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Part 1.

Studies on 8-substituted homophthalimides




INTRODUCTION

Section 1.1




The addition of amines to acetylenes has been
the subject of much study.l Even at the turn of the
century it was observed2 that addition occurs smoothly and
1:1 adducts with the amino group B to the activating greup are
obtained from acetylenic esters, and similar amine additions
to acetylenic ketones and sulphenes to give products of the
type(1l)have later been demonstrated.> '
More recently, the stereochemistry of the enamines
resulting from amine addition to acetylenes has been studied
using the sophisticated tools available to the modern-
day chemist.” S
It has been found that the stereochemistry of
the enamine depends on whether the amine nucleophile is

58  With the addition of secondary

primary or secondary
amines the situation is straightforward with the trans-
isomer, sterically and thermodynamically most favoured,
being the sole product formed. This has been demon-
S't,rated.s"8 by the addition of secondary amines to various
activated acetylenes as shown in Table I.

High resolution NMR analysis has proved to be
an extremely useful method for discriminating between cis-

and trans-isomers, and evaluation of the cis~trans ratio,

since the coupling constants between cis- and trans-




TABLE 1.

Activated Secondary Trans Cis
Acetylene Amine Product Product
i
H
; ( Pr)2N N y,
HC=C*C0,CH, N ( Pr)2 Cc=C -
AN
H CO,CH,
100% 0%
Ol
CH Ph-N H
/3 b ~
HC=C C0,,CH, HN Cc=C -
\Ph H‘/ \cone
100% 0%
(CZHS)ZN /I-I
CH,0,C+C=C*CO,CH, BN(02H5)2 c=c\ -~
CH;0,C CO,CH
100% 0%
(CH3)2N /H
HC=C-COPh HN(CH,) C=C -
3/2 _
17 corh
100% 0%
(RhCH,, ) N H
272\~
HC C+COPh HN(CHZPh)z C=C -
H/ COPh
100% 0%




TABLE 2 .

trans cis
RNH H H H
Hy CO,CH RN/ /9-CH3
Ng,.07
R H, Hy JAB R H, =N JuB

n-C ,Hy- 544 2-61 13-3 n--C4H9 566 347 8-0
(CHy),CH- 543 2:67 134 | (CHy) ,CH- 564 3-44 8-1
(CH3)3C- 53 2°§9 13-0 (CH3)3C- 560 3-27 8-1

Chemical shift in T; covpling constants in

cycles/sec.




. NMR
Acetylene Amine Solvent | cis (%) | trans (%)
CDCl3 100 0
PhCO-C=CH PhCH liH,
DMSO 50 50
(5¢5 urs)
CDCl3 70 30
CH,0,C+C=CH PhCH,NH,,
DMSO 20 80
(24 hrs)
CH,0,C+ C=Cil (CH,),C-NH, CDC1, 100 0
PhSOz°CEC'CH3 ]?hCHzNI'I2 CDCl3 65 35
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olefinic protons, are markedly dissimilar, as is the
chemical shift of a proton cis- or trans- to the activating
group. The examples shown in Table 2 clearly illustrate
this ﬁoint. WVhereas the addition of a secondary amine to
an activated acetylene invariably produces the itrans-
isomer, the addition of primary amines to acetylenes how-
ever results in equilibrium mixtures of enamines where
considerable amounts of cis-isomers appear in the mixtures.
Examples of this are shown in Table .3 . Stabilisation
of the cis-~isomer in these cases has been ascribed to
hydrogen bonding6’7 as in (2), and this has been borne out
by IR and NMR studies. It has been observed during NMR

7 that a change of solvent has a marked effect on

studies
the cis-trans-ratio. In chloroform little hydrogen
bonding to the solvent can occur and the intramolecularly
bonded cis-forms are thus favoured. Dimethyl sulphoxide,
by contrast, formsstrong hydrogen bonds and in this solvent
a greater degree of intermolecular bonding is expected and
so displacement of the equilibrium in favour of the trans-
isomer occurs (c.f. Table 3 ),

In all cases so far reported the adducts obtained
with primary amines have the enamino structure (3) and

(3a) not the imino structure (4) but enamine-imino

tautomerism is an added complication wvhich has recently
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been implicated in the gigfigggg-isomerisation of enamines?
(Scheme I),Despite the fact that the imino form has not
been observed experimentally after many attempts to detect
it using different techniques, and although it is energeti-
cally the most unfavourable, the existance of very small
amounts of this form cannot be completely excluded., It

has been postulated9a

that the activation energy of cis-
trans-isomerisation is low, in the order of 15 Kcals/mol,
8o that isomerisation occurs spontaneously at room
temperature resulting in the continuous exchange of
hydrogen between the nitrogen and o carbon if the mechanism
in Scheme I were correct. This has been elegantly borne
out by storing the B—amino vinyl ketone (5), in an excess
of deuterium oxide for three days at room temperature.

NMR examination of the ketone after this treatment revealed
a decrease in intensity of the Ha proton (4°9 7, d) and

the transformation of the HP sextet to a broad singlet
because of incomplete exchange of the a hydrogen and the
amino hydrogens giving a superposition of diverse multi-
plets. Integration fixes the deuterium incorporation at
65%. Further evidence was obtained by keeping the af
dideutero compound with water, NMR analysis of the product

indicating the loss of about 70% of the a deuterium.
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These workers note the fact that the rate of
exchange is slow, whereas it has been shown that isomer-
isation is fast;ga thus one must assume the existence of
other mechanisms for cis-trans-isomerisation as well as that
proceeding via enamine-imino tautomerism. No further
explanation was offered, but it may be noted that isomerisatien
can only occur when there is free rotation about the Ca
and CB bond of the ketone (5). That is, the isomerisation
might be due to a 1,4 addition - elimination sequence
involving another mole of f—amino vinyl ketone or even
ammonia, traces of which might be generated by hydrolysis.
Such a scheme would account for cis-trans-isomerisation
with no incorporation of deuterium. Other factors
affecting the cis-trans-ratio are the structures of the
activating group and the amine, as the larger and more
bulky these groups are, the less likelihood is there of
obtaining the cis-isomer because of non-bonded inter-
actions.7

Thus the evidence suggests that the adduct
obtained from primary amine addition to an acetylene

prefers the hydrogen bonded cis-configuration if this is

sterically favourable.
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In 1959, the addition of methylamine to a di-

acetylenic diester was exploit.edlo’]’l

in a synthesis of
tropinone (7) via the pyrollidine diester (6) as outlined
in Scheme 2. This could involve interaction of the
acetylenic mono-emamine (8) to give (6), (Scheme 3 ) or
it is also possible that methylamine adds to one acety-
lenic bond, the resulting di-enamine (9) undergoing
internal addition as shown in Scheme 4. However
application of this reaction to the homologous ester
diethyl nona-2,7-diyne-1,9 dioate (10, R = OEt) did not
lead to an analogous product.

Although an oily compound, E, whose analysis
was consistent with the desired piperidine, (11, R = OEt)
could be obtained by the action of hot ethanolic methyl-
amine only one double bond of this could be reduced even
after prolonged hydrogenation in ethanol, while in acetic
acid, catalytic hydrogenation gave a product formulated
as the pyran (12). Both reduction products afforded the
same derivatives with Brady's reagent.lo’1l The
mechanisms which were proposedll to account for these
transformations are shown in Scheme 5. An analogous

product F, tentatively formulated as (11, R = NHp), was
produced in the same woy from the diaimide (10, R = NH,):°
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Treatment of the diethyl ester, (10, R = OEt),
with cold aqueous ammonia or methylamine afforded the
corresponding diamides. With hot aqueous methylamine
however, the dimethyl or diethyl ester (10, R = OMe, or
OEt) gave a compound, A, m.p. 160-162+5°c which absorbed
1 mole of hydrogen and was chiefly remarkable for its high
wavelength UV absorption at 348 mp (log € 4°51); 284 mp
(log € 3¢32); 240 mp (log & 3°91). A compound B
MePe. 277-279% (4d), whose properties (IR, UV, response to
hydrogenation) were closely analogous to those of A, was
obtained by the action of hot aqueous methylemine on the
diamide (10, R = NHZ).lo

Prom these facts it was evident that addition
of methylamine to the diacetylenic diester (10, R = OEt
or NHZ) had in this case taken an unexpected course which

is elucidated in the following sections




DISCUSSION

Section 1,2
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Following a re-examination of the action of
methylamine on the diacetylenic diacid derivatives (10,
R = OEt or NHZ) it became apparent that the compounds A
and B were closely related.12 This was fully borne out
by analytical data, and by spectral information, From
this and from the following evidence structures (14,
R = Me) and (14, R = H) were advanced for A and B
respectively.12

Since A is derived by the action of hot aqueous
methylamine on compound E,13 which had been formulated as
(11), a possible structure assignment for Aand B might seem
to be the bicyclo imides (15, R = Me or H). (The bridge-
head double bonds of these structures do not contravene
Bredt's rule since they are in an eight-membered ring and
models do not show undue strain in the molecules.) How—
ever these structures were clearly excluded by the NMR
spectra of these two compounds (Table 4 and Fig. 1) which
each exhibited the resonance of only one vinyl proton.
In addition A and B respectively exhibited doublets at
6490 v (3H, J = 5°4 c.p.s. deuterochloroform) and 6°53 <
(3H, J = 54 c.p.s. trifluoracetic acid) betraying the
presence of an -NHMe grouping,14 and A (14, R = Me) also
displayed a dihglet peak at 6468 T attributed to the
N-methyl grouping of the imide system, a feature which
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Table 5. IR data of the compounds A B C and D

SOLID

COMPOUND SOLN . Ve=0 VOH or NH

NUJOL 1655 cm.”t

A -1 -1
CHCl3 1650 cm. 3225 cm.
NUJOL 1655 cm.”t

B
NUJOL 1660 cm.”}

c -1 -1
CCl4 1687 cm. 2900-3050 cm.
NUJOL 1660 cm.” !




Table 6.

UV data of A, 3, C, D and related compound

EtOH ZtOH-NaOd log € ,on reacic®
Compound kmax. log € Amax. g hmax. log €
(mp) (mp) (mp)
350 438 350 4+ 42 350 438
A 286 3-23 281 3448 286 3.23
236 3-72 257 3-70 236 372
349 444 352 439 349 444
B 284 3.32 282 3.61 284 332
235 3-79 257 3-88 235 379
320 426 329 435 320 4+26
C 240 3-89 280 3-64 240 3-89
211 333
319 4-20 334 437 319 420
D 233 3-89 278 357 233 3-89
Decevinic 325  4.25

acid
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is absent in the spectrum of B (14, R = H). The spectra
of both compounds showed the presence of a methylene
group (multiplet at 8<1 1) coupled to four allylic
protons (multiplet at 7:4 ).

This was demonstrated in the present work by
irradiation at 81 © (Fig. 1), when the multiplet
centred at 7°4 71 collapsed to a broad singlet and upon
irradiation at 7+4 © the multiplet centred at 8+1 7
similarly collapsed to a broad singlet. Allylic
coupling between the methylene protons and the olefinic
proton wasalso demonstrated since irradiation at 7+*4 =
considerably sharpened the singlet at 4+37 7.

The IR spectra of these compounds display
strong carbonyl absorption (Table 5) and their UV spectra
show evidence of an extensively conjugated system
(Table 6). These data are effectively accommodated by
the structures (14, R = Me) and (14, R = H) for A and B
respectively. It will be noted that these structures
represent vinylogous amides which accounts for the
principle features of the chemistry of these compounds,
including their failure to absorb more than one mole of

hydrogen (c.f. Introduction)..
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13 that treatment of A and

It was also reported
B with refluxing sodium ethoxide solution yields
respectively the acidic compounds C (CIOHIINOB) and D
(09H9N03). From the evidence discussed below the com-
pounds C and D were formulated as the vinylogous acids
(16, R = Me) and (16, R = H) respectively.

The NMR spectra (Table 4) of these compounds
differ from those of A and B only in that the doublets
displayed by A and B and attributed to the -NHMe grouping
are absent,

Both the -NHMe and -OH groupings in these
respective compounds are part of stable chelate systems.
However while A (14, R = Me) gives a broad signal at
-~2+1 © (Table 4) which can be attributed to the N-H proton,
its low field position suggesting that it is participating
in strong hydrogen bonding, the corresponding hydrogen
bonded hydroxyl proton expected in C (16, R = Me) cannot
be detected above -10 <T. This might be due to the
involvement of the proton in a rapid tautomeric shift
between the two atoms to which it is bonded where the
rate of exchange is sufficiently fast (at 37°2) to
prevent the detection of a signal corresponding to either
extreme position, yet not fast enough to allow the
spectrometer to locate the proton in only one average

15

position.




NMg
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Further evidence of the chelate system is
furnished by the IR spectra (Table 5) and the formation
by C (16, R = Me) and D (16, R = H) of stable insoluble
green complexes on treatment with cupric acetate in
acetone, and by the production of deep red-purple colour-
ations by all four compounds when treated with ethanoliec
ferric chloride. As might be expected the methyl ether
of C (17) is extremely labile being rapidly hydrolysed at
room temperature to the stable chelate system.

This tends to confirm the observation that
ethoxide treatment of the vinylogous amides (14, R = Me)
and (14, R = H) results not in the respective vinylogous
ethyl esters (18, R = Me) and (18, R = H) but in the
vinylogous acids C (16, R = Me) and D (16, R = H);b» The
alternative explanation that the acids are produced by

B,; 2 hydrolysis of the esters may well be complementary

AL
to this.

Like A (14, R = Me) and B (14, R = H), the UV
spectra of C (16, R = Me) and D (16, R = H), both display
an extensively conjugated system (Table 6). The batho-
chromic shifts in alkali displayed by C and D (Table 6)
are in accord with their enolised P-keto imide structures.
A useful analogy is provided by decivinic acial® (19)

which absorbs at 325 mp (log € 4+25) compared with
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values of 320 mp (log € 4:26) and 319 mp (log & 4+20)
for C (16, R = lMe) and D (16, R = H) respectively, - a
very reasonable correspondence in view of the small
variations which can be expected in comparing an anhydride
with its imide counterpart.

In view of the fact that compound A (14,
R = Me) can be readily obtained from compound E on treat-
ment with aqueous methylamine13 the structure of the
latter (formerly given as 11) was re--exa.mined.12 and
revised to (20) on NMR evidence (Table 7). The spectrum
of E shows a three proton doublet at 7°05 1 (J = 5+4
CepeS.) due to an ~NHMe grouping and a single unsplit
proton at 3+87 <. The resonance of one of the allylic
methylene groups occurs as a multiplet at 6¢9 7 which
is somewhat lower than the value observed for the allylic
methylene groups in A (14, R = Me) (7+4 © cf, Table 4).
This indicates that one methylene group in E is
deshielded by the carboethoxyl group and hence suggests
that the double bond geometry is as shown in (20).

This structure satisfactorily accounts for the
uptake of only one mole of hydrogen observed in hydro-
genation, for the high UV absorption (A . 322 mp) and

for the ready conversion to A.
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The product obtained by catalytic reduction of
E (20) in acetic acid, which was previously formulated as
(12), can now be understood to be the vinylogous acid
(21).  The NMR spectrum no longer exhibited a vinyl
proton resonance, but a complex multiplet at ca. 765 <t
due to the resonance of 5 protons. (Two methylenes «
to carbonyl and one allylic methine.) The resonance due
to the remaining methylene groups appeared as an ill
defined multiplet at 8+4 t, and the signals at 585 7T
(4Hy q, T = 7 c.p.s.) and 875 T (6H, t, J = 7 CePeSs)
were ascribed to the two ethoxyl groups.,

The UV spectrum of the reduction product (21)
indicated the presence of a less extensive chromophore
(255 mp, log € 3°79) than that of E (20) (322 mu log €
4¢32), The IR showed intense bands at 1725 and 1650
cm.—l typical for a normal ester group and a f-keto

ester system.17

In order to prove conclusively the nature of the
carbon skeleton, as well as rendering these compounds more
accessible, the synthesis of compounds like A, B, C, D,
or E was studied. It was also thought that some of these
compounds might be useful as possible intermediates in the
synthesis of various naturally occurring isocoumarins, the
reduction product (21) obtained from E (20) for example,

being a potential intermediate in the synthesis of the

) 18
antibiotic ramulosin (22).
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The key intermediate required in one proposed
synthesis (24 » 27 -» 14) was the substituted eyclo-
hexane-1,3~dione (24), This type of compound has been
prepared by reduction of substituted resorcinols19
(Table 8 gives some examples of these), and this method
was applied to the synthesis of 2-N-methylamido-cyclo-
hexane-1,3~dione (24). Thus treatment of the silver
salt of 2,6 dihydroxy benzoic acid (23, R = OAg) with
methyl iodide selectively gave the methyl ester (23,

R = OMe) which on treatment with aqueous methylamine gives
the N-methylamide derivative (23, R = NHMe). This was
smoothly reduced to the required dione (24).

The NMR spectrum of the dione (24) exhibited
a three proton doublet due to the -NHMe moiety (7-08 7,
J = 54 c.p.s.), two triplets almost superposed at
ca, T7*4 7 (J =6 c.p.s. in each case) corresponding to
the resonance of the two methylene groups a to the
carbonyl groups, while the broad triplet at %;os t (J =
6 c.p.s.) was ascribed to the remaining methjiene group
B to the two carbonyl groups. The resonance due to the
N-H proton appeared at 0¢25 7 and disappeared slowly on
deuteration, accompanied by collapse of the methyl
doublet to a singlet at 7+1 T. The IR spectrum was in

complete agreement with the structure (24) showing no
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evidence of aromatic character but displaying intense
broad bands in the region of 1650 — 1530 cm. t typical

of B tri-ketones.20 The IR spectrum also showed
evidence of a hydrogen bonded enolic f~dicarbonyl syster
confirmed by an immediate and conclusive colouration with
methanolic ferric chloride.

It was hoped that one of the carbonyl groups of
the dione (24) could be converted into a carbethoxy-
methylene group, and attempts were made to inactivate the
remaining carbonyl group by formation of an enol ether
(25, R = alkyl) but repeated attempts to prepare this
under a variety of conditions were unsuccessful, How-
ever upon refluxing the dione (24) with ethanolic methyl-
amine a crystalline product was obtained.

The NMR spectrum was in good accord with the
enamine structure (26) displaying two N-methyl doublets
at 6°98 T (J = 5'4 c.p.s.) and 7°16 T (J = 5 ceDPesS.).

The resonance due to the methylene group a to the

remaining carbonyl group and the allylic methylene group
both appeared at the same value of 74 7, and the 2H
multiplet at 805 T was ascribed to the remaining methylene
group. The two broad signals at -0+l © and =23 7T were
assigned to the two hydrogen bonded N-H protons, the

chelate system also being indicated by colouration with
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methanolic ferric chloride, and by the carbonyl absorption
of the B-keto amide system vhich appeared as intense broad
bands at 1618 - 1580 cm.” .. The enamine absorbed at 294,
245 mp rather higher wavelengths than the dione and gave

a mass spectral fragmentation pattern in aceord with
structure (26),

The next step in the synthesis then, required
the condensation of one C, unit with the ketonic
carbonyl group of (26) to give a carboxymethylene
derivative of the type (27) which it was hoped might re-
act with hot aqueous methylamine to give A (14, R = Me).
Three unsuccessful approaches to the required product
were investigated.

The first approach involved attempts to con-
dense the B keto amide (26) with malonic acid derivatives
hoping that even if an aldol product (e.g. 27) was formed
reversibly, ring closure might intervene to force the
reaction to completion. However neither direct reaction
with malonic acid under Knoevenagel conditions or pro-
longed reaction with dimethyl sodiomalonate gave any of
the desired product. Secondly the enamine was subjected
to the Wittig reaction. Although ylids of the type
(28, R = H or Me) are powerful nucleophiles, ylids with
a stabilizing @ - substituent as with (29, R = OEt, OMe)
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are less reactive, but under forcing conditionsm"22

react with ketones to yield the corresponding condensation
product. Refluxing the ylid (29, R = OEt) with the B~—
keto amide (26) in benzene or toluene solutions for long
periods failed to produce any of the desired product.

Even when the P~keto amide (26) was treated
with the more reactive phosphonate (30) in an aprotic
solvent such as benzene, dimethyl formamide a diglyme with
one mole of sodium hydride23 there was no reaction,

Finally, the Reformatsky reaction was attempted
using ethyl bromoacetate. There are several report524’25
in the literature on the application of the Reformatsky
reaction to such cyclohexane-1l,3-dione derivatives as
(32, R =alkyl) and (33) giving the respective aldol products
(34, R =alkyl) and (35), and also to the relatively
hindered ketone (36)26 the resulting PB-hydroxy ester
(37) being subsequently dehydrated to the af unsaturated
ester (38). However no condensation product from the f-
keto amide (26) could be detected whether the usual

Reformatsky conditions were employed or the enolate

anion (31) was prefqrmed,

In all these experiments the starting material
was recovered quantitatively and identified by IR, uv

and TLC.




- 17 -

This lack of success may result from the reduced
reactivity of the ketonic carbonyl group of the B~keto
amide (26) due to hydrogen bonding, while steriec hindrance
to nucleophilic attack caused by the N-methylamide group-
ing could be another factor.

However the B-keto amide (26) proved to be a
useful model compound. It will be observed that there is
much similarity between the main skeletal features of the
wuuitizii:  (26) and A (14, R = Me), a fact borne out by

comparison of their NMR spectra. As discussed before

A shows 4H and 2H multiplets at 7+4 7 and 8¢! %W respectively?

the synthetic enamine (26) showing signals which were
almost identical.

The above synthetic studies having provided a
limited degree of support for the structures of the pro-
ducts obtained by the action of methylamine on the di-
acetylenic ester (10, R = OEt), attention was turned to
some aromatic derivatives of these productse.

These aromatic compounds were readily obtained
from A, B, C or D by dehydrogenation with 10% palladium-
on charcoal in refluxing diphenyl ether for periods
ranging from two minutes to one hour to give the corres-

ponding 8-substituted homophthalimides.12
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The NMR spectra of dehydro-A (39, R = Me) and
dehydro-B (39, R = H) (Table @ ) are both in good accord
with their respective structure assignments, The spectrum
of dehydro-A for example shows resonance due to three
aromatic protons at 2¢5~35 t. First order analysis
suggests that this is an AMX system where H6 is a double
doublet at 2°66 T (J = 8 c.p.s. in each case), and Hy and
H, are doublets (J = 8 c.p.s.) at 3:6 7 and 342 ¢
respectively. The spectrum also shows a singlet at 5°98 %
due to a benzylic methylene group a to an imide carbonyl
groupe.

However the N-methyl group of both bases occurs
as a sharp singlet at 7°06 7 (dehydro-A, deuterochloroform)
and 6°59 =1 (dehydro-B, trifluroacetic acid). The absence
of spin-spin coupling of the methyl group is an apparent
anomaly but it has beenr@portedgs that while the occurrence
of a methyl doublet is excellent evidence for a hydrogen
atom on the methyl-bearing nitrogen atom, the absence of
coupling does not lead with any certainty to the converse
conclusion. This is owing to the fact that when the
energy barrier for hydrogen exchange between oxygen and
nitrogen becomes sufficiently low, (ises exchange becomes
rapid) spin-spin coupling is eliminated irrespective of

the length of time spent by the proton on any one site,




Evidently exchange of the -NH proton in
dehydro-A (39, R = Me) is sufficiently fast to prevent
spin-spin coupling. One way of retarding this exchange
would be to cool the NMR solution. This indeed occurred
since the NMR spectrum of dehydro-A in deuterochloroform
at =52% now showed a 3H doublet at 7+05 1 (J = 5 copoS.).
Complementary to this the NMR spectrum also showed the
resonance of the NH proton as a quartet at 147 7 (J =
5 CePeSe)

Both dehydro-C (40, R = Me) and dehydro-D (40,
R = H) behave like typical phenols being insoluble in
saturated aqueous sodium bicarbonate but soluble in
dilute sodium hydroxide from which they are re-precipitated
by acid.

The NMR spectra of the compounds dehydro~C
(40, R = Me) and dehydro-D (40, R = H) are shown in Table
10, The presence of the hydrogen bonded hydroxyl group
is demonstrated by the appearance in the spectrum of a
sharp singlet at - 1°75 T; The corresponding peak in
dehydro-D (40, R = H) is presumably obscured by the
solvent trifluoroacetic acid. Further, the spectra of
dehydro-C and dehydro-D show resonances due to the
benzylic methylene group at 5°97 T and 558 T respectively,

and the aromatic protons comparable to those observed
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for dehydro-A (39, R = Me) and dehydro-B (39, R = H).

In the case of dehydro~C (40, R = Me) it was shown that
the double doublet at 2+*5 T (J = 8 c.p.s. in each case)
due to the proton on H6 collapsed to a doublet (J = 8 c.p.s.)
upon irradiation in the vicinity of the doublet at 3:06 7T
(H7) (Fig. 2). Conversely upon irradiation in the
vicinity of 2-5 =t (H6), the doublets at 324 7 and 306 <t
assigned to H5 and H7 respectively, collapsed to broad
singiets . The width of these peaks evidently indicates
that both protons H5 and H7 are involved in additional
long range couplings. (The occurrence of an irradiation
point at one side of these peaks invalidates comparison

of peak heights.) Spin decoupling also revealed a degree
of long range coupling between the aromatic prodons and
the benzylic methylene group, since irradiation at 3°24 <t
sharpened the singlet at 5°97 7, and conversely irradiation
at 5°97 T noticeably increased the intensity of the
doublet at 324 t, the intensity of the other signals
remaining essentially the same. This suggests that the
doublet at 3°24 T corresponds to the resonance of the
proton HS' [ However it may be noted that calculated
values29 appear to suggest that H7 should be at higher
field (3:00 7) than Hy (2:95 7).]




Table 10. UV data of Dehydro Compounds

- *
Compound hgzgﬁ log € Kﬁ:gé-NaOH log € kE;g;.HCl log €
(mu) (mp) (mp)
375 377 39 3-91 2957 2.94
260 3+95 313 3-96 283 3-08
Dehydro-A] 242 4-01 287 4-13 248 3-88
222 4:05 250 420 235+ 3-80
226 418 210 4-01
378 371 404 3-83 294+ 3:04
261 3-89 313 3-90 284 3-18
Dehydro-Bj 243 3:92 289 4:03 247 3-89
223 3-90 251 4-03 235 3-84
229 400 217 3-76
316 3-58 392 3:73
257 3-88 309 4-14
Dehydro-C| 222+ 3-95 299 4.09
214 401 264 3-99
234 4-13
318 3-58 391 3+82
253 3:93 306 4.22
Dehydro-D| 220+ 4-11 296+ 4:-16
212 421 264 4:04
227+ 432
221 433
* Inflection

Measured in 50% aqueous ethanol hydrochloric acid (3N)

In the presence of smaller concentrations of acid,
intermediate spectra were obtained.
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The long wavelength peaks of the bases dehydro-A
and dehydro-B are higher by 60 mp than those of the phenols
dehydro~-C and dehydro-D (Table 10). However the batho-
chromic shifts on basification of the phenols are much
greater (c8. 75 mu) than those of the bases (ca. 24 mu)
and so all four compounds in basic solution have very
similar UV spectra. The calculated value for the major

30 of the bases (39, R = Me) and

electron transfer band
(39, R = H) was 269 mu, which is in fair agreement with
the observed values of 260 mp and 261 mp respectively.
A4 similar treatment applied to the phenols (40, R = Me)
and (40, R = H) resulted in a calculated value of 256 my,
in good accord with the observed values of 257 mp and
253 mp respectively.

The IR spectra of the four aromatised compounds
show the twin carbonyl absorption bands characteristic
of an imide,>) namely at 1700 em.”t and 1660 cm.”!(Nujol).
The latter peak is somewhat lower than the corresponding
peak in homophthalimide (1684 cm.—l, Nu,jol)31 presumably
because of intramolecular hydrogen bonding. This is
supported by the solution spectra of dehydro-CG (40, B = Me),
which shows the hydroxyl absorption as a broad peak

centred at 3,100 em.” Y. The carbonyl frequencies in this

- -1
casc appcared at 1655 cm. 1 and 1716 and 1728 cme




Table 12, Proposed mass spectral cracking pattern for

dehydrc-A (39, R = Me)

Dehydro A

HNMe
fpc/ 204 (100%)

a

1 b
a

(78%) 145«—2-176(12-3%) |

(29-3%) 203

1

a
3 b,
148 b
(6+8%)
(14:2%) 175
(6-8%) 148
Am/e m”
8y 28 1518
. 8y 31 -
aq 28 - 124°5
b, 1 202:0
b, 28 150+9
by 27 125+2
b4 '31 1457
c; 17 1714

€y 28 1352

$1
187 2 159
(8+3%)>(8+1%)
by

172 (8+0%)




Table 13, Proposed mass spectrel cracking patitern for

dehydrc-B (39, I = ii).

Dehydro B
o
NH
HNMe o)
190 (100%)
b .
yo g . 1
8
. 173 (9+2%)
(31+5%) 118¢—2-129¢----162 (12%)
Am/e m
a, 28 138-1
8, 1 1170

by 17 . 1575




Table 14, Proposed mass spectral cracking patterns for

dehydro-C (0, R = :le) and dehydro-D (40, R = H)

NMe
x
0 1
" %m\ /

(100%) 134 (46°1%)

(24-6%) 106 (42:9%) (14:6%) 105 (483%)
8 85
(19-4%) 78 (70-2%) 77 (57-0%)
Am/e m
%
8, 43 -
a8y 57 9440
8, 28 83+8
8, 28 574
8, 29 823

ag 28 56°5




Table 11, Spectral comparisons of Dehydro-C and Dehydro=D

with Sclerin and its Homophthalimide Derivative

Carbonyl  _ A (C,H-.OH)
COMPOUND Absorption (cm.™l) m“"'mpz >
Dehydro~C 1728, 1716, 1655 214
(4c, R = Me) (SOLN.) 222
257
316
Dehydro-~D 1700, 1660 212
(40, R = H) (NUJOL) 220
253
318
Sclerin 1800, 1690 2155
(41) (SOLN4) 263
333
8-methoxy- 1700, 1660 210
homophthalimide (NUJOL) 224 (inf.)
(42) 270

339
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the splitting of the higher band possibly being due to
the contribution of free and hydrogen bonded forms.

The mass spectra (Tables 12 - 14) of the four
dehydro compounds show certain similarities to one another
and are in good agreement with their assigned struc‘bures.32

Recently a plant growth stimulant isolated from

Sclerontinia libertiania and designated 8clerin was shown

to have the structure (41).33 The reported UV spectrum
of this compound was very similar to that of the two 8-
hydroxyhomophthalimides dehydro-C (40, R = Me) and dehydro-
D (40, R = H) (Table 11). The corresponding homo-
phthalimide (42) obtained from sclerin (41) was also
described and this has very similar UV and IR absorption
to those of dehydro-C (40, R = Me) and dehydro-D (40,
R = H). Table 11 provides a summary of these comparisons.
The isolation of sclerin (41) is of further
significance since it presents the interesting possibility
that 8-hydroxyhomophthalimides may well occur in nature,
and further that 8-substituted homophthalimides may be of
physiological importance. To our knowledge no physio-
logically active 8-substituted homophthalimides have been
reported, and time has prevented the execution of such
an assay although it is anticipated that such a scheme

will be initiated in the future.
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In the present work an unambiguous synthesis
of dehydro-C (40 R = Me) or dehydro-D (40, R = H) was
sought in order to confirm the skeletal structure of the
whole series of compounds, A, B, C, D, and their dehydro
derivatives. The possible occurrence and/or physiological
activity of 8-hydroxyhomophthalic anhydride or 8-hydroxy-
homophthalimides could add significance to such synthetic
studies.

6-Substituted 2-hydroxybenzoyl derivatives are
somewhat inaccessible., One way of overcoming this
orientation problem was suggested by a facile synthesis bf
7-hydroxyindan-l-ongd44) by Loudon et. 817% via aluminium
chloride rearrangement of chromanone (43). These workers
also illustrated that this type of rearrangement might
have wider application by applying the reaction to 2,3-

) 35 and

dihydro-3-oxabenz-1,4-oxazines (45, R = H or Me
to dihydrocoumarin (46)34. The products of these
aluminium chloride rearrangement reactions are shown in
Table 15,

In the first line of approach to the synthesis of
dehydro-D (40, R = H) it was hoped that aluminium chloride
rearrangement of tetrahydrobenzo-l,4-oxazepine-3,5-diene
(48, R = H) might lead directly to the required homo-
phthalimide dehydro-D (40, R = H), whose formation should

be detectable by TLC analysis and UV spectroscopye.
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A synthesis of the required tetrahydrobenzo-~
1,4-oxazepine-3,5-dione (48, R = H) from the aryloxy-
acetic acid derivative (47) had in fact been cla,imed,36
although the original reference (Patent literature) was
inaccessible. The information available from abstracts
was sketchy but little difficulty was anticipated.

Surprisingly some difficulty was experienced
in the preparation of the aryloxyacetic acid derivative
(47) from salicylamide. However this was overcome by
careful control of the conditions, particularly the
proportion of reagents used and so the desired aryloxy-
acetic acid was obtained in excellent yield.

The reported method36 of cyclising this compound
is by refluxing in acetic anhydride, but in our hands
this led to much charring and low yieldsof cyclised
product. However when the aryloxyacetic acid derivative
was refluxed in diphenylether for 1+¢5 hours, the oxazepine
(48, R = H) was formed in high yield. It was also found
that brief treatment of the aryloxyacetic acid dériva—
tive (47) with oxalyl chloride at room temperature

effected the same result.
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Consistent with its assignment to structure
(48, R = H) the product exhibited resonance in trifluor-
acetic acid at 18 -~ 3 1 due to four aromatic protons and
a sharp 2H singlet at 5°2 <7 ascribed to the methylene
attached to an oxygen atom and a to an imide carbonyl
group.

Carbonyl absorption in solution occurred at

1

1688 cm.”Y, 1712 em.”! (inflexion) and 1721 cm.~Ll these

37 The UV spectrum was

bands being typical of an imide.
representative of an O—alkoxybenxamide38 showing maxima
at 211, 243, and 295 mp.
The mass spectral cracking pattern (Table 16)
is also in agreement with this structure> 2 (vide infra).
After fusion of the oxazepine (48, R = H) with
aluminium chloride at 180-210° for 45 minutes, the
product was examined by TLC and found to consist of omne
major product and two minor ones neither of which had the
same Rf value as dehydro-D. Nevertheless the mixture
was separated by preparative TLC and all three components
were extracted and their UV spectra examined. The two
less polar components showed little else than absorption
at 210 mp and 230 mp (inflexion) and were not investigated

further., The major more polar band yielded on extraction

a vhite solid m.p. 140°c which exhibited A___ &t 215,

.
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236, and 302 mp. This compound was subsequently
identified as salicylamide by IR, UV and mixed m.p.
Altering the conditions of the rearrangement by
lowering the reaction temperature or varying the reaction
time did not result in any of the desired homophthalimide,
and in each case salicylamide was the major product.
The mechanism of these aluminium chloride
rearrangements appears to involve cleavage of the
-O—CHZ- bond, this probably being facilitated by the
presence of the carBonyl function in the ortho position
{cf. the ready cleavage of aromatic methoxyl groups

2).39’40 Internal

ortho to a carbonyl function by MgI
Friedel-Crafts type alkylation by the resulting carbonium
ion would give the desired product but evidently
preferential cleavage occurred under the reaction
conditions.

It was thought that the presence of a free ~NH
proton might be interfering with the course of the
aluminium chloride rearrangement and so the crystalline
N-methyl derivative (48, R = Me) of the oxazepine was

prepared using methyl iodide and potassium ca.rbona,te.41



Table 16, Proposed mass spectrsl cracking pattern for

the oxazepizes (48, R = Me or H)

co e

m/e 191 (100%) m/e 177 (81%)

R

(20-1%) 134 (25+6%)
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v
(95+4%) 105 (100%)
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a, .43 1014
al* ' 57 9440
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The NMR spectrum showed the N-methyl resonance
as a sharp 3H singlet at 6+58 7,a 2H singlet at 52 <t
(ArOCHzco—) and complex resonances in the region 1¢7-3 7
due to four aromatic protons.

The methylation of the nitrogen atom is reflected
in the lower carbonyl frequencies of the imide bands37
which appear at 1654 and 1711 em.”! (chloroform solution),
and the absence of associated forms at intermediate
frequrencies.

Comparison of the mass spectra of the N-methyl
and unmethylated oxazepines (48, R = Me and H respectively),
(Table 16), showed that while the parent ion of the former
(48, R = Me) appeared at 14 mass units higher, the main
fragment ions at m/e 134 and m/e 105 were the same., The
ion at m/e 134 could arise by losses of CH3N=C=O and
HN=C=0 from the respective oxazepines (48, R = Me) and
(48, R = H). The benzofuranone (49), a possible structure
for the ion at m/e 134, loses 29 mass units as a principal
fragmentation, giving rise to the ion at m/e 105.°2

It was hoped that aluminium chloride rearrange-
ment of this molecule (48, R = Me) might yield dehydro-C
(40, R = Me) which again should be detectable by TLC and

UV spectroscopye. However treatment with aluminium

chloride gave a complex mixture of products, the phenolic
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fraction of which was shown by TLC examination to be a
miXture of six components. Separation by preparative

TLC and examination of the UV spectrum of each band
indicated that none of the desired homophthalimide dehydro-
C (40, R = Me) had been formed, a result confirming the
initial TLC examination. The major product had almost
identical UV and IR spectral properties to that of
salicylamide and in fact was shown to be N-methyl salicyl-
amide. Again manipulation of the reaction temperature
and reaction time did not lead to any of the desired
product.

From these results then,it appeared that al-
though the benzoxazine (45, R = H or Me) and chromanone
(43) underwent facile rearrangement, the two oxazepines
(48, R = H or Me) underwent a preferential cleavage
reaction under the conditions for isomerisation.

In the other synthetic routes investigated it
was decided to exploit the fact that 7-hydroxyindanone

(44) (whose preparation by aluminium chloride rearrange-

ment34

vas used as a model for the previous synthetic
route) incorporated the desired 6-substituted 2-hydroxy-

benzoyl system.
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In order to protect the phenolic hydroxyl group
the indanone was treated with tosyl chloride and pyridine
to give the tosylate (50) in good yield.

The NMR spectrum of this preduce showed resonance
attributed to seven aromatic protons in the region between
2 7 and 3 7, a sharp 3H singlet at 7°54 T due to an
aromatic methyl group and two triplets centied at 685 1
(J =8 copss.) and 740 7 (J = 8 c.p.s.) due to a methylene
group o to a carbonyl and a benzylic methylene group
respectively. Consistent with esterification of a
phenolic hydroxyl group, the UV spectrum which showed
peaks at 210, 228, and 292 mu, with an inflexion at 245
mp, did not alter in base. The IR spectrum of the
tosylate (50) showed carbonyl absorption at 1715 em. "t
(Nujol) which as expected, was somewhat higher than the
absorption (1680 cm.-l, Nujol) foﬁnd for the hydrogen
bonded carbonyl of 7-hydroxyindanone (44). As found for
other chelate systems like that of 7-hydroxyindanone (44)
‘the tosylate (50) was more polar on TLC than the hydrogen
bonded indanone and, as expected, was inactive to methanolic
ferric chloride.

The isonitroso derivative (51) was prepared by
treatment of the tosylate (50) with isoamyl nitrite in
dry benzene, TLC of the product showing this to be homo-

geneous and more polar than the starting material.
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The retention of the tosylate group in the product
was indicated in the NMR spectrum by the presence of a 3H
singlet at 7°52 T (trifluroacetic acid) due to the
aromatic methyl group. The benzylic methylene group
appeared as a singlet at 6°0 T (the width of the signal
possibly being due to slight non-equivalence of the two
protons) while the seven aromatic protons gave rise to a
multiplet in the region 2 7 - 3 7. The IR spectrum
revealed the presence of a hydrogen bonded hydroxyl group
(3,150 cm.—l) and showed absorption at 1660 cm.-l and
910 cm.-l typical for an oxime grouping.42 The carbonyl
frequency (1720 em.~%) showed little change from that of
3-tosyloxyindanone (50) (1715 cm.-l) since lowering to
be expected from intramolecular hydrogen bonding is
presumably countered by the effect of the imino system in
the o position., The isonitroso compound showed a A max.
at 226, 273 mp with a shift in base to 260 mp and 335 mp.
On reacidification the original spectrum was developed.
This parallels the reversible bathochromic shift in
alkali which various 1,2 dione dioximes have recently
been observed to undergo.43

The final step in the synthesis involved a
Beckmann rearrangement of the isonitroso compound (51)

employing the usual reagents to effect this type of

rearrangement,
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Much work has been done on the Beckmann

P . 43,4
rearrangement of indanone oximes 3,44

Table 17 gives a
list of some starting compounds and their rearrangement
products. From these studies it is concluded that a
whole spectrum of mechanistic behaviour for oxime rearrange-—
ment can be expected, and that the generalisation of trans-
stereochemistry must be used cautiously in predicting
rearrangement products and assigning oxime configuration,
especially in a compound liable to form imirium cations.

Although the Beckmann rearrangement appears to
be fairly non-specific with numerous mechanistic path-
ways open, the formation of the imide (53) on treatment
of the oxime (52) with thionyl chloride at ice temperature
for one hour and then room température for another hour
has been reported.4

The mild conditions used in this reaction
appeared to be ideal for the present synthetic route and
the isonitroso derivative (51) was subjected to a similar
treatment with thionyl chloride, which afforded a
crystalline solid m.p. 220-222%.

The IR spectrum of this product showed strong
peaks at 1655 and 1638 cm._l (Nujol) characteristic of
a lactam, rather than those expected for the desired

imide. The mass spectrum (Table 18) showed a parent



Table 18. Proposed mass spnectral cracking pattern for

tha compound (54)

cl
NH
S 0
m/e 349 (25%) 351 (10%)
b
o g
(92-5%) 155 v :
195 (27+6%) 197 (10+2%)
b,
. %2
(100%) 91 v
. 159 (24+8%) 161 (>2%)
v
| | 131 (10+4%)
Am/e m
ay 154 -
as 36 129:6
aq 28 107+9
b, 194 -
b

64 534
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molecular ion at m/e 349, the large P+2 ion (abundance
~r,y 1/3 of the parent ion) indicating the presence of
one atom of chlorine, and this was confirmed by a
positive Beilstein test. The presence of a peak at m/e
155 and the loss of 155 mass units from the parent ion
suggested the retention of the tosyl group in the product.
These data together with microanalysis indicated the
molecular formula Cl6HlZCINO4S'

Solubility factors governed the use of dioxan
as NMR solvent, which in fact, served admirably. The
signal at 6+43 7 due to the dioxan resonance was used as
a lock and the spectrum scanned above and below this
signal. The 3H singlet at 7+81 1 (aromatic methyl group)
confirmed the presence of the tosyl groupinge. A series
of signals between 2 t and 3 T were ascribed to the aro-
matic protons and it was significant that the peaks were
superposable with those in the NMR spectrum of 7-tosyloxy-
indanone (50) indicating that the aromatic substitution
pattern was the same in both molecules. The only remain—
ing signal in the NMR spectrum of the product was a sharplH
singlet at 3+56 T.

These spectral features are accommodated if
the product is 3-chloro-8-tosyloxy-l-isoquinolone (54).
Striking confirmation of this assignment was obtained by

comparison with other 3-substituted isocarbostyrils.



Table 19,

Comparison of UV data of the Beckmann product

with various

l-quinolones

COMPCOUND Mpax, (CoHsOH)  mp M max . (CoHsOH—OH)
my
*
3-Ch101‘0—1- 227, 250 9 285’ 293, 319
isoguinolone  325*%, 337, 350%
(54)
l-isoquinolone 230, 280, 290%, 330, 340% 300
3-phenyl-l- 232, 250%, 305, 335 350% 327

isoquinolone
(55, R = Ph)

inflexion,
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The NMR spectra of 3-ethyl isocarbostyril (55,
R = Et) and 3~phenyl isocarbostyril (55, B = Ph) exhibit
a sharp singlet at 365 T and 3°17 =1 respectively,46
assigned to proton H4, and comparable to the signal
(3+56 t) for the rearrangement product.

Inspection of the IR spectrum of 3-phenyl
isocarbostyril (55, R = Ph) revealed that the carbonyl
region was almost superposable with that for the rearrange-
ment product.

The UV spectrum of the rearrangement product
was similar to that of 3-phenylisocarbostyril (Table 19)
especially in the longer wavelength regions, and both
compounds displayed a reversible bathochromic shift in
alkali of ca. 31 mp. The UV spectrum of the produect wasalso

similar to that reported47

for l-isoquinolone (56)
(Table 19) which also displays a bathochromic shift in
alkali of about 20 my.

The formation of the chloroquinolone (54) may
be accounted for as shown in Scheme 6. The postulated
internal substitution mechanism involving the chloro-

sulphite ester (57) is analogous to the well known

reaction whereby alcohols can be converted to their
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chlorides via a similar chlorosulphite intermediate48
(Scheme 7). *

Imino chlorides have in fact been shown to arise
as intermediates in Beckmann rearrangements49 using reagents
like phosphorous oxychloride, and are readily hydrolysed
to the amides. That the chloroquinolone (54) is obtained
rather than the imide is probably due to the known
exceptional resistance of 3-halo-l-isoquinolones to
hydrolysis.so

Further attempts at rearrangement of the iso-
nitroso derivative (51) employing other Beckmann reagents
like phosphorous pentachloride and phosphorous oxychloride -
each resulted in complex mixtures, one of the components
of which could be identified by UV and TLC analysis as
the 3-chloroisoquinolone (54). VWhen sulphuric acid was

employed, it too gave a complex mixture of products none

of which could be cleanly separated.

* It may be of interest to note that nitrosation
under acidic conditions of 2-alkyl indan-l-ones (58, R =
Me or Et) results in the 3 alkyl—2—hydroxyiSOquino1one551
(60, R = Me or Et) via the isolable intermediate (59,
R = Me or Et). Reduction of (60, R = Me or Et) gives

the known 3-alkyl isoquinolones.
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These studies were not continued further since
an alternative approach to 8-hydroxyhomophthalimides via
T-hydroxyindanone was found to be successful. A key step
in this synthetic sequence had in fact been recently
carried out during the synthesis of the isocoumarin
cosponol (61).52 This key step involved ozonolysis of
the benzylidine derivative (62) of 7-hydroxyindanone.

The resulting acid (63, R = OH) was methylated
with diazomethane to give the dimethyl ester (63, R = OMe)
as a pale yellow oil, TLC analysis indicating it to be a
hcmogeneous,relatively non~polar, compound. This compound
showed the expected carbonyl absorption bands at 1735 em. "t
and 1670 cm.-l due to a free and intramolecularly
hydrogen bonded aromatic ester grouping.

Treatment of the diester (63, R = OMe) with
hot aqueous methylamine for three hours afforded a
crystallince product m.p. 140-141°c which had identical
NMR, IR, UV, MS, and TLC with the homophthalimide
dehydro-C (40, R = Me), and the m.p. was undepressed by
a mixture of the two.

This synthesis provides confirmation of the
structures of the dehydro derivatives of compounds C and

D, thus in turn cstablishing the structures of C and D

and of A and B.
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Thus i1t can be said that the addition of methyl-
amine to the diacetylenic diester (10, R = OEt) appears
to take an unusual course. The probablc reasons and
mechanisms for this are discussed below,

52 ihat at

Very recently it has been reported
higher temperatures the addition of primary amines to the
activated acctylene methyl propiolate,results in the
diadduct (64). Since the monoadduct is formed solely at |
lower temperatures and gives the diadduct when heated
with an excess of methyl propiolate it is assumed that the
monoadduct is formed first which then reacts with ancther
mole of acetylenic ester to form the diadduct., The
mechanism that was suggested for this sequence is shown
in Scheme 8A and is essentially an enamine ccndensation.
Another possible mechanism could involve condensation via
the imino form, which has been shown to exist,9 resulting
in the desired product (Scheme 8B).

This is exactly analogous to what is observed
in the reaction of methylamine with the heptadiyne
diester (10, R = OBt). Thus instead of addition of omne
mole of amine across both itriple bonds to give the
piperidine (11), intramoleccular condensation via the
monoenamine (65, R = OEt) (Scheme 9A) or the dimino form

(66, R = OEt) (Scheme 9B) predominates with the formation

of eompound B (20).,
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It is of some interest to note that this is the
opposite of what happens in the reaction of methylanmine
with hexa-1l,5-diyne (67) where the addition of one mole
of amine across both triple bonds occurs tc give the
pyrollidine diester (6),10 rather than intramoclecular
condensation to give a compound (68) analogous to
compound E (20).

A priori, since the nucleophilicity of
enamines and their reactivity towards electrophilic or
éctivated double bonds is well known, it is reeasonable
to suppose that enamine condensaticn or addition would be a
more favourable process than addition of the enamine =NIL
group across another mole of acetylene. This would
appear to be borne out by the formation of the diadduct
(64) from methyl propioclate and ethanolic methylamine at
high temperatures.

It may therefore be said that the formation of
E (20) might be predicted on these grounds. Moreover E
should be stabilized not only by conjugation (the chromo-
phore being that of an amine dienoic acid) but also by
hydrogen bonding between the amino ~NH proton and the
adjacent ester carbonyl. HModels show that the ring
system is not unduly strained. However models of the

product (68) not formed by amination of hexa-l,5-diyme




SCHEME 10

:j/COR'

C

¢ :\COR

HNMe

-é;/COEt

CNHMe

C

2

(%B;

69

70




SCHEME 11

— = —COyEt — = — COyEt

—_—= ——COQEt

— COQEt

NHMe

C02Et
[ K —= —CO Et

NMe -+ HQ Me ‘
> : '_‘féi\
(&HMe 2 NHMe

N
| _{'COQEt
e N

COft




- 38 ~

shows that in this case the ring would be fairly rigid,
almost planar, and that the ring methylene groups would

be eclipsed. It also appears that the -NE proton and the’
adjacent ester carbonyl group would be too far apart to
allow strong hydrogen bonding. These considerations

then, oppose the formation of this product (68).

Vhereas addition of methylamine to the diendoic
ester (69, R = OEt) to give the saturated piperidine
diester (70)%0 is perfectly feasible mechanistically
(Scheme 10), +the same does not hold for nucleophilic attack
by an enamine ~NH group to give the unsaturated bis-—
carbethoxymethylene pyrollidine (6). This mechanistic
difficulty can be circumvented if a second mole of amine
is involved to give an intermediate of the type (71)
(Scheme 11),

The above studies appear to throw some light
on the course of addition of amines to diacetylenic
diesters, andbsuggest that the scope of mechanism of

these reactions merits further investigation,




EXPERIMENTAL

Section 1.3
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General,

Instrumentation

Melting points were determined on a Kofler Hot-
Stage apparatus and are uncorrected, Untraviolet spectra
(UV) were obtained on a Unicam S.P.800 recording spectro-
photometer while infra-red spectra (IR) were measured on
a Unicam S,P.100 spectrophotometer (quantitative) and on
a Perkin Elmer 237 spectrophotometer (qualitative).
The large majority of nuclear resonance spectra (NMR)
were determined on a Varian HA-100 spectrophotometer
tetramethylsilane being used as internal standard. Mass
spectra were obtained by direct insertion into an A.E.I.
M.S.9 double focussing mass spectrometer; precise mass
measurements were made relative to perflurotributylamine.
Unless otherwise stated gas-liquid chromatography was

performed on Pye Argon and Perkin Elmer F11 Chromatographs.
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1,2,3,5,6,7-Hexahydro-2-methyl-8-methylamino=1,3=dioxo-

isoquinoline (14, R = Me)

(a) Diethyl nona-2,7-diyne-1,9-dioate, ( 10,

R = OEt) (43 g), was refluxed with 25% aqueous methyl-
amine (25 ml) and ethanol (40 ml) for 2 hours.,
Evaporation and crystallisation of the residue from

benzene gave the 2-methyl-8-methylamino compound, (14,

R = Me), as prisms (25 g; 67%), m.p. 161-162°,
idvntical with previously prepared material.

v, (CHCL,): 3225, 1650 cm.”t.

)\max‘(CzHSOH): 236 mp(log €3:72), 286 mpu (log & 3+23)
350 mp (log € 4-38).

tau values (CDClB): 437 (1H, bs, J = 2 CePeSs), 6°68
(3H, &), 6°9 (3H, d, J = 5°4 c.pes.), 7*4 (4H, m),
81 (2H, m).

(b) The enamino diester ( 20, R = Me), (1 g),
prepared as described below, was refluxed for 2 hours

with aqueous alcoholic methylamine as in method (a). The

2-methyl-8-methylamino compound, ( 14, R = Me), obtained

in this way was identical with a sample prepared as in

(a)-
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J-Carbethoxy—-6—-carbethoxymethylene—2-methamicrocyclohex—

l-ene (20

The acetylenic diethyl ester (10, R = OEt)
(4272 g) was refluxed with 33% ethanolic methylamine
(30 m1) and ethanol (20 ml) for 3 hours. The excess
amine and solvent were removed in vacuo and the residue
distilled, using as short a path as possible, giving

l—~carbethoxy—-6-carbethoxymethylene-=2-methylaminocyclohex—

l-ea: (20) as a viscous yellow oil, (75-85% yield,
depending on the scale of distillation), b.p. 170-174%¢/
006 m,m.

Vmax.(thin film): 3150 (broad), 1695, 1644 1580 (broad)
1282, 1150 cm. t.
Kmaxo(CzHSOH): 322 mp (log € 4+32).

tau values (CDClB): 3-87 (1H, s), 5°9 (4H, q, J = 6°6
CePeS.), 6°9 (2H, m), 7°05 (3H, 4, J = 5°4 c.pesS.), 76

(2H, m), 8+25 (2H, m), 8+67 and 8+76 (6H, t, J = 6°6 cC.pPoS.)

2—-Carbethoxy—=3—-carbethoxymethylcyclohexanone (21)

The methylamino diester (20) (1+34 g) in glacial
acetic acid (10 ml) with platinum oxide (0+2 g) absorbed
118 ml. of hydrogen in 40 minutes. (Required for one
double bond 115 ml). The catalyst was separated on glass

peper and the filtrate neutralised with solid sodium
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carbonate, with addition of water, and the product
isolated with ether, The ethereal layer was washed
thoroughly with saturated sodium chloride solution, dried
(MgSO4), and the solvent removed in vacuo to yield

2—-carbethoxy-3-carbethoxymethylcyclohexanone (21) as a

colourless mobile o0il. b.p. 118°c/0-02 mm,

Vmax.(thin film): 3550 (broad), 1725, 1650, 1614, 1294,
1180 cm.”t.

Kmax.(EtOH): 255 mp (log € 3°79).

xmax.(EtOH-OH-): 281 mp (log e 3-98).

Il

tau values (CDCl3): 585 (4H, q, J = T* CeDeSa), T°65

i

(5H, m), 8+4 (4H, m), 874 (6H,t, J = T* C.PsSe)

1,2,3,5,6,7=Hexahydro—2-methyl-8-hydroxy-1,3-dioXo0iso-

gquinoline (16, R = Me).

The above 2-methyl-8-methylamino compound (14,
R = Me), (0°54 g), was refluxed for several hours with a
solution prepared from sodium (0+4 g) in ethanol (30 ml).
After evaporating to dryness the residue was dissolved in
water and acidified with dilute aqueous hydrochloric acid.
The precipitate was crystallised from light petroleum to

give the 8~hydroxy-2-methyl compound (16, R = Me), as

colourless plates (0435 g; 69%) m.p. 95+5-96+5°¢.
12
Lit.mep. 95+5-96°5%.




- 43 -

-1
Vmax.(C°14)° 3050-2900, 1687 cm. ~.

kmax'(CZHSOH): 240 mp (log € 3+89), 320 mp (log e 4°26).
tau values (CD013): 416 (1H, bs), 668 (3H, s), 7-37

(4H, m), 7-99 (2H, m).

2=N-Methylamidocarbonylcyclohexane-13,-dione (24)

2,6~-Dihydroxy-l-methylbenzamide (4 g) was

suspended in deionised water (60 ml), and sodium hydroxide
(4H) (prepared with deonised water) added until the pH was
adjusted to 9-2, measured by means of a pH meter, When
the correct pH was recorded, 10% palladium—on-charcoal

(2 g) was added and the mixture was hydrogenated

at room temperature . After 20 hours ~~ 580 ml of
hydrogen was consumed. (Required for one double bond,
540 ml,) The catalyst was separated on glass paper and
the filtrate cooled and acidified, and the resulting
precipitate crystallised from ethyl acetute-light petroleum
mixtures as colourless prisms (2 g; 50%) m.p. 51-52%c.
Lit m.p?53%. TLC examination (10% ethyl acetate in
light petroleum as eluant) of the product showed one spot
Rf 0°41 which gave a blood red stain with methanolic
ferric chloride spraye.
Viax. (Nujol): 3300 (broad), 1650, 1585, 1150 em. "L,
Mmax. (CoH5OH): 261 mu (log e 4-05).
tau values (CDClB): 7:08 (3H, d, J = 5°4 C.pPeSa.), 745
(44, m), 8:08 (2H, m).




Attempts to prepare an enol ether of 2-N~methylamido-

carbonylcyclohexane-1,3-dione (24),

(1) The dione (24) (0+44 g) was gently refluxed
with potassium carbonate (1 g) in acetone (10 ml), and
isopropyl iodide (1 ml) or methyl iodide (1 ml) added
dropwise, Heating was maintained for twelve hours and
then the solution was cooled filtered and concentrated
in vacuo. The resulting oil which solidified on standing
was identified by IR, TLC and m.p. as starting material,
(2) A solution of the dione (24) (O-SVg) in sodium
dried benzene (30 ml) with isobutyl alcohol (5 ml)
‘(freshly distilled from calcium hydride) and a few
crystals of p-toluenesulphonylchloride added, was
refluxed for 20 hours in a soxhlet containing finely
powdered calcium hydride.

The reaction mixture was poured into ice~cold
bicarbonate solution and the organic material extracted
with ether (25 ml). The ethereal extract was washed
with water (2 x 10 ml) dried (MgSO4), removal of the
solvent in vacuo affording a solid identified by IR, TLC

and m.p. as starting material.
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2-N-Methylamidocarbonyl-3-methylamino—-cyclohex—2-~enone (27)

A solution of the cyclohexane-1,3 dione com-—
pound (24) (12 g) in ethanol (3 ml) with a drop of
piperidine added, was refluxed with 33% ethanolic methyl-
amine for four hours, Concentration of the reaction
mixture in vacuo followed by cooling and trituration with

light petroleum deposited the 2-N-methylamidocarbonyl-

3-methylamino~cyclohex—2—enone (27) as an almost colourless

solid (096 g), which crystallised from benzene-light
petroleum mixtures as needles (70%) m.p. 129-130°c.
(Found: C, 59-02%; H, 7-68%; N, 15-7%., M'182,
Cy1H,,N50, requiress C, 59:30%; H, 7-74%; N, 15°38%,
MV 182).

v .. (KBr): 3200 (broad), 1618-1580, 1289, 1191, 863 cm. '
Amaxo(CZHSOH): 294 mp (log € 4°25), 245 mp (log e 2+0).
tau values (CDClB): 6°98 (3H, d, J = 5°4 C.PoSae),

7:16 (2H, 4, J = 5*° c.P+S.), T4 (4H, m), 8°05 (2H, m).

Attempted Condensation of 2-N-xethylamidocarbonyle3-

methvlamino-cyclohex—2—enone (27) with malonic acid

derivatives.
(a) The above B-keto amide (27) (0«7 g) was
dissolved in dry pyridine (3 ml) and piperidine (04 ml)

and malonic acid (C*5 g.) added. The solution was heated at
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100% with the exclusion of moisture for periods ranging
from three to six hours. The cooled solution was care-—
fully acidified with dilute acid and thoroughly extracted
with chloroform (2 x 20 ml). The organic extract was
washed with brine (2 x 10 ml) water (3 x 10 ml) dried
(MgSO4) and removal of the solvent resulted in a quantitativce
recovery of starting material identified by.IR, TLC and
MmePo

A similar experiment using potassium m~nomethyl
malonate in place of malonic acid gave the same result.
(b) A solution of the B-keto amide (27) (0°44 g) in
dry methanol (3 ml) was added slowly with stirring to a
solution of sodium (0:03 g) and dimethylmalonate (066 g)
in dry methanol (5 ml). The reaction mixture was
refluxed for periods of 3 to 6 hours, or left at room
temperature for 16 hours. After dilution with water and
acidification the aqueous solution was extracted with
chloroform (2 x 20 ml)., The organic extract was washed
with brine (3 x 20 ml) dried (MgSO4) and the solvent
removed in vacuo to yield a wet looking solid.
Crystallisation from benzene-light petroleum mixtures to
remove traces of dimethyl malonate resulted in a
quantitative recovery of starting material, identified
by IR, UV and m.p. TLC (benzene or chloroform eluant)

showed no other product.




Attempted Vittig reactions on 2-N-methylamidocarbonyl-

3-methylamino-cyclohex—2-enone (27)

(a) A solution of the B—keto amide (27) (0+22 g),
in dry benzene (10 ml) or dry toluene (10 ml) was
refluxed with carbethoxymethylenetriphenylphosphorane (29,R=CEt)
(056 g), for periods of 1*5 to 7 days under an atmosphere
of nitrogen. Removal of the solvent and TLC examination
of the residue showed no product other than starting
material, which was recovered quantitatively.
(b) Diethylethoxycarbonylmethylphosphonate (30)
was prepared from triethyl phosphite and ethyl bromo-
acetate via the Michaelis—-Arbuzov reaction.55

The phosphonate (30) (0-56 g) was added drop-
wise to a slurry of sodium hydride (0+12 g) in dry 1,2-
dimethoxyethane (5 ml) or dry dimethyl formamide (5 ml)
and stirring continued for one hour. The solution
quickly developed a yellow colour indicating formation of
the phosphonate anion, and at this stage a solution of
the B-keto amide (27) (042 g) in dry diglyme (3 ml) or
dry dimethylformamide (3 ml) was added slowly and stirring
. continued overnight. The resulting solution was poured
into an excess of ice-~water and thoroughly extracted with
chloroform (40 ml), The organic extract was washed with

very dilute hydrochloric acid (2 x 20 ml) brine (3 x 20 ml)
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and water (1 x 20 ml), dried (MgSO4) and on removal of
the solvent in vacuo, starting material was recovered

quantitatively. (Identified by IR, UV and TLC.)

Attempted Reformatsky reaction on 2-N-methylamidocarbonyl.-

3—methylamino-cyclohex—2-enone (27)

(a) Zinc turnings (0°166 g) washed successively
with dilute hydrochloric acid, water, alcohol, and ether
and hen dried and heated in_vacuo with a crystal of
iodine, were added to ethyl bromoacetate (0°2 g) in dry
ether (2 ml) and the solution refluxed for two hours.

The coloured solution was decanted under nitrocgen
from the unreacted zinc, and the B-keto amide (27)
(0°11 g) in dry ether (3 ml) was added slowly to this
solution and refluxing resumed for five hours, Removal
of the solvent and acidification of the residue followed
by chloroform extraction gave only starting material and
ethyl bromoacetate,
(b) To a stirred solution of clean dry zinc (1°25 g;
end iodine (0-035 g) in dry benzene (15 ml) and dry ether
(10 ml) was added ethyl bromoacetate (037 g) and the
B-kedo  ide (27) (0455 g) in dry ether (5 ml) and the
reaction mixture was refluxed for 55 hours. During

this time five more portions of zinc (1-25 g) with a
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trace of iodine were added at 45 minute intervals while
after 1¢5 hours more ethyl bromoacetate (0+37 g) was
added. Dilute acetic acid was added until the solution
wvas acidic and this acidic aqueous layer was extracted
with ether. The ethereal solution was thoroughly washed
with ammonium hydroxide solution until the organic layer
" was clear, Concentration in vacuo of the dried ethereal
solution gave only ethyl bromoacetate, identified by IR.
The combined aqueous extracts and washings were
acidified with dilute hydrochloric acid and subjected to
constant chloroform extraction, Removal of the solvent
in vacuo gave only starting material, identified by IR,

UV and TLC.

Dehydrogenations

Dehydrogenations were carried out by refluxing
the compound in a metal bath with 20% by weight of 10%
palladium~on~charcoal, in diphenyl ether (L ml for 100 mg
material) for varying periods. After refluxing and
cooling for . ce. 1 minute the reaction mixture was poured
into a large excess of light petroleum (b.p. 40-6000).
After 1 hour the solid was filtered off and the product
extracted from the accompanying catalyst by a suitable

solvent,
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8-Hydroxvhomophthalimide ( 40, R = H)

Prepared from 1,2,3,5,6,7-hexahydro-8-~hydroxy-
1,3-dioxoisoquinoline (16, R = H), by dehydrogenation
during 1 hour. The product was extracted with hot

ethanol which, on cooling, deposited 8-hydroxyhomo-

phthalimide (40, R = H) as pale brown needles (74%)

m.p. 195-215% (d).

v .. (Nujol): 1700, 1660, 1616, 1190, 810, 700 cm.™.
Kmaxo(CszoH): 212 mp (log € 4+21), 220 mp (inf,) (log €
4+11), 253 mu (log € 3+93), 318 mp (log & 3-58).

tau values (Trifluroacetic aecid): 220 (lH, q, J =8*
C.p.Se), 2°80 (1H, bd, J~ 8 c.pes.), 2:90 (1H, b4,

J~ 8 C.p.S.), 5+58 (2H, s).

8-Hydroxy=2 — methylhomophthalimide (40,R = Me),

Prepared from 1,2,3,5,6,7-hexahydro~8-hydroxy-
2-methyl-1,3-dioxoisoquinoline (16,R = Me) by dehydro-
genation during 15 minutes. The product was extracted
from the catalyst by chloroform and crystallised from

methanol to give the 8-hydroxyhomophthalimide (40,

R = Me), as long almost colourless needles (57%) m.p.

140-141%.

v, (Nujol): 1700, 1640, 1618, 800, 700 em." L.
1

-1 -
vmax.(l°44mH.CHCl3). 3100 cm. ~(broad), 1728 cm.

(e 292), 1716 P (e 326), 1655 em. Y (e 950), and

1621 cm.-l.
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kmax.(CZHsoﬂ): 214 mp (log € 4+01), 222 mp (inf.) (log
€ 3°95), 257 mp (log € 388), 316 mu (log € 3+58).

Tau values (CDC13): 250 (1H, q, J = 8 cepeSs), 3°06
(1H, d, J = 8 CCPOSI)’ 3'24 (lH, d’ J = 8 COPOS.)’

5¢97 (2H, s), 666 (3H, s).

g-Aminocarbonylphenoxyacetic acid (47)
To a solution of salicylamide (10 g) and

sodaium hydroxide (20 g) in water (40 ml) was added drop-
wise a 50% aqueous solution of chloroacetic acid until
the alkaline solution had assumed a pale orange colour.
When this was achieved the reaction mixture was heated
at 100% for 1 hour, and after cooling and acidification

with dilute hydrochloric acid the aryloxyacetic acid

(47) (12 g, 94%) was precipitated as a colourless solid
6

m,p. 213-215% Lit.m.p? 213-215%. The product was

soluble in bicarbonate solution and reprecipitated on

acidification,
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Tetrahydrobenzo-1,4—oxazepine-3,5 dione (48,R = H)

(a) The aryloxacetic acid (47) (1 g) was refluxed
with acetic anhydride (20 ml) and a drop of concentrated
sulphuric acid for four hours, (after which time a fair
amount of charring had occurred), Distillation

removed most of the acetic anhydride and the somewhat
charred residue was extracted with ether (100 ml), The
ethereal solution was thoroughly washed with bicarbonate
solution (3 x 50 ml) brine (3 x 50 ml) dried (MgSO,) and

solvent removal in vacuo yielded tetrahydrobenzo-1l,4-

oxazepine-3,5 dione (48, R = H) as a brown solid which

crystallised from aqueous ethanol as long needles (022 g,
24+5%), insoluble in bicarbonate solution. M.p. 151-
153%.  Lit.m.pr 152-153%.

(Found M' 177. CgH,NO, requires MW 177).

ax.(KBr): 3200, 3155, 1726, 1669, 1613, 1344,

1270, 775 cm.”t.

Vm

v (1+TmM.CHC1,): 1721 em.” (e 598), 1712 cm.”}(inf.)
(e 400), 1688 cm.”t (e 647), and 1606 cm.™t.
Amax.(czuson): 211 mp (log € 4°58), 243 mu (log € 4°36),
295 mp (log e 3°52).

tau values (Trifluroacetic acid): 1¢8-3+0 (4H, m),

5¢2 (2H, s).
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(b) The aryloxyacetic acid (47) (3 g) was refluxed
in diphenyl ether (40 ml) for 1¢5 hours. After cooling
for a few minutes the diphenyl ether solution was care-
fully poured into an excess of light pet}oleum‘ The
oxazepine (48, R = H) was deposited as a brown powder
(2°5 g) and had identical IR and m.p. as the oxazepine
prepared by method (a). (Yield after crystallisation
91%) .

(c) The aryloxyacetic acid (47) (17 g) in dry
benzene (9 ml) was stirred with oxalyl chloride (9 g)
for 15 hours at room temperature. The excess oxalyl
chloride and solvent were removed in vacuo and the
resulting gum crystallised from aqueous ethanol to give
the oxazepine identical to that obtained in methods (a)

and (b). (Yield 68%.)

Treatment of tetrahydrobenzo-1l,4-oxazepine-3,5 dione

(48, R = H) with aluminium chloride

The oxazepine ( 48, R = H) (1+5 g), was
thoroughly mixed with fresh aluminium chloride (2+8 g),
and the finely powdered mixture heated with frequent
stirring at 180-210%¢ for periods of 0*5 to 1+5 hours.
On cooling the solid was powdered and added to an excess

of ice-hydrochloric acid. Constant chloroform extraction
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of the aqueous solution for 1 or 2 days and removal of
the solvent gave an oil which solidified on standing.
TLC (10% methanol in chloroform as eluant) of the solid
showed there was one major component and two minor ones.
The mixture was separated by preparative TLC on five
Kieselgel plates (200 x 200 x 0+7 mm) using 10% methanol--
90% chloroform as developing solvent. The major band
wvas extracted and identified as salicylamide by IR, TLC
and rixed m.p. with an authentic sample, The two other
components were also extracted but both displayed'no

UV absorption above 250 mp and were not investigated

further.

N-methyltetrahydrobenzo—-1l,4—-oxazepine=3,5 dione (48, R = Me)

The oxazepine (48, R = H) (177 g) and finely
powdered potassium carbonate (3¢5 g) were gently refluxed
in acetone (40 ml)., Methyl iodide (2+13 g) was added to
the refluxing solution and heating continued for 5 hours.
The potassium carbonate was separated by filtration and

removal of the acetone in vacuo gave N-methyltetrahydro—

benzo-1,4-oxazepine-3,5 dione (48, R = Me) as a solid

which crystallised from light petroleum as needles (1:6 g,
83+7%) m.p. 107°%. TLC (benzene as eluant) showed the
compound to be homogeneous and less polar than the

starting material,
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(Found: C, 62-56%; H, 4-78%; N, T-23%., M' 191.
C10HgNO, requires C, 62:82%; H, 4-74%; N, T+33%; MW 191).
v (KBr): 1705, 1655, 1610, 1320, 1232, 780 cmi .

1

vmax.(l-SZ mM CHCIB): 1711 cm.‘l (e 320); 1654 cm.
1

(e653); and 1606 cm. .
meax.(CZHSOH): 212 mp (log € 4+6), 246 mu (log € 4-4),
300 mp (log € 3°+55).

Tau values (CDCl3): 1-7-3-0 (4H, m), 5+2 (2H, s),
658 (3H, s).

Treatment of N-methyltetrahydro-1,4-oxazepine-3.5 dione

(48, R = Me) with aluminium chloride

The N-methyloxazepine ( 48, R = Me) (1 g) was
fused with fresh aluminium chloride (2 g) at 190-210°c
for periods of 05 to 1 hour. After cooling the dark
coloured solid was powdered and added to ice - hydrochloric
acid and the aqueous solution extracted with chloroform,
TLC (10% methanol in chloroform as eluant) of the organic
solution revealed it to be a mixture of numerous components
from which the phenolic material was extracted with dilute
(2N) sodium hydroxide. The base soluble material (0¢5 g)
was shown by TLC to be a mixture of six components. A
degree of separation was achieved by preparative TLC on

five Kieselgel G plates (200 x 200 x 07 mm.) and 10%
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methanol -~ 90% chloroform as developing solvent. Each
component was extracted and the UV spectrum recorded.
Band 1, (Ry 0-93), Kmax.(CZHSOH): End Absorption only.
Band 2, (Rf 0-71), xmax_(cznsoﬂ): 210 mp, 239 mp, 300 my,
?\max.(CZHsOH—OH'), 327 myu. '
Band 3, (Rf 0+56), Kmax.(CzﬂsoH): End absorption only.
Band 4, (R, 0+5), xmax_(CZHSOH)z 215 mp, 237 mp, 300 my,
(no shift in base or acid).
Band 5, (Rf 0°3) and Band 6 (R; 0-14). Both showed no
absorption above 250 mp, and no shift in acid or base.

The major component (Band 2) had similar IR and
UV properties to that of N-methyl salicylamide [Kmax.
(GZHSOH): 210 mp, 238 mp, 301 mu. Kmax.(CZHSOH.—OH-)

328 mp ] and like the other components which were examined

by UV spectroscopy it was not further investigated.

7=Hydroxyindan-l-one (44)

7-Hydroxyindan-l-one (44) was prepared essentially
by the method of Loudon et al., by aluminium chloride
rearrangement of chromanone (43). The product was steam
distilled from the reaction mixture and crystallised from
methanol as long silky needles (55%) m.p. 110-111°c.
Lit.m.p3.5 111%.
1

Voax (Nujol): 3350 (broad), 1680, 1620, 1295, 800 cm. .

xmax.(cznson): 220 mp, 254 mp, 315 mu.
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7-Tosyloxyindan-l-one (50)

A solution of 7-hydroxyindan-l-one (44) (3 g)
and p-toluenesulphonylchloride (48 g) in dry pyridine
(12 mi) was left at room temperature for 48 hours.
Cooling on ice and trituration with ice—cold water

afforded 7-tosyloxyindan-l-one (50) as a colourless powder,

which erystallised from ethanol as plates (3+2 g, 52°¢5%)
m.p. 119-120°¢.

+
(Found: C, 63-7%; H, 484%; M 302, Cl6Hi4SO4

requires C 63+57%; H, 4-67%; MW 302.)

Vpax, (Nujol); 1712, 1610, 1150, 855, 838, 779 cm. ™t

v ., (1°52 mM CHC1,): 1725 em.”t (e 626+5), 1614 cm.”t

Mnex. (02H OH): 210 mu (log €& 4:41), 228 mp (log e 4-23),
245 mp (inf.) (log € 3-98), 292 mp (log e 3+44).
vau values (CDCl,): 19-2:8 (7H, m), 685 (2H, ¢, J =8

CePeSe)y 7°4 (2H, t, J =8 c.p.s.), 7*54 (3H, s).

2-0ximino-7-tosvloxyindan—-l-one (51).

A solution of 7-tosyloxyindan—l-one (50)
(13 g) in dry benzene (12 ml) was heated at 50°c and
isoamyl nitrite (1°85g) was added dropwise with stirring.
Finally a drop of concentrated hydrochloric acid was added and
the temperature maintained at 50°c for one hour. During

the reaction the solution darkened and the oximino
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compound (51) was precipitated as a fine powder which was
collected, washed thoroughly with benzene, and crystallised
from aqueous ethanol as needles (048 g, 56°6%) m.p.
202-205%. TLC (10% methanol in chloroform as eluant)
showed one spot (more polar than the starting material).
(Found: C, 57-85%; H, 3-78%; N, 4+37%. C, ey 3N058
requires, C, 58+01%; H, 3°96%; N, 4¢23%,)

vmax.(Nujol): 3150 (broad), 1720, 1660, 1615, 1170,

910, 835, 785 cm. .

Kmax.(02H50H): 226 mu (log € 4°4), 273 mp (log € 4+29).
hmax.(CZHSOH—OH'): 260 mp (log € 4+14), 335 mu (log ¢
4¢31),

tau values (trifluroacetic acid): 2-3 T (7H, m), 6°0

(2H, bs, J = ~ 1/2 c.pe.s.), 7°52 (3H, s).

Beckmann rearrangement of 2-oximino-7-tosyloxyindan—1-

one SSIQ.

The isonitroso compound (51) (0+42 g) was

suspended in dry benzene (3 ml) at 0% and treated with
thionyl chloride (9 ml) (distilled twice from linseed

- 0il with the exclusion of moisture) with occasional
shaking. The isonitroso compound was quickly consumed
and the solution darkened with gas evolution, After a

further hour at room temperature the solvent and excess
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thionyl chloride were removed in vacuo and the residue
taken up in chloroform (2 x 15 ml), The organic extracts
were washed thoroughly with freshly prepared bicarbonate
solution (2 x 10 ml) saturated brine solution (3 x 10 ml),

water (2 x 10 ml) dried (MgSO4) and concentrated in vacuo

to yield an oil (0+5 g) which solidified on standing.
Trituration with benzene and crystallisation from chloro-
form, or chloroform-light petroleum, or sublimation at
180%°¢/0:06 mm. all afforded fine colourless needles

(0¢15 g, 34%) m.p. 220-222°c, identified as 3—-chloro-

8-tosyloxy—-l-isoguinolone (54).

Preparative TLC of the benzene washings on one
Kieselgel HF,;, plate (600 x 200 x 0°7 mm) employing 20%
benzene ~ 80% chloroform as developing solvent, afforded
more (ca. 5%) of the substituted isocarbostyril,
identical with the material obtained above,
(Found: C, 54+63%; H, 3+25% M' 349.  C,.H,,NO0,SC1
requires, C, 54°93%; H, 3+45% MW 349, Positive
Beilstein test.)
vmax.(KBr): 3155 (broad), 1661, 1640, 1182, 1012, 831,
780, 754 cm.”t
xmax_(cznson): 227 mp (log € 4+75), 250 mp (inf,) (log
g 4+14), 285 my (log € 4°2), 293 mp (log € 4+2), 325 mp
(inf.) (log € 3+9), 337 mu (log € 3+99), 350 mu (inf.)
(log € 3+69).
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Mua (CZHSOH-OH"): 350 muy (inf.)(log € 3+98), 319 mp
(log e 4°29).
tau values (Dioxan): 2-3 (7H, m), 3-56 (1H, s), 7+81

(3H, s).

2~Benzylidene~7~hydroxyindan—-l-one (62).

Treatment of 7-hydroxyindan~l—-one (44) (3 g),
(prepared as above) with freshly distilled benzaldehyde
(8 g) in the presence of sodium ethoxide yielded 2-benzal-~

7-hydroxyindan-l-one (62) as pale y<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>