 808, 714.

'HNMR (300 MHz, CDCl;)  : 8 6.75 (s, 2H), 4.67 (s, 4H), 3.77 (s, 6H).

Oxidation of 2.3-bis(bromomethyl)-1,4-hydroquinone dimethyl ether 42 using CAN

to give 43
2,3-Bis(bromomethyl)-1,4-hydroquinone dimethyl ether 42 (0.26 g, 0.8 mmol) was

taken in 10 ml of a 3:1 solution of acetonitrile in water and cooled in an ice-water
bath. Ceric ammonium nitrate (2.03 g, 3.7 mmol, 4.5 eq.) was added slowly to this
solution and the reaction mixture was allowed to attain room temperature and further
stirred for 1.5 hours. Acetonitrile was removed under reduced pressure on the
rotavapor and the residue diluted with distilled water and the product was extracted
with dichloromethane. The combined dichloromethane extract was washed with
distilled water and brine. Final drying was carried out using anhydrous sodium
sulphate and the solvent was removed. The crude material was purified on a silica-gel
column and the product 43 was crystallised from dichloromethane-petroleum ether
(0.18 g, 785%% yield).

m.p. (°C) : 159-161.
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{
|
|

FT-IR (KPBr, v....,J(L:m") : 1677, 1450, 1270, 1210, 1165, 938, 924,
I 910, 769.
'H NMR (300 th CDCl)  : 86.88(s,2H), 4.3D (s, 4H).

uinpne 43 with cyclopentadiene

to give 4_4L :

2,3-Bis(bromomjthyl)—l,4-quinone ql (0.18 g, 0.6 mmol) was dissolved in 20 ml of
dry benzene and the solution was cooled in an iceswater bath. Freshly cracked
cyciopeniadiene (0.15ml, 1.8 mmol, 3 eq.) was added to this cooled solution drop-by-
drop using syringe-septum techniqufle.| Then the reaction mixture was left stirring at
room tempera for two days whipreupon tlc indichted the absence of starting
material. The reaction was worked u;i by removing the solvent and the crude product
was purified on a silica-gel column. Pure oompéund was crystallised from
dichloromethane-petroleum ether to #ive the tricyclic compound 44 as pale yellow

crystals (0.21 g, 94% yield).

m.p. (°C) : 106-108.

FT-IR (KBr, Vpedem'™) . 2987, 1663, 1613, 1445, 1420, 1264, 1076,
708. |

'HNMR,(300 MHz, CDCL;) 8 6.11 (s, 2H), 4.29 (dd, J; = 27.3 Hz, J; =

| 9.6 Hz, 4H), 3.59 (s, 2H), 3.37 (s, 2H), 1.52
; (dd, J, = 24.8 Hz, J, = 8.7 Hz, 2H).
3C NMR (75 MHz, CDCl,) : 8 196.2 (2C), 146.5 (2C), 135.3 (2C), 49.9
(2C), 49.2 (2C), 48.6 (2C), 20.8.

Attempted photolysis of 4.5-bis(bromomethyl)tricyclo(6.2.1.0>Jundec-4.9-diene-3.6-
dione 44) /

The Diels-Alder adduct 44 (0.16 g, 0.4 mmol) prepared in the previous step was taken
in 20 ml jof dry ethyi acetate and the solution was degasésed. The round-bottomed flask
was fitted with an argon-filled balloon and exposed to sﬁnlight. However, on exposure

to sunlight, the reaction mixture turned black and the crude proved to be an intractable

mixture.



arbon tefrachloride to givelds: -

i-(Bromome thyl)-l, -hydroquinone dun thyl ether 35 (0.39 g, 1.4 mmol), was taken
#n a dry round-bottdmed flask along with 10 ml of dry chbon tetrachloride and the
z:nixture walb cooled in an ice-water f bath. A solutioJl of bromine in carbon
tetrachlorided (40% /v bromine in carbon tetrachloride, 0.18 ml, 1.4 mmol, 1 eq.) was
élowly addeF to this Ilkolution and the re'acgition mixture was |left stirring for two days at
room tempetature. Al the end of this pefiod, the reaction mi was worked up by
removing the solvehit on the rotavapor under reduced prfssure and then the crude
material was purified by column chromatography on silica gel. The pure product 45
was crystallised froﬁn a mixture of dicllxloromethane-peu'pleum ether (0.29 g, 67%

yield).

m.p. (°C) : o 92:94,

FT-IR (KBTI, Vg/cm’) : 2958, 2836, 1498, 1462, 1383, 1298, 1030,
787.

'H NMR (300 MHz, CDCl5) ;8708 (s, 1H), 6.89 (s, 1H), 451 (s, 2H),

3.85 (s, 3H), 3.84 (s,'3H).

Oxidation ¢f 2-bromo-5- bromomethyl)-1.4-hydroquinone dimethyl ether 45 using

CAN to give 46:

2-Bromo-54(bromomethyl)-1,4-hydroquinone 45 prepared in the previous reaction
(040¢g,1.3 mmdl) was taken in a solution of acetonitrile in water (3:1, 20 ml) and the
mixture was cooled in an ice-water bath. Ceric ammonium nitrate (2.92 g, 5.3 mmol,
4 eq.) was 4dded in small portions to this cold mixture with constant stirring. After the
addition was complete, the reaction mixture was left stirring at room temperature for
hour. The reaction was worked up by removing the acetoinitri]e on the rotavapor and
then diluting the reaction mixture with distilled Waterl, This was extracted with
dichloromq:thane and the combined dichloromethane layer was washed with distilled

water and brine; and dried over anhydrous sodium sulphate to give 0.34 g of the crude
product oniremoval of solvent. Since an earlier attempt to purify the product had led
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! ‘ ; .
' to decomposition on the columin, the crude proc(lu%t was used as suph for the next
as 94%. |

reaction. The crude yield of 46
|

Diels-Alder  reaction| of '}2-bromo-5-1brogjg' Lpethyltlﬂﬂuinon:e 46 with

cyclopentadiene to pive 47: |
The crude quinone 46 prepared,in the earlier stcpdfﬁ.u g 1.5 mmoij was taken in a

ved in 30 ml of ¢ |asc:,ooledman
hly cracked cyclopqntadlcne (0.32 g, 4 9 mmol, 3 eq.)

e left stirring at }oom temperature for 2 days. The

benzene. This

round-bottomed flask and diss
ice-water bath and 0.4 ljnl of fr
was added and the readtion mi
reaction was worked lhp by r movmg the solvent\ under reduced pressure and the

|
product was purified ori a silica|gel column to get 0.31 g of adduct 47 (60% yield).

m.p. (°C) ' . 108-111.

FT-IR (KBr, Vya/cm’) : 2980, 2880, 11688 1676, 1588, 1251, 1189,
920, 646.

'"H NMR (300 MHz, CDCly) 0 8727(s, 1H), 6.14(dd, J, = 7.2 Hz, J;,=2.5

| Hz, 2H), 4.04 (d, J = 9.6 Hz, 1H), 3.53 (s,
| 1H), 3.35-3.29 (m, 2H), 3.15 ds 1H), 1.65

(s, 2H).
*C NMR (75 MHz, CDCly) ;3 197.1, 190.7, 144.3, 143.8, 537.3, 136.3,
; 60.2, 55.2, 54.2, 50.1, 47.1, 39.9.
UV (CHCly, Aax) . ¢ 270 nm.
[ | |
Photolysis of 5-bromo-2-(bromomethyl)tricyclo[6.2.1.0% lundec—4,9#diene—3,6-gionc

47 to give 48:
The Diels-Alder adduct 47 (0.12 g, 0.3 mmol) prepared in the previous step was taken

in a round-bottomed flask and dissolved in 15 ml of dry ethyl acetate. The reaction
mixture was purged Wlth argon and the round-bottomed flask was fitted with an
argon-filled balloon. This set- qp was exposed to sunlight for three h(lurs and worked
up by removing the solvent under reduced pressure. The crude material was purified
on a silica gel columm and furthcr crystallised from a mixture of chloroform and
petroleum ether to give 37 mg cpnf the product 48 (32% yield).
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m.p. (°C) . 98-100.
FTIR (KBr, v /dm™) || . 2980, 1746, 1744, 1270, 10%0, 995, 860.
'H NMR (300 MH, cncnab 5 3.54 (4ABq, J = 11.1 Hz, 1H), 3.49-3.41

(m, 2H), 3.38 (4ABq, J = 11.0 Hz, 1H),
3.15 (dd, J, = 6.5 Hz, J, = 1.8 Hz, 1H), 3.07
(dd, J, = 14.9 Hz, J, = 3.1 Hz, 2H), 2.75-
2.73 (m, 1H), 2.23 (%ABq, J = 11.8 Hz,
1H), 1.92 (4ABq, J=11.9 Hz, 1H).

|
. | i A
"CNMR (7SMHz CDCl) 82059, 2020, 622, 56.1,53.9, 50.0, 47.9,

44.6, 39.5, 39.4, 36.3, 29.6.
HRMS (M") | : 343.9043| C\2H,00,Br; req{:ircs 343.9047.
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CHAPTER 3 —- THE CHEMISTRY OF TETRA- AND
PENTACYCLIC CAGE COMPOUNDS

In the prigvious chapter, the syntheses of somciz substituted cage compounds
were discussed 1:1 detail. In addition to preparing these fascinating molecules, study of
their chemistry| would be invaluable in understanding molecular mechanics. Cage
compounds are| enigmatic in the sense that a large number of their properties are
contrary to expected wisdom. The observed thermal stability of these polycyclic
hydrocarbons a'xld their calculated strain energies se¢|:m paradoxical. However, this
thermal stability is merely caused by the inability of the cage molecule to undergo
bond reorganis]ation reactions in a concerted fashion in the ground state. Many groups
around the wo}ld have been synthesising functionalis'led cage compounds for further
study. Often, 'Isurprising results are obtained on ii:arrying out routine chemical
transformation$ on functional groups which are in hlindered or strained positions on
cage moleculds. With this in mind, a study of the chemistry of some tetra- and
pentacyclic cq'mpounds have been made. Once agaip, the literature survey revealed

several interesting reports, some of which are given in the following introduction.

3.1 Introdgction:

The spatial proximity between the C-8 and C-11 carbons in the PCUD system
is known to lead to extensive transannular interactions between endo substituent
groups on these carbons.' For example, PCUD 1 slowly gets converted to the hydrate

2 on storage at room temperature for longer periods (Scheme I).

g
o A
O

Scheme 1



Marchand et al) have exploited this proximity effect 1}1 the synthesis of many

mep compounds. For ple, the nitrated compound 3 on' reduction with sodium

Bofohydride led to the piitrated aza-hexacyclododecane 4 as shown in scheme I1.”
i

NaBH,
60% EtOH (aq.), RT

N—OH
Fo.

Scheme 11 |

The Clemmensjp reduction of pentacyclic systems is f«|)und to be dependent on
the size of the rings (Scheme IIT). This has been attributed to/the influence of hydrate

formation. In the casc’ of the pentacyclododecane system S which hydrates readily on
exposure to air, it is proposed that the hydrate 6 reacts under the reaction conditions
giving rise to a tc;rtiaiyr alcohol 7 as the main product. Howe#ver, it 1s different for the
pentacyclic undeca.nln system 1 which hydrates comparatively slowly at room
temperature. Therefore, it is the diketone 1 which |d4.:rgoes reaction under
Clemmensen conditigins where cyclobutane ring cleavage is followed by pinacol

formation to give 8."1‘his pioneering work has been camelh out by Martins and co-
workers.’

—t Clemmensen_
OH reduction .
| main product
N\ O l, TO i \
s O 6 OH 2  OH

Clemmensen
reduction | \
0] OH

1 0] | OH

Scheme III |
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The conjuJa’ted diene 9 obtained in two steps from naphthaquinone and
cyclopentadiene is|so constrained by the nature of the pentacyclic cage that it reacts in
an unusual manner with acids and bases.” The Baeyer-Villiger oxidation of 9 using
peracetic acid affords an extensively rearranged product 10. Treatment of 9 with
NaN;3;-MsOH also takes an interesting route and gives rise to the total break-up of the

pentacyclic framework leading to novel compounds 11 and 12 as shown in scheme
V.

CH,CO,H
glacial H(SAc
Z ] 5°C j
N N\ O 2
O
9
NaNj
 ———
pZ MsOH
N N O
o
9

Scheme IV

A fascinating Tieffenau-Demjanov ring expansion of the pentacyclic ketone 13
leading to the novel compound 15 has been carried out by Marchand et al
(Scheme V). Reaction methodology involved treating 13 with trimethylsilyl cyanide
in the presence of a catalytic amount of tetra-n-butylarnmonium cyanide followed by
reduction with fithium aluminium hydride to give the amino alcohol derivative 14.
This was ring-expanded using nitrous acid which caused desilylation and deamination

along with concomitant ring expansion giving 15. The chemistry of 15 has been
further explored extensively by the authors.



a) Me,SiCN, (n-Bu) N'CN-

(catalytic amount), CH,CL . agq. NaNoO,
b) LiAH,, dry ELO HOAc, 0-25 °C
13 14 15
Scheme V

A study by Chow and Wu® discusses the unprecedented substitution by a
polycyclic system 16 giving rise to a complex molecule 17 consisting of two cage
compounds linked by a carbon-carbon bond (Scheme VI). The formation of this
condensation product must have proceeded by the ihitial nucleophilic attack of the
anion of one bolecde on the carbonyl carbon ofanother molecule of the same
spectes. The rd:sulting oxide would add across the molecule to form an oxa bridge. If
LHMDS is used as base, product 17 undergoes further transformation to give an
isomer 18 with a hydroxyl group instead of the carbonyl. During the rearrangement,
the iodine moves to an unknown position on the cage. Prolonged reaction with

LHMDS at room temperature gives a dehalogenated product 19.

0]
I a
; —
, 0
' ]
16 |

18 19
a) -BuOK / BuLi, - 40 °C or LHMDS b) LHMDS, 0 °C ¢) LHMDS, RT

Scheme VI
Craze and Watt’ have utilised the differences in the nature of hydride transfer
in a tricyclic and a pentacyclic system to obtain funlctionaliscd pentacyclic alcohols
(Scheme VII). The delivery of the hydride to the tricyclic system 20 takes place from
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less hindered exo-face of the enedione function, and the transformations that
bllow were carried out in order to confirm this. In the case of the sodium borohydride
reduction of the pentacyclic diketone 21, delivery of hydride occurs from the less

hindered outside face of the cage dione to give 22.

CHY, (CHLY, (CEL),,

(CiL)q
hy crorH®
—_—l B
“,.OH sensitised OH LOH
“SH H - H

"H
0 %H
20 H H
(CH,), (CH),
NaBH,
n=1-3
eH H
o OH
N N\
N\ o N\ 0
21 22
Schenme VII

However, in the highly substituted norbornyl systems such reductions do not
take place. Marchand and co-workers® have studied the stereoselective reductions of
enediones using the Luche reagent, i.e., sodium borohydride in combination with ceric
chloride (Schcﬁﬁc VIII). The tricyclic enedione 23 'was reduced smoothly to the
exo,exo-diol 24 which underwent photocyclisation to !give the pentacycle 25 with the
same configurﬁl‘tion. The stereochemistry was established conclusively as this
pentacycle failed to undergo dehydration to the hexacyclic ether. In stark contrast to
this, the corresponding cage diketone 26 was inert to the same reagent. This failure
has been attributed to the steric effect of the nearby bridgehead C-Cl bonds which

would impede the approach of the reagent to the exo faces of the carbonyl groups in
these cage com*iounds.
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wOH
H
\OH

X =OMeg, Cl

X =0OMe, Cl

24 25
¢l X X
A O
o hv NaBH,, CeCL, 7H,0
X =0Meg, Cl Cl ' » NO reaction
23 ! 4 MCOH
. O
O
X =0Me, Cl
26
Scheme VIII

Taking a;cue from the above reports, we made an effort to make new
multifunctional 'Polycyciic compounds and study the general chemistry of the
polycyclic compbunds prepared in the previous chapter. Even though we confined
ourselves to welllil-known reactions, some unexpected results were obtained and a
number of new cc#mpounds synthesised.

3.2 Results anllnd Discussion:

3.2.1 Catalytic Hydrogenation:

The first reaction explored was the catalytic hydrogenation of 3-bromo-7-
(bromomethyl)tetrlpcyclo[S 3.1.0%¢.0"*]undeca- 10(12)-ene-9,11-dione 27  using
palladium on carbji_m as the catalyst at twenty psi hydrogen gas pressure for one hour.

| The reaction gavelthree products 28, 29 and 30. The major product 28 obtained was
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easily identified a_{'the expected product of catalytic hyl!drogenation of the double
bond. This showcd two carbonyl absorptions in l'tthR spectrum at 1755 and
1715 cm™'. The proton NMR spectrum (Fig. 1) show
olefinic protons anii contained a doublet at 8 1.16 which integrated for three protons
r{g could be attributed to the
presence of the proton on C- 10. The *C NMR Spectrum (Fig. 2) showed only two
signals downfield bf CDCl; due to the carbonyls at'd 207.9. All other carbons gave
signals between & 64.9 and 15.0, of which it was possible {o assign the signal at § 57.4
to the quartemary carbon at C-7 and the signal at '8115.0; to the methyl carbon. Thus

the complete absence of

implying the presc#lce of a methyl group where the sphm

the product 28 was identified as 3-bromo-7-(bromomethyl)-10-methyltetracyclo
.[5.3.1.02'6.04‘3]und?c-9,1 I-dione.

jBr H,, 20 psi Br | Br
| P/C . Br + +
Ethy] Acetate ): ): t
' 0] | 0O @)
N N N
1h \O \O \O
28 29 30
78% 7% 4%
Scheme IX

The second product 29 was formed by hydrogenolysis of the secondary
bromiine to give a methylene group in addition to the reduction of the double bond.
The IR spectrum| could confirm the presence of the carbonyl group by the strong
stretch centered at 1751 cm™. The 'H NMR spectrum confirmed the absence of
olefinic protons a|hd also the presence of a doublet at 8 1.36 which could be attributed
to the methyl at C-10 as in the earlier product. On integration, the total number of
protons were fou}nd to be fifteen indicating the further addition on one more proton.
The °C NMR spectrum which showed thirteen peaks and the DEPT-135 spectrum
which indicated ||ihe presence of three methylene groups at & 38.9, 31.7 and 309
suggested that the bromine at C-3 had been hydrogenolysed leading to an extra
methylene groupl in this product. This identified the product as 7-(bromomethyl)-10-
methyltetracyclo&_S 3.1.0%°.0**undec-9.11-dione 29.
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Figurl 1: 'H NMR Spectrum of 28
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Figure 2{/°C NMR Spectrum of 28
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The compound 30 to be eluted out of the silica gel column in 4% yield showed
the carbonyl group absorptions at 1757 and 1726 cm™. Its 'H NMR spectrum once
again showed no olefinic protons. It showed two methyl groups as singlets at & 1.60
and 1.55 and all other protons appeared between & 4.43 and 1.97 where individual
assignments were not possible. The BC NMR spectrum showed only two downfield
signals at & 218.8 and 207.4 which were due to the two carbonyls, and alt other
signals came upfield between 8 60.5 and 24.3. The DEPT-90 confirmed the presence
of two methyl groups and the DEPT-135 showed only two methylenes. Thus the
structure 30 was proposed which had the double bond reduced and had also lost both
the bromines to give 7,10-dimethyltetracyclo[5.3.1.02'6.04‘3]undec-9,1 |-dione.

3.2.2 Reductions Using Lithium Aluminium Hydride:

The reductions of the tetracyclic and pentacyclic systems with lithium
aluminium hydride was explored in order to obtain the respective diols. It was thought
to be of interest to explore this field in order to prepare derivatives of the novel
compounds prepared thus far.

The lithium aluminium hydride reduction of 3-bromo-7-(bromomethyl)
tetracyclo[5.3.1.0%%.0**Jundeca-10(12)-ene-9,11-dione 27 led to a single product in
moderate yield after purification (Scheme X). It showed a broad absorption in its IR
spectrum at 3407 cm™ indicating the presence of hydroxy! groups and there were no
peaks in the carbonyl region indicating that both the keto- groups had been reduced to
secondary alcohols. The 'H NMR spectrum showed the absence of signals in the
olefinic region leading to the conclusion that the double bond too had been reduced by
the LAH reagent which added hydride in a |,4-fashion to the enone of the starting
material. The spectrum also showed the presence of two methyl groups, one which
overlapped with one half of the characteristic 2ABq signals due to the norbornyl
methylene group and appeared as a multiplet between § 1.24-1.21 and the other
appeared as a singlet at & 1.09. The other 2ABq signal appeared at & 0.99 with a
coupling constant of 10.8 Hz. The *C NMR spectrum showed the signals due to the
secondary alcohols at.§ 76.3 and 72.9 and all other signals appeared between & 53.7
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and 21.8 indicating the absenccnpf other functionalities. The two signa!s at § 22.4 and
21.8 could be attributed to the t}vo methyl carbons. The product 31 was thus identified
as 7,10-dimethyltetracyclo[5.3.%.0%°.0**Jundeca-9,11-diol.

B
" LAH, Dry Ether

Ar Atmosphere

0°C-RT, 2d
44% ol
OH

31

Scheme X
The product obtained uponl‘ the lithium hydride reduction of 3-bromo-7-
bromomethyl)-10-methyltetracyclo 5.3.1.0%¢.0**Jundec-9,11-dione 28 proved to be
jentical with the product of the LAH reduction of 27. All spectral d.ctaillb matched
ithin the limits of instrumental error and comparison of melting points clinched the

lentity of this product as 31 (Schemg XI).

"l LAH, Dry Ether

Ar Atmosphere
0°C-RT, 2d
53% OH
OH
31
Scheme XI

Next, the lithium aluminiurh hydride reduction of 1,9-bis(bromomethyl)
:macyclo[S.4.0.02'603‘10.05‘9]undeca+8,ll-dionc 32 was carried out (Scheme XII).
rice again a single product 33 was obtained. It showed as expected the broad peak at
183 cm™ in the IR spectrum indicati'_ng the presence of hydroxyl group. The absence
" carbonyl absorption peaks indicated that both the carbonyl groups had been
duced by LAH. However, the 'H NMR spectrum showed the presence of eighteen
otons, including two methyl signals as singlets at § 1.19 and 1.07 leading to the
nclusion that both the halogens had been removed by the reagent. The protons on
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|
the two hydroxyl grou?s were seen as a broad signal at 6 5.39. The norbornyl bridge

methylene protons were seen as 4ABq signals centered at 6 1.62 and 0.97. All other

| .
protons appeared between & 3.47 and 1.79 and separate assignments were not

possible. The e N‘v{j spectrum showed the signals due to the two hydroxyl-bearing
and

6.6 and all other signals were upfield between & 53.7 and 21.7.

carbons at § 77.1
identified as 1,9-dimethylpentacyclo

" Thus the compound  was
| [5.4.0.0%.0.0%Jundeca-8,11-diol 33

Br | AH, Dry Ether

Ar Atmosphere
0°C-RT, 12 h OH
62%
OH
; 33
: Scheme XII

iniurm hydride reduction of 1,9-bis(chloromethyl)pentacyclo

\N‘(\e\\\\ﬁ\'\\\mh\“‘“ YA was cartied out, the spectral

W N R i' Qb 1\-dhone M4 (S s oo
BPY Y R A BB

data of the product obtained was found to be sim
reaction. Since all the spectral values of the two products matched within the limits of
|

Instramental eyror, W seemmed fafe 1o contiude e e e, \\&\&.\\\Qm\ (Q(md

in both cases| It was further confirmed by comparison of melting points that this
product was 33 itself.

Cl LAH, Dry Ether

Ar Atmosphere
o 0°C-RT, 2 d
dl 36% OH
; 3¢ © 33 OH

Scheme X111
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3.2.3 Reduction#- Using Sodium Borohydride:

Thus when|it was found that the reduction conditions using lithium aluminum
hydride were too strong, it was necessary to look at alternate methods in order to keep
the halogens intagt. Accordingly, the reductions of these tetracyclic and pentacyclic
systems with sodium borohydride was explored. These reactions were carried out in
distilled methanol and gave the expected products with the ketone groups tn the
starting materials getting reduced to secondary alcohols in all the cases.

Br

NaBH, (5 eq.)

Methanol Br
0°C-RT, 1h

41% OH
OH
35
Scheme X1V

The product formed by the sodium borohydride reduction of 3-bromo-7-

uﬁcyclo[S.B.l.0“.04'8]undeca-l0(12)—cn¢-9,1 1-dione 27 was seen to
be the compound 35 on the basis of its spectra. In the IR spectrum a strong broad
absorption at 3407 cm™ for the hydroxyl groups was observed. The 'H NMR spectrum
showed the exocyclic double bond protons as two sing:]cts at 8 5.33 and 5.07. The
protons on the brgmomethyl group appeared as 2ABq signals at § 3.59 and 3.35. Half

(bromomethylte

of the characteristjc ABq signal usually exhibited by the norbornyl bridge protons was
overlapped by other signals whereas the other half of it was visible at 8 1.64 with a
coupling constant of 11.3 Hz. The C NMR spectrum showed the carbons of the
exocyclic double bond at & 150.2 and 112.8 and two signals due to carbons bearing
hydroxyl groups at & 72.1 and 67.6. Of these, the signal at & 72.1 could be attributed
to the hydroxyl bearing carbon «a to the double bond. All other signals were observed
upficld between § 55.1 and 33.6. The product was thus identified as 3-bromo-7-
(bromomethyl)tetracyclo[5.3.1.02¢.0**jundeca-10(12)-ene-9,1 1-diol 35.
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Br
NaBH, (5.5 eq.)
Methanol
0 °C-RT, 16 h
87%

Scheme XV
Sodium | borohydride  reduction of  3-bromo-7- (brbmomcthyl) 10-
meLhylreUacycloE 3.1.0%° 0**jundec-9,11

-dione 28 also proceeded uneventfully
leading to the ¢

responding diol 36 (Scheme XV) The IR spectrum showed the
presence of a h&droxyl absorption at 3444 cm™. The 'H NMR spectrum showed
eighteen protons‘of which the following could be unambiguosly assigned: the 4ABq
signals at § 3.53 and 3.31 were due to the protons on the bromomethy! group; the
methyl group OL C-10 appeared as a doublet at & 1.29; and the hydroxyl protons
showed up as % broad overlapping signal between 8 2.26-2.21. Half of the ABq
signals due to the norbornyl bridge protons was seen at 8 2.36 with coupling constant
of 11.3 Hz, while the other signal was submerged in the multiplet between & 1.61-
1.51. The 1*C spectrum showed the hydroxyl-bearing carbons at § 72.2 and 72.1
and all other si%mls appeared upfield between 8 57.7 and 19.4. Thus the compound
was identified a 3-bromo-7-(bromomethy!)- 10-methyketracyclo(5.3.1.0%.0**Jundec-
9,11-diot 36.

B NaBH, (4 eq.) Br
Methanol N
0°C-RT,2h
0 59% OH
Br @) Br OH
32 37
Scheme XV1

|
The prpduct formed upon the sodium borohydride reduction of 1,9-

bis(bromomctI'l)pcntacyclo[S.4.0.02‘6.03’10.05’9]undeca-8,l 1-dione 32 was identified
as 37 on the basis of its spectral data. Its IR spectrum revealed the broad absorption at
|
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3183 cm™ which indicated that the starting material had been reduced to the alcohol.
The 'H NMR spectrum showed up the norbornyl methylene protons as the
characteristic 2ABq signals at 8 1.66 and 1:11 with a coupling constant of 11.2 Hz.
The other 2ABq signals at 5 3.65 and 3.41 could be attributed to the protons on one
bromomethyl group. The protons on the other bromomethyl group overlapped with
the signal due to another proton and appeared as a multiplet between 8 3.79-3.76. The
C NMR spectrum showed two signals at & 72.8 and 72.7 which could be attributed
to the carbons bearing the hydroxyl groups. All other signals appeared upfield
between & 52.3 and 32.8 and this was in accord for the structure proposed as 37, i.e.,
1,9-bis(bromomethyl)pentacyclo[5.4.0.0%°.0*'° 0**Jundeca-8,1 1-diol.

Cl' NaBH, (4 eq.) I
Methanol
—
0°C-RT,2.5h
90% OH
Cl OH
38

Scheme XVII

The reduction of l,9-bis(chloromcthyl)pcntacyclo[5.4.0.0?'6.03"0.05’9]undcca-
8,11-dione 34 with sodium borohydride proceeded without trouble (Scheme XVII)
and the product' was easily identified as 38. Salient features of the spectral data
included the prominent broad stretch for the hydroxy group at 3170 cm™ in the IR
spectrum and two broad singlets centered at & 5.30 and 5.07 corresponding to the two
hydroxy protons in the '"H NMR spectrum. The norbornyl protons appeared as the
characteristic '2ABq signals at 8 1.67 and 1.12 and all other protons appeared as
overlapping signals between & 4.00 and 2.02 and could not be assigned to separate
protons with any certainty. The *C NMR spectrum showed the signals due to the two
carbons bearing hydroxyl groups at & 71.9 with all other signals appearing upfield
between 8 52.9 and 32.9. Thus the product was identified as 1,9-bis(chloromethyl)
pentacyclo[5.4.0.02¢.0*1°.0%%Jundeca-8,1 1-dio! 38.



32.4 Nitration‘ Reaction:

With a lorﬁig term view of synthesising cage compounds containing both amino-
and hydroxy- functions such as 39, which may serve as DNA binding compounds,
efforts were initiated towards its synthesis.

Scheme XVIII
It was epnvisaged that nitration of the aromatic rings of 1,9-bis(benzyl)
pentacyclo[5.4.0.0%°.0%'°.0>%Jundeca-8, 1 1-dione 4D followed by reduction of the nitro
groups would lea

to amino groups on the benzene ring. Due to the rigid nature of the
pentacyclic systam, this would give rise to a compound with polar groups on the
outside of a hydrocarbon cage. It is known that the biological activity of amantadine
(I-aminoadamantane) is due to the hydrophobicity of the hydrocarbon cage which
allows it to cross the blood-brain barrier while the amino group is protonated at
physiological pH.° The nitration of 40 was carried out using a nitrating mixture of
nitric acid in suli‘ihuric acid (Scheme XIX).

Ph
HNO, / H2$O4$
0-10 °C, 5 mts
O 83% oOoN
Ph Ye) °
40

Scheme XIX
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Figure 3: '"H NMR Spectrum of 41

Figure 4: '>*C NMR Spectrum of 41
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Even low te}mperatmes and short reaction times resulted in the tetranitrated
product 41 which \L'as easily identified on the basis of its spectra. The IR spectrum
clearly showed the| presence of nitro- function and 'carbonyl groups with a strong
absorptions at 1524 and 1751 cm’ respectively. The proton NMR spectrum (Fig. 3)
showed the aromatic protons as two singlets at 8 8.76 and 8.63 (one proton each); a
broad singlet at & 8.35 (two protons); and two doublets at § 7.94 and 7.55 (one proton
each). This indicated that each phenyl group had been bisnitrated at ortho and para
positions. The othc# protons appeared upfield between 6 4.11 and & 1.89 with the
norborny! mcthylcnb protons appearing as 2ABq signals at § 2.22 and 1.89 with a
coupling constant 4f 11.7 Hz. The '3C NMR spectrum (Fig. 4) showed the two
carbonyls at & 211.6 and 210.4 and the twelve aromatic protons between & 150.7 and
119.7. Of these, the six signals which were more deshielded were seen to be

quarternary carbons |suggesting that each phenyl had two nitro- groups substituted on
it. This too led dredence to the structure as 1,9-bis(o,p-dinitrophenylmethyl)
pcnlacyclo[S.4.0.02'6.03'10.05'9]undcca-8,1 1-dione 41 with bisnitration of each aromatic
ring. The other sign'rals were shielded and appeared between & 63.3 and 31.4. Since
only the tetra-nitrated compound 41 could be obtained, further plans to reduce these to
the amines were abax?doned.

3.2.5 Diels-Alder 4eactions:

After the synthesis of 3-bromo-7-(bromomethyl)tetracyclo[5.3.1.0%¢.0*%]
undeca-10(12)-ene-9,11-dione 27 another very interesting observation was made. It
was seen that on keeping the compound 27 for crystallisation, a second compound 42
was formed when jthe crystals were not separated out quickly. With longer
crystallisation times, |this second more polar compound increased but 27 did not get
completely converted to the second compound. Due to the difference in polarity, it
was casily separated lby column chromatography. This compound 42 (nomenclature
and numbering is shown in scheme XXI) was deduced to be a dimer of the rearranged
product on the basis of the high resolution mass spectrum which gave an M” peak at
720 (molecular ion). A:areful perusal of the 'H and '’C NMR spectra as well as the IR
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spectra indicated the following, viz., a) the IR spectrum indicated the presence of a
tetrasubstituted alkene group by a medium absorption at 1669 cm™ and also strong
absorptions at 1763 and 1729 cm™ indicated that strained-ring carbonyl groups were
present. b) the proton NMR spectrum (Fig. 5) showed a total absence of olefinic
protons, indicating that the double bonds were involved in the dimerisation. Whereas
the starting material 27 had a clearly discernable peak at 8 4.41 that had been
attributed to the proton on C-1, this compound showed two protons in the same region
with similar chemical shifts as two singlets at & 4.39 and 4.29. The >C NMR
spectrum (Fig. 6) and the DEPT studies were the most thought-provoking, it showed:
a) the presence of three carbonyl groups by signals at & 203.1 and 201.9 (two
carbons), b) signals at & 147.5 and 104.7 which indicated a tetra-substituted double
bond, and c) a signal at & 83.3 which pointed to a tertiary carbon perhaps attached to
an oxygen functionality. The UV spectrum indicated the absence of an enone moiety.
These inferences were put together to hypothesise that the dimerisation had taken
place via a Diels-Alder reaction between two molecules of 27 with the double bond of
one molecule acting as the dienophile and the enone moiety of another acting as the

hetero-diene.
Br
Br
Ethyl Acetate-
Br Petroleum Ethfr
0 RT, 8 d
Y \o -16%

27

Scheme XX
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Figure 5: '"H NMR Spectrmﬁ of 42
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Figure 6: °C NMR Spectrym of 42
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The structure received final confirmation through single crystal X-ray analysis
(Fig. 7 and 8). The crystal structure showed the presence of a solvent molecule
(dichloromethane) trapped within the lattice. After obtaining this compound by
chance rather than by design, it was thought desirable to optimise the conditions under
which it would be formed from the monomer. Since the reaction involved a hetero-
Diels-Alder reaction, it was thought it would be facilitated by the presence of Lewis
acids. However, various reaction conditions tried (using catalysts like PTSA, SnCl,
etc.) did not lead to the formation of even trace amounts of the dimer. Elevated
temperatures too did not do the trick, in fact, it was observed that the dimer on heating
to its melting point cleanly dissociated to give back 3-bromo-7-
(bromomethyi)tetracyclof5.3.1.0%¢.0**Jundeca-10(12)-ene-9,11-dione ~ 27.  The
formation of the dimer was found to proceed only on keeping in saturated solutions of
a mixture of ethyl acetate and petroleum ether over a period of a few days, even then,
total conversion did not take place (Scheme XX).

Spiro[ 1 1-bromo-1-(bromomethyl)-4-oxapentacyclo[7.5.1.0>'2.0° ‘8.0'0'“]penmdec-
3(8)-ene-15-one-$,10'-3'-bromo-7'-(bromomethy!)tetracyclof5.3.1.0** .0*¥Jundec-
9',11'-dione]

Scheme XXI
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Figure 7: X-ray Crystal Structure of 42

Ci2
1

Figure 8: X-ray Crystal Structure showing the Presence of Trapped Solvent
Molecule (Dichloromethane)
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Afler having observed the ability of the enone moiety in 27 to act as a hetero-
diecne in a Diels-Alder fashion, it was sought to exploit this facet of the fascinating
molecule. Howevér, reaction of 3—bromo—’/—(bromomcﬂiyl)tetracyclo[S.3.1.02'6.04‘8]
undeca-10(12)-ene-9,11-dione 27 with 2,5-bis(bromomethyl)-1,4-quinone did not
proceed to the adduct even in a sealed tube under argon atmosphere in toluene.
Prolonged reaction times only led to extensive decomposition of the quinone.

The next attempt was to check the efficacy of the double bond in 27 to act as a
dienophile in Dielsi-Alder reactions with other dienes. Reaction with freshly cracked
cyclopentadiene prbceeded smoothly to give two adducts (Scheme XXII) which were
separated by column chromatography and characterised. Both the compounds
indicated the addition of one equivalent of cyclopentadiene to 27, and the formation
of two products was attributed to the addition of cyclopentadiene from two faces of
the double bond leading to two different diastereomers. However, spectral data could
not distinguish between the two isomers 43 and 44 (nomenclature and numbering is
shown in scheme XXIII).

Br Br
Br Br Br
Br\/( cyclopentadiene .
Dry Benzene O O
O  0°C-RT,2d O O
% O
43 44

27

26% 29%

Scheme XXII
The less polar compound 43 showed strong carbonyl absorptions at 1757 and
1701 ¢cm™ in the IR spectrum. Its 'H NMR spectrum showed two olefinic protons as a
multiplet between & 6.33-6.26. The proton on C-1 appeared downfield as a singlet at 8
4.43. The other protons on the rings appeared as multiplets and exact assignments
were not possible. The *C NMR spectral data also supported the proposed structure
with carbonyls appearing downfield at & 213.2 and 206.9. The olefinic carbons



i ' - 105

appeared at & 138.9 and“35.6 and it could be discerned from ﬂEPT studies that these
signals belonged to a disubstituted double bond. The q crm%ry carbons at C-7 and
the spiro-carbon C-10,5were seen at & 58.0 and 61.8 respecti vely. The HRMS value .
of 423.9662 also confirmed the addition of one equivaleit of

|cyclopentadiene to 27
leading to the Diels-Alder adduct 43.

43 & 44

Spiro[3-bromo-7-(brom& ilncmyl)tetmcycl'o[S 3.1 .02‘6.04'3]mldec-‘9,1 1-dione-10,5'-
bicyclo[2.2.1]hept-2'"-ene]

Scheme XXIII

The second com]q'ound 44 showed very similar characteristics in its spectra.
The carbony! stretches |in the IR spectrum showed up ?s a [broad, strong peak at
1738 cm’'. The 'H NMR spectrum showed the olefinic prptons as two separate
multiplets between & 6]39-6.36 and 5.83-5.80. The proton on C-1 showed up as a
singlet at 8 4.53, while|the other protons appeared as various signals at the upfield
region between & 3.68 t3i5 1.43. The '>*C NMR spectrum o r.heisccond compound was
very similar to that of the first with eighteen signals rangi(ng ﬁ;'om d211.1tod 31.2.
isignals at & 211.1 and 207.2 and thF disubstituted double
bond carbons could be sgen at § 139.2 and 132.6. The qua crjary carbon at C-7 and

I

The two carbonyls gav

the spiro-carbon C-10,5' appeared at 8 58.0 and 60.6 respect
%ctween 6 63.4 and 31.2. All the above data together is
| |

ly. All other carbons
on the rings appeared
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l
suggestive of a compound of structure 44. However, in|each case the structural
depiction as 43 and 44 are)interchangeable. '

Thus we have explored some of the elementary chqmist'lry of tetracyclic and
pentacyclic compounds and found that the constrained polycyclic'i ring system gives us
unexpected results even in these cases. The synthesis of thes'se denvatives is hoped to
be of future use in clinical tests since the biological actlvnty of PCUDs substituted
with polar groups is well known.

3.3 Experimental: |

|
| |

For general experimental details, see Chapter 2, page numbcr|!60.

| |
Catalytic _hydrogenation | of 3~brom0~7-(bromo_jyl)tegggyclol5 3,1.0%.0%]
undeca-10(12)-ene-9,1 l-duLne 27 to give 28, 29 and 30: ll ll
The compound 27 (0.21 g/ 0.6 mmol) was dissolved in lO'ml ef dry ethyl acetate
taken in a hydrogenation vessel and a catalytic amount (~ 40 mg) pf 5% palladium on
carbon was added to this so¢lution. The set-up was flushed w4'1th h&drogen gas thrice.

Then hydrogen gas was filled in the reaction vessel to a prassuré of 20 psi and the

reaction mixture was agitated at this pressure for one hour, lixamination of the tlc at

the end of this time period showed complete consumption of tH,e starting material
along with the formation of three products. The reaction was| worked up by filtering
out the catalyst and removii\g the solvent under reduced prdpsuré on the rotavapor.

The crude reaction mixture was separated into the three componcnt products by

column chromatography on| silica gel. Elution with 7% ethyl acctate in petroleum
ether gave the first product 3-bromo-7-(bromomcthyl)-lp-methyltctracyclo
[5.3.1.0%6.0*%Jundec-9,11-dipne 28 [165 mg (78% yield)]. Subsequent elution with
10% ethyl acetate in petroleum ether gave 7-(bromomcth$'l)-lb-mcmyltetracyclo
[5.3.1.0*%.0**Jundec-9,11-dione 29 (11 mg (7% yield)]. This was féllowed by elution
with 15% ethyl acetate in petroleum ether which gave 7,10-iiimethyltctracyclo
[5.3.1.0%.0"*lundec-9, 1 1-dione 30 [6 mg (4% yield)].



Spectral data for 28:

m.p. (°C)
FT-IR (KBr, V,L./cm")

'"H NMR (300 Lﬂ—b, CDCly)

BC NMR (75 Pﬂ—b, CDCl3)

HRMS (M* + 1)
Spectral data for 29:
m.p. (°C)

FT-IR (KBr, Vmafem™)

'H NMR (300 MHz, CDCls)

'*C NMR (75 MHz, CDCl;)
HRMS (M*

Spectral data for 30:
m.p. (°C)
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|
131-133. |

2982, 175{,’ 17{5, 1465, 1243, 1148, 1067,
872, 778, 610, #36.

5 4.57 (s, (IH), 3.57 (d, J = 10.4 Hz, 1H),
3.24-3.16 Jm 2H), 3.04 (d, J = 4.7 Hz, 1H),
291 (brs, 1H), 2.81-2.77 (m, 2H), 2.66-2.59
(m, 1H), 251 (dd, J; = 8.7 Hz, J, = 3.2 Hz,
1H), 1.93 {d, J= 11.7, 1H), 1.16 (d, J = 7.4
Hz,3H). | |

82079 (2C), 64.9, 57.4, 50.4, 48.5, 47.7
(2C), 46.5, 44.9, 35.9, 30.9, 15.0.

360.9439,|C,3H,(O,Br; requires 359.9361.
|
o
113-115." !
2968, 1751, 1730, 1470, 1420, 1270, 1239,
1145, 1!#08.
5 3.47 ﬁvﬁu%q, J = 10.4 Hz, 1H), 3.20
(:ABq, J = 10.4 Hz, 1H), 2.93 (brs, 1H),
2.85-2.8 (m1r 1H), 2.73 (brs, 1H), 2.64-2.57
(m, 2H), 2.5; (dd, J; = 82 Hz, J; = 1.4 Hz,
1H), 1.81-1.71 (m, 3H), 1.58-1.51 (m, 1K),
1.36 (/= 7.1 Hz, 3H)
52119, 21117, 64.3, 59.4, 51.6, 47.6, 413,
42.5,38,9,32.8,31.7, 309, 15 8.
282.0225, C{;HsBrO, requires 282.0255.
L
I
89-91.: |

| i
i i
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FT-IR (Kpr, Voax/cm™!) ;29804 1757, 1726, 1470, 1426, 1370, 1276,
12451' ] |4E, 1089, 1045, 733, 646.

'HNMRbOOMHz, CDCly) : 8 448 (s, 1H), 3.69 (d, J = 10.4 Hz, 1H),

| 3.19-3.13 {m, 2H), 2.97 (brs, 1H), 2.76-2.70

| (m, 2H), ?.51-2.49 (m, 1H), 2.38 (s, 1H),

| 1.97 (d, J = 11.7 Hz, 1H), 1.60 (s, 3H), 1.55

(s, 31—&). |

3C NMR|(75 MHz, CDCly) . 821838, 2074, 60.5, 58.3, 54.8, 526, 52.1,
: 49.9,49.7 gC), 46.2, 44.0, 35.3, 30.5, 24.3.

HRMS (M) . 204.1185,'Cy3H,60, requires 204.1150.

Reduction .of 3-bromo-7—(bromomethzl)tetrg cychl 5.3.1.0>%.0*¢ lundeca-10(12)-ene-
. .I

9.11-dione 27 with lithium aluminium hydride to give 31:

The compound 27 (44 mg, 0.1 mmol) wias tah(en in a dry pear-shaped flask and
dissolved |in 5 ml of dry ether. In a dry round-bottomed flask flushed with argon,
lithium aliminium hydride was placed (24 mg, 0.6 mmol, 6 eq.) and dry ether (5 ml)
was added. This was cooled in an ice-wll'ater! bath and then the solution of the

compound 27 in dry ether was added to this usirLg the syringe-septumn technique. The
reaction mixture was then left stirring at ropm te¢mperature for two days under argon
and later worked up by adding a few drops of water to destroy the excess lithium
aluminium hydride. The white precipitate was filtered off and ether was removed to
get the cride product. This was purified on a silica gel column to give 10 mg (44%
yield) of the product 31. I-

m.p. (°C) . 66-68,

FT-IR (KB, Vpg/em™') © 3407, 2952, 2871, 1452, 1253, 1079, 1054,
| 1029, .

'HNMR (300 MHz,CDCl;)  : & 3.50 (d,J = 4.2 Hz, 1H), 3.36 (s, 2H),

| 2.48-2.41 (m, 1H), 2.31-2.24 (m, 3H), 2.11-

2.07 (m, 1H), 1.97 (s, 1H), 1.81 (d, J = 4.0
| Hz, 1H), 1.65-1.62 (m, 2H), 1.24-1.21 (m,
| 4H, -CH; and “%ABgq), 1.09 (s, 3H), 0.99
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(V:ABq, J = 10.8 Hz, 1H).

3C NMR (75 MHz, CDCl5) : 8763, 729, 53.7, 52.5, 49.1, 47.8, 456,
44.8,42.1,35.0,33.1,22.4,21.8.
HRMS (M) . 208.1456, C13H,00, requires 208.1463.

Reduction of 3-bromo-7-(bromomethyl}-10-methyltetracyclo[$,3.1.0*¢.0“* Jundeca-
9.11-dione 28 with lithium aluminium hydride to give 31: '

The compound 28 (33 mg, 0.1 mmol) was taken in a pear-shaped flask fitted with a
septum. Dry ether (5 ml) was added using a syringe and the compound dissolved in it.
22 mg of lithium aluminium hydride (0.6 mmol, 6 eq.) was taken in a round-bottomed
flask along with 5 ml of dry ether and the flask was fitted with a balloon filled with
argon. The solution of 28 was added to the suspension of LAH after cooling it in ice
and then the reaction mixture was left stirring under argon at room temperature for
two days. It was worked up by destroying the excess LAH with a few drops of water.
The resultant white precipitate was removed by filtration and ether removed to give
the crude product. This was purified on a silica gel column to give 9 mg (53% yield)
of the product 31 which was identical in all respects to the product 31 obtained in the
previous reaction.

Reduction of 1.9-bis(bromomethyl)pentacyclo[5.4.0.0>.0*'°.0>**lundeca-8,1 1-dione

32 with lithium aluminium hydride to give 33:

The compound 32 (85 mg, 0.2 mmol) was dissolved in 10 ml of dry ether taken in a
pear-shaped flask. This solution was added via a syringe to a cooled solution of
lithium aluminium hydride (45 mg, 1.2 mmol, 6 eq.) in 5 ml of dry ether. After the
addition was completed, the reaction mixture was left stirring under argon at room

temperature for twelve hours. It was worked up by adding a few drops of water to
destroy the excess lithium aluminium hydride and the white precipitate that resulted
was removed using Whatman 1 filter paper. Ether was removed and the crude
obtained was purified on a silica gel column to give 27 mg (62% yield) of the
product 33.

m.p. (°C) : 54-57.
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FT-IR (KBr, vogd/cin™) . 3183, 2946, 2865, 1446, 1240, 1104, 1066.
'HNMR (300 MHz, CDCl) & 5.39 (brs, 2@), 347 (4, J = 42 Hz, 1H),
| 3.33(d, J = 2.8 Hz,| 1H), 2.43-2.38 (m, 1H),
2.25-2.22 (m, 2H), (2.08-2.04 (m, 1H), 1.85
(s, 1H), 1.79 (d, / = 4.3 Hz, 1H), 1.62
| (YsABq, J = 10.6 Hz, 1H), 119 (s, 3H), 1.07
| (s, 3H), 0.97 (:ABg, J = 10.7 Hz, 1H).

5C NMR (75 MHg, CDCly) . 8 77.1, 76.6,(53.7, 49.0, 47.7, 45.5, 44.7,
42.2,419,349,33.1,223,21.7.
C/H Analysis :  Calculated for [C3H1s0, C: 75.69%,

H: 8.80%. Found C: 75.32%, H: 8.45%.

Reduction of 1.9-bis(chloromethyl)pentacyelo[5.4.00%6.0*'°.0%*lundeca-8,1 1-dione
34 with Jithium alI),m)inium hydride to give 33:

The compound 14 (40 mg, 0.15 mmol) was wcidhed linto a pear-shaped flask and
dissolved in 5 ml| of dry ether. Lithium aluminium $ydri}dc (25 mg, 0.7 mmol, 4.5 eq.)
was taken in a rolhnd-bottomcd flask along with 5 m! of|dry ether and this was cooled
in ice. After adding the solution of compound 34 using a syringe to the suspension of
LAH, the flask was fitted with a balloon filled with argon and the reaction mixture
was left stirring) at room temperature for two days. At the end of this period, the
excess LAH wag destroyed by adding a few drops of water fo the reaction mixture.
The white precipitate was removed and ether removec‘ from the filtrate to give the

crude product. This was purified on a silica gel.colu.!mn using 20% ethy! acetate-
petroleum ether as eluent and gave 11 mg (36% yield) of the product which proved to
be identical to the product 33. Spectral data and m ltiné, points of the two compounds
agreed within the limits of experimental error (m.p, 54-56 °C).

Sodium borohvdride reduction of 3-bromo-7-(bramomethyl)tetracyclo[5.3.1.0%¢.0)
undeca-10(12)-ee-9,11-dione 27 to give 35:

The compound 27 (38 mg, 0.1 mmol) was taken in, a round-bottomed flask and
dissolved in 10 {nl of distilled methanol. This solution was cooled in an ice bath and

|




111

an excess of sodium borohydride (20 mg, 0.5 mmol, 5 eq.) was added to it. The
reaction mixullrc was allowed to attain room temperature and further stirred for
1 hour. The i:,action was worked up by removing the methanol under reduced

pressure and the residue was diluted with distilled water and then extracted with

dichloromethane. The combined organic layer was washed with distilled water and
brine and ﬁnal\y dried over anhydrous sodium sulphate. The solvent was removed by
distillation and the crude product chromatographed on silica-gel to give the product

351n41% yielb (16 mg).

m.p. (°C) . 144-147.

FT-IR (KBr, vfu/cm™) . 3407, 2971, 2927, 1465, 1265, 1234, 1085,
| 1010, 724.

'H NMR (300];\4]-12, CDCl;)  : 8 5.33 (s, 1H), 5.07 (s, 1H), 4.69-4.64 (m,

| 2H), 4.17 (d, J = 6.1 Hz, 1H), 3.59 (“2ABq,
J=10.5 Hz, 1H), 3.35 (%ABq, J = 10.5 Hz,
1H), 3.13-3.08 (m, 1H), 2.79-2.75 (m, 1H),
2.69 (s, 1H), 2,34-2.24 (m, 2H), 2.04-1.92
(m, 3H), 1.64 (:ABq, /= 11.3 Hz, 1H).

3C NMR (75 MHz, CDCl,) © 81502, 112.8, 72.1, 67.6, 55.1, 52.8, 49.6,
49.5,482,479)43.6,35.3, 33.6.
C/H Analysis, . Calculated for C3H(Br,O, C: 42.89%,

| H: 4.43%. Found C: 42.86%, H: 4.43%.

Sodium borohydride reduction of 3-bromo-7-(bramomethyl)-10-methyltetracyclo
[5.3.1.0*°.0**|undec-9,11-dione 28 to give 36:

3-Bromo-7-(bromomethyl)-10-methyltetracyclo[5.3.1 0%€.0**Jundec-9,11-dione 28
(33 mg, 0.1 mmotl) was taken in a dry round-bottomed flask and dissolved in distilied
methanol. The kolution was cooled in an ice-water bath. Sodium borohydride (20 mg,

0.5 mmol, 5 eqgl) was added to this and the reactfon mixture was left stirring at room

temperature follé hours at which time tlc indicated the absence of starting material.
|

Therefore, the reaction was worked up by removal of methanol on the rotavapor under

\

vacuum and IlT:n the residue was extracted with dichloromethane. The combined
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organic layer was washed with distilled water and brine, and iﬁna;ly dried over
anhydrous sodium sulphate. A ftar removing the dichloromethane or thc;I rotavapor, the
residue was loaded on a silica| gel column and eluted with 20% ethyl acetate in
petroleumn ether to give the product as an off-white solid (29 mg, 87% yield). This

was crystallised from dichloromethane-petrolenm ether to give wﬂn‘te crystals of the
product 36.
m.p. (°C) 1 188-189.

FT-IR (KBf, Vi /em™) : 3444, 2959, 2934, 2909, 1465, 1412, 1340,

1303, 1209, 1097, 1004, 942.

5 4.14 (s, 1H), 4.07-4.03 (m, 'IH), 355
| (%ABq, J= 104 Hz, IH), 3.551 (:ABq, J =
104 Hz, LH), 2.74-2.66 (m, 2H), 2.36
(%4ABq, J = 11.3 Hz, 1H), 2.26-2.21 (m,
2H), 2.00 (1, J = 6.5 Hz, 1H), 1.85-1.82 (m,
IH), 1.70-1.69 (m, 1H), 1.61-1.51 (m, 3H),
1.29 (d, J = 6.81 Hz, 3H). |

"H NMR (300 MHz, CDCls)

C NMR (75 MHz, CDCl3) : 8 722, 72.1, 57.7, 51.8, 50.7, 48.6, 48.3,
42.9,42.7,39.6,36.0,32.9, 19 4.
“HRMS (M") |1 363.9689, Cy3H gBr,0; requires 363.9673.

‘03,10.05,9

Sodium borohydride reduction of 1,9-bis(bromomethyl)pentacyclo[5.4.0.0*°
 undeca-8,11-dione 32 to give 37: f
The pentacyclic compound 32 (68 mg, 0.2 mmol) was taken in a round-bottomed
flask and dissolved in 10 ml of distilled methanol. The solution was cooflcd in ice and
then sodium borohydride (30 mg, 0.8 mmol, 4 eq.) was added to:this solution. The

reaction mixture was then sti at room temperature for 2 hours at which time tlc

indicated complete consumption of the starting material. The rcactiion was worked up
by removing the methanol under reduced pressure. The residue: was diluted with
distilled water and extracted with dichloromethane. The organic ilayet was washed
with distilled water and brine anV; finally dried over anhydrous sodium I.sulphate. The

dichloromethane was then removed and the crude product was puri-!ﬁed on a silica gel



column. Elution wid'J 25% ethyl acetate in petroleum

37 (41 mg, 59% yielcp).

m.p. (°C)

FT-IR (KBr, v /cm'’)

[
'"H NMR (300 MHz, FDCI3)

C NMR (75 MHz, ¢

C /Y1 Analysis

°DCly)

Sodium borohydri

reduction of 1,9-bis(chlorome
undeca-8,11-dione|34 to give 38:

113
ﬁther pave the required product

150-152.

|

3183, 2965, 1483, 1458, 1434, 1290, 1234,
1097, 786, 711.

54.00 (s, IH), 3. 9-3;76 (m, 3H), 3.71 (d, J
= 5.6 Hz, H), 3.65 (%4ABq, J = 104 Hz,
1H), 3.41 (’/zAB#, Jﬁ 10.4 Hz, 1H), 2.55 (s,
2H), 243 (d, J=2.6 Hz, 1H), 2.38-2.35 (m,
2H), 2.09 (s, 2H), 1.66 (4ABq, J = 11.2 Hz,
1H), 1.11 (4ABq, /= 11.2 Hz, 1H).
8 72.8, 72.7, 523, §2.1, 46.9, 44.9, 433,
42.0,41.9,38.3,36.634.7,32.8.

Calculated for !Cn \eB10,; C A2.B89%, ¥
4.43%. Found € 43.39%, H 4.37%.

L
ntacyelo[5.4.0.0%6.0>'°.0%%)

The bis(chloromethyl)pentacyclic derivative 34 (49 mg, 0.2 mmol) taken in a round-
bottomed flask was dissolved in 10 ml of distilled methagol and cooled in an ice bath.
Sodium borohydrife (30 mg, 0.8 mmol, 4 eq.) was added slowly to this solution. After
the addition was completed, the reaction mixture was lefy stirring at roomn temperature
for 2.5 hours. Examination of the tlc at the end of lhis time period showed the absence
of starting material, and the reaction mixture was +vork:d up as before. Removal of
the solvent gave the crude product which was pﬁﬁcd by chromatography on a silica
gel column with 20% ethyl acetate in petroleum ctper as the eluent. The product 38
was obtained in 90% yield (45 mg) as a white s:'olid 'which was crystallised from

dichloromethane-petroleum ether.

m.p. (°C)

ET-IR (KBr, Vimglem’™)

149-151.

3170, 2971, 2871, 1489, 1440, 1284, (234,

1097, 1004, 873. "
-
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'H NMR (300MHz,c"Dc1,) : & 530 (brs, 1H), 5.07 (brs, 1H), 4.00 (s,

,- 1H), 3.84-3.73 (m, 4H), 3.50 (\4ABq, J =

| 11.3 Hz, tH), 2.57-2.49 (m, 3H), 2.36 (s,

! 2H), 2.02 (s, 1H), 1.67 (*2ABq, /= 11.2 Hz,
1H), 1.12 (%ABgq, /= 11.2 Hz, 1H).

3C NMR (75 Mz, CDCly) ;8 71.9 (2C), 52.9, 513, 48.0, 47.4, 46.5,
l' 44.1,42.3, 41.7, 413, 35.0, 32.9.
C / H Analysis | : Calculated for C,;3H;0,Cl,; C: 56.74%,

;l H: 5.86%. Got: C: 56.73%, H: 5.43%.

Nitration of 1.9-bis( b¢nzvl)pentacchloL4 0.0*.0>".0° l’lundu:a-S 11-dione 40 to 41:

The bis( benzyl)pcntapychc compound 40 (36 mg, 0.1 mmol) was taken in a round-
bottomed flask and l# was cooled in an ice bath. A nitrating mixture of concentrated
nitric acid (1.2 ml) e,ind concentrated sulphuric acid (4 ml) was added to the above
round-bottomed flask drop-by-drop. Afier the addition was completed, it was seen
that the compound dissolved in the acid within five minutes. It was worked up by
adding cold distillcd water. The yellow coloured prccipitatle formed was filtered out
and washed thorox.*ghly with distilled water. The precipitate was dissolved in
dichloromethane, dr,{cd over anhydrous sodium sulphate and the solvent removed. The
crude product was purified by column chromatography 0“.! silica gel. The product 41
was obfained in 83% vyield as a pale yellow solid (45 mg) and crystallised from

;
dichloromethane-petroleum ether mixture.
|

m.p. (°C) ! : 198-201.

FT-IR (KBr, vpp/em™) : 3105, 2980, 2874, 1751, 1601, 1526, 1439,
| 1345, 1264, 1145, 1095, 908, 827, 727,

'"H NMR (300 MH% CDCly + @ 88.76 (s, IH), 8.63 (s, 1H), 8.35 (brs, 2H),

CCly) | 7.94 (d, J = 8.5 Hz, 1H), 7.55 (d, / = 8.5 Hz,

o 1H), 4.11 (q, J = 7.0 Hz, 1H), 3.49-3.45 (m,
| 1H), 3.35-3.29 (m, 2H), 3.23-3.16 (m, 1H),
2.84-2.78 (m, 2H), 2.62-2.58 (m, 2H), 2.42
(s. 1H), 2.22 (4ABq, J = 11.7 Hz, 1H), 1.89



'C NMR (75 MHz, CDCl; +
CCly)

HRMS (M)

Intermolecular Diels-Alder dimerisation of 3-bromo-7-(brom

(“sABq, J = 11.7 Hz, 1H). ‘

5 211.6, 210.4, 150.7, 149{;’, lﬁf6.9, 146.7,
139.2, 138.2, 1354, 133.9, 127.1, 12646,
120.3, 119.7, 633, 59.8, §2.1,|48.4 (20),

44.3,43.0,39.7,35.5, 31.6, 31 4.
534.1028, CsH,sN:O1o requircs 434.1023.
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pmethyl)tetracyclo

[5.3.1.0*¢.0**lundeca-10(12)-ene-9,1 1-dione 27 to 42:

The monomer 27 (104 mg) was taken in ~10 ml of a mixture of
petroleum ether (prepared the solution by dissolving the compd

ethll acetate and

pund| in Minimum

amount of ethyl acetate and then adding petroleum ether in ordcr‘to prepare a

supersaturated solution). This was left undisturbed for eight days

at @c end of this

period, tlc examination showed the formation of a considerable ?.modnt of a more

polar UV-active product. The solvent was removed on the rotavapor 1|mder reduced

pressure and then the residue was loaded on a silica gel column El\ition with 5%

ethyl acetate in petroleum ether gave 75 mg of 27 (i.e., 72% of

sta!rting material

was recovered). Further elution with 10% ethyl acetate in petroleu eth%r gave 17 mg

-of the dimerised product 42 (16% yield, 59% yield based on the flmoant of starting

material recovered).

m.p. (°C)
"FT-IR (KBr, Vyg/cm™)

'"H NMR (500 MHz, CDCl;)

158-160.
2972, 2918, 2844, 1763, 1729, 1669, 1461,
1420, 1373, 1333, 1273, 1246, 1158, 1111,
1044, 729. |

§4.39 (s, 1H), 4.29 (s, 1H), 3,71 (d, J = 10.5
Hz, 1H), 3.49 (d, J = 10.5 Hz, 1H), 3.32 (4,
J=10.5 Hz, 1H), 3.23-3.18/ (m, 2H), 3.14
(d, J = 10.5 Hz, 1H), 3.02:2. 99 (m, 2H),
288-2.87 (m, 1H), 2.85 (d, J= 8.9 Hz, 1H),
276273 (m, 2H), 2.65-2.63 (m, | 2H), 2.50
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(d,J=4.7 Hz, 1H), 2.44 (d, J = 4.7 Hz, 1H),
2.35-2.29 (m, 2H), 2.22-2.18 (m, 1H), 1.98
(d, J = 122 Hz, 1H), 1.91-1.88 (m, 1H),
1.83 (d, J= 11.6 Hz, 1H).
3¢ NMR (75 MHz, CDCls) .8 203.1, 201.9 (2C), 147.5, 104.7, 83.3,
61.2, 58.7, 55.4, 55.1, 53.7, 53.4, 50.6, 49.6,
48.0, 46.3, 46.0, 45.4, 45.3, 44.1, 35.4, 352,
30.8, 30.6, 25.5, 20.9.
HRMS (M) © 715.8418, Cy¢H3404Br, requires 715.8408.
UV (CH,Cly, Amay) : 230 and 298 nm.

Crystal data for 42 (Fig. 7 and 8):

Cy;H,6BrCl,04 (crystal incorporates one molecule of dichloromethane), colourless
cystalline solid, 0.33 x 0.22 x 0.10 mm, monoclinic, space group : P2,/c. Unit cell
dimensions : a = 10.7862(2) A a = 90° b = 10.8819(1) A B = 95.8920(10)°; ¢ =
23.8608(3) A y = 90°. R indices : R1 = 0.0439, wR2 = 0.0707. Volume = 2785.85(7)
A’, Z = 4. Density (calculated) = 1.919 Mg/m®. F(000) = 1576. Absorption coefficient
=6.004 mm".

Reaction _of _3-bromo-7-(bromomethyl)tetracyclof5.3.1.0%%.0**]undeca-10(12)-ene-
9.11-dione 27 with cyclopentadiene to give 43 and 44:

The compound 27 (102 mg, 0.3 mmol) was taken in a round-bottomed flask and
dissolved in dry benzene. The solution was cooled in an ice-water bath and 0.05 ml of
freshly cracked cyclopentadiene was added to this and the reaction was left stirring for
a day before checking the tlc. Since some starting material was still present, the
solution was again cooled in a ice-water bath and a further aliquot of 0.05 ml of
freshly cracked cyclopentadiene (total 0.10 ml, 0.8 g, 1.2 mmol, 4 eq.) was added and
the reaction was left stirring at room temperature for another day. The reaction was
worked up by femoving the solvent and the two products were separated out by

column chromatography on a silica gel column. Slow elution with 5% ethyl acetate in
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petroleum ether enabled the sc;g’aration of two-pi'dducts in 43 and 44 in 26% and 29%

yields respectively.

Spectral data for 43:
m.p. (°C)
FT-IR (KBr, vmx/cm'l)

'H NMR (300 MHz, CDCl;)

'3C NMR (75 MHz, CDCl)

HRMS (M)

Spectral data for 44:
m.p. (°C)
FT-IR (KBr, V,na/cm™)

'H NMR (300 MHz, CDCl,)

'3C NMR (75 MHz, CDCls)

90-92.

3055, 2980, 2924, 2850, 1757, 1701, 1463,
1420, 1264, 1239, 1139, 733.

8 6.33-6.26/ (m, 2H), 4.43 (s, 1H), 3.69 (d, J .
= 10.3 Hz, 1H), 3.17-3.13 (m, 2H), 3.07-
3.02 (m, 1H), 2.94 (s, 2H), 2.77-2.68 (m,
2H), 2.47-2.45 (m, 2H), 2.23-2.19 (m, 2H),
1.88 (d, J = 11.7 Hz, 1H), 1.34-1.25 (m,
2H).

8 2132, 206.9, 1389, 135.6, 63.7, 61.8,
58.0, 52.8, 52.7, 52.4, 50.4, 46.4, 45.6, 453,
42.5,40.3, 35.6,31.4.

423.9662, C,3H,30,Br; requires 423.9674.

118-120.
3062, 2968, 1738, 1463, 1420, 1345, 1264,
889, 733.
66.39-6.36 (m, 1H), 5.83-5.80 (m, IH),

4.53 (s, 1H), 3.68 (d, J = 10.3, 1H), 3.21-
3.14 (m, 2H), 3.02 (8, 2H), 2.93-290 (m,

2H), 2.75-2.69 (m, 2H), 2.49 (s, 1H), 1.90-
1.83 (m, 2H), 1.76-1.64 (m, 2H), 1.43 (d,J
=89, 1H).

& 211.1, 207.2, 1392, 132.6, 63.4, 60.6,

58.0, 53.6, 51.9, 51.1, 50.4, 48.1, 46.2, 45.6,

44.5,43.9,35.5,31.2.
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HRMS (M%) ' 423.9613, Cy3H|30,Br; requires 423.9674.
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CHAPTER 4 — REACTIONS AND REARRANGEMENTS OF
TETRA- AND PENTACYCLIC CAGE COMPOUNDS WITH
PRIMARY AMINES

As has been elaborated in the earlier chapters of this thesis, there has been
considerable interest in the synthesis of nitrogen-containing heterocyclic polycycles as
they have been proved to be biologically active. Apart from this, introduction of nitro-
and amino- groups on the pentacyclic cage system has been studied by Marchand
et al. especially due to their interest in the development of polynitropolycyclic
compounds as high-energy materials. However, reactions of amines with
pentacycloundecadiones have not been extensively studied as can be garnered by a
survey of the literature. Some of the pertinent studies in this field are given below.

4.1 Introduction:

Marchand er al' have reported the reductive amination of the simple
pentacyclo[5.4.0.0%5.0*'°.0**|undeca-8,1 1-dione (PCUD) 1 to give novel pentacyclic
compounds substituted with nitrogen-containing functionalities (Scheme I). These
studies were geared towards the synthesis of polynitropolycyclic cage compounds and
many nitro compounds were synthesised via oxidation of these.

NaBH,CN, NH,Br

MeOH,RT + u H
| ad | .
o . NH OH
Y “NH “H Z S‘H
H H H

Scheme |
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Nitrogen-containing macrocycles tethered to polycyclic cage compounds were
also synthesised by Marchand et al. (Scheme 1I) 'in order to study their effect on the
alkali-metal binding abilities.> The role of the cage structure in this instance was to
anchor the aza-crown ethers in space so as to enhance the rigidity of the cavity
formed.

Scheme 11
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|
Bott er al. havlr:, reported the nucleophilic additi?ns qf primary and secondary
amines to PCUD 1 wherein there is straightforward gdditlon of the amine to the

carbonyl carbon followed by intramolecular transannulj reactions.’ This gave rise to
novel hexacyclic com younds 2, 3, 4 and S incorporating he&ero-atoms into the ring

system as shown in scheme [II.

P11l(NH2 (3 eq.)

&@H, 25°C.24h
HINGIY
|\ /

Lo
X ro, NAc

EtOH, 25 °C

O Ph(JIE.HZNI-I2 3 eq.)¥

10 EtOH, 25 °C, 24 h
N-H
(2 eq.)
EﬁH, 25°C. 24 h

1

‘ Scheme 11



122

Since sodium cyanoborohydride reduces iminium ions much more rapidly than
carbonyl groups, reduction of pentacyclic compound 6 containing an imino group and
a ketone was also explored by Marchand et al. as a method for the synthesis of novel
aza-compounds.’ The reaction gave rise to hexacyclic compound 7 with a tertiary aza-
bridge which on subsequent hydrogenolysis gave rise to the secondary amine bridge
in the hexacyclic compound 8 as shown in scheme IV.

NaBH,CN
»
EtOH, HOAc e H
\ NP S
OH

Scheme 1V

Aromatic systems containing nitrogen have been linked to the polycyclic
compounds in order to study the interactions of #-systems through space. For
example, UV absorption and hydrogen bonding are found to vary as a function of the
planarity of the molecule. As depicted in scheme V, treatment of the diketone 9 with
phenylhydrazine led to the corresponding bis(hydrazone) 10 which on treatment with
polyphosphoric acid converts into the syn-orthocyclophane system 11.° The aromatic
proton resonances in 11 are shielded and probably reflect on the interplanar distance

between the benzo rings.

2PhNHNH,
(- A
L0
0
9 10

Scheme V
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Haddadin et al.‘ have reported the preparation of a large number of ‘molecular
clefts’ of the type *2 by the reaction of 3,6-diaryl-1,2,4,5-tetrazines with the
polycyclic diketone 9.f These compounds are of interest as 4 new class of potential
host molecules for thg use in host-guest complexation studies such as inclusion

phenomena and molecular recognition.

Ar = Ar' = 2-pyridyl
Ar=Ar'=Ph
Ar = 2-pyridyl, Ar' = Ph

9 12
Scheme VI

The Schmidt rearrangement has been used to prepare ring—expandcd isomeric
lactams 14 and 15 by the treatment of pentacyclic ketone 13 with hydroxylamine-O-
sulphonic acid in the presence of formic acid. However, attempts to use HN;-T£,0 to
effect the Schmidt rearrangement resulted in a ‘double Schmidt rearrangement’ and
concomitant Huisgen rearrangement leading to compounds such as 16 and 17 shown
in scheme V11,7 |

{

HNy, T6O

H,NOSP;H
HCOOH CH)CH,
3 ©

Scheme VI1
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Marchand er al. continued their interest in ‘roughly spherical cage amines’
since they are of interest i& analogues of 1-aminoadamantane (amantadine) whose
antiviral and anti-Parkinson activities® are well known. They proposed the synthesis
of amino-substituted PCQUDs starting from 1 by reacting it with (p-
tolylsulphonyl)hydrazine followed by in situ reduction with sodium borohydride.’
This reaction scheme, however, afforded two totally unexpected products: a

hexacyclic azoalkane 18 and 2 p-tolylsulphonyl derivative 9 shown in scheme

VIII. The structures were establised by further denvatlsfng these products to
compounds 20 and 21 and verifying their crystal structure. |

1. TsNHNH,, THF

reflux, Sh
) 2. NaBH4, THF
O reﬂux, 12h
|
20
Scheme VIII

Sasaki and co-workers have carried out extensive studies into the conditions
under which transannular cyclisation takes place and have reported the synthesis of
‘many hexacyclic cages, for cxa:hple, compounds 22, 23 and 24, containing nitrogen
as part of the polycyclic framework (Scheme IX). It is noteworthy that none of these

reactions have affected the pentacyclic framework of the original molecule.'
b




|
| reflux

ldry benzene

NaNO, LAH
Ac HCO,H ether,  reflux

Scheme [X
Kruger er al treated PCUD under Strecker reaction conditions hoping to get

intermediate cyanohydrins|which would undergo nucleophilic substitution to produce

125
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amino nitriles. Howéver, on treatment with sodium cyanide and water, PCUD 1
unexpectedly produced a &-lactam 25 as shown in scheme X.!"'

NaCN
C«;O

HO NHI
1

Scheme X
This brief introduction to the variety of cage corhpounds containing nitrogen
functionalities, with nitrogen either as part of the po]ycyqlic framework or as a
substituent on the framéwork, was made with the intention of highlighting the scarcity
of work in this area. With their proven biological activity, it would be of more than

aesthetic interest to synthesise previously unknown systems of this type.

4.2 Results and Digcussion:
4.2.1 Reactions of i:\-BromoJ-(bromomethyl)tetracyclo[5.3.1.02'6.04’3]undeca—
10(12)-ene-9,11-di !

one with Primary Amines:

In the second ch%pter of this thesis, the unusual rearrangement of 2,5-
bis(bromomethyricyclof6.2.1.0*'Jundec-4,9-diene-3 6-diohe  to  3-bromo-7-
(bromomethyl)tetracyclo[$.3.1.0%¢ 0**Jundeca-10(12)-ene-9,1 1 -dione (Chapter 2,
Scheme XVIII) was dewi?
structure number 26 in ths chapter), it was thought that its reaction with a primary

ed. On obtaining this novel tetracyclic.compound (assigned

amine would generate a || reviously unknown pentacyclic system 27 as shown in
scheme XI. These pentacyclic compounds incorporating nitrogen in the ring system

would be expected to be pHysiologicalIy active.
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Br

27

Scheme XI

It was expected that the bromine on C-3 would rea*:t in tandem with the double
bond of the enone and lead to an aza-bridge between the carbons in the 3 and 12
positions in the original compound leading to 27.

Accordingly, compound 26 was taken in benzene cooled to ~ 5 °C and a large
excess of methylamine was bubbled through the reaction mixture. After stirring for
onc hour, the tlc|of reaction mixture indicated the formation of a single product
(Scheme XII). After removal of excess amine and benze e, the product was purified
by column chromatography. However, the product of the reaction of 26 with
methylamine did not show any of the expected features for 27 in its spectra. On the
contrary, the prod ét seemed to contain a lactam ring instead of a tertiary amine. The
mass spectrum of the product [with HRMS (M*+1) = 310.0443] clearly indicated the
loss of one broming atom and the addition of one equivajent of amine. Other salient
features in the spectral data included (i) signals at 8 3.03 and 4.69 in 'H NMR
spectrum (Fig. 1) (one proton each), and 6 145.7 and l(|)9.l in C NMR spectrum
(Fig. 2) indicative oF an exocyclic methylene group. (ji) signal at § 209.4 in '*C NMR
spectrum and Vi, 1708 cm™ in the IR spectrum suggestive of carbonyl group. (iii)
signal at & 2.68 (singlet, 3H) in 'H NMR spectrum and v 1681 cm” in the IR
spectrum suggestivL of -NCHj, group and an amide linkage. (1v) the “2ABq signals at
5 2.61 (J=10.8 Hz) and & 1.56 (J = 10.8 Hz) which injicatc that the strained cage
structure is still pr¢sent making the methylene on the norbomy! bridge appear thus.
Consolidating all the information, the structure of the product was proposed as 28 as

depicted in scheme | XII.
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Figure 1: "H NMR Spectrum|of 28

L ' \ JH/f f _

ppn 200 150 108 5

Figure 2: *C NMR Spectrum of 28
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Br |
Br kAcNHQ(Q) Br
°C-RT
o Bcnﬁ::c,;zcyc . o 5-Azamethyl-9-bromotetracyclo

0 (83.0.0° 0% 2ridec-13(14)-

ene-2,6-dione

| 28
! Scheme XII

This structure als<|), explained the following characteristics, viz., (i) the proton
on C-1 appears at § 4.06|\as a singlet since it is adjacent to bothl. a double bond and a
carbony! group and (ii) tHe proton on C-3 which appears upfield as a triplet at § 3.79
due to the two adjacent protons on C-4. The other ring protons appeared as various
multiplets and individual %:ssignmcnts were not possible.

Mechanistic Qutlook: |

26

The mechanism proposed for the formation of this uneipected product 28 is
shown in scheme XIII. It invokes the initial addition of the a{ninc to the carbonyl
carbon, followed by the halogen béing removed as an anion and donsequent formation
of an exocyclic double bo*d. The removal of the halogen is proba!bly facilitated by the
excess amine present in the medium leading to the formation of an ammonium salt.
The lone pair on the nitrogen of the amide then adds to the double bond in a Michael
addition fashion. This addition is assumed to be facile due to the proximity of these

groups which are pendant| on the constrained polycyclic system. Transfer of proton
then leads to the polycyelic lactam 28. This novel ring . system contains many
functional groups which would be amenable to further transformations: the lactam,
the carbonyl, the double chnd and also the bromo functionality. With so many polar

groups distributed on a hy«#lrocarbon cage system, the molecule is also envisaged to
have potential biological applications.

|
|
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ll Br

Br

v

Br
Br —
ro g
IR
0]
' Scheme XIII ',

The generality of; this reaction was confirmed with a number of other primary
amines, namely, ethylamine, n-butylamine, benzylaming, veratrylamine and
homoveratrylamine. In all cases, the homologous lactamg we e obtained in good to
excellent yields and th ', compounds were fully charactenseq on the basis of their
spectra. The syntheses |and salient spectral characteristics of \thesc homologues are

discussed in detail in the following pages.

The reaction of 26 with ethylamine was carried out under similar conditions
(Scheme XIV) which fu _ ished a single product 29 after chr::niatographlc separation.
The IR spectrum of 29 Showed a strong absorption at 1700 Fm indicative of the
lactam carbonyl. The p oton NMR spectrum showed the: proir'ms on the exocyclic
double bond as two sing cts at 8 4.98 and 4.64. The —CH; |of the lactam ethyl group
appeared as expected at 5 0.97 as a triplet. The norbomyl bﬂudgc methylene was

obvious as 4ABq signals fentered at & 2.54 and 1.49 with a Eoup{mg constant of 10.8

Hz. The proton on C-1 ap éared as a singlet at & 4.03 due tolthe dcshxcldmg effect of
the adjacent carbony! groy| and double bond and the protoln onl C-3 appeared as a
triplet at § 3.70 with a coupling constant of 10.4 Hz. The *C NMR spectrum gave
ample support to the propoSed structure, it showed the carboryl silgnal at § 209.3, the

lactam signal at & 171.7, the exocyclic double bond carbon sigﬁals at 8 145.2 and



110.1, and all
value of 323.05

Br

26

other signals appeared upfield b

N]

131

jkweéh 5 56.8 and 10.6. The HRMS
19 also lent support to the tetracyclic structure 29.

Br
EfNH,(1)

-

Benzene, 5 °C-RT

0 1 h 61%

{) S-Azaethyl-9-bromotetracyclo

18.3.0.0>" 0% 2Jtridec-13(14)-
ene-2,6-dione

29
Scheme XIV

The reaction with n-butylamine had to be d:ptimised in order to obtain a

maximum yiel
amine had bee

passed through

with n-butylam

lactam and the
by the reaction

did not go to ¢

d of the product. In the previous two

i’eactions, a large excess of the

n present in the reaction mixture singe the gaseous amine had been

the solution for % hour. On carrying dut the reaction of the tetracycle
ine using two equivalents of the aminc (one for the formation of the

other for the removal of the bromine in the form of a salt as required

mechanism), the reaction was not only found to be sluggish, but also

pmpletion even after long time p¢riod§. When the reaction was done

with four equivalents of the amine, the reaction. was| again sluggish. It was finally

determined thaj
optimum Yyield.
amines too.
The prot
XV) showed ch

following mann

to the two carb

showed the exaq

protons on the

multiplets betwe

1 a large excess of the amine gave reasonable reaction rates with

And this practise was followed in the subsequent reactions with other

duct 30 obtained upon the reaction of n-butylamine with 26 (Scheme

practeristic features in its spectra and the lactam was identified in the
er: the product showed the charact'eristi|p peaks in the IR spectrum due
onyls as a overlapping peak at 1701 !cm“. The 'H NMR spectrum
icyclic methylene protons as twa singlets at § 5.03 and 4.70. The
n-butyl group appeared as (i) a triphet at & 0.91 and (ii) as two

ien 8 1.32-1.25 and § 1.43-1.36. The pr:otons on C-4 being adjacent to

the nitrogen appeared downfield along with the ring préotons as overlapping multiplets
and could not be clearly distinguished. The proton on C-3 appeared at & 3.78 as a
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triplet and thci singlet at & 4.10 was attributed to the proton on C-1 which appears
downfield since it is adjacent to a double bond and a carbonyl group. The norbornyl
bridge protons appeared as %2ABq signals at 8 2.61 and 1.55 with a coupling constant
of 10.8 Hz. The ring protons appeared as multiplets between & 3.41 and & 2.83 and
separate assignment was not possible because of complex couplings. The 3C NMR
spectrum also! lent support to the proposed structure by showing the ring carbony!
signal at & 2(?9-3, the lactam carbonyl at & 171.9 and the exocyclic double bond

carbons as sigﬂi\als at & 145.3 and 109.9. All thirteen other carbons gave signals upfield
between 3 57.8 and 13.7.

| Br

Br n-Butylamine B
Benzene, 5 °C-RT 7
J— ° a8h,72% O
0 | 5-Aza-n-butyl-9-bromotetracyclo
| nBu ' (83.0.0%.0% 2 tridec-13(14)-
2% . 30 ene-2,6-dione
| Scheme XV

The reattion of 26 with benzylamine (Scheme XVI) was carried out under
similar conditil:;s (6 equivalents of benzylamine and a reaction time of 38 hours) to
give the expected product 31. The product formed was easy to characterise by
comparing it to the spectra of the products discussed so far. The IR spectrum
confirmed the presence of the carbonyl functionalities with peaks at 1694 and 168§
em™. The 'H spectrum confirmed the presence of a benzyl group by showing up
the aromatic pr:btons as a multiplet between & 7.32-7.19. The olefinic protons showed
up as two sing‘cts at & 4.85 and 4.51. The proton on C-1 appeared as a singlet at 6

4.09 and the proton at C-3 as a triplet at & 3.65 (J = 10.6 Hz). The norbornyl bridge

methylene protons showed as 2ABq signals at $ 2.61 and 1.55 due (o the strained ring

L

system. The I.BC NMR spectrum also supported the structure by confirming the

presence of the groups proposed: the carbonyl appeared at & 209.1, the lactam

carbonyl at & 171.9, the olefinic and aromatic carbons appeared between § 145.1 and
109.8 and all ¢lhcr signals appcared upfield between 8 57.7 and 39.0. The product
|
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was thus thoroughly characterised using usual spectral techniques and further the

single-crystal X-ray diffraction technique gave conclusive proof of the tetracyclic

lactam structure proposed for these derivatives };F 1g.13).

Br

Br Benzylamine

»

Benzene, 5 °C-RT
o enzen

o 38 h, 82% gj
' 5-Azabenzyl-9-bromotetracycio
CRPh 3n7zy8 12, . Y
(8.3.0.07" .0™ “Jtridec-13(14)-
2IP 31 ene-2,6-dione
Scheme XVI

Figure 3: X-ray Crystal Structure of 31
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The next derivative 32 was prepared from|the reaction between 3-bromo-7-
(bromometh l)teu-acyclo[S.B.l.02'6.04‘8]undccaflo(1"|2)-enc-9,l1—dione 26 and
veratrylaminje. The reaction required twenty! fou# hours at room temperature for
completion (Scheme XVII). Once again a single product was seen in the tic and it was
purified by hromatography over silica gel. The Iﬁ spectrum of the product showed
the carbony| and lactam carbonyl absorptions ovérlapping to give a broad peak at
1681 cm™. 'H NMR spectrum showed the thré;e aromatic protons as a multiplet
between 8 6/81-6.73. The two protons on the exopyclic double bond appeared at &
4.87 and 4.08 as singlets. The benzylic methylene protons appeared as a singlet at &
4.53. The twio methoxy groups showed ovcrlappmé signals as a multiplet between
3.88-3.83 (six protons). The methylene protons on| the norbornyl bridge of the cage
system showed up as the characteristic 2ABq signals at 8 2.60 and 1.54 with a
coupling coHstant of 10.7 Hz. The protons on t.hl,e polycyclic system appeared as
multiplet sighals between & 3.41 and 2.87. The ’C NMR spectrum gave further
credence to the structural assignment proposed by sHowing the carbony! carbon signal
at § 209.1, L#re lactam carbony! at & 171.8 and the olefinic and aromatic carbons

between § 14f.1 and 6 109.7. The HRMS vajue of 445.0865 confirmed that the

product had beE: formed by the addition of one equivalent of the amine to the starting
material along,| ith the concomitant loss of one bromine.

’ Br
Br Veratrylamine
o Benzene, S °C-RT
24 h, 80%
CH,0 5-Azaveratryl-9-bromotetracyclo
L~ 18300 .0% Ptridec-13(14)-
26 32  ene-2 6-leﬂC
CH,
Scheme XVII

Reaction of 26 with homoveratrylamine also proceeded well, although much
more slowly and provided the expected derivative 33 in 50% yield after
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?r silica gel (Scheme XVIII). This was fully characterised using
itcchniques. The IR spectrum of th
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3q signals at 6 2.60 and 1.55 with a J value of 10.8 Hz. All other
| and & 2.70 and separate
/ot be made due to the complex natore of the splittings. The “°C

|
1owed twenty-three signals and of these, the ones which could be
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149.1 and 109.9 (due to the aro!mati«:
16.
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and olefinic carbons). The

'signals upfield between 8§ 57.8 and 32

/—Br

Homoveratrylamine Br

N

Benzene, 5 °C-RT

9 48 h, 50%

® 5-Azahomoveratryl-9-bromo

' 3,7
tetracyclo[8.3.0.07" o 12]
OCH, tridec-13(14)-ene-2,6-dione
|
33
26 o,
Scheme XVIII

4.2.2 Reactions

10(12)-ene¢

After inv

[5.3.1.0%¢.0"*]un

of 3-Bromo-7—(bromomethyl')tetﬂacyclo[s.ll.02‘6.04'3]undeca-
-9,11-dione with Secondary Amines:

estigating the reaction of 3-bro o-7-(bromomethyl)tetracyclo
feca-10(12)-ene-9,11-dione 26 with primary amines and studying the
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|
reaction mechdnism proposed, it was thought tb be|of interest to study the reaction
with secondat

scheme XIX.

y amines in order to stop the reaction at the amide stage as shown in
hhc reaction was envisaged to give rise to tricyclic product 26' with

. ..
numerous functionalities, namely, a double bond, a.P enone, an amide linkage and a
secondary br

ine group. However, this reaction idid not proceed at all, and the
starting material was recovered unreacted. This may) be because the driving force for

the former refiction is the formation of the lactam ring which takes the reaction to
completion.

Br Y
Br NHR, Br
X~ O
Dry Benzene <
NR,
O
26'
4 o
i —Br

Scheme XIX

4.2.3 Reactions of 1,9—Bis(bromomethyl)pe'ntac}l'clo[5.4.0.02‘6.03'“'.0”]undeca-

8,11-dione with Primary Amines:

After in :cstigating the totally novel reaction profile of the rearranged
tetracyclic product 26 obtained from the ph‘otolj/sis of 2,5-bis(bromomethyl)
tricyclo[6.2.1.0° J(]undcc‘4,9-dicne-3,6-dione with: primlary amines, it was thought to
|
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be of interest to study the reactivity pattern of the pentacyclic product of the same
reaction viz., 1 ,9-bis(bromomcthyl)pentacyclo[s.4.0.02'6.03’10.05'°]undeca-8,l 1-dione
34 (synthesis reported in Chapter 2, Scheme XVIII), with the same. Hitherto, all the
reactions of the various PCUD derivatives reported have merely led to the reaction of
the amine with the proximal ketones leading to the formation of heterocyclic bridges
as described in the introduction to this chapter. But, in these molecules with
strategically placed bromomethyl groups, it remained to be seen whether it would
show reaction profile analogous to that of the tetracyclic product 26. Therefore, the
reaction of 1,9-bis(bromomethyl)pentacyclo[5.4.0.0%%.0*'°.0%*Jundeca-8,11-dione 34
was carried out with methylamine under the same conditions as before (Scheme XX).
However, the tlc of the reaction mixture showed the formation of a number of
products in direct contrast to the earlier reactions which had led to the formation of a
single product in good yields. These products were seen to be much more polar in
nature. Careful chromatographic separation on sitica gel using ethyl acetate-petroleum
ether and ethyl acetate-methanol led to the isolation of three products 35, 36 and 37.

MeNH, .
Dry Benzene

34 35 (37% 36 (25%)
Br
N
“Me
o
Me BN
I O

37 (24%) Me

Scheme XX
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eluted out of the column viz., 75 w?s obtained in 37%
m dichloromethane-petroleum| ether. It was found to
ristics in its spectra: a) the IR sp:bc showed a strong
icative of a hydroxyl group and another at 1654 cm’
ctibn. b) the '"H NMR spectrurh (FTg. 4) showed two
clic double bond at & 4.87 and 4.79; fhe broad singlet at
ydrpxyl proton; the singlet at & 3.58 which integrated for
red the bromomethyl protons’ signal; a sharp singlet at &
rotons on the methyl on the lactam! nitrogen; and the
1.58 readily suggested the presence of norbornyl bridge
Ben signals appeared in the '*C NMR| spectrum (Fig. 5)
ould be due to the lactam carbonyl, the signals at § 143.6
plic double bond, that at & 101.9 due Iito the quartemary
group, the other quarternary carbon at C-6 (nomenclature
scheme XXTI) gave a signal at & 63.1 and all other carbons
$0.2 and 24.6. The HRMS value of 31'0.0437 for [M™+1)
ructure as a product formed by the addition of one
loss of one bromine atom. All the abov#: data put together

icted for 35. This was confirmed by s{,ngle crystal X-ray

7-Bromomcthyl-S-(N-lmeLhylcarbamoyl)

tetracyclo[4.2.1.1"" ¢ ]dec-3(11)
-ene-10-one '

-5-hydroxy
! 1]dodec

36
Scheme XX]
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Figure 4: '"H NMR Spedtrum of 35

N ﬁ\ ! L
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poum 150 100 3

o

Figure 5: *C NMR Spectrum of 35
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1H ')(zABq at d 2.02
and 1|58

hydrokyl str. at 3137 cm-!
BCm at 5 101.9

YH NMR alsharp singlet at § 2.63
I3C NMR at 8 171.2

carbony! str. at 1654 cm-!

13CNW £ 108.9 and
IH NMR a{ 5 4.87 and 4.79

13C NMR 4t 8 143.6
HRMS M+ 1: 310.0437

Salient Features in the Spéctrd of 35
Figure 7



141

The second product 36 was obtained in 25% yield. It readily crystallised from
dichloromegthane-petrolem ether. A comparison of its spectra with that of 35 showed
some similarities and few dissimilarities. For exahple, the IR spectrum contained two
different carbonyl peaks which were seen at 1651 and 1738 cm™. These could be
attributed to an amide carbonyl and a ring cmboﬂyl group respectively. The 'H NMR
spectrum (Fig. 8) indicated the presence of an e | yclic olefin by giving two signals
at 5 5.03 and 4.86 for one proton each. The broad singlet at & 5.26 indicated a
deshielded|proton on nitrogen. The protons on the bromomethyl group appeared as
2ABq signals at & 3.74 and 3.40 with a coupléng constant of 10.4 Hz. The three
protons attributable to the N-methyl amide group were visible as a doublet at & 2.53
with a coupling constant of 4.6 Hz. The latter confirmed the secondary nature of the
amide group. The protons on the norbornyl bridge methylene showed up as expected
as “ABq signals at § 1.63 and 1.52 with a coupling constant of 10.4 Hz. The "*C
NMR spectrum (Fig. 9) confirmed the presence of a carbonyl group, an amide group

and an exocyclic double bond by signals at ;8 214.5, 170.7, 146.6 and 111.6
respectively. The quarternary carbon at C-7 (nomenclature and numbering as shown
in scheme XXI) appeared at 6 56.8 and all other s’gnals showed up upfield between &
58.8 and 26.1 as expected. The HRMS value. of 3]10.0386 which was the same as the

first compopnd lent additional support to the compound being identified as 36.
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Figure 8: '"H NMR Spectrum of 36
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Figure 9: ’C NMR Spectrum of 36
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The most polar product 37 formed in this reaction was imore difficult to
identify. The IR of this compound showed the presence of two types of carbonyl
absorptions at 1743 and 1670 cm™. The proton NMR spectrum showed the presence

<

of thirty-four protons on |integration. Of these the signals which could be

unambiguously identified were the following: a) four olefinic protons, of which one
appeared as a singlet at & 3:02 and the other three overlapped to give a multiplet
between & 4.94-4.89. b) ong set of norbornyl bridge methylene protons which were
1.78 as Y2ABq signals. c) the methyl'; on the nitrogens

, but overlapped with two of the ring; protons to give a

distinguishable at & 2.28 an
did not give separate signal
multiplet between & 3.23-3.13. The ’C NMR spectrum gave a lot!more information
by revealing the presence |of twenty-nine carbon signals, which pointed to the
formation of this product om two equivalents of the startijmg rmatenal and three
equivalents of the amine. The noteworthy signals were that of a ring carbonyl at &
209.1; that of a lactam carbony! at 8 171.8; an amide carbonyl at & 163.2; four signals
due to exocyclic double bon s at & 151.2, 143.4, 110.6 and 108.8; and the signal at &

97.1 was attributed to the carbon which is bearing two nitrogen functions. All other
signals appearcd upfield between & 65.2 and 29.0. The HRMS value of the product
was obtained as 551.1768 w&"Pch further confirmed the addition ofhﬂiree equivatents of
the amine to two of the starting material along with the loss of

The product was identified p

e bromine atoms.

l
Aiazamethyl-6-bromomethyl-5-(N-(7'-methylamino-8'-
10[4.2.1.17.0* Jdec-3(11")-ene)-N-methyl)
Jdodec-10(13)-ene-3-one 37 baséd on these evidences

(N-methyicarbamoyl)tetrac
pentacyclo[5.4.1 0%.0% 0!

| .
(the numbering for this comppund is depicted in scheme XXIII).

Mechanistic Qutlook:

The mechanism praposed for the formation of these totally unexpected
compounds 3§ and 36 (Scheﬂhe XXII) envisages the initial add-litfon( of one equivalent
of the amine to the carbony! cgrbo‘r_L This leads to the rupture of a ﬁ\te-membcrcd ring
followed by formation of an exocyclic double bond and loss of the alogen as shown
in scheme XXI1. The loss of]|the halogen is probably facilitated by lthe excess amine
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present in the reaction mixture. Thus the product 36 is formed. The amide nitrogen is
then able to add to the second carbonyl carbon which is in the proximity due to the
ring architecture. Formation of the lactam ring is then followed by proton transfer
leading to the generation of a hydroxyl group giving the compound 35. Thus, starting
from a pentacyclic ring with two carbony! and two bromomethyl groups, we get two
products, one with an amide linkage as in 36 and the other with a ylactam ring and
and hydroxyl group as in 35. In addition, both resultant compounds 35 and 36 contain
an exocyclic double bond and a bromomethyl group. Most surprising hdwcver, is the

formation of a different exocyclic double bond in these cases.

Br Br

Br

NHzMe \ Br
- Br
N@

H,Me

Scheme XXII
The formation of the last product 37 could be rationalised in the following
manner (Scheme XXIII): the ketone group in the product 36 reacts with methylamine
to give an imine 38. The lone pair on the amide nitrogen then adds to the electron
deficient imine carbon which is held in proximity due to the cage framework and

proton reorganisation forms the intermediate 39. This intermediate 39 then adds to a
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molecule of the product 36 displacing a bromine and gives rise to the product 37.
However, the final confirmation of this compound is possible only through X-ray
diffraction studies.

Br )
Br Br
MeNH, A
—_— —» —_
O e
(0) NHMe O NHMe o NHMe
36 38

Br
NHMe
o7 Y
Me
39
Br Br
NHMe
+ —_— >
N o=
O |
Me HN™No
Me
39 36
Scheme XXIII

Upon getting so many unexpected compounds on reacting methylamine with
1,9-bis(bromomethyl)pentacyclo[5.4.0.016.03'10.05'9]undcca-8,1 1-dione 34, we were
curious about the generality of this process. Accordingly, the reaction between 34 and
ethylamine was investigated. The reaction was carried out under the same conditions
as before and the same reaction profile seemed to have resulted with three products to
be seen on the tlc of the reaction mixture suggesting a general mode of action
(Scheme XXIV). Work-up followed by column chromatography led to the isolation of
three products 40, 41 and 42 homologous to the products of the first reaction.
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The products were identified on the basis of their spectral characteristics. The
first compound 40 to be isolated was 4-azaethyl-6-bromomethyl-5-hydroxypentacyclo
[5.4.1.02%.0%° 0%!"|dodec-10(13)-ene-3-one obtained in 23% yield. This was
characterised from the following salient spectral data, viz.: a) the IR spectrum of the
compound showed a broad absorption at 3074 cm’ indicative of a hydroxy group and
a strong absorption at 1651 cm™ due to a lactam carbonyl group. b) the proton NMR
spectrum indicated the presence of an exocyclic double bond by the resonances at
S 5.03 and 4.92; the presence of bromomethyl protons which appeared as “2ABq
signals at 8 3.75 and 3.69 with a coupling constant of 11.1 Hz; the norbomnyl bridge
protons which appeared as another /2ABq signal at & 2.15 and 1.55; and the methyl
protons on the azaethyl group which appeared upfield as a multiplet between & 1.25
and 1.12. c) the >C NMR spectrum that showed a lactam carbonyl signal at 8 176.6,
the exocyclic olefin carbon signals at 8 139.6 and 113.8 and the carbon bearing the
hydroxyl group at & 104.8 and all other signals appeared as expected upfield between
& 55.7 and 16.3. d) the HRMS value of 323.0519 supported the formation of this
compound 40 from one equivalent each of the amine and starting material along with
the loss of one bromine atom.

Br
Dry Benzene
< O
Br K()

34 40 (23%) 41 (20%)

Br

NJ
Et

"l
t O
HN
42 (13%) ét'l\\o

Scheme XXIV
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The second product 41 which was isolated from the same reaction mixture was
identified as 7-bromomethyl-8-(N-ethylcarbamoyl)tetracyclo[4.2.1.1*7.0*°|dec-3(11)-
ene-10-one. This was done based on its spectral data and comparision with that of
compound 40. The IR spectrum showed strong absorptions at 1695 and 1732 cm’™
indicative of two carbonyls, one a lactam and the other a ring ketone. Once again, the
proton NMR spectrum confirmed the presence of an exocyclic double bond with
singlets at § 4.91 and 4.83. The bromomethyl group again was observed as 2ABq
signals, this time at & 3.73 and 3.56 with a coupling constant of 10.7 Hz. The
norbornyl bridge methylene also appeared as expected as 2ABq signals at § 2.01 and
1.46-and the methyl on the ethylcarbamoyl function appeared as a triplet at & 1.08
with a coupling constant of 7.2 Hz. The *C NMR spectrum gave additional support to
the structure proposed by showing the ring carbonyl at 8 210.3, the amide carbony! at
O 168.4, the olefin carbons at & 138.9 and 111.8, and all other signals upfield between
0 55.0 and 14.3. The HRMS value of this product, 323.0515, was the same as that of
the first product 40 indicating that both have the same molecular formula
C,sH,sNO,Br.

'H NMR showed 2ABq signals
at §2.01 and 1.46

v

\ Br » 'HNMR showed '2ABq signals
at § 3.73 and 3.56
XN ~ B¢ NMR showed a signal at § 210.3
O

3¢ NMR showed a signal at & 168.4

NHEt ——— “CH,"CH,appeared as a triplet signal at & 1.08
in the 'H NMR with a J value of 7.2 Hz

N
@)
v

)

Two singlets in the 1}-I NMR at & 4.91 and
4.83 and signals at & 138.9 and 111.8 in the

3¢ NMR indicated the presence of
the exocyclic double bond

Salient Features in the Spectra of 41
Figure 10
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cterisation of the final product 42 obtained from the reaction mixture was
difficult as all spectral data were very complex as found earlier for
7. Its IR spectrum showed two types of carbonyl absorptions at 1632 and
dicating the presence of an amide group along with a ring ketone. The 'H
im displayed four olefinic protons between & 5.12 and 4.87 with three of
ping to give a multiplet. The protons on the bromomethyl group were
Bq signals at & 3.68 and 3.47, only half of the ABq signal which is
the norbornyl bridge methylene was seen at 8 2.01, the other half had

overlapped with the methyl signals which appearelid as a multiplet between & 1.70-

1.60. Of thy
overjapped |
appeared as
following fu

e three methyl parts of the ethyl groups attached to nitrogens, two
0 give part of the multiplet thWCCI!‘l 6 1.70 and 1.60 and the third
a triplet at & 1.18. The *C NMR spectrum indicated the presence of the
inctional groups: ring carbonyl (& 2l|'2.6), lactam carbonyl (& 171.0),

amide carb

yl (8 163.4), two exocyclic double bonds (& 148.3, 143.8, 112.0 and

110.2) and the carbon bearing two nitrogen functignalities which was deshielded and

appeared at
structure ha
methylaming
ethyl)pentacy
4.2.4 React
8,11-d

The fa
bis(bromome

primary am

bis(chlorom
of 43 has
suggested th

93.9. All other signals appeared upficld between & 62.7 and 14.1. The
s been tentatively assigned as 4-azaethyl-6-bromomethyl-5-(N-(7'"
-8'-(N-ethylcarbamoyhtetracyclo[4.2.1.147.07 %) dec-3'(11")-ene)-N-

rclof5.4.1.0%°.0%°.0%' Jdodec-10(13)-ene-3-one 42.

jons of 1,9—Bis(chlorometl:yl)pentjacyclo[5.4‘0.02‘6.03"0.05'9 Jundeca-

ione with Primary Amines:

scinating array of products that were dbtained from the reactions of 1,9-

thyl)pentacyclo[5.4.0.02%.0*'°.0**|undeca-8,11-dione 34 with two
ines emboldened us to attempt the same reaction with 1,9-
yl)pentacyclo[5.4.0.02°.0*'%.0>*|undeca-8,1 1 -dione 43 (the synthesis
een outlined in Chapter 2, Scheme XV). The reaction mechanism

the same reaction profile should be seen since the reaction is driven by

the nature of|the bromide anion as a facile leaving group and the proximity of the two
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carbonyl groups in Spirc due to the strained cage form. $inctJ\ chloride anion too is a

| \
2000 \eaving group, We were hopeh of getting the same kyp~e o} amides and Yectams.
Thus it was decided to repeat these reactions with the 4; and the same primary
amines.

The reaction |of 1,9-bis(chloromethyl)pentacyclo[5.4.0.0%.0>'°.0Jundeca-
8,11-dione 43 with methyl amine gave three products (Scheme XXV). Since the same
reaction profile was sgen here, a similar mechanism was assumed to operate in this
reaction t0o. Obviously, the prime requirement for this reaction is a good leaving
group on the methyl at{C-1 which can be eliminated to give an exocyclic double bond
at that position and chlrLro- and bromo- compounds are comparable in this respect.

The first comp(lund 44 1o be isolated in this reaction|was similar to the first
product 35 formed .Ibetween 1,9—bis(bromomethyl)pentauk[yclo[s.4.0.02‘6.03"0.05'9]
undeca-8,11-dione 34 and methylamine and exhibited similar features in its spectra.
The IR spectrum showz the presence of a hydroxyl group with a broad absorption at
3090 cm”’ and also the presence of a carbényl by a strong apsorption at 1651 cm’.
The proton NMR spcc&pm showed two olefinic protons as singlets at & 4.94 and
4.86. The hydroxy proton gave a broad singlet signal at & {98 The chloromethyl
group appeared as a smglct at § 3.77. The methy! on the lactam nitrogen appeared as a
sharp singlet at & 2.70. The norbornyl bridge methylene [protons appeared as “2ABq
signals at § 2.03 and 1. 7 The C NMR spectrum show‘ed the signal for the lactam
carbony!l at § 170.3 :'d the exocyclic olefin signals dt 8 1449 and 108.0. The
quarternary carbon thh the hydroxy group appeared at 8 72.% and all other carbons
gave signals upfield b&\»cen § 63.1 and 24.3. The HRMS value of 266.0958 for
[M*+1] lent support to the structure incorporating one equivalent of the amine along
with concomitant loss of:ne chlorine atom. Thus, 44 was 1dcT1ﬁcd as 4-azamethyl-

6-chloromethyl-5-hydro pcntacyclo[5.4.1.02‘6.0” 0*!'}dodec-10(13)-ene-3-one.
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Cl Cl
MCNH2 g
-_ = |
Dry Benzene OH +
(6]
of N 07 “NHMe
Me
44 (36%) 45 (33%)
|
Me O
6 (179 e HITI/KO
4 (17%) Me
Scheme XXV

methylcarbamoy))tetracyclo{4.2.1. 1%7.0%*]dec-3( l])—ene’-IO-one on the basis of its
spectra which e b:ted the following salient features: a) its IR spectrum showed the
presence of tw types of carbonyls by strong absorptions at 1670 and 1732 cm™.
This indicated th presence of an amide carbony! and a| ring ketone respectively. b)
the '"H NMR spectrum showed the following signals which were useful in assigning
the structure: the singlets at § 5.03 and 4.80 indicated jhe protons on an exocyclic
methylene; the “2ABq signals at & 3.80 and 3.58 could be attributed to the protons on
the chloromethy! gioup; the doublet at & 2.53 with a J vilalue of 4.3 Hz indicated the
methyl group on the nitrogen which was split due to the secondary nature of the
amide; and the “2ABq signals at & 1.95 and 1.54 could be assigned to the norbornyl
bridge methylene ;lrotons ¢) the '*C NMR spectrum showed 14 signals confirming
the addition of onelequivalent of the amine to the starting inaterial, of these the signal
at & 212.6 was dud to the ring carbonyl, the signal at & 170.1 was due to the amide
. at & 146.6 and 111.4 confirmed the presence of the exocyclic

[he secT compound 45 was identifiedd as 7-chloromethyl-8-(N-

carbonyl, the signal
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double bond and all the other signals were seen between & 58.8 and 26.4. The HRMS
value of 265.0932 was also in agreement with the structure proposed for the

compound 45.

13
C NMR gave this signal at § 91.7

[R spectrum showed two -C=0 str
absorptions at 1732 and 1664 cm’!

13C NMR showed the carbons marked
* ** and *** atd 172.7, 214.3 and
170.7 respectively

13C NMR showed the olefinic signals

atd 146.5,144.3,111.4 and 109.6
due to two exocyclic double bonds

'H NMR shows a doublet at & 2.57 with J = 4.6 Hz
l |
H{NMR shows two singlets at § 2.63 and 2.46

Salient Features in the Spectra of 46
| Figure 11

The most|polar product 46 obtained upon reacting methylamine with 1,9-
bis(chloromethyl pentacyclo[S.4.0.02‘6.03"O.Os'g]undcca—&1l-dione was seen to have
been formed by the combination of two cquivalents of the starting material and three
equivalents of the amine with the concomitant loss of three chlorine atoms. Its IR
spectrum revealed the presence of amine and carbonyl groups with absorptions at
2965, 1732 and 1664 cm™". The "H NMR spectrum (Fig..12) gave the signal due to the
proton on nitrogen at & 5.31 as a broad singlet. The four olefinic protons appeared as a
singlet at & 5.08!and a multiplet between 8 4.89-4.85. Only one half of the ABq
signals of the chloromethyl group were clearly discernable at & 3.85, the other half
being overlapped| by the adjoining multiplet. The norborny! bridge methylene also
behaved in a similar manner with one half of the ABq signal appearing at § 2.01 and

the other half showing up as part of a multiplet between & 1.69-1.55. The three methy!
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groups on the nitrogen were observable as two singlets (at 8 2.63 and 2.46) and a

doublet (at & 12.57, J = 4.6 Hz), indicating that the protons of one methy] was being
split by the ﬁroton on the adjacent nitrogen. This ¢nabled the identification of the

nature of the Lhrcc amines that had been added, the methyls on the tertiary amine and
the lactam nitJmogen appear as singlets while the methyl on the amide function appears
as a doublet since it is a secondary amide moiety. The *C NMR spectrum (Fig. 13)
lent support tp the compound being formed by two equivalents of the starting material
and three eqdlivalents of the amine by showing twenty-nine signals, and this was also
helpful in co}xﬁming the nature of the functional groups present. The signal at &
214.3 indicated the presence of a ring carbonyl, while the signals at § 172.7 and 170.7
pointed to aE

signals at § 146.5 and 144.3 along with the signals at & 111.4 and 109.6 revealed the

actam and amide carbonyl carbons respectively. The two quarternary

presence of two exocyclic double bonds. A quarternary carbon signal at §91.7
indicated its downfield shift due to an attached amine functionality along with being
adjacent to the lactam nitrogen. All other signals appeared upfield between § 62.7 and
25.9, and separate assignment of these signals was not possible. But these data was
sufficient to highlight the nature of the polar product and the compound was identified
as 4-apamethy!-6-chloromethyl-5-(N~(7'-methylamino-8'-(N-methylcarbamoyl)
tetracyclo[4.2.1.147.0%*)dec-3'(11')-ene)-N-methyl)pentacyclo[ 5.4.1.0%6.0%% 081"
dodec-10(13)-ene-3-one 46.
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Figure 12: '"H NMR Spectrum of 46
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Figure 13: *C NMR Spectrum of 46
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The reaction

8,11-dione 43 with etliylamine (Scheme XXVI) gave rise

mixture from which four products 47, 48, 49 and 50 were s
chromatography on si

the basis of their spectr |

0.

Cl ~o

43

The first produd

showed a peak at 3307 cm

Indicating the presence
spectrum (Fig. 15) gav
equivalents of the amin
assigned as follows: tw
2ABq signals which st
of the chloromethyl gr

§
s

i

\5a

;f l,9-bis(chloromethyl)pentacyclo[5‘4[1.0.02'6.03'10.05‘9]undcca—
410 a complex reaction

parated out by column

lica gel. All products were charactérisc? in a facile manner on

i
| Eow,
Jbry'B

‘Benzene

O &

47 (12%)

49 (14%)

Scheme XXVI

1 47|| which separated out by the cqlumn chromatography
1 indicative of N-H linkage an‘j a peak at 1689 cm’
of la C=0 stretch in its IR sqectrdm. The proton NMR
an integration for twenty-three protons indicating that two
had'added to the starting mateﬁaﬂ. Ofi these, the signals were
D oHL:ﬁnic protons appeared at & 4.86-4.85 as a multiplet; the
owed up at § 3.72 and 3.59 could be
pupj the signal at & 3.14 which appeared as a broad singlet

ttributed to the protons

could be attributed to g

1 pr%)ton on nitrogen; the two methyl parts of the ethylamine

substituents appeared
bridge methylene ap
spectrum (Fig. 16)

oiverlapping multiplets between 8 1.20-1.09; the norbornyl
ed as 4ABq signals at 8 1.99 and 1.63. The '’C NMR
ﬁrn,[ned the addition of two equivalehts of the amine to the
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starting materi \ by showing 17 signals. Of these the signal at & 172.8 could be
attributed to a [lactam carbony!, the signals at 3 144.8 and 109.9 to an exocyclic
double bond and| the one at 5 93.3 to a quartemary C l on with amine attached. This
product 47 is hypothesised to have formed by the alldditfpn of ethylamine to 49 to give

an imine. The lope paxr on the amide nitrogen adds aCllPSS space to the imine carbon
which is electr dcﬁcnent Proton rearrangerricnt then gives the product 47
4-azaethyl-6-chl omethyl 5-(N- eﬂlylammo)pentacyclo[ks 4.1.0%¢.0*° 0*'"dodec-
10(13)-ene-3-one knumbenng as shown in Fig. 14). The; proposed structure received
further confirmatign from the HRMS value of 306.1497.

'H NMR showed "ABq signals at

> 51.99 anp . 6

> j 2ABq signals at
6 3.72 an

~ ’C NMR showdd a signal at 5 93.3

o -C=Ostr. at léi89 ck\.] in the IR spectrum

in the '>C NMR

and signal at 8\ 1’]2.1

exocyclic double bond jpferred from the signals
at & 144.8 and 109.9 in *he 3¢ NMR

Salient Features in the Spectra &)f 47
' Figure 14 |
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Figure 15: '"H NMR Spectrum of 4|7

Fi"g"ure 16: "*C NMR Spectrum of 47
|
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of the product 47 from this reaction :mixture lent weight to the
d for the formation of the products 37, 42, 46 and S0 since it is

similar to the intermediate 39 proposed for the formatior!l of 37 from 34 (Scheme

XXIII).

The second ¢compound 48 to be obtained from the reaction mixture had the

following characteri

at 3089 ¢cm™! indicat

the presence of an 4
protons at & 4.87, th

stics in its spectra: a) the IR spectrum showed a broad absorption
lve of a hydroxyl, and a strong absorption at 1651 cm’' pointed to
imide carbonyl functionality. b) the IH. NMR showed the olefinic
ie chloromethyl protons as %2ABq sign:als at d 3.84 and 3.73, the

norborny! bridge protons as another ABq signal at & 1.98 ngd 1.67 and the methyl on

the azaethyl group b

etween & 1.19-1.11 as a multiplet. The integration of the spectrum

indicated the addition of only one equivalent of the amine [to the starting material. c)

the *C NMR showe
olefin carbons at & 1
and the most shielde
the lactam nitrogen.
value of 279.1021 ii
one equivalent of the
arrive at the strug
hydroxypentacyclof

The third pro

d fifteen signals including a lactam carlLonyl at 8 171.3, exocyclic
43.9 and 110.0, a quarternary carbon bearing hydroxyl at & 103.9
d carbon at & 15.2 suggests the methyl% part of the ethy! group on
All other signals appeared between & 63.3 and 35.3. d) the HRMS
xdicated that the compound had been Formcd by the addition of
e amine to the starting material. All this data was put together to
ture for the compound 48 as 4-dzacthyl-6-chloromethyl-5-
 4.1.02¢.0%.0*" " Jdodec-10(13)-ene-3-¢ne.

duct 49 formed by the reaction betwe'Fn 43 and ethylamine had

the same HRMS value (279.1024) as the second product indicating that had also been

formed by the addit
the loss of one chlo
cm’ and also two ¢
could be attributed
group. The proton

ion of one equivalent of amine to the qlta.rting material along with
tine atom. Its IR spectrum showed a étrctch due to N-H at 2971
arbonyl absorptions at 1645 and 1738|cm Of this, the first one

to an amide carbonyl and the second to a strained ring carbonyl

NMR spectrum showed signals due tl) amine proton as a broad

singlet at & 5.21 apd the olefinic protons as two smglcus at & 5.06 and 4.86. The

chloromethyl protof
constant of 11.4 Hz,
at § 1.62 and 1.52

1s appeared as “2ABq signals at & 3. 82 and 3.57 with a coupling

The norbornyl bridge methylene appdared as another ABq signal

with a coupling constant of 10.4 Hz. The methyl part of the ethyl
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3C NMR showec

the signal at 8 2
amide carbonyl;
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stion appeared as a triplet at & 0.97 with a coupling constant of 7.3
:; ns appeared as separate multiplets between & 3.21 and 5 2.86. The
| fifteen signals, of which the following could be readily identified:
1;4.3 was due to the ring carbonyl; the: signal at 5 169.9 due to the
the signals at 3 146.4 and 112.0 was due to the exocyclic double

bond; the signal fat & 14.1 could be attributed to the méthyl part of the ethy! on the
amide function; a}ld the signal at & 57.0 was a quartemary carbon and this couid be
assigned to C-7 q:o which the chloromethyl group was attached. All other carbons
appeared betwceq’ 5 58.9 and 34.3 and specific assignments proved to be difficult.
Thus the compound was identified as 7-chloromethyl-8-(N-ethylcarbamoyl)
tetracyclo[4.2.1.1 45'7.02‘5]dec-3(1 1)-ene-10-one 49.

The fourth and most polar product S0 of 'the reaction between 19-
i)cntacyclo[5.4.0A02‘6.O3"0.05'9]undcca-d,] 1-dione 43 and ethylamine

r'rned by the reaction of two equivalents of the starting material with

bis(chloromethyl;
was seen to be fo
threc equivalents pf the amine and the spectra were corrTspondingly complex. The IR

spectrum showed fthe presence of ring carbonyl and amide carbonyl absorptions at

1735 and 1657 cm’'. The proton NMR showed a lot of overlapping of the signals due
nt could only be perfunctory. The ol|k:finic protons appeared as a
3 4.95-4.87 and a singlet at § 4.77. The three methyl parts of the

ethyls on the tertiary amine, lactam and amide funct

to which assi
multiplet between

jons appeared together as a
35-1.20 along with another proton. 1'L'he: *C NMR showed the
which could be assigned with certainty: a signal at § 215.3 for the
ring carbonyl; ong¢ at 6 172.3 due to the lactam carbon)l!l; one at & 160.8 due to the
amide carbonyl; four signals at § 150.9, 143.4, 111.2‘ and 109.8 due to the two
exocyclic double Bonds; one at 6 97.7 due to the carbon which appears downfield due
to its being attach

multiplet at & 1.
following signals

ed to the lactam nitrogen and a tertiary nitrogen; then the three
methyl parts of the ethyl groups on the nitrogens gave signals upfield at & 15.8, 14.2
and 13.8. The HRMS gave an M" value of 549.2732, whiéh was in agreement with the
rest of the data.
chloromethy!-5-(N|

Based on this, the structure was| deduced as 4-azaethyl-6-
~(7'-methylamino-8'-(N-ethylcarbamoyl)tetracyclo
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[4.2.1.1%7.07%]dec-3'(1 1')-ene)-N-ethyl)pentacyclo[5.4.1.0%¢.0°° 0! '}dodec-10(13)-

ene-3-one 50.

Thus, we have conducted a detailed investigation into the nature of addition of
primary amines to substituted tetra- and pentacyclic cage compounds and discovered
fascinating new rearrangements giving rise to totally unexpected products. As can be
discerned, a lot more studies remain to be conducted in this area and we anticipate
rich developments in this field on evaluation of the biological activity of these

compounds.

4.3 Experimental:

For general experimental details, see Chapter 2, page number 60.

Reaction of _3-bromo-7-(bromomethyl)tetracyclo[5.3.1.0%°.0** undeca-10(12)-ene-
9.11-dione 26 with methylamine to give 28:

3-Bromo-7-(bromomethyl)tetracyclo[5.3.1.0%°.0**Jundeca-10(12)-ene-9,1 1-dione 26
(58 mg, 0.16 mmol) was dissolved in 15 ml of benzene and after cboling this solution

in an ice-water bath (~ 5 “C), methylamine gas (produced by heating a 40% w/v
solution of methylamine in vi'ater) was passed through it for half anI hour. The reaction
mixture was left stirring for one hour and tlc examination at the end of this period
showed the formation of a single product. The reaction was worked up by removing
the solvent and the residue was chromatographed on a silica gel column affording 28
(41 mg, 82% yield) as a white solid. This was recrystallised from CH,Cl,-petroleum
ether as white needle-like crystals.

m.p. (°C) . 156-157.

FT-IR (KBr, vpg/em™) . 2989, 2881, 1708, 1681, 1506, 1452, 1404,
1290,

'HNMR (300 MHz, CDCl;)  : & 5.03 (s, 1H), 4.69 (s, 1H), 4.06 (s, 1H),

3.79 (t, /= 10.5 Hz, 1H), 3.42-3.34 (m, 2H)
3.28-3.17 (m, 3H), 3.02-2.97 (m, 1H), 2.91
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| &, J = 49 Hz, 1H), 268 (, ), 216\
I (Y2ABgq, J = 10.8 Hz, 1H), 1.56 (*2ABq, J =

- 10.8 Hz, 1H).
*C NMR (75 MHz, CEC];) . §209.4, 172.3, 145.7, 109.1, 57.7, 52.9,
'-| 52.8,48.3,47.8,46.2, 44.8, 44.7, 38.9, 29.6.
HRMS (M*+1) | . 310.0443, C,(HsNO,Br requires 309.0364.
UV (CH:Cly, Ap) | 228 nm.

|

Reaction _of 3—bronlo-7-'(bromomethvl)tetracvclof5.3.l.02'6'.04‘3]undcca—1OQL-ene—
9.11-dione 26 with cthL:laminc to give 29: ',

3-Bromo-7-(bromomethy!)tetracyclof5.3.1.0*%.0**Jundeca-10(12)-ene-9,1 1 -dione 26
(49 mg, 0.14 mmol) was taken in a round-bottomed flask and dissolved in 10 ml of
dry benzene. This solution was cooled in an ice-water balﬁb and ethylamine gas

(ethylamine gas was produced by heating a 70% w/v solution! of ethylamine in water
on a water bath) was passed through it for ' hour. After this, stirring was continued at
room temperature for a further 4 hour. At the end of this pelriod, tlc showed all the
starting material to havF been consumed. The reaction was worked up by removing
the solvent under vacuuin on the rotavapor and then the crude ;'?roduct was purified by
column chromatogxaph| on silica gel. Elution with 50% ethyl] acetate in petroleum
ether gave the product|29 (27 mg, 61% yield) as an off-white solid which was
recrystallised from dichloromethane-petroleum ether to give white needle-like
crystals. [

m.p. (°C) | . 145-148. |

FT-IR (KB, vpg/cm™) | © 2990, 2960, 1700, 1650, 1525, 1473, 1414,
1281,911.

'H NMR (300 MHz, cmd{:b) : 34.98 (s, 1H), 4.64 (s, 1H), 4.03 (s, 1H),

3.70 (t, /= 10.4 Hz, 1H), 3.33 (t, J = 5.4 Hz,
LH), 3.29-3.19 (m, 3H), 3.14-3.13 (m, 1H),
3.11-3.09 (m, 1H), 3.06-2.99 (m, 2H), 2.84
(d, J = 52 Hz, 1H), 2.54 (%,ABq, J = 10.8
| Hz, 1H), 1.49 (%ABq, J = 10.8 Hz, 1H),
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0.97 (1, /= 7.3 Hz, 3H).

3C NMR (75 MHz, CDCI5) 82093, 171.7, 1452, 110.1, 56.8, 52.1,
49.2,47.2,46.7,44.9, 44.2, 43 .4, 38.0, 36.4,
10.6.

HRMS (M") © 323.0519, CsH,sBrNO; requires 323.0521.

UV (CH5Cly, Aay) . 228 nm.

Reaction of 3-bromo-7-(bromomethyl)tetracyclol[5.3.1 02¢.0**Tundeca-10(12)-ene-

9.11-dione 26 with n-butylamine to give 30:
3-Bromo-7-(bromomethyl)tetracyclof5.3.1.0%°.0** jJundeca-10(12)-ene-9,1 1-dione 26
(65 mg, 0.18 mmol) was taken in a round-bottomed flask and dissoived in dry

benzene (10 ml). This solution was cooled in an ice-water bath and then n-butylamine
(0.38 ml, 0.28 mg, 3.76 mmol, 21 eq.) was added to this solution drop-by-drop. The
reaction mixture was stirred at room temperature for two days. At the end of this time,
tlc examination showed the reaction to be complete. The reaction was worked up by
removing the solvent under reduced pressure on the rotavapor. The crude product was
purified by column chromatography on silica gel using 40% ethyl acetate in
petroleum ether as the eluent. The product 30 was obtained as a dirty white solid

which on recrystallisation from dichloromethane-petroleum ether gave fine white

needle-like crystals (46 mg, 72% yield).

m.p. (°C) : 106-108.

FT-IR (KB, Ve /cm™) : 2989, 2962, 2928, 2874, 1701, 1499, 1452,
1276, 906.

'H NMR (300 MHz, CDCl;) : 6 5.03 (s, IH), 4.70 (s, 1H), 4.10 (s, 1H),

3.78 (t, /= 10.5 Hz, 1H), 3.41-3.34 (m, 3H),
3.32-3.26 (m, 2H), 3.19-3.15 (m, 1H), 3.07-
3.02 (m, IH), 2.91-2.83 (m, 2H), 2.6l
(2ABq, J = 10.8 Hz, 1H), 1.55 (2ABgq, J =
10.8 Hz, 1H), 1.43-1.36 (m, 2H, -N-CH,-
CH,-CH,-CHs5), 1.32-1.25 (m, 2H, -N-CH,-
CH,-CH,-CH3), 0.91 (t, J = 7.2 Hz, 3H, -N-
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CH,-CH,-CH,-CH,).

C NMR (75 MHz, CDCly) ;& 209.3, 171.9, 1453, 109.9, 57.8, 53.1,
50.9, 48.2, 47.8, 46.0, 45.1, 44.6, 42.9, 39.0,
28.7,20.2, 13.7.

HRMS (M + 1) . 352.0928, C;7H;3,NO,Br requires 351.0834.

UV (CH;Cly, Agay) ;228 nm.

Reaction of 3-bromo-7-(bromomethyDtetracyclo[5.3.1.0%¢.0**lundeca-10(12)-ene-
9.11-dione 26 with benzylamine to give 31:

The compound 26 (0.11 g, 0.31 mmol) was taken in a dry round-bottomed flask and
dissolved in dry benzene (10 ml). The reaction vessel was cooled in an ice-water bath
and then benzylamine (0.21 ml, 0.21 g, 1.92 mmol, 6 eq.) was added to the solution
slowly using the syringe-septum technique. After the addition was completed, the
reaction mixture was left stirring at room temperature for 38 hours. When the tlc was
checked afier this period the starting material was seen to have been completely
consumed, so the reaction mixture was worked up by removing the solvent on the
rotavapor under vacuum. The crude residue was purified by paSsing through a silica
gel column, elution with 30% ethyl acetate in petroleum ether gave the product 31 as
an off-white solid (97 mg, 82% yield) which was crystallised ftom dichloromethane-
petroleum ether. The crystals were needle-like and white in colour. In order to obtain

large crystals for X-ray diffraction studies, these crystals were recrystallised from a

solvent mixture consisting of acetone and petroleum ether.

m.p. (°C) o 155-156.

FT-IR (KBY, Vpa/cm™) : 2982, 2881, 1694, 1688, 1506, 1452, 1290,
819.

'"H NMR (300 MHz, CDCl3) : 8 7.32-7.19 (m, SH), 4.85 (s, 1H), 4.6]

(4ABq, J = 14.3 Hz, 1H), 4.51 (s, 1H), 4.09
(s, 1H), 3.95 (4ABq, J = 14.2 Hz, 1H), 3.65
(t, J = 10.6 Hz, 1H), 3.46-3.24 (m, 4H),
3.19-2.87 (m, 3H), 2.61 (4ABgq, J = 10.8
Hz, 1H), 1.55 (4ABq, J = 10.8 Hz, 1H).
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BCNMR (75 MHz, CDCly) = & 209.1, 1719, 1451, 1350, 1289 (2
| carbons), 128.7 (2 carbons), 127.9, 109.8,

|| 57.7,53.1,50.6,48.2,47.7, 47.3, 46.3, 45.1,

| 44 .4, 39.0.
HRMS (M" + 1) . 386.0748, CyoHNO,Br requires 385.0677.
[9AY (CHzClzL )"ma.x) : 228 nm.

|
Crystal data for 31 (Fig. 3):
ConmBrNOj, colourless crystalline solid, 0.40 x 0.20 x 0.10 mm., monoclinic, space
group: P2, /n. Unit cell dimensions: a = 11.1648(2) A alpha = 90°% b = 6.8268(1) A
beta = 100.6]140(10)% ¢ = 22.6147(3) A gamma = 90°. R indices (all data): Rl =
0.0703, wR2 = 0.0851, Volume = 1694.20(5) A’, Z = 4. Density (calculated) = 1.514
Mg/m>. F(000) = 792. Absorption coefficient = 2.438 mm’.

Reaction _of | 3-bromo-7-(bromomethy!)tetracyclof5.3.1.0*°.0**Jundeca-10(12)-ene-
9,11-dione 26 with veratrylamine to give 32.

The compound 26 (69 mg, 0.19 mmol) was taken in a dry round-bottomed flask and
dissolved in l% ml of dry benzene. The reaction vessel was cooled in an ice-water
bath and then \Lcratrylaminc (0.6 ml, 0.675 g, 4.04 mmol, 21 eq.) was added to this
solution drop-by-drop. After the addition was complete, the reaction mixture was Jeft

stirring at room temperature for 24 hours. Examination of the tlc now showed the
reaction to be cpmplctc with total consumption of the starting material. The reaction
was worked up by removing the solvent on the rotavapor under reduced pressure. The
crude was loaded on a silica gel column and eluted out with 40% ethyl acetate in
petroleum ethet to give the pure product 32 (68 mg, 80% yield) which was
crystallised frorrl dichloromethane-petroleum ether to give fine white crystals.

m.p. (°C) | ' ;o 120-122.

FT-IR (KBr, vma|f/cm") 1 2948, 1681, 1600, 1526, 1452, 1270, 1142,
| 1040, 912.

'"H NMR (300 MHz, CDCly) : 8 6.81-6.73 (m, 3H), 4.87 (s, 1H), 4.53 (s,

| 2H), 4.08 (s, 1H), 3.88-3.83 (m, 6H), 3.64 (1,
|
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J =93 Hz, 1H), 3.41-3.35 (m, 2H), 3.30-
3.28 (m, 1H), 3.17-3.08 (m, 2H), 3.00-2.95
| (m, 2H), 2.89-2.87 (m, 1H), 2.60 (4ABq, J
| = 10.7 Hz, 1H), 1.54 (4ABq, J = 10.7 Hz,
| 1H).
C NMR (75 MHz, CDCl3) © 8 200.1, 171.8, 149.1, 148.8, 145.1, 128.3,
| 127.6, 121.3, 112.1, 111.0, 109.7, 57.7,
| 55.9, 53.0, 50.6, 48.2, 47.7, 47.1, 46.2, 45.1,

443,389,
HRMS (M") ' : 445.0865, C;,H,4O4NBr requires 445.0889.
UV (CHCls, Ay | - 230 nm.

Reaction _of _3-bromo-7-(bromomethyl)tetracyclo[5.3.1 .0%%.0* lundeca-10(12)-ene-
9.11-dione 26 with homove{'atr\damine to give 33:

The compound 26 (70 mg, 6 19 mmol) was taken in a round-bottomed flask and 10 ml
of dry benzene was added fo this. The solution was cooled in an ice-water bath and
then 0.70 ml of homoverab‘ylamine (0.75 g, 4.15 mmol, 21 eq.) was added with
constant stirring using the siﬁngc—septum technique. After the addition was complete,

the reaction mixture was left stirring at room temperature for two days. At the end of
this time, tlc of the reaction] mixture revealed the absence of starting material and so
the reaction was worked up| by removing the solvent under reduced pressure on the
rotavapor. The crude produg¢t thus obtained was purified on a silica gel column by
elution with 40% ethyl acetate in petroleum ether. The white solid (45 mg, 50% yield)
obtained was crystallised froI dichloromethane-petroleumn ether to give white needle-

like crystals of the product 3.’?.

m.p. (°C) . : 98-100.

ET-IR (KB, vydem™) . 2948, 2840, 1694, 1593, 1526, 1458, 1270,
| 1034, 912.

'"H NMR (300 MHz, CDCl,) ‘| : 56.80-6.69 (m, 3H), 5.0l (s, 1H), 4.69 (s,

1H), 4.09 (s, 1H), 3.87-3.85 (m, 6H), 3.68 (1.
J =10.2 Hz, 1H), 3.41-3.26 (m, 4H), 3.15-
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3.02 (m, 4H), 2.89 (d, J = 5.2 Hz, 1H), 2.70
(dd, J, = 15.6 Hz, J, = 8.9 Hz, 2H), 2.60
(4ABgq, J = 10.8 Hz, 1H), 1.55 (4ABq, J =
10.8 Hz, 1H).

BC NMR (75 MHz, CDCI,) . 852092, 172.1, 149.1, 147.8, 145.3, 130.8,
120.5, 111.7, 111.4, 109.9, 57.8, 55.9 (2
carbons), 52.9, 51.2, 48.2, 47.8, 45.9, 44.9,
44.6,44.5, 38.9, 32.6.

HRMS (M* + 1} : 460.1126, C3;HpNO,Br requires 459.1045.

UV (CH,Cl,, 7&.7,“) ¢ 229 nm.

Reaction _of L’i-bromo-?—(bromomcthyl)tctracyc_lo{5.=3.l.02’6.0"'8]undcca-lO(lZ)-cnc-
| .
9.11-dione 26 with diisopropylamine:

The compound,!26 (21 mg, 0.06 mmol) was taken in 10 ml of dry benzene in a round-

bottomed flask| and cooled in ice. Diisopropylamine (0.17 ml, 0.12 g, 1.2 mmol, 2]
eq.) was added to this solution and the reaction was stirred at room temperature for
two weeks. Ajthe end of this period, the starting material 26 was recovered unreacted
from the rcacti[on mixture (confirmed by checking the spectral data of the recovered

material).

Reaction _ of ! 3-bromo-7-(bromomethyl)tetracyclo[5.3.1.0*°.0**lundeca-10(12)-ene-
9.11-dione 26 with diethylamine:

The compoun<£ 26 (104 mg, 0.29 mmol) was taken in 10 ml of dry benzene and the
solution was ¢ooled in ice. Diethylamine (0.60 ml, 0.42 g, 5.8 mmol, 20 eq.) was

added and the|reaction mixture was stirred with heating at 50-55 °C for five days. At

the end of this|period, the starting material was recovered from the reaction mixture.

Reaction of 1{9-bis(bromomethyl)pentacyclo[5.4.0.0*.0*'° 0°*°lundeca-8.11-dione 34
with methylamine to give 35, 36 and 37:

The compou%d 34 (84 mg, 0.23 mmol) was taken in 10 ml of dry benzene and the

solution was cooled in an ice-water bath. Methylamine gas (produced as described
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earlier) was passed through this solution for ¥ hour and then the reaction mixture was

allowed to come

to room temperature and stirred for 2 hour more. After this the

reaction was worked up by removing the solvent under reduced pressure on the

rotavapor. The cryde product mixture was loaded on a silica gel column and then
successively eluted with 40%, 50%, 60%, 70%, 80% and 90% ethyl acetate in
petroleum ether followed by elution with ethyl acetate and subsequently with 1%, 2%,
5% and 10% mctrnol in ethyl acetate to give three compounds 35 (27 mg, 37%

yield), 36 (18 mg,

5% yield) and 37 (32 mg, 24% yield).

Spectral data for 3%:

m.p. (°C)

FT-IR (KBr, vm,,x/(J

: 200-202.
D) 1 3137. 2962, 2948, 1654, 1431, 1378, 1283,
rl 1263, 1243, 1155, 1088, 1027, 899, 791.

'"H NMR (300 MH#, CDClL)  : & 4.87 (s, 1H), 4.79 (s, 1H), 3.79 (brs, 1H),

3C NMR (75 MH

HRMS (M" + 1)

3.58 (s, 2H), 3.35 (brs, 1H), 3.07 (brs, 1H),
3.00-2.96 (m, 1H), 2.82-2.77 (m, 2H), 2.63
(s, 3H), 2.56 (d, J = 4.9 Hz, 1H), 2.02
(4ABq, J = 10.4 Hz, 1H), 1.58 (4ABq, J =
10.5 Hz, 1H).
ZLCDCI;) : 8 171.2, 143.6, 108.9, 101.9, 63.1, 60.2,
55.9,51.1,49.5, 45.1, 44 .4, 42.8, 34.7, 24.6.
310.0437, C4H;(NO,Br requires 309.0364.

Crystal data for 35 [Fig, 6):
C14HsBINO,, colqurless crystalline solid, 0.30 x 0.24 x 0.20 mm3 orthorhombic,

space grou'p P2,2,

it cell dimensions: a = 6.4973(1) A, a = 90° b = 12.8707(2)

A B= 90° ¢ = 1%6425(3) A, y = 90°. R indices (all data): R1 = 0.0420, wR2 =
00857 Vdﬁumc- 130810(4) A® Z =4, Denslty (calculated) = 1.575 Mg/m’. F(000)

= 632 Abs?rptmn

fficient = 3.136 mm™".




Spectral datalfor 36:
mp.(°C) |
FT-IR (KBr, rim/cm'l)

'H NMR (34{) MHz, CDC; +
CCly)

C NMR (74| MHz, CDCly +
CCly)
HRMS (M™ + 1)

Spectral data 1£r 37:

m.p. (°C) .
FT-IR (KBr, vy, /¢m™)

'H NMR (300 MHz, CDCl,)

“C NMR (75 &mz,. CDCly)

HRMS (M")

129-131.

2965, 2865, 1738, 1651, 1538, 1370, 1240,
1109, 885.

8 5.26 (brs, 1H), 5.03 (s, 1H), 4.86 (s, 1H),
3.74 (4ABq, J= 10.4 Hz, 1H), 3.40 (:ABq,
J=10.4 Hz, 1H), 3.15-3.11 (m, 3H), 2.93-
2.89 (m, 3H), .53 (d, J = 4.6 Hz, 3H), 1.63
(YiABq, J = 10.4 Hz, 1H), 1.52 (%4ABq, J =
10.4 Hz, 1H).

5 2145, 170.7, 146.6, 111.6, 58.8, 56.8,
46.2, 45.8, 44.1, 41.9,39.6, 38.3, 33.8, 26.1.

310.0386, CMI-#wBrNO; requires 309.0364.

109-111.

3444, 3176, 3095, 2983, 2952, 2915, 1743,
1670, 1539, 1508, 1452, 1278, 1147, 1066,
886.

8 5.02 (s, 1H), #.94-4.89 (m, 3H), 3.89-3.79
(m, 4H), 3.74 (F, J=9.7 Hz, 1H), 3.68-3.63
(m, 1H), 3.46 (Ti, J = 8.5 Hz, 1H), 3.33 (brs,
2H), 3.23-3.13 (m, 11H), 3.06-3.01 (m, 4H),
2.94 (brs, 2H), lé.sz (d,J=4.3 Hz, 1H), 2.72
(d, J = 4.8 Hz, 1H), 2.28 (“4ABq, J = 10.5
Hz, 1H), 1.78 (}4ABq, J = 10.5 Hz, 1H).

S 209.1, 171.8[163.2, 151.2, 143.4, 110.6,
108.8, 97.1, 65.2, 59.8, 583, 51.9, 51.3,
487, 47.1, 464 (2C), 45.6, 45.4, 44.8, 433,
42.7.42.3, 38:{T 36.3, 30.9, 30.6, 29.3, 29.0.

551.1 768, ng B4Bl’N303 l'chirCS 551.1784.
|
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Reaction _of _1.9-bis(bromomethyl)pentacyciof5.4.0.07%.0*'°. 0°?lundeca-8.11-dione
with 34 ethylamine to give 40, 41 and 42:

The compound 34 (107 mg, 0.29 mmol) was taken in a round-bottomed flask and
dissolved in 10 m! of dry benzene. This solution was cooled in an ice-water bath and
ethylamine gas was passed 'through this solution for % hour (produced as described
earlier). The solution was Iéﬁ stirring at room temperature for a further 4 hour and
then worked up by remoiving the solvent on the rotavapor under vacuum. The residue
was Joaded on a silica gel column and then eluted successively with increasingly polar
solvent mixtures (40%, :50%, 60%, 70%, 80% and 90% ethyl acetate in petroleum
ether, ethy! acetate, 1%, 2%, 5% and 10% methanol in ethyl acetate) to give three
products 40 (22 mg, 23%. yidld), 41 (19 mg, 20% yield) and 42 (23 mg, 13% yield).

Spectral data for 40:

m.p. (°C) : 231-233.

FT-IR (KBf, vpa/cm’™) © 3349, 3074, 2980, 2874, 1651, 1539, 1414,
1345, 1270, 1133, 1095, 877.

'"H NMR (300 MHz, CDCl;) & 5.94 (brs, 1H), 5.03 (s, 1H), 4.92 (s, 1H),

3.75 (4ABq, J= 11.1 Hz, 1H), 3.69 (2:ABq,
J=11.1 Hz, 1H), 3.39-3.32 (m, 3H), 3.09 (s,
| [H), 3.04-2.97 (m, 3H), 2.79 (d, J = 5.3 Hz,
{H), 2.15 (%ABgq, J = 10.7 Hz, 1H), 1.55
(4ABq, J = 10.6 Hz, 1H), 1.25-1.12 (m,

3H).
3C NMR (75 MHz, CDCly) .5 1766, 139.6, 113.8, 104.8, 55.7, 54.7
(2C), 50.2, 50.0, 473, 42.2, 40.6, 38.1, 36.3,
, 16.3.
HRMS (M") . 323.0519, C,sH,sNO,Br requires 323.0521.

Spectral data for 41:

m.p. (°C) . 159-161.
FT-IR (KBr, Vmax/em™") 3093, 2980, 2868, 1732, 1695, 1414, 1276,
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1251, 1139, 883.
'H NMR (300 mlﬁmz, CDCL)  : & 523 (brs, 1H), 4.91 (s, 1H), 4.83 (s, 1H),
| 3.73 (4ABq, J = 10.7 Hz, 1H), 3.56 (4ABq,
J=10.7 Hz, 1H), 3.31 (brs, 1H), 3.21 (brs,
1H), 3.15-3.08 (m, 3H), 2.93-2.88 (m, 2H),
2.76 (d, J = 4.9 Hz, 1H), 2.01 (*4ABq, J =
10.4 Hz, IH), 1.46 (“4ABq, J = 10.3 Hz,
1H), 1.08 (t, J = 7.2 Hz, 3H). .

*C NMR (75 MHz, CDCl) : 5 2103, 168.4, 1389, 111.8, 55.0, 544,
| 49.3, 48.7, 41.5, 39.6, 37.3, 35.2, 34.4, 34.1,
| 14.3.

HRMS (M) : 323.0515, CsH;gNO,Br requires 323.0521.

Spectral data fior 42;

mp.(°C) © 106-109.

FT-IR (KBr, VYmac/cm™) . 2062, 2924, 2850, 1738, 1632, 1557, 1445,
| 1251, 1089, 1014, 889, 796.

'HNMR (300 MHz, CDCl;)  : & 5.29 (brs, 1H), 5.12 (s, 1H), 4.93-4.87 (m,

| 3H), 3.68 (4ABq, J = 10.9 Hz, 1H), 3.59-
| 3.54 (m, 4H), 3.47 (4ABq, J = 10.8 Hz,
[H), 3.37 (brs, 2H), 3.19-3.12 (m, 4H),
3.06-2.99 (m, SH), 2.89-2.87 (m, 2H), 2.79-
2.73 (m, 4H), 2.60 (d, J= 5.3 Hz, 1H), 2.01
(%ABg, J = 10.5 Hz, 1H), 1.70-1.60 (m,
TH), 1.18 (t, /= 7.2 Hz, 3H).
'3CNMR(75i!w12, CDCls)  : 82126, 171.0, 163.4, 148.3, 143.8, 112.0,
110.2, 93.9, 62.7, 60.9, 58.8, 56.6, 51.5,
50.4,46.1, 45.5, 45.4, 44.8, 44.5, 43 3, 43.0,
42.2,41.9,39.7, 38.3, 35.5, 34.9, 34.4, 33.9,
15.3 (2C), 14.1.
HRMS (M") > 593.2279, C3;HeN;O;Br requires 593.2253.
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Reaction of 1.9 bis(chloromethyl)pentacyclo[5.4.0.0%%.0*'°.0**lundeca-8. 1 1 -dione 4.3

with mcthzlarnm give 44, 45 and 46: |

The compound"43 (95 mg. 0.35 mmo)) was taken d1 a round-bottomed flask along

with 10 ml of dry benzene. The solurion was cooléd in an ice-water bath before
methylamine g&l was passed through it for s Aowr (knethylounine Kas produced as

described earhctﬂ The reaction mixture was then stirred for Y2 hour more and then
worked up by rs:{moymg the solvent under vacuum on p rotavapor. The solid residue

was purified on la silica-gel column. Elution with incréasingly polar solvent mixtures
(40%, 50%, 60‘t>, 70%, 80% and 90% ethyl acetate in petroleum ether, ethyl acetate,
%, 2%, 5% and 10% methanol in ethyl acetate) led to the isolation of three products
44 (33 mg, 36“'1,{ yiéld), 45 (31 mg, 33% yield) and 46 (31 mg 17% yield).

Spectral data t{br 44:

m.p. (°C) | . 225-227,

FT-IR (KBr, Y om™) . 3090, 2968, 1651, 1439, 1376, 1251, 1133,
| 1020.

'HNMR (30§ MHz,CDCly) = 5494 (s, 1H}, 4.86 (s, 1H), 3.98 (brs, 1H),

3.77 (brs, 2H), 339 (brs, 1H), 3.15 (brs,
{H), 3.09-3.03 (m, 1H), 2.90-2.85 (m, 2H),
2.70 (s, 3H), 2.64 (d, J = 4.7 Hz, 1H), 2.03
(VsABq, J = 10.8 Hz, 1H), 1.67 (4ABq, J =

10.5 Hz, 1H)
HCeNMR (75 Mh—lz, © 81703, 1449, 108.0, 72.5, 63.1, 60.7, 54.9,
[
Acetone-dg) 916,488, 466,451,448, 418,243,
HRMS (Mh+ l|) : 266.0958, G, H,NO,CI requires 265.0869.
Spectral daila for 45: |
mp.(°C) L 130-132.
FT-IR (KBY, Vpuom™) : 2962, 2868, 1732, 1670, 1539, 1432, 1382,

1258, 10894 1014, 889, 789, 727.

'H NMR (300 MHz, CDCls) 4.80 (s, 1H),
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3.80 (4ABq, J = 112 Hz, 1H), 3.58 (4ABq,
J = 11.2 Hz, 1H), 3.10-2.97 (m, 2H), 2.95-
2.93 (m, 1H), 2.91-2183 (m, 3H), 2.53 (d, J
= 4.3 Hz, 3H), 1.95 (4ABq, J = 104 Hz,
IH), 1.54 (*4ABq, J = 10.4 Hz, 1H).

I

BC NMR (75 MHz, cPch) © 82126, 170.1, 1466, 111.4, 5838, 5528,
50.4,46.2,44.3,43.1,39.7, 38.7, 36.1, 26 4.

HRMS (M*) ¢ 265.0932, C\4H(CINO; requires 265.0869.

Spectral data for 46:

m.p. (°C) . . 85-88.

FT-IR (KB, vmu/cm"\)ll . 3320, 2965, 2871, 1732, 1664, 1539, 1384,

| 1278, 1147, 1010, 886.|

'H NMR (300 w;\cnch + 1 5531 (brs, 1H), 5.08 (s, 1H), 4.89-4.85 (m,

cely) 3H), 3.85 (%ABq, J = 11.3, 1H), 3.71-3.59
(m, 3H), 3.46 (brs, 1H)| 3.25 (brs, 1H), 3.15
(brs, 2H), 2.99-2.94 (ni, 3H), 2.89-2.88 (m,
2H), 2.82 (brs, 1H), 2.63 (s, 3H), 2.57 (d, J
= 4.6, 3H), 246 (s, 3H), 2.01 (4ABq, J =

10.7 Hz, 1H), 1.86 (brsﬁ 2H), 1.69-1.55 (m,
3H).

13

C NMR (75 MHz, dbcg o1 82143, 1727, 170.7, 146.5, 1443, 111.4,

CCly) 109.6, 91.7, 62.7, 58.8, 56.8, 56.7, 55.7,
51.5, 50.3, 46.7, 46.1, 45‘.5, 453,443, 44.2,
43.1,42.4,41.9,39.6,38.%, 30.2,26.3,259.

HRMS (M-h) 507.2316, C5H ;1 ,CIN.O; requires S07.2289.

| |
Reaction of 1,9;13is(chlo%memﬂ)pentacvcloj5.4.0.0“.03*‘0.05&undeca&1 1-dione 43
with ethylamine to give ‘!’7, 48. 49 and 50:

|
The compound 43 (112 mg, 0.41 mmol) was taken in a round-bottomed flask and

dissolved in 10 ml of dr)t'ben'zenc. This solution was cooled in\.an ice-water bath and
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then ethy\aminci gas (produced as before) was passed through it for 2 hour. The
reaction was then left stirring at room temperature for a further 2 hour. At the end of
this period tlc shqwed complete consumption of the starting material and formation of
four products. The reaction was worked up by removing the solvent on a rotavapor
under reduced pressure and then the residue was loaded on a silica-gel column and
successively eluted with 40%, 50%, 60%, 70%, 80% and 90% ethyl acetate in
petroleum ether fpllowed by elution with ethyl acetate to give the first three products
47 (15 mg, 12% vyield), 48 (35 mg, 30% yield) and 49 (16 mg, 14% yield). The last
product 50 (28 mg, 12% yield) was obtained on further elution with 1%, 2%, 5% and
10% methanol in ?lhyl acetate.

|.
Spectral data for 4H:

m.p. (°C) || . 158-160.

FT-IR (KBr, vpmay/¢m™) : 3307, 2971, 2927, 2871, 1689, 1402, 1346,
| 1290, 1259, 1141, 879, 792.

"H NMR (300 MHllz CDCl;) . 54.86-4.85 (m, 2H), 3.72 (4ABq, J=11.5

Hz, 1H), 3.59 (4ABq, J = 11.5 Hz, 1H),
3.54-3.47 (m, 2H), 3.14 (brs, 1H), 3.01-2.94
(m, 1H), 2.87-2.76 (m, 4H), 2.69-2.65 (m,
2H), 2.48-2.46 (m, 1H), 1.99 (*:ABq, J =
10.2 Hz, 1H), 1.63 (4ABgq, J = 10.3 Hz,

| [H), 1.20-1.09 (m, 61).

C NMR (75 MHz, CDCl;) . 51728, 144.8,109.9, 93.3, 62.5, 57.2, 55.9,
51.3, 50.7, 47.0, 45.5, 44.3, 42.1, 37.7, 35.9,
15.9, 15.4.

HRMS (M™) : 306.1497, C,;Hy3N,0CI requires 306.1498.

Spectral data for 48!
m.p. (°C) '| . 243245,
FT-IR (KBr, v,na,/crq") : 3089, 2977, 2927, 1651, 1452, 1415, 1278,

1128, 1097, 879.




'H NMR (300 MHz, CDCl;)

3¢ NMR (7§| Mz, CDCly)

HRMS (M"}

Spectral datdl for 49:
m.p. (°C)
FT-IR (KBr||[Vas/cm™)

'H NMR (30p MHz, CDCL)

C NMR (73 MHz, €DCly)

HRMS (M)

Spectral data ﬂl%)r 50:
m.p. (°C)

FT-IR (KBr, vm%‘(/cn‘i")
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5 4.87 (s, 2}?), 3.84 ("4ABq, J = 11.8 Hz,
1H), 3.73 (‘/T'ABq, J=11.8 Hz, 1H), 3.63-
3.56 (m, 1H), 3.43-3.36 (m, 1H), 3.14 (brs,
IH), 3.09-3.05 (m, 1H), 2.88-2.71 (m, 3H),
261 (d, J = 5.3 Hz, 1H), 1.98 (*4ABq, J =
10.5 Hz, 1H), 1.73 (s, 1H), 1.67 (ABq, J =
10.5 Hz, 1H), 1.19-1.11 (m, 3H).

5 1713, 1439, 1100, 1039, 633, 60.7,
55.7.51.5,49.2, 46.1, 45.4, 44.9, 42.8, 353,
152.

279.1021, CysH 3CINO, requires 279.1026.

98-100.
2971, 2871, 1738, 1645, 1533, 1458, 1278,
1147, 892.

8 5.21 (brs, MH), 5.06 (s, 1H), 4.86 (s, 1H),
3.82 (4ABq,U = 11.4 Hz, 1H), 3.57 (4ABq,
J=11.4 Hz, 1d), 3.21-3.18 (m, 1H), 3.10 (s,
2H), 3.08-2.95 (m, 4H), 2.86 (brs, 1H), 1.62
(“2ABq, J = 10.4 Hz, 1H), 1.52 (\,ABq, J =
10.4 Hz, 1H), 0.97 (t, J= 7.3 Hz, 3H).

5 214.3, 169!9, 146.4, 112.0, 589, 57.0,
46.2, 45.5, 44411, 43.2,41.9,39.8, 389, 34.3,
14.1.

279.1024, C;5H,4CINO; requires 279.1026.

80-83.

3170, 3102, 3064, 2977, 2934, 1735, 1657,

1439, 1117, 886.
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'H NMR (30(%}1\41&, CDCl;) : 54.95-4.87 (m, 3H), 4.77 (s, 1H), 4.13-4.08
(m, 2H), 3.89 (%ABq, J = 11.8 Hz, 1H),
3.84-3.82 (m,|1H), 3.76-3.73 (m, 2H), 3.62
(4ABq, J = 11.9 Hz, 1H), 3.52-3.48 (m,
{H), 3.43-3.40 (m, 2H), 3.36-3.34 (m, 2H),
3.27-3.19 (m, 1H), 3.16-3.09 (m, 1H), 2.99-
2.95 (m, 1H),’2.92-2.87 (m, 1H), 2.82-2.78
(m, 2H), 2.65 (d, J = 4.9 Hz, [H), 2.16
(4ABq, J = 10.5 Hz, 1H), 2.11-2.04 (m,
3H), 1.75 (V;T.Bq, J = 10.5 Hz, 1H), 1.42
(dd, J, = 18.4 Hz, J, = 8.0 Hz, 2H), 1.35-

1.20 (m, 10H)!

PC NMR (75“&&, CDCl,) © 82153, 1723, 160.8, 1509, 143.4, 111.2,
109.8, 97.7, 65.1, 60.3, 59.7, 57.9, 51.8,
50.9, 48.6, 47.2, 46.5, 46.1, 45.6, 45.3, 44.9,
43.3,42.6, 42.2, 40.1, 38.1, 37.8, 35.9, 21.0,
15.8,14.2, 13.8.

HRMS (M") © 549.2732, C3;,HCIN; O, requires 549.2758.
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Summary

This |thesis entitled “Synthesis and Rearrangements of some Tetra- and

Pentacyclic ‘Cage Compounds” contains the results of the investigations conducted

to gain somé insight into the nature of polycyclic cage compounds of the type shown

eme 1. The first chapter consists of a brief review of the earlier work done

I
in this field where prominence has been given to the synthesis of various cage

below in sc

compounds‘land the studies that have been carried out to probe their reactivity

patterns. \\\\\\\\

M SE\‘,B‘&Q Q\X\apter deals with the synthesis of a number of derivatives of the
| .
pentacyclic undecane skeleton (Scheme I). These substituents were selected because
of the potential of such compounds, which have the intrinsic property of a

hydrophobic core surrounded by hydrophilic groups, to act as biologically active

compounds.

X  x=ci - 1
Br - 2
OAc -- 3
O Ph - 4
X 0
Scheme |1

1e synthesis of these pentacyclic cage compounds was envisaged to be the
outcome| of a Diels-Alder reaction between the appropriately substituted quinone and

cyclopentadiene. Photolysis of the Diels-Alder adduct was expected to give the

required compound by (#2s + 22s] cycloaddition (Scheme II).



| 0 X X
X .
@H‘{\ Q 0
0 X 0
X

X = Q\ﬁx,()Ac,?k\

Scheme 11

Hdwever, it was seen that when X = Br, a very unusual radical initiated

rearrangement took place giving a tetracyclic compound S as the major product and

the expepted pentacycle 2 as a minor prodyet (Scheme 1), The product 3 i@
hypothes

ised to have been formed by the initial cleavage of the allylic carbon-
brominelbon'd to give a bromine radical. Bond reorganisation followed by the

recapturg of the bromine radical would result in the novel tetracyclic system 5.

Br /—Br
r
hv (sunlight) Bt
2h " 4
Ethyl Acetate 0O Qe
O Br 0
5 2

Scheme 111
F\Q‘Lher work was carried out to establish the role of the bromomethy! group in

triggering the rearrangement, and the results have been discussed in detail in the

chapter.

The third chapter is a brief look at the reactions of the pentacyclic and
tetracyclic compounds prepared thus far to study their chemistry. Reductions using
hydrogen with palladium on carbon as the catalyst (which led to the products 6, 7 and
8 from 5), lithium aluminium hydride (which led to products such as 9 from 5) and

sodium borohydride (which gave products such as 10 from S and 11 from 2) were

carried OIL{ and the expected products were obtained (scheme IV).
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Scheme [V

itration of the compound 4 resulted in the formation of the tetranitrated
~ product|12 (Scheme V). '

Ph
HNO, /H,S0,

0°C. 15 mts OzN
Ph . 0O

Scheme V
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The compou»d 5 was also seen to undergo dnmcrlsanon (Diels-Alder addition
between the enone Tmonety of one molecule and the doubl{e bond of another) to give

the novel Sper-Cagé compound 13 as shown in scheme V1.

Ethyl Acetate-
Petroleum Ether

[
—

RT, 8 d

Scheme V1

This led to the \%nvestigation into the reaction of 5 with cyclopentadiene which

was seen (o result in /o isomeric spiro-cage products 14 and 15 as shown in scheme

VIIL }
|

Br Br

Br |
Br Cgl"plogentadienc‘ Br Br

) > +
5@ Benzene O O
O  (°C-RT,2d 0 0
7 O

Scheme VI1I

The fourth chapter deals with the reactions of some of the tetra- and
pentacyclic cage comp 'pnds with primary amines. The reaction of the tetracyclic
compound 5 with primary amines was seen to give a tetracyclic lactam 16 in moderate
(o good yields (Scheme VIIT).

Xil



Amine Time & Yield

Br Br R= Me 1 h, 82%

Br _R-NH, = E [ h, 61%
Benzene .O = (CH),CH, 48 h, 72%

= 38 h, 82%

O 0°C-RT = CHpP
§O li = veratryl 24 h, 80%
5 16 = homoveratryl 48 h, 50%
Scheme VIII

The mechanism proposed for the formation of product 16 invokes the initial
addition of an amine to the carbonyl carbon, bond reorganisation followed by removal
of a halide gives rise to an amide. The lone pair on the nitrogen then adds in a Michael
fashion to the enone and transfer of protons leads to the rearranged product 16.

This was a remarkable departure from the previous reports of amine additions
to cage diones and it was thought to be of interest to study the reaction of the
pentacyclic compound 2 with primary amines (Scheme IX). Surprisingly, this reaction
gave rise to a multitude of products which were separated and identified on the basis
of their spectra. The reaction of the bis(chloromethyl) substituted pentacycle 1 too
was found to have the same reactivity profile as can be seen in scheme IX. The
proposed reaction mechanism envisages an addition of amine to the carbonyl carbon
as the first step. The removal of a halide and bond reorganisation gives the compound
19. The attack of the lone pair of the nitrogen on the electron-deficient carbonyl
carbon, which is in the vicinity due to the constrained cage structure, followed by
proton rearrangement gives the compound 17. The compound 18 may be formed by
the addition of another mole of amine to compound 19 to give an imine. The lone pair
on the amide nitrogen would then add to the imine carbon and proton rearrangement
would result in 18. The last product 20 can be hypothesised to have formed by the

addition of 18 and 19 (displacement reaction).
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In conclusion, this work has opened up ne#n routes to novel tetracyclic and
pentacyclic cage systems. In addition, it has been pjssible to elucidate the mechanism
of three novel rearrangements. The syntheses o |numcrous new polycyclic cage

compounds h ve been achieved and it is hoped that sz will be of use in the future as

biologically a tlve agents. This field of study holds a“ot of potential which remains to
be exploited i | the future. '
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