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SUBSTITUTION
by Nathalie Sylvie I.’Hélias

A new approach to seven, eight and nine membered ring synthesis involving a radical
ipso-substitution is described. The method involves treatment of a 2-iodobenzyl-
indanone or tetralone with tributyltin hydride and AIBN. Addition of the resulting
aryl radical to the pendant carbocycle then occurred in a 5-exo-trig manner to the ring
junction. Fragmentation of the resulting radical intermediate lead to rearomatisation
of the arene and to the formation of a highly stabilised radical.

With tetralone derivatives the 5-exo-trig ipso-cyclisation competed with 6-endo/exo-
ortho-addition while in the case of benzocyclobutane a competing S5-exo trig
cyclisation to a nitrile was observed in addition to the formation of the seven
membered ring.

A study on the use of tetrakistrimethylsilyl silane-TBAF for the reduction of the aryl

halides is also presented.
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Chapter 1 Radical induced aryl migration to carbon.

This introduction summarises the work carried out in the area of radical aryl migration

reactions. Studer et al. recently reviewed the topic, covering research from 1911 to 2001.M1

1.1 The neophyl rearrangement (1,2-aryl migration).

In 1911 Wieland reported the first example of an addition of a carbon-centred radical to an
arene.[? 30 years later, Urry er al. revisited the so-called “neophyl type rearrangement” and
found that treatment of 1 with phenylmagnesium bromide and cobalt chloride led to a

range of products that included three compounds (3-5) with a rearranged carbon skeleton.’!

PhMgBr, CoCl, X
+ dimers
! = m W m
1

2,27% 3, 15% 4, 9% 5, 4% 41%
Scheme 1

The formation of 3-5 gave the proof that a rearrangement had occurred (Scheme 2). The
rearrangement is believed to proceed via a neophyl radical intermediate. This radical adds
to the ipso carbon of the vicinal arene by a 3-exo-trig cyclisation. Then, after fragmentation
of the cyclopropane, the benzene ring is restored with generation of the more stable tertiary
alkyl radical. This radical intermediate either gains or loses a hydrogen atom, though a

mechanism that has yet to be fully understood.

N s o
Sh

Scheme 2
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Leardini et al. showed that alkyl radicals 6 and 8 interconvert via spiro-octadienyl radical
intermediate 7 (Scheme 3).1! The rate of reaction was dependent on the nature of R with a
lower limit for the rate constant of 5 x 10’ s™. From this they concluded that the neophyl

type rearrangement was a slow process.

D
o b P P .
O O‘O L
R R R
6 7 8
Scheme 3

In 1986 Parker et al. reported that o-bromoaryl allyl ether 9, when treated under radical
forming conditions (Bu3;SnH, AIBN), underwent a 5-exo-trig cyclisation to 13.%! This
intermediate could then undergo a neophyl type rearrangement to give 14 (Scheme 4), the

same product as given by a 6-endo cyclisation of 10.

MeO MeO MeO MeO
D\ Bu;SnH jij\ 5-ex0
o} R -
}\ Br AIBN j\ 7R Q R 0 R

10 11 12

9, R=CHO, CN
’ 6-endo neophyl type rearrangement
MeO MeO
O R (0] } R
13 14
Scheme 4

Later, the reaction was revised by Beckwith who showed that the neophyl type
rearrangement became predominant under certain conditions.[®! Although it was found that

the neophyl type rearrangement was a relatively slow process (rate constant k, = 1.4x10° s

13



at 80 °C for 11 to 12), it became significant when reactions were conducted at high
temperature and low concentration of Bu;SnH. Beckwith went on to show that the neophyl
type rearrangement was faster for radicals adding to the naphthalene nucleus compared to
those adding to a benzene. Addition was facilitated by the presence of an electron

withdrawing substituent on the arene.

Ishibashi et al. observed a similar result when aryl bromide 15 was placed under radical
forming conditions. At high concentrations of Bu3SnH, the product derived from a 5-exo-
trig cyclisation 17 became predominant (1 : 7, endo : exo). At low concentrations of
Bu;SnH, however, 15 gave mostly the “6-endo cyclised” compound 18 implicating the

neophyl rearrangement (Scheme 5).t"®

Br e
N o X\
15 16 17

AIBN high conc

6-endo
low conc I neopyl type rearrangement
\
D8
Pz
18

Scheme 5

Ishibashi et al. also observed a related neophyl type rearrangement as a side reaction in the

synthesis of mesembranol and elwesine.”’

1.2 1,4-Aryl migration
1.2.1 From carbon to carbon

Related 1,4-aryl migrations are more common and have greater synthetic potential. Indeed,
Narasimhan and Aidhen employed a radical induced 1,4-aryl migration reaction in a

synthesis of steganone.'” Thus, when ketone 19 was treated under radical forming

14



conditions it gave dihydrophenanthrenone 24 in 23 % yield. Its formation was presumed to
result from attack of the aryl radical 20 on the ipso carbon of the adjacent arene.
Fragmentation of the resulting spirocycle 21 then gave 22. Cyclisation to the ortho-carbon

of the trimethoxyarene followed to give 23, which then collapsed to 24 (Scheme 6).

9 9 s 9

OMe OMe
24 23

Scheme 6

Winstein et al. were the first to report an example of a radical induced 1,4-aryl shift
(Scheme 7). It was observed during the decarbonylation of aldehyde 25, which led to both
27 and 30. The rearrangement can be explained by the 5-exo-trig cyclisation of 26 to 28,
and subsequent fragmentation to 29.1"! Julia later revisited the reaction, and drew the same

conclusion about its mechanism.!?!

15



s

/ L)
o
25 26 29

| |
g CC

27 30

Scheme 7

Tokuda et al. reported some stereoselective ipso-substitution reactions from various N-
chloroamines under radical forming conditions leading to 1,4-phenyl-migrated N-methyl-
2,5-disubstituted pyrrolidines. Thus, on treatment of 31 with tributyltin hydride and AIBN,
cyclisation to the pendant alkene was followed by a 5-exo-trig cyclisation to the arene.
Fragmentation and H-atom abstraction then gave 32, as a single stereoisomer (Scheme 8).
['3] The nature of the arene had some influence on the course of the reaction, as the
presence of an electron-donating group in para-position lowered the overall yield

significantly.

— L, Lty "1C,H
C7H15 N Cl C3H7 BusSnH, AIBN C7H15(FN> o + C7H15 N 4719
|

31 32, 34% 33, 1%
Scheme 8

Ishibashi et al. carried out some comparative studies on the behaviour of sulfonamides and
amides when serving as tethers in radical additions to arenes. Sulfonamide 34, when
reacted under radical forming conditions gave products 35 and 36 derived from ortho-
cyclisation, whereas under the same conditions amide 38 yielded amide 40 derived from

ipso-cyclisation and fragmentation. In each case a significant amount of reduced

16



compound was isolated. The difference in behaviour was attributed to the stability of the

first formed radical intermediate.!"*!

Br 0
o] H BusSnH O
SO0 OTND C O
(o] \Sone AIBN 0 \SOQMB SOZMe
34 37

K 35 36 SOQI\U

29%, 1.31

Cl
MeO (@] MeO
\©:f Bu3SnH Oj MeO \N/O
N TABN
o]
38 39, 27% 40, 30%

Scheme 9

Chuang et al. investigated the behaviour of some related aryl sulfonamines and found that

electron-withdrawing groups on the aromatic ring promoted the ortho-cyclisation pathway
1151

while electron donating substituents promoted ipso-substitution (Scheme 10

F
TsNa
J/ Cu(OAc), Ts
Mes
42, 51%
TsNa
+
f Cu(OAc), Ts H
’,“ ﬂ“ Mes/N Ts
44, 45% 45, 11%
TsNa
f Cu(OAc),
Mes
46 47, 41% 48, 40%
Scheme 10

17



The formation of 45 (and 48) occurred via the mechanism described in the Scheme 11. 49
resulting from the p-toluenesulfonyl radical addition to 43, followed by an ipso-cyclisation
to give a cyclohexadienyl radical and an elimination, undergoes oxidation by copper(II)

acetate, followed by addition of water and hydrolysis to produce 45.

F } E } HO % } EE
’ Cu(OAc), +l H,0 N -H,CO H
T N Ts
Mes” N S Mes” N Ts Mes” N Ts Mes”
49 50 51 45

Scheme 11

The behaviour of the related aryl amides was then investigated.!'> ' It was found that the
additional carbonyl group strongly influences the course of the reaction, biasing it in

favour of ipso-substitution (Scheme 12).

~
| P TsNa R
f Cu(OAc), Ts
MesHN Ts
07N 0N

’\IAES l\llies
52 53, 16% 54, 53%
Scheme 12

Aubé et al. observed a stereoselective aryl migration reaction when oxaziridine 55 was
treated with [Cu(PPh;)4Cl]4. The reaction was triggered by addition of the nitrogen centred
radical intermediate 56 to the proximal alkene. Cyclisation to the arene (57—58) was then
followed by fragmentation to 59 (Scheme 13). No details were given as to how this final

stage occurs.!'”!
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—Ph

Ph— B

Noo [Cu(PPh3)Cl], )D

PH = Ph
55 59, 66% (95% ee)

-cu!
-CH,;CHO
. +02

Ph \/.Ph \(Ph - \N.

N Ph N

1 ° Ph RIS

e OV C“"°><_7w cu'o “Ph
57

56 58

Scheme 13

More recently Black et al. studied the ring opening of some oxaziridines with the same
copper(I) complex to gain an insight into the stereoselectivity of the ipso-substitution-
fragmentation process. Treatment of oxaziridine 60 likewise led to nitrogen centred radical
61 which underwent cyclisation to the proximal alkene to generate carbon centred radical
62. Ipso-addition to the arene and fragment then yielded bicycle 64 as a single

diastereoisomer in 63% yield. [18]

[ )pPn 10uPPRCIl, EIOLC o
EtO,C*- N
AN N‘O »

PH
60 64, 82%
Cul 'CUl
] 1l
ﬂ.\\Ph 5.ex0  Et0C OCU™ ipso  EtO,C OCu
EtO,C™ Ny —_ Y,
= s OCu @
¢//
61 62 63

Scheme 14

Imines have been explored as a tether for ipso-substitution reactions by Uneyama ef al.

Thus, the 3-bromo-3,3-difluoroalanine Schiff base 65 was easily synthesised and

19



transformed under radgical forming conditions to the rearranged product 67 in very high
yield (Scheme 15). [19]

Bu,;SnH
Ph CF,Br 3 Ph CF,H F
AIBN 2 + F
_AIBN E
Ph/k\NJ\COZEt Ph/k\N)\C02Et Ph>§/ COE

65 66, 0% 67, 93%

| |

. FF pPheN B i
e, COuEt o CORE
NS J\ \N °
Ph”” N” CO,Et Ph
68 69 70
Scheme 15

Ipso-substitution has been examined as a way to access dibenzocyclooctadiene lignans. To
that end, aryloxy radical 72 was formed by Barton decarboxylation of 71 and underwent a

6-endolexo-trig cyclisation to form 73 in 16% yield. Other products identified were the
biaryl 76 and tricycle 75 (Scheme 16). [?%!
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NO,

2 NO, NO,
Ne O Nos
I NO, hv i NO, i NO,
O o
O o 73, 16%

NO, °
0~ :
NO, O NO, o
P T ® -
NO, o 75, 3.3%
O 74

Croes

76, 13% =
Scheme 16

Montevecchi et al. observed products formed from radical ipso-substitution when thiol 77
was added to benzyl propargyl ethers. Thus, 78 was generated by regioselective addition of
the 4-cyanotoluenesulfanyl radical to alkyne. The product of ortho-cyclisation 79 was not
observed in this case, the two products 81 and 83 being derived from ipso-substitution to

the proximal arenes. [*!!
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o
NC CN

77
AIBN

80°C

CN
NC CN NC ov©/
S\/.\/O @vs\)/

(E)-78

ortho adcy/
S

NC Z

(0]

.

79

(2)-78

ipso ipso substitution
substitution

J O
NC X

st <

NC OMe
SMe
S~

81, 57% 83, 43%

CN

Scheme 17

Bowman ef al. attempted to prepare 6H-benzo[c]chromen-6-ones from aryl benzoates and

found these to be unsuitable substrates. The corresponding arylbenzyl ethers, by contrast,

did give the desired reaction, albeit in low yield. Indeed, in many cases products derived

from an ipso-substitution pathway were formed in higher yield than the desired compound

(Scheme 18). (!

OMe O
BuzSnH MeO . O . OH
AIBN \©\ O
0 0

OMe
85, 14% 86, 21% 87, 24%

. Scheme 18
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Recently, Harrowven er al. described a method of preparing biaryls and triaryls from
benzyl iodoaryl ethers. For example, treatment of 88 with tributyltin hydride under
standard radical forming conditions gave phenol 89 as the major product, together with the
corresponding methyl ether 90 and tricycle 91. The formation of 89 was not expected and
further investigation is needed to understand how the methylene fragment is lost. Products
90 and 91 each result from ipso-cyclisation followed by a fragmentation to rearomatise the

aromatic ring.!**!

CN CN CN
© AIBN OH OMe 0
88 89, 46% 90, 6% 91, 27%

Scheme 19
Harrowven et al. also discovered that intramolecular radical additions to pyridine were
often favourable processes. It was shown that addition to C2, C3 and C4 were all facile
process and that the tether played an important role in determining the course of the
reaction. Indeed with a cis-alkene as a tethering group, aryl radical intermediates
underwent ortho-cyclisation (by a 6-exo/endo-trig course) often in very good Yyields.
However, when a more flexible alkane tether was used, both the reduction of the halogen

and 5-exo-trig cyclisation modes became competitive with ortho-cyclisation (Scheme 20).
[24,25]
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g @
- |
N
0,
Diimide 93 95, 47%
o\
O
X X |
H
98, 35% L 100 101, 27%
BusSnH
AIBN / H-atom quench rearrangement
0o\ N\ (o] o
0O o 0O ’\O O
—_— + H i,;
N - _ 4
e X
\N =N >~ N°° \N
rearran ement
97 99 9 102 103, 33%
Scheme 20

1.2.2 From silicon to carbon

Wilt et al. were the first to report a 1,4-aryl migration from silicon to carbon. 261 He found

that the a-silyl radicals did not undergo 3-exo-trig cyclisation to an arene, reasoning that

the silacyclopropane intermediate would be too strained. However, when bromide 104a
was treated with Bu;SnH/ DTBP it gave a mixture of 105 and 106, implicating the
spirocyclic intermediate 108. As expected, at concentrations of Bu3SnH higher than 3.0 M

rearrangement was not observed. The result showed that a 1,4-aryl shift from silicon to

carbon is generally less facile than a 1,2-aryl shift from carbon to carbon. Interestingly, the

nature of the halide also influenced the outcome of the reaction. With alkyl chlorides more

rearranged product was observed compared to the corresponding alkyl bromide treated

under the same conditions. This difference in behaviour decreased when dilution was

increased.

24



\ /@ Bu;SnHDTBP | (@
vx N SIH_
106
4

104a, X=Br 105
104b, X=Cl| T
\
=Si o
. K/ e /SI
107 108
Scheme 21

This unusual behaviour suggested that the silane product (e.g. 112) could reduce alkyl

bromides such as 109a but was inert towards the corresponding alkyl chloride 109b

F F F
‘ BUSSn. ‘
Nea: —_— " Na. _—
Si -BusSnX Si
K/\ K/ . Si”
X AN
111

(Scheme 22).

110
109a, X=Br BusSn® Bu,SnH
109b, X=Cl

-BusSnBr BusSn
F
F F
| 109
~si [ 7
K/ N HSI<C
Br SI
114 113 112
Scheme 22

Studer et al. observed several high yielding 1,4-aryl migrations from silicon to an alkyl
radical with silyl ethers such as 115. No products derived from ortho attack of the phenyl

ring were observed, and best yields were obtained for the migration of the unfunctionalized

phenyl group rather than substituted arenes.
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Ph
Phg; OH

Me3S]/Sl\o 1)BuySnH, AIBN /|\/
)Y 2)Meli :
Ph
SePh
115 , 116, 81%
dr (u:/=14:1)
Scheme 23

1.2.3 From sulfur to carbon

Speckamp et al. investigated the radical induced migration of the p-tolyl group in p-
toluenesulfonamides. They showed that when 117 was placed under radical forming
conditions it gave rise to three products 118-120. The first, 118, was formed as a result of
ortho addition of the radical intermediate to the arene while 119 resulted from an ipso
attack on the arene followed by extrusion of sulfur dioxide. 120 was formed by direct
reduction of the starting material (Scheme 24). The reaction conditions employed had a
significant influence over the course of the reaction. It was noted that at room temperature
ortho-cyclisation predominated while at 190 °C rearrangement was the dominant pathway.
When hexabutyltin and di-zerz-butyl peroxide were used to facilitate the reaction at reflux

in benzene, 118 was obtained in 64% yield and the reduced product 120 was completely

suppressed (Scheme 24). [#7]
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SO,

117
reflux, benzene, Bu;SnH/AIBN
22 °C, anisole, Bu;SnH/AIBN

190 °C, diphenyl ether, Bu;SnH/AIBN
reflux, benzene, (BuzSn)x/'BuOO'Bu

1,5

118

45%
68%
26%
64%

H
119
32%
0%
64%
25%
SO,
120
N
0,S
118

120

23%
30%
9%
0%

“ O — QO
\ —_— e
0,8 N N
¢ H

Scheme 24

119

Speckamp et al. went on to study the effect of substituents on the outcome of the reaction.

They showed that the course of the reaction was often influenced by the choice of halide in

the starting material. With the 4-nitroarene derivative 121b, for example, the iodide gave

the product of ipso-substitution 123 in 56% yield whereas the corresponding bromide 121a

gave dimer 122 in 51% yield by reduction of the nitro group (Scheme 25). (28]
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'

0N 121a 122,51%

o O™

N® "CHzl  Bu,SnH

/@ AIBN

O:2N 121b 123, 56%

IrZ

Scheme 25

A surprising result was noted when naphthyl sulfonamides 124 and 128 were examined. In
the case of 124, dihydronaphthalene 127 was formed in 81% yield rather than the
corresponding naphthalene. In this case the radical intermediate 126 is stabilised by

conjugation to both the double bond and the sulfonamide group.

H
\ 125, 13% 127, 81%
VAT )
(0¥}
6

12
Scheme 26

By contrast, the isomeric naphthalene 128 gave a complex product mixture (Scheme 27),
including both the rearranged product 131 and naphthalene 129. Notably, the radical
intermediate in this case is not stabilised by conjugation to an alkene and consequently
rearomatisation becomes the favoured process. A similar aryl migration has been observed

by Clive et al. **
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N”CHzl BusnH N , O
S0, 0,3 + SO +
O ABN ° 2 N
J :
S | S
P
128 129, 28% 130, 14% 131, 28%
Scheme 27

Motherwell et al. used the method to develop a new route to biaryls and heterobiaryls. Aryl
radicals were chosen as the radical donor as the main focus of their study was to
understand the factors influencing the selectivity of the reaction toward either ortho-
addition or ipso-substitution. It was noticed that when X=NMe ipso-substitution became

the dominant pathway (Scheme 28). %3

132, X=0, Ry=CHj, Rp=H
133, x=NCH,, R,=CH,, R,=H

|

R4

0,8

134

Scheme 28

It was shown that an ortho-methyl group on the acceptor arene also biased reactions in
favour of ipso-substitution (Scheme 29). Presumably, steric encumbrance pushes the
equilibrium between 135 and 136 toward formation of the latter. A carbomethoxy group on
the ortho carbon of the arene acceptor likewise promoted ipso-substitution while the same

substituent placed in the meta position promoted 1,6-addition to the two ortho positions.
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Oﬁ1 R>
SeY
~ [

139 141
Ri R,
H CHj 63% 0% +37% recovered starting material
CH; H 36% 23% +14% recovered starting material
Scheme 29

Montevecchi et al. observed a similar aryl migration when sulfide 142 was treated with
tributyltin hydride and AIBN. In this case, a number of different pathway were followed.
Ipso-substitution to 145 was followed in part by a second cyclisation to cyclopropane 146.
This in turn collapsed to 147 a precursor of 148. Alternatively, fragmentation of the C-S
bond in 145 gave sulfur centred radical 149. This was then captured by the vicinal alkene
in a S-endo-trig cyclisation leading to the formation of stannane 150. Elimination of
tributyltin radical then gave dihydrothiophene 151. An hydrogen abstraction by the radical
143 would lead to 144. These three products were afforded in a 1:2:3 ratio in 85% yield.[*

©\ BuzSnH ©\
= — . R
S ~ AIBN S/\/\/S[TBUB S/WS”BU3
142 143 144
/ \ SnBus SnBus
I
SHBUB >j. SriBus g |
S S S S
145
146 147 148
\ Bus;Sn s s
. /
= SnBU3
CS .
149 150 151
Scheme 30

Earlier, Harrowven had observed a related rearrangement within a cascade sequence
leading to benzo[b]thiophenes. Thus, treatment of 152 with tributyltin hydride and AIBN
initiated a 5-exo-cyclisation to sulfur leading to the formation of carbon centred radical

intermediate 157. A second cyclisation to the benzo[b]thiophene next gave 159 which
30



rearomatised by ejection of a sulfur centred radical intermediate to give 153 on work-up.
Two minor products were also isolated; the tetracyclic thioacetal 154 resulting from a 6-
endo-trig cyclisation of 157 to 160 and the benzo[b]thiophene 158 derived from 157 by H-
atom abstraction. It was noted that increased steric hindrance on the olefin, e.g. 161, biased

the reaction in favour of the benzo[b]thiophene 162 (Scheme 31).1% 34

o s SH H,
% :@\/\/J Bu;SH, AIBN O \ L P g
0 BrS Benzene <O S <O S ”'H
152 153 154
Bu;3Sn 0/1
i Bu;SnBr , ]
L] H/
o) soncllNeoes
[e) ° S o) s <O S °
155 159 160

cyclisation L} 5-exo-trig ‘T /s;do-trig
<O:©:\>\ g fragmentation <Oms <O N —8C3H;
o} s\\) 0 s 4} o} ]

156 157 158
R R R
S Bu,ySnH + :
H
BrS S
161 162 163
R=H 70% 10%
R=CH3 81% 0%
Scheme 31

Togo et al. have studied the effect of substituents on the ipso-substitution reactions of
various sulfonamides.*> The study showed that an electron-withdrawing substituent in the
para-position of the radical acceptor decreases the yield of ipso-substitution products.
Introduction of an electron-withdrawing substituent in the aniline moiety of the
sulfonamide likewise reduced the amount of the ipso-substitution product formed (Scheme

32).

31



.S Me _
NS Ph4SigH,, AIBN NH

Br ~
\
‘ R m-xylene, reflux, 22h O
/

X X
R- X-
CHs- H- 56% 31%
H- H- 60% 31%
F- H- 44% 35%
CHa- F- 42% 31%
Scheme 32

They found that the optimum conditions to perform a radical ipso-substitution reaction

employed 1,1,2,2-tetraphenyl-disilane as a mediator and AIBN as an initiator (Scheme 33).

0 0
Hac\gi\s HaCon O HiC.

Reagent

thSIHZ 20%

n-BusSnH 41%

(TMS);SiH 56%

Ph4SizH, 60%
Scheme 33

1.2.4 From nitrogen to carbon

Lobo et al. used a radical induced ortho-cyclisation as a key step in the synthesis of several
alkaloid natural products. Notably for aryl bromide 164 no ipso cyclisation was observed

(Scheme 34). [36,37]

Br Bu;SnH ‘
MeO 3
e Ij/\/Q/\ — O D oH
OH
MeO NH MeO =N
164 165

Scheme 34
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By way of contrast, Lee showed that sulfonamide 166 gave the rearrangement product 167
in high yield demonstrating the need to stabilise a nitrogen centred radical in order to
induce fragmentation. It was also shown that radical additions with sulfonamides such as
166 proceed by ipso-substitution alone leading to 167. The best yield was obtained when
an electron donating and a withdrawing group were placed respectively on the ortho and
para position of the arene acceptor (Scheme 35).°*! It was concluded that the efficiency of
such aryl migration from nitrogen to carbon depends strongly on the stability of the
intermediate spiro cyclohexadienyl radicals. Radical ipso attack is most efficient if the
intermediate is “captodatively” stabilized, and homolytic cleavage of the C-N bond for

rearomatisation is kinetically favourable.

MeO,C OMe MeO,C OMe
/\/\ —_— + /\/
zo M o ABN "s0;Me go M
166 20 167, 72% 168, 5% 2"°C

Scheme 35

Chuang et al. have described a related reaction with amide 169. Here , the only product

observed resulted from ortho-cyclisation to the arene (Scheme 36).

CO,Et CO,Et
\©\ <\302A1134 TsNa \@fi
N0 Cu(OAc), NS0
Et Et
169 170, 53%
Scheme 36

Crich P* and Bowman “*? each investigated the ortho/ipso addition of related aryl
radical intermediates tethered to an arene by an amide linkage. A number of products were
formed in each case, all in low yield. Notably one of these was spirocycle 172, showing

that the amide is a poor radical leaving group (Scheme 37).
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[::]\ MeN |
NS0 5 Z NS0 N0
M M

171 172 173 174
BusSnH/AIBN 0% 12% 23% 37%
Bu3SnH/PhSeH/AIBN 43% 22% 22% 0%

Scheme 37

It was suggested that 173 resulted from the rearrangement of 178 rather than a direct ortho-
addition (Scheme 38). This conclusion was based on the observation that the yield of
spirocycle 172 increased significantly on addition of benzene selenol. Crich concluded that
“benzeneselenol catalysed the chain propagation by quenching of the kinetically cyclised

radical 178 before it could undergo rearrangement to 173”.

MeN MeN

Scheme 38

An interesting synthesis of biaryls has been achieved by photolysis of trans-diazobenzene
iodides such as 181 in cyclohexane.!””! Three reaction pathways were noted: reduction of
the halogen in the starting material leading to 183, ipso-substitution via 185 leading to
phenyl 182, and the ortho-addition to 184.
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Scheme 39

1.2.5 From oxygen to carbon

In 1989, Bachi et al. reported a new route to thionolactones involving radical ipso-
substitution (Scheme 40). The formation of y-lactone 190 from 187 implicated the
formation of 188, radical cyclisation to 189 and fragmentation of the C-O bond to give
190. Loss of tributyltinthiyl radical presumably provides a strong driving force for the

scission of the ether.

A

O SSnBu, O SSnBuj
188 189 190, 49%
1
&(OPh EL EL
SSnBu;
191 192 193, 37%
Scheme 40

Lobo et al. have reported a series of related ipso-substitution reactions leading to biaryls.
Thus, when 194 was treated with tributyltin hydride and AIBN, ortho-cyclisation and ipso-

substitution was each observed as significant pathway. In the latter case, ejection of the
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benzoxyl radical was followed by H-atom abstraction to give 196 in 18% yield (Scheme

41). 144

(w0 0 0

o] AIBN o] OMe + <O O . O
M
<o o OMe <o 0 o OMe <o 0
OH
194 195, 5.2% 196, 18% 197, 6.8%
Scheme 41

For substrates lacking oxygen substituents on the arenes, such as 198, only the product of

ortho-cyclisation 199 was given (Scheme 42).

Br O
@ Bu3SnH/AIBN
0 O o}

198 199, 48%

Scheme 42

1.2.6 From tin to carbon

Only one example has been found of a radical induced 1,4-aryl migration from tin to
carbon. It was reported by Oshima et al., who induced the radical cyclisation of 200 with
triethylborane (Scheme 43). The reaction afforded mainly the trimethyl stannane derivative

204 and yields for a series of related reactions were good to excellent. (431
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201 , 202 203
Scheme 43

1.2.7 From phosphorus to carbon

Clive et al. investigated the synthesis of biaryls by intramolecular ipso-substitution of
phosphinates. The process involved a migration of an aryl ring from phosphorus to carbon.

Best results were obtained with enol phosphinates akin to 205, which gave biaryl 206 in

70% yield (Scheme 44). (46, 47]

Br ‘
Ph3SnH
(jwo\g@ e (s

1] AIBN
o xylene
205 206, 70%

Scheme 44

1.3 1,5-aryl migrations

1.3.1 From carbon to carbon

Alcaide et al. studied a series of cyclisation reactions involving p-lactams. They focused,
their investigation on the influence of substituents in the aromatic acceptor ring on the

regioselectivity of aryl radical addition to a vicinal arene. Some of the findings are

summarised in Scheme 45, (48]
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Scheme 45

1.3.2 From silicon to carbon

Studer et al. have conducted extensive studies on the stereoselectivity of 1,5-aryl migration
from silicon to carbon. The effect of substituents on both the silicon and the aliphatic chain
have each been examined (Scheme 46).1*°% 1t was found that a substituent on the ethereal
carbon (R;) had little impact on the stereoselectivity of such reaction. The yield of the
reaction was however greatly affected by the nature of R,, the highest yield being obtained

when R,=SiMes. Diastereoselectivity was good in all cases (10:1 with 215a-c and 6:1 with

215d).
Ph

Deich 1) BusSnH, AIBN

Ry M 2) MeLi OH -
R1 | R1/k/\Ph

216
215a R,= SiMe; 70%
215b R,=GeMe; 57%
215¢ R2=SnMe3 35%
215d R2=CM63 33%

Scheme 46
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The nature of the attacking radical was also investigated. For example, treatment of 217
under standard radical forming conditions induced both 1,4- and 1,6-aryl migration
(Scheme 47) via the two radical intermediates 219 and 221. The products isolated
following treatment with MeLi being diols 220 and 222.

1)BusSnH “

Ph\Si«Ph AIBN Ph\SifPh Ph\SifPh P
Meysi” O Br IMeLi Mesi” ©° Messi” O

)\/\O,SI\ /’\/\O’Si? /k/\O,Sit

217 I 218 219|

ph\Si,Ph OH OH
MesSi~ 9 )\A’ph

)\/\O,Sit
. 220, 15% (2:1)
2

OH

/'\‘AOH
Ph

222, 10% (9:1)
Scheme 47

The stereoselectivity observed was explained by invoking a chair like transition state 224
when the radical 223 adds to the ipso carbon of the phenyl group (Scheme 48).

Fragmentation of the carbon to silicon bond and quenching of the radical gives 226.
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The scope of such reactions was extended by changing the aryl group attached to silicon.
Of the systems studied, migration was most efficient with a phenyl group, functionalised

arenes being transferred less efficiently (Scheme 49).

AL Ayl 1)BusSnH, AIBN
Si. 2)MelLi
PhMe,Si” u OH :
| /l\/\AryI
231
227, Aryl=Ph 71%
228, pF-Ph 36%
229, pMeOPh 30%
230, 2thienyl 0%
Scheme 49

The same group also developed a related method of preparing biaryls by aryl migration.””

They prepared several diphenylsilyl derivatives 232 and placed them under radical forming
conditions (Scheme 50). It was found that substituents on the aryl attached to silicon
strongly influenced the outcome of the reaction leading to either 233 or 234. The latter was
observed as significant product when homolytic substitution at silicon (Sui) was favourable
(232a-¢). Indeed, with the stannylated silyl ether 232¢ it was the only observed product,
formed in 84%. By contrast 233 was the only product observed when alkyl or phenyl
groups were attached to silicon. In such cases biaryls were generally formed in moderate to

good yields (52-71%).
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1.3.3 From sulfur to carbon

Analogous reactions have been reported with aryl sulfonyl esters (Scheme 51).°"7 In the
example highlighted in Scheme 51, best results were obtained when R=H and R’=4-CHj,
when benzophenone 239 was produced in an isolated yield of 80%. Electron donating and
electron withdrawing groups were each tolerated in the aromatic sulfonyl acceptor ring.

However the incorporation of a methoxy group in the donor ring resulted in a much lower

yield.

OH

233

55%
52%

0%
56%
52%
71%

Ph

ipso attack
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Studer ef al. extended their earlier work with silanes to uncover a series of stereoselective
ipso-substitution reaction of sulfonates.*> **! The stereoselectivity observed was readily
explained by invoking a chair like transition state akin to that discussed in Scheme 48, with

substituents preferentially adopting an equatorial orientation.

0,
S. OH
Ar” "0 Bu,SnH, AIBN AA
~ | > Ar
243 244
Ar=Ph 76%, dr=13:1
Ar=4-FCgH, 59%, dr=10:1
Ar=2-Thienyl 74%, dr=9:1

Scheme 52

The 1,5-aryl migration in the sulfonamides was not as efficient as in the sulfonate series

described above but could be achieved with complete stereocontrol (Scheme 53).
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The 1,5-aryl migration from sulfur to carbon in arenesulfinates proved to be far less
efficient. Indeed of the few substrates examined, 250a-d, only one gave the desired

rearrangement in greater than 10% yield (Scheme 54).

I OH

S BusSnH, AIBN 1

1M R2

R 2 X benzene

250a, R'=R?=H, X=Br 251, 6%
250b, R'=R?=H, X=| 252, 0%
250¢, R'=Me, R?=H, X=Br 253, 20%, u:1=10:1
250d, R'= R?=Me, X=Br 254, 9%

Scheme 54

Interestingly no 1,5-aryl migration was observed with arenesulfoxides 255. In this case the
product of reduction 256 was recovered in near quantitative yield (Scheme 55). A 1,5-aryl

migration from sulfur to carbon involving a sulfide related to that described in Scheme 16

has been reported.l*!
Q 3 Q
S O/U\N/% BU3SnH, AIBN S
)ij/ L/N /©/ L/\
—= benzene
255 256, 96%

Scheme 55
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1.3.4 From oxygen to carbon

Nanni reported an interesting, if low yielding aryl migration from oxygen to carbon.
Radical intermediate 260 was readily generated from imine 257. Ortho cyclisation and
rearomatisation of this intermediate led to oxazepine 258. Ipso cyclisation led to ketone

259 after fragmentation of the intermediate spirocycle 263 and hydrolysis of the thus

formed imine 262.5% "]

OO e C[° eas
K@\om OMe MeO

257 258, 19% 259, 14%

| |

! . N ~
MeO 260 261 O 262 ‘ OMe

Scheme 56
1.4 1,6-aryl migration

The first report of an aryl migration from a sulfur to a carbon was made by Speckamp et al.
who found that chloride 264 was transformed into amine 265 in 50% yield when treated
under standard radical forming conditions. The result can be explained by the addition of
the alkyl radical 266 to the ipso carbon of the vicinal aryl. Fragmentation of the carbon-

sulfur bond and elimination of sulfur dioxide led to the formation of 265 (Scheme 55). 3¢l
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1.5 Conclusion

A large variety of radical ipso-substitutions have been reported. The nature and the
position of the substituents on the aryl seem to have a profound influence on the course of
the reaction not only determining the yield of the reaction but also its regioselectivity. The
nature of the tethering chain and the method of radical generation may also influence the
course of a reaction particularly in respect of regioselectivity. The main limitation of the
method relates to the number of side reactions that can occur, mainly arising from
competitive ortho addition to the aryl acceptor, reduction of the starting material or side

reactions of the radical intermediate formed on fragmentation.
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Chapter 2 Synthesis of 8-membered rings by radical

ipso-substitution
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Chapter 2 Synthesis of 8-membered rings by radical

ipso-substitution

2.1 Background

Radical ipso-substitution has been widely studied as indicated in Chapter one. Our group’s
interest in radical chemistry has prompted the discovery of several high yielding
transformations initiated by the addition of carbon centred radical intermediates to
arenes.”> °” %81 The program described in this thesis was inspired by the observation that
diiodide 267, when exposed to tributyltin hydride under standard radical forming
conditions, was transformed into the terphenyl 272 in 67% yield (Scheme 58).

_ @
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/éCo NN Bu,SnH, AIBN c'>
0,
267 PhMe, 67% 979
. repeat o
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Scheme 58

47

H- atom O

quench I

271




2.2 Synthesis of 8-membered rings by radical ipso-substitution

Our plan was to extend the radical ipso-substitution chemistry towards medium ring
synthesis through the development of a new ring expansion protocol (Scheme 59). The
idea was to incorporate the radical leaving group within an indane ring. In that way,
cyclisation of an intermediate such as 274 could be followed by fragmentation of the
resulting tetracycle 275 leading to the formation of a medium-sized ring 276. H-atom

abstraction from tributyltin hydride would then complete the sequence giving 277.

r o o
o [0 ()
Bu;SnH . 5-ex0 O.
Ay O— O O
I
273 274 275 276 B 277

Scheme 59

The main problem of this approach is that the 5-exo-trig radical cyclisation would have to
compete with alternative pathways such as i)ortho-cyclisation, ii)hydrogen atom
abstraction from the benzylic centre and iii)5-exo-trig cyclisation to the ketone (Scheme
60). As each of these processes is well documented in the literature we were curious to see

which, if any, would predominate.'”’
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Scheme 60

One class of compounds that is ideally suited to synthesis using our methodology is the
stegane series of lignans, e.g. gomisin A 278 and neostegane 279,[6062] 45 these contain a
biaryl unit within an eight membered carbocyclic ring (Scheme 61). Furthermore, if the

methodology could be extended to tetralones and heterocyclic analogues, syntheses of the

alkaloids crassifolazonine 280 and bractazonine 281 might be achievable. It might also
™

provide a route to the carbocyclic framework of taxo

OMe

NMe NMe

HO O
MeO

MeO MeO

gomisin A 278 neostegane 279 bractazonine 281

PROCHN
;\)\O‘
Ph
OH

taxol™

Scheme 61
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2.2.1 Synthesis of the precursors.

Our plan was to prepare indanone derivatives by the method outlined in Scheme 62. Initial
attempts to deprotonate 2-indanone and quench the resulting enolate with 2-bromobenzyl
bromide were unsuccessful. Indeed, several substitutions occurred and it was impossible to
see by NMR if the desired product was formed. Moreover, it was found that commercial 2-
indanone contained several impurities adding to the difficulty of separating the product

mixture.

base complex
(0] product
©\/\Br mixture
Br

Scheme 62

282

To overcome these difficulties we decided to use ketoester 283 rather than 2-indanone as
our starting material. In this case, one a-hydrogen is much more acidic than the others.
Consequently, single deprotonation and therefore single substitution could be carried out.
Moreover, it was hoped that the ester function might afford a further advantage, promoting
the 5-exo-trig cyclisation 285—>289 through steric butressing (Thorpe-Ingold effect) while
helping to stabilise the radical intermediate 287 formed on fragmentation of the indane

ring.
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Scheme 63

Three routes to ketoester 283 were investigated. In the first we sought to trap the enolate
derived from 2-indanone with diethyl carbonate. Unfortunately, the reaction failed to

produce anything but recovered starting material (Scheme 64).

0

%O * Etoj\OEt %—’ \;o

EtO

reagents and conditions: NaH, ether, Sh

Scheme 64

We next sought to prepare 283 by cyclisation of bis-nitrile 290 to indane 291, followed by
ethanolysis. Several bases were examined in an attempt to promote the formation of 291,
(Table 1). Our efforts were finally rewarded when the desired transformation was
accomplished in 88% yield through the action of sodium ethoxide in ethanol.
Unfortunately, all attempts to effect the hydrolysis/ethanolysis of 291 to 283 met with

failure.
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Scheme 65

Table 1: Attempted cyclisation of 290 to 291

Base eq Temperature Yield
tBuLi 1.2 -78 °C—rt -
tBuLi 2 -78 °Cort -
tBuLi 3 -78 °Cort -
tBuOK 1.5 0 °Cort -
NaOEt 1.5 0°Cort 88 %

Contemporaneous studies had shown that the conversion of bis-nitrile 290 to bis-ester 292
could be readily achieved using sulfuric acid in ethanol (Scheme 66). Initial attempts to
effect its cyclisation to ketoester 283 gave some of the desired product, albeit in low yield.
Extensive optimisation improved the yield to 62%; some of the key experiments being
summarised in Table 2. Spectroscopic analysis of the product showed that it existed

primarily in the enol form.

CN CO,Et ’
RN —_— H
CCCN ©CCOZEt O
COLEt
200 202

283

Scheme 66
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Table 2: Cyclisation of 292 to 283 using NaOEt in EtOH.

Temperature Time Yield
0°C 12h 11 %
20 °C 16 h 10 %
80 °C 2h 46 %
80 °C 3h 62 %
80 °C 16 h 25%

The approach was next extended to the corresponding methyl ester 294 in order to simplify
NMR analysis of subsequent products. The reaction conditions employed in the synthesis
of the ethyl ester proved equally rewarding, giving 294 in a satisfying 71% overall yield

when conducted on a multigram scale (Scheme 67).

CN H,50,, H;0, MeOH CO,Me _ NaOMe, MeOH ’ oH
CN COMe B

0
95% CO?_Me
293 294

290

Scheme 67

With the indanone to hand, work began on the preparation of various ortho-halobenzyl
bromides. Thus, benzyl alcohols 295a and 295b were iodinated with iodine and silver

trifluoroacetate, then converted to the corresponding bromides 297a and 297b by treatment

with phosphorus tribromide (Scheme 68).
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295b 296b, 57% 207b, 89%

x MeO CH,Br
Me0:©: Br
207f, 61%

reagents and conditions: a)l,, CF3C0,Ag, CHCI5. b)PBr3, benzene. c)Br,, AcOH
Scheme 68

It was observed that when 3,4,5—trimethoxybenzy1 alcohol was iodinated with iodine and
the silver salt, both mono and di-iodinated products 296¢ and 298¢ were formed in 34%
and 39% yield respectively. Both compounds were readily brominated with phosphorus
tribromide to give 297¢ and 299a respectively (Scheme 69). Tribromide 299b was also

prepared through the action of bromine in acetic acid on alcohol 295¢.
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Scheme 69

Our next task was to couple these bromides to ketoester 294. Pleasingly deprotonation of
294 with DBU followed by addition of the different bromides 297a-c, 297e and 299a-b
achieved the desired alkylation in modest to excellent yield. Product 300e was obtained in

76% yield from commercially available 2-iodobenzyl bromide (Scheme 70).

i ()
R1 CHzBr DBU COzMe

DCM X
CO2Me R2 Y
R2 R3
3008, R1R2=OCH20 R3=X=H Y=l 40%
300b, Ry=R,=OCH; Ry=H X=H Y=I  97%
300c, R1=R,=Ry=OCH; X=H Y=I  85%
300d, R;=R,=R;=OCH; X=Y=I 70%
300e, Ry=R,=R3=X=H Y =I 76%
300f, R1=R,=OCH; Ry=H X=H Y=Br  40%
300g, Ry=R,=R3=OCH; X=Y=Br 56%

Scheme 70
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The stage was now set to test the ring expansion methodology. In order to extend this
methodology to vinyl radical intermediates, precursor 300h was also synthesised from

indanone 294 and 1,3-dibromopropene (Scheme 71).

1)DBU

2)1,3-dibromopropene 0
CO,Me
CO,Me DCM
Br —
294 300h, 70%
Scheme 71

2.2.2 The ring expansion reaction

Thus, precursor 300e was treated under standard radical forming conditions using 1.1
equivalent of tributyltin hydride and 0.2 equivalent of AIBN in toluene. From the complex
product mixture given we were encouraged to isolate cyclooctanone 301e, albeit in a
disappointing 11% yield. Extended reaction times and slow addition of tributyltin hydride
each proved deleterious. Indeed, curiously the product seemed to be quite unstable and
prone to degradation under the reaction conditions to baseline material. Only by quenching

the reaction after four hours was it possible to isolate and characterise 301e (Scheme 72).

O
O’ 0 BusSnH COMe
COzMe
AIBN
O | toluene, 80 °C, 4h O

300e 301e, 1%
Scheme 72

Several attempts were made to improve the yield but to no avail. For example, we hoped
that it might be possible to keep the temperature low using triethylborane as the initiator.
However, when placed under an oxygen atmosphere with 1.1 equivalent of tributyltin

hydride at room temperature, only the starting material was recovered.
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Undaunted by these observations the ring expansion was next applied to the dimethoxy-
derivative 300b. To our delight, cyclooctanone 301b was formed as the major product in
70% vyield as a 1:1 mixture of diastereoisomers using the standard radical cyclisation

methodology (Scheme 73).

O

O. o CO,Me
CO,Me Bu,SnH O
i O R
[

MeO MeO  OMe

300b 301b, 70%
Scheme 73

Encouraged by this good result, several related cyclisations were carried out in order to

determine the scope of the reaction (Scheme 74).

CO,Me
COzMe BusSnH O

AIBN

R, R

R2 R1 2 3
301

300a, R;=H R,R;=0CH,0 X=H 81%
300c, R;=R,=R;=0CH;  X=H 69%
300d, R;=R,=R;=OCH;  X=I 96%

Scheme 74

All these cyclisations proceed in good to very good yield. The best result was obtained
with diiodide 300d, which gave the ring expansion product in 96% yield. Presumably
yields were elevated in this case as each of the two C-I bonds provides an opportunity for
the reaction to proceed. Notably, all these molecules have an asymmetric centre and
display atropisomerism about the biaryl linkage. In each case the product was given as a
1:1 mixture of diastereoisomers. However, on recrystallisation from methanol 301a yielded

a single diastereoisomer which proved stable to NMR analysis.
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Moreover, after analysis of the X-Ray obtained from a diastereoisomer of 301b it clearly
appeared that the proton between the two carbonyls was not particularly acidic as it was
not perpendicular to these carbonyls (figure 1). This could explain why only one

diastereoisomer was given following recrystallisation.

Scheme 75

Figure 1
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The methodology was next extended to vinyl bromide 300h. Here too, exposure to
tributyltin hydride under standard radical forming conditions induced a ring expansion

leading to dihydrobenzocyclooctene 301h in a modest 39% yield.

0

o Bu,SnH
C02M€ COZMe
AIBN O
Br —
300h 301h, 39%

Scheme 76

From these results it is evident that radical ipso-substitution can outpace ortho-cyclisation,
S5-exo-trig cyclisation to a ketone and benzylic H-atom abstraction. The method gives rapid
access to benzo-cyclooctanones and does not require high dilution to achieve good yields.
Curiously, substitution in the donor ring appears to play a significant role in determining
the course of the reaction with substrates containing methoxy and methylenedioxy

substituents giving substantially higher yields compared to the unsubstituted derivatives.
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Chapter 3 Synthesis of 9-membered rings by radical

ipso-substitution
3.1 Toward the synthesis of the taxol'™ ring system
The results obtained with vinyl bromide 301h led us to consider the possibility of

constructing the taxol™ ring system from 303. In principle, the 6-8-6 ring system might be

accessed by means of a second alkylation and radical cyclisation sequence as indicated in

Scheme 77.
@] O @]
CoM Nak COM
O 2M&  Dpibromopropene O COzMe  BusSnH O .Me
AIBN '
74
301h
Br 303
302, 70%
Scheme 77

To that end, cyclooctane 301h was deprotonated with sodium hydride and alkylated with
1,3-dibromopropene. The product 302 was obtained in 70% yield as a 1:1 mixture of (E)-
and (Z)-isomers. These were then exposed to standard radical forming conditions. Alas,
none of the desired product 303 was identified in the resulting product mixture. Several
conditions were explored in an attempt to facilitate the radical cyclisation, including both
microwave and thermal heating. Unfortunately all of them failed. At this time we are

unsure as to the reasons for this failure. It may be due to H-atom abstraction from the
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proximal allylic carbon; addition of BusSn® to one of the alkenes or cyclisation to the

vicinal ketone.

Following the good results obtained in forming the 8-membered ring system from
indanones, the synthesis of the 9-membered rings by expansion of tetralones seemed a

logical extension. The mechanism of the proposed reaction is detailed in scheme 78.

L, (
R, CO,Me BuzSnH Rs ~ o}
O AIBN O CO,Me
R; I R;
R

Rs

Scheme 78

3.2 Synthesis of the precursors

The required precursors were readily prepared from tetralones 304. Deprotonation with
NaOMe facilitated condensation with dimethyl carbonate to afford B-ketoester 305 in 95%
yield. A second deprotonation with DBU next facilitated alkylation with benzyl bromide
307 to afford precursor 306 in 70% (Scheme 79).

62



©1CH28|'
. O
0]

307 DBU, DCM

COZMG
CO(OMe),
MeONa/MeOH |
6]
0,
O CO,Me 306e, 70%
304 305, 95%
Scheme 79

Several ortho-iodobenzyl bromides were then synthesised, as described in the previous
Chapter, and united with tetralone 305 to give 306a-e. The yield for the trimethoxy-
derivatives 306¢c,d was poor due to decomposition of the benzyl bromide under the

reaction conditions. Otherwise yields were generally good with this method (Scheme 80).

X

R1 CHzBr
Cr

R, |

R X °

3 CO,Me
R4
DCM
|
R
2 Rs

O‘ 306a, R;=R,=OCH, Ry=X=H  62%
(o) 306b, R1=R2=OCH3 R3=X=H 65%

Co,Me 306c, R{=R,=R3=OCH; X=H 16%
306d, R1=R2=R3=OCH3 X=| 15%

306e, R,=R,=R3=X=H 70%

DBU, Br\/\/Br

DCM o}
COzMe

Py

Br
306f, 39%

Scheme 80

3.3 The ring expansion reaction

The precursor 306e was placed under standard radical forming conditions using 1.1
equivalent of tributyltin hydride and 0.2 equivalent of AIBN in toluene. Analysis of the

product mixture revealed that the planned expansion of the tetralone to a 9-membered ring
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had not taken place. Rather, ortho-cyclisation to tetracycle 308e had occurred in 80%

yield.

CIUL o

o)
CO,Me AIBN
O toluene, 80 °C, 16h
|
306e 308e, 80%
Scheme 81

By way of contrast, the trimethoxy-derivative 306¢ gave the ring expanded material 308¢
(figure 2) together with the product of halide reduction 309¢ while the methylenedioxy
derivative 306a gave the products of ortho- and ipso-cyclisation, 310a and 308a (figure 3),

respectively.
ol CO,
COQMG UssSn 0 =« CO,Me

Rs O | AIBN coMe R

R R

2 R, 2 R,

Ry=H, Rp=R3=0CH, 310a, 45% 308a, 45% 309a, 0%
R1=R;=R3=0CHj 310c, 0% 308c, 35% 309c, 35%

Scheme 82
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Figure 3
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Somewhat surprised by this result, we next attempted the ring expansion with the electron
rich substrates 306b-d. The dimethoxy-derivative 306b likewise gave tetracycle 310b as
the only identifiable product of the reaction in 60% yield (Scheme 83).

COQ(I\)AE Bu3SnH ‘ COSMG
MeO O AIBN O
| MeO
MeO OMe
306b 310b, 60%
Scheme 83

All attempts to cyclise diiodide 306d and bromide 306f failed. The reason for this is
unclear, the starting material appearing to degrade to baseline material under the reaction
conditions. The steric hindrance of the two halogens in the case of 306d was probably
responsible for this lack of stability (Scheme 84). For 306f, the strength of the carbon-
bromine bond leads to a lack of reactivity which was manifest by substantial quantities of

the starting material.

UL s O
I COzMe MeO 0
MeO O ; \C\ O CO,Me

| AIBN MeO

MeO OMe OMe

306d 308c

BusSnH ~ o
o}
CO,Me CO,Me

Bro s AIBN 308f

306f

Scheme 84

From these results it is evident that a precursor such as 306 can cyclise to the jpso-position

of the tetraloue to give 314. When that occurs the spirocycle 314 collapses with
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rearomatisation to the 9-membered ring 308. Alternatively, cyclisation of 306 can occur to
the ortho position of the tetralone affording tetracycle 310. That the course of these
reactions is strongly influenced by substituents on the donor aryl radical is a surprising and
noteworthy observation. In some cases, the preference for ortho-cyclisation over ipso-
substitution might be explained by steric influences. In particular, we had noticed that the
presence of a methoxy group ortho to the radical intermediate greatly favours the ipso-
cyclisation pathway. It is interesting to note that only one diastereoisomer of the 9-
membered ring was observed, possibly indicating that the biaryl linkage is free to rotate at

ambient temperature.

R
310 308
-H*
+H"
¢ (@]
CO,Me
‘ AN
R/ Z
| 31 313
+H'i
0] (0]
COQMe \\ COZMS
= l, | come
RE_/ R R
309 314 315

Scheme 85

These experiments also show that the efficiency of these ring expansion reactions is also
influenced by the nature of the saturated ring attached to the radical acceptor. For the

indanone derivatives, 6-endo/exo-trig cyclisation is harder to achieve as the transition state
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leading to ortho-addition is strained. As the size of the saturated ring is increased, that

barrier to ortho-cyclisation lessens making it the dominant pathway in many cases.
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Chapter 4 Synthesis of 7-membered rings by radical
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Chapter 4 Synthesis of 7-membered rings by radical

ipso-substitution

Mindful of the preceeding observations, we next sought to extend the methodology
towards the formation of 7-membered ring systems. In this case we needed a

benzocyclobutane precursor that was amenable to the ipso-cyclisation and fragmentation

sequence.

4.1 Synthesis of the precursors

The precursors we required were synthesised from benzocyclobutane carbonitrile 316 and

a series of ortho-halobenzyl bromides as indicated in Scheme 86. All were given in modest

to excellent yield.

R1 CHzBr
3@ CH
Rs LDA, THF Ry CN
Ry ‘ X
R3

317a, Ry=Ry=R,;=0CH3 X=I 98%

E):L 317b, Ry=R,=0CHj; R3=H X= 40%
CN 317¢, Ry=R,=R3=H X=Br 88%
317d, Ry,R,=0CH,0 Ry=H X=  67%

LDA, THF
CN
Br ™~

317e 29%

316

Bra_ -~ Br
Scheme 86

4.2 The ring expansion reaction

The ring expansion reaction was first carried out on the unsubstituted derivative 317c.
Plea:ingly the 7-membered ring was obtained in 78% yield along with the product of

reduction 319¢, formed in 5% yield (Scheme 87).
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CN

O. BusSnH O. + O.
oN N
L) v

317¢ 318c, 78% 319c, 5%
Scheme 87
The ring expansion was then carried out on some electron-rich aryl derivatives. When the

methylenedioxy-derivative 317d was treated using analogous conditions it was smoothly

transformed into the corresponding dibenzocycloheptane 318d in 50% yield (Scheme 88).

x CN
P BuaSnH O.
AIBN
C G
O O\/O
317d 318d, 50%
| }
| |
. CN
. e o
"
g ) 9,
¢ O
(0] \—O O\/O

Scheme 88

By way of contrast the anticipated ring expansion product 318b was only a minor product
when the corresponding dimethoxy-derivative 317b was treated analogously (Scheme 89).
The major product in this case was the rearranged nitrile 320b, which was given in 55%

yield.
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O .
|| BusSnH NC
CN O. + O- OMe
AIBN O

OMe

MeO Meo OMe
317b 318b, 29% 320b, 55%

| T |

CN

Scheme 89

This alternative pathway was even more pronounced with the trimethoxy derivative 317a.
In this case none of the anticipated cycloheptane was furnished. Nitrile 320a being given in

84% yield together with traces of the reduced material 319a.

O. BusSnH OMe O.

CN O. NC oMe + CN
MeO O AIBN O ¢ Meo O
!
OMe
MeO
€ OMe MeO OMe
317a 320a, 84% 319a, 5%

Scheme 90

These results provide a stark illustration of how ether substituents on the aryl radical donor
may influence the course of radical reaction. The effect is undoubtedly electronic in nature
though further experimentation and/or modelling is needed. The ring expansion reaction
was then carried out on the derivative 317e. Unfortunately a complex reaction mixture was

obtained and no compound of cyclisation could be detected.
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Chapter 5 The reduction of aryl halides with
tetrakis(trimethylsilyl)silane-tetrabutylammonium

fluoride reagents and related combination

Previous work within the Harrowven group had shown that a combination of tributyltin
hydride (or hexabutylditin) and tetrabutylammonium fluoride was capable of reducing aryl
halides to the corresponding arene. The reaction was shown to proceed by halogen-metal
exchange and protonation, vide supra. Mindful of this, we recognised that many of the
substrates we had to hand, could be used in this the reaction. Moreover, they offered the
possibility of cyclisation of the organometallic intermediate to the vicinal carbonyl or

nitrile and hence there was potentially a mild and useful new C-C bond forming reaction to

be uncovered.

5.1 Background

Lawrence et al. reported the wuse of tetrabutylammonium fluoride and
polymethylhydrosiloxane for the reduction of aryl esters, acids, ketones and aldehydes to
the corresponding alcohols in good yield (Scheme 91).1% 1t is interesting to note that in
many of the case examined a halogen substituted on the aromatic ring remained untouched

by the reagent combination.
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1)PMHS, cat. TBAF

O
/©/U\OMe 2)NaOH, H;0 /©/\OH
Br

Br

321 322, 96%
o)
| 1)PMHS, cat TBAF
c OH 2)NaOH, H,0 OH
cl cl
323 324, 75%
0 1)PMHS, cat. TBAF OH
/©)J\ 2)NaOH, H,0 /Q)\
325 326, 94%

Scheme 91

Shibata et al. have also described the reduction of ketones with a combination of tributyltin
hydride and tetrabutylammonium chloride or fluoride (Scheme 92).1°" Here too, halogen

substituents on the aromatic ring were unaffected under the reaction conditions.

OH
Q)J\ BuzSnH, TBACI @/K
60 °C, 5h

328, 74%
Br
©_<  BuySnH, TBACI
H
60 °c 4h ©
330, 61%

/\/U\ Bu3SnH, TBAF /\)\
RT, 4h
331 332,78%

Scheme 92

Harrowven and Guy then made the interesting discovery that aryl bromides and iodides
were readily reduced by a combination of tributyltin hydride (or hexabutylditin) and

tetrabutylammonium fluoride (Scheme 93).1°! All the reactions explored proceeded in

good to exccllent yield.
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s/j s
(o] N S (BU3Sn)2, TBAF 0 /j
200 { s
o Br o}

333

334, 97%

<O ~ _Ph (BusSn),, TBAF OD/\/Ph
o] Br O

335 336, 91%
Scheme 93

The mechanism of these reactions was investigated. To test whether free radical
intermediates were involved, the cis-bromostilbene 337 was subjected to both BuzSnH-
TBAF and hexabutylditin-TBAF reagent combinations. In each case the cis-stilbene 339
was formed rather than phenanthrene 338, the product afforded when a radical reaction is

involved (Scheme 94).

o ==\ Bu,SnH, AIBN <O OO
¢ o
Br
337 338, 90%

BusSnH, TBAF <O O
o}

or (Bu;Sn),, TBAF

Q /

339, 96-98%
Scheme 94

It was concluded that the likely mechanism for the reduction was a halogen to metal
exchanged followed by a protonation. The residual water in TBAF was exchanged for D,O
and used in several reductions. In each case the deuterated products were isolated in

excellent yield (Scheme 95).
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HO/UBF BusSnH, TBAF HO/UD
MeO

MeO
340 341, 88%
MeO O, MeO O
:@\/\gj BusSnH, TBAF mj
MeO Br MeO D
OMe OMe
342 343, 93%

Bu;SnH, TBAF

345, 90%

Scheme 95

It was then postulated that hexabutylditin and TBAF first interact to form 348. Halogen to
metal exchange follows producing tributyltin halide and the complex 349. Protonation with

water (or deuteration with D,0O) then gives 347 (Scheme 96).

X
@/ (BusSn),
TBAF R

346 347

H (D)

e
BU3§n—SnBU3 BuyNOH

- F o
NBU4 BU4SnF

348y, 0 (D,0)

BusSnX ~|
[S]
|SnBu3

F
©
NBU4

R 349

Scheme 96

5.2 Investigating the scope of the reaction

The use of organotin reagents limits the appeal of the method, due to their toxicity and
difficulty associated with their removal. We decided to examine the effectiveness of some
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silicon based alternatives in the hope that these might be equally effective. Pleasingly a
combination of tetrakis(trimethylsilyl)silane and TBAF proved to be highly effective for
the reduction of aryl bromides and iodides (Scheme 97). Under the reaction conditions
employed, primary nitriles were readily hydrolysed to the corresponding primary amide,
while tertiary nitriles were generally unaffected. Placed under the same reaction conditions
compound 366 gave a complex reaction mixture. No product of reduction could be

identified.

<Om (Me3Si),Si, TBAF <Oy
o} Br CN Toluene 0 CONH,
350

351, 81%

O_CN (Me3Si)Si, TBAF O.__CONH,
@I Toluene ©/

352 353, 92%

(Me3Si),Si, TBAF

% Toluene ©/\(’3f

354 355, 88%

B B
' T (MesSi),Si, TBAF

‘ Complex reaction mixture
Toluene
.~ NCCN

366

Scheme 97

In each of the cases illustrated above, cyclisation of the organosilicon intermediate to the
proximal nitrile was outpaced by protonation. However, when compound 317¢ reacted
with tributyltin hydride and TBAF, two products were given. These were identified as the
cyclised product 356 (40% yield) and the reduced compound 357 (40% yield). Pleasingly
when the same starting material was treated with a combination of tetrakis(trimethylsilyl)
silane and tetrabutylammonium fluoride only the cyclised compound 356 was isolated in
79% yield. Notably the use of tetrakis(trimethylsilyl)silane not only increased the yield of

cyclised product, it also suppressed the reduction product (Scheme 98).
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CN  BuzSnH, TBAF . CONH,

O Toluene, 80 °C O O

Br

3M7c 356, 40 % 357, 40%

I CN  (Me3Si)sSi, TBAF

O Toluene, 80 °c
Br

3M7c 356, 79%

Scheme 98

Our postulate for the mechanism of this reaction is depicted in Scheme 99. In essence it is
the same mechanism to that envoked for the reduction of the aryl halide though in this case
a nitrile, rather than a proton, serves as the electrophile. Tetrakis(trimethylsilyl)silane and
TBAF first interact to form 358. Halogen to metal exchange follows to produce
tris(trimethylsilyl)silyl halide and the ate complex 359. Cyclisation to the nitrile and
hydrolysis then afford 356.

0
o oD
&N TBAF
317c l 356
QY
{Me;;?l-Sl(SlMe;;)gJ

H,0

(Me3Si)3SiBr
F
@
O é%e3 NBuy _—

359

Scheme 99

To investigate the scope of the reaction, some related substrates 317a and 317d were
treated analogously. Surprisingly, and for reasons that remain unclear, each gave only the

products derived from reduction of the carbon to iodine bond (Scheme 100).
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Si(SiMes),
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MeO OMe MeO OMe
317a 319a, 84%
Scheme 100

Work is on-going within the group aimed at trying to understand the factors that determine
which course is followed. At this stage we can say that the reagent combination of
tetrakis(trimethylsilyl)silane and TBAF is effective for the reduction of aromatic bromides
and iodides under mild conditions. This reaction is believed to proceed via halogen to
metal exchange followed by protonation. In one case cyclisation has been observed to a
nitrile providing some further evidence for the mechanistic postulate. Additionally we have
observed that unencumbered nitriles are susceptible to hydrolyse under the reaction

conditions.
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Chapter 6 Experimental section

6.1 General procedures and analytical instrumentation

Where column chromatography was undertaken, Merck silica gel 60 (0.040-0.063, 230-
400 mesh ASTM) was used. Infrared (IR) spectroscopy was performed using a Nicolet
Impact 400 Thunderdome spectrometer as indicated. Positions of absorption maxima are
quoted in cm’. Letters give an indication of the relative strength of the peak (w = weak, m
= moderate, s = strong, br = broad, v = very). UV-visible spectroscopy was performed on
cither a Pye Unicam SP8-400 spectrophotometer or a Shimadzu UV-240 Graphicord
spectrophotometer as solutions in dichloromethane or methanol as indicated in the script.
'H and '*C NMR spectroscopy was performed on a Bruker 300 MHz spectrometer. The
solvents used are indicated in the text. Chemical shifts are quoted as 8-values in ppm. The
abbreviations used in the recorded data for the NMR spectra are: s = singlet, d = doublet, t
= triplet, q = quartet, qn = quintet, m = multiplet, br = broad. Chemical ionisation (CI)
mass spectroscopy was performed on a Thermoquest Trace GCMS spectrometer.
Electrospray (ES) mass spectroscopy was performed on a Micromass Platform (MP)
spectrometer. Melting points were performed on a Griffin melting point apparatus, and are

uncorrected.

When necessary, solvents were distilled before use.
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6.2 Synthetic procedures

6-lodo-benzo[1,3]dioxole-5-methanol (6-iodopiperonyl alcohol) (2963)[66'

CH,OH

o CH,OH o
{ D/ I, CFsCOAg
o] 0] |

CHCI,

mw =278 g/mol
CsH,051
CAS = 69048-76-6

To a stirred solution of piperonyl alcohol (2.00 g, 13.1 mmol) and silver trifluoroacetate
(4.36 g, 19.7 mmol) in dry chloroform (20 mL) at 0 °C under nitrogen, was added iodine
(5.00 g, 19.7 mmol) in one portion. The resulting yellow mixture was maintained at 0 °C
for 5 minutes and then filtered through celite. The filtrate was washed with sodium
thiosulfate (20 mL) and this aqueous suspension was extracted with chloroform (4 x 20
mL). The organic phases were then combined and dried (MgSOs4). The solvent was
removed in vacuo to yield a powdery solid, which was recrystallised from chloroform to

afford the product as a cream powdery solid (2.19 g, 7.90 mmol, 60%).

Data for 296a were consistent with literature values.

MP 102-104 °C (ether/petrol) 1it*®! 106-107 °C
FT-IR (neat, cm™): 1474 (s), 1225 (s), 1100 (w), 1037 (s), 927 (m), 858 (m), 842
(m), 783 (m).

'H NMR d ppm (300 MHz, CDCls): 7.24 (1H, s, CHaRr), 6.99 (1H, s, CHagr), 5.98
(2H, s, OCH,0), 4.59 (2H, s, CH,0H), 1.94 (1H, s, OH).

B"CNMR 8 ppm (75 MHz, CDCls): 148.7 (Cag), 148.0 (Car), 136.3 (Car), 118.6
(CHag), 109.2 (CHag), 101.8 (OCH,0), 85.5 (Cagl), 69.3 (CH,OH).
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LRMS(CI) 278 (M', 24%), 261 ([M-OH]", 36%), 151 ([M-I]", 58%), 135 (100%), 63
(16%) amu.

(6-Iodo-1,3-benzodioxolo-5-yl)methyl bromide (297a)'*¢

< PBry  (
0 o

—_—
I

CHzBr

|
benzene

mw = 340.82 g/mol
C8H602BTI

To a cooled solution (0 °C) of the alcohol 296a (4.30 g, 15.48 mmol) in benzene (50 mL)
was added phosphorus tribromide (0.51 mL, 1.46 g, 5.41 mmol) dropwise over 5 minutes.
The mixture was allowed to warm to room temperature and stirred for 2 hours. The
mixture was then concentrated in vacuo and the residue partitioned between
dichloromethane (20 mL) and water (20 mL). The organic phase was washed with sat.
NaHCO; (20 mL), dried (MgSO,) and concentrated in vacuo to afford the title compound
as a cream powder (4.92 g, 14.44 mmol, 93%).

Data for 297a were consistent with literature values.
MP 74-76 °C (petrol)!®®! 1it 72 °C.

FT-IR (neat, cm™): 3101 (w), 3030 (w), 2964 (w), 1493 (s), 1479 (s), 1379 (m),
1252 (s), 1233 (s), 1114 (m), 1034 (m), 925 (s), 864 (s).

'HNMR & ppm (300 MHz, CDCls): 7.25 (1H, s, CHag), 6.97 (1H, s, CHag), 5.99
(2H, s, OCH;0), 4.56 (2H, s, CH;Br).

BCNMR  §ppm (75 MHz, CDCl3): 148.8 (2 x CarO), 133.4 (Car), 119.1 (CHag),
110.2 (CHag), 102.2 (OCH,0), 89.0 (Carl), 39.7 (CH,Br).

84



LRMS(CI) 342 ((M*'Br]", 5%), 340 ((M"Br]", 5%), 278 (12%), 262 ([MH-Brl",
100%), 135 ((MH-Br-11*, 38%), 77 (14%) amu.

(2-Ethoxycarbonylmethyl-phenyl)-acetic acid ethyl ether (292)[67]

on  EtOH, Hz0, H80, COLEt
CN CO,Et

mw = 250 g/mol

Ci4H504

CAS = 17532-66-0
A solution of dinitrile 290 (2.26 g, 14 mmol) in ethanol (8 mL), H,O (0.8 mL) and
concentrated sulfuric acid (3.6 mL) was stirred at reflux for 18 h. After cooling and adding
H,O (20 mL), the organic layer was extracted with ether (3 x 20 mL). The combined
organic phases were washed with HyO (20 mL) and saturated NaHCO; (20 mL), dried
(MgSO;,) and concentrated in vacuo to yield the title compound as a yellow oil (2.79 g,
11.1 mmol, 80%).

Data for 292 were consistent with literature values.
FT-IR (neat, cm™): 2981 (w), 1727 (s), 1248 (m), 1151 (s), 1027 (m).

'THNMR & ppm (300 MHz, CDCls): 7.24 (4H, s, 4 x CHag), 4.06 (4H, q, /=7.1 Hz,
CHzCH3), 3.65 (4H, S, 2x CHzCOzEt), 1.16 (6H, t, J=7.1 HZ, 2x CHQCH3).

BCNMR  § ppm (75 MHz, CDCl3): 171.2 (2 x CO), 133.4 (2 x Cag), 130.9 (2 x
CHag), 127.6 (2 x CHag), 60.9 (2 x CO,CH,CH3), 39.0 (2 x CH,COzEt),
14.2 (2 x CH,CHj3).

LRMS(CI) 268 ([M+NH.]", 20%), 251 ([MH]", 100%), 222 (53%), 204 (62%), 176
(77%), 147 (54%), 130 (40%), 104 (62%), 91 (38%) amu.
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2-Amino-3H-indene-1-carbonitrile (291)!%®!

CN NaOEvEtOH ’ NH
CN— 2

CN

mw = 156 g/mol
CioHsgN>

Metallic sodium (0.22 g, 9.6 g atom) was added slowly at O °C to ethanol (20 mL) under
nitrogen. After complete dissolution, dinitrile 290 (1.00 g, 6.4 mmol) was added in one
portion. The reaction was stirred for 30 min at 0 °C then warmed to room temperature and
stirred for 16 h. Silica was added to the resulting mixture and the solvent was removed in
vacuo. Purification by column chromatography (silica gel, AcOEt/petrol, 20/80) afforded
the title compound (0.88 g, 5.6 mmol, 87%) as a dark purple powder.

Data for 291 were consistent with literature values.

MP 190-192 °C 1it!®® 193 °oC
FT-IR (neat, cm™): 1637 (w), 1568 (w), 1456 (w), 1263 (s), 1095 (br), 815 (s), 753
(s).

'HNMR & ppm (300 MHz, CDCls): 7.44 (1H, d, J = 7.2 Hz, CHag), 7.23 (2H, m, 2 x
CHag), 7.03 (1H, t, J = 7.2 Hz, CHag), 5.11 (2H, s, NHy), 3.79 (2H, s,
CH,CNH,).

BCNMR & ppm (75 MHz, CDCl;): 165.5 (CN), 133.0 (2 x Cag), 128.3 (CHag),
127.7 (CHag), 123.4 (CHar), 123.1 (CHar), 117.4 (CHag), 117.0 (CCN),
38.7 (CH,CNH,).

LRMS(CI) 174 ((M+NH,]", 20%), 156 (M*, 100%), 127 (6%), 102 (8%), 77 (5%) amu.
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2-Hydroxy-3H-indene-1-carboxylic acid ethyl ester (283)%7"!

CO,Et NaOEVEOH o
COEt

CO,Et

inw = 204 g/mol
C12H120;

Metallic sodium (0.39 g, 17.1 g atom) was added slowly at 0 °C to ethanol (20 mL) under
nitrogen. After complete dissolution, diester 292 (1.94 g, 7.8 mmol) in THF (2 mL) was
added in one portion. The reaction was stirred for 30 min at 0 °C then at reflux for 16 h.
Following continuous extraction of the reaction mixture with EtOAc for 24 h (150 mL).
The solvent was removed in vacuo leaving yellow oil. Purification by column
chromatography (silica gel, AcOEt/petrol 20/80), afforded the title compound (0.40 g, 1.96

mmol, 25%), as yellow oil.
Data for 283 were consistent with literature values.
FT-IR (neat, cm™): 2979 (s), 2926 (s), 1654 (s).

'HNMR & ppm (300 MHz, CDCls): 7.62 (1H, d, J = 7.6 Hz, CHag), 7.28 (2H, m, 2 x
CHag), 7.13 (1H, t, J = 7.6 Hz, CHag), 4.15 (2H, q, J = 7.1 Hz, CH,CH3),
3.72 (2H, s, CH,CO)

BCNMR  §ppm (75 MHz, CDCL): 171.3 (CO), 169.1 (CO,), 132.2 (Cag), 127.5
(CHagr), 122.7 (CHagr), 120.5 (CHag), 119.1 (CHag), 112.4 (CCO), 58.6
(CH,CHj3), 39.0 (CH,CO), 14.4 (CH,CHs).

LRMS(CI) 132 ([M-CO,Et]", 40%), 104 (100%), 78 (22%), 63 (10%) amu.
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1-(6-lodo-benzo[1,3]dioxol-5-ylmethyl)-2-oxo-indan-1-carboxylic acid ethyl ester
(285)

1)BBU 0
O 2)Benzyl bromide

COEt  DCM (]
0 =

mw = 464 g/mol
C20H 17051

DBU (0.13 mL, 0.86 mmol) was added to a solution of indanone 283 (0.16 g, 0.78 mmol)
in dichloromethane (10 mL). The mixture was stirred for 1 hour then benzyl bromide 297a
(0.30 g, 1.02 mmol) was added. After 60 hours, HO (10 mL) was added and the aqueous
phase extracted with dichloromethane (2 x 20 mL). The combined organic phases were
washed with brine (20 mL), dried (MgSO,) and concentrated in vacuo. Purification by
column chromatography (silica gel, ether/petrol 5/95) afforded the title compound 283
(0.14 g, 0.31 mmol, 40%) as a yellow solid.

MP 117-119 °C

'HNMR & ppm (300 MHz, CDCly): 7.29 (3H, m, 3 x CHag), 7.09 2H, m, 2 x
CHag), 6.66 (1H, s, CHag), 5.90 (2H, d, J = 5.34 Hz, OCH,0), 4.14 (2H,
m, CH,CHs), 3.70-3.45 (4H, br, CH,CO, CH,CarCarl), 1.14 (3H, t, J =
7.05, CH,CHs).

BCNMR 8 ppm (75 MHz, CDCLy): 211.2 (CO), 170.0 (CO,), 148.3 (CarO), 147.3
(CarO), 140.0 (Car), 137.3 (Car), 132.1 (Car), 128.8 (CHar), 127.6
(CHaR), 125.6 (CHaR), 124.9 (CHag), 118.7 (CHag), 109.8 (CHag), 101.7
(OCH,0), 91.7 (Carl), 66.4 (0,CCCO), 62.1 (OCH,), 43.8 (CH,CO), 43.3
(CHyCARCaRD), 14.0 (CH,CH3).

LRMS(CI) 464 (M, 6%), 337 (IM-I]*, 14%), 320 (18%), 292 (8%), 261 (100%), 235
(14%), 178 (10%), 135 (14%) amu.
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(2-Methoxycarbonylmethyl-phenyl)-acetic acid methyl ester (293)'6”!

CN MeOH, Hzo, HQSO4 COQMG
CN COZMG

mw = 222 g/mol

Ci2H 1404

A solution of dinitrile 290 (3.00 g, 19.2 mmol) in methanol (12 mL), H,0O (1.2 mL) and
concentrated sulfuric acid (5 mL) was stirred at reflux for 18 h. After cooling and addition
of water (20 mL), the organic phase was separated with ether (3 x 20 mL) and washed with
H,O (20 mL) and sat. NaHCO; (20 mL). The organic phases were combined, dried
(MgSOy4) and concentrated in vacuo to yield 293 (4.14 g, 18.6 mmol, 97%) as a colourless

oil.
Data for 293 were consistent with literature values.
FT-IR (neat, cm™): 1736 (s), 1436 (m), 1341 (w), 1259 (m), 1160 (m), 1009 (m).

'H NMR 8 ppm (300 MHz, CDCly): 7.25 (4H, s, 4 x CHag), 3.72 (4H, s, 2 x CH3),
3.66 (6H, s, 2 x OCH3).

BC NMR 8 ppm (75 MHz, CDCl;): 171.7 (2 x CO,), 133.3 (2 x Car), 131.0 2 x
CHag), 127.8 (2 x CHar), 52.2 (2 x OCH3), 38.8 (2 x CH,).

LRMS(CI) 240 ((M+NH,]", 8%), 223 ([M+H]", 100%), 208 (14%), 190 ((M-CH;0H]",
100%), 176 (20%), 163 ([M- COMe]", 46%), 130 (24%), 103 (42%), 91
(15%), 78 (22%), 59 (10%) amu.
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2-Hydroxy-3H-indene-1-carboxylic acid methyl ester (294)!"!

COZMe NaOMe/MeOH ‘ AN oH
CO,Me =

CO,Me

mw = 190 g/mol
C11H1003

Metallic sodium (2.88 g, 126 mmol) was added slowly at 0 °C to methanol (120 mL) under
nitrogen. After complete dissolution, diester 293 (12.71 g, 57 mmol) was added in one
portion. The reaction was warmed to room temperature and stirred for 30 minutes then
heated at reflux for 3 h. Following extraction with ether (2 x 20 mL) and water (20 mL),
the aqueous phase was acidified to pH 1 with 2N HCI (100 mL) and extracted with ether (2
x 20 mL). The combined organic phases were dried (MgSQ,), concentrated in vacuo to
leave a white solid and purified by column chromatography (silica gel, ether/petrol, 30/70)
to afford the title compound 294 (8.31 g, 43.7 mmol, 76%) as a light blue solid.

Data for 294 were consistent with literature values.
MP 55-57 °C (ether/petrol)

FT-IR (neat, cm™): 3182 (v), 2950 (m), 1666 (s), 1593 (s), 1476 (s), 1440 (s), 1323
(s), 1165 (s), 1046 (5), 781 (s) amu.

'HNMR & ppm (300 MHz, CDCls): 11.03 (1H, s, OH), 7.60 (1H, d, J = 7.5 Hz,
CHag), 7.33-7.26 (2H, m, 2 x CHaR), 7.13 (1H, t, J = 6.4 Hz, CHag), 3.97
(3H, s, CH3), 3.60 (2H, s, CH,COH).

BCNMR  §ppm (75 MHz, CDCL): 180.9 (CO,), 139.9 (COH), 133.2 (2 x Car),
1272 (CHar), 123.9 (CHap), 123.7 (CHar), 120.3 (CHag), 105.2
(COCCOH), 51.7 (CHs), 37.8 (CH,COH).

LRMS(CI) 132 ([M-CO;Me]", 42%), 104 (100%), 78 (20%) amu.
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1-(6-lodo-benzo[1,3]dioxol-5 yl methyl)-2-oxo-indan-1-carboxylic acid methyl ester
(300a)

1)DBU O. o}

O 2)Benzyl bomide

— 5 CO,Me
CoMs  DCM (¢ O
o I

mw = 450 g/mol
Ci9Hi50s1

DBU (1.88 mL, 12.6 mmol) was added to a solution of indanone 294 (2.00 g, 10.5 mmol)
in dichloromethane (75 mL). The mixture was stirred for 1 hour then benzyl bromide 297a
(4.30 g, 12.6 mmol) was added. After 16 hours, H,O (10 mL) was added and the aqueous
phase extracted with dichloromethane (2 x 20 mL). The combined organic phases were
washed with brine (20 mL), dried (MgSQO4) and concentrated in vacuo. Purification by
column chromatography (silica gel, ether/petrol, 10/90) gave the title compound 300a
(2.65 g, 5.89 mmol, 56%) as a yellow solid.

MP 114-115 °C (ether/petrol).

FT-IR (neat, cm'l): 2951 (w), 2898 (w), 1759 (s), 1735 (s), 1477 (s), 1229 (s),
1038 (s), 932 (s), 731 (s).

'"HNMR & ppm (300 MHz, CDCls): 7.31-7.22 (3H, m, 3 x CHag), 7.09 (1H, s,
CHag), 7.06 (1H, d, J = 7.7 Hz, CHag), 6.64 (1H, s, CHag), 5.88 (2H, d, J =
6.9 Hz, OCH,0), 3.70-3.45 (4H, br, CH,CO, CH;CarCarl), 3.65 (3H, s,
OCHS).

BCNMR & ppm (75 MHz, CDCLy): 211.0 (CO), 170.5 (CO,), 148.3 (CarO), 147.4
(CarO), 139.9 (Car), 137.3 (Car), 131.9 (Cag), 128.9 (CHagr), 127.7
(CHag), 125.7 (CHag), 124.9 (CHag), 118.7 (CHag), 109.8 (CHag), 101.7
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(OCH0), 91.8 (Carl), 66.3 (COCCO), 53.2 (OCHs), 43.9 (CH,CO), 43.3
(CHy).

LRMS(CI) 450 (M, 4%), 324 ((MH-I]", 8%), 306 (25%), 261 (100%), 235 (26%), 189
(20%) amu.

HRMS(ES) Found M+Na: 472.9851; Cy9H505INa requires 472.9856

CHN Calculated C 50.69, H 3.36. Found C 50.87, H 3.40.

Methyl 6 oxo 5,6,7,8 tetrahydrobenzo[3',4']cycloocta4,5]benzo[d][1,3]dioxole-7-
carboxylate (301a)

o e
BuzSnH, AIBN
0 COMe 5 ene O
( o
|

o} \\O

mw = 324 g/mol
C1oH160s

To a solution of indanone 300a (0.35 g, 0.77 mmol) in toluene (30 mL) under nitrogen,
was added BuzSnH (0.314 mL, 1.20 mmol) and AIBN (13 mg, 0.07 mmol). The mixture
was stirred at 80 °C for 3 hours then additional Bu;SnH (0.341 mL, 1.2 mmol) and AIBN
(13 mg, 0.07 mmol) were added. The reaction was stirred at 80 °C for a further 16 hours
then cooled to room temperature. Aqueous potassium fluoride (10% w/v, 20 mL) was
added and the resulting mixture stirred vigorously for 24 hours. The organic phase was
washed with brine (2 x 20 mL), dried (MgSQy,) and concentrated in vacuo. Purification by -
column chromatography (silica gel, 0-5% ether/toluene) afforded the title compound 301a
(87 mg, 0.27 mmol, 35%) as a white powder.
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MP 147-149 °C

FT-IR (neat, cm™): 2916 (br), 2358 (s), 1739 (s), 1706 (s), 1502 (m), 1479 (s),
1218 (s), 1029 (m).

' NMR & ppm (300 MHz, CDCl3): 7.40-7.26 (4H, m, 4 x CHagr), 6.86 (1H, s,
CHar), 6.78 (1H, s, CHag), 6.03 (2H, s, OCH0), 3.76 (3H, s, OCH3),
3.92-3.62 (1H, m, COCHCO), 3.64 (1H, d, J = 11.5 Hz, CH,CO), 3.41 (1H,
d, J=11.5 Hz, CH,CO), 2.91 (1H, dd, J = 14.2, 2.9 Hz, CHHCHCO), 2.78
(1H, dd, J=14.0, 11.8 Hz, CHHCHCO).

BCNMR 8 ppm (75 MHz, CDCls): 203.3 (CO), 171.0 (COy), 148.0 (CarO), 147.2
(CarO), 140.9 (Cag), 133.7 (Car), 132.6 (Car), 131.0 (Cag), 129.8 (CHag),
129.5 (CHag), 128.3 (CHag), 128.0 (CHag), 109.5 (2 x CHagr), 101.5
(OCH,0), 59.4 (COCHCO), 52.4 (OCHs), 48.1 (CH,CO), 32.4 (CH).

LRMS(CI) 266 ([M-CO,CHs]", 100%), 238 (22%), 223 (32%), 193 (14%), 165 (60%),
152 (22%), 139 (10%) amu.

HRMS(ES) Found 2M+Na: 671.1889; C3sH3,0¢Na requires 671.1887.

CHN Calculated C 70.36, H 4.97. Found C 69.97, H 4.93.

4,5-Dimethoxy-2-iodobenzyl alcohol (296b)'"*!

0 CH,OH
MeoD/CH2°H I, CF,COAg © Qi 2
CHCl, MeO |

MeO

mw = 294 g/mol

CoH 1,031

93



To a stirred suspension of the alcohol 295b (5.00 g, 29.73 mmol) and silver trifluoroacetate
(9.85 g, 44.59 mmol), in dry chloroform (60 mL) at 0 °C under nitrogen was added iodine
(8.30 g, 32.70 mmol) in one portion. The resulting yellow mixture was maintained at 0 °C
for 5 minutes and then filtered through celite. The filtrate was washed with sat. sodium
thiosulfate (20 mL) and this aqueous suspension extracted with chloroform (4 x 20 mL).
The combined organic phases were dried (MgSQ4) and concentrated in vacuo to a pale
yellow solid. Recrystallisation from chloroform/petrol gave the title product as a cream

powder (6.73 g, 22.89 mmol, 77%).

Data for 296b were consistent with literature values.

MP 93-95 °C (ether) litl’*! 94-96 °C
FT-IR (neat, cm™): 3484 (br), 2934 (br), 1501 (s), 1257 (s), 1155 (s), 1026 (s), 791
(m), 731 (m).

'HNMR & ppm (300 MHz, CDCl3): 7.19 (1H, s, CHag), 6.97 (1H, s, CHag), 4.57
(2H, s, CH,OH), 3.84 (3H, s, OCHs), 3.83 (3H, s, OCH3), 2.39 (1H, s, OH).

BCNMR & ppm (75 MHz, CDCl;): 149.5 (CarO), 148.9 (CarO), 135.3 (Car), 121.5
(CHaR), 111.6 (CHagr), 85.4 (Carl), 69.1 (CH,OH), 56.3 (OCH;), 56.1
(OCH;). ‘

LRMS(CI) 294 (M", 66%), 277 (IM-OH]", 100%), 167 ([M-1]", 31%), 151 (72%), 139
(12%) amu.

94



4,5-Dimethoxy-2-iodo benzyl bromide (297b)'”

MeO CHon MeO SN CH;_Br
MeO | MeO™ F

benzene

mw = 357 g/mol
(39}{10()2I3r1

To a cooled solution (0 °C) of the alcohol 296b (6.73 g, 22.90 mmol) in benzene (70 mL)
was added phosphorus tribromide (0.76 mL, 2.16 g, 8.01 mmol) dropwise over 5 minutes.
After 2 hours at room temperature the mixture was concentrated in vacuo and portioned
between dichloromethane (40 mL) and water (20 mL). The organic phase was washed with
sat. NaHCO3 (20 mL), dried (MgSQ4) and concentrated in vacuo to afford the title
compound 297b as a yellow pale powder (7.50 g, 21.02 mmol, 92%).

Data for 297b were consistent with literature values.
MP 87-89 °C (ether) 1it!*! 89-90 °C (ether).

FT-IR (neat, cm™): 2955 (br), 1593 (m), 1501 (s), 1375 (m), 1256 (s), 1206 (s),
1164 (s), 1024 (m).

'HNMR  § ppm (300 MHz, CDCl3): 7.24 (1H, s, CHag), 6.97 (1H, s, CHag), 4.60
(2H, s, CH,Br), 3.89 (3H, s, OCHs), 3.88 (3H, s, OCH3).

BCNMR & ppm (75 MHz, CDCl;): 149.7 (2 x Cagr), 132.5 (Cag), 121.9 (CHag),
112.8 (CHag), 88.7 (Carl), 56.3 (OCH3), 56.1 (OCH3), 39.6 (CH,Br).

LRMS(CI) 358 (IM*'Br]", 2%), 356 ([M”°Br]", 2%), 277 ([M-Br]", 87%), 170 (20%),
152 (100%), 137 (20%), 109 (10%) amu.
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1-(2-lodo-4,5-dimethoxybenzyl)-2-oxo-indan-1-carboxylic acid methyl ester (300b)

1)DBU O’ 0

O 2)Benzyl bromide

" MeO CO,Me
COMe  DCM O
MeO |

mw = 466 g/mol
C20H 19051

DBU (0.84 mL, 5.60 mmol) was added to a solution of indanone 294 (0.88 g, 4.60 mmol)
in dichloromethane (70 mL) under nitrogen. The reaction was stirred for 45 minutes then
the aryl bromide 297b (2.00 g, 5.60 mmol) was added. After 60 hours, water (10 mL) was
added and the aqueous phase extracted with dichloromethane (2 x 20 mL). The combined
organic phases were dried (MgSQ,) and concentrated in vacuo. Purification by column
chromatography (silica gel, ether/petrol, 1:1) afforded the title compound 300b (2.09 g,
4.40 mmol, 97%) as a pale yellow powder.

MP 117-119 °C (ether/petrol)

FT-IR (neat, cm™): 2952 (br), 1760 (s), 1735(s), 1596 (m), 1505 (s), 1462 (m),
1250 (s), 1163 (s), 1027 (m), 912 (m), 731 (s).

'THNMR 5 (300 MHz, CDCls): 7.33-7.26 (4H, m, 4 x CHag), 7.09 (1H, s, CHag),
6.35 (1H, s, CHag), 3.78 (3H, s, OCH3), 3.68 (3H, s, OCH3), 3.50 (3H, s,
OCHj), 3.78-3.50 (3H, m, CH; & CHH), 3.18 (1H, d, /=22.7 Hz, CHH).

BCNMR  §(75MHz, CDCL): 210.9 (CO), 170.6 (CO,), 148.6 (CarO), 148.2
(CarO), 140.3 (Car), 137.8 (Car), 130.7 (Car), 128.9 (CHagr), 127.9
(CHar), 125.4 (CHar), 125.1 (CHar), 121.6 (CHagr), 112.4 (CHagr), 91.2
(Cagrl), 66.4 (COCCO), 56.0 (OCH3), 55.5 (OCH3), 53.1 (CO,CHs3), 43.8
(CH,CO), 43.3 (CH,).
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LRMS(CI) 484 ([M+NH,]", 8%), 466 (M", 4%), 340 ([MH-1]", 10%), 277 (100%), 151

(30%) amu.
HRMS(ES) Found M+Na: 489.0173; CyH;90sNal requires 489.0169

CHN Calculsted C 51.52, H4.11. Found C 51.62, H 4.19.

2,3-Dimethoxy-7-0x0-5,6,7,8-tetrahydrodibenzo[a,c]cyclooctene-6-carboxylic
methyl ester (301b)

(D e
Bu,SnH, AIBN
MeO CO,Me toluene O CO.Me
MeO
|

MeO
MeO

mw = 340 g/mol

C20H2005

acid

To a solution of indanone 300b (1.00 g, 2.10 mmol) in toluene (30 mL) was added
tributyltin hydride (0.87 mL, 0.94 g, 3.21 mmol) and AIBN (35 mg, 0.21 mmol). After

heating at 80 °C for 3 hours, the reaction mixture was cooled to room temperature and

stirred vigorously with potassium fluoride (10% w/v, 20 mL) for 24 hours. The resulting

mixture was extracted with ether (10 mL) and the combined organic phases washed with

brine (2 x 30 mL), dried (MgSO4) and concentrated in vacuo. Purification by column

chromatography (1:1 ether/petrol) yielded the title compound as a white solid (0.50 g, 1.47

mmol, 70%) as a 1:1 mixture of diastereoisomers.

MP 168-170 °C
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FT-IR

'H NMR

Bc NMR

LRMS(CI)
HRMS(CI)

CHN

(neat, cm™): 2951 (br), 2359 (m), 1741 (s), 1707 (s), 1518 (s), 1240 (s),
1146 (s), 1024 (m).

8 (400 MHz, CDCLs): 7.43-7.26 (8H, m, 8 x CHag), 6.95 (1H, s, CHap),
6.93 (1H, s, CHar), 6.88 (1H, s, CHag), 6.86 (1H, s, CHag), 4.03 GH, s,
OCHj3), 3.99 (3H, s, OCH3), 3.98 (3H, s, OCH3), 3.97 (3H, s, OCH3), 3.94
(1H, d, J = 11.8 Hz, CHHCO), 3.84 (3H, s, OCH3), 3.80 (3H, s, OCHj),
3.76 (1H, dd, J = 12.3, 2.6 Hz, COCHCO), 3.70 (1H, d, J = 11.3 Hz,
CHHCO), 3.59 (1H, app t, J = 4.5 Hz, COCHCO), 3.51 (1H, d, J = 12.0 Hz,
CHHCO), 3.47 (1H, d, J = 11.3 Hz, CHHCO), 3.27 (1H, dd, J = 14.6, 5.5
Hz, CHHCHCO), 3.03 (1H, dd, J = 14.5, 2.6 Hz, CHHCHCO), 2.88 (1H,
dd, J = 14.5, 12.3 Hz, CHHCHCO), 2.84 (1H, dd, J = 14.5, 3.7 Hz,
CHHCHCO).

8 (75 MHz, CDCl): 204.2 (CO), 203.5 (CO), 171.1 (COy), 170.2 (CO),
149.1 (CARO), 148.4 (CARO), 148.3 (CARO), 148.2 (CarO), 141.3 (Cagr),
140.8 (Car), 133.5 (Car), 133.1 (Cag), 132.8 (Car), 132.5 (Car), 129.8
(CHar), 129.7 (CHag), 129.6 (Car), 129.4 (CHag), 129.3 (CHar), 128.1
(CHaR), 128.0 (CHaR), 127.8 (CHaR), 127.6 (CHag), 127.3 (Car), 113.5
(CHaR), 112.22 (CHag), 112.20 (CHag), 112.1 (CHag), 59.4 (COCHCO),
56.4 (COCHCO), 59.1 (OCHj), 56.0 (OCH3), 55.9 (OCHs3), 55.9 (OCH3),
523 (OCHs), 522 (OCHj), 48.0 (CH,CO), 479 (CH,CO), 32.1
(CH,CHCO), 32.0 (CH,CHCO).

300 (100%), 283 (54%), 265 (46%), 239 (10%), 165 (8%) amu.
Found 2M+Na: 703.2515; C49H40O,0Na requires 703.2513.

Calculated C 70.58, H 5.92. Found C 70.43, H 5.92.
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3,4,5-Trimethoxy benzyl alcohol (295¢)1™

MeO CHO NaBH, MeO CH,0H
MeO MeOH MeO

OMe OMe

mw = 198 g/mol
CioH1404
CAS =384-31-1

To a solution of 3,4,5-trimethoxybenzaldehyde (0.50 g, 25.40 mmol) in methanol (50 mL)
at 0 °C, was added sodium borohydride (1.06 g, 28.00 mmol) portionwise over 5 minutes.
After 30 minutes, the solvent was removed under reduced pressure. The residue was
diluted with dichloromethane (20 mL) and washed with brine (2 x 20 mL). The organic
phase was dried (MgSOy4) and concentrated in vacuo to afford the title alcohol 295¢ (5.02

g, 25.30 mmol, 99%) as a colourless oil.

Data for 295¢ were consistent with literature values.

FT-IR (neat, cm™'): 3446 (br), 2940 (s), 2359 (s), 1592 (s), 1506 (s), 1458 (s), 1330
(s), 1235 (s), 1126 (s).

'HNMR & ppm (300 MHz, CDCL): 6.60 (2 H, s, 2 x CHag), 4.63 (2H, s, CH;0H),
3.86 (6H, s, 2 x OCH3), 3.83 (3H, s, OCH3), 1.87 (1H, s, OH).

BCNMR & ppm (75 MHz, CDCls): 153.4 (Cag), 137.3 (CarO), 136.8 (2 x CarO),
103.8 (2 x CHag), 65.6 (CH,0H), 61.0 (OCH3), 56.2 (2 x OCH3).

LRMS(CI) 199 ([MH]", 70%), 181 ([M-OH]", 100%), 155 (6%), 127 (14%), 95 (7%)

amau.
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2-Iodo-3,4,5-trimethoxy benzyl alcohol (296¢)""!

MeO CHOH | ok coag Me© CH,OH
' 2
Mer©/ CHCly Meoji>:l
OMe OMe
mw = 324 g/mol
CioH 3041
CAS = 6449-45-5
To a stirred suspension of alcohol 295¢ (3.00 g, 15 mmol) and silver trifluoroacetate (5.01
g, 23 mmol) in dry chloroform (45 mL) at 0 °C under nitrogen was added iodine (5.76 g,
23 mmol) in one portion. The resulting yellow mixture was maintained at 0 °C for 5
minutes then filtered. The filtrate was washed with sat. sodium thiosulfate (20 mL) and this
aqueous suspension was extracted with chloroform (4 x 20 mL). The combined organic
phases were dried (MgSQs) and concentrated in vacuo to yield 296¢ (1.63 g, 5.00 mmol,

34%) as a white powder.
Data for 296¢ were consistent with literature values.
MP 46-48 °C 1itt"™ 57-59 °C

FT-IR (neat, cm™): 3446 (br), 2935 (s), 2359 (s), 1560 (m), 1477 (s), 1390 (s),
1323 (s), 1103 (s), 1005 (s).

'JHNMR & ppm (300 MHz, CDCls): 6.92 (1H, s, CHag), 4.65 (2H, s, CH;OH), 3.88
(6H, s, 2 x OCHj), 3.86 (3H, s, OCH3), 2.24 (1H, s, OH).

BCNMR & ppm (75 MHz, CDCl3): 154.3 (CarO), 153.4 (CarO), 141.8 (CarO),
138.7 (CaR), 108.4 (CHaR), 84.9 (Carl), 69.8 (CH,OH), 61.4 (OCH3), 61.2
(OCH3), 56.5 (OCHa).

LRMS(CI) 324 (M', 84%), 307 ([M-OH]", 100%), 198 ([MH-I]", 70%), 181 (88%),
167 (12%), 127 (12%) amu.
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2,6-Diiodo-3,4,5-trimethoxy benzyl alcohol (298c)
I
MeO CHQOH ,2, CF3COzAg MeO CHon
MeO CHCly MeO |
OMe OMe
mw = 450 g/mol
CioH1204I;

To a suspension of alcohol 295¢ (3.00 g, 15.00 mmol) and silver trifluoroacetate (5.01 g,
23.00 mmol) in dry chloroform (45 mL) at 0 °C under nitrogen was added iodine (5.76 g,
23.00 mmol) in one portion. The resulting yellow mixture was maintained at 0 °C for 5
minutes then filtered. The filtrate was washed with sat. sodium thiosulfate (20 mL) and this
aqueous suspension was extracted with chloroform (4 x 20 mL). The combined organic
phases were dried (MgSOs) and concentrated in vacuo to yield 298¢ (2.65 g, 5.80 mmol,

39%) as a white powder.

MP 82-84 °C (chloroform)

FT-IR (neat, cm™): 3320 (br), 2935 (s), 2359 (m), 1459 (s), 1402 (s), 1371 (s),
1309 (s), 1082 (s), 1006 (s).

'THNMR & ppm (300 MHz, CDCl3): 5.15 (2H, s, CH,OH), 3.90 (3H, s, OCHj), 3.88
(6H, s, 2 x OCHS).

BCNMR 8 ppm (75 MHz, CDCl3): 154.4 (2 x CagO), 145.3 (CarO), 139.8 (Car),
92.9 (2 x Cagl), 75.2 (CH,OH), 61.4 (OCH3;), 61.2 (2 x OCHj3).

LRMS(CI) 450 (M", 50%), 433 ((M-OHJ", 56%), 324 ([MH-I]", 14%), 307 ((MH-OH-
I1%, 26%), 194 ([M-21-2H]", 98%), 183 (100%) amu.

HRMS(CI) Found M+Na: 472.8715; CoH20sNal, requires 472.8717.
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2-Iodo-3,4,5-trimethoxy benzyl bromide (297¢)/"!

MeO CH,OH MeO CH,Br
PBr3
MeO | MeO I
benzene

OMe OMe

mw =387 g/mol
C 1 0H1203BI‘I

To a cooled solution (0 °C) of the alcohol 296¢ (1.37 g, 4.20 mmol) in benzene (20 mL)
was added phosphorus tribromide (0.14 mL, 0.40 g, 1.50 mmol) dropwise over 1 minute.
The mixture was allowed to warm to room temperature, stirred for 2 hours, then
concentrated in vacuo. The residue was partitioned between dichloromethane (40 mL) and
water (20 mL). The organic phase was washed with sat. NaHCO; (20 mL), dried (MgSOs)

and concentrated in vacuo to afford the title product 297¢ as a cream powder (1.42 g, 3.60

mmol, 87%).
Data for 297¢ were consistent with literature values.
MP 39-41 °C

FT-IR (neat, cm™): 2935 (m), 2359 (s), 2341 (s), 1479 (s), 1386 (s), 1333 (s), 1100
(s), 1003 (m).

'HNMR & ppm (300 MHz, CDCL): 6.90 (1H, s, CHag), 4.64 (2H, s, CH,Br), 3.89
(9H, s, 3 x OCH3).

BCNMR 8 ppm (75 MHz, CDCl3): 153.9 (CarO), 153.7 (CarO), 142.0 (CarO),
135.6 (Cagr), 109.7 (CHag), 88.5 (Carl), 61.1 (OCH3), 60.9 (OCH3), 56.3
(OCH3), 39.7 (CH,Br).

LRMS(CI) 388 (IM*'Br]", 2%), 386 (IM"Br]", 2%), 361 (20%), 307 ([M-Br]", 70%),
183 (100%), 167 (25%) amu.
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2,6-Diiodo-3,4,5-trimethoxy benzyl bromide (299¢)

MeO CHon MeO CHQBT
PBr3
MeO | MeO |
benzene

OMe OMe

mw = 513 g/mol

CioH1103Brl;
To a cooled solution (0 °C) of the alcohol 298¢ (2.50 g, 5.70 mmol) in benzene (30 mL)
was added phosphorus tribromide (0.19 mL, 0.54 g, 2.00 mmol) dropwise over 1 minute.
The mixture was allowed to warm to room temperature, stirred for 2 hours, then
concentrated in vacuo. The residue was portioned between dichloromethane (40 mL) and
water (20 mL). The organic phase was washed with sat. NaHCO; (20 mL), dried (MgSQOys)

and concentrated in vacuo to afford the title product 299¢ as a cream powder (2.24 g, 4.30

mmol, 78%).
MP 86-88 °C (ether/petrol)

FT-IR (neat, cm™): 2932 (m), 2359 (s), 1458 (s), 1401 (s), 1372 (s), 1316 (s), 1206
(s), 1076 (s), 953 (s).

"THNMR & ppm (300 MHz, CDCls): 5.02 (2H, s, CH,Br), 3.90 (3H, OCHj), 3.87
(6H, s, 2 x OCH3).

BCNMR & ppm (75 MHz, CDCL): 154.3 (2 x CarO), 145.0 (CAr0), 136.7 (Cag),
92.8 (2 x Cagl), 61.2 (OCH3), 61.0 (2 x OCH3), 47.0 (CH,Br).

LRMS(CI) 514 ([M®*'Br]*, 5%), 512 ((IM"Br]", 5%), 450 (18%), 434 ({MH-Br]", 96%),
419 (12%), 308 (100%), 182 (92%) amu.

HRMS(ES) Found M: 511.7982; C10H110379Br12 requires 511.7981.
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1-(2-lodo-3,4,5-trimethoxy-benzyl)-2-oxo-indan-1-carboxylic acid methy! ester (300c)

1)DBU O’ o

O 2)Benzyl bromide

- MeO COzMe
CO,Me  DCM O
MeO ]

OMe

mw =496 g/mol
C2H7106l

| DBU (0.47 mL, 3.15 mmol) was added to a solution of indanone 294 (0.50 g, 2.60 mmol)
in dichloromethane (70 mL). The reaction was stirred for 45 minutes then benzyl bromide
297¢ (1.22 g, 3.15 mmol) was added. After 16 hours, water (10 mL) was added. The
aqueous phase was extracted with dichloromethane (2 x 20 mL). The combined organic
phases were dried (MgSO4) and concentrated in vacuo. Purification by column
chromatography (silica gel, ether/petrol, 1:1) afforded the compound 300¢ (1.09 g, 2.20

mmol, 85%) as a pale yellow powder.

MP 144-146 °C

FT-IR (neat, cm™): 2931 (m), 2354 (s), 1753 (s), 1729 (s), 1479 (s), 1384 (s), 1233
(s), 1100 (s).

'HNMR & ppm (300 MHz, CDCl3): 7.29-7.23 (3H.m, 3 x CHy,), 7.07 (1H, d, /= 8.1
Hz, CHag), 6.44 (1H, s, CHar), 3.80 (3H, s, OCH3), 3.76-3.74 (2H, m,
CH,), 3.75 (3H, s, OCHs), 3.67 (3H, s, OCHa), 3.65 (1H, obs d, J = 22.8
Hz, CHy), 3.58 (3H, s, OCH3), 3.34 (1H, d, J = 22.8 Hz, CHy).

BCNMR 8 ppm (75 MHz, CDCls): 211.0 (CO), 170.8 (CO;), 153.3 (CarO), 153.2
(CarO), 141.4 (CArO), 140.4 (Cag), 137.9 (Car), 134.6 (Car), 129.1
(CHag), 128.0 (CHag), 125.8 (CHag), 125.2 (CHag), 109.7 (CHag), 92.4
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(Carl), 66.6 (COCCO), 61.3 (OCH3), 60.9 (OCH3), 56.1 (OCHj3), 53.4
(OCHs), 44.1 (CHy), 43.5 (CHy).

LRMS(CD) 514 (IM+NH4]", 6%), 370 (IM-I]", 62%), 353 (26%), 307 (100%), 183
(69%) amu.

HRMS(ES) Found M+Na: 519.0265; C;1H,,0¢Nal requires 519.0275.

1-(2,6-Diiodo-3,4,5-trimethoxy-benzyl)-2-oxo-indan-1-carboxylic acid methyl ester

(300d)
1)DBU O’ o)

O 2)Benzyl bromide
_— I COMe

‘ |

MeO
OMe

mw = 622 g/mol

C21H00612
DBU (0.47 mL, 3.15 mmol) was added to a solution of indanone 294 (0.50 g, 2.60 mmol)
in dichloromethane (70 mL). The reaction was stirred for 45 minutes then benzyl bromide
299¢ (1.62 g, 3.15 mmol) was added. After 16 hours water (10 mL) was added and the
aqueous phase extracted with dichloromethane (2 x 20 mL). The combined organic phases
were dried (MgSQy) and concentrated in vacuo. Purification by column chromatography
(silica gel, ether/petrol, 1:1) afforded the title compound 300d (1.13 g, 1.81 mmol, 70%) as

a pale yellow powder.
MP 103-105 °C (ether/petrol)
FT-IR (neat, cm™): 2935 (m), 1764 (s), 1732 (s), 1403 (s), 1371 (s), 1228 (s), 1083

(s), 1002 (s).
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'HNMR 5 ppm (300 MHz, CDCls): 7.27-7.18 (2H, m, 2 x CHag), 7.00 (1H, t,/ = 8.0
Hz, CHag), 6.74 (1H, d, J = 8.0 Hz, CHag), 4.62 (1H, d, J = 15.0 Hz,
CH,CO), 4.19 (1H, d, J = 15.0 Hz, CH,CO), 3.86 (3H, s, OCH3), 3.76 (3H,
s, OCH3), 3.72 (6H, s, 2 x OCHs), 3.88-3.72 (2H, m, CHy).

BCNMR & ppm (75 MHz, CDCLy): 210.9 (CO), 169.9 (CO,), 153.7 (2 x CarO),
143.7 (CarO), 140.1 (Car), 139.2 (Car), 137.8 (Car), 128.4 (CHar), 126.9
(CHaR), 126.8 (CHar), 124.4 (CHag), 96.0 (2 x Carl), 64.0 (COCCO),
61.3 (OCHj3), 60.8 (2 x OCH3), 53.7 (OCH3), 51.3 (CHy), 43.7 (CH,).

LRMS(CI) 495 (M-I]", 36%), 435 (6%), 369 ([MH-2I]", 100%), 340 (46%), 309
(18%), 281 (56%) amu.

HRMS(ES) Found M+Na: 644.9254; C,Hz0O¢Nal, requires 644.9241.

1,2,3-Trimethoxy-7-o0x0-5,6,7,8-tetrahydro-dibenzo[a,c] cyclooctene-6-carboxylic acid

methyl ester (301¢)

o O 0
BusSnH, ABN 1

MeO COMe ™ | one CO,Me
MeO

MeO I
OMe MeO

mw = 370 g/mol
C21H2,06

To a solution of indanone 300¢ (0.68 g, 1.38 mmol) in toluene (60 mL) was added
tributyltin hydride (0.56 mL, 0.60 g, 2.07 mmol) and AIBN (23 mg, 0.14 mmol). The
reaction mixture was heated at 80 °C for 3 hours then cooled to room temperature, and
stirred vigorously with potassium fluoride (10% w/v, 20 mL) for 24 hours. The resulting
mixture was extracted with ether (10 mL) and the combined organic phases washed with

brine (2 x 30 mL), dried (MgSO,) and concentrated in vacuo. Purification by column

106



chromatography (1:1 ether/petrol) yielded the title compound as a yellow oil (0.35 g, 0.94

mmol, 69%) as a 1:1 mixture of diastereoisomers.

MP

FT-IR

'H NMR

13 NMR

LRMS(CI)

203-205 °C

(neat, cm™): 2931 (v), 2841 (w), 1739 (s), 1710 (s), 1597 (s), 1483 (5), 1450
(), 1393 (s), 1195 (s), 1147 (s), 1100 (s), 1006 (s) amu.

8 ppm (300 MHz, CDCls): 7.44-7.27 (4H, m, 4 x CHar), 6.67 (IH, s,
CHag), 3.92 (3H, s, OCH;), 3.89 (3H, s, OCHs), 3.81 (1H, d, J = 12.2 Hz,
CHH), 3.73 (3H, s, OCH3), 3.61-3.46 (1H, obs dd, CHCO,CHj), 3.56 (3H,
s, OCH3), 3.46 (1H, d, J = 12.2 Hz, CHH), 3.14 (1H, dd, J = 14.3, 5.1 Hz,
CHH), 2.69 (1H, dd, J = 14.3, 4.6 Hz, CHH).

8 ppm (75 MHz, CDCL): 203.9 (CO), 170.4 (CO,), 153.0 (Cag), 151.0
(CaR), 141.9 (Cag), 136.9 (Cag), 133.2 (Car), 131.6 (Car), 131.0 (CHag),
130.0 (CHag), 128.2 (CHag), 127.5 (Car), 127.3 (CHag), 109.7 (CHag),
61.2 (CH or CHs), 60.9 (CH or CHs), 56.7 (CHs), 56.1 (CHs), 52.4 (CHs),
48.4 (CH,), 32.4 (CHy).

312 ([MH-CO,CH3]", 100%), 297 (5%), 269 (10%), 256 (22%) amu.

HRMS(ES) Found M: 371.1492; requires 371.1489.

1-(2-Iodo-benzyl)-2-oxo-indan-1-carboxylic acid methyl ester (300e)

1)DBU O. o)

O 2)Benzyl bromide
COzMe

CO,Me  DCM O
|

mw = 406 g/mol

Cis8H50s1
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DBU (0.94 mL, 6.31 mmol) was added to a solution of indanone 294 (1.00 g, 5.26 mmol)

in dichloromethane (65 mL). The reaction was stirred for 45 minutes then benzyl bromide

(1.87 g, 6.31 mmol) was added. After 16 hours, water (10 mL) was added and the aqueous

phase extracted with dichloromethane (2 x 20 mL). The combined organic phases were

dried (MgSOs) and concentrated in vacuo. Purification by column chromatography (silica

gel, ether/petrol, 1:1) afforded the title compound 300e (1.63 g, 4.03 mmol, 76%) as a pale

yellow powder.

MP

FT-IR

'H NMR

Bc NMR

LRMS(CI)

100-102 °C (ether/petrol)

(neat, ecm™): 3061 (m), 2951 (m), 1759 (s), 1737 (s), 1434 (s), 1234 (s),
1012 (s).

& ppm (300 MHZ, CDCls): 7.67 (1H, d, J = 7.7 Hz, CHag), 7.22-7.17 (3H,
m, 3 x CHag), 7.10-7.03 (3H, m, 3 x CHag), 6.78 (1H, m, CHag), 3.79 (1H,
d,J = 14.5 Hz, CHH), 3.71 (1H, d, J = 14.5 Hz, CHH), 3.64 (3H, s, OCH3),
3.63 (1H, d, /= 22.8 Hz, CHH), 3.37 (1H, d, J = 22.8 Hz, CHH).

& ppm (75 MHZ, CDCls): 211.4 (CO), 170.8 (COy), 140.5 (CHag), 140.1
(Cagr), 139.2 (Cag), 130.5 (CHag), 129.2 (CHag), 128.8 (CHagr), 128.6
(CHaR), 128.0 (CHag), 126.0 (CHaR), 125.2 (CHar), 104.1 (Carl), 66.6
(COCCO), 53.4 (OCHs), 44.0 (CHy), 43.6 (CHy).

424 ([M+NH,4]*, 100%), 407 ([MH]", 53%), 375 (IM-OCH;]", 10%), 298
(20%), 279 (IM-I]", 34%), 263 (20%), 249 (8%) amu.
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7-o0x0-5,6,7,8-tetrahydro-dibenzo|a,c]cyclooctene-6-carboxylic acid methyl ester
(301¢)

o
O’ O BusSnH, AIBN O. COMe

COzMe

L W

mw = 280 g/mol
CisH1603

To a solution of indanone 300e (0.66 g, 1.63 mmol) in toluene (55 mL) was added
tributyltin hydride (0.66 mL, 0.71 g, 2.45 mmol) and AIBN (27 mg, 0.16 mmol). The
reaction mixture was heated at 80 °C for 4 hours then cooled to room temperature, and
stirred vigorously with potassium fluoride (10% w/v, 20 mL) for 24 hours. The resulting
mixture was extracted with ether (10 mL) and the combined organic phases washed with
brine (2 x 30 mL), dried (MgSQO4) and concentrated in vacuo. Purification by column
chromatography (1:1 ether/petrol) yielded the title compound as a yellow pale oil (0.05 g,

0.18 mmol, 11%) as a 1:1 mixture of diastereoisomers A and B.

'THNMR  7.35-7.27 (16H, m, 8 x CHag of A + 8 x CHag of B), 3.85 (1H, d, J = 13.1
Hz, CHH of A), 3.78 (3H, s, OCH3), 3.73 (3H, s, OCH3), 3.71-3.39 (5H, m,
CHH of A + CHH of B + CHCO,CH; of A and B), 3.26 (1H, dd, J = 14.1,
5.4 Hz, CHH of A), 3.03 (1H, dd, J = 13.7, 2.8 Hz, CHH of B), 2.85 (1H,
dd, J = 14.1, 4.2 Hz, CHH of A), 2.91-2-80 (1H, obs dd, CHH of B).
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3,5-Dimethoxy benzyl alcohol (295d)[76]

MeO X0 MeO OH
@A NaBH,/MeOH @A

OMe OMe

mw = 168 g/mol
CoH1203
CAS 705-76-0

To a solution of 3,5-dimethoxy benzaldehyde (0.42 g, 2.53 mmol) in methanol (5 mL) at 0
°C, was added sodium borohydride (0.10 g, 2.78 mmol) portion wise over 5 minutes. The
mixture was stirred for 30 minutes then the solvent was removed under reduced pressure.
The residue was diluted with dichloromethane (20 mL) and washed with brine (2 x 20
mL). The organic phases were combined, dried (MgSQO4) and concentrated in vacuo to

afford the title compound (0.40 g, 2.40 mmol, 95%) as white crystals.
Data for 295d were consistent with literature values.
MP 39-4]1 °C (ether/petrol) 1it!"® 44-45 °C (ether/petrol)

FT-IR (neat, cm™): 3341 (br), 2947 (br), 1600 (s), 1458 (s), 1294 (s), 1206 (),
1149 (s), 1010 (s), 828 ().

'H NMR & ppm (300 MHz, CDCls): 6.53 (2H, d, /= 2.0 Hz, 2 x CHar), 6.39 (1H, t,
J=2.0 Hz, CHag), 4.63 (2H, s, CH,OH), 3.79 (6H, s, 2 x OCHj3), 1.86 (1H,
s, OH).

BCNMR & ppm (75 MHz, CDCLy): 161.1 (2 x Car), 143.5 (Cag), 104.6 (2 X CHag),
99.7 (CHag), 65.4 (CH,0OH), 55.5 (2 x OCH3).

LRMS(CD) 169 ([MH]*, 100%), 151 ([M-OH]", 20%), 139 ([MH,- CH,OH]", 26%),
125 (8%) amu.
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3,5-Dimethoxy-2-iedo benzyl alcohol (296d)/"" !

MeO MeOQ
\(;AOH I, CF4CO,Ag \Q\AOH
CHCl, !

OMe OMe

mw = 294 g/mol
C9H1 103I
CAS 74726-77-5

To a stirred solution of the alcohol (3.41 g, 20.3 mmol) and silver trifluoroacetate (5.38 g,
24.3 mmol) in dry chloroform (130 mL) at O °C under nitrogen, was added iodine (5.67 g,
22.3 mmol) in one portion. The resulting yellow mixture was allowed to warm to room
temperature, stirred for 1 hour and then filtered through celite. The filtrate was washed
with sodium thiosulfate (20 mL) and this aqueous suspension was extracted with
chloroform (4 x 20 mL). The organic phases were then combined, and dried (MgSOs). The

solvent was removed in vacuo to yield (5.90 g, 20.1 mmol, 99%) as a cream powdery solid.
Data for 296d were consistent with literature values.

MP 77-79 °C (petrol/ether) 1it””) 96-97 °C (dichloromethane/petrol)

FT-IR (neat, cm™): 3418 (v), 1639 (m), 1578 (m), 1313 (m), 1162 (w).

'HNMR & ppm (300 MHz, CDCl3): 6.74 (1H, d, J = 2.0 Hz, CHag), 6.40 (1H, d, J =
2.0 Hz, CHap), 4.69 (2H, s, CH,OH), 3.87 (3H, s, OCH3), 3.84 (3H, s,
OCHs), 1.97 (1H, s, OH).

BCNMR  &ppm (75 MHz, CDCl3): 161.5 (2 x CarO), 145.0 (Cag), 105.3 (CHagr),
98.2 (CHAR), 94.8 (Carl), 69.8 (CH,OH), 56.6 (OCHj3), 55.7 (OCH3).

LRMS(CD) 295 ((MHJ", 26%), 169 ((MHz-1]", 96%), 153 (100%), 139 (28%), 109 (8%)

amu.




2,6-Diiodo-3,5-dimethoxy benzyl alcohol (298d)

MeO MeO
\Q/\OH I, CF3CO,Ag \(J;E\OH
CcHCl, '

OMe OMe

mw = 420 g/mol
CoH10I203

To a stirred solution of the alcohol (1.36 g, 8.09 mmol) and silver trifluoroacetate (2.68 g,
12.1 mmol) in dry chloroform (30 mL) at 0 °C under nitrogen, was added iodine (3.08 g,
12.1 mmol) in one portion. The resulting yellow mixture was allowed to warm to room
temperature, stirred for 1 hour then filtered through celite. The filtrate was washed with
sodium thiosulfate (20 mL) and this aqueous suspension was extracted with chloroform (4
x 20 mL). The organic phases were then combined and dried (MgSOs). The solvent was

removed in vacuo to yield (1.02 g, 2.43 mmol, 30%) as a cream powdery solid.

MP 156-158 °C (ether/petrol)
FT-IR (neat, cm™'): 3437 (v), 3002 (br), 1777 (s), 1739 (s), 1337 (s), 1209 (s), 1157
(s).

'JHNMR & ppm (300 MHz, CDCL3): 6.44 (1H, s, CHag), 5.87 (2H, s, CH;0H), 3.93
(6H, s, 2 x OCH3).

BCNMR 8 ppm (75 MHz, CDCls): 159.8 (2 x CarO), 138.5 (Cag), 95.9 (CHag), 83.1
(2 x CagrD), 79.1 (CH,OH), 57.0 (2 x OCHj).
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1-(3-Bromo-allyl)-2-oxo-indan-1-carboxylic acid methyl ester (300h)

~
| o
GNP
A
1) DBU s CO,Me
;
©:?:O 2B Hs
+
CO,Me DCM
o)
Br — COZMB
H
A HB
mw = 309 g/mol
C14H13BrO;

DBU (0.94 mL, 6.31 mmol) was added to a solution of indanone 294 (1.00 g, 5.26 mmol)
in dichloromethane (100 mL). After 1 hour, 1,3-dibromopropene (0.63 mL, 6.31 mmol)
was added. After a further 40 hours, H,O (10 mL) was added. The aqueous phase was
extracted with dichloromethane (2 x 20 mL) and the combined organic phases were
washed with brine (20 mL), dried (MgSQy) and concentrated in vacuo. Purification by
column chromatography (silica gel, ether/petrol, 10/90) afforded a 1:1 mixture of the title
(E)-300h and (Z)-300h (1.14 g, 3.69 mmol, 70%) as a yellow oil.

FT-IR (neat, cm™): 3068 (w), 2945 (w), 1753 (v), 1729 (v), 1431 (m), 1237 (s),
1133 (m).

'"H NMR 8 ppm (300 MHz, CDCl;): 7.36-7.34 (8H, m, 8 x CHagr), 6.15 (1H, d, J =
7.1 Hz, H, cis), 6.04 (1H, d, J = 13.6 Hz, H, trans), 5.80-5.74 (2H, m, Hp
cis and trans), 3.82 (1H, d, J=22.7 Hz, CHHCO), 3.78 (1H, d, /= 22.6 Hz,
CHHCO), 3.65 (3H, s, OCH3), 3.63 (3H, s, OCH3), 3.53 (1H, d, J = 22.6
Hz, CHHCO), 3.48 (1H, d, /= 22.7 Hz, CHHCO), 3.14 (1H, ddd, J = 15.1,
7.0, 1.5 Hz, CHHCHjg cis), 3.06 (1H, ddd, J = 15.1, 7.0, 1.5 Hz, CHHCHp
cis), 2.91 (2H, m, CH,CHB trans).
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BCNMR  § ppm (75 MHz, CDCl3): 170.0 (2 x CO), 157.0 (2 x CO2), 140.1 (Cr),
139.5 (Car), 137.6 (Car), 137.5 (Car), 131.0 (CHpcis or trans), 129.1 (2 x
CHar), 128.5 (CHg cis or trans), 128.2 (2 x CHgag), 125.4 (CHar), 125.2
(CHAaR), 124.5 (CHar), 124.3 (CHag), 111.5 (CHy4 cis or trans), 109.1 (CHa
cis or trans), €4.7 (CCO,CHs cis or trans), 64.1 (CCO,CHj cis or trans),
53.1 (2 x OCHj), 43.3 (2 x CH,CO), 37.5 (CH,Cpg cis or trans), 34.6

(CH,Cgcis or trans).

LRMS(CD 328 ((M(*'Br)+NH.]", 48%), 326 ([M("°Br)+NH,]", 48%), 310 ((M(*'Br)]",
32%), 308 ((M("’Br)]", 32%), 229 ([M-Br]", 100%), 189 (38%), 169 (48%),
141 (82%), 115 (64%) amu.

HRMS(ES) Found M+Na+Br: 330.9940; C,4H,303NaBr requires 330.9942.

(Z)-6-0Ox0-5,6,7,8-tetrahydro-benzocyclooctene-7-carboxylic acid methyl ester (301h)

o] Busan AIBN CO,Me
COMe toluene
Br~ T

mw = 230 g/mol
Ci14H1403

To a solution of indanone 300h (1.07 g, 3.47 mmol) in toluene (140 mL) were added
Bu;SnH (1.40 mL, 5.21 mmol) and AIBN (57 mg, 0.35 mmol). The mixture was stirred at
80 °C for 16 hours then further BusSnH (1.40 mL, 5.21 mmol) and AIBN (57 mg, 0.35
mmol) were added. The reaction heated at 80 °C for 24 hours then cooled to room
temperature. Aqueous potassium fluoride (10% w/v, 20 mL) was added and the resulting
mixture stirred vigorously for 24 hours. The organic phase was washed with brine (2 x 20
mlL), dried (MgSO4) and the solvent removed in vacuo. Purification by column
chromatography (silica gel, 40% ether/petrol) afforded the title compound 301h (311 mg,

1.35 mmol, 39%) as a white powder.
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MP

FT-IR

'H NMR

3¢ NMR

LRMS(CI)

HRMS(ES)

51-53 °C (ether/petrol)

(neat, cm™): 3011 (w), 2945 (w), 1743 (s), 1706 (s), 1436 (m), 1351 (w),
1289 (m), 1166 (m).

d ppm (300 MHz, CDCls): 7.25-7.16 (4H, m, 4 x CHag), 6.73 (1H, d, J =
11.6 Hz, CH alkene), 6.09 (1H, dt, J=11.6, 6.7 Hz, CH alkene), 3.94 (1H,
d,J=12.4 Hz, CHHCO), 3.71 (3H, s, OCH3), 3.69 (1H, obs d, /= 12.4 Hz,
CHHCO), 3.61 (1H, dd, J = 10.1, 3.2 Hz, CHCO,CH3), 2.64-2.54 (2H, m,

CH,CHCO,CH3).

8 ppm (75 MHz, CDCls): 204.2 (CO), 170.5 (COy), 136.8 (Cag), 132.6
(Car), 131.0 (CH), 130.4 (CH), 129.4 (CH), 129.3 (CH), 127.9 (CH), 127.6
(CH), 527 (CHCO,CHs;), 524 (OCHj), 484 (CH,CO), 28.2
(CH,CHCO,CHj).

190 (100%), 172 ([M-CO,CH3]", 95%), 144 (65%), 129 (78%), 115 (86%)

amu.

Found 2M+Na: 483.1782; requires 483.1778.

2-hydroxy-3,4-dihydro naphthalene-1-carboxylic acid methyl ester (305)!"!

1)CH30CO,CH;

Qil 2)MeONa/MeOH O‘
o) OH

CO,Me

mw = 204 g/mol

C12H 1205
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To a mixture of dimethyl carbonate (11.55 mL, 137 mmol) and tetralone 304 (1.00 g, 6.85
mmol) at 0 °C was added a solution of sodium methoxide (0.19 g, 8.22 mmol) in methanol
dropwise. The mixture was heated at 80 °C for 2 hours then cooled at 0 °C. HCI was added
(2M, 30 mL) followed after 5 minutes by ethyl acetate. The organic phase was washed
with brine, dried (MgSO,) and concentrated in vacuo. Purification by column
chromatography (silica gel, 10% ether/petrol) afforded the title compound 305 (1.33 g,

6.52 mmol, 95%) as a colourless oil.
Data for 305 were consistent with literature values.

FT-IR (neat, cm™): 2950 (m), 1725 (m), 1630 (s), 1597 (s), 1488 (s), 1431 (s),
1308 (s), 1228 (s), 1053 (m)

'HNMR  § ppm (300 MHz, CDCls): 10.68 (1H, s, OH), 7.76 (1H, d, J = 7.8 Hz,
CHag), 7.28-7.10 (3H, m, 3 x CHag), 3.96 (3H, s, OCH3), 2.87 (2H, t, J =
7.4 Hz, CHHCOH), 2.59 (2H, t, /= 7.4 Hz, CHH).

BCNMR 8 ppm (75 MHz, CDCl;): 178.5 (CO,), 172.6 (CO), 133.3 (Car), 131.4
(Car), 127.3 (CHag), 126.5 (CHag), 126.0 (CHag), 125.1 (CHag), 100.0
(CCO,CH3), 51.9 (OCH3), 29.6 (CH,CO), 27.9 (CHy).

LRMS(CI) 146 ((MH-CO,CHs]*, 100%), 104 (88%), 91 (14%), 65 (14%) amu.
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1-((E)-3-Bromo-allyl)-2-0x0-1,2,3,4-tetrahydro-naphtalene-1-carboxylic acid methyl

ester (306f)
1) DBU
2) 1,3-Dibromopropene %;\L
OH 0
DCM
CO,Me CO,Me
2 Br X 2

mw = 323 g/mol

Ci5H15BrOs

DBU (0.66 mL, 4.41 mmol) was added to a solution of tetralone 305 (0.60 g, 2.94 mmol)
in dichloromethane (33 mL). After 1 hour, 1,3-dibromopropene (0.88 g, 4.41 mmol) was
added, followed after a further 16 hours by H,O (10 mL). The aqueous phase was extracted
with dichloromethane (2 x 20 mL) then the combined organic phases were washed with
brine (20 mL), dried (MgSO4) and concentrated in vacuo. Purification by column

chromatography (silica gel, ether/petrol, 10/90) afforded the title compound (0.70 g, 2.18

mmol, 74%) as a colourless oil.

FT-IR (neat, cm™): 3063 (W), 2945 (m), 1739 (s), 1715 (s), 1427 (m), 1237 (s),
1218 (s), 939 (m).

'HNMR  § ppm (300 MHz, CDCly): 7.31-7.22 (4H, m, 4 x CHag), 5.96 (1H, d, J =
13.6 Hz, CHBr), 5.72 (1H, ddd, J = 13.6, 9.2, 6.7 Hz, CHCHBI), 3.63 (3H,
s, OCH3), 3.18-2.84 (5H, m, CHH + 2 x CH), 2.61 (1H, ddd, J = 14.5, 6.9,
4.4 Hz, CHH).

BCNMR 6§ ppm (75 MHz, CDCL3): 207.8 (CO), 170.9 (CO,), 136.5 (C), 135.1 (C),
131.6 (CH), 128.8 (CH), 128.0 (CH), 127.6 (CH), 126.9 (CH), 108.9 (CH),
62.2 (COCCO), 53.1 (OCH3), 40.2 (CH,), 39.3 (CHy), 27.7 (CH,).

LRMS(CI) 342 (IM(®'Bry+ NH.', 8%), 340 ([M(”Br)+NH.]", 8%), 325
(IMC'Br)+HT", 42%), 323 (IM(Br)+H]", 42%), 243 (94%), 215 (88%),
183 (100%), 155 (44%), 141 (86%), 128 (62%), 115 (98%) amu.
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HRMS(ES) Found 2M("’Br)+Na: 667.0305; C30H300sBr2Na requires 667.0302.

1-(2-Iodo-benzyl)-2-0x0-1,2,3,4-tetrahydro-naphtalene-1-carboxylic acid methyl ester
(306e)

820 O

2)Benzyl bromide o)

O DCM COZMG
CO,Me

mw = 420 g/mol
Ci9H7031

DBU (0.55 mL, 3.68 mmol) was added to a solution of tetralone 305 (0.50 g, 2.45 mmol)
in dichloromethane (33 mL). After 1 hour, the benzyl bromide (1.09 g, 3.68 mmol) was
added followed after 16 hours by H,O (10 mL). The aqueous phase was extracted with
dichloromethane (2 x 20 mL) and the combined organic phases were washed with brine
(20 mL), dried (MgSO4;) and concentrated in vacuo. Purification by column
chromatography (silica gel, ether/petrol, 10/90) afforded the title compound 306e (0.74 g,
1.76 mmol, 72%) as a white solid.

MP 85-87 °C (petrol)
FT-IR (neat, cm™): 2945 (W), 1739 (s), 1710 (s), 1427 (m), 1228 (s), 1214 (s),
1010 (m).

'HNMR & ppm (300 MHz, CDCly): 7.70 (1H, dd, J = 7.8, 1.3 Hz, CHag), 7.28-7.21
(3H, m, 3 x CHag), 7.12-7.04 2H, m, 2 x CHyg), 6.86-6.79 (2H, m, 2 x
CHag), 3.98 (1H, d, J = 14.0 Hz, CHHCO), 3.70 (3H, s, OCH3), 3.66 (1H,
d, J = 14.0 Hz, CHHCO), 2.78 (1H, dt, /= 14.7, 5.4 Hz, CHH), 2.67 (1H,
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dt, J=10.9, 5.5 Hz, CHH), 2.50 (1H, dt, J = 14.7, 5.4 Hz, CHH), 2.23 (1H,
m, CHH).

BCNMR 8 ppm (75 MHz, CDCl;): 208.8 (CO), 171.7 (CO,), 140.2 (CHar), 139.1
(CaR), 136.6 (Car), 1352 (Cag), 131.1 (CHag), 128.7 (CHar), 128.6
(CHag), 128.5 (CHagr), 128.0 (CHagr), 127.8 (CHar), 127.4 (CHag), 102.7
(Carl), 64.4 (COCCO), 53.1 (OCH3), 46.3 (CHy), 39.1 (CH,), 27.0 (CH,).

LRMS(CI) 438 ((M+NH,]", 24%), 421 (MH", 100%), 389 (32%), 293 ([M-I-H]",76%),
233 (84%), 217 (56%) amu.

HRMS(ES) Found 2M+Na: 863.0369; C33H34041,Na requires 863.0336.

6-Ox0-5,6-dihydro-4H,7H-benzo|de]anthracene-6a-carboxylic acid methyl ester
(308e)

O‘ Bu3SnH, AIBN
O —_—

COMe toluene

O~

mw = 292 g/mol
Ci9H1603

To a solution of iodide 306e (0.27 g, 0.64 mmol) in toluene (35 mL) under nitrogen, were
added Bu3SnH (0.26 mL, 0.96 mmol) and AIBN (10 mg, 0.06 mmol). The mixture was
heated at 80 °C for 16 hours then cooled to room temperature. Aqueous potassium fluoride
(10% w/v, 20 mL) was added and the resulting mixture stirred vigorously for 24 hours. The
organic phase was washed with brine (2 x 20 mL), dried (MgSOy) and concentrated in
vacuo. Purification by column chromatography (silica gel, 10% ether/toluene) afforded the

title compound 308e (151 mg, 0.52 mmol, 81%) as a white powder.
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MP

FT-IR

‘d NMR

BCc NMR

LRMS(CI)

HRMS(EI)

CHN

108-110 °C (ether/petrol)

(neat, cm™): 2950 (w), 2354 (w), 1743 (s), 1710 (s), 1431 (m), 1223 (s),
1166 (s).

& ppm (300 MHz, CDCl3): 7.75 (2H, app t, J = 7.3 Hz, 2 x CHagr), 7.40-
7.22 (5H, m, 5 x CHag), 3.71 (1H, d, J = 15.7 Hz, CHHCCO,CH,), 3.51
(3H, s, OCH3), 3.42 (1H, ddd, J = 16.4, 11.7, 5.9 Hz, CHHCO), 3.09 (1H,
ddd, J = 16.0, 6.0, 4.0 Hz, CHHCH,CO), 3.06 (lH, d, J = 15.7 Hz,
CHHCCO,CHj3), 2.96 (1H, ddd, J = 16.0, 6.4, 4.0 Hz, CHHCH,CO), 2.66
(1H, ddd, J=16.4, 11.7, 6.0 Hz, CHHCO).

8 ppm (75 MHz, CDCl3): 206.8 (CO), 169.4 (CO,), 136.7 (Cagr), 135.0
(CaR), 133.6 (Cag), 132.9 (Cag), 131.5 (CaR), 128.9 (CHag), 128.6 (CHag),
128.4 (CHag), 127.8 (CHag), 127.5 (CHAR), 123.9 (CHag), 122.9 (CHag),
58.3 (COCCO,CH3), 53.0 (OCH3), 37.3 (CH,), 35.2 (CHy), 28.3 (CHy).

310 ([M+ NH.T%, 8%), 293 ([MH]", 50%), 275 (10%), 233 (100%), 215
(20%), 202 (35%), 191 (56%), 165 (14%), 152 (5%), 59 (50%).

Found M: 292.10990; C9H 403 requires 292.10994.

Calculated C 78.06, H 5.52. Found C 77.90 H 5.47.
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1-(6-Iodo-benzo[1,3]dioxol-Sylmethyl)-2-ox0-1,2,3,4-tetrahydro-naphtalene-1-
carboxylic acid methyl ester (306a)

)DBU
O‘ 2)Benzyl bromide
O DCM ( Q)\C02Me
0]

COzMe

mw = 464 g/mol

CaoH 7051

DBU (2.55 mL, 16.94 mmol) was added to a solution of tetralone 305 (2.88 g, 14.11

mmol) in dichloromethane (150 mL). The mixture was stirred for 1 hour then the benzyl

bromide (5.77 g, 16.94 mmol) was added. The reaction mixture was stirred under nitrogen

for 16 hours. H,O (30 mL) was added and the aqueous phase extracted with
dichloromethane (2 x 20 mL), washed with brine (20 mL), dried (MgSO,) concentrated in

vacuo. Purification by column chromatography (silica gel, ether/petrol, 10/90) afforded the

title compound 306a (4.06 g, 8.75 mmol, 62%) as a white solid.

MP 110-112 °C (petrol/ether)

'HNMR & ppm (300 MHz, CDCl3): 7.18-7.13 (4H, m, CHa,), 7.10 (1H, s, CHa,),
6.40 (1H, s, CHa,), 5.90 (1H, d, J = 1.1 Hz, OCH;0), 5.89 (1H, d, J = 1.1
Hz, OCH,0), 3.87 (1H, d, J = 14.3 Hz, CHHCCO), 3.68 (3H, s, OCH3),
3.56 (1H, d, J = 14.3 Hz, CHHCCO), 2.92-2.83 (1H, m, CHH), 2.77-2.44

(3H, m, CHH and CHH).

BCNMR  § ppm (75 MHz, CDCls): 208.6 (CO), 171.7 (CO2), 148.0 (Ca0), 147.3
(Car0), 136.6 (Car), 135.3 (Cay), 132.1 (Cay), 128.6 (CHa,), 128.0 (CHay),
127.3 (CHap), 119.1 (CHay), 110.7 (CHa,), 101.7 (OCH,0), 90.5 (Cafl),

64.4 (COCCO), 53.1 (OCH3), 46.2 (CH,), 39.1 (CH>), 27.4 (CH»).

LRMS(CI) 466 ([MHa]", 2%), 337 (IM-1]", 10%), 281 (10%), 261 (100%), 202 (84%),

135 (15%) amu.
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HRMS(ES) Found M+Na: 487.0012; CyoH,705INa requires 487.0013.

CHN Calculated C 51.74, H 3.69. Found C 51.36, H 3.64.

Methyl60xo0,5,6,12c-tetrahydrobenzo[3°,4’]cyclonona[4,5]benzo[d][1,3]dioxol-6-7-
carboxylic acid methyl ester (308a) and 6-Oxo0-3a,5,6,12¢-tetrahydro-4H,7H-9,11-
dioxa-benzo[fg]cyclopenta[b]anthracene-6a-carboxylic acid methyl ester (310a)

IO
S o oo

BusSnH, AIBN

CO,Me toluene
C02Me

! 0]
C 0 &

o)

mw =338 g/mol  mw=336 g/mol
C20H1580s C20H160s

To a solution of tetralone 306a (1.13 g, 2.44 mmol) in toluene (95 mL) under nitrogen, was
added BusSnH (0.98 mL, 3.66 mmol) and AIBN (0.2 g, 1.22 mmol). The mixture was
stirred at 80 °C for 50 hours and then cooled to room temperature. Aqueous potassium
fluoride (10% w/v, 20 mL) was added and the resulting mixture stirred vigorously for 24
hours. The organic phase was washed with brine (2 x 20 mL), dried (MgSO.) and
concentrated in vacuo. Purification by column chromatography (silica gel, 10%
ether/toluene) afforded the title compounds 308a (0.72 g, 1.07 mmol, 45%) and 310a (0.72
g, 1.07 mmol, 45%) both as white powders.
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Methyl60x0,5,6,12c-tetrahydrobenzo[3’,4’]cyclonona[4,5]benzo[d][1,3]dioxol-6-7-
carboxylic acid methyl ester (308a)

0
-0

MP 126-128 °C (ether/petrol)

FT-IR (neat, cm™): 2945 (w), 2897 (W), 1743 (s), 1706 (s), 1474 (s), 1266 (m),

1214 (s), 1039 (s).

'HNMR & ppm (300 MHz, CDCl3): 7.33-7.24 (3H, m, 3 x CHyy), 7.09 (1H, d, J =
7.1 Hz, CHa,), 6.75 (1H, s, CHa,), 6.61 (1H, s, CHay), 6.00 (2H, d, J = 3.3
Hz, OCH;0), 3.69 (3H, s, OCHj), 3.67 (1H, dd, J = 13.8, 10.0 Hz, CHH),
3.07 (1H, dd, J = 14.5, 3.5 Hz, CHH), 2.96-2.89 (1H, m, CHH), 2.70 (1H, t,
J=6.1 Hz, COCHCO), 2.63-2.55 (3H, m, CHH+ CH>).

BCNMR & ppm (75 MHz, CDCL3): 207.0 (CO), 170.2 (COy), 148.0 (CaO), 146.7
(Car0), 140.2 (Cay), 139.8 (Car), 134.7 (Cay), 130.5 (CHay), 130.2 (Cay),
129.8 (CHay), 128.6 (CHay), 127.0 (CHa,), 109.8 (CHar), 108.6 (CHa,),
101.6 (OCH,0), 61.6 (COCHCO,CH3), 52.8 (OCH3), 43.1 (CHy), 30.7
(CH>), 29.6 (CH)).

LRMS(CI) 338 (M, 100%), 310 (14%), 250 (18%), 222 (74%), 181 (28%), 165 (60%),
73 (34%) amu.

HRMS(CI) Found M: 338.1149; Cy0H 305 requires 338.1154.
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6-Ox0-3a,5,6,12c-tetrahydro-4H,7H-9,11-dioxa-benzo[fg]cyclopenta[h]anthracene-6a-

carboxylic acid methyl ester (310a)

MP

FT-IR

'H NMR

3¢ NMR

LRMS(CI)

HRMS(ES)

L,
O CO,Me

o)
-0

132-133 °C (ether/petrol)

(neat, cm™): 2950 (w), 2893 (w), 2354 (s), 2339 (s), 1739 (s), 1715 (s),
1497 (s), 1460 (s), 1214 (s), 1034 (s).

& ppm (300 MHz, CDCl;): 7.55 (1H, d, J = 8.0 Hz, CHa,), 7.36 (1H, t,J =
8.0 Hz, CHa;), 7.22 (1H, s, CHag), 7.19 (1H, d, J = 8.0 Hz, CHaR), 6.81
(1H, s, CHar), 5.99 (1H, d, J = 2.1 Hz, OCH,0), 5.98 (1H, d, J = 2.1 Hz,
OCH;0), 3.59 (1H, d, J = 15.0 Hz, CHHCCO), 3.53 (3H, s, OCH3), 3.40
(1H, ddd, J=16.6, 11.4, 5.4 Hz, CHHCO), 3.08 (1H, ddd, /= 16.2, 6.2, 4.0
Hz, CHH), 2.95 (1H, d, J = 15.0 Hz, CHHCCO), 2.93 (1H, m, CHH), 2.65
(1H, ddd, J=16.4, 11.7, 6.0 Hz, CHHCO).

& ppm (75 MHz, CDCL3): 206.9 (CO), 169.7 (COy), 147.9 (Cas0), 147.7
(CarO), 136.8 (Cay), 135.1 (Cay), 131.1 (Car), 128.9 (CHay), 128.9 (CHa)),
128.2 (Cay), 127.4 (CHyy), 127.1 (Cpy), 122.6 (CHpy), 109.4 (CHpyy), 104.7
(CHag), 101.5 (OCH,0), 58.7 (COCCO,CHs), 53.3 (OCH3), 37.6 (CHy),
35.4 (CH,), 28.6 (CH,).

354 (M+NH.]%, 25%), 337 ((MH]", 52%), 319 (12%), 277 (100%), 235
(28%), 189 (20%), 59 (22%) amu.

Found 2M+Na: 695.1876; C4oH3,01¢ requires 695.1888.
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1-(2-Iodo-4,5-dimethoxybenzyl)-2-o0xo0-1,2,3,4-tetrahydro-naphtalene-1-carboxylic
acid methyl ester (306b)

2)Benzyl bromide 0

©;\AL - ——— = MeO CO.M
O  pcm 2Me
COZMe Meo

mw = 480 g/mol
C21H21051

DBU (2.99 mL, 20.00 mmol) was added to a solution of tetralone 305 (3.40 g, 16.66
mmol) in dichloromethane (300 mL). The mixture was stirred for 1 hour then benzyl
bromide (7.14 g, 20.00 mmol) was added. After 16 hours, H>O (50 mL) was added and the
aqueous phase extracted with dichloromethane (2 x 20 mL). The combined organic phases
were washed with brine (20 mL), dried (MgSQ,) and concentrated in vacuo. Purification
by column chromatography (silica gel, ether/petrol, 10/90) gave the title compound 306b
(5.20 g, 10.83 mmol, 65%) as a white solid.

MP 116-118 °C (ether/petrol)

FT-IR (neat, cm™): 3002 (w), 2950 (m), 2841 (w), 2259 (w), 1739 (s), 1710 (s),
1502 (s), 1247 (s), 1218 (s), 1162 (s).

'H NMR & ppm (300 MHz, CDCls): 7.31-7.11 (4H, m, CHa,), 7.08 (1H, s, CHa,),
6.13 (1H, s, CHy,), 3.93 (1H, d, J = 14.0 Hz, CHHCCO), 3.79 (3H, s,
OCHs), 3.68 (3H, s, OCHj3), 3.51 (1H, d, J = 14.3 Hz, CHHCCO), 3.46
(3H, s, OCHj3), 2.81-2.75 (1H, m, CHHCO), 2.69-2.58 (1H, m, CHHCO),
2.40-2.22 (2H, m, CHH).

BCNMR 8 ppm (75 MHz, CDCL;): 208.4 (CO), 171.8 (COy), 148.4 (CA0), 148.2
(Ca0), 136.9 (Car), 135.7 (Car), 131.1 (Car), 128.7 (CHa,), 128.3 (CHay),
127.9 (CHa,), 127.4 (CHa,), 121.8 (CHa,), 113.3 (CHa,), 90.0 (Ca/D), 64.3
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(COCCO), 56.0 (OCH3), 55.4 (OCH3), 53.1 (OCH3), 46.3 (CHy), 39.2
(CH,), 27.3 (CHy).

LRMS(CI) 480 (M", 2%), 353 (IM-IT", 8%), 337 (22%), 277 (100%), 246 (6%), 189
(10%), 151 (60%) amu.

CHN Calculated C 52.52, H 4.41. Found C 52.74.H 4.45.

9,10-Dimethoxy-6-0x0-32a,5,6,11c-tetrahydro-4H, 7H-benzo|de|anthracene-6a-
carboxylic acid methyl ester (310b)

O‘ 0O BusySnH, AIBN

COzMe

MeO O toluene
|

MeO

mw = 352 g/mol
C19H200s

To a solution of tetralone 306b (2.5 g, 5.21 mmol) in toluene (200 mL) under nitrogen was
added BusSnH (2.10 mL, 7.81 mmol) and AIBN (86 mg, 0.52 mmol). The mixture was
stirred at 80 °C for 16 hours then cooled to room temperature. Aqueous potassium fluoride
(10% w/v, 20 mL) was added and the resulting mixture stirred vigorously for 24 hours. The
organic phase was washed with brine (2 x 20 mL), dried (MgSO,) and concentrated in
vacuo. Purification by column chromatography (silica gel, 10% ether/toluene) afforded the

title compound 310b (1.11 g, 3.15 mmol, 61%) as a white powder.

FT-IR (neat, cm™): 2950 (m), 2845 (w), 2354 (w), 1743 (s), 1706 (s), 1516 (s),
1460 (m), 1346 (m), 1256 (s), 1209 (s), 1152 (s).
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"H NMR

B3C NMR

LRMS(CI)

8 ppm (300 MHz, CDCl3): 7.61 (1H, d, J = 8.5 Hz, CHay), 7.38 (1H, t, J =
8.5 Hz, CHy,), 7.24 (1H, s, CHag), 7.17 (1H, d, J = 8.5 Hz, CHag), 6.85
(1H, s, CHag), 3.98 (1H, s, OCH3), 3.94 (3H, s, OCHs), 3.61 (1H, d, J =
17.1 Hz, CHHCCO), 3.50 (3H, s, OCH3), 3.45-3.31 (1H, m, CHHCO),
3.12-2.86 (1H, m, CHHCO), 2.98 (1H, d, J = 17.1 Hz, CHHCCO), 2.73-
2.52 (2H, m, CHH).

8 ppm (75 MHz, CDCl3): 206.9 (CO), 169.5 (CO;), 149.3 (CAr0), 148.4
(CarO), 136.7 (Car), 134.8 (Cay), 130.7 (Cay), 128.5 (CHay), 127.0 (CHa)),
126.5 (Car)s 125.3 (Car), 122.1 (CHay), 111.6 (CHa,), 107.2 (CHar), 58.5
(COCCO,CHs), 56.1 (OCH3), 56.0 (OCH3), 53.1 (OCHs), 37.4 (CHy), 34.8
(CH,), 28.3 (CH,).

270 ([M+NH,4]", 12%), 353 (IMH]", 8%), 335 (10%), 293 (100%), 251
(22%), 207 (8%), 178 (8%), 59 (13%) amu.

1-(2,6-Diiodo-3,4,5-trimethoxybenzyl)-2-o0xo0-1,2,3,4-tetrahydro-naphtalene-1-

carboxylic acid methyl ester (306d)

% e (L
2)Benzyl bromide 0

! CO,Me

CO,Me MeO O
!

MeO
OMe

mw = 636 g/mol

Ca2H2206l>

DBU (0.49 mL, 3.27 mmol) was added to a solution of tetralone 305 (0.55 g, 2.73 mmol)

in dichloromethane (52 mL). The mixture was stirred for 1 hour then benzyl bromide 299¢

(1.67 g, 3.27 mmol) was added. After 16 hours, H,O (20 mL) was added and the aqueous
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phase extracted with dichloromethane (2 x 20 mL). The combined organic phases were

washed with brine (20 mL), dried (MgSO,) and concentrated in vacuo. Purification by

column chromatography (silica gel, ether/petrol, 10/90) gave the title compound 306d

(0.255 g, 0.40 mmol, 15%) as a white solid.

MP

FT-IR

'H NMR

Bc NMR

LRMS(CI)

CHN

153-155 °C (ether/petrol)

(neat, cm™): 2931 (m), 2358 (w), 1743 (s), 1455 (s), 1398 (s), 1360 (s),
1214 (s), 1081 (s).

8 ppm (300 MHz, CDCls): 7.20-7.03 (4H, m, CHa,), 4.61 (1H, d, J=14.7
Hz, CHHCCO), 4.46 (1H, d, J = 14.7 Hz, CHHCCO), 3.85 (3H, s, OCH3),
3.75 (3H, s, OCHs), 3.72 (3H, s, OCH3), 2.91-2.87 (2H, m, CHHCO), 2.85-
2.61 (2H, m, CHH).

& ppm (75 MHz, CDCls): 207.6 (CO), 171.6 (CO,), 153.8 (2xC40), 143.6
(CAiO), 139.2(Cay), 136.4 (Car), 136.1 (Cay), 130.7 (CHay), 128.1 (CHay),
127.6 (CHay), 126.4 (CHay), 95.1 (2xCac]), 63.9 (COCCO), 61.2 (OCH3),
60.7 (2xOCHs), 53.4 (OCHs3), 51.8 (CHy), 39.3 (CHy), 28.6 (CHy).

480 (M, 2%), 353 ([M-I]", 8%), 337 (22%), 277 (100%), 246 (6%), 189
(10%), 151 (60%) amu.

Calculated C 52.52, H 4.41. Found C 52.74.H 4.45.
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1-(2-Iodo-3,4,5-trimethoxybenzyl)-2-o0xo0-1,2,3,4-tetrahydro-naphtalene-1-carboxylic
acid methyl ester (306¢)

AN

1)DBU

2)Benzyl bromide = 0

(@] DCM COzMe
CO,Me MeO
|
MeO
OMe

mw = 510 g/mol
C22H23061

DBU (0.49 mL, 3.27 mmol) was added to a solution of tetralone 305 (0.55 g, 2.73 mmol)
in dichloromethane (52 mL). The mixture was stirred for 1 hour then benzyl bromide (1.67
g, 3.27 mmol) was added. After 16 hours, H,O (20 mL) was added and the aqueous phase
extracted with dichloromethane (2 x 20 mL). The combined organic phases were washed
with brine (20 mL), dried (MgSO4) and concentrated in vacuo. Purification by column
chromatography (silica gel, ether/petrol, 10/90) gave the title compound 306¢c (0.255 g,

0.40 mmol, 15%) as a white solid.

MP 156-158 °C (ether/petrol)

FT-IR (neat, cm™): 2992 (w), 2931 (m), 1739 (s), 1710 (s), 1479 (s), 1384 (s),
1233 (s), 1100 (s), 1006 (m).

'H NMR 8 ppm (300 MHz, CDCLs): 7.18-7.10 (4H, m, CHa,), 6.21 (1H, s, CHay),
4.02 (1H, d, J= 14.3, CHH), 3.81 (3H, s, OCHj), 3.74 (3H, s, OCH3), 3.69
(3H, s, OCH3), 3.64 (1H, d, J = 14.3 Hz, CHH), 3.51 (3H, s, OCH3), 2.88-
2.78 (1H, m, CHH), 2.69-2.47 (1H, m, CHH), 2.45-2.31 (2H, m, CHH).

BC NMR 8 ppm (75 MHz, CDCls): 208.4 (CO), 171.8 (COy), 153.0 (Ca,0), 152.7
(Car0), 141.1 (Ca0), 136.8(Chay), 135.5 (Car), 134.6 (Cayp), 128.6 (CHay),
128.5 (CHpy), 127.9 (CHay), 127.3 (CHa,), 110.4 (CHy,), 91.1 (Cafl), 64.4

129



(COCCO), 61.1 (OCH;), 60.8 (OCHj), 55.7 (OCH;), 53.1 (OCHs), 46.3
(CHa), 39.1 (CH,), 27.3 (CH,).

LRMS(CI) 384 ([M-I+HJ", 8%), 367 (8%), 307 (100%), 183 (45%), 115 (6%) amu.

HRMS(EI) Found M: 510.0542; C»;H»304] requires 510.0539.

7-Ox0-6,7,8,9-tetrahydro-5H-dibenzo[a,c]cyclononene-6-carboxylic acid methyl ester
(308¢) and  2-Oxo-1-(3,4,5-trimethoxy-benzyl)-1,2,3 4-tetrahydro-maphtalene-1-
carboxylic methyl ester (309¢)

CUL asm O )
MeO co,Me AIBN MeO " MeO CO,Me
0 O o 1
MeO | MeO MeO

OMe OMe OMe
mw = 384 g/mol mw = 384 g/mol
C2H2406 C2H2406

To a solution of tetralone 306¢ (0.848 g, 1.66 mmol) in toluene (67 mL) under nitrogen
was added Bu;SnH (0.67 mL, 2.50 mmol) and AIBN (27 mg, 0.16 mmol). The mixture
was stirred at 80 °C for 16 hours then cooled to room temperature. Aqueous potassium
fluoride (10% w/v, 20 mL) was added and the resulting mixture stirred vigorously for 24
hours. The organic phase was washed with brine (2 x 20 mL), dried (MgSO4) and
concentrated in vacuo. The title compounds 308¢ (0.22 g, 0.58 mmol, 35%) and 309¢ (0.22
g, 0.58 mmol, 35%) could not be separated by column chromatography.

'"H NMR & (300 MHz, CDCls): 7.29-7.05 (11H, m, 11 x CHag), 6.60 (1H, s, CHar of
308c), 5.75 (2H, s, 2 x CHar of 309¢), 3.91 (3H, s, OCH3 of 308c), 3.90
(3H, s, OCHj; of 308¢), 3.75 (3H, s, OCH; of 309¢), 3.71 (3H, s, OCHj; of
308c¢), 3.70 (3H, s, OCHj; of 309c¢), 3.58 (3H, s, OCH3 of 308¢), 3.54 (6H, s,
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2 x OCHj; of 309¢), 3.51 (1H, obs d, CHH of 309¢), 3.23 (1H, d, /= 13.11
Hz, CHH of 309¢), 3.11 (1H, dd, J = 14.3, 3.1 Hz, CHCO,CHj; of 308¢),
2.99-2.87 (2H, m, CH, of 308¢), 2.71-2.61 (6H, m, CH; of 309¢ and
CH,CH,CO of 308c¢), 2.59-2.26 (1H, m, CHH of 309¢), 1.95-1.75 (1H, m,
CHH of 309c¢).

1-(Bromomethyl)-2-bromo-4,5-dimethoxybenzene(297f)

OH Br
MeO:©) Brp, ACOH MeO:@f
MeO RT, 2 Hours MeO Br

mw = 310 g/mol

C9H10BI'2

To a stirred solution of alcohol (17.64g, 0.104 mol) in glacial acetic acid (31.94 mL) at O
°C was added bromine (6.46 mL, 0.125 mol) in glacial acetic acid (19.16 mL) dropwise

over 30 minutes. After stirring for a further 2 hours at room temperature, the suspended

cream solid formed was isolated via suction filtration and washed with water (50 mL). The

crude material was recrystallised from petrol to afford the title compound as a pale cream

solid (20.02 g, 0.064 mol, 61%).

MP

FT-IR

'H NMR

BCc NMR

49-51 °C (petrol)

(neat, cm'l): 2959 (w), 2836 (w), 1797 (m), 1502 (s), 1441 (s), 1261 (s),
1204 (s), 1166 (s), 859 (m), 797 (m).

8 ppm (300 MHz, CDCL3): 7.03 (1H, s, CHa,), 6.94 (1H, s, CHay), 4.60
(2H, s, CH,), 3.90 (3H, s, OCH3), 3.89 (3H, s, OCH).

§ ppm (75 MHz, CDCL3): 149.9 (Ca,), 128.9 (Cay), 115.7 (CHa), 115.0
(Cas), 113.4 (CHa,), 56.3 (OCHs), 56.2 (OCH3), 34.3 (CH,).
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LRMS(CI) 231 (56%), 230 (55%), 153 (100%), 137 (22%), 108 (64%) amu.

1-(2-Bromo-4,5-dimethoxybenzyl)-2-0x0-1,2,3,4-tetrahydro-naphtalene-1-carboxylic
acid methyl ester (300f)

CO,Me

DCM
CO,Me MeO O
Br

MeO

e
O‘ 2)Benzyl bromide (0]
¢}

mw = 433 g/mol
C21H2105Br

DBU (6.15 mL, 41.2 mmol) was added to a solution of tetralone (7.00 g, 34.3 mmol) in
dichloromethane (500 mL). The mixture was stirred for 1 hour and the benzyl bromide
(13.82 g, 44.6 mmol) was added. After 16 hours, H,O (30 mL) was added and the aqueous
phase extracted with dichloromethane (2 x 20 mL). The combined organic phases were
washed with brine (20 mL), dried (MgSQ4) and concentrated in vacuo. Purification by
column chromatography (silica gel, ether/petrol, 10/90) gave the title compound 300f (5.98
g, 13.8 mmol, 40%) as a white solid.

MP 111-113 °C (ether/petrol)

FT-IR (neat, cm™): 2997 (w), 2954 (m), 2836 (w), 2250 (w), 1739 (s), 1710 (s),
1507 (s), 1214 (s), 1162 (s), 727 (s).

'"H NMR 8 ppm (300 MHz, CDCl3): 7.28-7.24 (3H, m, 3 x CHy,,), 7.12 (1H, obs d,
CHy,), 6.84 (1H, s, CHy,), 6.14 (1H, s, CHa,), 3.96 (1H, d, J = 13.8 Hz,
CHH), 3.79 (3H, s, OCHa), 3.69 (3H, s, OCH3), 3.48 (3H, s, OCH3), 3.46
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(1H, d, J = 13.8 Hz, CHH), 2.88-2.78 (1H, m, CHH), 2.69-2.47 (1H, m,
CHH), 2.45-2.31 (2H, m, CHH).

BCNMR & ppm (75 MHz, CDCls): 208.5 (CO), 171.9 (CO,), 148.3 (Ca0), 147.5
(CaO), 136.8 (Car), 135.9(Cay), 128.6 (CHa,), 128.1 (CHay), 127.8 (CHay),
127.3 (CHay), 127.1 (Cay), 115.7 (Cap), 115.3 (CHa,), 114.2 (CHa,), 64.1
(COCCO), 56.0 (OCH3), 55.6 (OCHs), 53.1 (OCHs), 42.2 (CHy), 39.1
(CH,), 27.2 (CH,).

LRMS(CI) 434 (M®*'Br]", 2%), 432 (IM”°Br], 2%), 353 ([M-Br]", 6%), 337 (20%), 293
(8%), 276 (18%), 231 (28%), 202 (26%), 189 (46%), 115 (50%), 59 (100%)

amu.
HRMS(ES) Found M+Na: 455.0464; C,;H,;0sBrNa requires 455.0464.

CHN Calculated C 58.21, H 4.88. Found C 58.38, H 4.93.

1-(Bromomethyl)-2,6-dibromo-3,4,5-trimethoxybenzene (299b)

OH Br Br

MeO Bry, AcOH MeO

—_—

MeO RT, 2 Hours MeO Br
OMe OMe

mw = 419 g/mol
CioHij O3Br3

To a stirred solution of alcohol (12.17g, 0.072 mol) in glacial acetic acid (22.0 mL) at 0 °C
was added bromine (4.46 mL, 0.086 mol) in glacial acetic acid (13.4 mL) dropwise over 30
minutes. After stirring for a further 16 hours at room temperature, the mixture was
extracted with ethyl acetate (2 x 30 mL) and washed with water (50 mL). The crude
material was recrystallised from petrol to afford the title compound as a pale cream solid

(15.03 g, 0.040 mol, 56%).
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'H NMR 8 ppm (300 MHz, CDCls): 4.89 (2H, s, CH,), 3.96 (3H, s, OCH3), 3.91
(6H, s, 2 x OCH3).

13C NMR 8 ppm (75 MHz, CDCls): 151.1 (2 x Cay), 148.0 (C4y), 131.8 (Cay), 116.0
(2 x Cap), 61.5 (OCH3), 61.1 (2 x OCH3), 35.1 (CHy).

LRMS(CI) 419 ((M*Br]*, 6%), 417 (IM"Br]*, 6%), 340 ([M-""Br]", 100%), 339
(IM-*Br", 86%), 282 (16%), 262 ([MH-"°Br-"°Br]", 38%), 260 ([MH-
IBr-"Br]), 183 (42%), 167 (18%), 91 (16%) amu.

1-(2,6-Dibromo-3,4,5-trimethoxy-benzyl)-2-ox0-1,2,3,4-tetrahydro-naphtalene-1-
carboxylic acid methyl ester (300g)

o0
2)Benzyl bromide (0]

Br, CO,Me

)
DCM
CO,Me MeO O
Br

MeO
OMe

mw = 542 g/mol
C2H2206Br>

DBU (0.549 mL, 3.67 mmol) was added to a solution of the tetralone (0.500 g, 2.45 mmol)
in dichloromethane (33 mL). The mixture was stirred for 1 hour then benzyl bromide
(1.540 g, 3.67 mmol) was added. After 16 hours, H,O (30 mL) was added and the aqueous
phase extracted with dichloromethane (2 x 20 mL). The combined organic phases were
washed with brine (20 mL), dried (MgSO,) and concentrated in vacuo. Purification by
column chromatography (silica gel, ether/petrol, 10/90) gave the title compound (0.743 g,
1.37 mmol, 56%) as a white solid.
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MP 161-163 °C (ether/petrol)

FT-IR (neat, cm™): 2998 (w), 2938 (w), 2847 (w), 1743 (s), 1463 (s), 1407 (s),
1381 (s), 1219 (s), 1087 (s), 1010 (s), 787 (s).

'"H NMR 8 ppm (300 MHz, CDCl;): 7.19-7.08 (3H, m, 3 x CH,,), 7.01 (1H, obs d,
CHa,), 438 (1H, d, J = 14.5 Hz, CHH), 4.24 (1H, d, J = 14.5 Hz, CHH),
3.87 (3H, s, OCH3), 3.74 (6H, s, 2 x OCH3), 3.72 (3H, s, OCH3), 2.82-2.66
(4H, m, 2 x CHH).

BCNMR & ppm (75 MHz, CDCl3): 208.7 (CO), 171.8 (CO,), 150.4 (2 x Ca0), 146.5
(Car0), 136.2 (Chy), 135.4 (Car), 132.9 (Car), 130.0 (CHay), 128.0 (CHa)),
127.6 (CHa,), 126.4 (CHy,), 117.7 (2 x Cay), 64.1 (COCCO), 61.5 (OCH3),
60.9 (2 x OCHj3), 53.3 (OCHj3), 43.1 (CH,), 39.0 (CHy), 27.8 (CHy).

LRMS(CI) 463 (IM-"Br]", 18%), 461 ([M-3'Br]", 6%), 403 (14%), 386 (24%), 339
(100%), 308 (78%), 293 (24%), 262 (26%), 202 (28%), 178 (32%) amu.

1-(2-Iodo-4,5-dimethoxy-benzyl)-2,3-dihydro-1H-indole (362)

1)NaH

2)Benzyl bromide @
THF N

Iz

MeO OMe

mw = 395 g/mol
C7H3sINO

To a solution of sodium hydroxide (0.115 g, 4.83 mmol) in THF (11 mL) was added
indoline (0.500 g, 4.20 mmol, 0.471 mL). The mixture was stirred for 5 minutes and then a
solution of benzyl bromide (1.725 g, 4.83 mmol) in THF (4 mL) was added. After 16
hours, H,O (10 mL) was added and the aqueous phase extracted with dichloromethane (2 x

20 mL). The combined organic phases were washed with brine (20 mL), dried (MgSOs)
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and concentrated in vacuo. Purification by column chromatography (silica gel, ether/petrol,

10/90) gave the title compound (0.757 g, 1.91 mmol, 45%) as a cream powder.

FT-IR (neat, cm™): 2931 (w), 2837 (w), 1605 (m), 1490 (s), 1461 (m), 1375 (m),
1252 (s), 1205 (s), 1157 (s), 1022 (m), 728 (s).

'HNMR & ppm (300 MHz, CDCL3): 7.18 (1H, s, CHag), 7.05 (2H, dd, J = 13.0, 8.0
Hz, 2 x CHag), 6.96 (1H, s, CHar), 6.67 (1H, t, J = 8.0 Hz, CHag), 6.49
(1H, d, /= 8.0 Hz, CHr), 4.12 (2H, s, CH>), 3.81 (3H, s, OCH3), 3.76 (3H,
s, OCH3), 3.32 (2H, t, J = 8.0 Hz, CH,), 2.98 (2H, t, J = 8.0 Hz, CHy).

BCNMR & ppm (75 MHz, CDCl3): 152.6 (Cag), 149.7 (Car), 148.8 (Cag), 132.8
(Car)s 130.1 (Cag), 127.5 (CHar), 124.7 (CHag), 121.7 (CHag), 118.2
(CHaR), 1122 (CHagr), 107.6 (CHar), 86.9 (Car), 58.9 (CH), 56.4
(OCHs), 56.2 (OCHs), 54.2 (CHa), 28.9 (CH,).

LRMS (CI) 396 ((MH]", 60%), 151 ([M-1]", 70%), 151 (100%), 118 (80%), 91 (30%),
63 (18%) amu.

7-(2-Bromo-benzyl)-bicyclo[4.2.0]octa-1(6),2,4-triene-7-carbonitrile (317¢)

1)LDA

@ 2)dibromide O-
CN THF CN
o Br

mw = 298 g/mol
C16H12BI'N

A solution of the carbonitrile 316 (1.0 g, 7.75 mmol) in THF (33 mL) was added to LDA,
prepared from diisopropylamine (0.94 g, 9.30 mmol, 1.30 mL) and ‘BuLi (7.15 mL, 9.30
mmol) in THF (2.5 mL) at -78 °C. After one hour, 2-bromo-benzylbromide (3.294 g, 13.17
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mmol) was added and the reaction mixture was stirred at room temperature for 16 hours.

H,0 (30 mL) was added and the aqueous phase extracted with ether (3 x 20 mL). The

combined organic phases were washed with brine (20 mL), dried (MgSOs) and

concentrated in vacuo. Purification by column chromatography (silica gel, ether/petrol,

10/90) afforded the title compound 317¢ (2.03 g, 6.81 mmol, 88%) as a white powder.

MP

FT-IR

'H NMR

B NMR

LRMS (CI)

HRMS (CI)

88-90 °C

(neat, cm-1): 3066 (w), 2935 (w), 2230 (m), 1565 (w), 1471 (m), 1440 (m),
1027 (m), 771 (s), 728 (s).

8 ppm (300 MHz, CDCly): 7.62 (1H, dd, J = 8.1, 1.2 Hz, CHag), 7.51 (1H,
dd, J = 7.6, 1.5 Hz, CHag), 7.37-7.15 (SH, m, 5 x CHag), 7.07 (1H, d, J =
7.1 Hz, CHag), 3.79 (14, d, J = 14.3 Hz, CHH), 3.58 (1H, d, J = 14.3 Hz,
CHH), 3.53 (2H, dd, J= 17.6, 14.3 Hz, CHy).

3 ppm (75 MHz, CDCls): 142.9 (Car), 141.3 (Cag), 135.5 (Car), 133.4
(CHag), 131.2 (CHag), 129.9 (CHag), 129.2 (CHag), 128.2 (CHag), 127.7
(CHag), 125.5 (Cag), 124.0 (CHag), 122.3 (CHag), 121.8 (CN), 43.1 (CHy),
43.0 (CCN), 41.4 (CH,).

317 (MY (Br)+NH,]", 40%), 315 ([M"*(Br)+NH,]", 40%), 299 (IM*'(Bn)]",
36%), 297 ((M"*(Br)]", 36%), 219 ([M-Br]", 100%), 203 (40%), 189 (24%)

amu.

Found M: 297.01441; C;¢H,N"°Br requires 297.01531.
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7-Benzyl-bicyclo[4.2.0]octa-1,3,5-triene-7-carbonitrile (319¢) and 6,7-Dihydro-5H-
dibenzo|a,c]cyclopheptene-6-carbonitrile (318¢)

BusSnH CN O.
AIBN

Ao L U
toluene O O

mw =219 g/mol  mw =219 g/mol

CigHisN CieHisN

A solution of nitrile 317¢ (1.00 g, 3.35 mmol) in toluene (145 mL) was added Bu;SnH
(0.99 mL, 3.69 mmol) and AIBN (0.11 g, 0.67 mmol). The mixture was heated to 80 °C for
16 hours then cooled to room temperature. Aqueous potassium fluoride (10% w/v, 40 mL)
was added and the resulting mixture stirred vigorously for 24 hours. The organic phase was
washed with brine (2 x 20 mL), dried (MgSQ,) and concentrated in vacuo. Purification by
column chromatography (silica gel, 10% ether/petrol) afforded firstly 319¢ (46 mg, 0.21
mmol, 6%) then cycloheptane 318¢ (0.576 g, 2.63 mmol, 78%) both as white powders.

7-Benzyl-bicyclo[4.2.0]octa-1,3,5-triene-7-carbonitrile (319c)

(5
CN
MP 67-69 °C

FT-IR (neat, cm™): 3065 (w), 3030 (W), 2931 (w), 2232 (w), 1496 (m), 1455 (s),
760 (s), 701 (s).
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1H NMR

Bc NMR

LRMS (CI)

é ppm (300 MHz, CDCI3): 7.85-7.21 (7TH, m, 7 x CHagr), 7.17 (1H, d, J =
8.5 Hz, CHag), 6.97 (1H, d, J = 8.5 Hz, CHR), 3.80 (1H, d, J = 13.7 Hz,
CHH), 3.47 (1H, d, J = 13.7 Hz, CHH), 3.35 (1H, d, J = 13.7 Hz, CHH),
3.18 (1H, d, J=13.7 Hz, CHH).

8 ppm (75 MHz, CDCly): 143.4 (C), 141.3 (C), 136.0 (C), 129.9 (2 x
CHagr), 129.8 (CHag), 128.7 (2 x CHar), 128.1 (CHag), 127.7 (CHag),
124.0 (CHag), 122.4 (CHagr), 121.7 (C), 43.9 (CCN), 43.1 (2 x CHy).

237 (IM+NH,4]", 100%), 219 (M", 26%), 204 (6%), 165 (4%), 108 (6%), 91
(12%) amu.

6,7-Dihydro-5H-dibenzola,c]cyclopheptene-6-carbonitrile (318c)

MP

FT-IR

"H NMR

B¢ NMR

-
s

111-113 °C

(neat, cm™): 3025 (w), 2955 (w), 2232 (m), 1482 (m), 1440 (m), 779 (m),
745 (s).

& ppm (300 MHz, CDCLy): 7.49-7.30 (8H, m, 8 x CHag), 3.41 (1H, q,J =
16.0, 8.0 Hz, CHCN), 3.01-2.56 (4H, m, 2 x CHy).

8 ppm (75 MHz, CDCls): 140.7 (2 x Car), 134.5 (2 x Cag), 129.3 (2 x
CHagr), 128.7 (2 x CHar),128.3 (2 x CHag), 128.2 (2 x CHag), 121.90
(CN), 35.2 (CHCN), 34.5 (2 x CHa).
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LRMS (CI) 237 ([M+NH,4]", 100%), 219 (M, 82%), 192 (32%), 178 (22%), 166 (68%)

amu.

HRMS (CI) Found 219.1045; C;¢H 3N requires 219.1048.

7-(6-Iodo-benzo|[1,3]dioxol-5-ylmethyl)-bicyclo[4.2.0]octa-1(6)-2,4-triene-7-carbon
(317d)

1)LDA
@:‘\ 2)Benzy! bromide O. CN
cN THF <O O
0 [
mw = 389 g/mol
Ci7H12INO

A solution of the carbonitrile 316 (0.95 g, 7.36 mmol) in THF (33 mL) was added to LDA,
prepared from diisopropylamine (0.89 g, 8.83 mmol, 1.23 mL) and ‘BuLi (5.89 mL, 8.83
mmol) in THF (2.5 mL) at -78 °C. After one hour, the benzyl bromide (4.26 g, 12.52
mmol) was added and the reaction mixture was stirred at room temperature for 16 hours.
H,0 (30 mL) was added and the aqueous phase extracted with ether (3 x 20 mL), washed
with brine (20 mL), dried (MgSQ,) and concentrated in vacuo. Purification by column
chromatography (silica gel, ether/petrol, 10/90) afforded the title compound 317d (1.10 g,

2.83 mmol, 38%) as a cream powder.

MP 112-114 °C (petrol/AcOEt)
FT-IR (neat, cm™): 2254 (w), 1503 (m), 1478 (s), 1228 (m), 1039 (m), 905 (s), 727
(s).

'HNMR & ppm (300 MHz, CDCl3): 7.38-7.26 (2H, m, 2 x CHag), 7.29 (1H, s,
CHag), 7.17 (1H, d, J = 6.9 Hz, CHag), 7.07 (1H, d, J = 7.3 Hz, CHag),
7.01 (1H, s, CHag), 6.00 (2H, s, OCH;0), 3.77 (1H, d, J = 14.1 Hz, CHH),
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3.55(1H, d, /= 14.1 Hz, CHH), 3.47 (1H, d, J = 14.4 Hz, CHH), 3.39 (1H,
d,J=14.4 Hz, CHH).

BCNMR & ppm (75 MHz, CDCl;): 148.7 (Cag), 148.0 (Cag), 142.7 (Cag), 141.4
(Car), 132.1 (Cag), 130.0 (CHag), 128.3 (CHag), 124.0 (CHag), 122.5
(CHag), 121.7 (CN), 119.1 (CHag), 109.8 (CHag), 102.0 (OCH:0), 90.1
(Cag), 46.0 (CH,), 43.2 (CCN), 43.1 (CHy).

LRMS (CI) 407 ((IM+NH4]", 88%), 389 (M", 92%), 262 ([M-1]", 100%), 247 (12%), 232
(38%), 204 (58%), 190 (12%), 176 (22%), 152 (8%), 115 (10%) amu.

HRMS (CI) Found M: 388.9915 ; C7H2INO, requires 388.9912.

6,7-Dihydro-5H-9,11-dioxa-benzo[3,4|cyclohepta[1l,2-flindene-6-carbonitrile (318d)

CN

(g musmnsy (S
CN ,
<O O toluene O
I

o)
O\/O
mw =263 g/mol
C17H;3NO,

To a solution of nitrile 317d (2.037 g, 5.23 mmol) in toluene (220 mL) were added
BusSnH (1.55 mL, 5.76 mmol) and AIBN (0.172 g, 1.04 mmol). The mixture was heated
to 80 °C for 16 hours then cooled to room temperature. Aqueous potassium fluoride (10%
w/v, 40 mL) was added and the resulting mixture stirred vigorously for 24 hours. The
organic phase was washed with brine (2 x 20 mL), dried (MgSQO,) and concentrated in
vacuo. Purification by column chromatography (silica gel, 10% ether/petrol) afforded the
cycloheptane 318d (0.689 g, 2.62 mmol, 55%) as a white powder.

MP 124-126 °C (ether/petrol)
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FT-IR (neat, cm™): 2921 (w), 2221 (w), 1503 (m), 1483 (), 1262 (m), 1036 (m),
525 (s), 500 (s).

'"THNMR & ppm (300 MHz, CDCls): 7.26-7.16 (2H, m, 2 x CHag), 7.11 (1H, d, 7 =
7.1 Hz, CHag), 7.05 (1H, s, CHag), 6.91 (1H, d, /= 7.1 Hz, CHag), 6.84
(1H, s, CHag), 6.09 2H, d, J = 1.9 Hz, OCH,0), 3.83-3.80 (IH, m,
CHCN), 3.39 (1H, dd, J = 14.0, 5.2 Hz, CHH), 3.23 (1H, dd, J = 14.0, 7.8
Hz, CHH), 3.13 (1H, dd, J = 14.0, 8.3 Hz, CHH), 2.94 (1H, dd, J = 14.0,
2.1 Hz, CHH).

BCNMR 8 ppm (75 MHz, CDCl3): 151.6 (Cag), 147.9 (Cag), 146.4 (Cag), 143.4
(Car), 141.4 (Car), 127.8 (CHar), 126.9 (CHagr), 123.3 (CHagr), 122.3
(CHagr), 118.4 (Car), 111.6 (CHar), 110.2 (CHag), 104.6 (CN), 102.4
(OCH,0), 43.6 (CHCN), 38.9 (CH>), 36.2 (CHa).

LRMS (CI) 262 ((M-HJ", 100%), 203 (10%), 94 (4%), 58 (6%) amu.

HRMS (ES) Found M+Na: 286.0840; C;7H;3NO,;Na requires 286.0888.

7-((E)-3-Bromo-allyl)-bicyclo[4.2.0]octa-1(6),2,4-triene-7-carbonitrile (317¢)

1)LDA
2)dibromopropene O-
CN
CN THF

Br” ™

mw = 248 g/mol
C12H]0BI'N
A solution of the carbonitrile (0.95 g, 7.36 mmol) in THF (33 mL) was added to LDA,

prepared from diisopropylamine (0.89 g, 8.83 mmol, 1.23 mL) and ‘BuLi (6.31 mL, 8.83
mmol) in THF (2.5 mL) at -78 °C. After one hour, the dibromopropene (2.50 g, 12.52
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mmol) was added and the reaction mixture was stirred at room temperature for 16 hours.

H,0 (30 mL) was added and the aqueous phase extracted with ether (3 x 20 mL), washed

with brine (20 mL), dried (MgSOs) and the solvent removed in vacuo. Purification by

column chromatography (silica gel, ether/petrol, 10/90) afforded the title compound (0.54

g, 2.18 mmol, 29%) as a white powder.

FT-IR

'H NMR

e NMR

LRMS (CI)

HRMS (CI)

(neat, cm™): 3073 (w), 2933 (w), 2233 (w), 1624 (w), 1458 (m), 1425 (w),
1328 (w), 1283 (m), 908 (s), 726 (s), 666 (s).

8 ppm (300 MHz, CDCl3): 7.36-7.29 (2H, m, CH), 7.24 (1H, d, J = 7.0 Hz,
CH), 7.18 (1H, d, J = 7.0 Hz, CH), 6.45 (1H, dt, J= 7.1, 1.1 Hz, CH), 6.30
(1H, dd, J= 14.3, 7.1 Hz, CH), 3.74 (1H, d, J = 14.3 Hz, CHH), 3.39 (1H,
d,J=14.3 Hz, CHH), 2.94 (2H, d, J= 6.9 Hz, CH,).

8 ppm (75 MHz, CDCls): 143.0 (Cag), 141.4 (Cag), 130.2 (CHag), 128.8
(CHaR), 128.6 (CHag), 124.3 (CHag), 121.9 (CH), 121.5 (CN), 112.5 (CH),
42.6 (CHy), 41.6 (CCN), 37.3 (CHy).

267 (M (Br)*NH.]", 62%), 265 ((M"(Br)+NH,]", 78%), 249 ((M*'(Bn)]",
54%), 247 ((M(BD)]", 66%), 185 (32%), 168 (100%), 153 (94%), 141
(86%), 115 (72%), 89 (22%) amu.

Found M: 246.9995; C12H10N79Br requires 246.9997.
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7-(6-lodo-benzo[1,3]dimethoxy-5-ylmethyl)-bicyclo[4.2.0]octa-1(6),2,4-triene-7-
carbon (317b)

1)LDA

' . 2)Benzyl bromide O
‘ CN THF CN
MeO O
]

MeO

mw = 405 g/mol
C1sH16INO;

A solution of the carbonitrile 316 (0.95 g, 7.36 mmol) in THF (33 mL) was added to LDA,
prepared from diisopropylamine (0.89 g, 8.83 mmol, 1.238 mL) and ‘BuLi (5.89 mL, 8.83
mmol) in THF (2.5 mL) at -78 °C. After one hour, the benzyl bromide (4.47 g, 12.52
mmol) was added and the reaction mixture was stirred at room temperature for 16 hours.
H,0 (30 mL) was added and the aqueous phase extracted with ether (3 x 20 mL). The
combined organic phases were washed with brine (20 mL), dried (MgSO4) and the solvent
was removed in vacuo. Purification by column chromatography (silica gel, ether/petrol,

10/90) afforded the title compound 317b (1.203 g, 2.97 mmol, 40%) as a white powder.
MP 143-145 °C

FT-IR (neat, cm-1): 2997 (w), 2954 (m), 2926 (w), 2827 (w), 2358 (m), 1587 (s),
1497 (s), 1460 (s), 1431 (s), 1370 (s), 1337 (s), 1256 (s), 1223 (s), 1204 (s),
1162 (s), 1114 (m), 1025 (s), 854 (s), 722 (s).

'HNMR & ppm (400 MHz, CDCls): 7.40-7.28 (2H, m, 2 x CHag), 7.29 (1H, s,
CHag), 7.18 (1H, d, J = 7.5 Hz, CHag), 7.07 (1H, d, J = 7.0 Hz, CHar),
7.02 (1H, s, CHag), 3.91 (3H, s, OCHs), 3.87 (3H, s, OCHs), 3.77 (1H, d, J
= 14.0 Hz, CHH), 3.56 (1H, d, J = 14.0 Hz, CHH), 3.53 (1H, d, J = 14.5
Hz, CHH), 3.43 (1H, d, J = 14.5 Hz, CHH).

BCNMR & ppm (100 MHz, CDCls): 149.9 (Car), 149.5(Cag), 143.4(Cag), 142.1
(Car), 131.8 (Car), 130.5(CHag), 128.8 (CHag), 124.6 (CHar), 123.0
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(CHar), 122.6 (CN), 122.5 (CHag), 113.5 (CHag), 90.5 (Carl), 56.8
(OCH3), 56.6 (OCH3), 46.3 (CH,), 44.0 (CCN), 43.3 (CH,).

LRMS (CI) 405 (M, 100%), 278 (64%), 263 (50%), 247 (34%), 234 (22%), 204 (16%),
190 (22%), 177 (32%), 165 (22%), 139 (8%), 115 (12%) amu.

HRMS (CI) Found M: 405.0229; C,;3H;sNO:l requires 405.0225.

2,3-Dimethoxy-6,7-dihydro-5H-dibenzo[a,c]cycloheptene-6-carbonitrile (318b) and 2-
Bicyclo[4.2.0]octa-1(6),2,4-trien-7-ylmethyl-4,5-dimethoxy-benzonitrile (320b)

OMe

O. Bu3SnH CN O- OMe
N AIBN O
MeO — +
O toluene O CN
MeO |

MeO OMe

mw =279 g/mol  mw =279 g/mol
CisH17NO CisH17NO;

To a solution of nitrile 317b (0.995 g, 2.45 mmol) in toluene (102 mL) were added
Bu;SnH (0.73 mL, 2.70 mmol) and AIBN (0.081 g, 0.49 mmol). The mixture was heated
to 80 °C for 16 hours then cooled to room temperature. Aqueous potassium fluoride (10%
w/v, 40 mL) was added and the resulting mixture stirred vigorously for 24 hours. The
organic phase was washed with brine (2 x 20 mL), dried (MgSO;) and concentrated in
vacuo. Purification by column chromatography (silica gel, 10% ether/petrol) afforded the
cycloheptane 318b (0.197 g, 0.70 mmol, 29%) then 320b (0.374 g, 1.34 mmol, 55%) both

as white powders.
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2-Bicyclo[4.2.0]octa-1(6),2,4-trien-7-ylmethyl-4,5-dimethoxy-benzonitrile (320b)

MP

FT-IR

'H NMR

BC NMR

LRMS (CI)

HRMS (CI)

OMe

OMe
PEgg

CN
155-157 °C (ether/petrol)

(neat, cm™): 3002 (w), 2916 (m), 2845 (w), 2216 (s), 1602 (m), 1512 (s),
1455 (m), 1341 (w), 1266 (s), 1228 (s), 1095 (m), 745 (m).

& ppm (300 MHz, CDCl3): 7.19 (1H, t, J = 7.2 Hz, CHag), 7.16 (1H, t, J =
7.2 Hz, CHag), 7.10 (1H, d, J = 7.1 Hz, CH,g), 7.08 (1H, s, CHag), 6.87
(1H, d, J = 7.2 Hz, CHar), 6.80 (1H, s, CHag), 3.92 (3H, s, OCH3), 3.90
(3H, s, OCH3), 3.88 (1H, m, CHCN), 3.40 (1H, dd, J = 13.9, 5.1 Hz, CHH),
3.29 (1H, dd, J = 13.9, 7.1 Hz, CHH), 3.11 (1H, dd, J = 13.9, 8.6 Hz,
CHH), 2.93 (1H, dd, J = 13.9, 2.2 Hz, CHH).

8 ppm (75 MHz, CDCls): 152.1 (Cag), 147.6 (Car), 147.3 (Cag), 143.1
(Capr), 138.7 (Car), 127.3 (CHar), 126.3 (CHag), 122.9 (CHag), 121.8
(CHaR), 118.2 (Car), 113.9 (CHag), 112.3 (CHag), 103.2 (Cap), 55.8
(OCHs), 55.7 (OCHs), 43.2 (CHCN), 38.2 (CHb,), 35.7 (CH,).

278 ([M-H]", 100%), 262 (8%), 234 (10%), 218 (5%), 190 (8%), 164 (4%)

amau.

Found M: 279.1252; C;3H7NO; requires 279.1259.
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2,3-Dimethoxy-6,7-dihydro-5H-dibenzo|a,c]cycloheptene-6-carbonitrile (318b)

CN
N /
MeO OMe
MP 161-163 °C
FT-IR (neat, cm™): 2950 (s), 2921 (s), 2845 (s), 2235 (W), 1602 (w), 1512 (s), 1450
(s), 1351 (m), 1261 (s), 1242 (s), 1209 (s), 1143 (s), 1043 (m), 1025 (m),
755 (m).

IHNMR & ppm (300 MHz, CDCI3): 7.26-7.16 (4H, m, 4 x CHag), 6.79 (1H, s,
CHag), 6.68 (1H, s, CHag), 3.79 (3H, s, OCHj), 3.77 (3H, s, OCH3), 3.23-
3.18 (1H, m, CHCH,), 3.67-3.51 (4H, m, 2 x CH,).

BCNMR & ppm (75 MHz, CDCl3): 149.1 (C), 149.0 (C), 141.1 (C), 134.9 (C), 133.1
(C), 129.6 (CHaR), 128.6 (CHag), 128.5 (CHag), 128.0 (CHag), 127.2 (C),
122.2 (C), 112.8 (CHaR), 112.4 (CHag), 56.5 (2 x OCH3), 35.7 (CH), 34.9
(CH,), 34.4 (CH,).

LRMS (CI) 297 ([M+NH4]", 82%), 279 (M", 100%), 253 ([M-CN]", 10%), 209 (10%),
165 (20%), 152 (15%), 139 (8%), 115 (6%) amu.

HRMS (ES) Found M+Na: 302.1157; C13H,7NO,Na requires 302.1151.

147



7-((E)-3-Bromo-allyl)-6-o0x0-5,6,7,8-tetrahydro-benzocyclooctene-7-carboxylic acid

methyl ester (302)
O 1)NaH O
E;<:6/002Me2)dibromopropene O. CO,Me
THF
= 4
Br
mw = 349 g/mol
C17H17O3BI‘

To a solution of sodium hydride (0.035 g, 1.46 mmol) in THF (15 mL) was added
benzooctanone 301h (0.306 g, 1.33 mmol). The mixture was stirred for 10 minutes and
then dibromopropene (0.146 mL, 1.46 mmol) was added. After 16 hours, H,O (10 mL) was
added and the aqueous phase extracted with dichloromethane (2 x 20 mL). The combined
organic phases were washed with brine (20 mL), dried (MgSQ4) and concentrated in
vacuo. Purification by column chromatography (silica gel, ether/petrol, 10/90) gave the 2
stereoisomers of the compound 302 as a colourless oil (0.250 g, 0.72 mmol, 54%). The 2

stereoisomers were not separated.

FT-IR (neat, cm™): 3063 (w), 3016 (w), 2945 (w), 2841 (w), 1706 (s), 1436 (m),
1233 (m), 1204 (m), 745 (m).

IJHNMR & ppm (300 MHz, CDCl3): 7.50-7.43 (2H, m, 2 x CHag), 7.28-7.22 (4H, m,
4 x CHaR), 7.15-7.13 (2H, m, 2 x CHag), 6.77 (2H, 2 x d, J=11.2 Hz, 2 x
CHalkene), 6.29-6.05 (6H, m, 2 x CHamene), 4.03 (2H, d, J = 11.4 Hz, 2 x
CHH), 3.79 (3H, s, OCH3), 3.78 (3H, s, OCH3), 3.55 (1H, d, J= 11.2 Hz,
CHH), 3.53 (1H, d, J = 11.2 Hz, CHH), 2.69-2.32 (6H, m, 3 x CHH), 2.07
(2H, dt, J= 14.7, 8.5 Hz, CHH).

BCNMR & ppm (75 MHz, CDCls): 205.1 (CO,), 204.9 (COy), 171.4 (CO), 171.2
(CO), 136.7 (Car), 136.6 (Cag), 133.9 (Car), 133.8 (Car), 133.0 (CH),
132.7 (CH), 132.6 (CH), 130.4 (CH), 130.0 (CH), 129.4 (CH), 129.2 (CH),
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128.7 (CH), 127.9 (CH), 127.8 (CH), 127.3 (CH), 111.0 (CH), 108.0 (CH),
57.6 (CCO), 57.3 (CCO), 52.6 (OCH3), 47.5 (CH,), 47.4 (CH,), 38.9
(CH,), 35.4 (CHy), 32.5 (CH,), 32.2 (CHb).

LRMS (CI) 396 ([MH]", 60%), 151 ([M-I]*, 70%), 151 (100%), 118 (80%), 91 (30%),
63 (18%) amu.

HRMS (ES) Found M”Br+ Na: 371.0256; C,7H,;70;°BrNa requires 371.0253.

7-(2-Iodo-3,4,5-trimethoxy-benzyl)-bicyclo[4.2.0]octa-1,3,5-triene-7-carbonitrile
(317a)

1)LDA
@j\ 2)Benzyl bromide O. CN
THF
CN MeO O
|

MeO
OMe

mw = 435 g/mol
Ci19H303NI

A solution of the carbonitrile 316 (0.95 g, 7.36 mmol) in THF (33 mL) was added to LDA,
prepared from diisopropylamine (0.89 g, 8.83 mmol, 1.238 mL) and ‘BuLi (5.89 mL, 8.83
mmol) in THF (2.5 mL) at -78 °C. After one hour, the benzyl bromide (3.70 g, 9.57 mmol)
was added and the reaction mixture was stirred at room temperature. HoO (30 mL) was
added and the aqueous phase extracted with ether (3 x 20 mL). The combined organic
phases were washed with brine (20 mL), dried (MgSO,) and evaporated in vacuo.
Purification by column chromatography (silica gel, ether/petrol, 10/90) to afford the title
compound 317a (3.20 g, 7.35 mmol, 99 %) as a white powder.

MP 94-96 °C (ether/petrol)
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FT-IR

'H NMR

BC NMR

LRMS(CI)

HRMS(CI)

(neat, cm™): 3002 (w), 2932 (w), 2324 (w), 1558 (w), 1477 (m), 1458 (m),
1385 (m), 1244 (m), 1197 (m), 1156 (m), 1102 (s), 991 (s), 845 (W), 765 (5),
723 (s).

8 (300 MHz, CDCl3): 7.33 (1H, t, J = 7.5 Hz, CHar), 7.25 (1H, t,J = 7.5
Hz, CHagr), 7.14 (1H, d, J = 7.3 Hz, CHag), 7.01 (1H, d, I = 7.3 Hz, CHxp),
6.92 (1H, s, CHag), 3.89 (3H, s, OCH3), 3.87 (3H, s, OCH3), 3.84 (3H, s,
OCH3), 3.73 (1H, d, J = 14.2 Hz, CHH), 3.54 (1H, d,J = 12.8 Hz, CHH),
3.52 (2H, app s, CHH).

8 (75 MHz, CDCl3): 153.4 (C), 153.2 (C), 142.7 (C), 141.5 (C), 141.3 (C),
134.3 (C), 129.8 (CHar), 128.0 (CHag), 123.9 (CHag), 122.2 (CHar),
121.8 (C), 109.5 (CHagr), 90.2 (Carl), 61.0 (OCH3), 60.7 (OCH3), 56.1
(OCHs), 45.9 (CH,), 43.1 (CCN), 42.8 (CHy).

453 ([M+NH4]", 60 %), 435 (M, 35 %), 327 (5 %), 309 (M-I, 100 %),
293 (26 %), 277 (22 %), 250 (8 %), 207 (8 %), 178 (10 %), 152 (6 %) amu.

Found M: 435.03130 calculated 435.03315.

2-Bicyclo[4.2.0]octa-1(6),2,4-trien-7-ylmethyl-3.4,5-dimethoxy-benzonitrile (320a)

and 7-(3,4,5-trimethoxy-benzyl)-bicyclo[4.2.0]octa-1,3,5-triene-7-carbonitrile (319a)

. OMe O.
O CN BuzSnH, AIBN CN

NC
. OMe | MeO
MeO O toluene O
|

OMe MeO

MeO OMe

OMe

mw =309 g/mol  mw = 309 g/mol

Ci9H10O3N CioH19O3N

150



To a solution of carbonitrile 317a (1.96 g, 4.50 mmol) in toluene (189 mL) were added
Bu;SnH (1.33 mL, 4.95 mmol) and AIBN (148 mg, 0.90 mmol). The mixture was stirred at
80 °C for 16 hours then cooled to room temperature. Aqueous potassium fluoride (10%
w/v, 20 mL) was added and the resulting mixture stirred vigorously for 24 hours. The
organic phase was wached with brine (2 x 20 mL), dried (MgSO,) and the solvent removed
in vacuo. Purification by column chromatography (silica gel, 20 % ether/petrol) afforded
the title compounds 320a (1.17 g, 3.78 mmol, 84 %) and 319a (0.069 g, 0.22 mmol, 5 %)

each as colourless oils.

Data for (320a)
OMe
NC
O. O OMe
OMe

FT-IR (neat, cm™): 2938 (br), 2221 (w), 1591 (m), 1568 (m), 1495 (m), 1456 (m),

1405 (m), 1339 (m), 1250 (w), 1195 (w), 1123 (s), 1069 (w), 1031 (m), 908

(s), 728 (s).

'HNMR  § (300 MHz, CDCls): 7.22-7.11 (2H, m, 2 x CHag), 7.06 (1H, d, J = 6.9 Hz,
CHar), 6.87 (1H, d, J = 6.9 Hz, CHag), 6.58 (1H, s, CHar), 4.05 3H, s,
OCHa), 3.86 (6H, s, 2 x OCHs3), 3.81 (1H, m, CHCH,), 3.37 (1H, dd, J =
14.3, 5.1 Hz, CHH), 3.20 (1H, dd, J = 13.9, 7.3 Hz, CHH), 3.06 (1H, dd, J
=13.9, 8.4 Hz, CHH), 2.91 (1H, dd, J = 13.9, 2.3 Hz, CHH).

BCNMR & (75 MHz, CDCly): 157.2 (C), 155.8 (C), 147.9 (C), 143.4 (C), 141.5 (C),
140.0 (C), 127.6 (CHar), 126.6 (CHar), 123.2 (CHagr), 122.1 (CHap),
115.7 (C), 108.6 (CHag), 99.5 (C), 61.7 (OCH3), 61.1 (OCHz), 56.2
(OCHs), 43.2 (CH), 38.9 (CHb), 36.1 (CH,).
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Data for (319a)

FT-IR

'H NMR

B3c NMR

LRMS(CI)

HRMS(CI)

MeO CN

N\ 7/ N\ 7/

MeO
OMe

(neat, cm™): 2937 (w), 2838 (w), 2248 (w), 1700 (w), 1589 (m), 1506 (m),
1457 (m), 1421 (m), 1335 (m), 1238 (m), 1122 (s), 1005 (m), 910 (m), 720

(s).

§ (300 MHz, CDCly): 7.33 (1H, obs td, J = 7.8, 1.1 Hz, CHag), 7.25 (1H, t,
J=7.5Hz, CHag), 7.15 (1H, d, J = 7.2 Hz, CHy), 6.97 (1H, d, J = 7.5 Hz,
CHag), 6.52 (2H, s, 2 x CHag), 3.86 (3H, s, OCHi), 3.83 (6H, s, 2 x OCH3),
3.74 (1H, d, J = 14.1 Hz, CHH), 3.40 (1H, d, J = 14.1 Hz, CHH), 3.27 (1H,
d,J=13.6 Hz, CHH), 3.05 (1H, d, J = 13.6 Hz, CHH).

8 (75 MHz, CDCl3): 153.5 (2 x Cag), 143.7 (Car), 141.6 (Car), 137.9
(Cag), 131.8 (Cagr), 130.2 (CHag), 128.3 (CHagr), 124.4 (CHag), 122.6
(CHag), 122.1 (C), 107.3 (2 x CHag), 61.3 (OCH3), 56.5 (2 x OCHs), 44.1
(CCN), 43.7 (CH,), 43.3 (CH)).

327 ((M+NH,]", 18 %), 310 ((MH]", 100 %), 294 (12 %), 234 (5 %), 181
(12 %) amu.

Found M: 309.1363; C;9Ho0NO3 requires 309.1364.
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Spire[benzocyclobutane-1,2’-indan-1-one] (356)

. 0
O cN (Me;sSi)Si, TBAF O. ‘
O Toluene Q
Br

mw = 220 g/mol

CigH120

To a solution of carbonitrile 317¢ (0.144 g, 0.483 mmol) in toluene (10 mL) was added the
tetrakistrimethylsilylsilane (0.310 g, 0.966 mmol) and then tetrabutylammonium fluoride
(1.93 mL of a 1M solution in THF). The mixture was stirred at 100 °C for 16 hours and

then cooled to room temperature. H,O (30 mL) was added and the aqueous phase was

separated and extracted with ether (3 x 20 mL). The combined organic phases were dried

(MgS0Oy) and concentrated in vacuo. Purification by column chromatography (silica gel,

ether/petrol, 5/95) afforded the title compound 356 (0.085 g, 0.386 mmol, 80 %) as a white

solid.
MP

FT-IR

'"H NMR

3¢ NMR

84-86 °C (ether/petrol)

(neat, cm™): 3068 (m), 2916 (m), 1706 (s), 1606 (s), 1455 (s), 1270 (s),
1200 (m), 916 (s), 750 (s), 722 (s).

& ppm (300 MHz, CDCI3): 7.87 (1H, d, J = 7.5 Hz, CHag), 7.68 (1H, t, J =
7.5 Hz, CHag), 7.55 (1H, d, J = 7.5 Hz, CHag), 7.46 (1H, t, J = 7.5 Hz,
CHar), 7.32-7.20 (3H, m, 3 x CHag), 6.90 (1H, d, /= 6.7 Hz, CHag), 3.68
(1H, d, J = 13.6 Hz, CHH), 3.67 (1H, d, J = 17.3 Hz, CHH), 3.63 (1H, d, J
=17.3 Hz, CHH), 3.28 (1H, d, J= 13.6 Hz, CHH).

& ppm (75 MHz, CDCly): 205.9 (CO), 152.4 (Cag), 146.8 (Cag), 143.3
(Cag), 136.2 (Cawr), 135.1 (CHar), 128.2 (CHag), 127.7 (CHag), 127.6
(CHag), 126.5 (CHar), 124.5 (CHar), 123.1 (CHagr), 120.5 (CHag), 58.7

(CCO), 41.9 (CHy), 38.1 (CHp).
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LRMS(CI) 221 ([M+H]", 100%), 191 ([M-CHO]", 40%), 165 (16%), 115 (7%) amu.

HRMS(EI) Found M: 220.08876 calculated 220.08882.

7-(3,4,5-Trimethoxy-benzyl)-bicyclo[4.2.0]octa-1,3,5-triene-7-carbenitrile (319a)

O. CN (Me;Si),Si, TBAF O. CN
MeO O toluene MeO O
[

MeO MeO
OMe OMe

mw = 309 g/mol
C19H1903N

To a solution of carbonitrile 317a (1.360 g, 3.126 mmol) in toluene (65 mL) was added
tetrakistrimethylsilylsilane (2.006 g, 6.252 mmol) and tetrabutylammonium fluoride (12.5
mL of a 1M solution in THF, 12.5 mmol). The mixture was stirred at 100 °C for 16 hours
and then cooled at room temperature. H,O (40 mL) was added and the aqueous phase was
extracted with ether (3 x 20 mL). The organic phases were combined, dried (MgSO4) and
concentrated in vacuo. Purification by column chromatography (silica gel, ether/petrol,

5/95) afforded the title compound 319a (0.840 g, 2.718 mmol, 87 %) as a white solid.
MP 116-118°C
DATA same as previously reported

(2-Iodo-phenoxy)-acetonitrile (352)

1)NaH
OH 2)Bromoacetonitrile C[OW
@, THF, DMF , CN
mw = 259 g/mol

CsHOIN
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To a solution of bromo-acetonitrile (0.580 mL, 8.33 mmol) in DMF/THF was added NaH
(0.220 g, 9.17 mmol) at 0 °C under nitrogen followed after 5 minutes by iodophenol (2.017
g, 9.17 mmol). The reaction mixture was allowed to warm to room temperature and left to
stir for 16 hours. The compound was partitioned between ether (40 mL) and water (40
mL). The organic phase was separated, dried (MgSOs4), and concentrated in vacuo.
Purification by column chromatography (10/90 ether/petrol) yielded the title compound
352 (1.57 g, 6.05 mmol, 72%) as a white powder.

FT-IR (neat, cm'l): 2921 (m), 1990 (w), 1561 (w), 1433 (m), 1322 (m), 1196 (m),
1034 (s), 1010 (s), 737 (s).

'HNMR (300 MHz, CDCls): 7.85 (1H, d, J = 7.6 Hz, CHag), 7.37 (1H, t, J = 7.6
Hz, CHag), 6.99 (1H, d, J = 8.0 Hz, CHg), 6.88 (1H, t, J = 7.6 Hz, CHag),
4.83 (2H, s, CHy).

BCNMR  § (75 MHz, CDCl3): 155.4 (CArO), 140.2 (CHag), 129.8 (CHagr), 125.2
(CHag), 114.7 (CN), 113.7 (CHag), 86.7 (CI), 54.8 (CH,CN).

LRMS(CI) 277 ((M+NH.]*, 18%), 259 (M*, 100%), 149 (47%), 134(62%), 109 (29%),
92 (24%), 81 (6%), 63 (10%) amu.

HRMS(EI) found M: 258.94972 calculated 258.94942.
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2-Phenoxy-acetamide (353)"%"!

OW (Me3Si),Si, TBAF ©/OW
CN Toluene ~  CONH,

mw = 151 g/mol
CsHo OoN
CAS =621-88-5

To a solution of 352 (0.500 g, 1.93 mmol) in toluene (40 mL) was added
tetrakistrimethylsilylsilane (0.929 g, 2.89 mmol) and tetrabutylammonium fluoride (5.79
mL of a 1M solution in THF, 5.79 mmol). The mixture was stirred at 100 °C for 16 hours
then cooled to room temperature. H,O (30 mL) was added and the aqueous phase was
separated and extracted with ether (3 x 20 mL). The combined organic phases were dried
(MgSOy4) and concentrated in vacuo. Purification by column chromatography (silica gel,
ether/petrol, 5/95) afforded the title compound 353 (0.250 g, 1.66 mmol, 86 %) as a yellow

solid.

Data for 353 were consistent with literature values.
MP 98-99 °C (petrol/ether) 1it®!! 102-104 °C (AcOEt/Hexane)

FT-IR (neat, cm™): 3304 (br), 2921 (m), 1677 (s), 1587 (s), 1493 (s), 1237 (s),
1058 (w), 755 (s), 689 (m).

'THNMR  § (300 MHz, CDCly): 7.25-7.10 (2H, m, 2 x CHag), 6.91 (1H, t,J=7.3 Hz,
CHag), 6.84-6.75 (2H, m, 2 x CHag), 6.55 (1H, s, NHH), 6.17 (1H, s,
NHH), 4.41 (2H, s, CHy).

BCNMR  § (75 MHz, CDCl3): 171.7 (CO), 157.1 (Car0O), 129.8 (2 x CHag), 122.2
(CHag), 114.6 (2 x CHag), 67.0 (CH,).

LRMS(CI) 169 ([M+NH4]", 100%), 152 ([MH]", 94%), 133 (8%), 94 (5%), 77 (5%),
60 (11%) amu.
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6-Bromo-benzo[1,3]dioxole-5-carbaldehyde (264)*?

o
<O | Br2, AcOH <O [ .
% 0 = Br

mw = 229 g/mol

C8H5 O3BI‘

To a stirred solution of piperonal (3.00 g, 20.0 mmol) in glacial acetic acid (6 mL) at 0 °C
was added bromine (1.23 mL, 24.0 mmol), dropwise over 30 minutes. After 2 hours at
room temperature, the reaction mixture was partitioned between ethyl acetate (10 mL) and
water (15 mL). The organic phase was separated, washed with NaHSO3 (20 mL), dried
(MgSO4) and the solvent was removed under reduced pressure. Purification by column
chromatography (silica gel, ether/ petrol 10/90) afforded 6-bromopiperonal (2.01 g,
8.73mmol, 44 %) as a pale yellow solid.

Data for 264 were consistent with literature values.
MP 128-129 °C (petrol) 1it™®¥ 131-132 °C (aq ethanol)

FT-IR 2860 (w), 1677 (s), 1611 (m), 1488 (s), 1408 (m), 1261 (m), 1110 (s), 1034
(m), 925 (s), 835 (m).

"H NMR 3 (300 MHz, CDCls): 10.11 (1H, s, CHO), 7.28 (1H, s, CHar), 6.96 (1H, s,
CHag), 6.01 (2H, s, OCH,0).

BCNMR  § (75 MHz, CDCls): 190.3 (CO), 153.3 (Car), 148.1 (Cag), 128.0 (Car),
121.5 (CaR), 113.2 (CHaR), 108.1 (CHag), 102.7 (OCH,0).

LRMS(CI) 230 ((M®*'Br]", 70%), 228 ((M"°Br]", 100%), 201 (IM(®'Br)-CHO]", 28%),
199 (IM(”Br)-CHOT", 34%), 183 (8%), 143 (24%), 120 (20%), 90 (16%),
62 (74%) amu.
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(E)-3-(6-Bromo-benzo[1,3]dioxol-5-yl)-acrylonitrile (365)

KO'B
? ngI;)(Ph :H CN \ o
<OI>H )33CH2 <O
° Br o Br
mw = 252 g/mol
CloHéozBI‘N

Phosphonium bromide (7.34 g, 19.2 mmol) was suspended in THF (133 mL) and cooled at
-0 °C. Potassium terbutoxide (2.156 g, 19.2 mmol) was added over 5 minutes and the
mixture was allowed to warm to room temperature over 40 minutes. After re-cooling to 0
°C, the aldehyde (4.0 g, 17.4 mmol) was added as a solution in THF (45 mL). After 16
hours the reaction mixture was filtered through celite and concentrated in vacuo.
Purification by column chromatography (silica gel, ether/petrol 10/90) gave 365 (2.29 g,
9.08 mmol, 52%) as a white solid.

MP 79-81 °C

FT-IR (neat, cm™): 2924 (m), 2358 (w), 2220 (s), 1613 (m), 1502 (s), 1484 (s),
1414 (m), 1252 (s), 1125 (m), 1035 (s), 959 (m), 922 (m).

'H NMR 8 (300 MHz, CDCls): 7.72 (1H, d, J = 16.4 Hz, CHaicene), 7.07 (1H, s,
CHag), 6.97 (1H, s, CHag), 6.05 (2H, s, OCH;O), 5.68 (1H, d, /= 16.4 Hz,

CHA]cene)-

BCNMR  § (75 MHz, CDCl3): 150.8 (Cagr), 148.6 (CHag), 148.1 (Car), 126.7 (Car),
117.9 (Car), 117.6 (Cag), 113.2 (CHar), 105.5 (CHagr), 102.5 (OCH,0),

96.6 (CBr).

LRMS(CI) 253 (M®'Br]’, 96%), 251 ([M"°Br]’, 100%), 172 ([M-Br]’, 56%), 114
(60%), 87 (43%), 63 (30%) amu.
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HRMS(CI) Found M: 251.9658; C;oHsO,Br N, requires 251.9655.

3-(6-Bromo-benzo[1,3]dioxol-5-yl)-propionitrile (350)'%*!

0o X CN  p-TsNHNH,, NaOAc 0 CN
< I;Ev THF/H,0 < :©f\/
0 Br 0o Br

mw = 254 g/mol
ClngozBrN
CAS =27452-03-5

A rapidly stirred solution of alkene 365 (0.264 g, 1.047 mmol), para-
toluenesulfonohydrazide (1.175 g, 9.428 mmol) and sodium acetate (0.773 g, 9.428 mmol)
in THF (6.5 mL) and water (6.5 mL) was heated at reflux for 16 hours. On cooling to
ambient temperature, potassium carbonate (2.00 g) was added. After 2 hours the reaction
mixture was diluted with water (20 mL) and extracted with ether (3 x 15 mL). The
combined organic phases were dried (MgSOy) and concentrated in vacuo to a cream solid.
Purification by column chromatography (5 % ether in petrol) gave the title compound 350
as a white solid (0.239 g, 0.094 mmol, 90 %).

Data for 350 were consistent with literature values.
MP 81-82 °C (ethanol) 1it®*1 79-81 °C (ethanol)

FT-IR (neat, cm™): 2906 (br), 2245 (w), 2215 (w), 1502 (m), 1476 (s), 1410 (w),
1234 (s), 1158 (w), 1116 (m), 1037 (s), 930 (m).

'JHNMR  § (300 MHz, CDCLy): 7.02 (1H, s, CHag), 6.79 (1H, s, CHag), 5.99 (2H, s,
OCH,0), 3.00 (2H, app t, J = 7.1 Hz, CHH), 2.63 (2H, app t, J = 7.1 Hz,
CHH).
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BCNMR  § (75 MHz, CDCls): 148.6 (CArO), 147.8 (CarO), 130.1 (Cag), 118.8 (Car
or CN), 114.3 (Cag or CN), 113.0 (CHar), 110.3 (CHag), 101.9 (OCH,0),
32.0 (CHy), 17.7 (CHy).

LRMS(CI) 273 ([M®'(Br)+NH,]", 14%), 271 ((M"°(Br)+NH.]*, 14%), 255 (M*'BrT",
84%), 253 (IM"°Br]", 86%), 213 (100%), 175 ([M-Br)]", 52%), 157 (6%),
135 (4%), 116 (8%), 76 (18%) amu.

HRMS(CI) Found M: 252.9735; C10HgNO, *Br requires 252.9738.

3-Benzo|[1,3]dioxol-5-yl-propionamide (351)%

o CN o CN
( :©\/v (CHaSiSi, TBAF DN
0 Br (@]

toluene

mw = 175 g/mol
C10HoO2N
CAS =5703-61-7

To a solution of nitrile 350 (0.230 g, 0.905 mmol) in toluene (11 mL), was added
tetrakistrimethylsilylsilane (0.581 g, 1.81 mmol) and tetrabutylammonium fluoride (3.62
mL of a 1M solution in THF, 3.62 mmol) was added. The mixture was stirred at 100 °C for
16 hours then cooled at room temperature. H,O (30 mL) was added and the aqueous phase
was separated and extracted with ether (3 x 20 mL). The combined organic phases were
dried (MgS0s) and concentrated in vacuo. Purification by column chromatography (silica
gel, ether/petrol, 5/95) afforded the title compound 351 (0.139 g, 0.724 mmol, 80 %) as a

colourless oil.
Data for 351 were consistent with literature values.

FT-IR (neat, cm™): 3583 (br), 2950 (), 2931 (s), 2793 (m), 2245 (W), 1488 (m),
1441 (m), 1370 (w), 1247 (s), 1181 (m), 1086 (w), 1034 (m), 930 (m).
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'HNMR & (300 MHz, CDCL3): 6.69 (1H, d, J = 7.9 Hz, CH,,), 6.62 (1H, s, CHap),
6.61 (1H, d, J = 7.9 Hz, CHag), 5.86 (2H, s, OCH,0), 2.79 (2H, app t, J =
7.5 Hz, CHH), 2.49 (2H, app t, J = 7.5 Hz, CHH).

LRMS(CI) 193 (M", 100%), 175 (56%), 135 (70%), 105 (6%), 77 (5%) amu.

2,2-Bis-(2-bromo-benzyl)-malononitrile (366)

Br Br
CKN Br  NaH, THF N
CN Br NS on |

mw = 324 g/mol
Ci7H12BrN;

To a solution of malononitrile (1.00 g, 15.14 mmol) in THF (60 mL) was added NaH
(0.789 g, 33.30 mmol) at 0 °C under nitrogen. After 30 minutes bromobenzyl bromide
(8.323 g, 33.30 mmol) was added. The reaction mixture was allowed to warm to room
temperature, stirred for 16 hours then partitioned between ether (30 mL) and water (50
mL). The organic phases were separated, dried (MgSO,4) and concentrated in vacuo.
Purification by column chromatography (10/90 ether/petrol) gave title compound 366
(3.531 g, 10.89 mmol, 72%) as a white powder.

FT-IR (neat, cm™): 3059 (w), 2993 (w), 2324 (w), 1570 (w), 1471 (s), 1439 (s),
1045 (s), 1021 (m), 755 (s), 724 (s).

'HNMR 5 (300 MHz, CDCly): 7.52 (2H, dd, J = 7.9, 1.1 Hz, 2 x CHag), 7.47 (2H,
dd, J= 7.5, 1.5 Hz, 2 x CHag), 7.25 (2H, td, 7.5, 1.1 Hz, 2 x CHag), 7.11
(2H, td, J= 7.9, 1.5 Hz, 2 x CHag), 3.47 (4H, s, 2 x CHy).

161



BCNMR 8 (75 MHz, CDCl3): 133.6 (2 x CHag), 131.9 (2 x Cag), 131.8 (2 x CHyp),
130.5 (2 x CHag), 128.1 (2 x CHag), 126.0 (2 x Cag), 114.7 (2 x CN), 41.4
(2 x CHa), 39.4 (CCN).

3-(2-Iodo-phenyl)-2,2-dimethyl-propionitrile (354)

1)LDA
ﬁ 2)Benzyl bromide W
THF | CN

mw = 285 g/mol

CiiHoNI

A solution of the carbonitrile (1.00 g, 14.47 mmol) in THF (4.6 mL) was added to LDA,
prepared from diisopropylamine (1.75 g, 17.36 mmol, 0.024 mL) and ‘BuLi (9.65 mL,
17.36 mmol) in THF (61 mL) at —78 °C. After one hour, the 2-iodobenzyl bromide (7.30 g,
24.59 mmol) was added and the reaction mixture was stirred at room temperature. HO (30
mL) was added and the aqueous phase was separated and extracted with ether (3 x 20 mL).
The organic phases were combined and then washed with brine (40 mL), dried (MgSQOys)
and concentrated in vacuo. Purification by column chromatography (silica gel, ether/petrol,

10/90) gave the title compound 354 (3.79 g, 13.29 mmol, 92 %) as a white powder.
MP 87-89 °C
FT-IR (neat, cm™'): 2979 (w), 2329 (m), 2020 (w), 1465 (m), 1012 (m), 757 (m).

'"THNMR & (300 MHz, CDCl3): 7.81 (1H, dd, J = 7.9, 1.1 Hz, CHag), 7.42 (1H, dd, J
=7.5, 1.5 Hz, CHag), 7.30 (1H, td, J= 7.5, 1.1 Hz, CHag), 6.90 (1H, td, J =
7.9, 1.5 Hz, CHag), 3.01 (2H, s, CH,), 1.36 (6H, s, 2 x CH3).

BCNMR & (75 MHz, CDCly): 141.8 (CHag), 140.9 (C), 132.6 (CHar), 130.9
(CHag), 130.3 (CHag), 126.5 (CN), 104.5 (C), 50.7 (CH,), 36.2 (CCN),
28.5 (2 x CH3).
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LRMS(EID) 285 (M", 88 %), 217 (100 %), 143 (12 %), 115 (34 %), 90 (78 %), 77 (12
%), 63 (40 %) amu.

HRMS) Found M: 285.0009; C; H 2N )1, requires 285.0014.

2,2-Dimethyl-3-phenyl-propionitrile (355)1*!

@i\}/ (Me3Si),Si, TBAF W
| CN toluene CN

mw = 159 g/mol

CyiHisN

To a solution of nitrile 354 (1.00 g, 3.50 mmol) in toluene (73 mL) were added
tetrakistrimethylsilylsilane (2.25 g, 7.01 mmol) and the tetrabutylammonium fluoride (14.0
mL of a 1M solution in THF, 14.0 mmol). The mixture was stirred at 100 °C for 16 hours
then cooled to room temperature. H,O (30 mL) was added and the aqueous phase
extracted with ether (3 x 20 mL). The organic phases were combined, dried (MgSO;) and
evaporated in vacuo. Purification by column chromatography (silica gel, ether/petrol, 5/95)

afforded the title compound 355 (0.496 g, 3.12 mmol, 89 %) as a white solid.

Data for 355 were consistent with literature values.

MP 52-53 °C 1it!®! 57 °C

FT-IR (neat, cm™): 2975 (w), 2230 (w), 1979 (w), 1716 (w), 1602 (w), 1494 (w),
1449 (w), 1369 (w), 1262 (w), 1193 (w), 1071 (w), 1031 (w), 906 (w), 760
(s).

'H NMR 3 (300 MHz, CDCl3): 7.40-7.20 (5H, m, 5 x CHagr), 2.90 (2H, s, CH), 1.30
(6H, s, 2 x CHs3).
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BCNMR 6 (75 MHz, CDCL): 135.6 (C), 130.2 (2 x CHag), 128.3 (2 x CHag), 127.3
(CHag), 124.7 (C), 46.6 (CH,), 33.4 (CCH3), 26.5 (2 x CHs).

LRMS(CI) 177 ((M+NH,]", 94 %), 159 (M", 38 %), 133 (14 %), 108 (35 %), 91 (100
%), 65 (18 %) amu.

HRMS(CI) Found M: 159.1049; C;1H 3N, requires 159.1048.

7-Benzo[1,3]dioxol-5-ylmethyl-bicyclo[4.2.0]octa-1,3,5-triene-7-carbonitrile (361)

O. CN (Me3Si)4Si, TBAF O- CN
E O toluene 0 O
|
4o

O

mw = 263 g/mol
Ci7H 130N

To a solution of nitrile 317d (0.8 g, 2.05 mmol) in toluene (43 mL) were added
tetrakistrimethylsilylsilane (1.32 g, 4.11 mmol) and tetrabutylammonium fluoride (8.22 mL
of a IM solution in THF, 8.22 mmol). The mixture was stirred at 100 °C for 16 hours then
cooled to room temperature. H,O (30 mL) was added and the aqueous phase were
separated and extracted with ether (3 x 20 mL). The organic phases were combined, dried
(MgSOy) and concentrated in vacuo. Purification by column chromatography (silica gel,
ether/petrol, 5/95) afforded the title compound 361 (0.492 g, 1.87 mmol, 91 %) as a pale

orange oil.

'JHNMR  § (300 MHz, CDCls): 7.33-7.20 (2H, m, 2 x CHag), 7.13 (1H, d, /= 7.3 Hz,
CHag), 6.97 (1H, d, J = 7.3 Hz, CHag), 6.80 (1H, d, J = 1.5 Hz, CHag),
6.78 (1H, d, J = 8.0 Hz, CHag), 6.74 (1H, dd, J = 8.0, 1.5 Hz, CHag), 5.94
(1H, d, J = 1.5 Hz, OCHHO), 5.93 (1H, d, J = 1.5 Hz, OCHHO), 3.70 (1H,
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d, J = 14.3 Hz, CHH), 3.38 (1H, d, J = 14.3 Hz, CHH), 3.20 (IH, d, J =
13.9 Hz, CHH), 3.03 (1H, d, /= 13.9 Hz, CHH).

BCNMR & (75 MHz, CDCly): 147.7 (C), 147.0 (C), 143.3 (C), 141.1 (C), 129.7
(CHag), 129.6 (C), 128.0 (CHaR), 123.9 (CHag), 123.0 (CHar), 122.2
(CHagr), 121.5 (C), 110.0 (CHag), 108.3 (CHag), 101.1 (OCH,0), 43.9
(CCN), 42.8 (CHy), 42.7 (CHb>).

LRMS(CI) 281 (IM+NH,]", 96 %), 263 (M", 100 %), 248 (10 %), 204 (12 %), 190 (20

%), 176 (10 %), 152 (8 %), 135 (18 %) amu.

HRMS(CI) Found M: 263.09436; C7H;3NO3 requires 263.09463.
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Appendix
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2,3-Dimethoxy-7-0x0-5,6,7,8-tetrahydrodibenzo[a,c]cyclooctene-6-carboxylic acid
methyl ester (301b)
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6-Ox0-5,6-dihydro-4H,7H-benzo|de]anthracene-6a-carboxylic acid methyl ester
(308e)
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7-0x0-6,7,8,9-tetrahydro-5H-dibenzo[a,c]cyclononene-6-carboxylic acid methyl
ester (308c¢)
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