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(1)
SUMMARY

This thesis is presented in three parts and describes
the examination of several successful procedures for the
introduction of angular substituents into fused polycyclic
molecules,

Part I of this thesis describes the preparation of
7,8—dihydro—4a,7-ethanonaphthalene-2,6(4aH,5H)—dione by two
similar procedures firstly from 7-[}l'—bromo—Z'—tetrahydro-
pyranyloxy)ethyl]—s,6,7,8—tetrahydronaphth—2-ol and secondly
from 7—diazoacetyl-5,6,7,8—tetrahydronaphth-2-ol.

The key transformation in each instance involves the
introduction of the angular substituent by an intramolecular
carbon alkylation., In the latter procedure, the accompanying
modification of the aromatic nucleus appears to be the first
reported example of aryl participation in an acid-induced
reaction of a diazoketqne.

Part II of this thesis describes an investigation
of the scope and limitation of this novel alkylation procedure,
The reaction of a series of w - (p-hydroxyphenyl)alkyl diazo-~-
methyl ketones has been studied in an examination of the
scope and limitation of the reaction.

It has been shown that aryl participation (Arl-n)
is significant only for n=4,5, and 6. This observation of
Arl-4 participation is unprecedented; the significance of

this result is discussed. The okservations are compared



with Winstein's earlier results on Arl-n participation and
the trends discussed in terms of factors affectiné-the ease
of ring closure.,

The spirodienediones formed initially in this reaction
were observed to undergo a dienone-phenol rearrangement; this
process has been examined,

A possible mechanism for the alkylation of phenolic
diazoketones is discussed,

Part III of this thesis describes the extension of
this reaction to the intramolecular carbon alkylation of
suitably placed olefinic bonds,

The preparation of 2—methoxygibb—l,3,4a,4b-tetraene—
8-one by the tri%luoroacetic acid-induced cyclisation of
2—diazoacetyl-l,2,3,4;tetrahydro-7-methoxyfluorene is
described._

The formation of l,2,3,9,10,lOa-hexahydro-?-methoxy~
lp,lOaP-ethanophenanthrene-l2-one from l—diazoacetyl—l,2,3,-
4,9,lO—hexahydro~7-methoxyphenanthrene occurs under similar
conditions in quantitative yield,

This latter transformation constitutes the second
reported example of participation by an olefinie bond three

carbons removed from the reaction centre,
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Probably the most difficult feature of the synthesis
of polycyclic compounds such as steroids, diterpenes and
triterpenes has been the problem of angular alkylation in
terms of both stereoselectivityl_3’4 and regio specifity.l’5

The intention of the present investigation has been
the development of more versatile methods6"28 for the
stereospecific angular alkylation of preformed polycyclic
substrates, in readiness for the projected synthesis of
complex diterpenoid compounds €+9., the gibberellins29 and
the hetisine alkaloids.30

Corey6’3l has stressed the important role of the
benzenoid ring or "synthon" as a complex functional group,
particularly in its application to the construction of
complex molecules such as steroids,32 alkaloids,33 and
terpenes.34

The conversion of the kenzenoid synthon to a cyclic
polyfunctional non-benzencid system has been of immense
value to synthetic chemistry, but there are a number of

o]
Bt The condi-~

limitations involved with this conversion.
tions commonly emp10yed6 for the development of the latent
functicnal groups in_the synthon fraguently preclude their
use where reducible or base-sensitive groups are present in
the molecule,

It should be immediately obvious that the synthetic

potentiality of the benzenoid system is considerably aug-

mented by the presence of an oxygen substituent, e.g. as in



P

anisole.6 This utility can be severely restricted when it
is desired that the synthon be transformed into a fused
alicyclic ring bearing an angular substituent. This pProb-
lem is particularly acute when the anqular substituent, and
the carbon atom carrying the oxygen function derived from
the original methoxyl group bear a 1,4 relationship to one
another. The transformation of oestrone into testosterone28
succintly illustrates this problem. The relatively few
solutions to this problem have been notable for their inge-
nuity rather than for their utility.7’16’20’28’35

One of the few exceptions to this generalisation is
the intramoleculér carbon alkylation employed by Masamune36’37
in the preparation of the tetracyclic intermediate (3)

(Scheme 1),

H
1
:
BrCHy==—C —=0Thp
EEFEl oy 4
i
—_—
HO
/d'
(1) (2) (3)

Scheme 1
The key intermediate (3) was the starting point for the

total syntbesis of a number of diterpenes and diterpene
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alkaloids,37 notably kaurene34(4), garryine3o(5) and

atisine3o(6).

(4) (5)

(6) (7)

A synthesis based on this principle had appeal for
a number of reasons;

(a) it allowed the use of an aromatic synthon to
conceal several functional groups6 until required.,

(b) it provided a solution to the problem of
angular alkylation, which simultaneously accomplished the
modification of the anisole synthon under essentially milg,
non-reductive conditions,

(c¢) finally the bicyclo[:3,2,l:]octane moiety,38

found in kaurene34(4) and garryine3o(5), was formed in one



simple, elegant step.

In the synthesis of such complex alkalcids as those
of the hetisine group {(c.f. hetisine (7)) it was considered
necessary that more direct methods be developed for the
construction of the bicyclo [2,2,2] octane system.39
Masamune's synthesis of atisine37(6) involved the conversion
of a preformed bicycloi:3,2,i] octane moiety to a bicyclo
[2,2,2] octane moiety. The synthesis of the tricyclic
ketone (9),* based on a scheme which incorporates the con-

cepts developed above, was therefore initiated (Scheme 2).

(8) (9) (10)

Scheme 2
Part I of this thesis will describe the synthesis of the
tricyclic ketones (11), (12) and (13) via two different
synthetic pathways; the key step in each synthesis involves

the carbon alkylation of a fused phenolic substrate.

* In related work40 the dihydro derivative 10 (¥=0) has

been prepared, but this required prior reduction of the

aromatic ring.



OH H

() (™
: L e

(1 (12) (13)

The tricyclic intermediates (11), (12) and (13),
all appear suitable for a proposed synthesis of hetisine (7).

~=~000-——
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In order to test the feasibility of the intramolecular
carbon alkylation previcusly outlined {(Scheme Z) for the pre-
paration of the tricyclic ketone (9), the synthesis of the
phenolic bromide (14) was initiated. By analogy with previ-
ous work,37 the methoxy acid (15) appeared to be a logical
precursor; but although a method was available for the prep-

aration of a dehydro derivative41

of acid (15), it was found
preferable to prepare the acid (15) by an alternative route.
The regquired acid (15) was originally synthesised by

a modification of the procedure used by Jacgques and Horeau

in a synthesis of an isomeric acid (Scheme 3).

COCO,Et CO,Et
0 0 0
— —_—
CH,0 CH;0 CH,0
(17) (18) (19
COEL CO,H
OThp
Z P Br
QNG
CHO N CH07 X HO
(20) (15) (14)

Scheme 3



7-Methoxytetral-l-one (17) was prepared by a standard
literature procedure43 and subsequently converted to the
glyoxylic ester (18) (1gax 1720, l620-l600cm-l) by the method
of Hunter and Korman.44 Decarbonylation to the keto-ester
(19) (Wgéx 1730, 1680, 1640cm—l) was accomplished by briefly
heating the ester (18) in the presence of powdered glass.44’45
HydrOgenolysis46 of the benzylic carbonyl function in the
presence of a palladium-charcoal catalyst afforded the ester
(20) as a light pink liquid ('(gaX 1720cm"1), which on
saponification yielded the desired methoxy-acid (15).

As a result of later related studies,47 the keto-
acid (21) became readily available. Clemmensen reduction of
this keto-acid (21) by the Martin modificatioh48 afforded
the methoxy-acid (15) in gquantitative vield (Scheme 4).

This acid was identical in all respacts with that obtained

from the first synthetic procedure.

CO.H COgH

CH0” X CH30

(21 ) (15)

Scheme 4



The method used for elaboration of the phenolic
bromide (14) is depicted in Scheme 5, and parallels that
employed by Masamune37 in the synthesis of the isomeric

bromide (1).

OpH COCH=R
—OR
—Br
B —— ———

RO PhCH,0 RO
R=CH, (15) R= Ny (24) R=H, R=CH,Ph. (26)
R=H (22) R=Hr, (25) R=Thp, R:CH,Ph, (27)
RCHPh 23) R= H, (%5a) ReThp, R=H. (1)

Scheme 5

Attempted demethylation of the methoxy-acid (15) by

49,52 gave either a poor yield

several standard procedufes
or an impure product, but treatment with pyridine hydro-
chloride®® afforded the phenolic acid (22) (V_ 3300, 3150,
2700cm-l) in 95% yield., Introduction of the benzyl residue
was acconmplished by treating a solution of the phenolic acid
(22) in agqueocus dioxan with excess potassium hydroxide and
benzyl bromide. Sequential treatment51 of the benzyloxy-
acid (23) (Wgax 760, 740cm"l) with oxalyl chloride and
excess ethereal diazomethane produced a light yellow oil

which was purified by alumina chromatography to give the

-
crystalline diazomethyl-ketone (24)LV/maX 2140, 1620cm—a
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SQBX 5.25 (s, 1H, COC@NZ)] in 71% yield. When a cold ether-

eal solution of the diazoketone (24) was shaken briefly with
53

concentrated hydrobromic acid, the bromo-ketone (25)'V;ax
l7lOcm—l, Snﬁx:3.95 (s, 2H, Cocngr):]was obtained in quan-

titative yield., The oily bromo-ketone, although homogeneous
by thin layer chromatography (t.l.c.), could not be induced
to crystallise, but treatment with zinc dust in acetic acid54
afforded the corresponding methyl ketone (25a) which was
characterized as its semicarbazone derivative. The oily
bromo-ketone (25) was reduced by treatment with sodium boro-
hydride while maintaining the pH of the solution in the range
7-% by the addition of acetic acid; the resultant crystalline
mixture of diastereoisomeric broghydrins (26) (Wgax 3300cm-l,
no carbonyl absorptiéﬁ }, when allowed to react with purified
dihydropyran55 in the presence of p-toluene sulphonic écid
afforded the desired tetrahydro-pyranyl ether (27) (\gglelO,
1585cm_l) in 90% yield. The non-crystallinity (homogeneous
by te.l.c.) of this compound was ascribed to the presence of
the tetrahydropyranyl moiety. Liberation of the masked
phenolic hydroxyl was achieved by hydrogenolysis of the
benzyl residue56 in the presence of a palladium-charcoal
catalyst, and afforded the phenolic bromide (14) in 90%

vield as a clear glass (V;ax 3300, 1610, l590cm-l, no absorp-
tions present in the 700-800cm™* region ascribable to the

mono-substituted aromatic ring).

A dilute solution of the diastereoisomeric phenols
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36,37

(14) was treated with potassium t-butoxide and heated

under reflux for five hours. Puriiication of the crude
product afforded a 3:1 epimeric mixture of the dienone ethers
(28) and (29)Ev;ax 1655, 1625, 1600cm * (dienone) ]in 50%
yield. (Scheme 6). Brief treatment of this mixture with
dilute mineral acid afforded the epimeric mixture of alcohols

(12) and (13)[“v;ax 3320, 1650, 1615, 1530cm ™t (dienone)].

Recrystallisation of the crude mixture 4id not alter the

(14)

(12) R=H (13)R=H

(11)
(28)R<Thp (29)R=Thp

Scheme 6
composition of the epimeric mixture, however oxidation with
the Jones57 reagent at -15%% vielded only the homogeneous
diketone {11) as a white crystalline SOIia[?V;aX'l720 (sat-
urated C=0), 1660, 1630, l600c4m"l (dienone) Anmz:243nm'
(€ 14,800)3, |

In contrast to the Arl—S alkylation of the phenolic
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*
bromide (1), the transition state for Arl-6 cyclisation of
the bromide mixture (14) requires that both diastereo-
isomers (Figure 1) have the side chain ether substituent

eclipsed with a ring methylene group (C6-~H and C8-H).

R K R R
(1) OThp H ——5(2) (M}_[OThp H —> (28)
H OThp —— (29)

() H  OThp H/L;.m

Aq~5 Fiqure 1 Aq—ﬁ
From an examination _of Dreiding molecular models,

this interaction would appear to be intermediate in severity

between that for the bromide (f) {ether oxygen and C8-H) and

*
For use of the Arl—n convention, see ref. 58, The con-—

&)

vention Arl-n has becen used for situations which involve

participation by phenolic groups under basic conditions.,

©

As this latter Arl-n convention has been employed only by

Winstein, the more general Arl-n convention will be employed

in this thesise.
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its diastereoisomer (1) {(hydrogen atom and C8-H). Moreover
Masamune37 has attributdd the formetion of a single stereo-
isomer (assigned structure (2)) as due to the failure of

one of the diastereoisomers (1'?) to undergo cyclisation
because of this severe interaction in the expected cyclic
transition state.,

Assuming the validity of this argument, the smaller
vield of epimer (29) in the Ar,-6 alkylation is probably due
to the existence of the less important but extra 1,4 non-
bonded interaction between the ether function and the §Zﬂ*
C5 hydrogen atom in the transition state leading to this
product. The ratio of epimers (28) and (29) could conceiv-
ably be due to a biased diastereoisomeric mixture of the
bromohydrins (26), but the immediate environment of the
carbonyl group in the bromo-ketone (25) appears essentially
symmetrical, and consequently reduction with sodium boro-
hydride would be expected to yield approximately equal

59,60 56y, The

amounts of the bromohydrin diastereoisomers
ratio of products (12) and (13) obtained from the reduction
of the diketone (11) with sodium borohydride lends further
weight fo these conclusions. On selective reduction of the
saturated carbonyl group a 2:3 mixture of the alcohols (12)

and (13) was obtained. Hence the predominant product (13)

from the reduction is that with the hydroxyl group in the

Naphthalene numbering system,



-13-

more crowded environment, corresponding to hydride delivery
by the bulky borohydride reagent to the less hindered face
of the carbonyl group.61 This mixture of alcohols, as with
that obtained directly from the mixture of (28) and (29),
on oxidation afforded only the homogeneous diketone (11).

The structures of the various dienones (11)-(13),
(28) and (29) follow from their modes of preparation and
their various spectral characteristics.62 The epimeric
mixtures (12) and (13), and {28) and (29), could not be
separated by fractional crystallization or chromatographic
techniques, but in nuclear magnetic resonance (n.m.r.)
spectra, the C4 olefinic proton63 of the epimers (12) and
(28) affords a doublet resonance (J10Hz) at slightly higher
chemical shift (c.4H£j than in epimers (13) and (29).
Integration of these signals provides a simple method for
the estimation of the epimer ratio.

It seems apparent that the presence of the ether
function on the sp3 hybridized carbon atom in the side chain
results in appreciable non-bonding interaction in any transi-

tion state leading to the cyclic products. Ar.-5 and Ar,-6

1 1

23,64-74
1

alkylations, although employed occasionally n the

construction of bicyclic systems, have not been successfully
employed as a method of angular alkylation in a preformed

*
polycyclic molecule bearing an cxygenated bridging chain.

*
For an exception, see ref, 37,
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In more complex substrates the extra activation energy
required for cyclisation (by virtue of a greater number of
non-bonding interactions) couvld be expected to preclude
cyclisation completely in the presence of more favourable
alternatives, e.g. elimination, and intermolecular’ alkylation.
Clearly the replacement of the offending ether func-
tion with the sterically less demanding carbonyl group
should overcome the problem of steric congestion in the trﬁn—
sition state for cyclisation, while at the same time retain
the oxygenated bridge, but Masamune75 has reported that the
bromoketone (30) corresponding to the bromide (1) failed to

yield cyclic products.,

COCHZBr

HO

(30

Accordingly it was decided to examine the feasibility
of effecting cyc¢lisation through the agency of the more
reactive diazonium species (32) (Scheme 8).

77-85 .
(i.2.

Information available on the mechanism
the A--Z mechanism76) of the reaction of aliphatic diazo-
ketones with nucleophiles in the presence of Bronsted acids

provided ample justification for the suitability of the

diazomethyl ketone (31) as a precursor for the diazonium
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species (32).

®
COCH=N, COCHyN,

‘

(31) (32) (11

Scheme 8
The synthesis of the phenolic diazomethyl ketone
(31) from the readily available phenolic acid (22) is

outlined in Scheme 9,

COpH COCH=N,
s #Z
———
RO Xy RO” X
(222R=H (34)R= CHyCO
(33) R= CHyCO (3NR=H

Scheme 9
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The phenolic acid (22), upon treatment with sodium acetate
and acetic anhydride afforded the acetoxy-acid (33)[Wv;;x
1750 (AroCOCH,), 1700cm™t (cozz{)] in quantitative yield.

The acid (33), upon successive treatment51 with oxalyl
chloride and excess ethereal diazomethane, (by the general
method described for diazoketone (24)) gave the diazoketone
(34). Subsequent cleavage of the acetyl function was accom-
plished by brief treatment of the diazoketone (34) with
sodium carbonate in agqueous methanol and afforded the phenolic
diazoketone (31)["V;ax 3200 {(OH), 2140 (C=t=§), lGZOcm_l
(C=0 of COCHNZ)] in 83% overall yield from the phenolic acid
(22).

When a dilute solution of the diazoketone (31) in
anhydrous nitromesthane was treated with boron trifluvoride
etherate, a single neutral product was obtained in c. 32%
yvield. This product was identical in all respects with the
diketone (ll) obtained via the base-induced Arl-6 alkylation.

Whilst acid-induced reactions of diazoketcnes involv-
ing alkyl* group participation (and/or migration) have been
noted, particularly in strained bicyclic systems,86 this
appears to be the first example of aryl participation (ex-

b

X . A N cq s . 8
cluding reactions proceeding via carbenoid intermediates ).

Both modes of participation have been observed with diazo-

38 . . .
alkanes, however the mechanism cperating here is probalkly

N 89
[1 SEze
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A variety of acids whose conjugate bases were expect-
ed to function poorly as nucleophiles, e.g, fluoroboric and
perchloric acids, and 2-bromopyridinium perchlorate, were
examined, but although useful results were obtained with most
reagents, boron trifluoride was the superior reagent. A
range of solvents was also examined, although most were either
too nucleophilic or too poorly solvating, and the yield ob-
tained with nitromethane could not be exceeded.

Despite the moderate yield obtained in the cyclisation
of the phenolic diazomethyl ketone (31}, due to the brevity
and efficiency of the preceeding steps in the synthesis, this
is quite obviously the preferred method for the preparation
of (11).

The carbon alkylation of phenolic diazoketones
appears to have excellent synthetic potential, not only in
the context of angular alkylation of preformed polycyclics
but also for the simultaneous modification of the anisole
synthon. The scope and limitation of this method of alkyl-
ation will be discussed in Parts II and IIT,

—==000~~~
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While the work described in Part I of this thesis
was in progress, closely related s*+udies in these labora-
tories90 showed that the phenolic diazomethyl ketone (35),
on treatment with boron trifluoride etherate in nitromethane,
produced the tricyclic diketone (37) in c. 70% yield (Scheme
10).

COCHN2 C,

s

HO HO o

(35) (36) {37)

Scheme 10
This alkylation affords rapid and efficient access
to the tricyclic system already prepared by Masamune,37 and

is significantly more efficient than the corresponding Ar, -6

1
alkylation described in Part TI. A comparison of Dreiding
molecular models of the respective transition states for
Arl—5 and Arl—6 alkylation revealed little difference in
terms of non-bonding interactions.

"It is apparent from the work of Winstein7l°74’9l’92

69,93

and others that the size of the ring being formed in

reactions of this type could markedly affect the utility of
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the alkylation. The ease of ring formation bears little

93,94

relation to ring stability, and for irreversible

alkylations the products are those of kinetic control, If
it is assumed that this reaction not only occurs by formal
aryl participation93 (i.e., A-2 mechanism76), but also that
-3 (ref. 94-100) and Ar

as in Ar -5 (ref. 91,101-103) solwvo-

1 1

lytic processes, the aryl assisted pathways are discrete,
competitive processes, then the extent of cyclisation in a
series of phenolic diazoketones (Fig. la), should be expected

to exhibit a trend similar to that observed by Winstein.'72

(38 n=3
Hﬁn —COCHN, (39) n=4
(L0) n=5
HO @n =
(42) n=7

Figure la
Since this aspect of the alkylation warranted
attention, a program directed towards the synthesis of the
phenolic diazoketones (38)-(42) and a study of their reactions
was initiated.
Part II of this thesis will describe the synthesis
and intramolecular alkylation of these five diazoketones,

compare the results with those of Winstein, and discuss the



-20-

trends observed in terms of factcrs affecting the ease of
ring formation.

—=—000~~—
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{(a) sSynthesis of the phenolic diazomethylketones (38)—(42)}

A general synthetic plan for the preparation of diazo-
ketones (38)-(42) is outlined in Scheme 11, This route was
influenced by the successful synthesis of the bicyclic‘diazo-

ketones (31) (Part I) and (35) (ref. 90).

' [
—_—
RO AcO~
(43)R=CH3 (45)R= OH
(44) R= H (46)R=CH=N,
T — (39) n=¢,
HO” Xy
([.0) n=5
(41) n=6
(42) n=7
Scheme 11

The methoxy-acids (43), n=3-7 were either commer-~
cially available, or prepared by standard literature pro-
cedures described in the experimental section., Except for
the commercially available acid (44) n=3, the known phenolic
acids (44) n=4-7 were best prepared by demethylation of the

corresponding methoxy-acids (43) by the pyridine hydrochloride
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method.50 The use of other common reagents, e.g. hydrobromic-

acetic acids,52 or aluminum chlorije,49 resulted in inferior
products, but the yields from the pyridine hydrochloride
method were usually quantitative. The phenolic acids (44)
were acetylated by treatment with acetic anhydride-sodium
acetate; hydrolysis of the intermediate mixed anhydrides
afforded the acetoxy-acids (45) (ngx 1750, l700cm~l) nor-—
mally in quantitative yield. The acetoxy-acid (45) (n=S5)

was also prepared by acetylation and then hydrogenation of
p-coumaric acid. The acetoxy-acids (45), on sequential treat-
ment51 with oxalyl chloride and ethereal diazomethane afforded
the corresponding acetoxy-diazoketones (46)[ﬁ¥;ax 2130, 1750,
1640cm'1, Smax 5.2 (s, 1H, cocgmz)] in high yield. Hydrolysis
of the acetyl function was achieved by brief treatment of

the diazoketones (46) with sodium carbonate in aqueous
methanol, this afforded the phenolic diazoketones (38)-(42)

1

Max 3300, 2130, 1620cm , 5 22 (s, 1H, cocz_«;Nz)J in

mna

excellent yield,

(b) Reaction of the phenolic diazomethylketones (38)-(42).

It is pertinent at this time to considef the nature
and mode of formation of products exvected from the intra-
molecular alkylation of the diazoketones (38)~(42) {(Scheme 12).
By analogy with the formation of the tricyclic diketones (11)
(Part I) and (37) (part II, Introduction), the dienedione (47)

is the product expected from aryl participation. However,



23—

this compound could undergo a dienone-phenol rearrange-

104,105

*
ment and form the benzocyclanones (48) and/or (49).

Products (50a) arising by the intervention of a nucleophilic
53,80

solvent may also occur if the diazonium ion (50) is
the species undergoing reaction.

The reaction of aliphatic diazoketones (51) with
nucleophiles in the presence of acid has been shown to occur

FegEs (Figure 2).

via an A-2 mechanism
Therefore the use of nucleophilic protic and dipolar
aprotic solvents was obviously not advisable, but the
phenolic diazoketones were only sparingly soluble in non-
polar solvents so that a compromise was necessarys NO men-
tion of nucleophilic reactions** involving nitro-alkanes
could be found, in fact nitromethane is commonly employed
as a solvent with reactive acylating agents.]'07 Aromatic
nitro groups behave as nucleophiles in some circumstances,
but this normally occurs only when the nitro group is

108,126 Nitromethane

situated ortho to a reaction centre.
. . 1 3
was therefore chosen as a dipolar aprotic solvent &° with

minimal nucleophilicity.

This question will be considered later in this section.
* Attack by the oxygen atom only of the nitro group is con-
sidered hére. The nucleophilic reactions of nitro alkanes
under basic conditions normally procede via carbanion

mechanisms.106’llO
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(39-(42
(&421)_
Ho) o + 3
2)3-3 CHN, 0
HO
0
(50) \)?k
(47) .
)
~N, X
\A
[y
HO R
- CHQn—-3
(50a) N
(48) R=H, R=0H
(49) R=0OH, R=H
Scheme 12
HY fast + X
R ——5'~  RCOCH,N, ——— RCOCH
COCHN, = COCHNy 5. X
(51) (52 (53)
A-2 Mechanism X= Hy0, ROH, RNHy, C,Br 1, etc.

Figure 2
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(i) Reaction of the diazoketone (38) n=3,

When a dilute* solution of the phenolic diazomethyl
ketone (38) n=3 in anhydrous nitro-methane was treated with
boron trifluoride etherate, a vigorous evolution of nitrogen
occurred, and on work-up a single product was obtained,

This was identified as p-~hydroxy phenacyl alcohol (54)
from examination of its infra-red (wgax 3430, 3250, l670cm_l)
and n.m.r. [gmax 4.75 (s, 2H, -COCEZOH)] spectra and com-

parison with previously reported data.ll1

CHNy OCH,0H
BF; +Et-,0

(38) (54)

It was considered possible that the hydroxymethyl
ketone (54) had arisen by reaction of an intermediate diaz-
onium ion with traces of water in the "anhydrous" nitro-
methane. On examination, the nitromethane was shown to
contain €0.3% of water (c.f. experimental section) which

was sufficient to account for the formation of the hydroxy-

*
Approximately 0.05 molar soluticns were employed to

minimise intermolecular alkylation, as phenols will undergo
oxygen alkylation with diazoketones in the presence of

Lewis acids:S3
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methyl ketone (54). This possibility was discounted by the
use of "ultra-dry" nitromethane (£0.01% water), hydroxymethyl
ketone (54) was still the sole product. Since nitrogen was
evolved before water was added (during the work-up procedure),
it appeared that the weakly nucleophilic nitromethane had
probably reacted with the intermediate diazonium ion (52)

and that the product (56) had arisen by hydrolysis (during

work-up) of an intermediate nitro-complex (55) (Figure 3).

; 7
RCOCH,N, __Etlgl\:&_, RCOCH,~0-N-CH,
T2

(52) (55)

HY

RCOCHZOH + CH3RG,

(56)

Figure 3
The reaction of a nitro group with a diazoketone
moiety in an intra-molecular sense is not without prece-

108,112

dent, while the recent spectroscopic detection of

ol ~ketco-diazonium ionsll3 and the fact that their reactions

with various nucleophile353’80

are well documented, supports
the postulation of (55) as a likely intermediate. Further-
more, when the reaction of diazoketone {38) with boron tri-

fluoride etherate in nitromethane~d3 was monitored by ob-
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serving the n.m.r. spectrum, a singlet resonance was observed

O
at.SS.OS (—CO-Cg —O—Q—CHB). On addition of DZC this reson-

ance disappeared, and another singlet resonance Gg4.75)
was observeds An n.mer. spectrum of the alcohol (54) dis-

plays a singlet resonance atS4.75 ascribed to the -CO-CH,-OH

2
*
(ref. 116) grouping.
In light of the current activity in the field of

95-100,117-119 it is tempting

P-aryl (Arl-3) participation,
to speculate on the possible intermediacy of the spiro-—
cyclopropanone (57) in the formation of the alcohol (54),
particularly in view of the probable intermediacy of cyclo-

. ) 120
propanones during: some Favorskil rearrangements,

0

(57)

The diazoproton (nCOC§N2) of ketone (38) was observed as
a singlét resonancezﬂ:g5.8 (ref, 115) before the additior
of Lewis acid. Resonances at¢g4.l and 84.25, ascribed to HOD
and CHD2N02 (ref. 114) resp=sctively, were also observed,
Aliphatic diazonium ions R-COCHRN, display a one proton

resonance at<g9.3 (below —SOOC) (ref., 113),
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Four pathways for the formation of stable products
from the cyclopropanone (57) can readily be envisaged,
(Figure 4) all are precedented, either in the chemistry of
cyclopropanones121 or strained spiro-cyclohexadienones.

The infra-red spectrum of the crude product dis-
played no absorption in the region 1680—1800cm-l, indicating
the absence of the ketone (58) [or (59)]. As no trace of
the acid (62) could be detected, pathways 1 and 2 both
appear unimportant. It can be seen that pathways 3 and 4
both afford the alcohol (54), thus a product analysis cannot
be used to infer the formation of cyclopropanone (57). When
the reaction of the diazoketone (38) was monitored by obser-
vation of the n.m.r. spectrum in nitromethane—d3 at room
temperature, no resonance ascribable to the cyclopropanone
(57) could be detected. In the absence of evidence to the
contrary,* it would appear that alcohol (54) arises via
direct attack of nitromethane on the intermediate diazonium

ion,

(ii) Reaction of the diazoketone (39) n=4.

The diazoketone (32) n=4, on treatment with boron

trifluoride etherate afforded a crude product containing

If the cyclopropanone (57) were formed in the rate deter-

122,224

mining step, ther a carbon isotope effect might be

observable; this appears to warrant investigation,
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0 OH OH
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) i OH
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=
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A
0 OH
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0 0 OH
{63) (65) (54)

X =CHyNO,
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three compounds (t.l.c.). Column chromatography afforded

-
3300, 1735cm , § _ 6.7-

he 5 fie
t phenolic indanone \o?)['b;ax

7.3 (m, 3H, Arﬂﬂ)] and the hydroxymethyl ketone (68)[ vmax

33-3400, 1710cm +, § 6.8 (q, J9Hz, 4H, Ar-H) |.

max

COCHNZ CH.OH
_sovent 2
HO HO
(39) (68)
AWA
6]
0 OH
(66) (67)

On examination of the infra-red spectrum of the
crude reaction mixture, absorptions were observed at 1785
and l665cm-l. This indicated that the dienedione (66), the

expected product from Ar,-4 participation, was probably

1

present, but underwent decomposition or rearrangement during
chromatcgraphye.

Under mildly acidic conditions, strained spiro-dienones

104 *

undergs a rapid dienone-phenol rearrangement, thus

*
For extremely strained systems, alternative modes of

reaction are possible (c.f. Winstein74)
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dienedione (66) would be expected to rearrange rapidly to

the indanone (67). This was indeed the case, the proportion
of dienedione (66) in the crude mixture (as judged by infra-
red spectroscopy) was extremely sensitive to acid, but by
careful selection of reaction conditions a mixture containing
considerable quantities of dienedione (66) was obtained.

Rapid preparative t.l.c. afforded the labile spiro—dienedione*
(66) as an almost colourless liquid. The dienedione could

not be characterised because of its lability, but this pro-
perty, coupled with its mode of formation and characteristic

. (\géx 1785, 1660, l620cm—;) appear firmly

spectral data,
to establish its structure as (66). Hydrogenation of a crude
reaction mixture, and subsequent purification afforded the

corresponding tetra-hydro derivative (69) (Wgéx 1770, l700cmfl)

which further substantiated the structural assignment,

0

(69)

* The is the first reported example of Arl—4 participation.

The significance of this result will be discussed later.
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When the pure dienedione (66) was resubjected to the
standard reaction conditions it underwent rapid and quanti-
tative conversion to the indanone (67). Therefore the solvent-
assisted and aryl-assisted pathways appear separate and com-
petitive., The possibility that portion of the indanone (67)

arises via a direct Ar. -5 process73 has been considered but

2

not discounted. Winstein has shown that Ar.,-n modes of

2
cyclisation are seldom significant unless n=5, and it also
appears that Ar2-5 and Arl-4 processes would have comparable
rates only for equivalent degrees of activation,123 i.e. when
both modes lead to attack at a portion ortho or para to an
electron donating substituent. A study of the isotopic dis-
tribution in the indanone (67) derived from the carbon

labelled diazoketone (39%a) should reveal the presence of any

direct Ar2»5 processe.

I
COCHN2

HO

(3%)

In view of the high proportion of dienedione (66)
(relative to indanone (67)) present when the reaction is
interrupted at approximately one half-life, it would appear

that the rates of formation of (66) from (39), and (67) from
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(66) are comparable, and the hitherto unprecedented Ar1-4

process accounts for the formation of the indanons (67).

(iii) Reaction of the diazoketone (40) n=5.

When diazoketone (40) n=5 was allowed to react under
the standard conditions two compounds were isolated, one of
which was readily identified from its melting point and
spectral characteristics62 as the pfeviously reported69
dienedione (70), the product expscted from the aryl-assisted
pathway (Arl-S). The second product proved to be that
derived from the solvent-assisted pathway, the hydroxymethyl
ketone (71),

Although the rate of dienone—phenollo4

rearrangement
of dienedione (70) was expected to be slower than that of
the dienedione* (66), the absence of ﬁ—tetralone (72) was
a little surprising,®? but t.l.c. indicated the presence of
a third product in the initial reaction mixture. Careful
preparative t.l.c. afforded a compound which had spectral
characteristics expected of ketone (72), but was extremely
prone to oxidation, and could not be characterised.

In view of the failure to ~haracterise adequately
the ketone (72), the rearrangement of the dienedione (70)

. . . . X . 12
was of interest since a consideration of migratory aptitudes 4

*
This qualitative prediction is basead solely on a consider-

ation of relative ring strain energies in the ketones {(66)

and (70).
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CH Nz
ATS
HO N

~

(700 © N

HO, ;i :: 0
(73)
" 0
Ho~ Xy HO

(71) (72)

(40)

should lead to a selection of ketone (72) as the preferred

product.
0
HO GHs0
0
0
(73) (75)
MMHQH““S | O,/\:>
5 ;
,@ff :
N
(70) = CHy0
(72) (74)

Figure 5
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Previous workers69 had not shown the absence of the alter-

native product (73), thus it was possible that "ketone {(72)°"
might not be homogeneous.,

Dienedione (70) underwent rapid rearrangement in
the presence of boron trifluoride etherate, and afforded a
product which was sequentially ketalised125 and methylated126

by standard procedures (Scheme 13). No trace of the hydroxy-

methyl Ketone (71) could be detected.

0 °/>
@QL"
CH30

a')b:c-
— (7))
anqkr
0 0
(70) CHy O 7
0
(a) BFyER0, CHyNO, . X
(b) Ethylene glycol,Benzene, p-TsoH.
Wi >P (75)

(c) K2CO3, CH31, Acetone,

Scheme 13
Authentic samples of the methoxy ketals (74) and (75)
were prepared by standard procedures but had identical
retention times on d.l.pe.c. under a variety of conditions.
Fortunately, it proved possible to detect the presence of
24% of ketal (75) in a mixture of ketals (74) and {(75) by

examination of n.m.r. spectra. The n.m.r. spectrum of the
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product derived from the dienedione (70) was identical with
that of ketal (74), i.e. dienedione (70) rearranges almost
exclusively via pathway (b), (Figure 5), to yield ketone
(72). Since Ar1~5 and Ar2-6 processes should have comparable
rates only for equivalent degrees of activation,123 direct
formation of ketone (73) from diazoketone (40), although

not discounted, appears unlikely,

(iv) Reaction of diazoketones (41l) n=6 and (42) n=7.

Alkylation of diazoketone (41) n=6 under the standard
conditions afforded predominantly the crystalline hydroxy-

methyl ketone (76) via the solvent assisted pathway (Figure

6),
—Axb ] o
HO COCHN,
(41) ]
0
Z 4
i ’
HO” XX CHHOH HO
e (78)
g}gure 6

but spectroscopic examination of the initial fractions from
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chromatography of the crude reaction mixture revealed that
they contained mixtures of the dienedione (77), and the
benzocycloheptanone* (78), totalling 1l1% in all,

Under identical conditions, the diazoketone (42)

n=7 afforded almost entirely the hydroxymethyl ketone (79).

A7
@/; (80)

(42) COCHNy

HO HO
(79) COCH,0H (81)

Figqure 7
Spectroscopic examinatiocn of the remainder of the product
revealed that dienedione (80) was absent, but a weak reson-
ance in the n.m.r. spectrum at 83.65 {s, 2H, Ar—cgico-)
suggested that the benzocyclo-octanone (8l) was present in

low yield (~3%).

The isomer was assigned by analogy with the formation

of ketone (72) from the dienedione (70).
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(c) A possible mechanism for the alkylation reaction.

By integration of appropriate resonances in the n.m.r.
spectra of the total reaction mixtures, the proportions of
products arising via aryl- and solvent-assisted pathways was
measured. The results, expressed as percentage participation,
are summarized in Table 1,

Table 1
Percentage Aryl participation in the

Diazoketones (38)-=(42)

. . +
% participation -5% n (Arl-n) Diazoketones

) 3 (38)
56% " 4 (39)
67% 5 (40)
11% 6 (41)

3% 7 (42)

The high proportion of aryll-4 participation is of
particular interest, since this is the first reported ex-
ample of this mode of cyclisation, although a number of
unsuccessful searches have been described.69’72’127_l3o
An explanaticn of these trends will be presented following
a brief discussion of mechanism. As the purpose of this
investigation was a study of the scope of this alkylation

in the context of synthesis, formal mecharistic studies have

not been undertaken, but a reasonable picture of the probable
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mechanism, based on observations during the study, and by
analogy with earlier work can be obtained. Such 2 discussion
is desirable for a comparison of the observed trends with
Winstein's results.,

The studies of the rearrangement of the dienediones
(66) and (70) indicate that the aryl-and solvent-assisted
pathways are discrete and competitive. Similar conclusions
have been reached for solvolytic reactions in the Arl—3

(ref. 94-100) and Ar.,-5 (ref. 91, 101-103) systems, and also

1
102

appear valid in the Arl-6 system.™ The reaction of diazo-

ketones (84) with nucleophiles under acidic conditions pro-
bably proceeds wvia an A-2 mechanism76-85 (Figure 8), the
diazonium ion (85) being the species actually reacting with

the nucleophile, At various times, A-1 and A-SEZ mechanisms76

-

+
1]

H ® X
ROHCOCHN, T RCHCOCHN, ————> RCH;COCHX
(84) (85) N,
@
RCH,COCH,
i
(85)

Figure 8
have been proposed as alternatives, the former mechanism

(refs., 131-134,139) appears to have been adequatzly dis-
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*
81,82,140 while the latter alternative has been

proposed by Jugelt and Berseckl35_138 to operate only for

counted,

diazoketones of the type (86).

0 0

I (86) [l
Ar-C—I(II—R R-C—ﬁ‘R
Ny R=AryL or Alkyl Ny R=R=Alkyl

RFH

1 (87)

Although an & ~-keto-carbonium ion intermediate has

been recently invoked,l41 studies in related %icyclic systems,

4 4
142 and steroids,l‘3

of general structure (87) have shown
that the products can be rationalised adequately by an A-2
mechanism. Conseguently the existence of a free carbonium
ion (85') in the course of the alkylation appears unlikely.

A number of the above examples are particularly relevant as
they appear to involve neighbouring alkyl group participation

in an A-2 process.lL*z’143

Thus it appears likely that the
alkylation precedes via an A-2 mechanism, with the diazonium
ion (85) {(ref. 113) as a common intermediate, Although it
is conceivable that an aprotic solvent could cause a change
of mechanism (kinetic studies relating to diazoketones have

been coniined mainly to agqueous media), Roberts79 and Lane77

It has also been pointed out that differentiation between

A-SE2 andg A—SE2' mechanisms from kinetic evidence is difficult.
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have considered this possibility unlikely.

Solvent Products

3
+ .Soweﬂ
RCOCHN el CHoN ol
p T RCOCHN,
Fd&
(84) (85) Bicyclic Products

Figure 9

Preliminary studies of the alkylation showed that
either a Lewis acid, or a Bronsted acid with a non-nucleo-
philic conjugate base? was necessary for reaction to occur,
and both reagents afforded similar products. The correspond-
ing methyl ethers (88), under normal conditions, failed to

react in the presence of boron trifluoride etherate, but

CHp)—=COCHN,
CHy0
(88)

rapidly evolved nitrogen when treated with a Bronsted acid.

In the presence of strongly co-ordinating solvents e.g.

144,145

ether, tetrahydrofuran or acetonitrile, reaction was

either extremely slow, or did not proceed at all,
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Lewis acids with both alcohols and phenols, form
electron donor-acceptor complexes which behave as strong

*¥146

Brgnsted acids. The alkylation of amines and alcohols

147 in the presence of Lewis acids is believ-

by diazoalkanes
ed to be catalysed by such donor-acceptor complexes, while
an analogous mechanism is probably operative iﬁ the trans-
formations described by Newman148 and Zorbach149 (Figure 10).,
Identical products would be expected77 if fluoroboric acid
was used in place of boron trifluoride.

It is believed that the mechanism outlined in Figure
11 is consistent with these observations.

An alternative m.echanism152 has been postulated to

account for the formation of ketone (97) (Figure 12).

OCHy 0
BF,Et,0

COCH Nz Etzo
{96) (97)

O
leoa 7
—C=C—%2 ——> Products

—L—C—- N2 _~

Figure 12

*
Methyl ethers (88) react slowly with acetic acid (pKa'~ 4.8)
(ref. 150), but instantly with 2-bromopyridinium perchlorate

(pKa“’O.9) (ref, 151).
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A COCHN, . OCH,0CH,8
| BF;Er,0 |
RN kg R [Ref. 11.8:|

(89)R=FloerbO (90)
0CHN2 coc HZOCH3
_—
[Bet14§]
(91) (82)
~Figure 10

(CHﬁgchUﬂ"‘b /@,{CHz)n—:SOJCHNz
| l BEcEt0.  H
HO” ~of

! (93)

‘ +

: CH,) COCHN
(ry), gocHn, (9or H' 2§50,

RO ~— RO —Anr~n

3 %A
R=H orﬁBFS]

ngre 1
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Although interesting in view of the current interest

2
e the success of this reaction is probably

in vinyl éations,
largely a consequence of the neighbouring methoxyl group,154
since the methyl ethers (88) do not react with boron tri-
fluoride etherate under the alkylation conditions. If this
mechanism is in fact operative in the formation of ketone
(97) it seems unlikely that it could compete* favourably
with the mechanism depicted in Figure 11,

A carbenoid mechanism for the alkylation reaction,
although considered, appears untenable in view of the nature

of the products observed by Julia et il SE=I0

(@) Factors influencing ring formation.

If the mechanism depicted in Figure 11 is acceptable,
it is valid to compare the results of this study with the
trends observed in the solvolysis of W-aryl alkyl sulphonate
esters,72 {(Table II).

Clearly Winstein's observations closely parallei‘the
fesults of this study with the exception of the Arl—4
process. Not only is this observation unprecedented, but

also quite unexpected on the basis of Winstein's kinetic

Boron triflvoride etherate was used in approximately
equimolar quantities (ref., 152} in contrast to this work

where catalytic amounts were employed,
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*
data, hence an explanation is in order.

Table II
Winstein's Work This Work
[} 1]
Ar—(CHZ)n_l—OSOZAr AJ:‘—(CHZ)n__E]—COCHN2
k,,/kS n (Arl-n) % aryl participation Yoy
(a) (b)
92 1510 3 ?
001 - 4 56%
0.4 3.6 5 67%
- 0.05 6 11%
- - 7 3%

Winstein's results refer to the acetolysis at 75%%¢
H
of E—bromobenzenesulphonate esters (Ar=p—Br-C6H4)

k, = rate constant for anchimerically assisted solvolysis

ks rate constant for anchimerically unassisted solvolysis

]
column (a), Ar=4-methoxyphenvl

]
column (b), Ar=2,4-dimethoxyphenyl

Since the products or intermediates in both cases
are those of kinetic control, for an appreciation of the

trends observed, the factors which determine the rate of

c.f. however refs, 169=172.
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ring closure should be considered. The relationship of the
rate of formation of a ring system to its thermodvnamic
stability is complicated by other factors, namely‘entropy
and inductive and electronic factors when the ring formation
occurs by an intramolecular nucleophilic attack on a satur-=

158-160 1o trends observed in a series

ated carbon atom.
(Table II) can be explained adequately in terms of activation
enthalpy and entropy. This approach has bheen successfully
employed by Capon158 to rationalize Winstein's results. It

is apparent that the introduction of unsaturation into a side
chain lowers the entropy loss on ring closure.158 However,

it is thought that the introcduction of a single sp2 hybridized
carbon atom into a side chain will not automatically increase
the ring strain and“therefore the enthalpy of activation

for ring closure. A comparison of the total ring strain

energiesl60’161 of the cycloalkanes {98) and the cycloalkanones

(99) (Figure 13) should resolve this issue, but values of

) ) N

(ery) (CH2n—1, 0=C ) ! CHE=L (cH,)
/ N=-

\ U s

Mg s
(100)

(98) (99}

Figqure 13
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ring strain energy are not available for the cycloalkanones
(99). Because of this déficiency, it has been assumed that
the total ring strain energy for the methylene cycloalkanes
(100) and the cycloalkanones (99) is approximately equal.

Using the Franklin group equivalent method162

Wiberg163 and Turnerl64

have calculated from experimentally
determined heats of hydrogenation, the total ring strain
energies for methylene cyclopropane (10l1) and methylene cyclo-
butane (102). The same method* has been employed in this
study** to calculate strain energies for the additional

methylene alkanes (103) and (104).

These results are compared with the wvalues for the

&
CH2 CHZ H2
CH 1
A?
(101D (102) (103) (104) {105)

appropriate cycloalkanes (Table III).

This method has keen recently criticized by Schleyer,223

but in view of the qualitative nature of the discussion in
this thesis, it is felt this procedure is adequate.

* %
An example calculation is included in the appendi:,
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Table ITII

* %
Total ring strain energies for the

cycloalkanes (98) and the methylene cycloalkanes (100)

Ring Size cycloalkanes methylene cycloalkanes
(98) (100)
3 27.6 41 (ref, 163)
4 26,1 24 (ref. 164)
5 6.5 4.5
6 0 0
7 . 6.3 -
* % 1

Values are for +AH k., cal. mole .

Clearly the introduction of an sp2 hybridized carbon
atom into a ring does not increase its total strain energy
except when n=33* in fact even cyclobutene (105) with two
sp2 hybridized centres has a strain energy of only 28.5 k.
cal. mole™t,

The graph of ring strain versus ring size (Figure 14)

for the two series (98) and (100) emphasizes the abnormally

*
As evidence for Arl-3 participation could not be found by

the methods employed in this study, it is not considered in

subsequent discussion.
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high ring strain in cyclobutane relative to the other cyclo-

alkanes (98).

This is supported by a variety of physical measure-
ments.165 Non-bonding interactions are so severe in cyclo-
butane that the molecule assumes a puckered conformation,
thus increasing the already substantial160 Baeyer strain
present in the planar molecule. It would appear that the
increase in angle strain caused by the introduction of an
spz—hybridized carbon atom into a four membered ring is more
than compensated for by the relief of non-bonding inter-
actions.164

Thus the introduction of a carbonyl group into the
side chain, i.e. in diazoketone (39) n=4, should result in
ring formation being more favourable from a consideration of
both entropy and enthalpy of activation.

In support of this hypothesis, the literature con-
tains numerous examples of extremely efficient syntheses of
P—lactones and f-lactams by methods involving ring closure
by an intramolecular alkylation.l67_l72 The saturated
analogues, i.e. the oxetanes and azetidines, are formed in
only very low yield by similar methods, presumably because
of competitive intermolecular alkylation.l73’l74

It is believed that the trends in aryl participation
observed in the reactions of the series of diazoketones (38)

-(42) can now be adegquately interpreted in terms of an increas-

ing chain length (activation entropv for cyclisation de-



-51-

creasingly favourable) and decreasing ring strain* {(activa-
tion enthalpy increasingly favourable) for the feormation of
rings of increasing size, Since nitrogen is an extremely
good leaving group, and diazonium ions appear to react with
quite low activation energie_s,113 it is likely that for a
strongly exothermic reaction, the transition state for cyc-
lisation may resemble starting material175 and so the ring
strain may have less influence than expected in determining
the contribution of enthalpy to the free energy of activation.
This may further account for the high yield of Arl-4 products.
The failure to observe Arl~4 participation when a

saturated carbon chain was employed69’72’127"130

can probably
now be rationalised in terms of the abnormally high total
ring strain energy in cyclobutane. It is relevent that

Sc‘nleyer97"100

has recently concluded from studies in ﬁ-aryl
ethyl systems that the extent of participation may be con-
siderable, even in the absence of substantial rate increases,
Although the absence of Arlu4 processes have been inferred

from recent product studies69’127’128

in saturated systems,
Winstein's original work72 discounted the Arl-4 process
solely ¢n the basis of kinetic evidence. Thus it appeared

desirable to investigate the solvolysis of the p-nitrobenzene-

This trend reverses for n27 (ref. 1l6l).
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*®
sulphonate ester (106), preferably in a solvent of high
ionizing ability,176 but low nucleophilicity.
High degrees of Arl—3 participation, and large rate

95,96,176,177 .o

increases have recently been detected
trifluoroacetic acid which thus appeared to be the solvent
of choice. The methoxyindane (108), by analogy with the

Ar,-5 process (c.f. Winstein72) was the product expected to

1

result from Arl—4 participation (Figure 15).
Trifluoroacetolysis of the sulphonate ester (106)

afforded a mixture of olefins and triflucracetates, but

g.l.p.c. analysis showed no trace of the indane (108) by

comparison with an authentic sample.

+
OCH OCH, OCH,
CE,COH //,
CF3002I\b/ / =
0R
(106) (107) (108)
R= p-NO P‘(Ijé
= p-i ) Ii]1

Figure 15

The ester was prepared by a standard method from the cor-

responding known a_lcohol,72 (see Experimental).
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Roberts130 detected no participation during the de-

amination of amine (1C9) (Figure 16}, but as a final check

+
OCH, OCH,

NH, <)J

(109) (107)

Figure 16
the deamination of the phenolic amine (111) has been inves-
tigated. The amine was prepared by reduction of the known

nitrile (110) (ref. 178) with sodium in alcohol,

QP

(110) (111) (112) (113)

OH

Figure 17
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*
Deamination of the amine (11l1) in acetonitrile
solution afforded no trace of the phenolic indane (113),
This evidence further suggests that when a saturated side

chain is present, even under ideal conditions, the Ar.-4

1
process is not significant in comparison with intermolecular
processes,

Although the argument used in this discussion has
been qualitative in nature, it is felt that the proposed
model is adequate for predicting the course of the alkylation
reaction. The following general conclusions can be made:

(i) the Ar;-4 and Ar,-5 processes show potential
for the preparation cﬁrp—indanones and E-tetralones, while
the latter process may be useful for the preparation of
spirodienediones.,

(ii) when the side chain bearing the diazomethyl
ketone moiety constitutes part of a cyclic structure (Part
1), the activation entropy is favourably affected, resulting
in an increased degree of participation so that the Aqu
process also has synthetic value., The resistance of these
initial products to further rearrangement greatly increases
the utility of the reaction. These data are summarised in

Table IV.

It was appreciated that if dsamination occurred via an

SNl process, any participation would not constitute anchim-

. . 179
erilc assishance,
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Table IV
% Aryl participation observed with

the diazoketones (X)

Monocyclic precursors Bicyclic precursors

(constrained side-chain)

Ar -4 56% (39) "
Ar, -5 67% (40) 70%" (35)
Ar,-6 11% (41) 32%" (31)

It should be appreciated that these figures represent
absolute yields, % participation may be higher when allowance

is made for intermolecular processes.

Clearly this alkylation affords a mild, general method
for the modification of the anisole synthon, and shows
excellent synthetic potential for the simultaneous angular
alkylation of suitably substituted preformed polycyclic

phenols,



PART TIII

INTRODUCTION



~56~

In view of the synthetic potential offered by the
intramolecular alkylation of diazoketones, an examination
of the nature of the reaction with other carbon nucleophiles
was undertaken, again in the context of preparing intermed-
iates for diterpene synthesis,

180-183 .13 his co-workers have demonstrated

Bartlett
that the nucleophilicity of an olefinic linkage is consid-
erably greater than that of an aryl group provided that it
is suitably disposed with respect to the reaction centre.

184 has concluded that the double bond

In addition, Clossen
contained in a styrene system is more nucleophilic than an
isolated vinyl group by a factor of ten. It therefore ap-

peared interesting to examine the behaviour of the styrene

double bond as a carbon nucleophile with the diazonium ion.

\ /
COCHNy o
CH;0 CH40

(1M4) (115)

85

The tricyclic diazoketone™ (114) was chosen for

the initial investigation for a number of reasons:

(i) not only is the olefinic bond suitably dis-

180,182 with respect to the diazoketone moiety, but it

181

posed

is also electron rich uy virtue of alkyl substitution
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and an electron donating oxygen substituent.186'188

(ii) any cyclisation should be favourable because
of the formation of a five membered ring.72

(iii) the product expected from this alkylation,

the tetracyclic ketone (115), possessed a gibbane skeleton,189
and appeared an ideal model for synthetic routes to C19
gibberellins.189

As the tricyclic acid (116) was available from
related synthetic work, this provided an opportunity to
test the utility of the alkylation for the preparation of
four membered rings by an examination of the reaction of the

tricyclic diazoketone (117).

~ C=0
CHy 07X )

(116) R=OH

(117)  R=CHN,

Part III of this thesis will describe the synthesis
of the diazoketones (114) and (117), and a study of their
intramolecular alkylation reactions.

—=-000-=-~
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DISCUSSION
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{a) Synthesis of the diazomethvl ketones (114) and (117).

The synthetic approach outlined in Scheme 13 was
employed in initial efforts to synthesize the tricyclic acid

(120) and it is essentially the same as reported by Dasgupta

et al.185
Q 1) NaH-DMF :
2 MM.B.B.
Conch 02CH; Cikige 0,CHy
=23
(119) COxCHy
(118)
)
CH30
CH,;0
MMB.B. (120)
Scheme 13

Alkylation of the keto-diester (118) (ref.'l90) with
m-methoxy-benzyl bromide under normal conditions191 afforded
(in 72-76% yield) the diester (119), which on subsequent
treatment with a mixture of hydrochloric and acetic acids,185
gave a mixture of acids in c. 50% yield after extensive
purification. The mixture of acids was converted to their
t-butyl esters by treatment with oxalyl chloride, then with
t-butyl alcohol in the presence of pyridine:192 careful
chromatograpbhy afforded two crystalline t-butyl esters {(A)
and (B). Cleavage of the respective t-butyl ester groupings

- Sk 182 . . -
under acidic conditions gave w2 tricyclie acids (&) and
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(B), the former, acid (A) appeared to be the compound al-
ready reported by Dasgupta gg;gllSs i.e. (120). Spectral
and analytical data suggested that acid (B) was isomeric
with acid (A), and accordingly it has been assigned struc-
ture (121) (Figure 18), which is consistent with its mode
of formation, Dasgupta and co-workers failed to report the

presence of acid, (121) but two isomeric products arising

from a similar cyclisation have been observed by Loewenthal

et al.193
O CH30
QN OIS
CHy0
(120) R=H(Acid A) (121) R=H(Acid B)
(122) R=t-Butyl (Ester A) (123) R=t-Butyl(Ester B)

Fiqure 18

Although it was subsequently discovered that exten-
sive fractional crystallisation afforded the pure acid (120),
the poor yield (&.15%) precluded the use of this method for
the synthesis of gibberellin analogues, and an alternative
route was examined.

The key transformaticn in the second approach (Scheme
14) to the synthesis of the acid (120) is the Diels-Alder

reaction of the diene (125) with acrylonitrile. An analogous



transformation has been successfully employed in the syn-

thesis of perhydrophenanthrene derivativest 23 1% from the
diene (129) (Scheme 15).
Treatment of the indanone197 (130) with vinyl mag-

nesium bromide by a modification of the literature procedure
(ref. 198) afforded the carbinol (124) in quantitative yield,

(Figure 19) but it was essential that an excess of Grignard

CH;0 CHy0
(130) (124)

Figure 19

reagent be employed in conjunction with a low temperature
((-lSoC) or significant amounts of indanone (130) were ob-
served in the product. In view of the weakly electrephilic
ketone function present in the indanone (130), and the
observation that the relative rates of nucleophilic addition
and enolate anion formation are temperature dependant,lg9
this result is not surprising. The labile carkinol (124)
was emploved in further reactions without purification,
however, spectral examination indicated it was homogenecus.

Careful dehydration of the carbinol (124) with

<:. . 194-~196
e

iodin gave the very labile diene (125). This trans-
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H
@g* — T —
CH30 CH30

(124) (125)

4
CHO” XX
(127) R=CN
{126) ]
(1200 R =CO,H
Scheme 14
Pz
—OH
- | - |
CHyO CH,07 XX
(128) (123)
Dienophile Phepanthrene derivatives

Y

Scheme 15
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formation was a delicate operation as the iodine concentra-
tion proved a critical variable, in contrast tc the analogous
transformation in Scheme 15. It appeared that dimerisation
of diene (125) was strongly catalysed by iodine,zoo’ZZl’222

as further heating of the diene (125) for a very short time

OQ’ T,

(131)

Figure 20
after dehydration afforded the crystalline dimer (131)

(Figure 20), in excellent yield, (c.f. ref. 222) whereas
removal of the iodine catalyst after dehydration, allowed
isolation of the diene (125) in excellent yield.

Subseguent treatment of this diene (125) with acrylo-
nitrile (4 hrs., lOOOC) affordad the nitriles (126) accom-
panied by only minor quantities (~10%) of the dimer (131).
Brief acid treatment of the crude mixture caused isomerisation
of the doukle bond to the more stable position with concomit-
ant removal of stereochemical ambiguity at C-8a, and afforded

nitrile (127) in 54% overall yield from the indanone (130)
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with no trace of the isomeric nitrile (132) (Figure 21).

CHy0 O. CN

(132)

Figure 21

Hydrolysis of the nitrile j127) gave in high yield
a single acid which was identical in all respects with acid
A i.e. (120), obtained via the previous synthetic approach;
thus substantiating the assignment of structure (127) to
the tricyclic nitrile, and providing an excellent synthetic
route to the desired acid (120).

The absence of the nitrile (132) is interesting but
not surprising in view of the profound influence of polar
groupszoo-zo.2 on the course of Diels-Alder reactions.
Goldberg and co—workers194 observed that the diene (129)
reacted smoothly with methyl vinyl ketone to yield predomin-
antly the ketone (133)* {(Figure 22), whereas the ketone (134)

was obtained in only 1.5% yield. It appears that the selec-

tivity of a dienophile (135) (Figure 23) undergoing a Diels-

x
Treatment with acid causes isomerication of the olefinic

bond .
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Alder reaction with a diene (125 or 129) can be correlated

qualitativelyzoo_zo2 with the group dipole moment 203 of the

!!II COCHy
nee

“ " (133)
CH30

(129) ‘ cocH

CH30 O.

(134)
Figure 22
> 5 R
s- §* > G or G substituted
CHyO “ (135) Phenanthrenes
(129)
Selectivity
R= C=N, COCHs, COR. ‘ Ch> COCH3»>COR
Figure 23

substituent R, i.e. CN>COCH,>CO,R, hence the specific form-
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*
ation of the nitrile (127).

The wvalidity of this argument is further substanti-

ated by the nature of the products195 derived from the

reaction of ethyl acrylate with the diene (129) (Figure 24),

Goldbergl95 has reported the isolation of only the acid (136)

oA

(129) {136)
’ COyH
N
sodiificen
CH30 CHBO
(1379 (116)
Figure 24

Acrylonitrile has an advantage in that it is a reactive
dienophile, With less reactive dienophiles e.g. ethyl
acrylate, not only is dimer formation a competitive process,

but the desired process may occur regio selectivelz5 rather

than regio speCifically.5
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in 33% yield, but a re-examination of this work showed that
the acids (137) and (116) are in fzct formed in a 2:1 ratio.
This result is in accordance with the established behaviour
of acrvylate esters in Diels-Alder reactions,201 and with
predictions based on group dipole moments. The two acids
(137) and (116) were easily separated by fractional crystall-
isation.

The two acids (116) and (120), on treatment with
oxalyl chloride and then with excess ethereal diazometlhanesl
in the normal way (c.f. Parts I and II), gave the crystalline

diazoketones (117) and (114) (ref. 135) respectively in

high yield (Scheme 16).

ol
]
Ch,0 CH0

(116) (117

" “COH _,___.;_F;) ‘.Q COCHN,

(120) . (114)

Scheme 16
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(b) Intramolecular alkvlation in the diazoketone (117).

When a solution of the diazoketone (117) in methylene
chloride was treated with trifluorocacetic acid, an instant
evolution of nitrogen was observed. Purification of the
crude product (quant. yield) afforded a single crystalline
product which has been assigned structure (138) on the basis

of its spectral data,{:wgax l762cm_l, S % 7.5 (4, J8Hz, 1H,

ma
C5-H), 6.3 (t, J4Hz, 1H, C4§)] and probable mode of formation

’ CF,CO,H |.
OCHN ‘
400 90

(117) (138)

(Figure 25).

.
2 COCH, X

CHy0 X 0
(139) X= O-GCFy
(141) X= OH

Fiqure 25
The n.m.r, spactrum of the total reaction product
displayed a weak singlet resonance at:SS.lS (s, 2H,

*
COCH,OCOCF;) which has been ascribed to the presence of the

Similar trifluoroacetoxy ketones prepared in this labora-
tory exhibit a resonance in the region 5.2-5.0 (c.f. ref.

116).,
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uncyclised trifluoroacetoxy ketone (139), Integration of
the appropriate resonances in the n.m.r. spectrum indicated
that the mixture contained 92% of the cyclobutanone (138),
the remainder being the ketone (139). A similar result was
obtained using nitromethane* as co-solvent in lieu of methyl-
ene chloride,

In view of trends previously observed in solvolytic
studies the efficient formation of the cyclobutanone (138)
is particularly interesting. Anchimeric assistance (or

participation) from olefinic or acetylenic bonds four

3,4

(A5’6) or two carbons (A i.e. homoallylic) removed from

the reaction centre has been freqguently observed,180’182’

184,186-188,204~215 but Berson et al. have only recently

reported216 the first example of anchimeric assistance by

an olefinic bond three carbons (i.e. A4’5) removed from

a reaction centre., It would appear that this exception to

182,217-219

the general rule, is assisted by the operation

of abnormal steric effects, as closely related substrates

solvolyse without observable anchimeric assistanceo220

The solvolysis of systems in which the unsaturated

bond is conjugated to a phenyl substituent, generally affords

184,204,206, 207

similar results, but once again A4’5 double

*
The minor product in this case was the corresponding

hydroxy methyl ketone (141).
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and triple bonds fail to provide anchimeric assistance.

The solvolysis of suitably constituted olefinic and acetyl-
enic substrates frequently results in the formation of four
membered rings via anchimerically assisted pathways, although
such examples have been confined to homoallylic systems
(refs. 207,208). Hanack has recently reportedll‘r):’.’zll-215
results which are compatible with the formation of the vinyl

cation (140) as an intermediate. This appears reasonable209

| E—— ——

R @

(140) (105)

from a consideration of the ring strain in cyclobutene163

(105) (part II).

The formation of the cyclobutanone (138) in such
high yield provides compelling evidenck for participation
by an olefinic bond three carbons (Aé’s) removed ffom the
reaction centre. The Arl-4 participation described in Part
IT can also be regarded as involving formal participation
by a A4’5 double bond.

It is felt that the success of this alkylation may
be attributed to factors similar to those rasponsible for
the success of the Arl—4 alkylation discussed in Part II

namely:
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(i) +the presence of the trigonal carbon atom in
the side chain and its effect upon the enthalpy of activation.
(ii) a favourable entropy of activation due to (a),
and the constraint of the methylene chain carrying the diazo-
methyl ketone in the polycyclic structure.
It is also probable that the greater nucleophil-
184,204

icity of the styrene bond is an additional, important

factor.

(¢) Intramolecular alkylation in the diazoketone {114).

The diazoketone (114), in methylene chloride, when
treated with trifluoroacetic acid, afforded the analogous

alkylation product, the tetracyclic ketone (115) (Figure 26)

CECOH
O. COCHN,
CH30 CH 07 XX

(114) {(115)

Nt
‘ COCH,OLCR,
CH;0
(142)
Fiqure 26

in excellent yield. This product had properties in agreement

with those already reported in the l--erdture,lsj whilst its
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n.M.r. Spectrum was consistent with the assigned structure.
Once again examination of the crud2 product by n.m.r. spec-
troscopy revealed a weak singlet resonance at 85.0 which was
ascribed to the presence of the trifluoroacetoxy ketone (142).
Weak absorption bands at 1790 and l720cm-l in the infra-red
spectrum of the crude product supported this assignment.
Integration of the appropriate resonances in the ne.m.r,.
spectrum established that the mixture contained 95%22% tetra=-
cyclic ketone (115), the remainder being the non-cyclised
trifluorcacetate (142).

As a further manifestation of the anchimeric assist-
ance provided by a AS’G double bond, the formation of the
tetracyclic ketone (1l15) is not unusual, but as an extension
of the use of diazoketones for the angular alkylation of
polycyclic molecules it appears of great value.

The results of this study and the few previous

reports204»206,207

of intramolecular alkylation through the
agency of the styrene synthon, suggests that its utility in
synthesis is considerable. In particular this styryll—S*
alkylation, by virtue of its simplicity and efficiency,
appears to have axcellent synthetic potential for the con-

struction of Ci9 gibberellin intermediates and polycyclic

molecules containing a fused, bicyclo [3;2,1] octane sgystem,

By analogy with the nomenclature of Winstein,
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It is believed that the preceding work demonstrates
some successful synthetic applications of the irtramolecular
reaction of the electrophilic X-ketociazonium ion; and also
gives an indication of the behaviour that could be expected
from this alkylating agent in other intramolecular nucleo-
philic reactions.,

——~000==~

Note added in proof,

A related transformation has been recently reported.254



EXPERIMENTAL
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GENERAL

Melting points were measured on a Reichert hot-stage
apparatus, and are uncorrected, Microanalyses were performed
by the Australian Microanalytical Service, Melbourne. Infra-
red spectra, unless otherwise indicated were measured as
Nujol mulls on Perkin-Elmer 337 and Unicam SP200 spectro-
photometers, Ultraviolet spectra were recorded in 95% ethanol
on a Perkin-Elmer 137 instrument, Mass spectra were determ-
ined with an Hitachi Perkin-Elmer RMU-6D double focussing
mass spectrometer, operating at 70 eV, The nuclear magnetic
resonance were recorded on Varian DA-60-IL and T60 spectro-
meters operating at 60MHz. The spectra were measured in
deuterochloroform soiﬁtion relative to tetramethylsilane
(S0.00p.p.m.) unless stated otherwise; each signal is describ-
ed in terms of chemical shift in p.p.m. from tetramethyl-
silane, multiplicity, intensity, coupling constants in Hz and
assignment in that order with the use of the following abbrev-
iations: s, singlet; d, doublet; t, triplet; g, quartet; m,
multiplet; e, envelope; and W%, width of peak at half height,

Chromatographic adsorbents used were Spence type H
alumina, Florisil and Sorbsil silica gel. Thin layer chrom-
atography and preparative thin layer chromatography were
carried out on layers of ag egqual mixture of Merck Kieselgel
HF and Kieselgel G.

254

The expression "worked-up in the normal manner" implies
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that the organic layer was washed with water, dried over
anhydrous sodium sulphate and concentrated under reduced
pressure., Light petroleum refers to the fraction of b.p.
30-40°.

Dry nitromethane was prepared by azeotropic dis-

225 the fraction b.p. 100.5-101° was collected

tillation;
and dried over B.D.H. molecular sieve type 4A. Ultra-dry
nitromethane was prepared from dry nitromethane by treatment
of the latter with trifluorocacetic anhydride (0.5% W:W);
trifluoroacetic acid and excess trifluorocacetic anhydride
were removed by distillation through a 50cm. glass column,
and the nitromethane then redistilled; the fraction b.p.
100,5-101° was collected and stored over molecular sieve
type 4A, Dry trifluéféacetic acid was prepared by the
standard literature procedure95 and distilled, the fraction
b.pe. 71.3—71.5o was collected, Boron trifluoride etherate
was distilled under reduced pressure from calcium hydride
and stored at 5° under an atmosphere of nitrogen.

The preparations described in the experimental
section are listed in the order in which they occur within

a synthetic sequence. Synthetic seguences are presented

in the order in which they occurred in the discussion.
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PART I

3,4-Dihydro-7-methoxy-1(2H)-naphthalenone (17).

This compound was prepared by the method of Haworth

43

and Sheldrick. It had b.p. 120-126°/0.3mm (1lit.?3 b.p. 130-

135°/0.5mm) and on cooling formed a light yellow solid.

2-Ethoxalyl-3,4-dihydro~7-methoxy-1(2H)-navhthalenone (18).,

The method employed was basically that of Hunter
and Korman44 which has been used to prepare the corresponding
methyl ester,

The ethyl glyoxalate was obtained as a viscous red
oil (98%, crude yield), which solidified on standing. This
product was in all caées sufficiently pure for conversion
into the corresponding ethyl 1,2,3,4-tetrahydro-7-methoxy—
l-oxo-2-naphthoate,

A portion of the crude ester was chromatographed on
silica gel. Elution of the column with ether-light petroleum
(1:20) gave the pure ester which crystallized from ether-
hexane as bright yellow needles, m.p. 38,5-39,5° (Found: c,
65.55 H, 6.1, C,.H,_.O. requires C, 65.2; H, 5.8%)., V

1571675 max

1720, 1620—1600cm-l (ﬁ—oko—glyoxylate). Sn@x l.38 (t, 3H,

J 7 Hz, coocazcg3), 3.8 (s, 3H, ArOC§3), 4,35 (g, 2H, J 7 Hz,

COOC§ZCH3), 7405, 7.45p.p.m. (m, 3H, ArH).



Ethyl 1,2,3,4-Tetrahydro~7-methoxy-l-oxo-2-naphthoate (19).

A mixture of crude glyoxylic ester (6.3g) and
powdered chromatographic glass beads (3g) was heated at 1800,
and stirred in an atmosphere of nitrogen until effervescence
had ceased (30 min). The cocled mixture was dissolved in
benzene and filtered; the solvent was removed in vacuum to
yield a dark red oil which on distillation gave ethyl 1,2,3,4-
tetrahydro-7-methoxy-1l-oxo~2-naphthoate, b.p. 135-145°/0.05mm,
(4.66g, 82%) as a light yellow viscous oil which crystallized
from hexane as white needles, m.p. 46-47° (Found: C, 68,13

H, 6.7, requires C, 67.7; H, 6.5%). T/an 1730

1

C14M16%%
(ester C=0), 1680 (tetralone C=0), 1640cm = (bonded ester

C=0).

1,2,3,4~Tetrahydro-7-methoxy~2-naphthoic Acid (15).,

(A) To a solution of ethyl 1,2,3,4-tetrahydro-7-
methoxy-l~oxo-2-naphthoate (10,5g) in glacial acetic acid
(70ml) was added perchloric acid (3ml, 70% agueous) and
palladium on charcoal (lg, 5%) and the mixture stirred over-
night under hydrogen at a pressure of 2 atm. The mixture was
diluted with chlecroform (150ml) and filtered through Celite.,
The colourless filtrate was washed with water until the

washings were neutral and then dried (Na 804). Removal of

2
the solvent in vacuum gave ethvyl 1,2,3,4-tetrahydro-7-
methoxy-2-naphthoate as a light pink liquid. Wv;ax (film)

l720cm-l (ester C=0). The ethyl ester was dissolved in

-
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methanol (50ml) and added to an agueous methanolic solution
of potassium hydroxide (20g) and heated under refliux on a
steam-bath for 1 hr. The coocled mixture was acidified
(hydrochloric acid, 10% aqueous), diluted with water (300ml),
and extracted with ether. The ethereal extracts were washed
with water, dried (Na2504), and evaporated in vacuum to
yield 1,2,3,4~tetrahydro-7-methoxy-2-naphthoic acid (15)
(7.3g, 85% crude yield) as a light yellow solid which crystal-
lized from ether-hexane as colourless needles, m.p. 122,.5-
123.5O (Found: C, 6%.7; H, 7.2. C12H14O3 requires C, 69,9;
H, 6.8%). V. 2600-3200, 1690, 960cm ™t (COH) .

(B) Amalgamated zinc weol (l6g) was added to a
mixture of l,2,3,4-tetrahydro«?—methoxy—4—oxo—2—naphthoic
acid (8.2g), concentrated hydrochloric acid (60ml), water
(25ml), and toluene (60ml) and the mixture heated under
reflux for eleven hours., The cooled mixture was diluted with
ether (200ml), the organic layer separated, and the agueous
layer extracted with ether (2x50ml). The combined organic
extracts were washed with water (3x30ml), dried (Na2504),
and the solvent removed "in vacuo" to yield a white crystal-
line solid (7.7g, quant.). The infra-red spectrum of the
product was identical with that of an authentic sample of
1,2,3,4-tetrahydro~7-methoxy-2-naphthoic acid (15). Crystal-
lisation of a sample from hexané—ether gave white needles,

m.p. and mixed m.p. 122-123°,



1,2,3,4-Tetrahydro-7-hydroxy-2-naphthoic Acid (22).

A mixture of 1,2,3,4-tetrahydro-7-methoxy-2-naph-
thoic acid (13.65g) and pyridine hydrochloride (50g) in an
atmosphere of nitrogen was heated at 220-240° for 4% hr.
The cooled reaction mixture was dissolved in water and
extracted with ether several times. The combined ethereal
extracts were washed with water, hydrochloric acid (10%
aqueous), and twice more with water, then dried (Na2804).
The dried ethereal extracts were concentrated in vacuum to
yield 1,2,3,4-tetrahydro-7-hydroxy-2-naphthoic acid (12g,
95% crude yield) as a pale yellow solid which crystallized
from ether-hexane as white needles, m.p. 170-171° (Found:
C, 68.35; H, 6.35. C,.H,.O, requires C, 68.7; H, 6.3%).

11712%3
W%an 3300 (phenolic hydroxyl), 2700-3150, l705cm—l (COzH).

7-Benzyloxy-l,2,3,4-tetrahydro-2-naphthoic Acid (23).

A solution of benzyl bromide (50g, 0,293mol) in
dioxan (200ml) was added in fouf portions to a well-stirred
solution of 1,2,3,4-tetrahydro-7-hydroxy-2~naphthoic acid
(13.3g, 0.046mol) and potassium hydroxide (15g, 0.268mol)
in water (300ml) under an atmosphere of nitrogen and the
mixture allowed to stir overnight at 70°. The cooled resaction
mixture was filtered, concentrated in vacuum, and the residue
partitioned between ether and water., The ethereal extracts
were washed with water, then extracted four times with

sodium hydroxide solution (5% aqueous). The combined basic
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extracts were acidified, cooled, and extracted with ether.
The ethereal extracts were washed and dried (Na2804); the
solvent was removed in vacuum to yield a pale red oil (21lg,
100%) which crystallized con trituration (ether). Recrystal-
lization of the solid material gave the benzyloxy acid
(11.6g, 60%) in two crops. Crystallization of a sample of
this material from acetone-hexane vyielded 7-benzyloxy-1,2,3,4-
tetrahydro-2-naphthoic acid as white needles, m.p. 140-141.5o
(Found: C, 76.3; H, 6.6. c18H1803 requires C, 76.6; H,
6.4%). V__  2600-3100, 1695 (CO,H), 1610, 1580, 1510 (aro-
matic C=C stretching), 740, 760cm™ L (monosubstituted

aromatic ring).

7-Diazoacetyl-=5,6,7,8-tetrahydronaphth-2-yl Benzyl Ether (24).

A solution of 7-benzyloxy-l,2,3,4-tetrahydro-2-
naphthoic acid (ll.6g, 0.041lmol) and pyridine (3.3g, 0.042mol)
in dry benzene (100ml) was added dropwise during 1 hr to a
solution of oxalyl chloride (8.7g, 0.068mol) in dry benzene
(250ml) stirred at room temperature. The stirring was con-
tinued for a2 further hour after the addition was completed;
then the cooled (lOo) soiution was filtered, and concentrated
in a vacuum to yielé a brown oil,-vgax (film) 1780cm™ L,

The brown oil was dissolved in dry benzene (100ml) and added
rapidly to an ethereal solution of diazomethane (in large
excess), whilst maintaining the temperature below lOo.

After 1 hr the solution was warmed to remove residual diazo-



methane, washed with water, dried (NaZSO4), and the solvent
removed in vacuum. The oily residue (l12g) was chromato-
graphed on alumina (240g). Elution of the column with
benzene-light petroleum (2:2) gave a pale lemon-yellow oil
(99, 71% yield) which solidified on standing. A sample
recrystallized from ether-light petroleum as pale yellow
platelets, m.p. 69-70° (Found: ¢, 74.5; H, 6.05; N, 9.05.
C; ol gN,0, requires C, 74.5; H, 5.9; N, 9.15%). "V ___ 3050
(C-H stretch of COCHN,), 2140 (C=N'=N), 1620 (C=0 of
COCHN,, and aromatic c=c), 1580, 1510 (aromatic C=C), 700,
740cm_l (monosubstituted benzene). —V;ax (fFilm) 1635 (c=o0,
COCHN,), 1610, 1585, and 1510cm™ ' (aromatic c=C). &

7.35 (s, 5H, ArH), 6.5-6.9 (m, 3H, ArH), 5.25 (s, 1lH,

COC§N2), 5.0pepems (s, 2H, ArCﬂZO)e

7-Bromoacetyl-5,6,7,8~-tetrahydronaphth-2-yl Benzyl Ether (25).

A solution of 7-diazoacetyl~5,6,7,8~tetrahydronaphth-
2-y1l benzyl ether (8.4g) in ether (250ml) was cooled to 0°
and shaken with concentrated hydrobromic acid (15ml, 48%
aqueous) until bubbles of nitrogen were no longer evolved
(ce 1 min), - The lower layer was run off and the ether laver
washed with water (éx30ml), saturated sodium bicarbonate
solution (1x30ml), and water (2x30ml). The dried (Na2804)
ethereal layer was concentrated in vacuum to yield a light
yellow oil (%.8g, 98% crude yield). Chromatography of a

sanple on silica yielded 7-bromcacetvl-5,6,7,8-tetrahydro-
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naphth-2-yl benzyl ether as a colourless oil, ngx (film)
1710 (COCHzBr), 1610, 1590 (aromatic C=C)}, and 700, 74Ocm-l

{monosubstituted aromatic ring). g 3.95 (s, 2H, COCEZBr),

max
5.0 (s, 2H, Arcg20), 6.6-7.0 {(m, 3H, ArH), 7.35p.p.m. (s,

5H, ArH). The oily bromo ketone, although homogeneous by
tel.c., would not crystallize, Brief treatment with zinc
dust in acetic acid, however, vielded 7--acetyl-5,6,7,8-tetra-
hydronaphth-2-yl benzyl ether (25a) as a colourless liquid,
The methyl ketone formed a white crystalline semicarbazone
derivative, which was recrystallized from methanol, m.p.
167,5-169° (Found: C, 71.5; H, 7.15 N, 12.6. C,H, N30,
requires C, 71.2; H, 6,93 N, 12.45%).

7-r(2'~Bromo—l'—hvdroxv)ethvi]~5,6,7,8—tetrahydronaphth-
-
2 {(28),

—&1 Benzyvl Ether

A solution of 7-bromoacetyl-5,6,7,8-tetrahydronaphth-
2-y)l benzyl ether (9.5g) in absolute ethanol (500ml) was
stirred at 30° and treated portionwise with sodium boro-
hydride (5g) whilst maintaining the pH of the soclution
(determined by using a standardized pH-meter with glass-
Calomel electrodes) within the range 7-2 by the dropwise
addition of acetic acid., Stirring ﬁas continued for % hr
after the addition of sodium borchydride, then the reaction
mixture was poured into dilute nwydrochloric acid (1%,
agueous, 100ml), and the ethanol removed under reduced
pressure. The gummy residue was portitioned between ether

and water, the ethereal laver washed with water and dried
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(Na2804), and the solvent remcved under reduced pressure to
yield a light yellow oil (8.5g, 89% yield)., The o0il was
dissolved in a small quantity of ether and cooled over-
night below 0%, white crystalline bromohydrin (6.0g) was
obtained in two crops. Repeated recrystallization (three
times for ether-hexane) yielded 7-[}2'-bromo-l'—hydroxy)u
ethy{]-5,6,7,8-tétrahydronaphth—2—yl benzyl ether as a
colourless crystalline solid, m.p. 75-79° (mixture of dia-
stereomers) (Found: C, 63,3; H, 6,05, Cl9H2lBrO2 requires
C, 63.2; H, 5.9%). ‘\(nax 3300 (0o-H), 1610, 1580 (aromatic
c=C), 740 and 700cm-l (monosubstituted aromatic ring).

§. .y 2+2 (s, 1H, OH), 3.55 (s, 3H, CH{OH)CH,Br), 5.0 (s,

2H, Arcgzo), 6.6-7.0 (m, 3H, ArH), 7.35p.p.m. (s, 5H, ArH).

7-((2'—Bromo-l'—tetrapyranvloxv)ethyi]—5,6,7,8—tetrahydro—
naéhth—Z-yl Benzyl Ether (27).

A crystal of p-toluenesulphonic acid was added to
a solution of 7—[(2'—bromo-l’—hydroxy)ethy{]—5,6,7,8-tetra-
hydronaphth-2-yl benzyl ether (4.15g) in purified dihydro-
pyran (10.5g) and the mixture stirred for 1 hr. Solid
potassium carbonate (lg) was added, and the miture diluted
with water (50ml). 'The mixture was extracted with ether,
the ethereal extracts washed with water and dried (Na2804).
Removal of solvent in vacuum yielded a pale yellow viscous
oil (5.2g, quantitative yield) which showed no hydroxyl

absorption in the infrared. Chromatcaoraphy of the oil on
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silica gel (150g) yielded, on elution of the column with
benzene~light petroleum (4:1), the required tetrahydro-
pyranyl ether (4.6l1g, 90%) as a colourless oil which was
homogeneous on t.l.c. and showed-V;ax (£ilm) 1610, 1585,
1515 (aromatic C=C), 740 and 700cm-l (monosubstituted
aromatic ring). The non-crystallinity was ascribed to
diastereoisomerism in the terahydropyranyl moiety, and the
compound was not characterized further, but converted into

the corresponding phenol (14),

7-(k2'-Bromo-1‘-tetrahvdronvranvloxv}ethyi‘—5,6,7,8-
L |
tetrahydronaphth-2-0l1 (14).

A solution of 7—[}2'—bromo-l'-tetrahydropyranyloxy)-
ethy#]-5,6,7,S—tetrahydronaphth-Z-yl benzyl ether (3.,91qg)
in ethyl acetate (100ml) was added to 5% palladium on
charcoal (0.4g), and the mixture stirred at room temperature
in an atmosphere of hydrogen. Uptake of hydrogen (300ml)
ceased after 8 hr, and the reaction mixture was filtered
through Celite and the solvent removed in vacuum to yield
a colourless glass (3.2g, 100% crude yield)., The mixture
was chromatographed on Florisil (100g). Elution with
benzene yielded the pure phenol (2.8g; 90%) as a clear glass,
V. (film) 3300 (0-H); 1610, 1590cm™* (aromatic (C=C),

max

homogeneocus by t.l.c.
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Epimeric Mixture of 5,6,7,8-Tetrahydro-6-tetrahydro-

pyranyloxy-4a,7-ethanonaphthalen-2(4alk)-ones (28) and (29),

A solution of vure ?—[}2'—bromo-l'-tetrahydro~
pyranyloxy)ethy#}-s,6,7,8—tetrahydronaphth-2~ol (14)
(1,369, 0.0038mol) in carefully dried t-butyl alcochol (220m1)
was degassed, and warmed with potassium t-butoxide (0.64g,
0.0057mol) at 80° for 5 hr in an atmosphere of nitrogen.
The reaction mixture was evaporated to a small volume in
vacuum and added to water (50ml). The mixture was extracted
with ether (3x50ml) and the ethereal extracts washed and
dried (Na2SO4)o Removal of solvent under reduced pressure
gave a light vyellow oil (1l.13g). '\Cnax (film) 3300, 1660,
1620, 1605cm-l, which was separated into two homogeneous
fractions by preparative thin-layer chromatograrhy (silica

gel, 20% ether in benzene). The higher R_ material (51%

F
was indistinguishable (t.l.c., i.r. spectra) from starting

material, but on recycling in t-butyl alcohol-potassium

t-hutoxide afforded no cyclic material. The lower RF

material (47%), obtained as a colourless oil, proved to be

a 3:1 epimeric dienone mixture of (28) and (29); Wgax

(CHC13) 1655, 1625, l6OOcm_l {dienone). Snﬁx 6.67 (4d, it

J 10 Hz, epimer (29) COCH=CH), 6.62 (&, %H, J 10 Hz, epimer

4

(28) cocH=CH), 6.14 (m, 2H, >C=CHCOCH=CH), 4.60 (e, 1lH,

"'CE(O"‘)O-), 3.7popoms (e, BH, }'::::I-O").
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Epimeric Mixture of 5,6,7,8-Tetrahydro-6-hydroxy-4a,7-
ethanonaphthalen-2(4aH)-ones (l2) and (13).

(&) A solution of the tetranydropyranyl ether
mixture (28) and (29) (0,135g@) in acetone (5ml) was added
to dilute hydrochloric acid (15ml, 10%). The mixture was
kept at room temperature for 1.5 hr, diluted with water,
and extracted with chloroform (3x30ml). The combined
chloroform extracts were washed with water, dried (Na2804),
and the solvent removed, leaving a white solid (85mg, 91%).

Recrystallization from acetone-hexane gave material, me.p.

124-126°, W/;ax (film) 3320 (0H), 1650, 1615, 1580cm Y
i i
(dienone). Amax 247nm (€ 12,200). Smax 6.65 (4, %¥H, J 10

Hz, epimer (13) COCH=CH), 6.62 (4, %H, J 10 Hz, epimer (12)
COCH=CH), 6.15 (m, 21‘1, CH=CHCOCH=C<), 4.05p.p.m. (e, 1H,
>CHOH) .

(B) The dienedione (11) (165mg, 0.0088mol) was
dissolved in ethanol (10ml) and the solution cooled to
10°. sodium borohydride (30mg, 0.007%mecl) was added with
swirling and the mixture left for 2 hr at room temperature.
Acetone (2ml) was added to the mixture, then dilute
hydrochloric acid (10ml, 5% aqueous) and the resultant
mixture extracted with chloroform (6x20ml). The organic
layers were washed with saturated trine (2x10ml), dried
(Nazsoé),'and the solvent removed in vacuum to yield a
light pink gum (135mg, 82%) which crystallized on standing.

A sample crystallized firom acetone-hexane as white nsedles,
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o .
me.p. 122-132" (Found: C, 75.95; H, 7.4. C12H14O2 requires

C, 75.75; H, 7.4%). \__ 3230 (0-1), 1650, 1615, 1590cm™t

(dienone). N\ 247nm (513&00). S;Bx 6.65 (d, 0.6H, J 10

max
Hz, epimer (13) COCH=CH), 6.62 (d, 0.4H, J 10 Hz, epimer (12)
COCH=CH), 6,15 (m, 2H, CH=CHCOCH=C<L), 4.05p.p.m. (e, 1H,

>CHOH) «

7,8-Dihydro-4a,7-ethanonanhthalene-2,6{(4aH,5H)-dione (11),

(A) The hydroxy dienone mixture (12)+(13) was
dissolved in acetone (15ml) and cooled to —15O in an agueous
acetone-dry-ice bath., Jones reagent (0.1lml) was added to
the stirred solution which was then left for 20 min. The
reaction mixture was quenched (isopropyl alcohol, 1 drop),
diluted with water,féﬁd extracted with ether (3x30ml).

The ethereal extracts were washed, dried (Na2504), and the
solvent removed in vacuum to yield a white crystalline solid
(25mg, 42%). A sample recrystallized from acetone-hexane
gave 7,8-3dihydro-4a,7-ethanonaphthalene~2,6(4aH,5H)~3dione

as white needles, m.p. 113-114° (Found: C, 76.753 H, ©€.6.

Y . of
C12H1202 requires C, 76.63 H, 6.,45%). jv&ax 1720 (C6 carbonyl),

1660, 1630, 1600cm-l (dienone). Amax 243nm (€l4§00).

§ ax 57 (4, 1H, Jy 4 10 Hz, C4-E), 6.17 (d of d, 1H, T, ,
10 Hz, J 1.7 Hz, C3-H), 6.17p.peme. {d of t, 1H, J 1.8
1,3 1,8

Hz, J; 3 1.7 Hz, Cl-H).
(B) To a solution of 7-diazoacetyl-5,6,7,8-tetra-

hydronavhth-2-0l (1.2g) in freshly distilled anhydrous
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nitromethane (500ml) was added boron trifluoride etherate
{ce 8 drops). This was stirred at room temperature (with
exclusion of moisture) for 3 hr. To the reaction mixture
was added saturated aqueous sodium bicarbonate solution
(10ml) and the mixture stirred at room temperature for 10
min. The solution was reduced in vacuum to é small bulk,
diluted with ethyl acetate, and shaken with water. The
organic layer was extracted with dilute aqueous sodium
hydroxide (5%, 3x25ml), washed with water, and dried
(Na2804). The solvent was removed under reduced pressure
to yield a light yellow crystalline solid (0.33qg, 32% yield).
Sublimation (120°/0,005mm) yielded 7,8-dihydro-4a,7-
ethanonaphthalene-2,6(4aH,5H)~dione as a colourless solid

(0. 3lgy 30%) °

7-Acetoxy-1,2, 3,4-tetrahydronaphth-2-oic Acid (33),

A mixture of 1,2,3,4-tetrahydro~-7-hydroxynaphth-~2-
oic acid (lg, 0.0052mol), sodium acetate (lg, anhydrous,
0,0122mol), and acetic anhydride (7ml) was heated cn a
steam-bath for 1 hr with exclusion of moisture. The mixture
was cooled (350) and water (lOml) added dropwise with
swirling whilst keeping the temperature below 50° (by control-
ling the rate of addition). The mixture was diluted with
chlorcform {1l00ml), the chloroform layer washed with water
(3x15ml), dried (Na2804), and solvent removed in vacuum to

give a white sclid (1,31lg, 100%)., Crystallization from ethyl
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acetate gave 7-acetoxy-1,2,3,4-tetrahydronaphth-2-oic acid
as white needles, m.p. 124—126o (Found: C,66.73 H, 6.0,
C13H14O4 requlres C, 66.653 H, 6.0%). 1«;ax 2650-3100
(COZH), 1750 (ArOCOCH3), l700cm-l (COZH).

7-Diazoacetvyl-5,6,7,8-tetrahydronaphth-2-y1 Acetate (34).,

To a stirred solution of oxalyl chloride (4g, 0,031
mol) in dry benzene (70ml) was added dropwise during 1 hr
at room temperature, a solution of 7-acetoxy-1,2,3,4-tetra-
hydronaphth-2-0ic acid (4.7g, 0.020mol) and pyridine
(1,599, 0.020mol) in dry benzene (100ml). The reaction
mixture was stirred a further 1 hr at room temperature and
filtered. The solvent and excess oxalyl chloride were
removed in vacuum, ’fhe oily acid chloride was dissolved in
dry benzene (40ml) and added dropwise during 15 min to a
cold, well-stirred ethereal solution of diazomethane (from
20g of N~-nitrosomethylurea). The mixture was stirred for
1l hr; it was then evaporated to a small bulk (hood) to
remove excess digzomethane. The remaining solvent was re-
moved in vacuum to yield a brown-yellow oil (5.9g, 100%).
Chromatography on Florisil {120g) and elution with light
petrcleum and ether-light petroleum (1:20) yielded 7-
chlorcacetyl-5,6,7,8-tetrahydronaphth-2-yl acetate as a
colourless, pungent oil (0.38g). Further elution with
ether-light petroleum (1:10) yielded 7-diazoacetyl-5,6,7,8-

tetrahydronaphth~2~yl acetate (c. 0.59). Continued elution
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with ether-light petroleum (1:5 and 2:5) yielded a mixture
of the acetoxy-diazo-ketocne and the phenolic diazo-ketone
(31) (4.5g9) produced by basic hydrolysis during chromato-
graphy. 7-Diazoacetyl-5,6,7,8-tetrahydronaphth-2-yl
acetate crystallized from ether as yellow needles, m.p.
98.5-100° (Found: C, 65.13 H, 5.63 N, 10.8. C;,H, N0,

requires C, 65.1l; H, 5.45; N, 10.85%). -wgax 2140 (C=N+=N—),

1

1740 (C=0 of acetate), 1640cm = (C=0 of diazo ketone).

7-Diazoacetyl=5,6,7,8-tetrahydronaphth-2-0l (31).

The mixture of diazo ketones (4.5g) obtained in the
previous experiment was dissolved in methanol (120ml).
To this stirred solution at room temperature was added a
suspension of aqueous sodium carbonate-bicarbonate (40ml
water, 4.2g Na,CO5, 1lg NaHCO,, pH c. 10) and the mixture
stirred at room temperature for 2hr. The mixture was
diluted with water, cooled with ice chips, and ice-cocld
dilute oxalic acid solution (agqueous) added until pH 7.
The mixture was extracted with ether, ths ethereal extracts
washed with water, and dried (Na

2
yielded a yellow crystalline solid (3.6y, &3% yield from

804)a Removal of solvent

acetoxy acid). A sample crystallized from ethyl acetate
gave 7-diazoacetyl-5,6,7,8-tetrahydronaphth~2~0l as pale
vellow needles, m.p. 125-127° (dec.) (Found: C, 66.75; H,

5555 N, 14.7. C 17F202 reguires Z, 66.655; H, 5.6;

1

. . — . . + - -
N, 14.9%). ilm) 3200 (CcH), 2140 {(C=N =N ), 1l620cm

(C=0 of COCEN,),
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PART II

(a) synthesis of the Diazoketones (38)-(42).

The five diazoketones (38)-(42) were prepared in
a similar manner. The preparation of p-hydroxyphenyl
diazomethyl ketone (38) n=3 is described in detail., The
sequences of reactions leading to the remaining diazo
ketones (39)-(42) are described in brief unless the method
differs significantly from that normally employed. The
nomenclature employed for the diazomethyl ketones in this

section was chosen for reasons of clarity.

p~Acetoxybenzoic Acid (45) n=3,

A mixture of p-hydroxybenzoic acid (9g) and anhy-
drous sodium acetate (9g) in acetic anhydride (70ml) was
warmed on the water bath with occasional swirling during
one hour, Water was added dropwise to the cooled (room
temperature) mixture at such a rate so as to maintain the
temperature below 60°, When all the acetic anhydride had
been consumed the solution was diluted further with water
(200mlj), the mixture extracted with chloroform {(2x150ml)
and the chlorcform extracts washed with water (3x40ml) angd
dried (Na2804). The dried extracts were concentrate§
“in vacuo", to yield p-acetoxybenzoic acid (45) (11,0g,
94%) as a white crystalline solid m.p. 185-187° (lit.226

Me Do 1870) .
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p-Acetoxyphenyl Diazomethyl Ketone (46) n=3.

A suspension of p-acetoxybenzoic acid (8g, 0,045m0l)
and dry pyridine (3.6g, 0.046mol) inanhydrous benzene
(60ml) was added dropwise to a well stirred solution of
oxalyl chloride (9.5g, 0.074mol) in dry benzene (50ml) at
room temperature. The mixture was stirred for a further
half an hour, filtered to remove pyridine hydrochloride,
and the solvent and excess oxalyl chloride removed "in
vacuc". The oily acid chloride was dissolved in benzene
(40ml) and added dropwise with stirring to an ice-cold
solution of ethereal diazomethane (large excesg). After
two hours the solvent was removed (hood), to yield the
crude acetoxy-diazo ketone as a yellow solid, (1l2g, crude,
containing solvent). Recrystallisation from ether-methylene
chloride gave p-acetoxyphenyl diazomethyl ketone (46) n=3

(8g, 88%) as bright yellow needles, m,p. 108--109° (Found:

C, 58.81; H, 3.91; 1, 13.51. C10H803N2 reguires C, 58.82;
v o 1574 5 "'_.,_
H, 3.955 N, 13.72%4). T|f . 2330 (Cc=N"=N ), 1750 (C=0 of
1

acetate), 1610cm ~ (C=0 of diazo ketone).

p-Hydroxyphenyl Diazomethyl Ketone {38) n=3.

p-Acetoxyphenyl diazomethyl ketone (4€) n=3 (1l.3g)
was dissolved in methanol (25ml) and treatod with a soluticn
of sodium carbonate (1l.3g) and sodium bicarbonate (l.5g)
in water (15ml), The mixture was stirred for one hour at

room temparature, then poured into ice water {200ml). The
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cold solution was adjusted to pH 7-8 by the careful addition
of cold dilute aqueous oxalic acid, the mixture wis then
extracted twice with ether (2x50ml). The ethereal extracts
were washed with water (2x10ml) and dried (Na2804) and the
solvent removed Yin vacuo" to yield the phenolic diazo ketone
as a yellow solid (0,95g, 92%). Recrystallisation from
ethyl acetate gave p-hydroxyphenyl diazomethyl ketone (38)
(0.73g, 71%) as yellow needles, m.Dp. 145-1500, (decomp. )
(Found: ¢, 59,003 H, 3.69; N, 17.02, C_H,.O,N, requires

86 22

C, 59.26;5 H, 3.73; N, 17.28%). VY. . 3200 (0-H), 2140

ma
(C=N+=N"), 1610cm_1 (C=0 of diazoketone). Smax 7.3[6,
(A2B2), 2H, J 8 Hz, Ar-H, (ortho to diazoacetyl group)],
6.5 [d, (A2B2), 2H, J 8 Hz, Ar-H (meta to diazoacetyl qroupi],

5.8p.pem. (s, 1lH, Ar-cocgNz).

p-Hydroxyphenvylacetic Acid (44) n=4,

Commercial p-methoxyphenylacetic acid (20g) and
anhydrous nyridine hydrochloride (53g)} were heated at 210°
in an atmosphere of nitrogen for three hours. The cooled
reaction mixture was dissolved in water and extracted with
ether. The ethereal extracts were washed with dilute hydro-
chloric acid (10% agueocus) and water and dried (Na2504).

The solvent was remcved "in vacuo" to yield p-hydroxyphenyl-
acetic acid (43) n=3 (17.0g, 92% crude) as a white crystal-

line solid, m.p. 151-152° (1it,2?7

2600, 1700em™ 2,

mep. 147-149°) ¥V __ 3200~
max



p-Acetoxyphenvylacetic Acid (45) n=4,

This acid was prepared from the acid (44) n=4 by
the general method already described for p-acetoxybenzoic

acid (45) n=3, and was obtained in quantitative yield as a

228

white crystalline solid, m.p. 106-107° (lit. mep. 108°)

v

nax

3200-2600, 1740 (C=0 of acetate), 1700em™ T,

p-Acetoxvbenzyl Diazomethyl Ketone (46) n=4,

This compound was prepared from the acid (45) n=4
by the general method described for p-acetoxyphenyl diazo-
methyl ketone (46) n=3, and was obtained as a brown viscous
oil in quantitative yield. Purificaticn by columﬂ chromato=
graphy (Florisil) afforded p-acetoxyphenyl diazomethyl
ketone (46) n=4 as a light yellow viscous oil,'Wgax (film)
2130 (C=N+=N—), 1750 (C=0 of acetate), l640cm—l (C=0 of

—COCHNQ). S

Ol = 2.30 (s, 3H, ococg3), 3.65 (s, 2H, Ar-CH.,~

2
Co), 5.20 (s, 1H, COCﬁNz), 7.0~7.4p.pems (m, 4H, Ar-H).

p=Hydroxybenzyl Diazomethyl Ketone (39) n=4.

This compound was prepared from the diazoketone
(46) n=4 by the general method described for p-hydroxyphenyl
diazomeihyl ketone (38) n=3, and was obtained as a dark red
oil (94%, crude), which crystallised on trituration (ether).
This afforded a buff coloured s5iid (50%), while further
quantities of diazoketone could be cbtained by chromatography

(Florisil) of the mother liguors. Recrvstallisation or
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chromatography afforded p-hydroxybenzyl diazomethyl ketone
(39) n=4 as lemon coloured crystals, m.,p. 98-99° (Found:
C, 61.35; H, 4,743 N, 15.65, C9H802N2 requires C, 61.36;
H, 4.58; N, 15.90%). V__ 3300 (0-H), 2120 (C=N"=N"),

1

1625cm — (C=C of COCHNZ).

B-(p-Methoxyphenvyl)-propionic Acid (43) n=5,
i

This compound was prepared by hydrogenation of p-
methoxycinnamic acid; the crude product was obtained as a
white crystalline solid, m.p. 100-103° (lit.229 MePe 104~
105°) and was converted to the acid (44) n=5 without

further purification.

B~ (p~Hvdroxyphenyl)-propionic Acid (44) n=5.
¥

This compound was prepared from the acid (43) n=5
by the general method already described for acid (44) n=4;
the crude product was obtained in quantitative yield as a
white crystalline solid m.p. 125-127° (1it.2>0 m.p. 129-

130%).

F—(p-Ace;ggvphenvl)ugropionic Acid (45) n=5.

This compouﬂd was prepared from the acid (44) n=5
by the method described for the preparation of the acid (45)
n=3, and was obtained in gquantitatiwve yield as a white
crystalline solid. W/;ax 1750 (C=0 of acetate), 1710em™*

(COZH). This product was used without purification.
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2—(p-Acetoxyohenyl)ethyl Diazomethyl Ketone (46) n=5,

This compound was prepared from the acid (45) n=5
by the method described for the diazoketone (46) n=3, and
was obtained in guantitative yield as a pale yellow crystal-
line solid. Recrystallisation from ether afforded 2-(p-
acetoxyphenyl)ethyl diazomethyl ketone (46) n=5 (62%) as a
yellow crystalline solid, m.pe. 106-107° (Found: C, 61.96;
H, 5.38. C,,H,,0;N, requires C, 62.06; H, 5.21%). 'V;ax
2120 (C=N+=N-), 1740 (C=0 of acetate), l645cmml (Cc=0 of
2.2 (s, 3H, ococ§3), 2.75 {(m, 4H, Ar—cgz-
—COCHNZ), 5.2 (s, 1H, COC§N2), 7.05p.pem. (g, A2 o5 4H,

COCHNZ). Smax

CH,

Jap 9 Hz Ar-H).

2-(p-Hydroxyphenyl)ethyl Diazomethyl Ketone (40) n=5.

This compound was prepared from the diazocketone
(46) n=5 by the method described for the diazoketone (38)
n=3 and was obtained in quantitative yield as a wviscous
yellow oil. Chromatography con alumina afforded 2-(p-hydroxy-
phenyl)ethyl diazomethyl ketone (40) n=5 (homogeneous by

telsc.) as a light yellow oil, ngx (film) 3300 (0-H),

1

_+——E . —-—
2130 (c=n"=N"), 1620cm™ (C=0 of COCHN,). § . 2.75 (m,

4H, Ar-Cii,~CH,-COCHN,), 5.2 (s, H, COCHEN,), 5.7 (s, 1H,

2 2

Ar-OH), 6,90p.p.m. (g, A 44, J,., 8 Hz, Ar-H).

2727 AB

g—(p—Methovaenzoyl)-propionic Acid.

This compound was prepared by a modification of the
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231,232

literature procedures; it crystallised from water

as white needles (87%), Me.P. 146-148° (lit-.23l MeDe 147~

148°).

|\ - (p-Methoxyphenyl)~-butyric Acid (43) n=6,
¢

This compound was prepared from ﬁ—(E-methoxy-
benzoyl)=-propionic acid by the Martin modification48 of the
Clemmensen reduction. The acid (43) n=6 crystallised from
petroleum ether (b.p. 60-800) as white needles, mip. 57~

48

59° (1it.*° m.p. 60-61°) in 90% yield.

&r(p-Hydroxvphenvl)—butyric Acid (44) n=6.
u

This compound was prepared from the corresponding
acid (43) n=6 by the method described for the acid (44) n=4

and was obtained as white flakes (97% crude), m.pe. 105~

233

107° (lit. mep. 110-111°),

%-(p-Acetoxyphenvl)»butyric Acid (45) n=6,

This compound was prepared from the corresponding
acid (44) n=5 by the method described for the acid (45) n=3,
and was obtained in 80% yield as a colourless liquid b.p.
170-172°/0.7mm (lit.23?% b.p. 163-164°/0.5mm) which crystal-

lised to a white solid on standinge.

3-(p~Acetoxyphenyl)pronyl Diazomethyl Ketone (46) n=6,

This compound was prepared from the corresponding
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acid (45) n=6 by the method described for the diazoketone
(46) n=3, and was obtained in guantitative yield (crude)

as a yellow oil. Column chromatography afforded 3-(p-
acetoxyphenyl)propyl diazomethyl ketone (46) n=6 (homogeneous
by t.l.c.) as a light yellow oil, V _ (film) 2130 (c=n"=x7),
1750 (C=0 of acetate), 1640cm™t (C=0 of COCHN,). Smax 2.3
(s, 3H, OCOCH;), 5.2 (s, 1H, COCEN,), 7.10p.p.m. (q, A,;B,,

4H, J,., 8 Hz, Ar-H).

AB

3-(p-Hydroxyphenvyl)prooyl Diazomethvyl Ketone (41) n=6.

This compound was prepared from the corresponding
diazoketone (46) n=6 by the method described for diazoketone
(38) n=3, and was obtained as a yellow oil in 80% overall
yield from the acid (45) n=6. Column chromatography
(alumina) afforded 3—(E-hydroxyphenyl)propyl diazomethyl
ketone (41) n=6 as a light yellow viscous oil, (homogeneous

on telece), V.

max

(£ilm) 3300 (o-H), 2130 (c=n"=x7), 1620cm‘l

(Cc=0 of COCHN,). § 5.25 (s, 1H, COCHN,), 6.95p.p.m.

max
(g, Asz, 4H, JAB 8 Hz, Ar-H).

\r(p-Methovaenzovl)»butvric Acid,
¥ D

This compound was prepared by a modification of the

235,236

literature procedures, and crystallised from ethanol

233

as cream platelets, me.p. 138-139° (lit. MePe 138—1390)

in 90% yield.
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8-(p—Methoxthenyl)—valeric Acid (43) n=7.

This compound was prepared from the corresponding

48

acid by the Martin modification of the Clemmensen reduc-

tion, and crystallised from acetone-hexane as white plate-

237,235

lets (85%) mep. 111-113° (1lit. m.p. 114-114,5°,

113-114°).,

SL(p-Hvdroxvphenyl)-valeric Acid (44) n=7.

This compound was prepared from the corresponding
acid (43) n=7 by the method described for the acid (44)
n=4, and was obtained in quantitative yield, m.p. 116-118°

238

(lit. m.p. 117-119%),

8-(p—Acetoxvphenvl)—valeric Acid (45) n=7.

This compound was prepared from the corresponding
acid (44) n=7 by the method described for acid (45) n=3,
and was obtained as a white solid in gquantitative yield,
Crystallisation of a sample from ether afforded g—(E-acetoxy-
phenvyl)=-valeric acid (45) n=7 as white needles, m.p. 92-93°
(Found: C, 66,353 H, 6.69. C13H16O4 requires C, 66.08;
H, 6.83%). V___ 3206-2650 (~COH), 1750 (C=0 of acetate),

max
1

1700ecm — (C=0 of —COZH).

4-(p-Acetoryphenyl)butyl Diazomethyl Ketone (46) n=7,

This compound was prepared from the corresponding

acid (45) n=7 by the method descriked for the diazoketone
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(46) n=3 and was obtained in quantitative yield as a yellow
0il, Column chromatography (Florisil) affordecd 4-(p-acetoxy-
phenyl)butyl diazomethyl ketone (46) n=7 as a homogeneous

(telocs) yellow oil. V[  (£ilm) 2130 (c=NT=N"), 1750 (C=0

1

of acetate), 1640cm ~ (C=0 of -COCHNZ). 8 2.25 (s, 3H,

max
OCOCH4), 5.2 (s, 1H, COCHN,), 7+1lp.pem. (a, A,B,, 4H, J,.

9 HZ, Ar-}_i)o

4-(p-Hydroxyphenyl)butyl Diazomethyl Ketone (42) n=7.

This compound was prepared from the corresponding
diazoketone (46) n=7 by the method described for the diazo-
kxetone (38) n=3, and was obtained in 75% overall yield from
S—(E—acetoxyphenyl)~va1eric acid as a light yellow ocil.
Chromatography on alumina afforded 4-(p-hydroxyphenyl)butyl
diazomethyl Ketone (42) n=7 as a hcmegeneous (t.l;c.)
light yellow oil. V/__ (film) 3300 (0-H), 2130 (c=nt=x7),
1620cm L (c=0 of COCHN,) . $ 1.6 (m, 4H, -CH

-CE _.C-I_-I_ -

27-E27 82
~c0), 5.25 (s, 1H, COCHN,),

max

_CI;I

6. 9p.p.ms (q, A2 2, 4H, JAB 8 HZ, AI.'-E)-
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(b) Alkylation Reactions of the Diazoketones (38)~(42),

As all alkylatios reactions were conducted under
essentially identical conditions, a detailed account of the
experimental procedure for the reaction of the diazoketone
(38) n=3 is presented, however, the purification and identi-
fication of the various products is described in detail as

the methods varied according to the nature of the compounds.

(i) Reaction of p-Hydroxyphenyl Diazomethyl Ketone (38) n=3.

To a vigorously stirred solution of the diazoketone
(38) (1.65g) in anhydrous nitromethane (150ml1) under an
atmosphere of dry nitrogen was added boron trifluoride
etherate (c. 5 drops). Stirring was continued for a further
fifteen minutes (during which a vigorous evolution of nitro-
gen was observed), then diluted with water (25ml) and stirred
for an additional five minutes. The reaction mixture was
then diluted with brine solution (200ml) and extracted with
ethyl acetate (3x100ml). The combined organic extracts werc
washed with brine (2x50ml) and water (2x30ml) and dried
(Na2804). Removal of solvent gave a light orange solid
(1.35g, 81%) which was homogeneous by tel.ce A sample re-
crystallised from ethyl acetate afforded p-hydroxyphenacyl
alcohol (54) as light pink prisms,; mep. 170-171° (lit.,lll
mep. 170-172°). VO, 3430 (0-H), 3250 (0-H), 1670 (C=0

of ArCOCHZOH), 1610, lSE?Ocmml (aromatic C=C). 8
max

[
3

(D430=d,), 4.25 (e, W, 16 Hz, 1H, CH,~0Z), 4.7 (s, 2H,
O ) i
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COC&ZOH), 6.9 (4, A2 29 2H, JAB 9 Hz, 3,5-Ar-H), 7.85 (4,

A,B,, 2H, J,, 9 Hz, 2,6-Ar-H), 10.15p.pem. (s, 1H, Ar-OH).

AB
sublimation afforded a colourless crystalline sample, but
did not alter the melting point. The infra-red spectrum

of the crude mixture and that of the purified product were

essentially identical.

(ii) Reaction of p-Hydroxybenzyl Diazomethyl Ketone (39)

n=4.
A solution of the diazoketone (39) (1.0g) in dry
nitromethane was treated with boron trifluoride etherate
in the manner Jdescribed for diazoketone (38) n=3. The
reaction mixture was worked-up in the normal manner and
afforded a dark brown oil (900mq),"\/;ax (film) 33t3400’
1785, 1700-1735, 1655, 1620 and 1600cm‘l, which was
chromatographed on Sorbsil. Chloroform-ethyl acetate
mixtures (1:50) eluted S5-hydroxyindan-2-one (67) (200mg)
as a white crystalline solid. Recrystallisation of a sample
from ether afforded white prisms, m.p. 182-184° gec.

(Found: ¢, 72.56; H, 5.48. C,H,O, requires C, 72.96;

9''g~2
H, 5.44%). —V;ax 3300 (o-H), 1735 (c=0), 1620, 1580cm’l
(aromatic C=C). Smax 3.,4-3.9 (m, 4H, -C§2~CO-C§2"), 5.8

(e, lH, Ar—Oﬂ), 6.6-7.2p.p.mc (m, 3H, Ar_ﬁ)e
Further elution with ethyl acetate~chloroform (1:9)
afforded p-hydroxybenzyl hydroxymethyl ketone (68) (410mg)

as a white crystalline solid. A szample crystallised from
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ethyl acetate as white needles, m.p. 70-72? (Found: C,

64.94; H, 6.11. CgH,,05 requires C, 65,053 H, 6.07%).

V-, 33-3400 (0-H), 1710 (c=0), 1610, 1600cm™ Y (aromatic

C=C). (cpcly, DMsO-dg), 3.6 (s, 2H, Ar-CH,-CO-),

Smax
4,1 (broad s, W% 6 Hz, 2H, COC§20H), 5.0 (t, poorly resolv-

ed, 1lH, CHzog), 6.8 (g, A,B 4H, J 9 Hz, Ar-H),

272° AB
9.05p.pem. (s, 1H, Ar-OH). When the sample was shaken
with D20 the resonances formerly observed at SS.O and

89.05 were no longer visible,

Isolation of Spiro[},é]nona~5,8-diene-2,7—dione (66),

A stirred solution of diazoketone (39) (200mg) in
dry nitromethane (15ml) was treated with boron trifluoride
etherate (2 drops), and worked up after thirty minutes,
The infra-red spectrum of the product displayed strong
absorption bands at 1785 and l660cm_l. Preparative thick
layer chromatography, using ethyl acetate-methylene
chloride (1:2) as the developing solvent, afforded spiro-

3,5 nona-5,8=-diene-2,7-dione (66) (30mg) as a colourless
ligquid. V. (CHC1, solution) 1785 {cyclobutanone C=0),

max

1660, 1625:m"l (dienone). 3.40 (s, 4H=CH ”CO—ngn),

2
6.4 (d, 24, J 10.4 Hz, C6~H, & C8-H), 7.l5p.p.m. (4, 2H,

8 max

J 10.4 Hz, C5-H & C9-H). The dienone (66) was extremely
labile, and even in the presence of traces of acid re-

arranged rapidly to the corresponding indanone (67).
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Rearrancgement of Spirodienedione (66),

The spirodienedicne (66) (c. 30mg) was dissolved in
nitromethane (5ml), treated with one drop of boron trifluoridge
etherate and stirred for half an hour. Work-up in the
normal way afforded a yellow oil which solidified on stand-
ings Te.le.c: and comparison of infra-red spectra indicated

that only indanone (67) was present.

Isolation of Spiro[B,S]nona—Z,?-—dione (69).

A sample of diazoketone (39) (5.8g, crude) was
treated with boron trifluoride in the usual manner. The
reaction mixture after work-up in the normal way gave a
dark red oil (5.9g) -'VI;\ax (£ilm) 1785, 1660em 1 (inter
alia)., The oil was dissolved in ethyl acetate (100ml) and
shaken in an atmosphere of hydrogen (2 atm.) with palladium
on carbon catalyst (5%, 0.5g) for several hours. The solu-
tion was filtered (celite), and the solvent removed "in
vacuo" to yield a dark red gum (5.9g). The red gum (5.09),
dissolved in ethyl acetate-chloroform was filtered quickly
through a short column of Florisil; removal of solvent
afforded a light yellow viscous ¢0il (l.7g}. Chromatography
of the yellow o0il (l1.0g) on alumina, and elution with benzene
afforded a colourless oil (90mg) -V;ax (film) 1780, l7lOcmwl,
which crystallised on standing. Subiimation (80°/0.1mm) of
this material afforded a white solid, m.pe. 54-56° which on

recrystalligation from ether~licht petrol afforded pure
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spiro[?,é]nona-Z,?-dione (69) as white needles, m.pPe. 57--58o
[Found: C, 70.79; H, 7.95. C9H1202 requires C, 71.02;
H, 7.95%). ~V;ax 1770 {cyclobutanone C=0), l7OOcm—l (cyveclo-

hexanone C=0). 8 2.,0-2,5 (2xt, partly resolved, 8H,

max
C-H of cyclohexanone), 3.0p.p.m. (s, 4H, -ng-CO—C§2—,
cyclobutane). Mass spactrum: m/e 152 (Mf) (C9H1202, M.We.

Measurement of Percentage Arvyl Participation.

As the indanone (67) and the spirodienedione (66)
proved sensitive to oxidation and rearrangement respectively,
a procedure involving direct isolation would be expected to
give a biased result, consequently the diazoketone (39)
was allowed to react with boron trifluoride etherate, until
indanone (67) and ketone (68) were the sole productss the
ratio of these two products in the mixture was then deter-
mined by integration of the appropriate resonances in the
nemer. spectrum of the total product mixture. This method
was applicable to all four diazoketones (39)=-(42). With the
product mixtures from diazoketones (41) and (42), removal
of polymeric material by preliminary column chromatography
was possible due to the stability of the products. Prepara-
tive t.l.ce. was used to purifv the reaction mixture from
the diazoketone (39), consequently the experimental value
for aryl participation may be slightly less than the actual

deqree of aryl participation in this case. The product
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mixture derived from the diazoketone (40) contained a
ﬁ-tetralone (72) and was extremely sensitive to oxidation,
hence measurements in this system were conducted directly
on the crude reaction mixture. A description of the method

is given for the diazoketone (39).

Measurement of Arl—4 Participation.

The diazoketone (39) (130mg) was dissolved in dry
nitromethane (3ml) and treated at room temperature with
boron trifluoride etherate ?l drop). The mixture was stirred
at room temperature for one hour, then worked-up in the
usual manner to yield a product mixture (110mg) which con-
tained no residual diazoketone (39) or dienedione (66)
({by telecs and infra-red). Preparative t.l.c. (solvent
system, ethyl acetate-methylene chloride, 1l:1) afforded
60mg of material which was dissolved in a mixture of dimethyl
sulphoxide--d6 and deuterochloroform. Integration of the
appropriatz resonances in the n.m.r. spectrum afforded a
value of SGiS% Arl—4 participation,

% Aryl participation = Total yield of bicyclic productxlCO

Total yvield of monomeric products
As the method for the determination of the % aryl
participation was essentially the same in the other cases,

it will not be duplicated in the experimental section.



-106-

(iii) Reaction of 2-(p-Hydroxyphenyl)ethyl Diazomethyl
Ketone (40) n=5.

A solution of the diazoketone (40) n=5 (1.0g) in

nitromethane was treated with boron trifluoride (5 drops)

in the usual way; work-up in the normal manner afforded a
red oil (900mg) which was chromatcgraphed on Sorbsil (20g).
Chloroform eluted spiro[%,5]deca—6,9—diene~2,8-dione (70)

as a white crystalline solid (320mg). A sample crystallised
from ether-light petroleum (b.p. 30-40°) as white fluffy
needles, mM«De 72_740 (lito69 Me Do 74O)~V;axl735 (saturated
c=0), 1665, 1625cn ' (dienone) § _  2.2-2.6 (m, 6H, ~CH,-

CO-CH,=CH,~), 6.3 (d, 2H, J 10.4 Hz, C7-H, C9-H), 6.95p.p.m.

2
(d, 2H’ J 10.4 HZ, CG-E, ClO—If_I)-

Ethyl acetate-chloroform mixtures eluted 2-(p-hydroxy-
phenyl)ethyl hydroxymethyl ketcne (71) as a white crystalline
solid (185mg) which crystallised from ether as white needles,

o .
mepe 113=114-, (Found: C, 66,425 H, 6.77. CyoH,03requires

1

C, 66.65; H, 6,71%) "\ __ 33-3400 (0-H), 1710cm = (C=0).

§ e

s 2077302 (m, 4H, -CH

2~C§2~), 4.2 (4, poorly resolved,

-CH), 6.9 (4, A,B,, 4H, J,, 8 Hz, Ar-Hj.

J~4 Hz, 2H, -CO~CH .

2 2’

Isolation of 6-Hydroxytetral-2-onaz (72).

Diazoketone (40) (0.55g) was treated with boroen
trifluoride etherate in the normal manner but left to stir
overnight. The reaction mixture when worked-up in the

normal manner afforded a red brown gum {0.53g). Preparative



-107~

te.l.c. afforded 2-(p-hydroxyphenyl)ethyl hydroxymethyl
ketone (c. 150mg) as a white solid, and 6-hydroxytetral-2-
one (72) (90mg) as a light brown solid, Crystallisation
from deoxygenated solvents eventually afforded a white waxy
solid, m.p. 140-146, (decomp). V. 3300 (o-H), l705cm-’1

max
(c=0) §

. 2.4-2,7 (m, 24), 2.8-3.1 (m, 2H), 3.6 (s, 2H,
Ar-CgZ—CO-), 6.6-7.2pcepemte {(m, 3H, Ar—g). This ketone was

rapidly oxidised in air; correct analytical figures could

not be obtained.

Rearrangement of Dienedione (70).

A solution of the crystalline dienedione (70) (90mg)
in nitromethane {10ml) was treated with boron trifluoride
etherate (3 drops) and stirred at room temperature for five
hours. Te.lec. indicated that no Adienedione (70) was present.
Work-up in the normal manner afforded a brown solid (90mg)
which was dissolved in benzene (25ml). Ethylene glycol
(300mg) and a catalytic quantity of p-toluenesulphonic acid
were added to the solution, which was deoxygenated, then
heated under reflux in an atmosphere of nitrogen. When an
aliquot afforded & negative tetralione blue test (twoc hours),
the solution was cooled, diluted with water, and extracted
with ether (2x30ml). The combined organic extracts were
washed wizh dilute sodium bicarbonate solution (%% aqueocus,
1x5ml), with water, and dried (Na2504). Removal of the

=

solvent under reduced pressure gave a light red

n

oil (SS5mg)
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whose infra-red spectrum displayed no absorption bands in
the region l650-l750cm-l. The red oil (95mg) was dissolved
in anhydrous acetone (4ml) and treated with anhydrous
potassium carbonate (150mg), and methyl iodide (300mg) and
the solution carefully deoxygenated by the passage of a slow
stream of dry nitrogen. The mixture was refluxed overnight,
then cooled and poured into water and extracted with ether
(2x20ml). The ether extracts were washed with water and
dried (N§ZSO4) and concentrated "in vacuo" to yield a light
yellow liguid (95mg). T.le.c. indicated that no starting
material was present., The mixture was dissolved in benzene
and filtered through a short column of alumina (1.8g).
Removal of the solvent afforded a colourless oil (66mg),
whose nem:To and*infré—red spectra were identical with those
of a sample of the authentic methoxy-ketal (74). The two
samples possessed identical retention times by g.l.pesce. under
a variety of conditions. The n.m.r. spectra of the methoxy-
ketals (74) and (75) were sufficiently dissimilar in the
region 86@,4—-7.0p.p.m. to enable the detection of 2 4% of
ketal (75) in the presence of ketal (74). No trace of the

ketal (75) could be detected in the sample above,

2,2—Ethvlenedioxvnl,2,3J4—tetrahvdro«6-methoxynaphthalene
(74) ,

A solution of 6-methoxytetral-2-one (1.0g), ethylene

glycol (l.6g), and p-toluenesulpheonic acid (5mg) in benzene
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(70ml1) was deoxygenated and then heated under reflux until
an aliquot afforded a negative tetralone blue test (one
hour). The solution was cooled, treated with solid pot-
assium carbonate (20mg), and diluted with water. The mix-
ture was extracted with benzene (2x30ml) and the combined
organic extracts washed with water (2x20ml) and dried

(Na SO4). The solvent was removed "in wvacuo",and the

2
residual light yellow o0il was dissolved in light petroleum

and filtered through a column of alumina (l12g). Removal of
the solvent afforded 2,2-ethylenedioxy-1l,2,3,4-tetrahydro-6-
methoxynaphthalene (74) (1.03g, 82%) as a colourless liquid,

o]
b.p. 125-130" /0, 2mm. (Found: C, 70.65; H, 7.37. Cl3H1603

requires C, 70.89; H, 7.32%) Wgax (film) 1610, 1580 (arom-

atic C=C), 815cm_l. 8 1.8 (t, 2H, J 7 Hz, Ar-CH
ogx 2
-t-, Ar-CH,-CH,-), 3.70 (s, 3H, -OCH,),

-0-). The resonances ascribed

-ng- ) »

2.85 (t+s, 4H, Ar-cg2

3-90p.pomo (S, 4H, "'O"'CI_'_I. _CE

2 2
to the aromatic protons are described in Hz for ease of
comparison with those of the ketal (75). Aromatic resonances:

m, 3H, 388, 390, 394, 396, 403, 406, and 412 Hz downfield

from tetramethylsilane,

2,2=-Ethylenedioxy-1,2,3,4-tetrahydro~7-methoxynaphthalene
(75).

Commercially available 2,7-dihydroxynaphthalene

was methylated by the procedure of Horrom and Zaugg.239

2,7-Dimethoxynaphthalene crystallised from methanol as
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240 [ .p. 139°). This

compound was reduced by the method of Cornforth et al241

cream platelets, m.p. 136-138° (lit.

using sodium in alcohol, and afforded a light yellow liquid
enol ether, 1Q;x (film) 1675, l640cm—l. A solution of the
enol ether (3.28g) and ethylene glycol (5g) in anhydrous
benzene (150ml) was treated with a catalytic guantity of
p-toluenesulphonic acid and heated under reflux for two hours.
The cooled reaction mixture was treated with solid potassium
carbonate (1l0Omg), diluted with water, and extracted with
benzene (2x50ml). The combined organic extracts were washed
with water (2x20ml), dried (Nast4) and the solvent removed
"in vacuo" to yield a light red liquid which was Adissolved
in petroleum ether and filtered through alumina (100qg).
Removal of the solvent from the combined eluates afforded
2,2-ethylenedioxy—l,2,3,4-tetrahydro—7-methoxynaphthalene

(75) as a colourless liquid, b.p. 125-130°/0.2mm. (Found:

C, 70.62; H, 7.49. Cy3H, 0, requires C, 70.89; H, 7.32%).
‘\gax (film) 1610, 1580 (aromatic C=C), 840cm—l. 8 1.8

(t, 24, J 7 Hz, Ar-CH,-CH,-), 2.85 (t&s, 4H, Ar-CH,-C-, Ar-

CH -CH,-

-CH,), 3.70 (s, 3H, oc§3), 3.9Cpepem. (s. 4H, -O-CH 5

2 2
0-). Aromatic resonances: m, 3H, 387, 395, 397, 410, 415
and 417 Hz downfield from tetramethylsilane., G.l.p.c.

analysis under a variety of conditions showed a single peak

of retentisn time identical to that of the isomeric ketal (74).
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Aryll-S Participation Measurement.

The measurements were conducted in the manner des-

cribed for the diazoketone (39) n=4.

(iv) Reaction of 3-(p-Hvdroxyphenvyl)propyl Diazomethvyl
Ketone (41) n=8,

A solution of the diazoketone (41) n=6 (l.2g) in
nitromethane was treated with boron trifluoride etherate in
the normal way; work up in the usual manner afforded a
brown yellow oil (1.03g) which was chromatographed on Sorbsil
(29g). Elution with ethyl acetate-chloroform (1:50)
afforded a light yellow o0il (94mg). Further elution with
ethyl acetate-chloroform (1:10) afforded 3-(p-hydroxyphenyl)-
propyl hydroxymethyl ketone (76) (758mg) which crystallised
from ether as white needles, m.p. 86-87°. (Found: €, 67.89;

H, 7.12. C),H,,0; requires C, 68.02; H, 7.27%). 'Wgax 33~

3400 (o-H), 1705 (c=0), 1lelo0, 1595crn-l (aromatic c=C), Smax

4.2 (s, broad, W, 6 Hz, 2H, COCH,OH), 6.9p.p.m. (g, A,B

272’

4H, Jpp 9 Hz, Ar-H).
The oil (94mg) from the initial fractions from the
column appearad to contain a mixture of the spirodienedione

(77) and the benzocycloheptanone (78). 'V;ax (film) 1705-

1710 (cyclohexancne and cyclocheptanone Cc=0), 1660, 1620

(dienone), 1600 (aromatic C=C) Sma 3.65 (s. Ar-CH,-CO),

2
6.5 (4, J 12 Hz, 2X-CO-CH=CH-). Partial separation of the

X

two compounds was achieved by preparative t.l.c. The com-
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pounds were not characterised further. On the assumption
that no other products were present, calculation afforded

a value of 11% for Ar,-6 participation,

1

(v) Reaction of 4-(p-Hvdroxyphenyl)butyl Diazomethyl
Ketone (42) n=7,

A solution of diazoketone (42) n=7 (l.8g) in nitro-
methane was treated with boron trifluoride etherate in the
normal way; work up in the usual manner gave a light yellow
0il (l.6g) which was chromatographed on Sorbsil (40g).
Elution of the column with ethyl acetate-~chloroform (1:50)
afforded a light yellow o0il (92mg). Further elution with
ethyl acetate-chloroform (1:20, 1:10) afforded 4-(p-hydroxy-
phenyl)butyl hydrox?ﬁethyl ketone (79) as a white solid
(1.03g). A sample recrystallised from ether had mep. 95,5~

o .
« (Found: C, 69.27; H, 7.82,. c12H1603 requires C, 6%.21;

1

97
H, 7.74%) ‘(,Ifnax 33-3400 (0-H), 1715 (C=0), 1610, 1595cm

(aromatic c=C). Smax 4.2 (s, 2H, COCEZOH), 6.85 (g, A2 X

4H, J,o 8 Hz, Ar-H).

Examination of the yellow o0il (92mg) by spectro-
scopic methods revealed the presence of two compounds, one

of whicn was probably the chleorocmethyl ketone Smax 4,35

(s, cocgz—cl) corresponding to the hydroxymethyl ketone (79),
A resonance atg3.65 (s, Ar-CI;I=2~—~CO-) suggested that the other

component was the benzocyclodctanone (81),[.V (£ilm)

max

l720cm-ﬂ. These compounds could not be separated by pre-
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parative t.l.c. and were not characterised further. Calcul-
ation on the basis of these assumptions affords a value of

3% Arl—7 participation,

3-(p~Methoxyphenyl )propan-1-ol,

Reduction of B-{(p-methoxyphenyl)-propionic acid (43)
n=5 with lithium aluminium hydride by the conventional pro-
cedure afforded 3-(p-methoxyphenyl)propan-l-ol as a colourless

242 4 o, 133-134°/4mm) in

liquid, b.p. 168-169°/20mm (iit.
90% yield, The alcohol had a melting point near room temper-

ature, and g.l.p.c. analysis showed a single peak.

p~Nitrobenzenesulphonate Ester of 3-(p-methoxyphenyl)propan-
l1-01 (106).

A solution of the corresponding alcohol (700mg)

in dry pryidine (2ml) was cooled in ice and treated dropwise
with a precooled solution of p-nitrobenzenesulphonyl chloride
(g, me.p. 76—770) in pyridine (4ml). The mixture was stirred
and cooled during the addition (five minutes). The mixture
was allowed to stand at 0° for forty minutes, then water
(0.2ml) was added and the mixture z2llowed to stand for an
additional fifteen ﬁinutes. T2 mixture was then poured onto
ice with stirring, and the light yellow precipitate collected
and dried, Crystallisation of a samrple (lg) from ether at
-78° afforded the sulphonate ester (106) (700mg) as pale

yellow platelets, m.p. 89.5-90°, (Found: C, 54.,55; H, 4.84;
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N, 3.763 S, 9.1, c16H17NOGS requires C, 54,693 H, 4.86;
N, 3.99; S, 9,13%) Smax (trifluoroacetic acid as solvent

and T.M.S. capillary) 2.0 (m, 2H, Ar-CH -CH,-CH,-0~), 2,65

2 2 2
(t, 2H, J 6 Hz, Ar—cgz—), 3.95 (s, 3H, oc§3), 4,25 (t, 2H,

6 Hz, -cgz—o-), 7.0 (q, A2 X 4H, JAB 9 Hz, MeO-Ar-H),
8.3p.p.m. (g, A2 5 4H, JAB 9 Hz, NOZ—Ar—g).

5-Methoxyindane (108),

This compound243 was prepared from 5-methoxyindan-1-
one (130) (see experimental, Part III) by the Martin modi-
fication48 of the Clemmensen reduction, in 95% yield as a
sweet smelling liquid. ‘v;ax (film) 1610, 1585cm—l (aromatic
C=C), no absorption band in the region 1615-1800cm-l. Smax
2.05 (m, 2H, -CH,-CH,-CH,-), 2.85 (2xt, 4H, 2xAr=CH,~), 3.7

(s, 3H, -OCH,), 6.65 (m, 2H, C,-H, c6-g), 7.0pepem. (4, 1H,

4
J 8 Hz, C7-§). The crude product was homogeneous by g.l.p.c.

Trifluoroacetolysis of the Sulphonate Ester (106).

Dry trifluoroacetic acid was prepared by the conven-
tional procedure,95 and treated with cne percent bv weight
of redistilled trif;uoroacetic anhydride, Anhydrous sodium
trifluoroacetate was added until the solution was 0.056 molar
in sodium trifiuoroacetate; this stock solution was employed
for solvolyses.,

The sulphonate ester (1086) (69mg, 0.196 mmol) was

dissolved in stock solution (5ml, 0.270mmol of sodium tri-
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fluoroacetate), and heated overnight at 90° in a sealed
ampoule., The cooled ampoule was broken open and the reaction
poured into water and extracted with ether (2%x20ml). The
ethereal extracts were washed with sodium bicarbhonate solu-
tion (1% agueous, 2x10ml), and water, and dried (Na2804)e

The solvent was removed under reduced pressure and the resid-
uval oil analysed by g.l.p.c. Comparison with authentic
5-methoxyindane (108) showed that this compound was not
present in the mixture. A sample after filtration through

a short silica column showed'\Q;x (film) 33-3400 (0-H), 1630

(c=c), 1610, lSEBOcm-’1 {(aromatic C=C) 8 3.8 (s, OC§3),

max
7.0p.peme (g, Asz, JAB 9 Hz, Ar-H). These data are compat-
ible with the presence of a mixture of olefins and trifluoro-

acetates, but as none of the indane (108) was present, the

analysis was not pursued further.

B - (p-Hydroxyphenvl)pronionitrile (110).
/

This compound wzs prepared by the method of Johnston

and Grossl78 in 65% vyield, and was obtained as a light yellow

178

0il, bep. 162-167°/1.5mm (1lit, beps 157-163°/1,0mm) which

crystallised on standing. Crystallisation of a sample from

ether-light petroleitm afforded a colourless crystalline solid,

178

mepe 54-56° (lit."'® m.p. 58-59°). V. 3350-3400 (0-H),

2250 (C=N), 1615, 1595cm™ T (aromatic C=C). Smax 2,65 (m,

RA,B,, 4H, -cgz—cg_zu-), 6.2 (e, w% 5 Hz, 1H, Ar-OH), 6.90p.p.m.
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3-{p-Hydroxyphenyl)propylamine (111),

This amine proved to be only sparingly soluble in
organic solvents, and was most conveniently prepared from
the corresponding nitrile (110) by the reduction procedure

gee for the preparation of tyramine.

employed by Barger
The amine hydrochloride was obtained as a white crystalline
solid in 88% yield and crystallised from ethanol-ether as
white silky needles, m.p. 156-157°. The amine hydrochloride,
on treatment with sodium carbonate (1 equivalent) afforded
the phenolic amine as a colourless solid, in quantitative
vyield., Sublimation (130°/0.02mm) afforded the pure amine

as snow white crystals, m.p. 101-102°, (Found: C, 71.64;

H, 8.71; N, 9,57, Cg4tly 3NO requires C, 71-49; 1, 8.67; N,

9.26%) § 1y (DMSO=g), 1.6 (m, 2H, =CH,-CH,~CH,=), 6.8p.p.m.

2 =2
(g, A2B2, 4H, JAB S Hz Ar-H). Mass spectrum: m/e 151 (M?)

(C9H13NO, mw=151),

5-Hydroxyindane (113).

This compound was prepared by demethylating 5~methoxy-
indane (108) with hydrobromic and acetic acid by the standard
procedure.52 The crude product was chromatographed on
Sorbsil: petroleum ether-henzene {(1:1} eluted the indanol
(113) as a colourless liquid which solidified on standing,

Two recrystallisations from light-petroleum (b.p. 30-40°)
afforded colourless platelets m.p. 52-53° (lit.245 MePe 550)

v .

fax 33-3400 (0-H), 1610, 1595cm ~ (aromatic C=c).
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Deamination of 3-(p~Hydroxyphenvl )propylamine (111),

A solution of the amine (111) (15lmg, lmmol) in
anhydrous acetonitrile (6ml) was treated with a solution of
trifluoroacetic acid (11l4ing, lmmol) in acetonitrile (2ml),
then with a solution of freshly distilled n-amyl nitrite
(150mg) in acetonitrile (2ml) and allowed to stir at room
temperature for two hours. The solvent was removed "in vacuo!
and the total reaction product examined by n.m.r. spectro-
SCODPYVe. Thg n.m.r, spectrum was complicated, but no indanol
(113) could be detected, The principal products appeared
to be a mixture of clefins Smax 2.0 (8, J~4 Hz, C=CH—C§3?)

1

(c=C) and trifluoroacetates. V_ (film)

max
—OCOCF3). The

-v;ax 1635cm
1

1785cm™" (C=0 of ~OCOCF,) § _  4.35 (m, -CH

2

spectrum was complicated by the presence of nitrosation
products of the phenol nucleus, but removal of these products
substantiated that indanol (113) was not present; the

aromatic protons now appeared as a clean quartet. Smax 7.0

(a, A,B,, 4H, J,, 8 Hz, Ar-H).

AB
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PART TIIIX

Dimethyl Cyclohexanone-2,4-dicarboxylate (118).

This compound was prepared from trimethyl pentan-
1,3,5 tricarboxylate by the sodium hydride method of Koehler
and co-workers,190 and was obtained, after fractionation

through a 30cm column, as a colourless liguid (6.5%), b.p.

190

116-118°/0.8mm (1lit. bep. 135-138°/5,0mm) which on stand-

ing formed a white crystalline solid, m.p. 39-41° (lit.190

Me Pe 42«430). The compounds necessary for the preparation
of the keto-diester (118) were obtained by the procedure of

Koehler et al190

with the exception of 4,4-dicarbomethoxy-
pimelonitrile, which was prepared by the method of Bruson
and Reiner246 and was obtained as a white crystalline solid,

<2 m.p. 62°). All compounds exhibited

m.p. 60-62° (1lit,
spectral characteristics in accordance with the assigned

structures,

Dimethyl 2-(m-Methoxybenzyl)-cvclobexanone-2,4~-dicarboxyvlate
(119},

This compound was prepared by alkylation of dimethyl
cyclohexanoneuZ,4-dicarboxylate (118) with m-methoxybenzyl
bromide by the standard alkylation procedure of Zaugg gg_gilgl
using sodium hydride in dimethylformamide., Distillation of

the crude product afforded a colourless viscous liquia,

(72%) bep. 184-190/0.3mm which appeared to be the desired
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keto-ester (119), contaminated with traces (<5%) of the
oxygen alkvlated product. A sample purified by column
chromatography (silica gel) afforded the pure keto-diester
(119) as a colourless viscous liquid, b.p. 184-190°/0. 3mm.
(Found: C, 64.553 H, 6.66. CygH559% requires C, 64.65;
H, 6.63%).V;ax (film) 1725-1705 (cyclohexanone and ester
Cc=0), 1600; 1580cm-l (aromatic C=C), Smax 3.6, 3.63 (2xs,
2x3H, 2x-CO,CH;), 3.7 (s, 3H, -OCH4), 6.65, 7.05p.pem. (m,
4H, Ar-H). The initial distillate was sufficiently pure

for the preparation of the acid (120),

Cyclisation of the keto-diester (119),

A solution of the keto-diester (119) (30g) in glacial
acetic aciqg (250ml).§as treated with concentrated hydrochloric
acid (250ml) and the mixture heated under reflux for five
hours.185 The reaction mixture was cooled, poured into
water, and the precipitate collected by filtration and washed
free of acid. Crystallisation of the solid from methanol
afforded a light yellow crystalline solid (6.0g, sample I).
The residue (16g) obtained from the mother liquors was
chromatographed on silica gel (340g). Elution with ethyl
acetate~-chloroform ﬁixtures (1:25-1:10) afforded a further
quantity of cream crystalliﬁe solid (5.8g, sample II),

Sample I, recrystallised twice from methanol afforded
1,2,3,4-tetrahydro-7-methoxyfluorene~2-carboxylate (120)

(3.4g9, 15%) as light yellow needles, m.p. 205-209° (lit.185
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MePe 2130)‘(Found: C, 73.83; H, 6.74, C15H16O3 regquires
c, 73.75; H, 6,60%)"\Cnax 32-2600 (CO,H), 1690 (C=C of
—COzH), 1610, 1580cm™ T (aromatic C=C) gmax (DMSO—dG/CDCl3)
3.75 (s, 3H, -OCH4), 6.7-7.2pepem. (m, 3H, Ar-H).

A suspension of sample II (5.8g) and dry pyridine
(2.0g) in anhydrous benzene (100ml) was added dropwise to
a stirred solution of oxalyl chloride (6.0g) in dry benzene
(50ml) at room temperature. The mixture was stirred for an
additional one hour, and then filtered. The filtrate, and
washings (benzene) were concentrated under reduced pressure,
to give the corresponding acid chloride(s). ‘V;ax (film)
l790cm-l. A solution of the acid chlorides in benzene (50ml)
was added to a cooled (lOo) solution of pyridine (1.95g)
and dry t-butyl alcohol (1.85g) in ether (50ml) and stirred
for two hours. The mixture was then refluxed for a further
two hours, cooled and diluted with water and then extracted
with ether, The combined organic extracts were washed with
water and dried (Na2504), and the solvent removed "in vacuo"
to give a light brown oil (6.65g) which was chromatcgraphed
on Florisil (140g). Elution of the column with ether-pet-
roleum ethef mixtures (1:50) afforded a white crystalline
solid (2.97g, ester A), which crystalliised from ether as
white needles, me.p. 122-122,5°% (Found: C, 75.69; H, 8.21.
C1ot2403 requires ¢, 75.97; H, S.OS%)_V;;X l720cm-l (ester
c=o), §

2H, 2xC9-H), 3.85 (s, 3H, -OCH,), 5.7-7.2p.pem. (m, 3H, Ar-H).

1.45 (s, 94, -C(CH

max H3)3)s 3.25 (s, broad, W, 6 Hz,
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This compound (ester A) was subsequently shown to be t-
butyl 1,2,3,4-tetrahydro-7-methoxyfluorene-2-carboxylate
(122).

Further elution of the column afforded a semi-
crystalline solid (2.0g, mixture of esters A and B) followed
by a light yellow crystalline solid (0.78g, ester B) which
crystallised from ether-light petroleum as light yellow
platelets , m.p., 105-106°, (Found: C, 76.09; H, 7.77.
CyoH,405 requires ¢, 75.97; H, 8.05%)'W;ax l720cm_1 (ester
c=0). Snﬁx 1.45 (s, 9H, -C(CH,)j),
2H, 2xC9-H), 3.85 (s, 3H, -OC§3), 6e7-7e2pepems (m, 3H, Ar-

3.25 (s, broad, W, 6 Hz,
=3

ﬁ). The structure of this compound (ester B) has been

tentatively assigned as t-butyl 1,2,3,4-tetrahydro-5-methoxy-

fluorene~2-carboxylate (123).

1l,2,3,4-Tetrahydro-7-methoxyfluorene-2-carboxylate (120).

A solution of ester A (0.28g, m.p. 120-1210), and
a crystal of p-toluenesulphonic acid in dry benzene (40ml)
was heated under reflux until all the ester was consumed
(telsce, 3% hours). The cooled reaction mixture was diluted
with ethyl acetate (40ml), washed with water (2x1Oml) and
dried (Na2504), and.the solvent removed under reduced pressure
to yield a light vyellow solid (0.22g, 96%). Crystallisatiocn
from ethyl acetate afforded licht y=llow needles, m.p.

185

205-209° (lit. mep. 213°) of acid (120), which was iden-

tical (m.p.; mixed m.p.; infra-red and n.m.r. spectra) with
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that obtained from crystallisation of sample I.

1,2,3,4-Tetrahydro-5-methoxyfluorene~2-carboxylate (121).

A solution of ester B (0.25g, m.p. 104—1060) and a
crystal of p-toluenesulphonic acid in dry benzene (40ml)
was heated under reflux for three hours, then cooled and
diluted with ethyl acetate (40ml). The organic layer was
washed with water (2x10Oml), dried (Na2804), and the solvent
removed under reduced pressure to yield a yellow solid
(0.17g, 84%). Crystallisation of a sample from ethyl acetate
afforded golden flakes, m.p. 194-197°, (Found: C, 74.04;

H, 6.66, O; requires C, 73.75; H, 6.60%) Y _ . 32-

C15H16 max
1

2600 (-COH), 1690cm ~ (C=0 of ~CH,H). Mixed (with acid

(120)) m.p. 180-198°,

Methyl ,B- (m-Methoxyphenvl )~propionate

This compound was prepared via a standard sequence
of reactions from m-methoxybenzaldehyde. m-Methoxy-
cinnamic acid was prepared by the method of Dale and Hennis,247
and converted to /3-(m-—methoxyphenyl)—propionic acid by
hydrogenation in the presence of a palladium catalyst. This
crude acid was a white crvstaliine solid m.p. 44-46° (lit.248
M Do 45°). The acid was converted to the methyl ester by
the conventional procedure. Fractional distillation afforded
the methyl ester (80% overall yield from m-methoxybenzalde-

hyde) as a colourless liquid, b.p. 158-1600/20mm (lite249
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249 MePe 28-290)

bep. 154-156°/16mm) which solidified (lit.
on standing. It had infra-red and n.m.r. spectra in

accordance with its structure.

5-Methoxyindan-l-one (130).

This compound was prepared from methyl P-(g-methoxy-
phenyl)-propionate by polyphosphoric acid-induced cyclisation.
The method employed was essentially that of Levshina et al?50

and afforded the indanone (130) as an amber solid., Crystal-

lisation from ethyl acetate afforded the pure indanone (61%)

248 MePo 1090)0 V

. o .
as white needles, m.p. 107-109° (lit. ok

1695cm™t (indanone C=0),

5-Methoxy-l-vinylindan-l-0l (124),

Vinyl magnesium bromide was prepared from vinyl
bromide (37g) and clean magnesium turnings (6g) in dry
tetrahydrofuran (40ml) by the normal procedure.le’252
The preparation was conducted in an atmosphere of dry nitro-~
gen., At the completion of the preparation a further quan-
tity of dry tetrahydrofuran (70ml) was added and the mixture
cooled to —350. To this stirred solution was added dropwise
during one hour, a éolution of 5-methoxyindan-l-one (1l2g)
in dry tetrahydrofuran (60ml) while maintaining the tempera-
ture below -30°, The mixture was vigorously stirred at
-20° for a further two hours, allowed to warm to room temper-

ature during three hours, and finally heated at 50° with
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stirring for a further twenty minutes, The cooled reaction
mixture was poured onto a2 mixture of ice and ammo~ium
chloride, and extracted with ether., The ethereal extracts
were washed several times with water and dried over sodium
sulphate. Removal of the solvent under reduced pressure
afforded 5-methoxy-l-vinylindan-l-ol (124) (14.2g, quant,)

as™light vellow 1iquid.198 A4 (£ilm) 3350-3400 (0-H),

max

1610, 1580cm+ (aromatic C=C), no absorption band at 1695cm™ L,

)

—OC§3), 5.04 and 5.12 (4 of 4, 1lH), 5.10 and 5.22 (4 of 4,

max 225 (m, 2H, 2xC2-H), 2.95 (m, 2H, 2xC3-H), 3.8 (s, 3H,

iH) (J 2 Hz, J cis 10 Hz, J 18 Hz, 2xC2'-H,

geminal trans
vinyl protons), 5.92, 6.08, 6,20, 6.38 (d of 4, 1lH, J cis
10 Hz, J trans 18 Hz, Cl'-H), 6.8 (m, 2d, C4-H, C6-H), 7.18p.

pem. (d, 1H, J 9 Hz, C7-H). Attempted purification of the
alcohol by distillation led to dehydration and polymerisation,
however the crude alcohol was satisfactory for the preparation

of the diene (125),

6-Methoxv-3-vinylindene (125),

A solution of the carbinol (124) (9.9g) in benzene
(500ml)} was treated with quinoline (c. 0.5ml) and a solution
of iodine in benzene (30ml, %% w:v), and the mixture heated
under reflux for thirty minutes with the removal of water.
The cooled reaction mixture was wash2d with water, then
with sodium thiosulphate solution (2x20ml, 5% agqueous) and

again with water, and dried (Nazso4 + Removal of the solvent
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"in vacuo" gave the diene (125) contaminated with a small
amount of quinoline. The diene was obtained as a light
yellow liquid Wﬁéx (film) 1615, 1580 (aromatic C=C), 920cmml

(=CH2), no absorption band in the region 3l—3600cm-l. Smax

3.25 (4, partly resolved, 2H, 2xCl-H), 3.7 (s, 3H, —OC§3),

5.15, 5.35 (d of d, 1H), 5.55, 5.85 (d of 4, 1H) (T __ .\

2 Hz, J 18 Hz, J 10 vz, 2xC2'-H, i.e. —CH=CI_—T;2),

trans cis
7.4pepems (3, 1H, J 8 Hz, C4-H). The remainder of the
aromatic and vinylic oprotons gave a complex set of resonances
in the region 6.2~7.0p.p.m. which could not be satisfactor-

ily assigned, but integrated satisfactorily for four protons.

Preparation of the tricvelic nitrile (127).

The crude diene (125) from the preceding preparation
was dissolved in acrylonitrile (50ml), the mixture was freed
of oxygen and then heated with stirring (1000), for four
hours. The cooled reaction mixture was concentrated "in
vacuo" to yield a pink solid (12.2g, containing a trace of
acrylonitrile) which was dissolved in methylene chloride
(500ml) and treated briefly with dry hydrogen chloride gas.
The reaccion mixturg was extracted with dilute hydrochloric
acid (3x20ml, 10% aqueous) and the organic layer washed
with sodium bicarbonate solution (2x10ml, 1% agueous), and

water (2x20ml). The dried (Na 304) axtracts were concentrated

2

"in vacuo" to afford a crystalline sclid (9.83). Crystal-

lisation of the solid from ethyl acetate afforded 2-cyano-
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1,2,3,4~tetrahydro-7-methoxyfluorene (127) (6.0g, 54% over-
all yield from the indanone (130)) as white needles, m.p.
145-146° (Found: C, 80.16; H, 6.78; N, 6.26. Cy Hy sON
requires C, 79.973 H, 6.71; N, 6.22%)‘M;ax 2240 (c=N),
1620, 1580 (aromatic c=C), lO40cm‘-l (O-CHé). gnax 3.24
(s, W% 7 Hz, 2H, 2xC9-H), 3.82 (s, 3H, —OC§3), 6e7=7¢3DePeMe
(m, 3H, Ar-H).
The residue (3.46g) obtained from the mother liquors,
afforded after filtration through alumina (55g), light
pink crystalline material (2.8g) which appeared to contain
dimer (131) and further quantities of the nitrile (127).
When the iodine catalyst was not removed prior to
the addition of acrylonitrile, silica gel chromatography
of the resultant reaction mixture normally afforded, besides
the nitrile (127), variable quantities of a yellow crystal-
line material, Crystallisation of a sample of this material
from ethyl acetate afforded the dimer (131) as light yellow
platelets, m.p. 155-156° (Fcund: c, 84.02; H, 7.09,
C,,H,,0, requires C, 83.69; H, 7.02%) Wgéx 1610, 1580

1

(aromatic C=C), 1040cm ~ (0-CHj) § 3.3 (s, W, 6 Hz, 47,

max
benzylic protons), 3.8 (s, 6H, 2x-OC§3), 6.1 (L, poorly

resolved, lH’ —CHz—C}_{':), 6.7"7-2p.pems (m, 6H, Ar-i{_)-

Hydrolysis of the nitrile (127).

A solution of “he nitrile (127) (7.8g) in acetic

acid (100ml) was treated with concentrated hvdrochloric
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acid (55ml) and heated under reflux for two hours. The

warm solution was treated with water (50ml), cooled in ice,
and the crystals collected by filtration and dried. The
crude acid (6.02g, 72%), had m.p. 199-203°, cCrystallisation
of a sample from ethyl acetate afforded pale yellow needles,

185 Me De 2130). This material was ident-

m.p. 206-210° (1lit.
ical (m.p.; mixed m.p.; infra-red and n.m.r. spectra) with
acid (120) obtained from the cyclisation of the keto-diester

(119).

1,2,3,4,92,10-Hexahydro-7-methoxyphenanthrene-l-carboxylic
acid (1ll1e6),

A solution of the diene (129) in benzene was allowed
to react with ethyl acrylate according to the method of
Ha jos, Parrish and Goldberg.l95 The mixture of esters obtain-
ed was hydrolysed by the literature procedure195 and the
solid acids (c. 45%) isolated and dried. The nixture of
acids was dissolved in methylene chloride and treated with
dry hydrogen chloride, and worked up in the normal manner.

a,10a (an nem.r.

This procedure afforded a mixture of A%
spectrum of the mixture showed no resonance for a C4 olefinic
proton) acids (51g) ‘which was fractionally crystallised

from acetone, and gave firstly 1,2,3,4,9,10-hexahydro~7-
methoxyphenanthrene~2-carboxylic acid (137), (32.3g) as
faintly yellow crystals, m.p. 185-187° (lit.2°3 m.p. 184-

188°%). Concentration of the mother liquors afforded
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1,2,3,4,9,10-hexahydro-7-methoxyphenanthrene-l-carboxylic
acid (116) (15.6g) as white needles, m.p. 145-150°. &
sample recrystallised from acetone afforded the pure acid
(116) as white needles, m.p. 147-151%, (Found: cC, 74.50;
H, 7423, C,; H;,0, requires C, 74.39; H, 7.02%) 14;x 33-
2600 (COzH), 1690 (C=0 of COzH), 1610, 1585 (aromatic C=C),
) -1 -
1045 (OuCH3), 885 angd 820cm . S&mx:3'73 (s, 3H, —0053),
6.6 (m, 2H, C6-H, C8-H), 7.05p.pem. (4, 1H, J 9 Hz, C5-H).

Mass spectrum: m/e 258 (M?) (C =258),

l6H1803’ MeWe

2-Diazoacetyl-1,2,3,4-tetrahydro-7-methoxyfluorene (114),

A solution of the acid (120) (3g) in methyvlene
chloride (40ml) was added dropwise with stirring to a solu-
tion of oxalyl chloride (2.7g) in methylene chloride (40ml).
The mixture was stirred at room temperature for several
hours, then the solvent and excess oxalyl chloride were
removed under reduced pressure, The crude acid chloride,
Wé;x (film) l790cm~l, was dissolved in anhydrous methyvlene
chloride (20ml), and added dropwise with stirring to a large
excess of ethereal diazomethane. The mixture was stirred
at 0° for thirty wminutes, then allowed to warm to rocom
temperature. Removal of the solvent (nhood).afforded a
yvellow oil which was chromatographad on alumina (60g)3
elution with benzene afforded the diazoketone (114) (3e¢2g,
97%) as a pale yellow solid. Crystallisation of a sample

o
y Tle X 96"‘98

-

low crystals

[

from ether afforded pale ya
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s, 0

= / A = r
mep. 1037) Wﬁéx 2120 (C=K =N ), 1635 (C=0 of
-COCHN?), 1620 (shoulcder) and lSSOcm—l (aromatic C=C)
gmax 3.2 (s, Wy 7 Hz, 2H, 2xC9-H), 3.8 (s, 3H, ~OCH;), 5.3

(s, 1H, cocgmz), 6.7=7.20speme (m, 38, Ar-H).

l-Diazcacetyl-1,2,3,4,9,10-hexahvdro-~-7-methoxyphenanthrene
(117).

A solution of the acid (116) (3.0g) in dry methylene
chloride (60ml) was added dropwise and with stirring to a
solution of oxalyl chloride (3.0g) in methylene chloride
(30ml). The mixture was heated under reflux for one hour,
and the solvent and excess oxalyl chloride were removed
"in vacuo". The crude acid chloride,'lggx 179Ocm—1, was
dissolved in methylene chloride (20ml) and added dropwise
and with stirring to an ice-cold solution of ethereal diazo-
methane (in large excess). The mixture was stirred for two
hours, and then concentrated to small bulk and filtered
through celite. Removal of the solvent gave a yellow oil
(3.7g9) which was chromatographed on Florisil (100g).

Elution with benzene-petroleum ether (1:3) mixtures yielded
the solid diazoketone (2.38g, 73%). Crystallisation of a
sample from ether afforded analytically pure l-diazoacetyl-
1,2,3,4,9,10-hexahydro-7-~methoxyphenanthrene (117) as yellow
prisms, m.p. 95.5-96,5° (Found: C, 72.29; H, 6.51; N, ©.80.
C,,H, gN,0, reguires C, 72.32; H, 6.43; N, 9.92%).Ngax 214¢C
(c=x"=N"), 1630 (C=0 of cocHy, ), 1610, 1580cm™> (aromatic
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c=C). S;ﬁx:3.72 (s, 3H, -OCH3), 5.35 (s, 1H, COCHN,), 6.58

(m, 2H, C6-H, C8-H), 7.05 (4, 1H, J 9 Hz, C5-H).

Cyclisation of the Diazoketone (117).

A solution of the brystalline diazoketone (117) (127mg)
in anhydrous methylene chloride (2ml) was added quickly to
a vigorously stirred solution of ice-co0ld trifluorcacetic
acid (6ml), and stirred under an atmosphere of dry nitrogen
for three minutes, The mixture was diluted with methylene
chloride (50ml) and poured into water (30ml). The organic
layer was washed with water (2x10ml)} and dried (Na2504)
and the solvent removed "in vacuo" to vield a light yellow
crystalline solid (175mg, 99%). Column chromatography
(Florisil) or crystallisation (ether) afforded 1,2,3,9,10,10a-
hexahydro—?—methoxymlﬁ,lOaF—ethano«phenanthreneml2-one (138)
as a snow white crystalline solid, m.p. 124-126° (Found:
C, 80:11; H, 7.43, Cl7H1802 requires C, 80.28; H, 7.13%),
A4 1765 (C=0 of cyclobutancne ), 1635 (C=C), 1600, 1585

max

(aromatic C¢=C), 1040 (O—CH3), 885, 830cm—l. 8 3.8 (s,

max
3H, -OCH,), 6.27-(t, 1H, J 5 Hz, C4-l), 6.6-6,9 (m, 2H, Cé-
H, C8-H), 7+5pep.m. (d, 1H, J 8 Hz, C5-H). Mass spectrumi
m/e 254 (M¥) (CyH,0,, m.w.=254).

Under these reaction conditions, ketone (138) was
the only product which could be detected. When the diazo-

ketone (117) was dissolved in methylene chloride and to this

solution was added trifluoroacetic acid, the crude product
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cbtained after work-up in the normal manner contained a

second product. The infra-red spectrum of the crude product
now exhibited extra, but weak absorption bands at 1790 and
l720cm-l. The nemer. spectrum of the crude product exhibited
a weak éinglet resonance atg 5.15pepem., (s, COC§20COCF3)
which has been attributed to the presence of the ketone (139).
Integration of the appropriate resonances in the n.me.re.

spectrum of this sample indicated the presence of 8%i2% of

the ketone (139),

Cyclisation of the Diazoketone (114),

A solution of the crystalline diazoketone (114)
(204mg) in anhydrous methylene chloride (2ml) was added
quickly to a vigorously stirred solution of ice-cold tri-
fluoroacetic acid (6ml), and the mixture stirred under an
atmosphere of dry nitrogen for three minutes. The reaction
mixture was diluted with methylene chloride (60ml) and work-
ed-up in the manner described for the previous example,
This afforded a light yellow crystalline solid (182mg; quant,)
which on crystallisation from ether yielded 2-methoxygibb-
1,3,4a,4b~tetraene-8-ocne (1l15) as pale yellow crystals, mep.

185

124-125° (lit. Me Po 1280) Wgax 1735 (C=0 of cyclopentanone),

1 (o—CH3)° 8 3.8 (s,

1605, 1580 (aromatic C=C), 1050cm”
max

3H, OC§3), 5.65 (t, poorly resolved, 1H, C5-H), 6.75 (m, 2,
Cl-H, C3-H), 7.25p.pem. (4, lH, J 9 Hz, C4-H).

When diazoketone (114) was treated with trifluoro-



acetic acid by the inverse addition method described for
diazoketone (117), a =second product was also formed. The
infra-red spectrum (1§;x 1790, l720cm-l) and the n.m.r.

spectrum[g 5

product both suggested the presence of the ketone (142) in

5.0p.pem. (s, COCH OCOCF3)] of the crude

max
the mixture. Integration of the appropriate resonances in
the n.m.r. spectrum of this sample indicated the presence

~

of 5%12% of the ketone (142).
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Application of the Franklin group equivalent method to the

calculation of total strain energy.

Total strain energy is defined as

o o
AH. (exp) - AHg (sef.)
where AHfo (exp) = heat of formation of the real
molecule

AHfo (S.f-)

heat of formation of the hypo-

thetical strain free molecule

(1) 5C + 4H2-——> methylenecyclopentane. AH = AHfo (1)
(2) 5C + 5H2 —> methylcyclopentane. AH = AHfO (2)
(3) methylenecyclopasntane + H2 —_—

methylcyclopentane. AH = AHh

(a) Heat of formation of methvlenecvclopentane

now
AHfO (1) = heat of formation of methylenecyclopentane
AHfO (2) = heat of formation of methylcyclopentane
AH.. = heat of hydrogenation of methylenecycloﬁentane

It is clear that

AHL (2) = aE. = aHST (1)

Now both,th and AHfO (2) have been determined experim-

163,164
o

entally, r in the case of the latter can be calcul-

ated with a reasonable degree of accuracy.l62’l64
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e e AHfO (1) can be calculated from a2xperimental

values
[3Hf° (2) = =25,5 k., cal. mole—l (ref. 163)
AHh = =26,9 k. cal. mole-l (ref. 164)
¢ AHfo (1) (experimental) = +1.,4 k. cal. mole_l

(b) Heat of formation of "strain free" methylenecvyclopentane

The heats of formation of the strain free assewblies
of atomic groupings in methylenecyclopentane can be calcul-

ated by the Franklin group equivalent method, 162s164

AHfO (1) (strain free) e calculated heat of form-

ation for the hypocthetical, strain free methylenecyclopentane,

4 x “CHZ- = 4 x -4,926 = -19,704
1l x :C=CH2 = 1l x 16,890 = +16,890
o -1
AHf (1) (s.fe) = -2.8 k. cal. mole
e (o] O _ -1
"o AH. (1) (exp) -~ AHg (1) (sefe) = +4.2 ko cal. mole

(c) cCalculation by the group equivalent method, affords

a value of -24.9 k., cal. mole—1 for AHfO (2). This figure
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leads to a value of +4.8 k. cal. mole_l for the strain

energy.

« « Total ring strain enerqgy of methvlenecvclopentane
1

= 4,5 % 0.3 k. cal. mole"

N.B., Reference 164 contains several errors.,

Methylenecyclobutane in lines 28 and 39 should read

Methylecyclobutane.



REFERENCES



-136-

1. R. E. Ireland, "Organic Synthesis", Foundations of
Modern Chemistry Series, Prentice-~Hall Inc., Engle
WOOd Cliffs, NIJ.’ 19700

2. L. Velluz, J. Valls, and G, Nomine, Angew. Chem,

Internat. Edn., 1965, 4, 181,

3. G. Stork, Pure Appl. Chem., 1964, 9, 131,

4, E. L. Eliel, "Stereochemistry of Carbon Compounds",
McGraw-Hill-Kogakusha, Tokyo, 1970, p. 436.

5 A, Hassner, J. Org. Chem., 1968, 33, 2684,

6. E. J. Corey, S. Barcza, and G. Klotmann, J. Amer,
Chem., Soc., 1969, 91, 4782.

7. Re. Bes Woodward, J. Amer. Chem. SOC., 1940, 62, 1208,

8. G. Stork, S. Malhotra, H. Thompson, and M. Uchibayashi,

J. Amer. Chem. Soc., 1965, 87, 1148,

9. He O. House, C, Je Blankley, g_o Orge Chem., 1968, _3_3-,
47,
10. W. Nagata, T. Sugasawa, M. Narisada, T. Wakabayashi,

and Y. Hayase, J. Amer. Chem, Soc., 1967, 89, 1483.

11, R. D, Haworth, B. G. Hutley, R. G. Leach, and
G. Rodgers, J. Chem. Soc., 1962, 2720.

12. R. D, Haworth, and A. F. Turner, J. Chem. Soc., 1958,
1240,

13, Re 2. Ireland, D, R. Marshall, and W, T. Jefferson,

Jo Amer. Chem. Soc., 1970, 92, 4754.

l4, R. A. Bell, R. E. Ireland, and L. N, Mander, J. Org.

Chem., 1966, 31, 2536,



15.

l6.

17.

18,

19,

20.

21,

22,

23.

24,

25,

26,

27.

28,

-137-

H., E. House, and C, J. Blankley, J. Org. Chem.,
1968, 33, 53.
Je Je SimS, lo Org. Chem., 1967, 2, 1751.

S. Rakhit, and M. Gut, g. Arner. Chem. SOC. 2 1964’

86, 1432,
Ge. Stork, P. Rosen, N, Goldman, R. V. Coombs, and

Je. Tsuji, J. Amer. Chem. Soc., 1965, 87, 275.

Je J. Bonet, H, Wehrli, and K. Schaffner, Helwv, Chim.

Acta, 1962, 45, 2615,

R Ginsig, and A. D. Cross, Je Amer. Chem. Soc., 1965,

87, 4629,
Je Je¢ Sims, and V. K. Honward, Je Org. Chem., 1969,
34, 49.

G. Stork, and P, L. Stotter, Je Amer. Chem. SocC.,

1969, 91, 7780,
L. Mandell, D, Caine, and G., E., Kilpatrick, J. Amer.
Chem. Soc., 1961, 83, 4457.

E. Wenkert, and D. A. Berges, Je Amer., Chem. Soc.,

1967, 89, 2507,

R. D. Stipanovic, and R. B, Turner, J. Org. Chem.,
1968, 33, 3261,

Te. Hanafusa, S. Birladeanu, and S, Winstein, Je Amer,
Chem. Soc., 1965, 87, 3510,

Je Je Sims, J. Amer. Chem. Soc., 1965, 87, 3511,

A, J. Birch, J. M. Brown, and G, S. R. Subba Rao,

Je Chem, Soc., 1964, 3311,



29,

30.

31,

32.

33,

34,

35,

36

37

38,

39,

40,

41,

=138~

J. Fe Grove, Quart., Rev., 1961, 15, 56,

Se. W Pelletier, Quart. Rev., 1967, 21, 525, and

references therein.,

E. J. Corey, Pure Appl. Chem., 1967, 14, 19.

E. J. Corey, S. Barcza, and G. Klotmann, J. Amer. Chem.

Soc., 1969, 91, 4782, reference 3.

E, J. Corey, S. Barcza, and G. Klotmann, J. Amer. Chem.

Soc., 1969, 91, 4782, reference 4.
R, A. Bell, R, E, Ireland, and R. A. Partyka, J. Org.
Chem., 1966, 31, 2530,

A. A. Othman, M. A. Qasseem, and N, A, J. Rogers,

Tetrahedron, 1967, 23, 87.

S. Masamune, J. Amer. Chem. Soc., 1961, 83, 1009.

S. Masamune, J. Amer. Chem. Soc., 1964, 86, 288,

H. O, House, and J. K. Larson, J. Org. Chem., 1968,
33, 61, reference 2.
W, Nagata, T. Sugasawa, M, Narisada, T. Wakabayashi,

and Y., Hayase, J. Amer. Chem. Soc., 1963, 85, 2342,

Re W. Guthrie, A, Philipp, Z. Valenta, and K. Wiesner,

Tetrahedron letters, 1965, 2945,

R. W. Guthrie, Z. Valenta, and K, Wiesner, Tetrahedron

Letters, 1966, 4645,

Z. Valenta, K, Wiesner, and C. M. Wong, Tetrahedron

Letters, 1964, 2437,

D J. Beames, and L. N Mander, Chem, Comm.,, 1969, 498,

G. P. Crowley, and R. Rcbinson, J. Chem. Scc., 1938,

2001,



42,

43,

44,

45,

46,

47,

48,

49.

50.

51.

52,

53.

54,

55.

=139~

J. Jacques, and A, Horeau, Bull, Soc. chim. France,

1950, 512,

Re D, Haworth, and G. Sheldrick, J. Chem. Soc., 1934,

1950,

J« He Hunter, and J. Korman, Je Amer. Chem. Soc.,

1947, 69, 2124,

W. E. Bachmann, W, Cole, and A, L. Wilds, J. Amer,
Chem. Soc., 1940, 62, 824,

R. E. Ireland, and R. C. Kierstead, J. Org. Chem.,
1962, 27, 703,

D, J. Beames, J. A. Halleday, and L. N, Mander,

submitted for publication in Austral. J. Chem.

E. L. Martin, J. Amer. Chem. Soc., 1936, 58, 1438,

He. S, Mason, J. Amer. Chem. Soc., 1947, 69, 2241,

Je« Cs Sheehan, W. F. Erman, and P. A. Cruickshank,

Je Amer, Chem. Soc., 1957, 79, 147.

F. Reber, A. Lardon, and T. Reichstein, Helv. Chim.

Acta, 1954, 34, 45.

L. Long Jr., and A. Burger, J. QOrg. Chem., 1941, 6,
852,

F. Weygand, and H. J. Bestman in "Newer Methods of

Preparative Organic Chemictry", edited by W. Foerst

1964, vol ITII 451, p. 467.

b

R. S. Rosenfield, and T. F. Gallagher, J. Amer., Cihem.

Soc., 1955, 77, 4367.

J. Fo W, McOmie, Adv. Org. Chem., 1963, 3, 191, p,

218,



-140-~

56, W. He Hartung, Org. Reactions, 1953, 7, 263,

57, K. Bbowden, I, M, Heilbron, E, R. H, Jones, and
B L. C. Weedon, J. Chem. Soc., 1946, 39,

58, (a) Re. Heck, and S, Winstein, J., Amer. Chem. Soc.,

1957, 79, 3105.
(») S. Winstein, R, Heck, S. Lapporte, and R. Baird,

Experientia, 1956, 12, 138,

59, H. O, House, "Modern Synthetic Reactions", Benjamin,
New York, 1965, p. 29, references 10 and 11,

60, Shun-Ichi Yamada, and Kenji Koga in "Selective Organic
Transformations" edited by B. S. Thyagarajan, Vol I,
Chapter I,

6l. H. O, House, "Modern Synthetic Reactions", Benjamin,
New York, 1965, p. 31,

62, A, J. Waring, Adv. Alicyclic Chem.,1966, 1, 184,

63, L. M. Jackman, and S. Sternhell, "Applications of
Nuclear Magnetic Resonance Spectroscopy in Organic
Chemistry", Pergamon, London, 1969, pp. 188-18¢2,

64, Ee Je Corey, N, N, Girotra, and C. T. Mathew,

g. Amer. Chem., SOC., 1969, _%l, 15570

65. T. Gs Cruncall, and R. G. Lawton, J. Amer. Chem., Soc.,

1969, 91, 2127,
66. A; Ogiso, M. Kurabayashi, S. Takahashi, H. Mishima,

ané M. C, Woods, Chem. and Pharm. Bull. (Japan), 1970,

18, 105,

67, A. S: Dreiding, Helv, Chim. Acta, 1957, 40, 1812,




68,

69,

70,

71,

72,

73.

74,

75.

76,

77,

78,

79,

80,

~141-~

M. S. Newman, and A. B. Mekler, J. Org. Chem., 1961,
26, 336.

S. Dorling, and J, Harley-Mason, Chem. and Ind.,

1959, 1551,
R. Barner, A. S, Dreiding, and H, Schmid, Chem. and
Ind., 1958, 1437,

S. Winstein, and R. Baird, J., Amer. Chem. Soc., 1957,

79, 756.

R. Heck, and S, Winstein, J. Amer. Chem., Soc., 1957,

79, 3105.

R. Heck, and S. Winstein, J. Amer. Chem. Soc., 1957,

79, 3114,

S. Winstein, and R. Baird, J. Amer. Chem. Soc., 1957,

79, 4238,

Se Masamune, J. Amer, Chem., Soc., 1964, 86, 288,

reference 5.
F. A. Long, and M, A. Paul, Chem. Rev., 1957, 57,
935,

Je Fo Lane, and R. L. Feller, J. Amer. Chem. Soc.,

1951, 73, 4230.

Ce E+ McCauley, and C. V. King, J. Amer. Chem. Soc.,

1952, 74, 6221.

Je De Roberts, C. M. Regan, and I. Allen, J. Amer,
Chem, Soc., 1952, 74, 3679,

We J¢ Albery, J. E. C., Hutchins, R. M. Hyde, and R, -

He Johnson, J. Chem. Soc. (B), 19638, 219,



81,

82,

83,

84,

85,

86,

87,

88,

89,

90.

91,

92.

93,

=142~

S Aziz, and J. G. Tillet, Tetrahedron Letters,

1958, 2321.

S. Aziz, and J. G, Tillet, J. Chem. Soc. (B), 1968,
1302,

B. Zwanenburg, and J. B. F. N. Engberts, Rec. Trav.
chim., 1965, 84, 1l65.

Je. Be Fe N, Engberts, and B. Zwanenburg, Tetrahedron,

1968, 24, 1737,

L. Friedman in "Carbonium Ions", edited by G. A, Olah
and P, von R, Schleyer, Wiley-Interscience, 1970,

Vol II, Chapter 16, pp. 691-596,

L. Friedman in "Carbonium Ions", edited by G. A. Olah
and P, von R, Schlever, Wiley-Interscience, 1970,

vol II, p. 711, references 93-98(b).,

Pe Ae Se¢ Smith in "Molecular Rearrangements", edited
by P. de Mayo, Interscience, New York, 1963, Part I,
Chapter 8, pp. 528-564,

Reference 85, Chapter 1l6.

K. D. Warren, J. Chem, Soc,, 1961, 2561,

D J. Beames, T. R. Klose, and L. N. Mander, Chem.
Comm.,, in the press.

Re Baird, and S. Winstein, J. Amer. Chem. SoOc., 1962,

84, 788.

R. Baird, and s. Winstein, J. Amer. Chem. Soc., 1963,

85, 567.

B, Capon, Quart Rev., 1964, 18, 45,



94,

95,

96.

97.

98,

99,

100,

101,

102,

103.

104,

105,

106,

~-143-

E. L. Eliel, "Stereochemistry of Carbon Compounds"
McGraw=-Hill-Kogakusha, Tokyo, 1970, pp. 198-202,

Je E. Nordlander, and W. G. Deadman, J. Amer. Chem.

Soc., 1968, S0, 1590, and references therein.

Je Eo Nordlander, and W. J. Kelly, J. Amer. Chem. Soc.,

1969, 91, 996.
C. J. Lancelot, and P, von R. Schleyer, J. Amer.

Chem. Soc., 1969, 91, 4291,

Ce J« Lancelot, J. J. Harper, and P. von R. Schleyer,

Jde Amer. Chem. Soc., 1969, 91, 4294.

Cs J. Lancelot, and P. von R. Schleyer, J. Amer. Chem.

Soc., 1969, 91, 4296.

P, von R. Schleyer, and C. J. Lancelot, J. Amer. Chem.

soc., 1969, 91, 4297.

R. Heck, and S. Winstein, J. Amer. Chem. Soc., 1957,

79, 3105,

E. Cs Friedrich, and S. Winstein, Tetrahedron Letters,

1262, 475,
Ro Je Oullette, R. Papa, M. Attea, and C., Levin,

J. Amer. Chem. Soc., 1970, 382, 4893,

N. L. Wendler, in "Molecular Rearrangements", edited
by P. de Mayo, Interscience, New York, 1964, Vol 2,
Chapter 16, pp. 1023-1034,

R. Baird, and S. Winstein, J. Amer. Chem. Soc., 1362,

84, 788, reference 12,
He. O. House, "Modern Synthetic Reactions", Benjamin,

New York, 1965, Chapter 7.



107,

lo8,

109,

110,

111,

112,

113,

114,

115,

1lle,

117,

1lis,

119,

Ge A, Olah, S, J. Kuhn, W. S, Tolgyesi, and E. B.

Baker, J. Amer. Chem. Soc., 1962, 84, 2733, andg

references therein,

Je De Loudon, and J. Tennant, Quart. Rev., 1964, 18,

389,

A, J. Parker, Adv. Org, Chenm,, 1965, 5, 1.

Fe. W. Lichtenthaler in "Newer Methods of Preparative
Organic Chemistry", edited by W. Foerst, Academic,
New York, 1968, vol Iv, 155,

Je M. Tedder, and J. Theaker, J. Chem. Soc., 1959,
257, p. 262,

(a) J. A. Moore, and D. H. Ahlstrom, Je Org. Chem.,
1961, 26, 5254,

(b} S. Kim, S. S, Friedrich, L., J. Andrews, and

R. M. Keefer, J. Amer. Chem. Soc,, 1970, 92, 5452,

Me Avaro, J. levisalles, and J. M, Sommer, Chem, Comm,,

1968, 410,
Reference 63, p. 47.

F. Kaplan, and G. K. Meloy, Tetrahedron Letters,

%

1964, 2427,
Reference 63, p., 181,

A. F, Diaz, and S. Winstein, Je. Amer. Chem. Soc.,

1969, 91, 4300,

Ce J« Kim, and H, C. Brown, Je Amer, Chem. Soc.,

1969, 81, 4286, 4287, 4289,

M. G. Jones, and J. L. Coke, J. Amer, Chem. Soc.,

1969, 91, 42834,



120,

121,

122,

126,

127,

128,

1293,

130,

131.

132.

133,

134.

-145-

C. Rappe, L, Knutsson, N. J. Turro, and R. B. Gagosian,

J. Amer, Chem. Soc., 1970, 92, 2032,

N. J. Turro, Accounts Chem. Res., 1969, 2, 25,

Je. Hine, "Physical Organic Chenmistry", McGraw-Hill-
Kogakusha, Tokyo, 1962, pp. 71-73, and references
therein.

Reference 73, p. 3116,

Reference 122, pp. 328-329,

Re Antonucci, S. Bernstein, R, Littell, X, J. Sax,
and J. He Williams, J, Org. Chem., 1952, 17, 1341,

G. N. Vyas, and N. M. Shah, Org. Synth., 1963, Coll,

vol IV, 836,

P. Ts Lansbury, and N. T. Boggs, Chem., Comm., 1967,

1007,

P. Te Lansbury, and E, J. Nienhouse, Chem. Comm.,

1967, 1008,
A, Streitwieser Jr., Chem. Rev., 1956, 56, 571,
Pe 719, reference 376a.

A. W. Fort, and J. D. Roberts, Je. Amer, Chem. Soc.,

1956, 78, 584.

He Dahn, and H. Gold, Chem., and Ind., 1963, 37.

H. Dahn, and H. Gold, Helv., Chim. Acta, 1963, 46, 983,

E. Dahn, A. Donzel, A, Merhach, and H. Gold, Eelv.

Chim. Acta, 1963, 46, 994,

H. Dahn, H. Hauth, and H. Gold, Helv. Chim. Acta,

1963, 46, 1000,



-146-

135, W. Jugelt, and D. Schmidt, Tetrahedron, 1968, 24, 59,

136, W. Jugelt, and D. Schmidt, Tetrahedron Letters, 1967,

985,

137. W. Jugelt, and L, Berseck, Tetrahedron Letters, 1968,

2659,

138, W, Jugelt, and L. Berseck, Tetrahedron Letters, 1968,

2665,

139, L. Leveson, and C. W. Thomas, J. Chem. Soc. (B),
1967, 680, and references therein.

140, H, Dahn, and H. Gold, M. Ballenegger, J. Lenoir,

Ge Diderich, and R. Malherbe, Helv. Chim. Acta,

1968, 51, 2065,

141, R, N. McDonald, and R. N. Steppel, J. Amer., Chem. Soc.,

1970, 92, 5664, and references therein.
142, L. Friedman in "Carbonium Ions", edited by G. A, OClah
and P. von R. Schleyer, Wiley-Interscience, 1970,
Vol II, pp. 691-696, and references 93-97 therein.,
143. L. Friedman in "Carbonium Ions", edited by G. A, Olah
and P. von R, Schleyer, Wiley-Interscience, 1970,
Vol II, p. 711, reference 93,

144, H. Bowlus, and J. A, Nieuwland, J. Amer. Chem. Soc.,

1931, 53, 3835,
145, De.R. Martin, Chem. Rev.,1945, 42, 581, pp. 590-591,
146, A. V. Topchiev, S. V. Zavgerodnii, and Ya. M. Paushkin,
"Boron Trifluoride and its Compounds as Catalysts in

Organic Chemistry", Pergamon, London, 1959, ppe.64-68.



147,

148,

149.

150,

151,

152,

153.

154,

155,

156,

157,

158,

159,

160.

161,

~147-

G. W, Cowell, and A. Ledwith, Quart. Rev., 1970,

24, 119, pp. 165-166.

M, S. Newman, and P, F, Beal ITT, J. Amer. Chem., Soc.,

1950, 72, 5161,

We We Zorbach, and C. R, Tamorria, J. Org. Chem.,
1957, 22, 1127,

C. R, Noller, "Chemistry of Organic Compounds",

We Be. Saunders Company, Philadelphia, 1965, p. 988,
Table A-5,

Hes Cs Brown, and D, H. Mcbaniel, Je. Amer, Chem., Soc.,

1955, 77, 3752,
He E. Sheffer, and J. A, Moore, J. Org. Chem., 1963,
28, 129,

M. Hanack, Accounts Chem. Res., 1970, 3, 209,

B. Capon, Quart. Rev., 1964, 18, 45, pp. 48-56,

A, Constantino, G. Linstrumelle, and S. Julia,

Bull. Soc. chim. France, 1970, 907.

A, Constantino, G, Linstrumelle, and S. Julia,

Bull. Soc. chim. France, 1970, 912.

He. Ledon, G. Cannic, G. Linstrumelle, and S. Julia,

Tetrahedron lLetters, 1970, 3971,

Reference 93, pp. 105-1083,

Reference 94, p., 198,

Reference 94, pp. 188-190,

Ge He Whitham, "Alicyclic Chemistry", Oldbourne Press,

London, 1963, pp. 4-11,



162.

163.

le4.

165.

166.

167.

168.

169.

170.

171.

172,

173,

-148-

Je L. Franklin, Ind. and Eng. Chem.,, 1949, 41, 1070,

Ke B. Wibkerg, and R. A. Fenoglio, J. Amer. Chem.

Soc., 1968, S0, 3395,

R Be. Turner, P. Goebel, B. J. Mallon, W. von E,
Doering, J. F. Coburn Jr., and M. Pomerantz, J. Amer,
Chem. Soc., 1968, 90, 4315,

E. L. Eliel, "Stereochemistry of Carbon Compounds",
McGraw-Hill-Kogakusha, Tokyo, 1970, p. 248, and
references 1 and 2 therein.

J. E. Kilpatrick, K. S, Pitzer, and R. Spitzer,

g_. Amer,. ChempSOCo, 1947, ég, 24830

L. A, Paquette, "Principles of Modern Heterocyclic
Chemistry", Benjamin, New York, 1968, Chapter 3 and
references therein,

H. B. Kagan, J. J. Basselier, and J. L. Luche,

Tetrahedron Letters, 1964, 941.

H. B. Kagan, and J. L. Luche, Chem. Abstr., 1970, 72,

43310e,

J. R. Marshall, and J. Walker, J. Chem. Soc., 1952,
467 ¢

B, G¢ Christensen, N, G. Steinberg, and R. Hirschmann,

Chem, and Ind., 1958, 1259,

Je A. Moore, and R. W. Medeiros, J. Amer. Chem. Soc.,

1959, 81, 6026,

O H. Wheeler, J. Amer. Chem. Soc., 1957, 79, 4191,

Reference 167, Table 3-1 therein.



~-149-

174. C. R. Noller, Org. Synth., 1955, Coll, Vol 3, 835,

175. G. S. Hammond, J. Amer. Chem. Soc., 1955, 77, 334,

l76. P. E. Peterson, and R, E,. Kelley Jr., R. Belloli,

and K. A. Sipp, J. Amer. Chem. Soc., 1965, 87, 5169

and references therein.

177. J. E. Nordlander, and W. G. Deadman, Tetrahedron

letters, 1967, 4409,

178. H. W. Johnston, and F. J. Gross, J. Org. Chem.,
1957, 22, 1264,

179. Reference 93, page 45,

180. P. D, Bartlett, S. Banke. R. J. Crawford, and G. H..

Schmid, J. Amer, Chem. Soc., 1965, 87, 1288.

181, P, D. Bartlett, and G. D. Sargent, J. Amer. Chem. Soc.,

1965, 87, 1297,
182, P. D, Bartlett, W. D. Closson, and T. J. Cogdell,

Je Amer. Chem. Soc., 1965, 87, 1308.

183, P. D, Bartlett, W, S. Trahanovsky, D. A. Bolon, and

Ge He Schmid, J. Amer. Chem. Soc., 1965, 87, 1314,

184, W. D, Closson, and S. A. Roman, Tetrahedron Letters,

1966, 6015,
185, S. K. Dasgupta, R. Dasgupta, S. R. Ghosh, and U, R.

Ghatak, Chem., Comm., 1969, 1253,

186, H. Felkin, and C, Lion, Chem. Comm., 1968, 60,

187. F. C. Uhle, Tetrahedron Letters, 1964, 3099,

188. F. C. Uhle, J. Org. Chem., 1966, 31, 4193,

189, J. F. Grove, Quart. Rev,, 1981, 15, 56,




T e AN T

190, R. Koehler, L, Goodman, J., DeGraw, and B. R, Baker,

J. Amer, Chem. Soc., 1958, 80, 5779.

191. H. Zaugg, D. A. Dunnigan, R. J. Micheals, L. R. Swett,
Tes S. Wang, A. H, Sommers, and R. W. DeNet, Je. Orqg.
Chem., 1961, 26, 644.

192, D. S. Breslow, E. Baumgarten, and C. R, Hauser,

Jo Amer, Chem. Soc., 1944, 66, 1286,

193, H. J. E. Loewenthal, and H. Rosenthal, Tetrahedron

Letters, 1968,'§693.
194. 2. G. Hajos, K. J., Doebel, and M, W. Goldberg,
Je. Org. Chem., 1964, 29, 2527.
195, 2. G. Hajos, D. R. Parrish, and M. W. Goldberg,
Je. Org. Chem., 1965, 30, 1213,
196. P. A. Robins, and J. Walker, J. Chem. Soc., 1956, 3249.
197, K. V. Levshina, A. I. Gauriloua, and S. I. Sergievskava,

Zhur, obshchei Khim., 1960, 30, 3601, (English trans-

lation),
198, J. H. Burkhalter, and F., C. Sciavolino, Je Orge. Chen.,
1967, 32, 3968,

199, J. E. McMurry, J. Amer. Chem. Soc., 1968, 90, 6821,

200, M. C. Kloetzel, Org. Reactions, 1948, 4, 1, p. 40,

201, E. O. House, W, F, Gannon, R. S. Ro, and D, J. Wluka,

Js Arer. Chem. Soc., 1960, 82, 1463, and references

therein,
202. Z. G. Hajos, K, Je. Doebel, and M. W. Goldberg,

Je Org. Chem., 1964, 29, 2527, and references therein.



-151-~

203. E., S, Gould, "Mechanism and Structure in Organic
Chemistry", Holt, Rinehart and Winston, New York,
1963, pp. 62, 74.

204. W, Herz, and G. Caple, J. Amer. Chem. Soc., 1962,

84, 3517.

205, S. Winstein, and P. Carter, J. Amer. Chem. Soc.,

1961, 83, 4485,

206. A. H. Jackson, and B, Naidoo, Tetrahedron, 1969,

25, 4843, and references therein,
207, W. D, Closson, S. A. Roman, G. T. Kwiatkowski,

and D. A. Corwin, Tetrahedron Letters, 1966, 2271,

208, W. D. Closson, and G. T. Kwiatkowski, Tetrahedron,

1965, 21, 2779.

209, P, E., Peterson, and R, J. Kamat, Je. Amer, Chem. Soc.,

1966, 88, 3152,

210, C. Chuit, F. Colard, and H., Felkin, Chem. Comm., 1966,

118,

211. M. Hanack, J. Haffner, and I. Herterich, Tetrahedron

Letters, 1965, 875,

212. M. Hanack, and I. Herterich, Tetrahedron Letters,

1966, 3847.

213, M. Hanack, I. Herterich, and V. Vott, Tetrahedron

Letters, 1967, 3871,
214, M. Hanack, S. Bocher, K. Hummel, and V. Vott,

Tetrahedron Letters, 1968, 4613,

215, M. Hanack, and V. Vott, Tetrahedron Letters, 1968, 4617,




216, J., A. Berson, D. S. Donald, and W. J. Libbey,

J. Amer, Chem. Soc., 1969, 91, 5580,

217. W. D. Closson, and G. T. Kwiatkowski, J. Amer., Chem.

Soc., 1964, 86, 1887, and references therein.

218, G, LeNY, Compt. rendo, 1960, 251, 1526,

219. W. Se. Johnson, and R. Owyang, J. Amer. Chem. Soc.,

1964, 86, 5593, and references therein.
220, T. A, Berson, J, J. Gajewski, and D, S, Donald,

Je. Amer. Chem. Soc., 1969, 91, 5550 and following

paparse.
221, T, B. Windheoltz, J. H. Fried, and A. A‘ Patchett,
Je. Org. Chem., 1963, 28, 1092.

222. 8. N. Ananchenko, Cheng-0OT'ang, and I. V. Torgov,

Chem. Abstr., 1962, 57, 11262h.
223, P, von R. Schleyer, J. E, Williams, and K, R. Blanchard,

J. Amer. Chem. Soc., 1970, 92, 2377.

224. B. W. Palmer, and A, Fry, J. Amer. Chem. Soc., 1970,

92, 2580.

225, A. Weissberger, "Technique of Organic Chemistry",
Interscience, New York, 1955, Vol VII, (Second Edition),
p. 429,

226, nh, I. Vogel, "A Text-Book of Practical Organic
Chemistry", Longmans, London, 1962, p.778.

227. E. Schwenk, and D. Papa, J. Org. Chem., 1946, 11,
798,

228, I. M, Heilbron, and A, H. Cook, Chem. Abstr.,1948,

42P, 617h, (Brit. Pat. 5882, 11l6).



229,

230,

231,

232,

233,

234,

235,

236,

237,

238,

239.

240,

241,

242,

S Bo b

I. Heilbron, "Dictionary of Organic Compounds",
Eyre and Spottiswoode, London, 1953, vol 3, p. 283,
Reference 229, vol 4, p. 188,

L. F. Fieser, and E. B. Hershberg, J. Amer. Chem.

soc., 1936, 58, 2314,

D. G. Thomas, and A. H. Natham, J., Amer. Chem. Soc.,

1948, 70, 331,

D. Papa, E. Schwenk, and H. Hankin, J. Amer. Chem.

Soc., 1947, 69, 3018.

L., F, Fieser, M. T. Leffler, and Co-Workers, J. Amer.
Chem, Soc., 1943, 70, 3195,

L. F, Fieser, M, T. Leffler, and Co-Workers, J. Amer.
Chem. Soc., 1948, 70, 3197,

Je. M. Van Der Zanden, Rec. Trav., chim., 1941, €0,

291,

Je. M. Van Der Zanden, Chem. Abstr., 1938, 32, 16766.

M. G. Pratt, J. O. Hoppe, and S. Archer, J. Org.
Chem., 1943, 13, 576,

B, W. Horrom, and H. E. Zaugg, J. Amer. Chem. Soc.,

1950, 72, 721.

"Elsevier's Encyclopaedia of Organic Chenmistry",
Elsevier, Nei York, 1950, vol 128, p. 2012.

Je. We Cornforth, R. H. Cornforth, and Sir. R. Rcbinson,
J. Chem, Soc., 1942, 6€89.

J. C. Bardhan, and D. N. Mukherji, J. Chem. Soc.,

1956, 4629,



243,

244.

245.

246,

247,

248,

249,

250,

251,

252,

253,

254,

-154-

Reference 229, Vol 2, p. 771,
G. Barger, J. Chem. Soc., 1809, 95, 1123,
Reference 243,

He E. Bruson, and T. W. Riener, J. Amer. Chem. Soc.,

1943, 65, 23.

We J. Dale, and H. E. Hennis, J. Amer. Chem. Soc.,

1959, 81, 2143.

Ce K. Ingold, and H. A. Piggott, J. Chem. Soc.,

1923, 123, 1469.

(a) R. S. Livshits, G. I. Bazilevskaya, M. S.

Bainova, O. E. Dobrovinskaya, and N. A, Preobrazhenskii,

Chem. Abstr., 1948, 42, 2606i.

(b) N. R. Campbell, and E. P, Taylor, Chem. Abstr.,

1950, 44, 5813e.
Reference 197, p. 3603,

H. Normant, Adv. Org. Chem., 1960, 2, l.

I. Ne Nazarov, I, V. Torgov, and G. P, Verkholetova,

Chem. Abstr.,1957, 51, 14647,

M., W. Goldbert, and L. M, Jampolsky, (Fr. Pat.l, 347,

289), Chem. Abstr., 1964, 60P, 10624a.

L. Cs, Stone, and W, F. Ermen, J. Aner. Chem. Soc.,

1971, 93, 2821,



Beames, D.J. and Mander, L.N. (1971). Studies on intramolecular alkylation. I. The
preparation of tricyclic intermediates for the synthesis of diterpene alkaloids.
Australian Journal of Chemistry 24(2), 343-351.

NOTE: This publication is included in the print copy of the thesis
held in the University of Adelaide Library.

It is also available online to authorised users at:

http://dx.doi.org/10.1071/CH9710343



http://dx.doi.org/10.1071/CH9710343



