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(iv)
Abstract.

The first Chapter (ives a brief outline of the importance of,
and synthetical approaches tc anthracyclinesf together with an
introduction cf the Subject on which this Thesis is based, and a
specification of the objectives of the present work.

Cnapter 2 describes several attempts to synthesise 2'-formyl-
2,5-dimetnoxybenzcphenone, an intermediate for the synthesis cf
(2-fornylbenzoyl)-1,4-tenzoquinone, in a pure state.

Chapter J aescribes tne synthesis cf ~2-(l,J-dioxolan-2-yl)-
benzoy” -1,4-benzoquinone ana its Diels-alaer adduct witn tra.ns —
penta-l,5-ciene. Aroy 1 migration in tnis adduct, followed b;.
acid treatment, is sh.w.o to lead to a tetracyclic compound, involving
a dehydration reaction wnich may occour rapidly during the cyclisation.
Cyclisation of 2'-(1,J-cioxolan-2-yl)-2,5-bis(methoxymethoxy)benzc-
phenor.e under acid conditions is also described. Keenanisnme of the
cyclisation reactions are discussed.

Cnapttr 4 describes etner appreﬁles to r2—(I,3—dioxo|ar.—2—y 1)-
benzoy 1™-1,4-cenzoquinone, via 2,5-bis £(trimethylsily l)oxy”™ tenzophenone.
approaches to 4a,5,6,fca-tetranydro-aa-(2-carboxybenzcy l)-p-metny 1-1,4-
napntncquinor.e are discussed in Cnapter

Finally, tne experimental details of tne worn are described ir.

Cnapter 6



(v)

Abbreviations .

Tne followir™ abbreviations are used in this Tnesis

CnN : Ceric ammonium nitrate Ce(KHA)’a(NCS)C'
DrN : 1,5-biazabicyclo 4,5,0 non-5-ene.

Dpi : I,b-Diazabicyclo 5,4,0j undec-7-ene.

DCC : Dicyclonexyl cartodiin.iae.

DM, : 2,3-Dicnloro-> ,b-Gicyano-l,4-benzoquinone.
Dfi : DimethyLformarice.

Dh*F s 4-Dimetnylaminopyricine.

D1BalL-H : Di-isobutylaluminium hydride.

ko> : Netnoxymethoxy (-OCH,Ohe)-

KEK : Ketncxyetncxy £-0CHKe(CEt")J .

Tii? : Tetranydroiuran.

Tie> : Trimetny Isily 1 (-Si>£7) .

FPTS i Fyridir.iuir. p—tclueneaulfooate.

TSCK : Tcluene-js-suironic acid.

TRP < Tetranydro-2H-pyran-2-y1 ( " ) -
TBDK3 : Tert-butyldimethyDailyl (-SIMe2®ut )-
TFAA : Trifluoroacetic anhydride.

KBS t N-Bronoeucciniaide.



(v

Mot« on Nomenclature.

The nan*, according to [.U.P.a.C. rules, of the mono-adduct of
butadiene and 1,i*-benzoquinone is 4a,5,b,ba-tetrahydro-l,4—napntco-

quinone. The syeterratic numterirg' is shown below.

0

The nanes ana numbering systems used in this Tnesis, which are

in accordance witn I|.I''P.n.C. practice, are as follows.

5,8-1)ih_ydro-1.47~iihydroxy-2- S-Hvdroxv-7-methv 1-7.10-c i hydronapht ha-
aroy 1l-o-metn.y Inasr.tnalene . cene-to.11-dione.



(vii)

Alternative names are used for the following

—X H- M

-C 02w Methyl 2-(2,5-1)imethoxybenzoyl)benzoate.
- co2h 2-(2,5-Dimethoxybenzoyl) benzoic Acid.
-CoC1 2-(2,5-Dimethoxybenzoyl)benzoyl Chloride.
'GD 2-(2,5-DimethoxybenzoylJbenzpiperidide.
-CHO 2-(2,5-DimethoxybenzoylJbenzaldehyde.

_ o 2-(2 ,5-Dimethoxybenzoyl)-!1,3-dioxolane.

Similar naming systems apply for B - SiMe® and R - MOM

Note.

Throughout this thesis, all Diels-Alder adducts and products

derived from them are racemicjonly one enantiomer is shown.
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1.1. Anthracycline? ; Xrpcrtance and fyntVt' :cal A;,roaches.

Iturinv the past decade, the am-hracycline antibiotics such
as daunonycin (1) anc adrianycin (2) have emerged as the most
efiective druLs for the treatment of a broa”™ spectrum of human
cancers. However, these drugs display various side effects, the
most serious being the cumulative dose-oepenaent cardiotoxicity.
In consequence, there has oeen a continued interest in the total
synthesis of tnese antibiotics, incluoirit the analogue, H-demetnoxy-
daunoi:ucin ”~3) wnicn nas now assumed considerable clinical importance
as it is found to te b-10 times more efiective than daunomycin (1)
or ac.ianycin (2).n

It was noted tnat the antnraquinone system is an important
structuTo.1l feature of all anthracyclines.”a a wide range of oxy-
genatec substitution patterns appears to be compatible with bio-
lotical activity, although the existence of a direct contribution
of tne substitution pattern to the antitumour activity has not yet
been established.Ia It nas been sugtested that the hjdroquinone-tyje
rir® £ mitht also take part in the redox reactions, leaning to
radical species responsible of tne toxicity of tne antitumour
anthracyclines.™ In the past few years, aclacinomycin A (4j, an
example of an IlI™ieoxyanthracycline, nas beer, isolated anc shown to
possess good tumour—inhibitoiy properties, and importantly, to
exnibit men lower cardiotoxicity.S

Acton et al.,6'7 then reported tnat tne p-imino derivatives
(p) and (6) of daunonycin and adrianycin retain the anti-tumour
activity , anc are significantly les™ toxic than tneir clinically

important parents (1) and
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To date, all syntheses of anthracyclines have relied upon the
glycosidation of a sugar with an aglycone, the anthracyclinone.
Although this strategy has obvious flexibility, it is not without
its problems. For example, 4-demethoxydaunonycin (3) is prepared
from L—daunosamine (7a) ana 4-demethoxydaunonycinone (6d) (Scheme 1).
To effect the ccuplirg, it is necessary to protect and activate the
sugar £e.g. by conversion into the chlorc-compound (7t; 3. After the
glycosidation step, the protecting groupe are removed ar.d the anthra-

cycline (j) is isolated as its hydrochloride*

(3)

Me NHCOCF3

OCOCgHANO2-P

17b )



Burin;' tne last ten years, the fiela of antnracyclinone
synthesis has developed rapidly. Among notable achievements wee
the synthesis of dannon”cinone (ba),1” ll-oeoxydaunoaycinone
(fab),11* "1 carainom).cinone (fee), llc_<” 4-demetnoxydaunonycinone
(fad;,12 ~-indfiodaunentycinone (ge;,1” y-iminoadrian$cinone (S f),1"
heteroar.thracyclinones such as 4-demethoxyxanthodaunorycinone (9),IV’
an- aklavinone (1C;, J tne aglycone oi aclacincmycin A (4).

The very early synthesis oi anthracylinones were non—
regioselective, e.g. a 1:1 mixture of daunonycinone (6a) ana iso-
daunonycinone (Il) was formed.lfc It turned out tnat regioselectivity
is a Key to any effective synthesis of the aglycones. Tnerefore,
several synthetic strategies nave been applied, the most important

16,17 (eq. 1S tne iries

being based on the Frieael-Crafts reaction,
type reaction,1”*'1® (eq. 2), the larscr.alk reaction,1l' (eq. 3)

and tne Diels-Alder reaction,(eq. 4; (Scheme 2), details of

which are beyond the scope of the present brief survey. Recently,

the development of tetracycline synthesis has been reviewed,

and recent aspects oi anthracyclinone synthesis have been collected.2”
Interestingly, seveial regiospecific syntheses of ar.thracyclinones

using organometallic reagents have been developed by rrany groups.

(.Scheme 3;.

One of the best solutions to the re. iorpecific synthesis of
antnracyclinones nay have teen developed by Gesson and his Colleagues,1111
who reported an elegant two-step preparation of an 11-deoxyantnra-
cyclinone precursorvia a Diels-Alder route, in 6096 yield (Scneme *).

The cycloaaditior. reaction between commercially available juglone
(12; and a tiinetnylsilylketsne acetal synthon (13) proceeced rapidly

at 0-20° in various solvents (CH~Clg, THr', or benzene;, to give after












work-up under air (oxidation of the intermediate hyaroquinone) a

1:4 mixture of phenol (14a) and of the corresponding ether (14b)
whicn was then treated with aluminium chloride in refluxing aichloro-
methane overnight. Extraction and rapid column chromatography over

SiC2 gave the product (14a).

(12) (13) (14)
(a) R - H R m Ke, Et (a) R - Ke, Et; R1 - H
(b) R - CI (b) R - Ke, Et; RL - Et
Scheme 4

In these laboratories, one aim of work begun son* twelve
years ago and still in progress is an attempt to develop another

efficient regicspecific synthesis of anthracyclinor.es.
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1.2. Objectives of The RTeser.t Work.
2/

In 19£7 Oort and Rodriguez observed that treatment of 2-
acetyl-1,4-benzoquinone (13) with tuta-1,3-diene followed fey boiling
the product with acetic anhydrite, afforded 2-acetyl-1,4-diacetoxy-
5,6-dinydronaphthalene (16). This result was explainedZ% at the tine
by a retro-diene reaction, under thern.odynanic control, leading to
re-addition of the diene component across the 5»6-double bond of
the resulting quinone, and enol-acetylation. (Scheme 5).

Stucies in these laboratories have shown26 that the above
isomerisation of the Diels-Alder adduct of tuta-1,3-diene and acetyl-
1, 4-tenzoquincne does r.ot involve the retrodiene-recor.bination route,
but tnat it occurs by £1,51 acetyl migration, (Scheme 6), and have
confirmed an observation earlier reported by Cooper and Sammies,27
(later published26) that the direction of the miration depends on
the nature of the substituents, and that migration competes with
deacetylation. Thus migration in the adduct (17) in the presence of
pyridine in refluxing xylene gave 6-acetyl-l1,4-naphthoquinone (16)
(Scheme 7))«

Studies of migration29 of aroyl groups in Diels-Alder adducts
of benzoyl-1,4-benzoquinones have shown that they behave in a similar
manner to acetyl groups. Addition of trans—penta—,3-diene to subs-
tituted benzoyl-1,4-benzoquinones affords the corresponding adducts
(19) in good yield. Subsequent [I,53 migration of the benzoyl groups
in the ends (20) under basic conditions at 35° was particularly

facile, producirg the benzoylhydroquinones (21) (Scheme 6).
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Scheme £ .

Ke, Ph.

Scheme 7 »



Examination of the effects of the substituents, B, on the
base-induced migration revealed that, although these rearrangements
occur smoothly for H«H, 1*, hr, OH, and OKg«, the regiospecificity,
which is central to trie synthesis, is lost unaer some conaitions;
although the products are still aroylhydroquinones, (21) and (22).
This was thought to be due to the competition of an initial 1,2
shift witn the £1,5~] shift (Scheme 9), arid was particularly impor-
tant for R-NCj-

Similar 1 ,) benzoyl mitrations have previously beer, reported
by Jones et al.”~ ir. tne inheres (23), but at much higher tempera-
tures .

Retrosyr.thetic analysis of the aglycones (24) suggests tnat

the benzoyl-1,4-benzoquinone adducts such as (25) may serve as
useful syntnetical intermediates, since the subsequent 11,5 benzoyl
migration would lead to the aro; 1 nydroquinones (26) which, when
RJF or RZ:C, contain the array of rir™ carbon atone and much of the
key oxygenation pattern of the aglycones (24).

The feasibility of this synthetic approach was demonstrated by
earlier observations from our laboratories, based on the above
methodology, Kardasani”™l explored the strategy towards generation
of tetracyclic compounds by preparing adducts (28) from cyclo-
addition of acyclic dienes to ortno-eubetituted benzoyl-1,4-benzo-
quinones (27). Base-induced [1,5] aroyl migration in (28) gave the
hydroquinones (29) which were then cyclised by the action of boron
tribromide at 0° to give the desired products (30J (Scheme 10). The
easy cyclisation of compound (29; with boron tribromide was explained

in terne of the boron tribromide generating a stable six-membered

peeudo-~-naphthol chelate, essentially planar because of the small
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size of boron, maitirv, the opposition more nucleophilic for facile and

low energy position-eelective cyclisatior.. (Scheme I1)

Scheme 11.

Syntheses based on th:s approach haS suffered froir. many
problems, aiiior™ tnen. the difficulties encountered in selective dé-
méthylation of compound (51) to 2,5-dihydroxy-2'-methoxycarbonyl-
tenzophenone (5?), which was the subject of earlier unsuccessful
attempts.Treatment of compound (}I) with 1,5 mol boron tribror.ice
in Qichloroiretnane at 0° produced mono-derethylated ketone (55), which
on treatment with aiore boron tribromide (2,0 to 50 mol) resulted in
tne formation of the cyclised product, quinizarin (54). Eventually it
was discovered that treatment of compound (51) with 2 mol of powdered
anhydrous aluminium chloride in dichloromethane at 20 followed by
addition of 2 mol of boron tribromide arid work-up with 5% hydrochloric

acid gave the required dihydroxy compound (52) in good yield.
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Furthermore, tne cyclisation step (Scneme 10) was unclean;
the required compound was always accompanied ty byproducts resulting
from aodition of bromine arc hydrogen bromide to the Oleiinic double
bond. Thus, treatment of tne rearran.; erent product (3>), lor example,
with 4 mol of boron tribromide, produced a mixture of tne desired
product (56) anc the bromo-compourw (37) in the ratio 6:1 respectively.
The author also showed tr.at in the process of [l,t] aroyl migration
in the l-methoxy-buta-I,3-diene adduct (3fa) ir. pyridine, the methoxy
group was lost to give tne aroylnaphtnonydroquinone (39)» This was
explained by hydroter. acstraction in the presence of base, resulting
in elimination of rretnanol (Scnene 12).

Due to these problems observed by Fardasani,~ as described
above, two years later Ahmed” synthesised the quinones (40J and
(41) . Addition of dienes to the quinone (40) gave the desired adduct
(42) in good yield. Base-inducea !1,5 aroyl migration of the acduct
(42) gave ber.zoylnyaroquinone (43) which was oxidised to the quinone
(44) (Scheme 13). Although this strategy ensured overall regiospecifi-
city in the course of r\l,Sn aroy | migration r_because the intermeaiate
(45) can only aromatise via a prior [1,21 shift,ultimately yielding
only the required compound (45)» (Scheme 14)1 < the final step, the
cyclisation of the oxidation product (44) to the desired tetracycle
(47) via the ortho-quinone methide (46) was unsuccessful (Scheme 15).
Treatment of the naphthoquinone (44) with DBN™4 in benzene at room
temperature unoer nitrogen for 24 h. gave the unchanged naphtho-
quinone (44), whilst at reflux temperature the product was a yellow
semi-eolid from which no cyclisation product such as (47) was isolated.
Treataent of naphthoquinone (44) with 16-crown-6 and potassium

fluoride” also failed” to give the desired product (47).
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Scheme 14.

(44)

Scheme 15»
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In this connection, photolysis of quinone (41), analogous to
the naphtnoquir.one (44), was studied in detail.~ The author was
attempting to observe an intramolecular cyclisation of tne photo-
generated dienol intermediate (46) hoping to obtain tne desired
products (49) or (50) (Scneme Ib). However, irradiation of tne
quinone (41) with visible light or with ultraviolet light in various
solvents gave no cyclisation products such as (49) or (50), but the
ester (51) was isolated in high yield. The ester (51) nmay be formed
by tne addition oi acetic acid (used as solvent) or water to the
ber.zoyl carbonyl group of the quinone (41) to generate a nervi-acetal
or nydrate from wnicn a diradical zwittericn (as 52) can be formed
on excitation, thus allowing a l|’_l,2j- phenyl shift to occur,
producing another intermediate zwitteiior. (53) ir. wnicn the cation is
strongly stabilised. Loss of an acetyl cation or a proton followed by
protonation of the pnenolate would then give the phenyl gentisate (51)
as tne final product (Scheme 17)»

Likewise, irradiation of quinone (54) in acetic aciu was observed™1l
to give xanthone (35) and ester (56) in 33% anc 16% yield respectively;
tnere was no cyclisation product sucn as (57) (Scheme 16), altnough
Sammes and W allace” reported tnat the cyclisation of chromone (56)
i_analogous to quinone (54)j into tne tetracycie (59) “id occur, via
pr.otoenolisation (Scnerie 19)*

Interestingly, treatment of the quinone (41) with various bases
also failed” to give tne desired cyclised product (50) (Scher.e 20).
Refluxing of quinone (41) with pyridine gave 26% of its hydroquinone,
but tne product was mainly unchanged quinone (41). In contrast, reaction
of quinone (41) witn nitrogen—purged i)BK at roon. ten.perature, and
witn KBSf~ in tne presence of ditenzoyl peroxide ~ave tne hydroxy-

methyl—,4—benzoquinone (62) anu the bromon~thyl— t4—benzoquinone (65)



OoH 0
OH

(50)

0 0

Scheme 16»
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respectively, Sindlarly, reaction of quinone (41,) witn acetic
anhydride and sodium acetate at 1300 gave the tetra-acetate (64)
in 24/c ;iela. These results may nave arisen from reaction of the
quinone methide (60; Scheme 20) with water, bromide, and acetate,
respectively, present in tne system.

The author > tner, notea tnat despite the probable formation
of the ortho- quinone methide intermediate (60), as indicated
by the isolation of the compounds (62), (63), and (.64), (Scneme 21),
no intramolecular cyclisation, as hoped for, via the nearby phenyl
riric anc the methylene carbon, was observed. Seemingly, the inter-
molecular attack of tne anion needs less energy than that for

cyclisation, and hence predominates -

Nu - OH, Br

Low energy Hign energy

Therefore, it was argued that introducing electron-donating subs-
tituents in the benzoyl rir™ of the quinone (41), as 1.65), might
assist the intramolecular cyclisation by maicint the benzoyl residue

more nucleophilic. However, attempts to synthesise quinones such as

(65)
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Scheme 21
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In tne light of tne aspects described in this section, we
thought that a compound such as (66), havine a fornyl group at
position 2*, could overcome the problems left by earlier * °
observations from our laboratory. Such an ortho-formyl substituted
benzoyltenzoquinone was particularly worth examining with a view to
subsequent cyclisation. Heduction of quinone (66) should give the
hydroquinone (67) which would be expected to cyclise to quiniza-in
(34). On the other hand, addition of trars-penta-1,5-diene to quinone
~66) should give the aaduct (69), which On treatment with pyridine
or pyridir.e-nethar.ol31should give tne rearranged product (70).
Compound (70), in which tne relative positions of the substituents
in tne extreme rirgs are defined, is analogous to hydroquinone (67),
and should cyclise to give the tetracyclic compound (71) (Scheme 22).
The cyclisation step is expected to occur under milder conditions
tnar. tnose uses oy Fardasani;?’l mildly acidic or basic conditions,
or ever, a neutral medium, may be sufficient (Scneme 25).

However, as will be described later, attempts to syntnesise
Ketone 172), an intermediate for quinone (66), in a pure state,
were unsuccessful. Tnerefore it was of interest to synthesise
quinone 175) Iron, which tne desired quinone (66) could be generated.
Tnis was the basis of part of the woric described in this Tnesis.
Furthermore, the formyl group could in principle be generated at a
later staee, e.g. from tne adduct (74), before the isomerisation
IScheme 24), or aiter tne [I,5J shift.

As a minor objective, it was also of interest to attempt to
synthesise tne adduct (77b) since this compound may also serve as an
intermediate for tetracyclic compound (71)» 7be adduct(77b) might be
obtainable from tne quinones (75) or (76) (Scheme 2b)e

Tnese aspects are described in the following Chapters.
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2.1. Attempted Syntnesis of 2,-Formvlir2jfi~dimfcthox.ybenzcpnenone.

as mentioned in section 1.2, it was of interest to synthesise
2'-formylbenzoyl-l,<;-benzoquinone 166), since addition of trans-
pen-Ui-1,5diene to it snould give tne desired angular aroyl adduct (69).
1,9-Aroyl mi. ration in tnis aoduct followed by cyclisatior. (expected
to occur under mild conditions), snould give the desirec tetracyclic
compound (71) (Scneme 22; Section 1.2). Tne quinone (66) could in
principle be prepared by oxidation of 2'-forigylbenzoy 1—1,4-hyuro-
quinone (b7) whicn in turn could be obtained from its dimethyl ether
(72) by tne use of an appropriate demethylating agent, as in any
general synthesis of 1,4-benzoquinones.XLTnerefore, various
approacnes towards the synthesis of tne desired alcehyce (72) were
investigated.

The shortest way to the aldehyde (72) could be by the reduction
of ester (51), since it is Known tr.at aldehydes can be obtained from
esters by lisin. appropriate reducirg agents. Tnerefore 2'-metnoxy-
carbonyl-2,5-dimethoxybenzopnenone (51) was prepared, as described in
the literature,10 by reaction of 1,4-dimetnoxybenzene (78) with 2-
chloroformylbenzoate (77) in the presence of aluminium chloride, in
about b0% yield. Subsequently, the ester (31) was obtained by
refluxine tne acid chloride (79) with metnanol (Scheme 20).

Reduction of ester (3l) was attempted usirg di—isobutyl-
aluminium hydride, DIBAL-H,1* since this reagent was reported to be
more selective than lithium aluminium hydride, LiAIH~ in reducing
lactones, ester, amides, and nitriles to aldehydes. It was found2
tnat at low temperature (about -70°), equimolar amounts of DIBAI"H

reduced, in high yields, various esters of aliphatic and aronatic
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acids to aldenydes, accordir® to tne followir”™ equation.

(iIR
R—C— R (iRu)2Al-H R— CH R— CHC.

0A1(1Bu)2
Szantay et al.™ reported that tne ester (60) gave tne corresponding
aldehyde (61) in yield under theee conditions.

However, reduction of the ester (31) with DIBAL-H in toluene
at -70° for 2 h. failed to give tne desired aldehyde (72). The product
isolated froir, this reduction was a yellowish oil, the p.rr,.r. spectrum
of which in d-cnloroform did not snow a signal due to a formyl group.
Repeating the reduction, initially at -70°, and then at room tempera-
ture g'ave the same result.

Reduction was tnen repeated using Linlli®, since it was reported*
tnat NaAlH in THF at room temperature reduced esters to aldehydes in
generally good yield, although aromatic aldehydes were obtained in
lower yielos tnen alipnatic. The reduction was suggested to proceed

according to tne following scheme.

0 L OR1 o
4R —C—OR~ + Na*lH4 (P. — CH— C—) AlKa ® 4R — CHO

In the same iwtlication it was noted that LIAJH” in THIr or in a mixture
of THF and pyridine (instead of ether) in same cases gave aldehydes in
fair yield; reduction of ethyl laurinate using LIAIK” in THF at -75°
for example, gave laurinic aldehyde in 45J( yield.

However reduction of the ester (31) in THF at -JG° and decompo-
sition of the reaction product witn water gave an oil, the mass spec-
trum of which suggested that the product may have contained the dlol

(62) (m/z 274), and the ketone (63) (m/z 272). The presence or the



(65)

Oxidation

(7?)
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diol (62) may be due to over-reduction of the ester (31,).

Since one-step reduction of tne ester (31) failed to five
desired aldenyae (72), the reactions shown in Scheme 27 were
then tried. The aesired aldehyde (72) could in principle be obtained
by oxidation of the diol (62), since several reagents for selective
oxidation of primary or secondary alcohols to aldehydes or ketones,
respectively, are Known.”

The desired diol (62) was prepared by reduction of ester (31)
with LiAIH” in ether-TH? at room temperature, in 939 yield, as a
white solid, m.p. 60-62°. The structure was confirmed by its elemental
analysis, mass ana p.m.r. spectra.

Oxidation of tne diol (62) was then tried using- several reagents.
It was initially oxidised using four mcl of CAN in aqueous acetonitrile
at room temperature. This reagent is knownO to demetnylate several
substituted 1,4-dimethoxybenzenes to the corresponding quinones, and
at the same time to oxidise alcohols7 to carbonyl compounds. However,
this reagent failed to eive the expected aldehyde (72) or even the
required quinone (66). The p.m.r. spectrum of the total product did
not show a signal due to a forn”l group, altnough the spectrum showed
that all the methoxy groups in the startirg diol (62) had been
completely removed. The mass spectrum of the total product showed a
molecular ion at m/z 242, but not one at 240 for the required quinone
(66). The product, however, may have contained the cyclised compound

(84), or an isomer of it, since its mass spectrum showed a peak at

m/z 226, as required for J}* of (84).

Oxidation was then tried using sodium bromate, NaBrOj, catalysed
by CAN (0.1 mol) in aqueous acetonitrile at refluxing temperature. It

was reported8 that the combination CAN-NaBrO} selectively oxidises
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secondary alcohols to ketones in the presence of primary ones, in

high yield. No mechanism for the oxidation was given. However,
oxidation of the diol (82) using this oxidant failed to give the
desired aldehyde (72). The product isolated was a yellowish oil, the
p.m.r. spectrum of which in d-chloroform did not show a signal due to
a formyl grcwp. A similar reaction at refluxing temperature may have
given a trace of the required aldehyde (72), since its p.m.r. spectrum
in d-chloroform showed a singlet at £ 10.10, although the rest of the
resonances were too complex to te identified in terms of the required
product. The mass spectrum of the total product shewed H,+ 2~J0 for the
required aldehyde.

Recently, Aizpurua and ialomo reportedg that the combination of
chromium trioxide-trimethylsilyl chloride, CrOj-Ne”SiCl (1:1), in di-
chlororoethane or acetonitrile at room temperature is an efficient
system for the oxidation of alcohols to the corresponding carbonyl
compounds. It was suggested that the reaction proceeds via a trimetnyl-
silyl chlorochromate intermediate, as the oxidising species, as shown
in the following equation.

0
CrOoj + Ke}Si - Cl -ceeemmmmeeee *  Me?Si0 - gr - cl
0

Oxidation of the diol (62) was then tried using CrOj-Ne”SiCl in
dichloromethane at -20 to -300. The product isolated from this reaction
was a mixture of the required aldehyde (72) and the lactone (65).
Column chromatography on silica gel using dichloromethane as eluent
allowed isolation of the aldehyde (72) in small quantities (ca. 16*
from the- total product;. The major fraction was a mixture of the

aldehyde (72) and the lactone (85) in the ratio 1:3, respectively.



(67)



44

Several attempts to improve toe isolated yield of the aldehyde failed.

The p.m.r. spectrum of the required aldehyde (72) in d-chloroform
showed singlets at f 3*46 and 3*60, and at 10.18 due to two methoxy and
one formyl group, respectively. The rest of protons gave nultiplets at
£ 6.60-8.30. Its mass spectrum showed the molecular ion at m/z 270 with
fragments at 239, 211 and 165-

Tne p.m.r. spectrum of lactone (83) in d-chloroform showed singlets
at 3.67 and 3.88 due to two methoxy groups, with the rest of tne protons
giving multiplets in the aromatic region. It had a molecular ior, at m/z
270 as required.

Aldehyde (72) was then prepared £but still as a mixture with
lactone (65)~ from oxidation of alcohol (66) followed by acid hydrolysis.
Similarly lactone (63) was prepared bj acid hydrolysis of acetal (86)
followed by air oxidation durin. work-up (Scheme 26). The synthesis of
alconol (66) will be described in Cnapter 3.

Oxidation of the diol (82) usirfe the combination CrOj-fe~SiCl was
then repeated at 0°, and at room temperature, in the hope that at such
temperatures it might gave more aldehyde (72) than lactone (65).
Suprisingly, the product isolated after column chromatography on silica
gel using dichloromethane as eluent was a mixture of the desired aldehyde
(72) ana the chloro-aldehyde (87) in the ratio 3:1 respectively. The
structure of the chloro-alaehyde (67) was supported by its p.m.r. and
mass spectra. The p.m.r. spectrum of tne total product showed singlets
at 6 3.62, 3.82, and 10.52 due to the two methoxy groups and the fornyl
group of cnloro-compound (87 the rest of the resonances were in the
aromatic region. The mass spectrum of the total product showed molecular
ions at n/z 306 and 304 in the ratio 1:3 respectively; with fragments at

291, 289, 275, 273, 201 and 199* The pattern of the fragments established



that the chlorine is attacned to position 2~, 4~, or 6~ of tne
dimetnoxypnenyl group, and not at the 3', 4', 5* or 6' position, as
shown in Figure 1; the corresponding fragmentation pattern for the
parent compound (72) is shown in Figure tfl. Formation of the chloro-
aldehyde (67) may result from electrophilic chlorination in the reaction
mixture, since a slight excess of trimethylsilyl chloride was used in
the above oxidation.

This result suggested tnat there was still some hope of cbtainir”®
the desired aldehyde (72) as the only product. Therefore, oxidation of
alcohol (62) was repeated using the chromium trioxide-pyridine complex,
CrCS'ZC_PHPK‘ in aichioromethane at room temperature as described by
Ratcliffe ard Rodenoast.® However, tne product isolated from this
oxidation was still a mixture of the aldehyde (72) and the lactone (bp)
in the ratio 1:1; although the p.m.r. spectrum of the total product in
d-chloroiorm showed that it was much cleaner tnar. that obtained from
the previous oxidation.

Several experiments were then performed in order to optimise
formation of the aldehyde (72), either by carrying out the reaction at
-5 to 5°, or by using more oxidant at room temperature. However, all
attempts failed to give the aldehyde (72) as a sir~le product} mixtures
with lactone (85) in the ratio 1:1 were always obtained. Several
attempts were also made to isolate the aldehyde (72) by column chromato-
graphy or by washing the mixture with 10? sodium hydrogen sulfite, but
all gave mixtures which contained more lactone (65) then the desired
aldehyde (72). After the above mixtures had been kept in air at room
temperatuie for 76 days, their p.m.r. spectra in d-chloroform no longer

showed a forn”~l peak.
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It is of importance to note here that oxidation of phthalyl

alcohol (66) by the chromium trioxiae-pyricine complex was reported
to give a high yield of phthalide (89) and it was postulated that
phthalide was obtained by the oxidation of hemiacetal (8% ).~
Recently,l2 oxidation of diols (90), analogous to diol (82), usirg
the same oxidant, was reported to give tne lactones (91) in over 80¥%
yield (Scheme 29). Similarly, oxidation of diol (92) using manganese
dioxide was reported to give lactor.e (93), as shown in Scheme 30.

Interestingly, it was reported recently14 that bispyridinesilver
permanganate, Agry-KnO”, or ainitratocerium (1V) chromate dihydrate,
£ce(I'Cj)-J IrC ~H”O, oxidisea pnthalj1l alcohol (00) into ortr.o-phtnal-
aldehyde (94) in high yield,” while bis(2,2'-bipyridyl)copper(ll)
pernanganate, ( ACuMnC”», EBCf, oxidised tne diol (66) into the
mono-aldehyde (95)” in quantitative yield (Scheme 31)» Therefore, any
of these oxidising reagents, may be very useful, since oxidation of tne
diol (62) may give tne desired aldehyde (72) or alcohol (63), respec-
tively, without cyclisation (Scheme 52). However, in our hands, all of
these oxidants oxidised phthalyl alcohol (68) into the cyclic compound,
phthalide (69a), as the only isolated product. Correspondingly, oxida-
tion of the diol (62) using EBCP gave the lactone (65) in over 60£
yield (Scheme 35)e

Some of the oxidation products which have just been discussed
are sumnarised in Scheme 34.

It was observed by earlier workers16 in this laboratories tnat
oxidation of diol (62) usirg manganese dioxide, selenium dioxide,
pyridinium dichromate, and pyridinium chlorochromate, all gave a
mixture which contained the required aldehyde (72), but attempts to

isolate this in a pure state, were unsuccessful.
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Scheme 34 (65)



Since oxidation of the diol (62) failed to give the required
aldehyde (72) as a single product, Scheme FH was then tried.

It is known that aldehydes can be obtained from acid cnlorides
by various reduction methods.® The ester (31) was then hydrolysed to
the carboxylic acid (96) by refluxing with 10# sodium hydroxide or 10#
sulfuric acid overnight; refluxing with 10# sodium hydroxide for 3 h.
gave mainly unchanged ester (31). The carboxylic acid (96) was isolated
as a pale yellow solid, m.p. 139-161°. The structure was confirmed by
its elemental analysis, mass ana p.m.r. spectra, although it was
difficult to assign the proton H-3+ and the hycroxy group in its p.m.r.
spectrum since addition of gave a p.m.r. spectrum suggesting the
presence of a mixture of carboxylic acid (96) and lactone (97) in the
ratio 3:2 respectively. This observation may confirm results obtained
by earlier workers,” that the aldehyde (72) is oxidised by air to the
carboxylic acid (96) which then lactonises to the cyclic hemiacetal
(97) (Scheme 36), similarly tc the aldehyde (99)t which was reported 18
to be in equilibrium with the hemiacetal (69b) in basic solution
(Scheme 37)»

Tne carboxylic acid (96) was then refluxed with thionyl chloride
for 2~ h., to give the desired acid chloride (79) in over 60# yield, as
a pale yellow oil (Scneme 35)< The acid chlor.>.e (79) was unstable,
gradually hydrolysing to the carboxylic acid (96) on standing in air at
room temperature, and therefore a good elemental analysis was not
obtained. The acid chloride (79) showed molecular ions at m/z 306 ana
304 as expected, and an important fragment at m/z 269 for (# ~ ”I)+.
On refluxir® with methanol, the acid chloride (79) gave ester (31) as
the only product; on treatment with one mol ci piperidine in pyridine

it gave amide (99) in 53# yield. The amide (99) could also be prepared,
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in 98N yield, by reiluxing the ester (31) with an excess of piperidine.

Haring prepared the required acid chloride (75)» several
reductions were then tried in attempts to prepare the aldehyde (72) as
a single product. It is important to note that since the acid chloride
(79) was unstable, it was freshly prepared before use in the reduction
reactions.

The reduction was initially tried using bis(triphenyl phospr.ine)-
copper(l) tetranydroborate, (Fn.f)2CuEH”, since it was reported*8 that
acid chlorides in tne presence of two raol of triphenylphosphine, at
room temperature, are reduced to aldehydes in good yield by (PhjP"CuBH*,
and that acetone is a suitable solvent for this reaction. Reduction in
other solvents gave lower yields. Under such conditions, other functional
groups such as Ketones, epoxides, esters, cyanides, imines, alkenes, and
alkynes are unaffected.

Likewise, Sorrell and Pearlman reported*” that (Ph~"FACuEH~" is
capable of reducing acid chlorides to alcohols if a solvent other than
acetone is used. For example, benzoyl chloride in chloroform solution
is reduced partially to benzyl alconol, although benzaldehyde itself
is apparently inert. Addition of two raol of tripnenylpnosphine is
necessary since one binds to the copper byproduct and the other traps

liberated EKj as snown in the following equation.

(PNAPACUBH~ ¢ RCCC1 ~ -mmmmee- > (FVAFACUCI ¢ RCHO ¢ Ph~PBHj

acetone, 25°

However, reduction of acid chloride (79) with (FhjP)2CuEH" in
tne presence of triphenylphosphine in acetone, at room temperature,
gave a white solid and an oil, the p.m.r. spectrum in d-ehloroform

not showir®; a signal due to a formyl group. The product may have



contained the acid chloride (79) together with the carboxylic acid
(96) which is in equilibrium with the lactone (97)* since its p.m.r.
spectrum showed singlets at 6 3-46, 3.53, 3.6e, 3.73, 3.80 and 3.65
due to six methoxy groups, with the rest of the resonances in the
aromatic region. Similar reactions without triphenylphosphine, either
in acetone or in d-chloroform, gave the same result.

Reduction was then carried out using lithium tri-tert-butaxy-
aluminium hydride, (t£uC)jLiAIH at -70° in diglyme; this reagent 7~
was reported to reduce acid chlorides, ketones and aldenydes, but not
to react with esters and nitriles. However, reduction of acid chloride
(79 with one mol of (tiQO)ALIAIH, after decomposition with
water, gave carboxylic acid (96) as the only product. Similar reactions
at 0° and at room temperature gave the same result. It seems that
(*BuOijjliAlIH did not react with acid chloride (79), since decomposition
of the reaction mixture with water gave the carboxylic acid (96). In
tnis connection, reduction of g-nitrober.zoyl chloride with (tBuC)jliAlIH
at -70° was tried as a model reaction, and it gave the desired 4-
nitroienzaldehyde in yield.

The above observations suggested that the acid chloride (79) may-
be difficult to react with bulky reducing agents. Brown and Rao,®
reported that ortho substituted aromatic acid chlorides tend to give
lower yields of aldehydes following reduction with (tBuO)jLiAIH.

It is knownZl that catalytic hydrogenation of acid chlorides
{.the Rosennund reaction) is an established synthetic route to aldehydes.
Therefore reduction of acid chloride (79) was attempted by catalytic
hydrogenation, using 10" palladiuiebarium sulfate as the catalyst in

2

refluxing toluene. 2 However, this reduction again failed to give the

required aldehyde (72). The product obtained was a pale yellow oil,



the p.m.r. spectrum of wnicn in d-chloroiorm did not show a signal
due to a formyl group. This product was not further examined.

Recently, Eabler and Invergo2X reported that sodium torohydride,
NaEH4, in a mixture of DMf-TKr at -700, and quenchir® with a mixture
of propionic acid-dilute hydrochloride acid-ethyl vinyl etner (to
avoid over reduction) was capable of corr/ertir® acid chlorides to
aldehydes in high yield with minimal alconol formation. Using this
procedure the authors reduced 2-chlorobenzoyl chloride, lauroyl
chloride, and 10-undecar.yl chloride to the corresponding aldehydes in
9J, fcl, and b0% yield, respectively. We repeated one of their reactions,
and succeeded in reducing 2-chlorobenzoyl chloride to 2-cnlorobenzal-
dehyde together with 2-cnlorobenzyl alcohol in the ratio 6:1 (total
product, 617 ), in accord wit.n the results reported by Batler and
Invergo.”

However, wnen the NaEij.reduction was tried with the acid chloride
(79;, it failed to give the desired aldehyde (72). The product isolated
may have been the acid (96> in equilibrium with lactone 197) since its
p.m.r. spectrum in d-chloroform snowed singlets at 6 3.44, 300, 3*77
and 5.79, possibly due to four methoxy groups, with the rest of the
resonances in the aromatic region. A similar reaction and decomposition
of the product with water gave tne acid (96) and lactone (97).

The reason for the failure of tne reduction of the acid chloride
(79) could be due to steric hindrance; similarly, the ester (31) was
only slowly hydrolysed to tne acid (96;-

Since oxidation of Qiol (02) failed to give the desired aldehyde
(72) as a single product, and furthermore because the required aldehyde
(72) was unobtainable by reduction of the acid chloride (79;» it was of

interest to attempt to prepare the required aldenyde (72) by reduction
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of Vilsmeier complexes of amide (99) (Scheme J6). It was mentioned
earlier tnat the amide (99) was readily prepared either by refluxing
the ester (31) with piperidine or by treatment of acid chloride (73)
with piperidine in pyridine. The structure was confirmed by elemental
analysis, mass and p.m.r. spectra. It mass spectrum showed the mole-
cular ion at m/z 355» with important fragments at 269 (K-piperidyl)+
and 64 (piperidyl+).

However, scheme 36 was not tried, since reduction of Vilsmeier
complexes of N-2-cnlorobenzoylpiperidine (Section 2.2) as a model for

the reduction, failed to give the corresponding aldehyde*

(72)
(99)

Scheme



2.2. Attempted Reduction oi N-2-Chlorobenzoylpiperidine to 2-

Chlorobenzalaenyde.

It is fenown that reduction of amides to aldenyaes is a less
common reaction since the amine formation competes. Furthermore
amides, in general, are fairly resistant tc reduction and only more
potent reafents such as alicali metal hydrides, sodium in liquid
ammonia (iirch reduction), and electrolysis are effective.OA Aldehyde
formation is particularly prevalent wnen the N-substituents axe bulky,
or if deficient amounts (less then 0.5 mol ) of reductant (suer, as
Lialh,) are usee at low temperature (-70 to 0°), or ii the hydride is
added to the amide (inverse addition) instead of vice versa as in the

usual method of reduction.

I
R-C- K~ R-C-H

amide : reoe'ent

1 : U25 or
2) inverse addition at
-70 to O or
3) N-substituents are bul*y.

Tne best reagents for preparirg aldehydes from amides reported
in the literature are tris(ethoxy)-and bis(ethoxy)-lithium-aluminium
hydride,2”™ (EtO)jUAIH and (EtO~LiAlib,, respectively. These reagents

reduce unhindered tert-amides to aldehydes in 60-90% yield*

Vilsmeier complexes of tertiary aromatic amides with zinc affords the

corresponding aldehydes in hijjh yield; no experiments details were
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given (Scheme 59)* These autnore reported that tney reduced the
Vilsmeier complex of N-2-chlorobenzOy Ipiperidine (100) to 2-
chlorobenzaldehyde (101) in 95% yield. We then attempted to repeat
some of their works, since this reduction method could be useful for
reduction of Vilameier complexes of amide (99) to the required aldehyde
(72) (Scheme Jfc).

The required amide (100) was prepared by treatment of 2-
chlorobenzoy 1 chloride with piperidine at 0°, ir. 64% yield, as a colour-
less oil. The amide (100) was tnen treated with one mol of phosphorus
oxycnloride in refluxir® toluene for g h. After being cooled to room
temperature, the mixture was then treated with zinc dust and worked up
in an ajueous medium as described by rtahman and Basha26 to give a pale
yellow oil, the p.m.r. spectrum of which in d-chloroform snowed only
startir® material, with no evidence for a formyl group. Repeating the
reactions for longer refluxir® times (1™ h.t 4 h., and 48 h.), either
in benzene or toluene, and treating the products with either zinc dust
or anhydrous tin (Il) chloride and work-up as before gave similar results.

The reason for the failure of the above reduction may be that the
Vilsmeier complex (102) may not be forced. Tnerefore, amide (100) was
refluxed with an excess of phosphorus oxychloride (5 mol) overnight,
and the excess of phosphorus oxychloride was then removed to leave a
light-brown oil, the p.m.r. spectrum of which in d-chloroform showed
that it was different from the amide (100). The product was not furtner
characterised, but it was assumed to be the required Vilsmeier complex
(102).

The complex (102) was then refluxed in toluene in the presence
of actived zinc.2”™ However, after work-up in an aqueous medium it gave
amide (100) as the isolated product. A similar result was obtained when

the complex was treated with zinc dust and then decomp>osed with 10"



FOCl-,. (1 eq.)

toluene, reflux.

Senese 59

(100)

Cl

(73)
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hydrochloric acid.

Because the above attempted reduction oi the model compound (100)
failed to give 2-chlorobenzaldenyde (10 lj, the complex (102) was then
reduced usir® a modification of the Stephen reduction. The Stephen
reduction28 orignally involved conversion of a nitrile through the imir.o-
chloride to an aldenyde. The most suitable reducing agent is annydrous

tin(ll) chloride dissolved in etner saturated witn hydrogen cnloride.

upl
HC s K + HC1 _-SR(i_KK__I______ R(i_KHc-CI
Cl Cl
2(HC - hh) + SnCI® » (RC - KK)2snCl4
Cl
(HC NH)_SrClI RCI: * R - 0 + 2RC1 + (HC~ASnCA
H K

Therefore the complex (102) was refluxed in TKF ana toluene in the
presence of tin (Il1) chloride, and then decomposed by refluxir™ with 5#
hydrochloric acid. After work-up, the reaction may have given a complex,
which snowed a molecular ion at m/z 316, but the desired aldehyde was
not observed from its p.m.r. spectrum in d-chloroform. When the reaction
was repeated, but refluxing in THF-dioxane, it gave N-2-chlorobenzoyl-
piperidine (100). Similarly, the later compound was isolated when the
reaction was repeated in ether at room temperature, and decomposition
was with hydrogen chloride gas.

Tne best result was obtained when the complex (102) in toluene was
stirred at room temperature in the presence of tin (Il) chloride, and the

mixture decomposed witn 3# hydrochloride acid. Under these conditions, a
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trace of the desired aldehyde (101) was detected by its p.m.r. spectrum
in d-chloroforn. (sir*?let at A10.47). However several attempts to improve
the production of the aldehyde by repeating the reaction, either in
refluxing toluene or in ether gave the same result. In contrast, a similar
reaction in pyriaine at room temperature overnight gave N-2-chlorobenzoyl-
piperidine (100) as the only product.

After spending several weexs studying this model reduction, we
felt that it was not worthwhile to study tne reactions of the Vilsmeier
complex of amide (99)* Tnus the first objective (Scheme 36) was not tried.
Therefore a new route to quinone (75)i analogous to the desired quinone

(6b), was then investigated (Chapter 3).
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J.l. Reaction of 2-(1,3-Dioxolan-2-yl) menyl-lithiur. with Substituted

Benzaldenydes.

As mentioned in Cnapter 2, several attempts to synthesise
aldehyde (72), a precursor for the desired quinone (66), in a pure
state were unsuccessful. Furthermore, the quinone (66) was expected to
he relatively unstable, anc subsequently this was found to be eo
(Section 3.i). Therefore it was of interest to synt.nesise quincne (73/
in wnicn tne formyl group in quinone (66) is protected as a 1,3-dicxolan-
2-yl group. Tne required quinone (b6), and tne adduct (65) could tnen,
in principle, be generated by hydrolysis of tne acetal.

It is <nown”™ tnat irradiation of o(-nydroxybenzyl-l,4-benzoquinone
(104) in benzene affords acylquir.cl (103), and tnat photolysis of quinone
(1 O 6 under neutral, acid, or basic conaitions gives low yields cf pnoto-
cyclisatior. proauct (107). Tnerefore it was hoped that the required
quinone (73) could be prepared by irradiation of tne r(- hyaroxybenzyl-
1,4-ber.zoquinone (112) followed by oxidation; tne quinor.e (112) could be
prepared from pner.ol (ill) bj oxidation”™ with potassium, nitrosodisul-
ionate, [(KSOjJgN - 0*, F'remy's saltj. Tnus Scheme 40 was first attempted.

1,3-Dioxolane (106) was reported in tne literature, prepared by
reaction of 2-cromobenzaldenyde with ethylene glycol catalysed by
toluene-_£-eulionic acid. However, for tne present work it was prepared by
reacting 2-bromobenzaldenyde with 2-methoxy-I,3-dioxolane in refluxing
toluene, and was obtainea as a colourless liquid in about oCQ yield.

The dioxolane (10b) in ether at -70° was then treated with n-butyl-
litnium in nexane, followed by a solution of 3-metnoxybenzalder.yde (10°a)
in etner. Decomposition with water and the usual work—up afforded a

yellowisn oil shown by its p.m.r. spectrum to contain mainly starting
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Preny's salt
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aldehyde (109a). It was difficult to assign the acetal group for the
required alconol (llua), and furtnermore the resonances in the
aiomatic legion were too tig to be assigned to the eight protons of
the desired alconol (110a) alone. However, the mass spectrum of the
total product suggested tnat the isolated material may have contained
tne coupled product (110a) since it showed tne required molecular ior.
at mfz 2b6 with fragments at £¢;4, 210, 1?4 and 161 (Scheme 41). No
attempt was mace to optimise the production of alcohol (110a ) since
it was expected that cleavage of the methoxy group at the J-pcsitior
in alcohol (liCa) will be difficult in the presence of tr.e dicxolan
group at tne ¢'-position. However tne above result suggested that if a
labile protecting group, ft, in alcehyde (109) could be used, than the
desired phenol (111) could be obtained.

Tnus tne above coupling was repeated but using aldehyde (109fc)
instead of aldehyde (lOjia) (tne former being prepared by silylaticn of
3-nyaroxybenzalaehyae with trimetr.ylsilj1l chloride and pyrioine6j to
give a colourless oil. Its p.m.r. spectrum snowed a trimetnylsilyl
group at 6 0.07, but resonances due to -OCHC and -OIK- groups of tne
required alcohol (110b) were not observed. The product also showed a
singlet at 5 9.e6 due to tne formyl group of tne starting aldehyde
(109t), and the rest of tne resonances were railtiplets at @ 3*€0-700.
Its mass spectrum aid not show a molecular ion at m/z 344 as required
for alcohol (HGt). Dissolvinc of tne product in methanol gave a
colourless oil tne p.m.r. spectrum of wnich did not show a trimethyl-
silyl group, but it was too complex to be assigned to the desired

benzyl alcohol (ill).
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OH
-Me 1
L I kJ *H I\ I rV/\N ~
N >c
~0 OMe 0 CH
m/i 194 k/z 224 1 /z 210
Schere 41.
OH
-THP+
1(-09)

I -MeCHO
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Having a problem witn trie silyl group, aldehyde (109c) »as then
prepared by treatment oi 3-hycroxybenzaldehyde with 2,3-dihydropyran in
tne presence of pyriciriium p—toluenesulfonate and the above coupling
reaction was tnen repeated. Trie product was a pale yellow oil its p.m.r.
spectrum in d-cnloroiorm snowed tnat it may have containea the required
product (110c), togetner wlitr. starting aldehyde (109c) as shown by a
singlet at £ 9»ofc. The presence of the desired product (110c) was
supported by the mass spectrum of the total product whicn showed frag-
ments at mvz 272(1), 271(1), 23b(6), 226(1), 227(4), 226(3), 211(22),
210(97)» 65(100), accounted for as shown in Scheme 42. Removal of tetra-
nyarc-2H-pyran-2-yl group in tne mass spectrometer was expected. Tnere-
fore the total product was dissolved in methanol and treated with pyri-
Qiniurr. p-toluenesulfonate in order to obtain the required phenol (111).
The product from this hydrolysis was a colourless oils its p.m.r.
spectrum in d-cnlorofore was not clean, and shouec the starting aldehyde
(109c). T.-.erefore tne product was not further examined.

Since the Scheme 4C failed to give the required alcohol (ill)
cleanly. Scheme 43 was then tried. Reacting 2 mol of phenyl-litnium
(114) (generated by the reaction of aioxolane (106) witn n-butyl-litnium,
as before) with phenolic aldenyde (115) was expected to give alconol
(lit) from which the desired quinone (112) could be tenerated, eitner
after removal of the protecting group R in (lib) followed toy CAN oxida-
tion of hydroquinone (117), °r by the reaction of CaN directly on the
alconol (116). It was foundO that demethylation-oxidation of monometnyl
ether (lib) with CAN to the correspond” 1,4-benzoquinone occurred much
«ore rapidly than lor the dimethyl etner (119)» Kydroquinone (117) was

expected to be unstable
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(2) Oxidation

(cf. Schama 40)

Schama 45.

(lie) (119)
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The coupling reaction of pneny1-litr.ium (114) with aldenyde (115a)
was then tried. Aldehyde (115a) was left to the author from earlier
wors;?’l'it was preparec by Reimer-Tienann formylation of hydrocuinone
mono-methyl ether, but it could also be prepared from 2,5-dimetnoxy-
benzaldehyde (120) by treatment with boron trichloride”™a (Scheme 44).

However, the product isolated from the above ary 1-lithium couplirg,
after decomposition with 3~ acetic acid, wasa’\yellowish oil: its p.m.r.
spectrum in d-chlorcfore. shewed that it may have contained desired
alcohol (116a) together with starting aloehyde (115a). The presence of
(116a) in tne crude mixture was supported by its mass spectrum, which
snewee the molecular ior. at nv/z 302. However, its p.m.r. spectrum, ir.
Q-cnlcroform was not clean, ar.c the resonances due to tne Cx-hydregen
[*"H(CH)IT group, expected to be a doublet |j|f. compound (86), pare 78 jl
at about & 6.40-6.50 were not observed. Interestirgly, a fragment at
m/z 264 was observed in its mass spectrum, suggestir® tnat an elimina-
tion reaction [CS (12|)J may have occurred in the mass spectrometer to
give (122) (Scheme 45)* Such eliminations are usual for systems such as
(123) to give quinone rretnide-derived products.gb

Since the above coupling reaction did not give (116a) cleanly, the
reaction was tr.en repeated usirg phenolic aldehyde (115b). Compound (115b)
was obtained by treatment of 2,5-dinydroxybenzaldehyde (124) with 2,3
dinydropyrar,, as for tne preparation of aldehyde (109c), in 75# yield.
However, tne product obtained from the aryl-lithium coupling reaction,
after decomposition with 5X acetic acid, was too complex to be identified
as the desired compound (116b). Tr.e mass spectrum of the total product
dia not snow a molecular ion at mv/z 37~ required for compound (116b),
or even fragner.ts at m/z 286 (K - THP + H)+ ~structure 117J or 242 (Jy -

THP - KeCHO ¢ H) F;tructure 125 ; but it did show a fragment at 226
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which may have been due to the cyclised product (84) (Scheme 46).

Those observations suggested that the desired compound (II6b), in
contact with acetic acid during work-up could be easily hydrolysed to
phenol (117) which gradually decomposed £due to the acidic phenolic
group present in (117)Jto give the final cyclisation product (64).
Compound (84) would be expected to oxidise in air to give quinone (134)
Jj[see page 100 , Scheme 59)°J as reported in the literature;™ for

analogous tetracyclic systems derived from daunomycin. However, a

molecular ion at m/z 224 for compound (134) was not observed in the

mass spectrum of the above mixture.

To complete the series of reactions between the phenyl-lithium
(114) and substituted benzaldehydes, Scheme 47 was then investigated.
It was hoped that reaction of aryl-lithium (114) with benzaldehydes
having the general structure (127) would give benzyl alcohols (128)
which on various transformations should give the desired quinone (73)*
The protectir™ group R in the starting aldehyde (127) could be chcsen
according mainly to its lability compared to that of the acetal group
present in (128) or (129), thus leading to the quinones (112) or (73)»
respectively. Protective groups such as Ke, SiKe”, and CIUOKe were
particularly worth examining, and the preparation of ketones having the
general structure (129) was of particular interest since the carbonyl
group in them would stabilise the acetal towards acidic hydrolysis, and
hence facilitate the preparation of the desired quinone (73)e

The coupling reaction in Scheme 47 was initially tried using 2,5-
dimethoxybenzalaehyde (120) at -70° in ether, since this aldehyde is
readily available. Decomposition of the reaction mixture with water and
the usual work—dp gave a colourless oils its p.m.r. spectrum in d—
chloroform shewed that it contained the desired benzyl alcohol ( 86)

and starting aldehyde (120) in the ratio 1:1, respectively (Scheme 4S).









79

Repeating the reaction at -30C gave only startirg aldehyde (120); so
did reaction at -70° in THF. On the other hand, using a larger excess
of n-butyl-litnium. to generate the phenyl-lithium (114), also gave
alcohol (ljl) as a byproduct.

Monitoring the above couplirg reaction at -70° showed that the
ratio (ca. I:1) of benzyl alcohol (66 ) and starting aldehyde (120)
remained unchanged after ca. 20 min. following addition of aldehyde
(12C). (See Table in Experimental). Ir. this connection, it was observed °
in our laboratories that couplirg of aldehyde (120) with Grignard
regent (132) was never complete, even when a ten times excess of
Grignard reagent (132) was used: a mixture with starting aldehyde
(120) was always obtained (Scnene 45)-

Tnerefore it was decided to isolate the benzyl alcohol (66 ) in
a pure state. Small scale (ng) column chromatography using 1:1 hexane-
ether as eluent afforded pure (66 ) in £a. 37% yield; starting aldehyde
(120) and benzaldenyde ethylene acetal were also isolated. However,
purification on a larger (g) scale failed to give pure product ( 66)>
tae material isolated was always a mixture of (66 ) and the lactone (&3>
together with startirg aldehyde (12C). formation of lactone (65) could
be due to cleavage of the acetal in (66 ) followed by air oxidation
and cyclisation durirg the worx-up (Scheme 52).

The structure of benzyl alcohol ( 86) was confirmed by its
elemental analysis, p.m.r. and macs spectra. Its p.rt,.r. spectrum in d-
chloroforrr. showed sirglets S at 3«60 and 3*74 due to two methoxy
groups, a multiplet at 4.00-4.20 due to the acetal group, a singlet at
6.20 due to the -OCHG- troup, a doublet J 2.5 at 6.40 due to -CH-,

and the rest of the resonances in the aromatic region.
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The mode of formation of lactone (85) was confirmed by treatment
of the above mixture |86 ) and lactone (&5)J with 15% hydrochloric acid
in THF followed by air oxidation: the lactone was produced quantitatively.
Similarly, lactone (85) was obtained by oxidation of diol (62) as menticr.ed
in Section 2.1, Scheme 53*

Having isolated benzyl alcohol ( 86)» although only on a small
scale, it was of interest to investigate some of it3 reactions, in an
attempt to obtain the desired quinones (73) and (112) (Scheme 47)» Thus
benzyl alcohol (86 ) was treated with 5 mol of CAN in aqueous aceto-
nitrile, giving a red-brown oil. Its p.m.r. spectrum in d-chloroform
was not clean, and it was difficult to be assign peaks to the quinones
(73) and/or (112) alone. Its mass spectrum, however, shewed a molecular
ion at m/z 264, which suggested that the product may have contained the
benzoylquinone (73)* Extraction with hot pentane gave a red powder,
subsequently identified as anthraquinone (134) which was identical
(m.p. ard p.m.r. spectra ) with the authentic sample prepared from
benzophenone (135) (Section 3*2, Scheme 59)- Presumably the formation
of anthraquinone (134) proceeds via a mechanism such as that outlined
in Scheme 51« since it was found that on standing at room temperature
for 5 days, the crude quinone (66) gave anthraquinone (134) (see Section
3.2, Scheme 66).

Since the above reaction failed to give either of the desired
quinones (73) and (112), benzyl alcohol ( ) was then oxidised to the
benzophenone (136) by the used of actived mangaaee«-dioxide,” in over
80% yield (Scheme 52). The Structure of benzophenone (136) was
confirmed by its elemental analysis, p.m.r. and mass spectra. Its p.m.r.
spectrum showed singlets at < 3*52 and 3*75 due to two methoxy groups,

multiplets at 4.08 due to the acetal group, a singlet at 6.20 due to
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the -OCHO- group, with the rest of the protons in the aronatic region.
Its mass spectrum Bhowed the molecular ion at n/z 314 with a fragment
at m/z 270 (M - MeCHG) as expected.

Several reactions were then tried in attempts to isolate the
benzoylquinone (73)« Thus benzophenone (I36) was treated with 5 mol
of CAN in aqueous acetonitrile, giving a red-brown oil, the p.m.r.
spectrum of which in d-chloroform showed multiplets at &3.20-4.60 and
6.30-6.30, and two small singlets at 9*82 and 11.30. The spectrum was
difficult to be assign to the desired quinone (73)» although the mass
spectrum of the product showed a molecular ion at m/z 264, as required.

Treatment of benzophenone (1367 with only 3 mol of CAN, in
contrast, gave a mixture of hydroquinone (67) and benzophenone (72) in
a Isl ratio. The p.m.r. spectrum of the total product in d-chloroform
showed singlets at 6 3*56 and 3*76 due to two methoxy groups of benzo-
phenone (72/, sir~lets at6 11.34 due to the hydroxy group at the 2-
poeition of hydroquinone (67), two sir~lets at 69*95 and 9.85 due to
two forayl groups, and the rest of the proton resonances in the aromatic
region. Formation of hydroquinone (67) and benzophenone (727 was not
suprising since it is known that aqueous CAN is acidic, and that it is
a demethylating agent.lza

The mass spectrum of the total product showed MYz 242 and 240,
consistent with the cyclisation of (67; to a dihydroquinizarin (156)
cB/l 2427, (see page 105 ), and its subsequent oxidation to qulnizarin
(34) (‘/!. 240). The reactions of benzophenone (136) with CAN, therefore,
were not further examined. In this connection, it is interesting that
dethioacetalisation with CAN in aqueous acetonitrile at room tempera-
ture was reported,12® to give the parent carbonyl compounds in good

yield.
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Isolation of benzophenone ~156), however, suggested that if
benzophenones (129) (Scheme 47) could be prepared, where H is more
easily removed than the acetal group; it should be possible to obtain
the desired quinone (75)e Therefore benzaldehyde (138) was prepared by
treatment of 2,5-dihydraxybenzaldehyde (124.) with hexamethyldisilazane
in the presence of imidazole,1” in 64# yield, preparation using tri-
methylsilyl chloride/pyridine in ether gave a mixture of the desired
aldehyde (138) *nd mono-silylated aldehyde (139)*

Coupling of the phenyl-lithuim (114) with benzaldehyde (1309 wa®
then carried out as shown in Scheme 53* After usual work-up the reaction
gave the desired alcohol (140) as a brown oil in over 70# yield. The
product was unstable! it gradually charged to a greenish gum even at the
time of removal of the solvent. Its solutions in ether or dichloro-
methane either at room temperature or at 0° or under nitrogen were also
unstable. Therefore it was not possible to obtain a good elemental
analysis; only mass measurement was recorded. The instability of the
alcohol (140) may be due to the fact that the trimethylailyl groups are
easily removed leavi% hydroquinone (117)» In which the acidic phenolic
hydroxy groups accelerate the decomposition process (Scheme 53)*

Having difficulties in handlir® the benzyl alcohol (140), the
freshly prepared naterial was dissolved in ether and immediately treated
with active narganeee dioxide,” hoping to isolate benzophenone (141) in
which the carbonyl group would stabilise the acetal function. The
mixture was then either refluxed or stirred at room temperature over-
night. However, the product Isolated from both oxidation conditions
was the startir« material (140); suprisingly no sign of oxidation
product (141) was detected even in the mass spectrum of the total

product. Oxidation usirg 1«2 chromium trioxide-pyridine complex (6 mol),
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in dichloromethane,14 still gave the starting benzyl alcohol ~140J,

although its mass spectrum now showed a molecular ion at n/i 430,
possibly due to the desired benzophenone (141).

Oxidation using B.D.H. precipitated manganese dioxide in ether
with shaking at room temperature overnight gave a brownish oil, the
p.m.r. spectrum of which in d-chloroform showed the absence of the
trimethylsilyl groups. Its mass spectrum shewed a molecular ion at
mv/z 286 which suggested that the product may have contained phenol
(117~ This product however was not further examined.

Having failed in the oxidation of benzyl alcohol (140J, a
different route towards the preparation of the desired benzophenone
(141) was then tried. This will be discussed in Chapter 4.

At one stage it was of interest to prepare benzyl alcohol (142)
by couplirg the phenyl-lithium (114) with the benzaldehyde (143), since
it was reported I%/that the tert-butyldimethylsilyl protecting group is
more stable then trimethylsllyl itself. However, attempts to prepare
the protected aldehyde (143) In a pure state from the corresponding
phenolic aldehyde (124) failed. Ratification either by sublimation of
the crude product, or by column chromatography through polyamide, or by
washirg with water or saturated sodium hydrogen carbonate gave starting
aldehyde (124).

Several further reactions were then tried in attempts to obtain
the hydroqulnone (117) from which,by successive oxidation, irradiation,
and oxidation the required quinone (112.) may be obtained (Scheme 43)»
Therefore, freshly prepared alcohol (140) was dissolved in methanol and
the solution was stirred at room temperature for 3 h. As expected the
product isolated from this reaction did not show a signal due to a tri-

methylsilyl group; however, the signal due to the acetal group was not
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clean, and therefore the product vae not further examined, although,
ite mats spectrum did show a molecular ion at jfz 284. In this connec-
tion removal of trimethylsilyl groups by treatment with methanol has
been reported in the literature.”

It is known17 that fluoride ion is a good nucleophile to remove
trimethylsily 1 groups to give the corresponding alcohols. Hence the
freshly prepared alcohol (140J in methanol was treated with potassium
fluoride, hopirg to isolate hydroquinone (117). The product isolated
was colourless oil. Its p.m.r. spectrum showed a einglet at 5 4.05 due
to an acetal group, a broad singlet at (4.20-4.75 due to two hydroxy
groups, singlets at 5*65 and 6.15 due to a -OCHO- and -OCH- groups,
respectively, and at 6.60 due to two aromatic protons, oultiplets at
7.10-7.60 due to five aromatic protons and a singlet at 8.00 due to one
hydroxy group. The spectrum suggested that the product may have contained
the desired hydroquinone (117). Unfortunately the reaction was un-
reproducible: an attempted repetition gave a brownish oil for which the
p.m.r. spectrum did not show signals due to -OCHO- and -CHO- groups.

It seemed that it was not possible to isolate hydroquinone (117)«
and therefore several attempts were made to prepare the desired quinone
(112) without Isolation of hydroquinone (117). Thus the freshly prepared
alcohol (140J was treated with 4 mol of CAN in aqueous acetonitrile to
give an orange sticky oil for which the p.m.r. spectrum in d~hloroform
showed only two sets of aromatic protons at 6 6.657.90 and 7*50—7*60 in
the ratio of about 111. Its mass spectrum showed a molecular ion at Mz
240, with fragments at 224, 197, 185, 152, 158, 157, 106 and 105* This
product was not further examinedm A similar reaction in a two phase
mixture (dichloromethane-water) gave an orange oil for which the p.m.r.

spectrum in d-chloroform was unclean, although the mass spectrum showed
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the required molecular ion at m/z 266, possibly due to the desired
quinone (112).
The reaction with CAN in aqueous acetonitrile may proceed because

of the presence of nitric acid in the mixture.

0TM5 0

N
2(NH4N03)2Ce(N03)4 + 2TF60H + 2Ce(NOj)j + 2HNO?

H H
OThs

Therefore removal of nitric acid should protect the acetal group. It
is known that nitric acid is absorbed by Puller's earth.18 Thus removal
of the trimethylsilyl group was repeated usirg a combination of potassium
fluoride and CAN in the presence of Puller's earth. The product isolated
was a brown oil for which the p.m.r. and mass spectra suggested that the
desired quinone may have been present. However, attempted purification of
the product, either by solvent extraction, sublimation or column chromato-
graphy showed further decomposition of the acetal group. The reactions of
benzyl alcohol (140) discussed above are summarised in Scheme 34.

To date, it seemed that the desired quinone (112) would not be stable,
and therefore a new route to the quinone (75) wa® investigated. This is

described in Section 3*2e
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3.2. SvrvtnesiB of 2-('l.~-Dioiolan-2-yl)benzoylj-1.4-benzoqulnone and
Some Reactions of 21-(1,3-Ploxolan-2-y1)-2 ,5-bis (methoxymethoxy)-

benzophenone.

The first successful synthesis of the quinone (73) is shovn in
Scheme 55» Coupling of phenyl-lithium (114) with bis(methoxymethoxy)-
ether (144) followed by oxidation of the crude mixture (145) gave the
desired benzophenone (135) In 63X yi*H . Treatment of benzophenone (135)
with argentic oxide in the presence of pyridine-2,6-dicarboxylic acid 197
in agqueous acetonitrile gave the desired quinone (75) In 76# yield.
Similarly the quinone (75) could be prepared from benzophenone (136) in
69% yield .

The structures of benzaldehyde (144) and benzophenone (135) were
confirmed by their elemental analyses, and p.m.r. and mass spectra.

The p.m.r. spectrum of aldehyde ~144) in d-chloroform showed
sir~rlets at &5.46 and 3.50 due to two methoxy groups, singlets at 3.16
and 5.26 due to the -OCHg groups, a doublet J 9*5* at 7.02 due to H-3,
a double-doublet, 9«5» (2 5t at 7*26 due to H-4, a doublet J 3» at
7.52 due to H-6 and a singlet at 0.28 due to the forojyl group. It showed
the required molecular ion at Mz 262.

The 300 MHz p.m.r. spectrum of benzophenone (135) in d-chloroform
showed singlets at £ 3.24 and 3.48 due to two methoxy groups, a nultiplet
at 4.02 due to the acetal group, singlets at 4.90 and 5.16 due to two
*OCH2 groups, a singlet at 6.26 due to the —©OCHO—group, a doublet, J 9»
at 7.14 due to H-3, a double-doublet, 8, Jg 3, at 7.22 due to H-4,

a doublet, J 3, at 7.32 due to H-6, a multiplet at 7.42 due H-4'" + H-3',
collapsed to a singlet on irradiation at 7*58, a nultlplet at 7»56 due

to H-5' and a doublet*J 8, at 7.80 due to H-6*. Its mass spectrum showed
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the molecular ion at MYz 374 (33#) with the MOM group lost in preference
to the acetal group.

The structure of the desired qulnone (73) was then confirmed by
its p.m.r. and mass spectra. Its p.m.r. spectrum in d-chloroform showed
singlets at £ 3»96 and 6.22 due to acetal and -OCHO—groups, respectively,
a multiplet at 6.82-6.64 due to H-3 + H-5 + H-6, a multipiet at 7.42 due
to H-5' + H-3*, which charged to a doublet, J 3, on irradiation at 7-40,
a doublet of triplets, 8, 4, at J.60 due to H-4' which charged to
a double-doublet, 8, Jg 3» on irradiation at 7.42, and a doublet, J 8,
at 7*83 due to H-6' which collapsed to a singlet on irradiation at 7+*60.
Its mass spectrum showed a molecular ion at m/z 286 probably due to its
hydroquinone (formed on the probe of the mass spectrometer), and the
required molecular ion at MYz 284 with fragments due to loss of the
acetal group, as expected.

Interestingly, the main problem associated with the above synthesis
was the preparation of starting aldehyde (144). Initial attempts to
methoxymethylate aldehyde (124) using a 1*1 mixture of methyl acetate-
methoxymethyl chloride20 in dichloromethane in the presence of triethyl-
amine either at room temperature or refluxirg temperature gave only 3#
of desired aldehyde (144): the major product being mono-methaxymethyl
ether (146). Similar reactions using pyridine as the base in either
dichloromethane, tetrahydrofuran or ether failed to give the desired
aldehyde (144)* the product isolated was starting material (124).
Attempted methoxymethylation of aldehyde (124) by the use of powdered
4A molecular sieves to absorb hydrogen chloride (cf. ref. 21) again
gave the mono—methoxymethylation product (146). The difficulty in prepara-
tion of (144) may be due to internal hydrogen bonding

starting m aterial (124).
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Therefore, at one stage it was of interest to prepare the desired
aldehyde (144) via lithiation of bls(methoxymethaxy)benzene (148},
followed by formylation (Scheme 56) since the aryl-lithium has been
reported,” and bis(methoxymethoxy)benzene (148) is known;”a the latter
was prepared by heating hydroquinone in ether with methoxymethyl chloride
and dimethylaniline, in about 60-"5% yield. In our hands, compound (148)
was more easily prepared by treatment of hydroquinone with a 1:1 mixture
of methyl acetate-methoxymethyl chloride20 in the presence of triethyl-
amine at room temperature, in ether, in about 6C% yield (Scheme 57),
Therefore the mono-methoxymethylation product (146) which was isolated
previously was treated with a 1»1 methyl acetate-methoxymethyl chloride,
in the same manner as used for the preparation of (148) just described:
this afforded the required bis(methoxymethoxy)benzaldehyde (144) in 60%
yield. Hence, treatment of 2,5-dihydroxybenzaldehyde (124) with 2-3 mol
of methyl acetate-methoxymethyL chloride in the presence of triethyl-
amine in ether (instead of dichloromethane as before) was then tried: it
gave the desired methoxymethoxy ether (144) in about 57% yield. The
latter route reduces to one step the preparation of (144) from the
available aldehyde (124) (Scheme 58). This procedure is clean and simple,
and illustrates the Importance of correct choice of solvent.

To the best of our knowledge, the above method for preparation of
methoxymethoxy ethers has not been reported in the literature. Therefore
it was of interest, to use the method for the preparation of other
methoxymethoxy ethers, particularly from substrates having internally
hydrogen bonded hydroxy groups similar to that in aldehyde (124). Models
of general structures (149) (150) were used. The progress of reaction
was easily followed by observir¢g the formation of triethylammonium

chloride which separated durii® the reaction as shown below.

20
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CcH
I+ wmeocH, ci ELN
ether
All the methoxymethoxy ethers which were prepared are summarised

in Tablets 1 and 2. These show that the substrates without the internal
hydrogen bond gave 60-6196 of the corresponding inethoxymethoxy ethers

[m*' e** 'ph* (Table 1) and *a* (Table 2 )] . The methoxymethoxy ester
(151) was also prepared from the correspondirg acid (96) in 839 yield.

As shown in Table 1, it is worth notir® that for the trisubetltuted
benzenes (149)1 the yield of bis(methoxymethaxy) ether decreases in

the following order: R - H, Ph,0Me, and OMOK. This order nay reflect
the inductive and mesomeric effects of the substituent R on the strength
of the internal hydrogen bond. Similar effects could also account for

the yields of methoxymethoxy ethers from disubetituted benzenes (150)
(Table 2). As expected, the preparation of mono(methoxyinethaxy) ethers

of tri8ubstltuted benzenes (149) was much easier than that of the bis-
ethers, and therefore the mono(methaxymethaxy) ethers of some tri-
subetituted benzenes (149) were isolated in high yield [entries 'h* and
'i' (Table 1)j . In contrast, it was difficult to prepare the bis(methaxy-
nethoxy) ether of 2,5-dihydraxyacetophenone (149» R “ OMe): only its
mono( methoxymethoxy) ether was obtained, in 1036 yield. (Entry 'j'* Table 1).
The low yield of this ether may be due to the low solubility of methyl

2,5-dihydroxybenzoate in ether.
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Table 1I.

MOM Ethere of Sone 1.2.4-TriBubetitutcd Benzenes *)

1
(b)
Yield/# bp. /mmHgy
/N
‘o) R1 a R2 - MM R5 - H 61 76-80 /0.1 D
b HL » R MM H5 - OKs 76 80-86/0.1
Ce) R1 m» R2 - MM R5 a CHO 57 56-60/0.05
Cd) R1 m R2 - MM R5 m co2h - 100-104/0.5
Ce) R1 m R2 - MM R5 m COPh 23 96-100/0.1
(0 R1L m R2 - MM R5 m cozite 18 Not determined
fg) R1L m R2 - MM R5 m COgVOM 17 Not determined
(h) R1 m OH, R2 - MOM R5 m CHO 80 50-56/0.1
J) K1 m OH, H* - MOV RS m  COKAe 10 Not determined
Notes;
(*) Prepared from the correspond!l« hydroxy compounds. Bccept for
entry c, yields were not optimised.
(b) Except for entry clt *11 % are for isolated products. For«), the
product was always a mixture with entry g.

(c) The compound was prepared in refluxing dichloromethane using

powdered 4A molecular sieves.

(d) Lit.,25 b.p. 136-137°/°-5 ™.
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Table 2.

MM Ethers of Some 1.2-Disubstituted Benzenes )

Isolated

Yield/* b.p. /iy
(«0 Rl - Br; R2 - OMXK 81 60-64/0.1
(b) RIL . ovwom R2 . H 7b(c) 60-66/0.1
(c) Rl . OMOK; R2 - OH 62 60-64/0.1")
(d) HL - OvOoK R2 - Ohe 10 Not determined
Cq) RL - OwOK; R2 m OVOM 10 Not determined
(0 Rl - ovov R2 m Me 16 Not determined
Notes :
(a) Prepared from the corresponding hydroxy compounds. Yields were not
optimised.

(b) Ref.,2* white solid, m.p. 63-64°.
(c) This compound is known;2§ prepared by treatment of the correspotding
aldehyde with methylal and phosphorus oxychloride In toluene at 65° in

90% yield.

(MeO~CHg f G&HO

POCIj, PhMe, 65°



It is worth noting that the bis(methoxyethoxy ) ether (152a)
was also prepared, by the reaction of 2,5-dihydraxybenzaldehyde (124)
with ethoocyethene in the presence of pyridinium j>-toluenesulfonate
in dichloromethane at room temperature for 15.5 h. as a yellowish oil
in 76% yield. Preparation using ethoxyethene in the presence of coneen-
trated hydrochloric acid,z'ib gave startit¢ aldehyde (124). Compound
(152a) was not very stable and sublimation on larger scale (>0.5 g),
give mono(methoxyethaxy) ether (152b). Attempts to prepare the
methoxyethoxy ether of 2-hydroxybentaldehyde (150, R - H ) using the
above method failed: the reaction mixture rapidly changed to red-
brown, and p.m.r. spectroscopy showed the absence of a formyl proton.
Therefore, the preparation of other (methoxyethoxy) ethers corres-
ponding to the methoxymethoxy ethers shown in Tables 1 and 2 was not
attempted.

Having prepared benzophenone (135) as described above (See
Scheme 55”7 it was of interest to examine some of its reactions, with a
view to cyclisation to generate compounds such as (34), as models for
the formation of tetracyclic compound (71). The results are summarised
in Scheme 59«

Benzophenone (135) was firstly treated with argentic oxide and
nitric acid in THF26 for 8 min. This reagent was reported26 to oxidise
2,5-dimethoxytoluene to the corresponding benzoqulnone in 41% yield.
However, the product isolated from this reaction was a mixture which
mey have contained the starting material (135) =>4 2*-formy1-2,5-
ble(methoxymethoxy)benzophenone (153) (In ODCI®, singlets at S 3*10»

3.14, 3.40, 3*41, 4.75, 4.75, 5.02, 5*04, and 10.05).
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AgO
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(135) CAN (excess)

CHgClj/HgO

Sche ran 59

(71)

Complex mixture; may
have contained (135)

and (153).

(153)

No reaction.
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Treatment of (135) with 4M periodic acid in DIF for 2£ h. and
extraction of the product with ether gave a brownish liquid which was
identified as aldehyde (153)* Compound (133) had a molecular ion at

330 and its 220 MHz p.m.r. spectrum in d-“hloroform showed sir”-lets
at 8 3.20 and 3.30 due to two csthoxy groups, singlets at 4.85 and 5*13
due to two OCHg groups, a doublet, J 9» at 7.12 due to H-3, a double-
doublet, 9 (2 5*3» at 7.20 due to H-4 which collapsed to a doublet,
J 8, on irradiation at 7.40, a doublet J 3.3, at 7.40, due to H-6,
changed to a singlet on irradiation at 7.20, a sultiplet at 7*3? due
to H-3', Dultiplets at 7.62 due to H-4' + H-3', a nultiplet at 8.02
due to H-8', changed to a singlet on Irradiation at 7.62, and a sir"let
at 10.26 due to a forayl group. The p.m.r. spectrum is showed in Figure

Grieco et al.2” used 70% pechloric acid in dichloromethane at 0°
to generate a carbonyl group from an ethylene acetal.

Compound (153) was also isolated from treatment of (135) with
4 mol of CAN in aqueous acetonitrile for 2 h. However, treatment of
(135) with 8 mol of CAN in a two phase dichloromethane-water system
and shakily at room temperature for 24 h. gave starting material (135).

Treatment of (135) with 6M hydrochloric20 acid in THF at room
temperature for 24 h. gave a red precipitate of 9-hydroxy-1,4-anthra-
quinone in 75Jiyield. It melted at 198-199° with decomposition to a
black tar (Ilt.,2”~ 200° decomp.). Its mass and 300 MHz p.m.r. spectra
are shown in Figures 3iL , respectively. Similarly, compound
(134) was isolated from the treatment of (135) with titanium tetra-

chloride in dichloromethane” after 3 min. reaction time.

It was our expectation that acid treatment of (135) could give
quinizarin (34) via cyclisation of (67) followed by aerial oxidation

(Scheme 60). However, formation of (134) on treatment of benzophenone
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(156a)

Scheine 60
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(135) with hydrochloric acid presumably proceeds ila the mechanism
outlined in Scheme 61. Intermediate (155) could dehydrate to give

(136) which could then tamtomerise to give the final product (134).

On the other hand, intermediate (155) could tautomerise to give (159)
which then dehydrates to the same product (134). A similar explanation
could also account for the transformation of benzophenone (135) into
anthraquinone (134) by treatment with titanium tetrachloride (Scheme 62).
Treatment of hydroquinone (160) with iron (Ill) chIorideZ(; vaa reported
to give anthraquinone (134) (Scheme 63).

Isolation of compound (134) prompted us to prepare hydroquinone
(113) which on acid treatment could give qulnizarin (34) or 9-hydroxy-
1,4-anthraquinone 71349« The required hydroquinone (113) was obtained
by reduction of benzoqulnone (73) with zinc dust in acetic acid at
room temperature, in SI%yield. Under such conditions, one might expect
to obtain tricyclic compound (34) and/or (134), but yet hydroquinone
(113) was isolated.

Compound (113) had a molecular ion at MYz 286 (369E), which easily
lost CgH”O, presumably giving the aldehyde (67) cation radical which
then eyeUsed jjas (Scheme 60 to give products with m/z 240 and 224
respectively,” that with m/z 224 possibly beirg due to tricyclic
compound (134)»

Treatment of (113) with 10JE hydrochloric acid in THF for 24 h.
gave, as expected, a mixture of the 1,4-anthraquinone (134) and quini-
zarin (34) in the ratio of about 3«1, respectively (Scheme 64). These
results give further support to the mechanism suggested in Scheme 61.
In this case, dehydration-tautomerisation of (155) (Scheme 61) competes
with énolisation—exidation (Scheme 60) to give the final products (134)

Anl (34), respectively.
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As mentioned earlier in this Section, the reaction of benzo-
phenone (135) with periodic acid in DMF give aldehyde (153) (Scheme 59).
Therefore it was of interestto prepare quinone (66) Tone of the required
compounds (Chapter 2)J by treatment of aldehyde (153) with argentic
oxide in the presence of pyridlne-2,6-dlcarboxylic acid, as for the
preparation of quinone (73) shown in Scheme 55« The crude product obtained
from this reaction may have contained the desired quinone (66) since its
p.m.r. spectrum in d-chloroform showed multiplets in the aromatic region,
broad singlets at 5 6.70 and 6.90, and a singlet at 9*98 due to a formyl
group. The crude product had a molecular ion at m/z 240. The product was
not very stable: its solution in dichloromethane on standing at room
temperature overnight changed from red to dark brown. Furthermore
leaving the crude product in the dark at room temperature, followed by
extraction with cold hexane gave a mixture of anthraqu lnone (134) and
quinizarin (34) in the ratio 4:1 respectively, (total yield 40#)(Scheme 65)

Formation of (134) and (34) from quinone (66) could be explained
by the mechanism shown in Scheme 66. Thus the quinone (66) could react
with water to give hydrate (161) which then reduces quinone (66) to
hydroquinone (67): which following cyclisation and tautomerisation-
dehydration gives the anthraquinone (134) (Scheme 61) in competition;
with the cyclisation-oxidation route (Scheme 60) to give quinizarin (34)
The former route seems to be preferable to the latter, giving a mixture
of (134) and (34) in the ratio 4:1 respectively. The reduction of quinone
(66) to (67) could account for the fact that the total of (134) and (34)
obtained from the mixture was only a 40# yield (the route shown in
Scheme 66 predicts a maximum of 50#)

Formation of cyclic product (134) on treatment of (135) with acid
(ScheM 59) prompted us to extend this work to the generation of tetra-
cyclic compounds, a basic structure of anthracyclinones. The results are

described in Section 3»3»
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It was stated earlier in this Thesis (Section 1.2) that it was of
interest to generate tetracyclic compounds such as (71) via Diels-Alder
addition followed by £1,5]j aroyl rearrangement and cyclisation. Therefore
Scheme 67 was examined.

Benzoquinone (75) was treated with trans- penta-I,3-diene in benzene
or dichloromethane at room temperature for 20 h. to afford the desired
adduct (74) as a pale yellow oil in $%yield.

Treatment of adduct (74) with d”~-pyridine”~ and monitoring of the
progress of reaction by p.m.r. spectroscopy at room temperature showed
that the rearrangement was complete in 21 h. Removal of the solvent
afforded the desired isomer (162) in 949 yield.

Interestingly, when a solution of the adduct (74) was kept in d-
chloroform overnight, the compound ieomerised to the aroylhydroquinone
(162), possibly due to the presence of acid (DCI) which catalysed the
énolisation necessary for the aroyl shift. This is the first time
that such a rearrangement has been observed under these conditions; a
basic medium is usually required.

Finally, the cyclisation was achieved by treatment of rearrange-
ment product (162) with either 1036 hydrochloric acid in THF,28 toluene-"-
sulfonic acid in acetone,; trifluoroacetic acid in dichloroaethane,3:’3\
oxalic acid in or trifluoroacetic éinhydride"‘34 in dichloroaethans:
all gave tetracyclic compound (167?) in 57-7396 yield. The cyclisation
reactions were carried out at room temperature, overnight.

All compounds (74), (162), and (165) showed satisfactory i PeR
and mass spectral data. In particular, the p.m.r. and mass spectra of the

eyeUsed product (16J) are shown in Figures 4 and 5 , respectively.
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Formation of tetracyclic compound (163) could be explained by
the mechanism outlined in Scheme 68, similar to Schemes 60 and 61.
Rearrangement product (162) on contact with acid should give aldehyde
(164). One might expect that this aldehyde would immediately eyeUse
to give intermediate (165a) which then either dehydrates to give (163)
or tautomerises followed by oxidation to give the final product (71).
The former process leadirg to final product (163) seems to be preferred
since internal hydrogen bonding (Structure 165b) favours dehydration
rather then enollsation. Note that, the internally hydrogen bonded OH
group in structure (164) could prevent Hayashi-type rearrangement”
during cyclisation.

Some important points should be noted in connection with the
structure of compound (163). It has Just been reported3Q that reduction
of anthracyclinone (166) with dithionite in anaerobic buffered aqueous
methanol at pH 7.4 gives (166aj (Scheme 68a). This compound is unstable,
easily losing water to give (I66ty and (166c)(Scheme 68a). Compound (166b)

internally hydrogen

bonded hydroxy group, and at 8.50 due to the aromatic proton H-12,
which is deshielded by both the 11-carbonyl and the 1-methoxy groups.
In contrast, compound (I66c), an isomer of (166b), showed singlets at &
i5.11 and 8.01 due to the internally hydrogen bonded hydroxy group and
the aromatic proton H-5, respectively, the latter being deshielded only
by the 6—arbonyl group. Our compound (163) showed singlets at £ 14.16
and 8.14 due to the internally hydrogen bonded hydroxy group and the
aromatic proton H-12jrespectively.

The position of resonances due to internally hydrogen bonded hydroxy
groups is very sensitive to the effects of substituents, even those at
considerable distances from the hydrogen bond, and therefore direct

comparison of these resonances for compounds (163), (166b), and (166¢c)
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Scheme 68a.

(165) (163%)



may not toe structurally meaningful. However, euch complications do not arise
for simple aromatic proton resonances, and the similarity of the chemical
shifts for H-12 of compound (163H68.14) and for the comparable H-5 of
compound (166¢)(S8.01) supports the assignment of the 1,4-anthraquinone
structure to each series.

As shown in Scheme 66a, the formation of the two isomers (166b) and
(166¢c) is a consequence of the ability of the anthrahydroquinone (166a) to
tautomerise in two ways: 9tlO-Anthrahydroquinone-10-hydroxy-9-anthrone
tautomerisni occurs particularly under basic conditions. In contrast, forma-
tion of compound (163) as shown in Scheme 66 involves acidic conditions, and
therefore analogous tautomerism in (165a) and (165b), which could lead to
the formation of the isomer (165a) of compound (163), is considered to be
unlikely. Further if this loss of regiochemistry had occurred, a mixture of
(163) and (163a) would have been expected: only a siigle product was obtained.

It was mentioned earlier (Section 3.2; Scheme 64) that treatment of
hydroqulnone (113) with acid gave a mixture of 9-hydroxy-l,4-anthraquinone
(134) and quinizarin (34) in the ratio of about 3:1, respectively. In
contrast, treatment of the rearrangement product (162), a formyl analogue
of (H 3), under the same conditions gave only the tetracyclic compound (163),
analogous to (134), but no quinizarin analogue (71) was detected (Section 3.3?
Scheme 66). These observations suggested that carbocation intermediates,
such as structures (156b) and (167a) respectively, may participate in the
cyclisations (Schemes 69 And 69a).

As shown in Scheme 61, the intermediate (155) could dehydrate giving

(158) which tautomerises to give 9-hydroxy-l,4-anthraquinone (134).
This Intermediate (155) could also enolise to afford (156), oxidation in
air then givirg quinizarin (34) (Scheme 60). On the other hand one could
expect that the intermediate (156) in the presence of acid could give the
carbocation intermediate (156b) which then deprotonates to (158) giving

the final product (134) (Scheme 69). The carbocation (156b) may not be very
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Scheme 69
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stable, and may be formed relatively slowly; therefore allowing some of
the cocanthrone (156) to be oxidise to quinizarin (54), givir™ the final
product of cyclisation of (113) as a mixture of the 1,4-anthraqulnone
(134) and quinizarin (34). Similarly, structure (167) (Scheme 68),
analogous to the oxanthrone (156) (Scheme 60), could also dehydrate to
give the corresponding carbocation (167a) which then deprotonates to
give the final product (163) (Scheme 69a). Carbocation (167a) (Scheme 69a)
should be more stabilised then carbocation (156b) (Scheme 69) due to

the electron releasing effect of the alicyclic system. This carbocation
should give the tetracyclic compound (163) after deprotonation and
isomerisation. The greater stabilisation of (167a) may ensure that its
formation from the oxanthrone (167) is fast relative to oxidation of
(167) to the quinizarin (71), and therefore the hydroxyanthraquinone
(163) becomes the only significant product formed from the acidic
cyclisation of (162).

Interestingly, treatment of naphthoquinone (I106) with acid was
reported P to give tetracyclic compound (I168), suggested to be via the
mechanism shown in Scheme 70. Likewise, treatment of the diphenylmethane-
carboxylic acid (169a)”~ with trifluoroacetic anhydride in dichloro-
methane at 0° was reported to give cyclic Droduct (169b); no Hayashi-
type rearrangement was observed. If the reaction time for the cyclisation
was increased or a large amount of trifluoroacetic anhydride was employed,
the reaction gave the trifluoroacetyl anthracenone (169c) as a major
product. Compound (169c) is an air-sensitive oil, reverts quantitatively
to (169b) in hydroxylic solvents (Scheme 70a). This may account for the
fact that reaction of the rearranged product (162) with trifluoroacetic
anhydride initially gave a pale yellow oil which changed to brownish

after a few days, then affording tetracyclic compound (163).
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Since treatment of rearrar”~ed product (162) with acid, as described
above, gave tetracycle (163) (Scheme 66) which lacked oxygen at C-12, several
experiments were performed in attempts to retain the oxygen atom at C-12,
as required for an anthracyclinone.

Compound (162) was therefore treated with mild acids such as
pyridinium p-toluenesulfonate in acetone,® and glacial acetic
acid in dichloromethane. However the product isolated from these
experiments was startir® material (162) « Surprisingly, treatment of (162)
with 10% sulfuric acid in a two phase ether-water system gave the same
result. In contrast, treatment of (162) with CAN in aqueous acetonitrile
gave a complex mixture, although the total product showed MYz }06,
possibly due to the desired tetracyclic (71)e

Cyclisation was then repeated using trifluoroacetic acid at 0° for
only i h.; however the product was still tetracycle (16}). It seems that
the dehydration process (Scheme 66) may be very easy. Therefore it was
of interest to attempt to trap the intermediate (I6Sa)/(I65K)as a chelate
by using a boron compound (cf. the use of benzeneboronlc acid”). Hence
the cyclisation was repeated using trifluoroacetic acid in the presence
of an excess of boron acetate in dichloromethane at room temperature for
6 h. However the product isolated s till contained mainly tetracyclic
compound (16}) together with unidentified material which showed singlets
at 89.82 and 14.90, and multiplets at 7.60. The total product showed a
molecular ion at Mz }06 (<( 1) which suggested that it may have contained
the required compound (71) (Scheme 66).

Another possibility for introduction of oxygen at C-12 would be
oxidation of (16}) itself. Tetracycle (16}) was therefore treated with

*
chromium trioxide in glacial acetic acid.'"7 However, the product obtained

was a colourless oil, which showed M/Z at 410 « 1). This product was too
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small In quantity for identification. Furthermore, the deBired product
(71) is expected to be red.

Oxidation of (16?) was then tried using lead tetraacetate” in
acetic acid at rooi temperature overnight. After work-up and puri-
fication by column chromatography on silica gel usii® 111 hexane-ether
as eluent an orange oil was obtained which was not identified. Its p.m.r.
spectrum in d-chloroform showed sultiplets in the methyl region which
were too big for six protons, multiplets at 55*50-3.99 7.80-8.00, and
8.36-8.50, quartets at 4.60-5.06 and 5.20-5.26, and singlets at 7«32
and 12.96.

The next experiments were to examine other routes to tetracycle
(71), as shown in Scheme 71. Our target was to prepare adduct (69),
which under mildly basic conditions should isoaerise and cyclise to
give the desired compound (71). The cyclisation could occur either
immediately after aroyl migration, or after enolisation of the
migration product (170) (Scheme 7 1)« Dehydration may not occur in the
absence of acid.

Adduct (69) could be prepared in two ways» either by acidic
cleavage of acetal adduct (74) (Scheme 71) or by addition of trans-ppnt.a-
1,3-diene to quinone (66) (Scheme 72). However, the latter route was
not tried, since it was mentioned earlier that the quinone (66) was not
very stable. Furthermore, the former route gave the desired adduct (69)
in good yield.

The required adduct (69) was obtained by treatment of adduct (74)
with periodic acid in DM1, in 68# yield. It had the molecular ion at
m/z 308 as required, and its structure was confirmed by its p.a.r.
spectrum. Treatment of adduct (74) with periodic acid in THF also gave

the desired adduct (69), but in a very crude state. Surprisingly,
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Scheme 71
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(172)

Scheme 75
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treatment of adduct (74) with two phaae 5# sulfuric acld-dlchloromethane

gave starting material. However, treatment of adduct (74) with sulfuric
acid in refluxi% methanol gave a brown sticky oil which may have contained
cyclised product (163; mM/i 290) and traces of anthraquinone (134; S/z 224).

Adduct (69) was then dissolved in d”-pyridine” and the progress of
reaction was followed by p.m.r. spectroscopy at room temperature; it was
complete after 24 h. Removal of the solvent gave a brown oil, the p.m.r.
spectrum of which was too complex to be completely identified. No signal
due to an internally hydrogen-bonded hydroxy group of the desired product
(71) (Scheme JI) was observed. Similar reactions in Itl pyridine-methanol
gave the same result.

These observations suggested that"such reaction conditions,'l,5*aroyl
migration could compete with nucleophilic attack on the aroyl
group, leading to hydroquinone (171) and lactone (172) (Scheme 73)»
However no direct evidence for such a mechanism was observed since the
mass and p.m.r. spectra of the total product did not show clearly the
presence of (171) and (172). However, such a cleavage reaction has been
observed by earlier workers in our laboratories during benzoyl migration

in adduct (173).59

u73>
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Suggestions For further Studies.

It was mentioned in tnis Thesis that treatment of ketone (135)
with hydrochloric acid gave cyclieed product (134) (Scheme 59)e It
was reported that anthraquinone (134) undergoes regiospecific
cycloadition with iaoprene, when the reaction was conducted in the
presence of boron triacetate. Therefore, the basic result shown in
Scheme 59 nay be capable of extension to the synthesis of some
antnracyclinones as shewn in Scheme 74. Interestingly, regiospecific
cycloaddition of 2-alxoxybutadienes to quinone of the form (173) was
recently reported” to afford tetracyclic ketones (174).

It was found (Scheme 68) that rearranged product (162) cyclised
smootnly to give tetracycle (163). Tnis product is lacking an oxygen
atom at C-12. Therefore, further work should be concerned with
overcoming this problem. Time limitation prevented more than a
preliminary investigation of this problem during the present work.

It is hoped that a study of these reactions w ill be undertaken

shortly
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It was mentioned in section 3.1 that attempts to prepare the title
compound (141) via oxidation of alcohol (140) were unsuccessful; the for-
mer compound might under appropriate conditions give the desired quinone
(73) (Scheme 74a). Thus, at one stage, it was of interest to synthesise
the ketone (141), and the route shown in Scheme 75 was attempted.

It was reported”™- that N-methoxy-N-metnylamides couple in good yields
with Grignard and organolithium reagents in THF to produce ketones. The
conversion may proceed through a very stable metal-chelated intermediate
(scheme ~6). Therefore the coupling of (176) with the phenyl-lithium
(114), was expected to give the desired benzophenone (141) (Scheme 75).

Treatment of gentisic acid with acetic anhydride in the presence
of sulphuric acid at 60° gave the desired gentisic acid diacetate (175)
in 75 % yield. Reaction of its acid chloride £ formed in situ by
treatment of the diacetate (175with cxalyl chloride™ with N,0-dimethyl-
hydroxylamine hydrochloride in dichloromethane at room temperature gave
the desired diacetate (176) in 79Eyield as a colourless sticky oil.

Its structure was confirmed by elemental analysis, mass and p.m.r spectra.
showed that diacetate (176) easily lost

ketene and two methyl groups. Suprisingly, it was stable to acid, since

it was unchanged on treatment with 2N hydrochloric acid in acetone at

room temperature overnight.

Treatment cf diacetate (176) with saturated sodium hydrogen
carbonate”™ under nitrogen gave the desired hydroquinone (177)* Its
structure was confirmed by its mass and p.m.r. spectra. Its mass spec—
trum (El) shewed that hydroquinone (Y]'])eaai\y lost [CO.(hT!e).0l'ed to

give the base peax. However, it was difficult to obtain a good elemental
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oxidation
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(175)

1)(COC% ~

Me
Scheme 76.
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analysis: the nitrogen value was always low, although several attempts
were made using freshly distilled material. Hydroquinone (177) was easily
oxidised to quinone (179) by treatment witn silver oxide in dichloromethane*

Treatment of hydroquinone (177) with trimethylsilyl chloride in the
presence of pyridine at room temperature gave the desired silyl ether
(178) in good yield, as a colourless liquid. Silyl ether (178) may exist
as two isomers [structures (160) and (18I)[, since its p.m.r. spectrum in
d-chloroform showed four singlets at S 3.23, 3.34, 3.56, and 3.60, possibly
due to two methyl and two methoxy groups, respectively. Again, it was not
possible to obtain a good elemental analysis for silyl ether (176) since the
compound was very sensitive to moisture and attempts to distil it (bulb-to-fculb)
lead to the formation of the starting hydroquinone (177)* Therefore, the
freshly prepared silyl ether (178) was immediately used in the next steps
the coupling reaction in Scheme 75»

However, the coupling reaction failed to give the desired compound (141).
Reaction of silyl ether (178) with lithium compound (114) either at -70°,
or at room temperature, in the presence or absence of tetramethylethylene-
diamine failed to give the desired coupling product (141). The product
isolated from the organic fraction was the acetal (162) which would
have been formed from decomposition of unreacted aryl-lithium (114) with
water. In one of the reactions [in the absence of tetramethylethylenedi-
amine, at room temperature j , ether extraction from the aqueous fraction
following acidification with 5% sulphuric acid gave hydroquinone (177).
probably formed by hydrolysis of unreacted silyl ether (178). The above
results suggested that the amide group in the silyl ester (176) was
possibly net sufficiently reactive to couple with the lithium compound

(114).
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It was reported5 tnat acid chlorides (163) condensed with (2-
lithioaryl)oxazoline (164) in THF at -100° to room temperature to give
phenyloxazolines (163), which after acidic hydrolysis gave, 2-benzoyl-benzoic
acid (186) in a good yield (Scneme 77). Furthermore, condensation of
acid chloride (167) with ary1-lithiurr. (186) at -78° in ether,; was found
to give the desired icetone (189) in J5£ yield (Scheme 786).

Tnerefore, it was of interest to attempt to prepare tne desired
ketone (141) by the route shown in Scheme 79* I'nfortunately, attempts tc
prepare the necessary acid chloride (19C) ended in failure. Treatment of
silyl ether (191; with oxalyl chloride in tne presence of dimethyl-
formamide eitner in dichloroir.etnane or witnout solvent, at 0°, failed to
give tne desired acia chloride (190); tne product isolated was gentisic
acid. The reaction in each case was very exothermic and the solid
centisic acid was formed instantly after tne addition of oxalyl chloride.
This result suggested that the desired acid chloride (1?70) was unstable
and easily hydrolysed.

In tnis connection, Hausher and Schmidt" reported that treatment
of trimetnylsilyl pyruvate (192) with oxalyl chloride in the presence of
dimethylformamide without solvent gave the acid chloride (193). likewise
Wissner and (Jrudzinsxas6 reported that treatment of tert-butyldimethyl-
silyl ether (194) with oxalyl chloride-dimetnylfcrmamide in dichloro-
methane gave, after treatment of the resulting acid chloiide with ethanol-
pyxidir.e, tne ethyl ester (195) in 90/ yield. The author*" suggested that
tne mecnar.ism for the above transformation could involve addition of
dimethylforminium chloride (196) to the carboxyl group of the silyl ester
to give intermediate (197) which undergoes fragmentation to generate the

acid chloride (Scheme 60).



Scheme 77.

Scheme 76.

o?Ms O
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Interestingly, an attempt to prepare silyl ether (198) in a
lure state by treatment of gentisic acid with tert-butyldimethylsilyl
chloride in the presence of pyridine failed. The product isolated
gradually changed to a white solid on standing at room temperature
[probably gentisic acidj. On sublimation, the product decomposed to
gentisic acid. It seem that tne tert-butyldimethylsilyl ether (198)
was unstable, although it is known that the tert-butyldimethylsilyl
ethers are normally more stable than the trimethylsilyl ones.7a

Thus,due tothese difficulties in the preparation of compound
(141), we were unable to attempt the proposed Scheme 74a ant™ the
successful route to quinone (75) remained as shown in Scheme 55 of

Section 5*2-

OTEDM3

(198)
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4.2 Desi lylation of 2,t-Eis ~(trimeth.ylsilyOoxyJ toluene.

In connection with the difficulties encountered in handline the
silyl etner (140) as mentione’gin Section 3.1 (Scheme 53), several experi-
ments on tne desilylation of silyl ether (1950 were performed, as mocels
for obtaining the required quinone (112), particularly under nonacidic
conditions.

The silane compound (199) was easily prepared from the hydroquinone

(200) by treatment with trimetnylsilyl chloride in the presence of
Tfc

pyridine, in ~2y. yield as a colourless liquid. However, Killer et. al.
prepared compound (199) by treatment of hydroquinone (200) with trimethyl-
silyl chloride in the presence of hexamethyldisilazane, in 94?7 yield.

Desilylaticn of (199) was initially tried using, tetrabutylammor.ium
fluoride*3 in ether. Tne reaction gave a violet solid. Its p.m..r. spectrum
in d-cr.loroform snowed tnat the product contained predominantly tne
required hydroquinone (200). A similar reaction ir. T-IF, however, gave the
startirg material (197?).

Desilylatior. usirg potassium fluoride9 in methanol gave a better
result: compound (200) was isolated in 6b? yield, as a white solid. Longer
reaction time, and reactions in other homogeneous solvents such as aceto-
nitrile-water or THr-water, gave the same result. However, attempted
desilylation using potassium fluoride in a two-phase ether-water system
gave starting material. Formation of hydroquinone (200) from silane (199)
in the presence of fluoride ion could proceed as shown in (201): desilyla—
tion by the use of potassium fluoride possibly proceded by the overall

route shown in Scheme 61.
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Scrieine ol.

Similar desilylation using potassium fluoride in methanol in the
presence of I.D.H. precipitated marganese dioxide gave a mixture: the
mass spectrum of which showed fragments at n/z Ip2 probably due to 2,3-
dimetnoxytoluene (202)"t, rc/z 122 “probably due to methyl-1,4-benzoquinone
(203)J, and n/z 124 £probably due to dihydroxytoluene (200)j. The presence
of (202) could be due to oxidative attack of methanol on the hydroxy-
toluene ~200) which was formed in the reaction; oxidation of (200) would
give (203) (Scheme 82).

As mentioned in Section 3.1, however, desilylation of (140) usir®
potassium fluoride in methanol gave the required hydroquinone (117)» tut
the reaction was not reproducible, and therefore a direct conversion of
8ilane (140) to the quinone (112) was required. Hence, a direct method
for conversion of silane (199) Into quincr.e (203) was then sought, as a

model for preparation of quinone (112) from silane (140).
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Tnus compound (199) was treated with 3 mol of CaN in aqueous
acetonitrile at room temperature for 2 h.f giving the required quinone
(203) in 747 yield. However these conditions were too acidic for use
with the aioxolanyl-silane (14G), and therefore two-phase dichloro-
methane-water systems were tnen tried. This latter procedure gave
quinone (20j) from silane (19?), again in 74~ yield, but it did not
give quinone (112) from silane (140) in a pure state.

Interestingly, oesilylation of (195) usirg 2 ncl of CAN ir. di-
cnlercir.etr.ane-water (instead ol 3 b€l of CaN) gave a mixture cf silar.e
(199), hydrcquinone (202), and quinone (203) in the ratio 3:3:1
respectively. A similar reaction in aqueous acetonitrile, usirg 2 mol
of CaN, in the presence of Puller's eartr. (as a proton trap) gave the
sane mixture, tut in the ratio 2:3:1, respectively; the ratio changed
to 4:3:1 when 4 mol of CAK was used. On the other hand, reaction in the
presence of 2 mol of sodium acetate gave a mixture of hycroquinone (202)
and quinone (203) in the ratio 1:1, respectively. As expected, reaction
in the presence of an excess of sodium acetate gave only starting
material (199). It thus seems that the aesilylation of compound (199)
with CAN requires acidic conditions.

Desilylation was then tried ey the use of potassium fluoride
followed by CaK. In this reaction, the quinone (203) was isolated in

yield. It see.iB tnat formation of quinone (203) from silane (199) in
the presence of CAK follows the route shown in Scheme 63.

Our interest was then to reduce the acidity of the reaction

conditions, resultirg from nitric acid produced from CaN according to

the following equation.
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Therefore a solution of silane (199) in methanol was treated with
potassium fluoride, and, after 5 min., Puller's earth was added followed
by portionwise addition of CAN in aqueous acetonitrile. In tnis way, the
reaction gave quinone (203) in yield. The advantage of using Puller's
earth is that it absorbs nitric acid without otnerwise interfering with
tne reaction. -

However, as mentioned”~Section 3.1, this latter procedure still
failed to give the desired quinone (112) from silane (140) in a pure
state: in all cases, some decomposition of acetal group in quinone (140J
was observed.

It is worts noting nere that tne desilylation of silane (199) as
aiscussed in this Section; provides an alternative route to 1,4-benzo-
quincnes, provided that they are stable to acidic media. To the best of
our knowledge, tr.e direct preparation of 1,4-tenzoquinones from nydrr-
quinone bis-silyl ethers by tr.e use of CAN has not been reported in the
literature.

Ir. this connection Killer et al.,ybreported tnat pyridinium
dichromate oxiaisec bis(trimethylsilyl) ethers in dichloromethar.e to
the corresponding 1,4—fcenzoquinones in 60— yield. Similarly, removal
of silyl groups followed by elimination was reported10 to give ketones
(eqg. 5 ), and desilylation followed by fragmentation was reportedl1l
to give aldehydes (eq.6 ) A direct conversion of silyl ethers into

12
carbonyl compounds by Jonesreagent was also reported in literature*

leq.7 )e
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OSiNe,
1) Et KH~
w // A R .
{V ----- 2) NaOH W 11/
(€q.5 )
oK
CAN A
FJ:HCH2CH2OrT'S Phene + 0:"2=cy®
ag. MeCN
(€q.6 )
f 1) K?/acetone
CSiKe,Pu

2) Jones'Reagent

(eq. 7 )
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Chapter 5-
Attempted Synthesis of 4a.5.8t6a-Tetrahydro-4a-(2-cartoxybenzcyl)-

5-methyl- 1.4-naphthoquinone.
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5.1. Attempted Synthesis of 2 '-(tert-Butoxycarbonyl)-2.5-dimethoxy-

benzophenone.

As mentioned in Section 1.2, it was of interest to synthesise
the adduct (77a) 1° which Q1,5” aroyl migration followed by cyclisation
could lead to tetracyclic compound (71). The cyclisation of carboxylic
acids or e3ter groups to give anthraquir.or.es and eventually anthracyc-
lincnes has previously been reported by many workers.T he desired
adduct (77a) could in principle be prepared from quinone (75), by addition
of trans-penta-1.3-diene. Eased on the general procedure, the quinone (75)
might be synthesised from the benzophenone (204) (Scheme 64). This
compound was unknown, and had to be synthesised. Clearly, the starting
material required for the synthesis of (204) was the acid chloride (79)
or the carboxylic acid (96); both (79) and (96) were known (see Section 2.1)

It was reported”™ that reaction of acid chlorides with lithium
tert-butoxide (prepared In situ by the reaction of n-butyl-lithium with

tert-butyl alcohol) gave tert-butyl esters in good yield, as follows.

tEUOH n-EuLl ? tBucCli + nCAHA

R-CC31 + tEuCLi  ----------m--- » R - CCgEul + LiCl.

Therefore, freshly prepared acid chloride (90 was treated with
lithium tert-butoxide at room temperature. However, this procedure
probably gave the n-butyl ester (205) since the p.m.r. spectrum of the
product in d-chloroform showed a bread multiplet at & 0.60—1.60 due to

an n—propyl group, singlets at 3.44 &.d 3*7® due to methoxy groups,
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anc a triplet J 6, at 4«05 due to an OCIiL, group, together with signals
due to the acid (96). The presence of ester (20%) was supported by its
mass spectrum, which snowed molecular ions at nmv/z J42 and 286
<£ - C4Hb>*

Formation of ester (205) could be due to the attack of n-butyl-
litnium on acid cnloride (79)* on the other hand, formation of acid
(96) could be due to hydrolysis of unreacted acid chloride (79)

(Scheme fct).

Fresnly prepared acid chloride (7?) was then treated with an
excess of neat tert-but>1 alcohol, since this procedure was reported
to give tert-butyl esters in reasonable yield.2 After refluxing for ¢1 h.
the excess of alcor.ol was removed, leaving a yellowish cil which solidi-
fied at room temperature. It- p. .l1. spectru:. suggested tnat the product
maj have contained some of the desired ester (204) (singlets at ; 1.25,
5.42, and 5.75 due to a tert-butyl group and two methcxy groups,
respectively), together with, probably, lactor.e (97). Its mass spectrum
shoved the required molecular ion at m/z J42.

Tne normal way”~preparing tert-butyl esters would be by treatment
of ar. acid chloride with tert-butyl alcor.ol in the presence of a base.”
Tnus, acid cnloride (79) was reacted with tert-butyl alcohol in pyridine
at room temperature. Followirg dilute acid work-up, only the carboxylic
acid (90) was obtained. This suggested that acid chloride (79) nay cr
nay not have reacted with tert-butyl alcohol; possibly the required
ester (204) was hydrolysed during work-up.

Heaction of acid cnloride (79) with tert-butyl alcohol in the
presence of potassium, tert—butoxide at room temperature was then tried,
since this method was also reported”™ to give tert-bjtyl esters. However,

this method, gave the same result as the reaction of the acid chloride
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(97)
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with tert-butyl alcohol alone. Repeatirv, the reaction at refluxing
temperature, however, gave a yellowish oil, which nay have contained

the desired ester (204). Its p.m.r. spectrum in d-chloroforir. showed a
sine, let at £1*35 but tc a tert-tutyl group, singlets at 3.46 and 5.i-0
due to two methoxy ¢roups, with the rest of the proton resonances in the
aromatic region. Its mass spectrum showed the molecular ion 342 (100, K*
Attempts to improve the yield by the use of 16-crown-6 were unsuccessful.
The only product isolated was the carboxylic acid (96).

It is Known that treatment of carboxylic acids with tert-butyl
alcohol containing dicyclonexyl carboci-imide and 4-dimethylaminopyridine’
gives tert-butyl esters in go°E£ yield. However, reaction of carboxylic

Sys 4-eivc
acid (96) with this rea”ent”gave a mixture: tne p.m.r. spectrum of which
in d-chloroform was complex, and did not snow evidence for the desired
ester (204).

The fact tnat it was difficult to prepare ester (204), either from
the acid chloride (79) or the carboxylic acid (96) ray be due to steric
hindrance; it was previously found (Section 2.1) that it was difficult

to reduce acid chloride (79) to the corresponding aldehyde.
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5»2. Attempted Syntnesis of 21-Carboxy”-1,4-benzoqu Inone.

Since several attempts to syntnesis tert-butyl ester (204)
were unsuccessful, a direct route to quinone (76) from the carboxylic
acid (98) was tnen tried.

Carboxylic acid (96) was initially treated with CAN in aqueous
acetonitrile at room temperature for 1 h., giving an orange oil whose
p.m.r. spectrum in d-cnloroform showed a sirflet at (6.66 with tne rest
of the signals being nultiplets in the aromatic region. Its mass spec-
trum snowed Yz 25b, wnich suggested that the product may have contained
hydroquinone (206). A similar reaction ir. a two phase dichlcronethane-
water system gave startirg material (96).

Reaction of (96) with tiimethylsilyl chloride-sodium iodide” in
acetonitrile again gave startirg material, altnougn this reagent was
found to give nydroquinone (207) from the correspondir® ether (208)."

Treatment of carboxylic acid (96) witn hydrobromic acid was then
carried out. The product obtained was ouinizarin (34) in 92% yield,
rormation of quinizarin (34) could proceed by internal r'riedel-
Crafts acylation followed by de-ethylation, or by demetnylation
followed by cyclisation as snown in Scheme 66fl-

Finally, carboxylic acid (96) was treated with argentic oxide-
pyridine-2 ,6-aicarboxylie acid”~giving ar. orange liquid, the p.m.r.
spectrum of which in d-chloroform. showed only multiplets in the
aronatic region and a singlet at (6.70. The 300 KHz p.m.r. spectrum of
freshly prepared material measured immediately showed extensive decompo-
sition. It seems tnat tne desired quinone (76) is probably unstable
at room, temperature.

To date, we have been unable to obtain either quinone (75) or (76).

Therefore Schen.e 84 has not been examined.
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(207)

Démeéthylation

(34)

Scheine 86 a-
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Materials and Methods

belting points (m.p.) were recorded on a Kofler block and are un-

corrected. Temperatures are throughout in °C.

Infrared spectra (i.r.) were recorded on either Perkin-Elmer JT-B 171C
or Fye Unicam SF3-200 spectrophotometers as Nuiol mulls, Iir%,lid

films, or solutions as stated. Absorption positions are quoted in

cn . Intensities are expressed by s, m w, and sh to indicated

strong, medium, wean, and shoulder respectively» a prefix b indicates

broadening of the signal.

Proton magnetic resonance spectra (p.m.r.) were measured on a rerkin-
Elmer R12B instrument at 60 MHz, a Br'uker VP60 instrument at 60 MHz,
a Pericin-Elmer H}2 instrument at 90 Hiz, a Perkin-Elmer R34 instrument
at 220 KHz, and a Varian SC3Q®0 instrument at }00 KHz as stated. Mnlti-
plicities of peaxs are denoted by s, d, t, g, dd, at, dg, anc m
indicating singlet, doublet, triplet, quartet, double doublet,

double triplet, double quartet, and multiplet respectively; a prefix
b indicates broadening of tne signal. Coupling costants are in Hz.
Resonances assignee to hydroxyl groups were removed ty addition of

IPC.

Mass spectra (m.s.) were recorded on a Kratos I-E30 instrument coupled
to a DS” data system for low resolution electron impact (El) work
and accurate mass measurements, and on a Kratos bE25 instrument
coupled to a DS9t> data system for EIl and chemical ionization (CI;FH,)
work. The relative abundances (ft of base peak) of fragments are

quoted in parentheses after ra/z values.

Microanalyses were cairied out by the departmental staff.
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Tr.in layer cnror,.atcf rapty (t.l.c.) was carried out on silica gel
NVFC 75-100 rra (100-200)J coated plates. Visualization was achieved

by ultraviolet fluorescence at 24 or 27 nm.

Column cnroratOf-rapn.y was carried out using silica gel E1C 00-120

mean or Woelm polyamide.

Evaporation of organic solvents was carried out under reduced

pressure using a buchi rotary evaporator.

Sublimations were carried out using Buchi ovens.

Reaction solvents”®

Diethyl ether was dried by standing over lithium aluminium
hydride for 24 h” and then distilling from fresh litnium aluminium
hydride.

Tetranvdrofuran (THE) was dnea by standing over potassium
hydroxide pellets for 24 h,, and tnen refluxing ana distilling from
sodium wire in tne presence of benzopnenone unaer a nitrogen atmospnere.

Dichloiorr.ethane was aritd by standing over calcium nyaride
for ¢4 h.jana then refluxing and distillin, Horn fresh calcium, nydride.

benzene was driec by azeotropic distillation and then kept over
4A molecular sieves.

Toluene was dried by standing over calcium, hydride for 2 h,,
and tnen relluxing and distilling from sodium.

Acetonitrile ar.d nietranol were dried by snaking with 4* n.olecular
sieves and then refluxing and distilling from calcium hydiide.

Pyridine was dried by refluxing with potassium hydioxide
followed by lractional distillation.

Acetone was dried by standing over 4A moleculai sieves.
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Cyclonexane, i.exane, pentane, and lignt petroleum (3C-4Q0,
40-60°, and 60-60°) were distilled prior to use. Acetic anr.yoxide
was also distilled before use.

Reaction temperatures of —700 were obtained by use of a
dry ice-metnariol coolirv batn; temperatures between (* and 10°
were obtained by use of ice-water cooling baths; and elevated

temperatures were obtained by use of sand, steam, or oil baths.
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Ketnyl Hydrogen Phthalate.

PhtnaliC ai.nyaride (bote 1) (ip.73 g, 0.6b molt) and dry
methanol (Ifa ml) were refluxed for 2 n. Tne excess of methanol was
distilled off, finally azeotropically with ary henzene (2 x 12 ml)
to ensure complete removal of unreacted metr.anol whose presence

impeded crystallisation of the product, ihe resiaue was diluted with a

mixture of benzene (60 ml) and hexane (60 ml), et which point crystalli-

sation commenced. After standing overnight in the refrigerator, methyl

hydrogen phthalate wa" collected, wasned with hexane, and dried, giving

a wnite crystalline solid (2~.3 f, 61°0, m.p. 61-62° (lit.,~ m.p.
61-6.2°). It rad e (60 KHz, CDCl\5/), 3*90 (s, Ke), 7.24-6.12 (m, ArHe.),

11.06 (s, OH).

No+e 1. PhtnaliC anhydride (m.p. 151.6°) was yurifiea by extrrctin«-
with cold chloroform, filtering from pntnalic acid, and evaporating

the chloroform.

Kethyl 2-Chloroformylbenzoate.

A ndxture of methyl tiydrogen phthalate (13-6 f, 0.076 mole)
and fresnly distilled thionyl chloride (40 ml) was refluxed for
exactly”™ one hour usiru- an oil-bath at 100 « The excess of thionyl
chloride was removed, finally under reduced pressure, azeotropically
with freshly aietilled toluene (5 x 13 ml) to leave the aesired
proauct as colourless liquid (13*0 g, 997) It had S (t30i-“r, COCI®)

3-95 (s, he), 7.52-6.07 (m, ArH~).
2*-hethoxycarbonyl—2t di netnoxybenzophcnone”

(a) From Methyl 2» Anlorof ornylhenzoate.

Freshly prepared Diethyl 2—hloroformylbenzoate vli)*0 p* 0*07b mole)
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in dlcnlorometbane (3u ml) was aduea to a stirred mixture of

1 »4-dimethoxybenzene (10.4 g, 0.075 mole) ana annycrous granulated
aluminium cnloride (20.1 g, 0.13 mole) in dry metnylene cnloiiae

(Ilg0 ml) at 0 during tne course of ~ h. Tne red-brown mixture was
stirred at 0 for an additional of 3 h. ana tnen at room temperature
overnignt. Ine mixture was tnen treatea aropwise witn cold 3
hydrochloric aciu (100 ml), «mu tne organic layer separated. Tne
aqueous la.er was extractec witn djchloron«thane 2 x 13 ml)

an- tne combined extracts were wasnea with saturated aqueous

sodium nydroper. carbonate (g x 40 ml), water (3 x 40 ml) and dried
(ha9sC ). Evaporation of tne solvent gave a yellow solid (20.0 g).
Its p.rn.r.spectruin d—enloroione snowed tne desired product
totet;.er with some unreacteu 2,p-dimethoxyoenzene. Tne product was
purified by washing with cold ether to remove 1,4-aimethoxybenzene,
leaving pale yellow crystals (lj.u g, ?b-/c), n.p. O~-03° (lit.,~ 03-c”0).
It nac $(40 KHz, Olid.) 3.46 (s, OKe), 3*63 (s, 00 Ke), 3-60 (s, Cl-e),
0.7b-c.00 (m, ArH”), and mv/z 300(100, ¢*+), 209 ™ 1C, (h-CKe)+j,

165 7 92, (Ohe~rC~COj +J, 163 { 100, ' (CCgheJC~CC]+}.

(*>) ?rom 2’-Cnlorocarbor,' 1-2,3-cimetnoxybenzopnenone. (p. 186)
Presnly prepared 2*—<hloiocarbonyl-2— dimethoxvbenzophenone
(33 my, 0.11 mmole) was refluxed in dry metnanol (5 ml) for 17 n.
Removal of the solvent gave the desired ester as a pale yellow oil
(32.0 mg, 999=) vriicn solidified on standing overnight ai roor
temperature. Sublimatiori at 110414 / 0.03 mmg followed by wasninr
wiun cold etner gave the pure product as a white solid. It was
identical (m.p. mixture m.p., and p.iu.r.) with tne autnentic ester

prepared as described under (a).
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Some Reductions of 2 1-hetnoxycarbonyl-2.5-dimethoxybenzoDhenone.

(a) Using DI3AL-H

To a solution of the ester (45 mg, 0.15 mmole) in toluene
(10 ml) at -700 under a nitrogen atmosphere was added 1.0 M DIBAL-H
in hexane (0.3 ml, 42.6 mg, Q.3 mmole). After stirring the mixture
at tne above temperature for an additional 2 h., saturated sodium
hydrogen sulfite ( 5 ml) was added ana the mixture was warmed up
to room temperature. The organic layer was separated, and extracted
with saturated sodium hydrogen sulfite (3 x 10 ml). The combined
aqueous layers were basified with 10% sodium hydroxide to pH ~>8-9
(with cooling). The product was extracted with ether (4 x 15 ml),
and the extracts were washed with water (2 x 10 ml) and dried (Na”~SO,).
Removal of the solvent gave a yellowish oil (15 mg). Its p.m.r.
spectrum in d-chloroform shewed multiple signals in the methoxy and

aromatic regions; no signal due to the formyl group was observed.

Note:
A similar reaction initially at -70° for 2 h., then at room

temperature overnight, gave the same result.

(b) Using LiAIH4 at -70°.

To a stirred solution of LiAIH (7-6 mg, 0.2 mmole) in TKF
(5 ml)y at -70° under a nitrogen atmosphere was added the ester
(60 mg, 0.2 mmole) in THF (5 ml) all at once. After stirring at the
above temperature for an additional 2 h., the mixture was poured
into ice-water (15 ml). The product was extracted witn ether (4 x 10 ml),
and the extracts were washed with water (2 x 10 ml) and dried (NagSO").
Removal of the solvent gave a white oil ( 57 mg). Its p.m.r. spectrum

in d-chloroform showed singlets at 83*d7» 3*69» 3-70 ark* 3*®3 due
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to four methcxy groups, arid multiplets at i 6.20-c¢.20 cue to aromatic
protons. Ko signal due to a formyl group was observed. Its mass spectrum
snowed molecular ions at m/z 274(12) and 272(358) with fragments at
m270(100),256(15), 255(20), 2p4(l4), 241(24), 240(55), 225(56), 211(26),
165(37), suggesting that the product may have contained c< (2-hydroxymethyl)
pneny 1- 2,5-aimetnoxybenzyl alcohol (m/z 27<*), and 2'-hydroxymethyl-2,5-

dimethexybenzophenene (m/(z 272).

(c) ising LiAIrié at room temperature: Preparation ofo i-(Z-thlroxvatDvl-

pher.vl)-2 .6-dimethoxvbenzvl Alcohol.

To a stirred mixture of LiAIH4 (760 mg, 20 mmole) in ether
(6C ml) anc TKF (15 ml) at room temperatu. e was aaaed a solution of
2'-metnoxycarbonyl-2,5-dimethoxybenzoi henone (1.06 g, 3»6 mmole) in
ether (60 ml) over a perioc of j n. After stirring for an additional
3 h., tr.e excess of LiAIH was destroyed by addition dropwise of ice-
cold water (20 ml) followed after 1 h. by audition of 5% sulfuric acid
(30 ml) until it gave a colourless solution. The ether layer was then
separated and the aqueous layer extracted with ether (4 x 15 ml).
The combined ether solution were wasned with water (5 x 20 ml) and
dried (itogSO ). Removal of the solvent gave a white solid (915 mg, 93%),
ra.p. 79-63°. The required benzyl alcohol was purified by recrystallisa-
tion from Isl hexane—toluene. It then had m.p. bO-e2 (Found: C, 69.6;
H, 6.9. C,H,,C requires C, 70.15H, 6.6%;). It nad £ (200 MHz, CDCIJ
2.90-4.00 (b , 2 x OH), 3.75 (s, 2 x OK¥*), ¢*65 and 4.76 (6 and d,
each J 12.5, C~), b.30 (s, Ch), b.85 (s, Arhj), 7-10-7.53 (“.

m/z 274 (20, 1'*), 225 [100, (K - CO-OMe)*] ; and (Nujol) 3100-

3400s cm
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2'-r ormy 1-2 .9-dimethox.vbenzophenone.

(a) iron. Oxidation of o0<-(2-Hydrox.ymetnylphenyl )-2 .9-dimethoxybenzvl

alcohol.

(1) Using aqueous CAN.

A solution of c<-(2-hydroxymethylphenyl )-2,p-dimethoxybenzyl
alcohol (27.4 mg, 0.1 mmole) in acetonitrile (2 ml) and water (I ml)
waa treatec with solid CAN (219 mg, 0.4 mmole) and the resulting
yellow solution was stirrea at room temperature for 4 h. The product
was then extractec witn aicnlcrometnane (4 x 19 ml), and the combined
extracts were wasned witn saturated sodium hydrogen carbonate (2 x 10 ml),
brine (2 x 10 mil), water (2 x 10 ml), anc dried (H?SG”). Removal of the
solvent rave a brownish oil (11.0 mg). It had i (bO KHz, CTCI?)
4.69 (bs, 1H), 9.47 (bs, < 1H), 0.07 (bs, 1H), b.72 (s, 1H), 6.97 (m, 1H),
7.50 (bs, ArK ), 7.90-0.00 (bs, 1H), 10.12 (s,< 1H)J ana m/z 242(2),
22b(10), 226(34), 206(6), 197(79), 144(43), 119(100), 109(26), 91(96).

The product was not further examined.

(2) . Using aqueous CAN in the present of Sodium Bremate.

To a suspension of sodium bromate (b6«4 mY, NaBrO”, 10 mmole) in
5:7 aqueous acetoriitiile (9 ml) was aadea 04-(2-hydroxymethylphenyl)-2,9-
dimetnoxybenzyl alcohol (30»U mg, 0.11 nnwole® and CAN (24 n\f, 0.04 mmole).
The reaction mixture was then refluxed for 4b h. The resulting yellow
suspension was diluted witn etner (20 ml), and the organic layer was
separated, washed with saturated sodium hydrogen carbonate 12 x 5 ml),
brine (2x9 ml), anc dried (NagSO.). Removal of the solvent gave r
yellowisn oil (20.9 ng). Its p.m.r. spectrum in d-chloroform snowed
only two sets of protons: a singlet at & 9*34, and multiplets at 6 T.~O—

6.20 in the intensity ratio 1:3! no signal due to a fornyl group was
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observed. It had m/z 534(4), 303(4), 256(43), 241(9), 225(50), lo5(lb),

154(31), 119(61), 105(100), 91(65), 77(36).

Note:

A similar reaction , after being xeiluxing overnight, rave a
mixture wnich may have container 2—oxmyl—2,5-dimethoxvbenzophenone
(singlet at 6 10.10 for formyl H). Tne product isolated from this
reaction was too complex to be identified, but showed a molecular
ion at 496(3) with fragments at 462(2), 451(4), 334(4), 503(9), 270(l),

256(10), 119(100), Ilc(56), 91(67).

(3) Vsiry Tximethylcnlorosilane-Chromdum Z'ricxiae.

(i) Oxidation at -20° to -30°.

A mixture of chromium trioxide (30.0 np, 0.50 mmole) and
trimethylcnlorosilane (0.0<o nil, 0.35 mmole) was stirred at room
temperature to form an nomogeneous orange-red solution which was
diluted with dicnloromett.ane (3 ml). Tne solution was tnen cooled to
-20° to -30° (roethanol-CCb). To this solution was added -(2-hvdroxy-
methylpnenyl-2,5-dimethoxyberizyl alcohol (41.0 mg, 0.15 nmole) ana
tne resulting aark brown mixture was stirred at above temperature for
about 3.5 h. Moist silica gel was then added to give a paste, and the
mixture was chromatographed through silica gel using aichloromethane -is
eluent to give three fractions.

The first fraction was a pale yellow oil (10.0 mg). Its p.m.r.
spectrum in d-chloroform snowed singlets at 6 3*40, 3*46, 3*66, 3*72,
3.80, and 3.89 probably due to eix methoxy groups; a broad singlet at
& 5,28 possibly due to a methylene group; multiplets at 6.20-6.40

due to aromatic protons, and a singlet at 10.16 assumed to a iornyl



i7e

group. Thus this product may have contained the desired aldehyde
(i.e. o J.4fc and 3.60 due to two methoxy groups and S 10.16 due to
*

tne formyl group) and 1,J-dinydro-3-(2,5-dimetnoxypneny l)isoben7.0-
furanone (0O 3.6b and 3*64 due to two methoxy groups)* in the ratio
about 1:3 to”etner with other compounds as suggested by tne broad
singlet at b 5*26. Its mass spectrum showed nmv/s 286(12), 272(<1),
270(14), 230(97), 235(53), 241(4), 239(14), 227(43), 223(100), 211(17),
210(15), 209(15), 165(60), 119(36).

The secona fraction was a pale yellow oil (3.4 mg). Its p.m.r.
spectrum in d-chloroforrr snowed sin-lets at S 3*46 and 3.80 due to
two methoxy groups; a multiple* a+ b b.30-8.40 due to seven aromatic
protons, anu a singlet at b 10.18 due to a formyl group, suggesting
that it may be the desireo aldehyoe. It nad m/z 286(<l), 270(41),
233(11), 242(11), 240(18), 259(100), 225(11), 211(24), |lbb(20), 165(21).

The third fraction was a pale yellow oil (5*0 mg). Its p.m.r.
spectrum in d-cnloroform showed broad multiplets in the methoxy and
aromatic regions, and no signal due to a formyl group. This fraction

was not furt.ner investigated.

(ii) Oxidation at 0°.

The above oxidation was repeated but the reaction temperature
was controlled at 0° (ice-salt bath) for 3 h. ana the m.ixture tnen
worked up as in (i) to rive the following results.

The first fraction was a colourless oil (14 mg). Its p.m.r.
spectrum in d-chloroform snowed singlets at 6 3*46, 3*62, 3*76, arxd

3.b2 due to four methoxy groups; multiplets at & 6.60-0.50 due to

All aromatic protoris were at & 6.20 6.40.
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aromatic protons, ana singlets at % 10.20 ana 10.52 due to two
formyl groups. It is suggested that the product probably contained
the desired aldehyde (£ at 3*46 and 3.76 due to two ir,ethoxy groups
and 10.20 due to the formyl group)*, together with 3,4 or 6-chloro-
2'-forn~yl-2,5-dimetnoxybenzophencne (¢ at 3.62 and 3.62 due to two
metnoxy groups, and singlet at 6 10.52 due to formyl (:roup)JfI in the
ratio about 3si* This product had m/z 306(l), 30/%3), 29I1(I),
285(2), 270(28), 256(H ), 255(Il), 240(15), 239(100), 225(14),
211(23), 196(7), 165(17)* The peaks at 306 and 304 suggested the
presence of 2,4 or 6-chloro-2'-formyl—2,5-dimethoxybenzophenone.
The second fraction was as a pale yellow oil (3-9 mg). Its
p.m.r. spectrum in d-cnloroform showed two broad multiplets in the
metnoxy and aromatic regions. No signal due to a formyl group was

observed. This product, was not further examined.

(iii) Oxidation at Room Temperature.

The above oxidation was again repeated but the mixture was
left stirring at room temperature for 4 h. The total product was
separated on a silica gel column using dichloromethane as eluent to
give a yellowish oil (Ilc.4 mg). Its p.m.r. spectrum in d-chloroform
was similar to that of the product in the first fraction of the
oxidation at 0°. Its mass spectrum also showed m/z 306(3), 304(10),
291(2), 289(5), 275(9), 273(23), 20I(<l) and 199(5), suggesting the
presence of 2,4 or 6-€hloro—2l-$ormyl-2,5%imetnoxybenzophenone
tocetner with the desired aldehyde; j*i.e. m/z at 270(36), 239(100),
211(26), 185(16) 3 *

if.
All aromatic protons were at 6 6.60-8.30.
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The product isolated from this oxidation was tnen distilled
(bulb—to—bulb at 1144120 /C.05 "Mty ) to give a p~le yellow oil.
Its p.m.r. spectrum in d—hloroform showed that it was unchanged
e>cept that the singlet at { 10.52 was absent. However its mass
spectrum regained similar to tnat of the undistilled product.

This product was not furtner examined.

(4 Using Chromium. Trioxide-?vridir.e.

Chromium trioxide was stored in a vacuum desiccator over
phosphorus pentoxiae prior to use.

Chromium trioxiue (120 ng, 1.2 mmole) was added to a
magnetically stirrea solution of pyridine (190 mg, 2.4 mmole )
in dry dichloromethane (4 ml) anc the deep burgundy solution was
stirrea for 15 min. at room temperature. At the end of this period

a solution of the diol (27.4 mg, 0.1 mmole) in dichloromethane

(1.0 mlj was added in one portion* tarry black deposit separatee
immediately-A'+er Stirling for an aaditional nour, etner (5 ml)

was adaec arid the precipitate was filtered off. Che filtrate w”s
wasned with aqueous 10i* soaium cnloride (2 x 5 ml), water (2x5 ml)
and dried (ffeSC”). Hemoval of the solvent gave a pale yellow oil

(19 B.g). Its p.m.r. spectrum in a-chloroform showed four singlets

at b J.o7, 5.bl, 3.66, and 3.50, in the ratio lslsisi (due to four
metnoxy groups); multiplets at ¢ 6.60-0.20 (due to about lourteer.
aromatic protons and one i&ethine proton), and a sirv let at $ 10.16
(probably may due to one iorr.,yl group). The spectrum suggested tnat
the product may nave containeu the desired aldehyde together with
I,3-dinydro-3-(2,5-ai...ethoxypneuyl)isobenzofuranone in the ratio 1:1-
Its mass spectrum snowed m/z 2b7(3h), 2b6(61), ana fragments at
277(65), 270(100), 269(47). 255(32), 240(22), 239(74), 212(21),

. 211(67), 210(12), 163(26), 165(67), 139(37).



Note:

Simllax reaction conditions gave 2,5—dimethoxyoenzophenone in

72% yield from o<-phenyl-2,3-di methoxycenzyl alconol.

Attempts to optimise formation of tne aldehyde.

Several experiments were tried in att<-mpts to optimise the
yield of tne aldehyde in tne above oxidation reaction. |+s progress
was monitored by removal of small samples of the reaction mixture at
intervals of 5 n., 1 n., 2 n., 3 h., and overnight. Each sample was
worked up as described above, and its p.m.r. spectrum was recorded.
However, all samples .cave tne same t.m.r. spectrum as tr.at described
in previous experiment. After 1 h., tne product contained sligh*ly
more desired alaenvae (S at 3*%?0, 3.60 due to two n.ethoxy groups,

and & at 10.le due to the formyl group) than 1,3-dinyriro-3-(2,5-

dimethoxyphenyl)isobenzofuranone (o at }.eb and J.bb due to two
methoxy groups)* ; ratio 10:9 respectively.

Similar results were obtained when the reaction was performed
at - 5 to 3°* Oxidation using more oxidant (¢4 mol), at room
temperature for ~ h. gave a more complicated mixture, its p.m.r.

spectrum in d-cnlorororm showing six methoxy groups at S 3«5b, 3.48,

3.63, 3.7b* 3*7b, anc 3*b3*

Attempts to Isolate the Aldenvde.

(a) The room temperature oxidation was again repeated, ana the
total product isolated (19 mg) was separated using a silica gel
column ana 1:1 ether-nexane as eluent. Tne first fraction was a

pale yellow oil (10.3 rg). Its p.m.r. spectrum in d-cnloroform

still showea the presence of a mixture, which contained more

¢-All aromatic protons were at 6 6.60-8.20
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1»J-Qihy'-'io—3— 2, 3”1linethoxvpheny l)isobenzofuranone then the aesired
aldenyae (ratio 3si). Its mass spectrum showed molecular ions at 2fa6
and 270.

The second fraction was a pale yellow oil (2.1 ng) which had

m/z 2b6 and 270.

(b) The oxidation was again repeated. The total product (20 mg)
was dissolved in etner (3 ml) and wasned with aqueous 10# sodium
hydrogen sulfite (5 x 3 ml). Tne aqueous layer was neutralised with
aqueous 10# sodium hydrogen carbonate, extracted with etner, and the
extract was washed with water and dried (i.anSC,/. Removal of the
solvent gave a pale yellow oil (c.2 itg), tne p.m.r. spectrum of wr.ich
in a-chloroform showed it to be mainly |,5-dihydro-J-(2,3-dimetr.oxy-
pnenvl)isobenzoiuranone.

removal of tne solvent from the first ether solution gave a
yellowish oil (b.t> ng), its p.m.r. spectrum in a-chloroform showing

a mixture of |, 3-uinydro-3-(2,3-<iimethoxyphenyl)isotenzofuranone

and the desired aldehyde.

Notes:

(a) Treatment of the mixtures Ol aidenyde and leetone with 2,4-
dinitropnenylhydrazine reagent gave a red precipitate, mostly melting
at 210 -214°, which, had m/z 439(2), 436(2), 437(3), 270(6), 234(H),

239U1), 224(6), 167(19), 155U7).

(b) The ratio of I,3-aihydro-3-~2,3-dimethoxyphenyl)isobenzofuranone
and the desired aldehyde was unchanged on treatment of the mixture
with 10# hydrocnloric acia ana with 10# sodium hydroxide overnight

at room temperature.

(c) After the above mixtures haa stood at room temperature for 76
days their p.m.r. spectrum in d—ehloroform no longer showed formyl

peak
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(b) From Hydrolysis of 2'-( 1.3-Dioxolan-2-yl)-2.3-dimetnoxybenzo-

phenone. (p. 229

To a solution of 21+ I,3-dioxolan-2-yl)—2,5-dimethoxybenzo-
phenone (13 mg, 0.04 mmole) in ether (4 ml) was added 5% hydrochloric
acid (4 ml) and the two phase system was shaken at room temperature
for 3 h. The organic layer was then separated and washed with water
(4 ml) ana dried (i.'a”SO”). Removal of the solvent gave a pale yellow
liguid (10 rig, 98%)- 1*3 p.m.r. spectrum in d-chloroform (60 kHz)
showed it to be a mixture of the desired aldehyde (singlets at S 3-45
and 3.76 due to too methoxy groups, and a singlet at 10,10 due to the
formyl group) * and probably I,5-dihydrc-3-(2,5-dimethoxyphenyl)iso-

benzofuranone (singlets at 6 3.65 and 3.63 due to two methoxy groups)*

in the ratio of about 3*1 respectively.

Column chromatography, using silica gel with ether as the eluent;
still gave a mixture, probably of these two compounds, but with further
1.3- dinydro-3-(2,3-dimethoxyphenyl)isobenzofuranone formed during the

process.

1.3- bihydro-3-(2.9-d.imethoxvphenvl)isobenzofuranone.

(a) From Hydrolysis of o< -[2-(l.3-Eloxolan-2-y:i)phenyl~)-2,3-dimethoxy-
benzyl Alcohol, (p. 222).

A solution of the alcohol (31.6 mg, 0.1 mmole in THF (4 ml)
and 13% hydrochloric acid (4 ml) was stirred at room temperature
for 36 h. The mixture was then diluted with water (10 ml). The
product was extracted with etner (3 x 10 ml), and the extracts were
washed with water (2 x 10 ml) ana dried (Na~SO”). Removal of the

*

All aromatic protons grave multiplets at S b.30-6.00.
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solvent g*ave a pale yellow liquid (25 mg, 95%) which was then distilled
(bulb-to-tulb) at 84-90°/ 0.05 mmHg. (lit.,4 m.p. 80°). (Found: M+,
270.0692. Calc, for clt3Hl404: K. 270.0892). It had & (220 MHz, CDCI»),
5.67 (s, CMe), 3.66 (s, CKe), 6.64 (d, J 3, H-3), 6.84 (bs, H-4' + H-6"),
6.92 (d, J 7.3, H-3"), 7.40-7.70 (m, H-4 + H-5 + H-6), 7-94 (d, J 7;
H-7); and m/z 270 (100, M'+), 253 £17, (25 - Ne)+J , 239 [84, (M -0OMe)+],
211 [54, (M - OMe - CO)+] , 165[ 37, (MeO)2C6H3CO+ |, 105 (15, FhCO+).
(b) From Oxidation of o<-(2-Hvcroxvmetr.vi3r.enyl)-2,5-di;nethoxvbenzyl
alcohol.

To a stirred solution of the alcohol (31*6 mg, 0.1 mir.ole) in
aicnloromethane (5 ml) was added bis(2,21-bipyridyl)copper(ll) perman-
ganate (44c.5 mg, 0.1 mmole). The mixture was refluxed for 3 h.,
and the solid was then filtered with suction and w<isned with di-
chloromethane (3 x 10 ml). The filtrates were combined and evaporated
to give the title compound (24 mg, 69%). It was identical (p.m.r.

and m.s.) with the product isolated from the foregoing experiment.

21 —Hydroxycarbonyl-2.5-dimethoxybenzophenone.

(a) Ev Base Hydrolysis.

21-Methoxycarbonyl-2,5-dimetnoxybenzopnenone (2.10 g, 7*0 mmole)
in 10% sodium hydroxide (160 ml) was refluxed for 24 h. (Note I). The
yellow solution was then cooled to room temperature and acidified
with 10% hydrochloric acid. The precipitate was then filtered, washed
witn water and dried to give the desired product as pale yellow
crystals ( 1.96 g, 99%). It was purified by crystallisation from
toluene or water, or by sublimation at 140446 /0.05 mmiy to give the
pure product as a pale yellow solid, m.p. 159461 (Found: C, 66.8;

H, 4.9. CI. HMC.5 requires C, 67.1; H, 4.9 *) e« It had 6 (300 MHz, CDOIj)
)



185

JO& (oe, One ), 5.72 (s, Ohe), bfafc (d, J 9, H-5), b.96 (d, J 9,
ri-4) 7.42 (bs, H-6), 7.5b (dd, ~ 7.5, 7.5, H-5'), 7.6a (dd, J 7.5,
J2 7«5, H-4'), 7.96 (d, J 7.5, H6') (Note 2);m/z 287 (15, K* + 1),
2fao (81, K'+), 211 [47, (K - CC, - 0J-e)+3, 165{ 100, [ (OKe)-C,H_CC]

149 (bb, + ), 122 (19, PhCO2H); and (Nujol) 1720s err-1.

Note 1. A similar reaction, refluxed for 5 h. and worked up as in the
above proceaure, (rave mainly starting naterial together with a little

of tne desired acid.

Note 2. Tne protons H-5' ana CH of the acid were not assigned. Addition
of B2C gave a 5@0 KHz p.m.r. spectrum which showed a mixture of the
title compounds (singlets at & 5*s4 and 5.60 due to two metnoxy groups)
in the ratio 5*2, respectively. Tne aromatic protons resonance were
too complex for identification.

Its 75 KHz spectrum snowed 15 lines, instead of tne expected
Ib lines. It showed snarp lines at 55*76, 56.40, 115.92, 114.59,
127.02, 127.60 anc 153*55, ana broaaer lines at 121.15, 126.57,
129.0, 125.8, 152.6, 145.0, 170.5 and 195.b. The presence of broad
lines suggested tr.at tnere is a mobile equilibrium Detween the
desirea acid and |,5-dihydro-5-hyaroxy-5-(2,5-dimethoxypnenyl)iso-
benzofuranone. Its 20 Kriz spectrum, showed sharper lines tnan

that at 75 KHz also indicating such a mobile equilibrium.

(b) fcy Acid Hydrolysis.

A mixture of 2e-methoxycarbonvl-2,5-oimethoxybenzophenone
(210 ng, 0.70 mmole) in a mixture of 1,4-dioxane (8 ml) and 10X
sulfuric acid (20 ml) was refluxed for 24 h. The yellow solution

was then cooled to room temperature and the resulting precipitate

was collected by filtration, washed with water ana dried to give
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the desirec product (1}0 mg, 65%) which sublimed at 140-144°/0.05 rarty
as a pale yellow solid. It was identical (m.p., mixture m.p., i.r.,

and p.m.r.) with tne product obtained by hydrolysis in basic media

as described above.

2 '-Cnlorocaroonyi-? .6-diniethoxybenzon.uenone.

A mixture of 2'-nydroxycarbonyl-2,6-dimethoxybenzopnenone
(150 n~, 0.4 mmole) and freshly distilled thienyl chloride (4 ml)
was refluxed for 2.6 h. Tne excess of tnionyl chloride was removed
under reduced pressure an”™ the residue was dried at G.Oy nmHy to
leave the desired product as a pale yellow oil (116.6 mg, bJ90
(Found: K'+, 504.0610 and 3G0.0477» C CIl requires K, 304.0622
ana 306.0473)» It had i (200 MHz, CLCI®) 3»66 (s* OMe), 3*62 (s, 0>e),
6.62 (d, J 9, H-3), 6.96 (dd, 9, 3, H-4), 7-66 (d, J 3 H-b),
7.00- 7.72 (m, H41 + H-6 + H-6'), 7»92 (d, J 6, H-3")s z/z 306
(3, r +), 504 (9, K'*), 269 {100, [C 6H5(0Me)2CO.

C6H4(CKe)CC- C6HAC:3 +} ' 211 {21. tC6H4(0fe)CO. CbH ~j;

and ex g/film) 1760s cm-1, together with a broad absorbance at

2b00—3700 cm-1 suggesting partial hydrolysis.

Kote :

A similar reaction gave 2-chlorobenzoyl chloride in 83% yield
from 2-chlorobenzoic acid. It hac b.p. (bulb—to—bulb) 80-64 /70.06 mmJig
(lit.,"b.p. 235-238°) and €(00 KHz, CDCI®) 6.96-7.6b (m, ArH”), 7»68-

8.26 (m, Arn).
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Some Reductions of 2l-Chlorocarbonyl-2,5-dimethpxybenzophenone.

(a) fairy bis,tripnenylphosphine)copper(l) Tetrahydroborate. (?hé'p)’,CCubh4
Solid bis(tripnenylphosphine)copper(l) tetrahydroborate (60.3 ny,
0.1 mmole) was adaed to a stirred eolution of freshly prepared 2'-cnloro-
carDonyl-2, 3-dimethoxypenzopnenone (30.3 ny, 0.1 mmole) and tripnenyl-
phospnine (32.«. ny, 0.1 mmole) in acetone (2.3 ml). The mixture was
stirred overnight and tne precipitate was then removed by filtration.
Tne filter caxe was wasnea witn acetone, ana the solvents removed from
tne combined filtrates; tne resioue was extracted witn etner (i, x 3 ml)
ana dried (fvSO ). hemoval Ol tne solvent gave a white soliu arid an
oil (total 41.3 ny/. Tne p.m.r. spectrum in a-cnloroiorm of tne total
product showed singlets at & 3»»t)» 3«33* 5*66, 3*73» 3»°0 and 3»63 due
to six metnoxy groups, witn the rest of the protons in tne aromatic
region; a signal cue to a formyl group was not oDserved. The spectrum,
suggested tnat the product may have contained unreactec acid cnloride
(6 3.53 and 3.0G) and its carboxylic acid (in equilibrium with 1,3-
dihvdro-3—nyaroxy—3-(2,3-dimethoxypnenyl)isobenzofuranone, 8 3*46,

3.b6, 3.73 and 3.03). The product was not further investigated.

Notes :
(a) A similar reaction witriout trionenylpnospnine ”~ave the same result.
(b) A similar reaction in d-chloroform without tripnenylpnospnine gave

the starting material.

(b) Using Litnium tri-tert*"But.mrYftTuml.niuni- Hvrt-ride. {W3uO)"LiAIH.

To a stirred solution of freshly prepared acid chloride v3 mg*
0.11 mmole) in diglyme (1 ml) at -70° (dry ice-metnanol) was added a
cooled solution of litruum tri-tert-butoxyaluminium hydride (30mg, 0.11

mmole) in diglyme (I ml) over 3 min. After stirring at the above
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temperature for a furtner 1— h., tne reaction mixture was allowed to
warn; to room temperature, and then pourea onto crushed—ice. Tne
product was extracted with etner (5 x 13 ml), washed witn water
(2 x 10 ml) ana dried (EgSO”). Evaporation of the solvent gave a
pale yellow solid (31 mg). It was identical (m.p., mixture m.p.,

and p.m.r. spectrum) witn autnentic 2-nydroxycarbonyl-2,b-aimethoxy-

benzopnenone.

Notes;

(a) Similar reactions at 0° for 2h., or at room temperature
overnight followed by decomposition with ice-water and 2 K
hydrocnloric acid e-ave the same results.

(b) « similar reduction at -70° ,ave ¢.-nitrobenzaldenyue in o099t
yield from 4-nitrobenzovl cnloride. 1re product had m.p. 102-103°

(lit., b m.p. 104-103).

(c) Using Catalytic Hydrogenation in tne Presence of Pallacium-
£axium auliate.

A solution of freshly prepared 2'-chlorocarbor.yl-2,3-dimetnoxy-
btnzophenone (3b mg, 0.12 mmole) in dry toluene (2 ml) was placed in
the nydrogenation flash together with 10™ palladium—barium sulfate
(13 mg). The hydro*enation was carried out at the boiling point of
toluene with Btirring for about 3.3 h. The reaction mixture was tnen
cooled to room temperature, and the catalyst was removed by filtration.
Evaporation of the solvent left a pale yellow oil (27 mg). Its p.m.r.
spectrum in d-chlorofam did not show a signal due to a formyl group,
but showed major singlets at 6 3«3 and 3*34 possibly due to two
methoxy groups, together with single® at £3*33, 3»30, 3*70 , and
3.60 possibly due to four methoxj groups. The rest of the resonances

were in the aromatic regions. Tne product was not furtner cnaracterised.
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(d) I'Bing NaBH". in DKr'-THr .

To a stirred solution of fresnly prepared 2'—hlorocarbonyl—
2,9-<Jimethoxyben7opnenone (40 mg, 0.15 mmole) in THF (1.2 ml) and
DfF (0.4 ml) at approximately -70° (dry ice-methanol) under a nitrogen
atmosphere was added dropwise (ca. 9 min.) a solution of NaBH (4.4 ng,
1.2 mmole) in DM (1.0 ml). Immediately ethyl vinyl ether (0.8 ml),
followed in rapid succession by the reaction mixture, was added to
a flask containing a well-stirred mixture of propionic acid (0.6 ml)
and 2 K aqueous hydrochloric acid (0.6 ml). In order to minimise the
time of contact between ethyl vinvl ether and this acidic mixture,
ether (19 ml) was then introduced into tne flasr and stirring
was continued for several minuses until hydrogen evolution had ceased.
The organic layer was tnen sepr-ted, washed with aqueous 19" sodium
chloriue (i x 5 ml), 1 ¥ sodium hydroxide (2 x 9 ml), saturated brine
(2 x 9 ml), and water (2 x 10 ml), and dried (KgSC”). hemcrval of the
solvent gave a yellowish oil (44.9 mg). Its p.m.r. spectrum in d-
chloroform showed singlets at & 5»44, 5-50, 5*77 an“ 5*79 possibly
due to four n,ethoxy groups, while tne rest of tne resonances were in
the aromatic region. A signal due to a formvl group was not observed.

Tne product was not further examined.

Notes:

(a) Similar reactions at -70° , followed by room temperature either
for £ h. or overnight gave mainly 2'-hydroxycarbonyl-2,9-dimethoxy-
benzopher.one together with unidentified products.

(b) A similar reaction at -70° , ana decomposition with water gave a
colourless oil, its p.m.r. spectrum in d-chloroform showing mainly
2'-nydroxycarbonyl-2,9-dimethoxybenzophenone in equilibrium with 1,3—

dihydro-3-hydroxy-5-(2,9-dimethoxypner.yl)isobenzofuranone, together

with an unidentified product showing a singlet at S 3.44. The rest of
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resonances were in the aromatic region. Its mass spectrum snowed m/z

at 500(3), 286(21), 271(40), 270(100), 255(10), 239(35), 225(10),
211(33), 165(35). Tne product was not further exandned.

(c) Similar reduction of 2-chlorobenzoyl chloride at -70° , and aecompo-
sition of the reaction mixture with propionic acid — hydrochloric acid
as in the above experiment, gave 2-chlorobenzalaehyae and 2-chlorotenzovl

alconol in ratio 6:1, respectively (total yielu bl9t).

2'-N-.-i periaylcarbonyl -a ,5-d imetnoxy oenzopner.one.

(a) from 2 Ketnoxyc-irborji 1-2,5-dimetnoxyDenzophenone.

A mixture of tne ester (110 mg, 0.37 mmole) and freshly distilled
piperiaine (4 ml, 0.04 mole) was reiluxea for 2fa h. to give a yellowish
solution. Tne excess of piperidine was removed (rotary evaporator) and
the residue was cried under vacuum to leave a yellow oil (162 np, 96%)
whnicn was then aistillec at 100-166°/0.05 mMKg to give the required
product as a lignt brown oil (Found: C, 71*5» H, 6.7; N, 4.2. C21ii23041
requires C, 71.4, H6.7; f». 4.08). It had 6 (220 KHz, CDCI?) 1.30-1.70
(m, 5x CrtJ, 3.20 (s, 2H), 6.b2 (s, 0>e), 6.90 (s, OKe), 3*50-5.90 (bs,

2H), 0.60-7.10 (m, ArH?%), 7.20-7.60 (m, Ark~)> m/z 355 (6, N'+), 269-(27,

(b) From 2'-Chlorocarbony 1-2.5-dimetnox.vbenzopr.enone.

A solution of piperidine (N#te.l) (0.55 m, 5*6 nmoleiin pyridine (1.5 ml)
was treated witn acid chloride (60 mg, 0.26 mmole) in pyridine ™1 ml)
at 0° , The mixture was stirred at this temperature for about 15 min..
tnen poured into cole water (3 ml), acidified to pH 1 with 10?. hydro—

chloric acid, extracted with ether (3 x 10 ml), washea with water (2xl0eil)
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and dried (Ha~SO”). Removal of the solvent gave the desired product
(36.4 mg, 55%) 33 a very pale yellow oil. Its p.m.r. spectrum was

identical with that of the product ootained from the foregoing reaction.

Note Is Preparation of N-2-Chlorobenzoylpiperidine

A similar reaction of 2-chlorobenzoyl chloride witn piperidine
at 0° for 20 min. ana work-up as for the above experiment gave 2-chloro-
tenzoylpiperidine as a colourless oil in 04% yield, which was distilled
(bulb-to-bulb) at 12C-124°/0.1 nmHg (lit.,~ b.p. 100-105° ). It had 5
(60 KHz, CECIj) l.o4 (bs, 3 x Ci”), 3.1b (bs, CI*J, 3.72 (bs, Cfn),
7.2b (m, ArH ) ard m/z 224 (29, M'+), 222 (83, K'+), 186 (26, ClI.
cokdccnc_h10+), 141 (32, ci. cbhdcc+). 139 (100, ci- cbhdco+), 113(6,

C6K4ACI1+), 111 (23, CfHCI+), 64 (6, C5HION + ).

Attempted Reduction of N-2-Chlorobenzoylpiperidine to 2-Chlorobenzaldéhyde.

From its Vilsmeier Complex formed in Situ.

A mixture of the amide (112.5 mg, 0.5 mmole) and freshly distilled
pnosphorus oxychloride (76.5 mg, 0.5 mmole) in toluene (5 ml) was refluxed
for ~ h. The mixture was tnen cooled to room temperature and treated
with zinc dust (lo3«5 mg, 2.5 mmole). After stirring at room temperature
for £ h. the solia was filtered off. Removal of the solvent from tne
filtrate left a pale yellow oil wmch was diluted with water (ly ml),
extracted with (3 x 5 ml), ana the extracts were washed with water 3x5 ml)
ana dried (Na,SG ). Removal of the solvent gave a pale yellow oil (IC2mg)

shown by its p.m.r. spectrum in d-chloroform to be starting material.
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Note:

Similar reactions for longer refluxing times (e.g. 1* h., 4 h.f
and 4b h.) either in benzene or toluene and treating of tne mixtures
with either zinc dust or anriyarous tin (Il) chloride followed by worked-

up as in tne above experiment, gave tne same results.

Isolation of the Vilsmeier Complex.

A mixture of lj-2-cnloroberiZoylpiperidme (lie.5 ng, 0.49 ml,
0.5 mmole) anc phosphorus oxychloride (? ml, 2.? mmole) was refluxed
overnignt. The excess of phospnorus oxvcnloride was then removea to
leave a light-brownisn oil (110 mg, bQt;. It nad & (60 hriz, CICI®)
1.50 (bd, J le, 6H), 5.1b (s, H), 5.7? (s, H), 4.12 (s, H), 4.5°-

5.00 (bs, H), 7.55 (s, ArH”), 'Lb2 (m, ArH).

Iroiri its Vilsmeier Complex.

(a) Using Activated Zinc / Zinc dust.

A solution of tne Vilsmeier Complex (3C mg, 0.15 mmole) in
toluene (3 ml) was treated witn activea zinc (I'.ote 1) (150 mg, 2.5 mmole)
ana tne resulting mixture was reiluxea with stirrirv for about 1 h. After
cooling to room temperature, tne solid was filteied. Hemoval of tne
solvent from tne filtrate left a pale yellow oil. Water (10 ml) was
aaded to tnis oil ana tne mixture was neated on a steam oatn for about
10 rain. Ine product was extracted witn ether (5 x 10 ml), wasned with
water (2 x 10 ml) ana dried (j~SO”). Hemoval of the solvent gave a
greenish oil (50 ng). Its p.m.r. anc mass spectra snowed it to be N-

2-cnlorobenzoylpiperidine.
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Note:

A similar reaction in which the complex was treated with zinc
dust and then heated at 90 overnight followed by decomposition with

10% nydrocnloric acid gave the same result.

Hote 1. Preparation of actived zinc. Zinc dust (3 g) was treated with
5% hydrochloric acid (5 ml) and the resulting suspension was stirred
at room temperature for 5 min. the solid was then filtered and washed
with water until tne filtrate was free from acid, and tnen with acetone.

The reagent was kept in a desiccator prior to use.

(b) Using Tin(Il) Chloride.

(1) A solution of the Vilsmeier Complex (120 mg, 0.3 mmole) in TKF (5 m1)
was treated with anhydrous tin (11) chloride (3G mg, 2.7 mmole) and the
solution was then refluxed for about 4 h. After being cooled to room
temperature, the resulting pink solution was treated with 5% hydro-
chloric acid (10 ml), and then refluxed for 24 h. After cooling, the
product was extracted witn ether (4 x 15 ml), washed with water (2x20 ml)
anu dried (lia”O~”). Removal of the solvent rave a brownish oil (155.3 mg),
the p.m.r. spectrum of which in d—hloroform did not show any sign of the
desired product; it may have been a TKF-complex since its p.m.r. spec-
trum snowed a broad singlet at & 1.7G, multiplets at 3*IG-4.00, a

broad signal at 4.00—4*60 and multiplets at 7*33 in the ratio of about
5:4:1:1, respectively. Its mass spectrum snowed ny(z 316(2), 314(3>»
225(16), 223(42), 222(100), loo(9), 139(36). 111(11). 91(19), 71(14).

The product was not furtner studied.

tNotos;
(a) A similar reaction in refluxing toluene overnignt and decomposition

of the product, in refluxing 5% hydrochloric acid for 4 h. gave the same

result.
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(b) A similar reaction in a refluxing mixture of THF and dioxane,
followed by decomposition with either cold or refluxing hydro-
chloric acid gave only H-2—ehlorobenzoylpiperidine. A similar result
was obtained when the reaction was repeated in ether at room tempera-
ture followed by decomposition with hydrogen chloride gas.

(c) A similar reaction in THF either at room temperature overnight
(followed by decomposition with cooled 5% hydrochloric acid) or at
reflux for 2 h. (followed by decomposition with refluxing 1C% hydro-
cnloric acid) may have given a trace of the desired aldehyde (as

shown by its p.m.r. spectrum in d-chloroform; a singlet at & 10.47)*

(2) A solution of the Vilsmeier Complex (65 mg, 0.17 mmole) in
toluene (5 ml) was treated with tin (Il) chloride (3C5 mg, 1.6 mmole).
After stirring the reaction mixture at room temperature for ~2 h. it
was then treated with 10% hydrochloric acid (10 ml) and stirring was
continued for an additional 1 h. The product was extracted with ether
(3 x 13 ml), washed with water (2 x 20 ml) and dried (fASO”). Removal
of the solvent gave a light brown oil (34 mg). It p.m.r. spectrum in
d-chloroform showed that it may have contained a trace of the desired
aldehyde (S at S 10.43) together with N-2-chlorobenzoylpiperidine as

tne maior component.

t'.'otes i

(@.)) Similar reactions eitner in refluxing toluene (for 3 d*) or ether
in the presence of a few drops of Diil (overnight) and work—up as in the
foregoing description gave the same results.

(b) A similar reaction in pyridine at room temperature overnight

«ave N-2—enlorobenzoylpisericine as tne only product.



195

2,5-Pimetnox.vd i pneny Imethanol.

To a stirred solution oi 2,5-dimetnox;> oenzoprienon, (1.1 g) in
95% ethanol (20 ml) was added sodium borohyaride (1.9 g). After
stirring ior 4fa h. at room, temperature, the mixture was diluted witn
water (20 ml), extracted witn etner (¢* x 15 ml), ana the combined
extracts were washed with water (2 x 15 ml), and dried (ha”~"SC"%).
Removal of tne solvent gave a colourless oil (1.0 g, 91%) wnich was
then distilled (bulb-to-bulb) at 110°/0.1 nmmHg (lit.,f 163.5°/0.02
mmHe)e (Found: C, 73.5» H, 6.7. Calc, for C, 73*6; H, 6.6%).
it naa 5 (60 KHz, CDCI* ) 3.01 (d, J 6, OH), 3.71 (s, 2 x OKe),
6.01 (d, J 6, -CH-, <changed to a singlet on addition of

D?0), 6.80 (s, ArH;), 7.32 (s, ArH%"), m/z 224 (6C, Ff+),

227 [I00, (K- CH)*] , 213][ 10, (K - Gi-.e)* j , 105 (20, ArCO* ),
91 (11, ArCH~* ), 77 (6, Ar*), and 7/"" 3410s cm-1.
Note:

A similar mixture, after beirt stirred at room temperature for
10 h., still gave a product containing tne starting material as shown

by its p.m.r. spectrum.

2.5-1>imethoxybenzophenone.

This compound, (% WtS recrystallised from hexane as white
crystals, it.p. 46-49° (lit.,~ m.p. 51 ) If had S (60 KHz, CIA.1"),
3.61 (s, OKe), 3.74 (s, CKe), 6.91 (s, ArH}), 7*46 (s, ArK"),
7.63 (m, ArH”)} m/z 243 ~16» (K + 1) ] , 242 (100, M ), 211 F3.

(K - OMe)*J , It>5 (65, Ke2Cbh cc+), 105 (4b, PhCO*), 77 (69, Ph+).

Phthalide.

An authentic sample of phtnaliae nad (Nujol) 1740s cm 1.
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C<-8ydroxybenz.vl-1.4-ben7oquinone.

(a) From 3-Hydroxydiphenylmethannl -

(1) Reaction in Metnanol.

To a stirred solution of potassium dihyarogen orthophospnate
(1.12 g) in water (120 ml) was aoaed a solution of 3-&ydroxydi-
phenylmethanol (300 mg) in metnanol (30 nil) followed by Fremy's salt
(2 g). After stirrin* for 3 h., tne product was extracted with ether
(3 x 20 m1l), wasr.ec with water (2 x 20 ml/, anu oriec (ilax Ck). Removal
of the solvent tave tne desired proauct (34b mg, 70%) as a brown oil.
It nao 6 (CDCI ), 00 KHz) 3.03 (a, J 4, On), 7.32 (b, oC-H, changed
to singlet by addition L0/, 0.6b-t>.bp (m, H3 + n-4 + H-p), 7.20 (m,
Arrin), iaeritical witn tnat reported«

Tne QUiiione was obtained in 534 yield when 3*3 equivalents of

sodium acetate was used, instead of Dotassium dihydrogen orthophospnate.

(2) Reaction in two j-r.ases.

Using dicnlorometnane (3 ml) to dissolved tne pnenol (pC mg,
0.23 mmole) and water (3 ml) to dissolved tne Fremv's salt (200 mg,
0.73 mmole) and sodium, acetate (71.b ng, 0.86 mmole) and shaicing at
room temperature for 4™ h. gave after work-aip (34 mg. 6991) of tne

desired quinone.

(b) From 2.p-Limietnoxyaiphenyln,ethanol.

To a stirred solution of 2,3-dimethoxydipnenylmetnanol (76.6 mg,
0.3l mmole) in aqueous acetonitrile (HO : CH\CR 3s7. 3 ml) was addeu
slowly a solution ol OAR (822 1.3 mmole) in aqueous acetonitrile
(H*O : orijcr 317 ; 3 ml) over 3 min. The colourless solution immediately

changed to dark brown. Tne flasx was tnen covered with aluminium foil.
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After being stirred tor 5 h., the mixture was diluted with water

(10 m1), extracted with dicnloromethane (3 x 5 ml), and the combined
extracts washed with brine (I x 5 ml) and dried (1,a2SC4). Removal of
the solvent gave the desired product as a brown oil (44 mg, 67%). Its

p.m.r. spectrum in d-cnloroform was identical to 'that described above

Protection of Fnenolic Hydroxy with the Trimethylsilyl (TPB) Grounf

A General Procedure.

To a stirred solution of the hydroxy compound (1,0 mmole) in
ether (5 ml) under nitrogen was added trimethylsilyl chloride (1.2
mmole) (Note |I) and pyridine (1.4 mmole) (Note 2). The mixture was
then stirred at room temperature for an additional 3-20 h. (Note 3),
The white precipitate was then filtered. Removal of the solvent from
the filtrate gave a pale yellow oil which was then distilled or extracted

with pentane to give the desired product.

Note 1. 1.2 Equivalents of trimethylsilyl chloride were used for each

hydroxy group present in the compound.

Note 2. 1.4 Equivalents of pyridine were used for each hydroxy group

present in the compound.

Note ~. The reaction occurred rapidly, and normally ended within

3-4 h., leaving the reaction overnight gave the same results.



196

2.5-Bis [(triroethylsilvl)oxv~} t oluene.
~»5”7Nihydroxytoluene (1.24 gf 10 rmrole) after the above procedure

and distillation (bulb-to-bulb) at 6b-74°/ 0.05 mmHf, gave the pure

title product as a colourless liquid (1.93 g, 72%) (lit.,12b ,p. 156°/0.2
mmHg) (Found: C, b6.2; H, 9.2. Calc, for C H~”OgSig: C, th.2; H, 9.0M4).
It bad 8 (60 MHz, CDCIj) 0.2~ (s, 2 x SiKe ), 2.12 (e, Me), 6.40-6.70
(bs, ArH”); m/z CI(NH ) 266 [16,(M + 16)+] , 269 [I00,(Y + I)* 1 ,

90, (38, BejSiOH+), m/z 2b6 (100, K,+), 273 [92, (K - he)+] , 223 [lO,

(h - he )+1 , 179fl4, (M - OSihe )+l \ ard-y' (iiloi) li)GOe, 1410s, cm ~

3-f( .'rinmethylsilyl) oxvl Penzaloer.vae.

3-Kydroxybenzalaenyde (1.22 g, 10 mn.ole) gave after tne above
procedure the title compound, which distillée (bulb-to-Dulb) at bO-
b4°/vJ.OL nmHy as a colourless liquid (I.b3 F» 79m) (round: C, 0l.9;
H, 7.3. O~/i~rO~Si requires 0, 0l.9; H, 7.2*). It nad 6 (220 KHz, CIOI®)
0.29 (s, Sil-en), 7.12 (dad, ~ 7.6, Jg 4 . 1 .7, H-4), 7.3b (dt,
£-1 4 o5, ;2 N*T» » cnar*ted tO a doublet, J 1.7 on irradiation at
7.12), 7.45 (d, J 7.8, H-5), 7*50 (dt, 7.8, £ 1.5, H2 + H-6;
changed to a double-doublet on irradiation at 7*12); m/sz 194 (43, M'+),

179 [72, (K - Me}tJ , 122 [I00, (M - SiMe, ¢ H)+~ , 121 [37, (M - 51 *~)%

9.82 (s, CHO); and (film) 1690b, 1590e, 1460b, 1440s cm-1.

20-Bis [(trimethylsily 1)oxy]benzaldeh.vde.

Hexametnyldisiliazane (7 ml, 32 mmole) and imidazole (I[) mg,
0.23 mmole) were addea to a stirred solution of 2,t>-dihydroxybenzal-
dehyde (™00 ng, 3.6 mmole) in tetrahydrofuran (20 ml) under nitrogen.
After stirring at room temperature overnight the solvent was removed
under vacuum to give a brownish oil wnich was distilled (bulb—to—bulb)

at y6-10<*°/0.0i) mmH* to give the desired product as a yellowish liquid

(045 ngf 64?:) (Founds C# p”~.4; Hf 7»9« recu*res ~*56*3* H#7a$0
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It had 8 (220 KHz, CDCI?) 0.2b (a, Sihe”), 0.30 (s, Sihe”), 3*90 (d,

J 00, H-3), 6.35 (d, J 3, H-b), b.70 (dd, J b.5, j, 3, h-5), 9.60 (b,
Cri0); m/z CI(I.Hj) 203 [b7, (rt ¢ 1)'f3J, 2b7 [I3. (M - he)+j , 211 [IOO,

(H - SiMe™ + 2H)+], 210 [42, (k - SiKe? + H)+\], 195 ~17, (K _ SiMe?-

te + H)+ 1, 90 (23, Ke5SiOH+); m/z EIl 282 (3, K,+), 267 [78 (K - *e)+],
210 [ 100, (M - SiK*5 + H)+] , 193 [ 86, (1J- SiKe? + H)+] , 167(38)5

and I/max 16e5s. 1490a, 1420m, 1390a cm-1.

Note:

Reaction using trimethylsilyl chloride and pyridine in etner
pave a ca. 1:1 mixture of the title oroauct totetne*- with 2-hydroxy-5-
[(trimethylsilyl)oxvlbenzaldehyde [singlets at 6 0.2b (SiKe”), 10.20

(CHC), and 10.30 (OH) and tne rest of protons at S 6.60-7.20 ~.

2-f(Trimetny silyl)o x y ]-met rhoxvir.etnoxyher.zaldcnyde.
2-Hydroxy-3-methor.."'methoxyben7aldehyde (p. 205 ) (182 itvf, 1 mmole)
pave, after the above procedure, the desired product as a colourless
liguid. Pentane extraction afforded the pure material (214 mp, 64e”
(Pound: K*+ 254.0976. Cl’COthOdSi reauires K 254.0974). It had S (220
KHz, CDC1 ) 0.50 (s, SiKe”), 3-44 (s, Ole), 5-09 (s, OCHE), 6.75 (d,
J 9, H-3), 7.12 (dd, J1 9, 12 5. H-4), 7.40 (d, J 3, H-6); m/z 254
(36, K'+), 239 [58, (K - He)*] , 209 [(19, (21- rc»)* ]. 182 [59, (K -
SiKe3 + H)+5 ; and -v_rmx (film ) IbbOs, 1595m, 1430m, 1395m cm“1.
Trimethylsilyl 2,3-Bis[(trimethylsilyl)oxvjoenzoate.
2,5-Lih.vdroxybenzoic acid (308 mg, 0.2 mmole) gave, after the
above procedure, the title compound as a colourless liquid. (655 mp,
74%) which distilled (bulb-to-bulb) at 76-80°/0.1 mmp (Foun™: c, 52.4;

H, 7.9. Cj6HB004Si5 requires C, 51-9; H, 8.1*). It nad b (220 KHz, CDCI")
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0.25 (s, 2 x SiMe”), 0.40 (e, SiMe?), 6.85 (d, J 9, H-5), 6.98 (dd,
J} 9. Jg 3. H4., 7.25 id, J H-6); m/z CI(NHY 371 ~ 37, (V + 1)+] ,

555 [ 26, (K + 1 - te)4j , 299 [I0o0, (N - Sitfe H] ; and r/"msx

(CfACIj) 1655s cm-1.

Not*,
Treatment of the silyl ester with oxalyl cnloride-EyF at 0°
under nitrogen either in Trir or without solvent, gave 2,5-dinydroxy-

benzoic acid.

i-roiectior. of Pnenolic hydroxy witn the .'etrahydror/.ranyl (THP) Group.

}-{"(Tetrahydro—2H-pyran-2-y 1)oxv3oenzalaenyde.”

To a stirrea solution of 3-hydroxybenzaloehvde (J..2 g, 10 mmole)
in dichlorometnane (00 ml) was added pyriainium p-toluenesulfonate
(Note 1) (0.25 g. 1 mmole) and 2,J-dinydropyran (I.2b e, 15 mmole).
After stirring at room temperature for 5 h. tne solution was diluted
witn ether, washed once with nali-saturated brine to remove the Catalyst,
and ariea (Na SC~”). Evaporation the solvent gave a pale yellow oil
(I.b g, ) wnich was purified by column chromatograpny on silica gel
using 3*1 petroleum ether (b.p. 40-0G0) —etner as eluent, to give
two fractions.

Tne first fraction was tne desired product as a pale yellow oil
(1.35 g, bt>%) (Found: C, b9.6; h, 6.9. C10HU C3 requires C, b9»9»

H, b.6%). It had 5 (bO hriz, CDCI®), 1.40-2.10 (bs, 3 x CHg), 3-30-
8.10 (m, OCH2), 5.35 (bs, C-Cri-0), 7.10-7.50 (m, ArH”?), 9.79 (s, CriO);
m/z 206 (0.4, N*4), 65 (100, THf+); and V 'mex (filln) 17000 cm-1.

Small scale sublimation at b0-b2°/0.01 nrly gave the desired

product as a colourless liquid; on a larger scaley trie compound

edecomposed
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The second fraction was isolated as a white solid (190 ng, 9%).

It was identical (m.p., mixed' m.p., and p.m.r. spectrum) with antheri

tic 3-hyoroxybenzaloehyde.

hote 1. Preparation of Ptyridinium jjJoluenesulfonate (PiTS). £'Joluene-
sulfonic acid mononydrate (2.6 g, 15 mmole) was added to pyridine (6 ml,
75 ran,ole) with stirring at roon, temperature (slightly exothermic).

After stirring for an additional j h., at the above temperature, the
excess of pyridine was removed with a rotary evaporator on a water

fcatn at b0° to afford slightly hygroscopic colourless crystals, which
were recrystallised from acetone to give the pure product as white

crystals (3-2 g, bbfr), m.D. Illb°® (lit.,~"120°).

2-Hydroxy-5-£(tetranydro—2H-pyran-2-yl)oxy]Denzalaenyde.

A similar reaction using 2,5-cihyoroxybenzalcehyde (1.3s g, 10
mmole), pyridinium ji-toluenesulfonate (0.25 g, 1 mmole), and 2,3-
aihydropyran (1.26 g, 15 mmole in dichlorometnane (50 ml), stirring of
the solution at room temperature for 36 h.j anc worn-up as above
afforded the desired product as a greer.isn oil (1.66 g, 7590- It wap
purified either by filtration througri silica gel using 3:1 ether-nexane
as eluent, or by distillation at 60-b6°/0.05 nmmiy (Pound: G, 64.6;

H, b.4. 212Hu 04 requires C, 64.9! H, It nad £ (220 KHz,

CDCIj) 1.30-2.00 (m, 3 x CHg), 3.5t> (m, 'n-6'.X/p ), }.02 (m, H-b’, /3/cV),
5.26 (s, H-2'), 6.64 (d, J 9.fc, H-3), 7-19 (e, H-4 + H-b), 9.73 (s.CHO),
10.60 (s, OH); rafz 222 (a4, K'+), 205[2, (P - OH)+] , 136 [ h, (K -
THP)+] , 65 (100, Th?+); and q/" ~ (film) 3000-3600b, IbfjOe,

Ib20s cm
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Protection of riyciroxy with icrt-Butvidimethylsilyl Chloride.

1.1«Limethylethyl )dirnetnylsilyl 2.5- j€is- (111-di methylethyl)dimethyl -

In a 2p ml 2-necxed flash, swept witn ary nitrogen and equipped
with a mé&rnetic stirrer, was placed 2,5-dihvdroxybenzoic acid (38.5 ng,
0.025 mmole) in ether (5 ml). t-Butyldimethylsilyl cnloride (226 ng-,
0.15 mmole) and pyridine (160 mg, 0.20 mn.ole) were then aaced ana the
mixture was stirred at room temperature under a nitrogen atmosphere
overnignt. Yne precipitate was ther. filtered. Bemoval of the solvent
from, the filtrate gave the desired product, in a crude state as a pale
yellow oil (97 rrg, 76%) wnich cnanged gradually to a white «olid on
standing in the air at rooi: temperature ana even in the p.m.r. tube in

d-chloroforr solution during recording cf the p.m.r. spectrum. It had

J 3, H-3) togetner with impurities as snowr, by multiplets at & 7. 30-

ti.bG. frie proauct was not furtner examined.

Note:

(a) Sublimation at b0-b6°/0.1 nmtt £ave a white solid. It was identical
(m.p. mixture ra.p.) witn 2,5-dinyoroxyberi7oic acid.

(b) Sinular reactions using imidazole as the base (instead of pyriaine/

in DFi' (instead of ether) failed to give tne desired compound.
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2 ,5 - lil-dimetnyletnyl )dimethvlsi 1. ijaxv*benzalaen.vde.

To a stirred solution of tert-butyldi methylsilvl cnloride (352 ng,
0.22 mmole) in dry Tri? (15 ml) was aadeu imidazole (150 mg, 0.22 mmole).
To tne resulting cloudy mixture was tneri adaed 2,5-dinydroxybenzuldehvae
(136 ng, 0.1 mmole/ and the mixture was stirred at room temperature
overnight under a nitrogen atmospr.ere. The white precipitate was filtered.
Removal of the solvent from the filtrate gave, probably, tne desired
product as a p~le yellow liquid (265 mg, 76#). It had 6 (60 KHz, CDCI")
0.16 (s, 2 x SiKe”), 0.94 (s, 2 x Bul), 6.60 (d, J 9» K-3), 6.95 (s,
H-6), 7.0 (d, J 9, Hd and m/z CI\H ) 3b7 (2, K'+), 25~ f 19, (K - 2 X
But)+] , 195 [t>3, (K - 2 x Bu* — SiKek + H)+] , 136 [bl, (K - 2 x
SiKe’\But')Jrj] . The smell of tne procuc-* indicated tnat it containec some

t-butyldimetnylsiljl chloride.

Note:
A simiilar reaction in ether using pyridine as the base gave a

Ca. 2;3 mixture oi tne aesired product ana 2,5-dinyaroxvbenzaldenyde.

Attempted purification ol tf.e product.
(a) The product was insoluble in pentane: pentane extraction gave
nothing, as snown by the absence of a p.m.r. spectrum of the extract

in d—hloroform.

(b) Dissolving tne product in d-chloroform followed either by column
chromatography through polyamide or washing of the chloroform, solution
with water gave some hydrolysis product, 2,5~ihvdroxybenzaldehyde. A
similar result was obtained when its solution in ether was washed with

saturated sodium hydrogen carbonate.
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(c) Sublimation at 34-t>0 /0.1 nmHy gave 2,3-dihydroxybenzaldehyde

as tne only product.

Metnoxvmethylation of Fnenolic Hydroxy Group: A General Procedure.

To a stirred solution of the hydroxy compound (e.g. hydroxy-
benzene, hydroxyaldenyde, hydroxyxetone, nvaroxycarboxylic acid, or
carboxylic acid, 1.0 mmole) in etrter (3 ml; (Note 1) uriaer a nitrogen
atmosphere was added metnoxvmethyl cnloride (as a 1:1 mixture with
methyl acetat®, 1.3 mmole) (Note 2) ana triethvlaa.ine (2.0 mmole)
(Note 3)« The reaction mixture was stirred at room temperature for
about 24 h. and the white precipitate was then filtered. Hemoval of
the solvent usually gave as tne methoxymethyl ether as a liquid wnicn
was rrurified either by washing with aqueous 'j'Y sodium hydroxide or

distillation.

Note 1. 3 ml of ether was used as the solvent for every 1.0 mmcle of
the hydroxy compound, except for those hydroxy compounds which were

not very soluble ir ether wnen more ether was used.

Note 2. Unless otherwise stated, 1.3 mmole of methoxymethyl chloride

was used for each hvdroxv group present in the starting material.

Note 2.0 mmole of triethylamine was used for every 1.3 mmole of
methoxymethyl chloride used in the reaction mixture, kxcess of amine

was necessary to keep the reaction mixture basic throughout.
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2,6-5is(methoxy-methoxv)benzaldehYde.
2»5-1I'thydroxybenzaldehyde (1.36 g, 1C mmole) gave after the

above procedure the title compound (1.28 g, 57%) as a yellowish oil
which distilled at 56-60 / 0.05 mmHy tc afford a pale yellow liquid
(found: G, 56.6; H, 6.5%. 226.0641. requires C, 58.4;
H, 6.2%. M,226.0647. It had & (500 Miz, CDCI?) 3.46 (s, OMe), 3.50
(s, OMe), 5.16 (s, OCr”?), 5.26 (s, CCf?), 7.02 (d; J 9.5, H-3), 7.26
(dd; J1 9.5, J2 3, H-4), 7-52 (d, J 3, K-b), 0.26 (s, CHO); m/z ;22562
(42, K*+), 195129, M - OKe)+] , 160 [ 37, (M - MaCMfe )+] ; and

"I/~wax (film) 1660s, 1490™» and 1385mcm

Note i

(a) A similar reaction using dichloromethane either at room or
refluxing temperature gave only 5% of the title compound. 2-Hydroxy-
5-methoxymethoxybenzaldehyde (p. 205) was isolated in 60% yield after
extraction with 5% sodium hydroxide followed by acidification with 5%
acetic acid. Treatment of 2-hydroxy-5-methoxymethoxybenzaldehyde (182
mg, 0.1 mmole) under the condition of the general procedure gave the
title compound in 60% yield.

(b) Similar reactions using pyridine as the base in either dichloro-

methane, tetrahvdrofuran or etr.er, failed to give the title compound.

2-Hydrox” -5-methoxymethoxybenzaldehyde.

A solution or 2,5-dihydroxybenzaldehyde (2.07 S. 15 mmole) and
methoxymetnyl chloride (8.0 ml of 1:1 mixture with methyl acetate, 42
mmole) in dichloromethane (30 ml) was reiluxed for 24 h. under a nitro-
gen atmosphere using a Soxhlet containing powdered 4A molecular sieves
(20 g). After being cooled tc room temperature and washed with aqueous
5% sodium hydroxyde (3 x 20 ml), the aqueous solution was neutralised

(to pH about 7) with aqueous 5% acetic acid, extracted with ether
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(4 x 50 ml), aJio dried (Na~SO”). Removal of the solvent gave the
desired product as a light brown oil (2.17 g, 60%). It distilled at
50-56°/0.1 nmty as a pale yellow liquid (found: C, 59.6; H, 5.7.
COHLO°4 re(3uires c. 99*5; H, 5.5%. K*+ 162.0561. C H~O” requires

K 182.0579). It had b (220 MHz, CDCI?) 5.43 (s, CMe), 5.12 (s, OCH2),
6.92 (d, J 9, H-3), 7.22 (m, K-4 + H6), 9.79 (b, CHC), 10.65 (s, OH);
m/z 162 ( 52, K'+), 152[30, (K - OMe + H)+] , 157 ~16, (K - MCM) ;

and 7* Qf i 1n9 310G~3600b, lofcOs er. 1.
max

2-Methoxy-l,4-bis(methoxymethoxy/benzene.

2-Kethoxy-l,4-dinydroxybenzene (140 ng, 1 mmole) gave after the
above procedure a colourless liquid (177 <¥l 76%) which was purified
by distillation (bulb-to-bulb) at 6G-6t°/0.1 mavir tc give the pure
product. (Founds C, 57.6; H, 7.2. requires C, 57.9; K, 7.0%).
It had & (220 KHz, CLCI®) 3-46 (e, OMe), 3.50 (s, Give), 3.66 (s, OMe),
5.12 (s, OCHY, 5*14 (s, OCfu), 6.55 (dd, 6.6, J, 2.6, H-5), 6.65
(d, 3 2.6, H-3), 7.05 (a, J b.c, H-6); m/l 226(70, M+), 19&[22,
(K- 2x Key+], 163 [26, (K - MOM+J, 16b [Ib, (K - OVOh ¢ H)+] ,

155 [17, (K - OKOM - Me + H)+]; and (film ) 1511m, 1155mi 1009m cm-1

2-Hydroxy-b-methoxymethoxybenzoic ~cid.

2,5-Lihvdroxybenzoic acid (154 ng, 1 mmole) gave after the above
procedure the title product as a sticny pale yellow oil (Ib3 rg, 62%)
(Note 1) togetner with trace of 2,5-bismetnox.vmetnoxvbenzoic acid
(Note 2). The mixture was neutralised with 5% acetic acid, anc etner
extraction then gave the title compound as a white solid, m.p. 104—
106° (Founds C, 54.5; H, 5*6%. K*g 196.0550. CMH™O”™ requires C, 54.5;
H, 5.6%. M,196.052b. It had 6 (220 KHz, CDOI™) 5.50 (s, OKe), 5.1b
(s, OCH2), 6.96 (d, J 6, H-3), 7.25 (dd. J1 6, J2 3. H-4), 7-60 (d,

jJ 3, H-6), 10.10 (bs, 2 x Oh); m/z 199(21, (h + 1)'+] , 1% (67, £"+),
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100 [*O, M - ~0)*] , 130[62, (K - HO - OOH2)+] ; and

(fajiol) 3100-3600b, 1662s, 1616s, 1469m cm-1.

Note 1. The title product not stable on sublimation; it decomposed

to 2,5-dihydroxybenzoic acid.

Note 2. The compound was isolated on distillation (bulb-to-bulb) at

H0 + H)+3 ; and (CDCIj) 2900bs, 1683s, 1469m cm-1.

Pethoxymethoxy 2.5-Bis(methoxymethoxv )benzo.-.te.

2,5-Dihydroxybenzoic acid (154 mg,1.0 mmole) gave after the
above procedure a colourless liquid (223 mg, 76%)* its p.m.r. spec-
trum in d~-benzene (220 i*Hz) showing it to be a mixture or the title
compound [singlets at € 3.12, 3.20 end 3.22 (du» +0 three methoxv

groups), at 4.78, 4.92 and 5.30 (due to three methylene groups

and 3.12 (due to two methoxy groups), at 4.76 and 5*06 (due to two

methylene groups), and at 10.80 (due to one hydroxy
ratio 2:1 respectively. Washing of the product, mixture with aqueous

5% sodium hydroxide afforded the title compound as a colourless liquid

The rest of protons were in the aromatic region.
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J.52 (s, Of*), 554 (s, OMe), 5.02 (s, 0CH), 5-37 (s, 00H2), 5.42
(s, CHg), 7-Oe (s, ArH), 7.10 (s, ArH), 7.42 (d, J 2, H-6); nvz
286(51, M+), 225741, (M - OMOMM®+J , 160759, (M - QVOM - NCM)+J ,

150 [12, (M - OMOM - MM - M*+] ; am "iZ (film) 1756s, 1496s cm-1

Note 1. Several attempts to prep-re 2,5-bismethoxymethoxybenzoic
acid @ a sinfle product failed, fixtures with methoxymetnoxy 2,5-
bis(met.hoxymethoxy)benzoste were always obtained, although less then

two equivalents of methoxymethyl chloride were used.

Note 2. Neutralisation of the aqueous solution with aqueous
acetic acid followed by ether extraction afforded 2-hydroxy-5-

methoxyir,ethoxybenzoic acid.

Methyl 2,5-Bie(trcthoxyr"thoxy)benzoate.

Methyl 2,5-dihydroxybenzoete (168 rr®, 1 mmole) rave after the
above procedure a colourless liquid (120 ny-). Its p.m.r. spectrum in
d-chloroform showed the product to be a mixture of the title compound
toe-ether with methyl 2-hydroxy-5-methoxymethoxybenzoate [showirm
sirylets at & 5.42 (Ove), 5.66 (COgMe), 5.02 (OTH”), with the rest of
protons in the Rromatic region], in the ratio abou* 1:5, respectively
The total product was dissolved in chloroform (*> ml), washed with
aqueous 59 sodium hydroxide (2x5 ml) ?nd dried (frASO”). Removal
of the solvent gzve the title compound as a colourless liquid (45 mMm
18*) (Found: M-+ 256.0947. G! 3Hi 606 re<I”:ire's 1 256.0952). It h=d A
(500 MHz, CDCIj) 5.46 (s, OMe), 5.52 (s, OMe), 5.90 (s, CO”e), 5.16
(s, OCH2), 5.20 (s, OCH7); m/z 256(55, N*+), 225[59, (M - OMe)+3 «
180 [80, (» - OVE - MOM)"™*", [ 25, (* - CMe - MM — 2xMe)*J

and (film) 1720s, 1490mcm"1.
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2,4)-Bis(niethexymethoxy)b e n2opher>one.

2,5-Binydroxvbenzophenone (160 tig, O.75 mmole) gave after the
above procedure a colourless liquid (117.9 ng, 92%). The p.m.r. spec-
trum of which in o-chloroform (60 KHz) showed a mixture of the title
compound and 2—hydroxy-5-methoxymetnoxybenzophenone (singlets at 3.37
and 4.97 Que to metnoxv and methylene protons, respectively; the rest
of photons were in the aromatic region) in tre ratio 10:9, respectively.
VorK-uo was as in tne foregoing procedure, and afforded the title
compound (53 mg, 23%) wnicn was distilled (bull-to-bulb) at 96-100°/
0.1 mmty to give the pure product as a pale »'ellow liquid (Pound: C,

6b.1; H, 6.0. C1<H|'oo reouires C, 67.6; fi, b.O0”). It had 5 (220 kHz,

242112, (h - OHC> + h) 3 227[ 25, (K - OMPK - Me + H)+] , 105(45,

COHi+); anin/ max (film) 1669s, 1597m, 1493s cm
s

2—Hydroxy-5-met noxvmetnoxyacetophennne.

2,5-Hihydroxyacetophenone (304 mg, 2 mmole) gave after tne
above proceoure a mixture of a yellowish solid and an oil (345 mg).
Its p.m.r. spectrum in dfc-*cetone showed a mixture of the title
compound together with unchanged 2,5-dihydroxvacetophenone in about
2:1 ratio. Removal of the solvent and extraction of the residue with
cold d-chloroform gave the title compound (39 mg, 10%) as a pale
yellow oil (Pound: K-* 190.0731» c10hi2°4 requires K}196.0736). It

nad & (300 KHz, OLC1 ) 2.62 (s, COMe), 3»50 (s, ONe), 5.12 (s, OCR,),
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2[5, M- M - H+J , 151 [5, (m _ MCh)+"l , 1J7 [ 5f (K _ WI,)+]

anci TyC (CLc1 ), 3lqofc, Ib40s cm 1.

1.4-3is(methoxymi°trioxv)benzene.

1, 4-Dih”droxvbenzene (l.l g, 10 mmole) rave after the above
procedure the title compound (1.2 g, 61#) as a o le yellow liquid
wnicn distilled at 76-60°/0.1 mmHy to rave a colourless liouid
(rit., b.p. 136-137 /5 mmUr). (Found: M'} 196.0692. Calc, for
C10H14i 4; JS198-06”" )- Lt rad ™ (EO KHz, CEC15) 3.42 (s, 2 x Ole),
5.04 (s, 2 x OOHY, 6.92 (s, ArH”); m/z 19%(15, K'+), 167 ~6, (K -

CKe)+] , 136 [I6, (M- OKOv - H)+] ; and ~ mx (film) 1500s cm".

No te:

Preparation using phosmorns pentoxiae and methylal in
chloroforir™, gave the title comrounc in about 30" yield. This
procedure involved a large amount of base during neutralisation in

the vor/.-up.

2-N-ptnoxyn.etnc.xvben? ider.vde.

2-rlyuroxybeni'alaenyue (244 nr, 2 mmole) gave after the above
procedure the title compound (250 mg, 7590 as s colourless liquid «
It distilled at b0-b6°/0.1 mmHr (Found: C, 65.3; H, 6.1#. >5%
166.0bb0. requires C, 65.1? H, 6.0#. K,166.0629). It had
6 (?20 KHz, CDC1j) 3.45 (s, OKe), 5.22 (s, OCH2), 7.02 (t, J 6.3,
H-5 changed to a doublet on irradiation at 7.7b), 7*16 (d, jT 8.3«
H-3), 7.48 (td, J] 6.3, 2.2, H-4j changed to a triplet on
irradiation at 7.76)* 7.78 (dd, 6.3, 2.2, H-6), 10.42 (s, CHO):
m'z 16b(b, K'+), 155 [7, (K, OKe)+] , 121 [Il, M -*>)*] , ~5[2,

(M - MOh)+]1 5 and (film.) 1690s, IbOOs cm
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Ket noxvmethoxy 2-Bromobenzoate.

2-Bromobenzoic acid v2Gl mg, 1 mmole) gave after tne above
procedure tne title compound (19& mg, 81F) as a colourless liquid.
It distilled at 60-64°/C’.1 m-l-g (lount: C, 44.2; H, 3.7; Er, 32..".
CAHACJEr requires C, 44.1; H, 3.7; hr, 32.7fc). It had b (220 hMgz,
CLCIlj) 3.30 (s, OKe), 3.42 (s, OCH2), 7.29 (m, K-3 + H-3), 7.60
(m H4), 7.80 (m, H-6); nmvz 246(23, K'+), 244(24, K'+), 201 [II,
(5 - »CK)+ ], 199 [10, (K - HOK)}+], 186(76), 163(63), 164(62),

163(64); anc 'l/'nmx (film) 1740s cm *.

2-h.et.hox.vir,—tncxy berzcic A"jc .

To a stirred solution of 2-hvdroxybenzoic acid (207 mg, 1.3
mmole) in ether (3 ml) under nitrogen was added methoxvmetnoxy
chloride (0.4 ml of 1:1 mixture with methyl acetate, 2 mmole) and
trietnvlamine (26 mg, 3 mmole). After stirring the mixture at room
temperature overnight and working up as the above procedure, it gave
a colourless liquid (229 mg. 8290, which was distilled (bnlb-te-bulb)

at 607>4°/0.1 mmHy (lit.,~7 m.p. 63-04°) (bound: C, 39.3; H, 3.9-

cale. for oo, 0, 30.3: K 3396) it ha b (220 mi-, (IC]) .56,
(e, Ohe), 3.51 (s, (ch2), 690 (t, J 83, i), 7.00 (d, J 8.3, H-3),
146> o, ;) 63, H-a), 193 (o, ,; 6.3, 922.2, 1), 6,66

(s. CHO); mvz 182 (35, if+), 132121, (K - 2x ho+J, 120 [31, (5
MX - HgO)*] ; and r\f"' o~ (film ) 3210-5004b, 16b0s, 1613s, 1486m,

1304m, 1133m, 1037m cm



212

he* noxymethox.y 2-MetnoxymethoxyDenzoate.

To a solution of 2-hvdroxybenz.cic acid (276 mg, 2 mmole) in
ether (5 ml) under nitrogen was added methoxymethyl chloride (O.e
ml of 1:1 mixture with methyl acetate, 4.2 mmole), and triethylamine
(1.0 ml, 7.2 mmole). The mixture was left stirring' at room terperatnre
overnirht. The white precipitate was then filtered, rtemoval cf the
solvent gave a colourless liquid (?20 mr). Its p.m.r. spectrum in
d-chloroform showed, mainly 2—methoxvmethoxvbenzoic acid; together
with the desired ester in the ratio 8:1, respectively by integrstion
of Ove rrcups.

Tne product was then dissolved in chloroform (5 ml) and washed
with 109" sodium hydroxide (2x5 ml) and dried (Ka”SC ). Removal of
the solvent rave the desired product as a pale yellow oil (45 ng, IOWY
(Found: C, 5°.0: K, 6.49£. K** ?26. 0836. CLIHU 0OS requires N 226.0*41).
It had & (220 KHz. CDO1 ) 3-35 (s, OKe), 3-59 (?, ONe’, 3.10 (s, r ),
5.30 (s, 'H2), 6.92 (d+. J1 7.6, J2 2.2, H-5), 7.0* (d, J 7.6, K-3),
7.32 (td, J2 7.b, 12 2.2, K-4), 7.70 (do, Jj 7.b, J? 2.2, H-6); m/z
226(1, K*+), 181[ 2, (K - OMe)+J, 16577, (K - K>K)"] , 120721,

(M- Mpv _ OCH~”J ; and -7/ -~ (film) 1734s, 1602s, 14*6s cm ] .

Note:

Neutralisation of the aqueous portion with 10~ acetic acid
gave 2-hvdroxybenzoic acid. A similar result was obtained when the
aqueous portion was acidified with 5" sulfuric acid. When carbon
dioxide was bubbled through the aqueous portion, it gave 2—methoxy—

methoxvbenzoic acid as a pale vellov oil.
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Methyl 2-Methoxvmethoxybenroate.

Methyl 2—-hydroxybenzoate (304 ng, 1 mmole) pave after the
above procedure a colourless liquid (170 rrg, 5490 the P»m.r. spectrum
of which in d-chloroforrr showed it to be a mixture of starting
material and the desired product in the ratio 3;1, respectively by
integration of the CO”™'e and OKe resonances. The product was then
dissolved in chloroform (10 ml) and the solution was washed with
aqueous 5% sodium hvdroxide (2 x 10 ml) and dried (Na”SO~). Removal
of the solvent gave the desired product as a colourless liquid
(59 mm 1090 (Found: C, 61.2; H, 6.4. c]OH12°u requires C, 61.2;

H, 6.1#). It naa 6 (220 MH', CIC1 ) 3-54 (s, Ole), 3.90 (s, CO™-e),
5.26 (s, OCri2), 7.0b (dt, 6.9, J? 2, H-5), 7.20 (d, J 8.9, H-?),
7.46 (td, 6.9, - H4), 7*60 (dd, 6.9, J2 2, H-6); n/z
(37, 27+), Ibl[b, (M- Me)}+], 165 [b9, (M - OMe)+] , 135 [33,
(K - MCM+ 7j, 120[ 31, (M - MOM- OMe)+j ; and (film) 1731s,

1255m cm .

2-Metnoxy r-°thox.>acetophenone.

2-Hydroxyacetopnenone (372 rrg, 2 mmole) gave after the above
procedure a colourless liquid (317 mg, 64#), the p.m.r. spectrum, of
which in d-chloroform showed it to be a mixture of the starting
material and the desired product in the ratio 4:1, respectively
by integration of the OMe and COMe resonances. Work-up was as in the
foregoing procedure afforded the title compound as a colourless
liguid (77 ng, 16#) (Found: C, 66.5? H, 6.7#. M+ 180.0792. CjqH"Oj
requires C, 66.7; H, 6.7#. M 160.0786). It had b (220 KHz, C2C1?)
2.62 (s, COMe), 3-50 (s, OMe), 5.26 (s, OCH2), 7.05 (td, Jj 9, 3,
H-5), 7.18 (d, J 9, H-3), 7.45 (td, Jj 9, 2, H-4), 7-72 (dd, 9,
J2 2, HB); m/z 160(24, K'*)t 156 [I0O, (M-.24)+] , 155[22, (M -

MOK)+J-1;) and nA 5 (film) 1677s, 1598m, 1463m, 1454m cm
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21-(KiPtnoxyme'thox\ "carbon"!-?, 3-dimethoxybenzophenone.

2'—Hydroxycarbcnyl—2,5-dimetnoxyben7ophenone (50 f , 0.17 mmole)
gave after the above procedure the title compound (48 mg, 63") as a
pale yellow liquid which was distilled (bulb-to-bulb) at 100-106°/G.I
mrHy (Found: K' , 330.1103. CAH~QO” requires M#530.1116). It had o
(220 KHz, CUC1 ) 3-35 (s, OKe), 3.46 (s, OMe), 3.62 (s, OKe), 5.26
(s, OOrn), 6.65 (d, J b.5t H-3), 7.0h (dd, J1 6.5, J? 3.3, H-4),
changed to a doublet J fa.9 on irradiation at 7.42), 7.32 (dd, 7,bf
(2 2.2, H-3'), 7.42 (d, J 3.% H-6), 7-32 (td, J1 7.b, J. 2.2, H-5e),
7.56 (dt, 7.6, 2.2, H-4', changed to a triplet on irradiation
at fa.01), fa.01 (da, J 7.h, 2.2, H6'); m/z 330(T3. i'+), 2hc 15,
(K - M- ¢ H)4J , 163 [ 30, 2,5-(KeC)2CtH3CC+j ; and 7/ ~ (fil-)

1656s, 1727s Cr

2,5-Bis(l-etnoxvet hoxy)benzaldehyde.

To a stirred solution of 2,5-dih.ydrcxybenzalaehyde (552 ng,
4 mmole) in dichloromrthane (40 ml) was dded ethoxyetnene (1.6 ml,
10.b mmole) ana pyriuinium p-toluenesulfona®e (125 mg, 0.5 mn.ole).
The solution was then stirrea a* room temperature for 15.5 h.,
washed with 10% sodium nydroxide ( 2 x 20 ml), tnen with saturated
sodium chloride (1 x 20 ml) and dried (Na”SO ). Removal of the solvent
rave the desired product as a yellowish oil (650 mr, 76%). Small scale
distillation (bulh-to-bulb) (110 mg) at 70-74°/0.5 mmKg rave the pure
product as apale yellow oil (100 mg) (Fount: C, 63.6; H, 7.h.

requires C, 64.0; H, 6.2%). It had 8 (220 MHz, CDCI?) 1.16

(t, 3 7.2, 2 x Me of the Et groups), 1.45 (6, J 5*5, F*). 1.50 (d,
J 5*5, Me), 3*56 ( qo, 11, ¢~ 9, ~Hg), 3.2b (qq, 11, 9, OHN),
5.52 (g, J 5.5, OH), 5.41 (0. J 5.5, OH), 7-12 (d, J fl-Q. H-3), 7.1=
(da, J 6.9, J2 3-3, H-4), 7.42 (d, J 3-3, H-6), 17.43 (s, CHO); nvz

202(3, K'+), 23779, (i - OFt)+\J, 210[ 27, (M - MEM + H)+I
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16> [,0, (K - KEK - OEt)+ J , 136 £h0, (K - 2KEK + 2H)+] ; and

r/' max (fil,;® Ib~Os, lolOm, 14bOm, 1360m cm .

Note:

Reaction using 2,5-dihydroxybonz.aldehyde and ethoxvethene in

the presence of concentrated hydrochloric acid18 gave starting aldehyde.

2-Hydroxy-5-(1-ethoxyethoxv)ber7aldehyde.

On distillation (bulb—to—bulb) of 2,5-bis(1l-ethoxyethoxybenzal—
dehyae (600 mg, 2.6 mmole) at 76-6Q°/0.5 mmHg, the above cotpo'im was
obtained as a greenish liquid (465 irg, 76%) (Eouna: C, 62.9; H, 7.0.
C11K14°4 retuires c» 62*9; H, 6.7%). It had & (220 KHz, CDCI®) 1.20 (t,
J 7, hie of Et group), 1.43 (d, J 5.3, M), 3.56 (do, 17, J3,. 7, OCH),
3.76 (da, J1 17, J? 7, OCH), 5.3C (q, J 5.5, CH), 6.62 (d, J e.5, H3),
7.21 (bs, H-6), 7.25 (d, J 6.5, H-4), 9.60 (s, CHC), 10.66 (bs, CH);
m/z 210 (6, K+), 165 [I17, (K - OFt)+], 138 [71, (T - MEK + H)+]

and (film.) 2930-29776, 1663? cr“1.

2-(2-fcromophenyl)-1,3-dioxclane.

A mixture of 2-bxomobenzaldehyae (10.0 g, 0.4 mole) 2-me+hox—
1,3-dioxolane (9.0 g, 0.6 mole) and toluena-£-sulfonic acid 3.0 g.
9.0 mmole) in dry toluene (IbO ml) was refluxed for 36 h., using a
Lean-Starx apparatus. The resulting pale yellow solution was then
cooled to room temperature. Trietnyl amine (2.0 g) was then adueu
and after stirring for 10 min. the reaction mixture was poured into
w%ter (100 ml). The organic layer was separated, washed with water
(3 x 50 ml) and dried (han~SO.). Removal of the solvent gave a pale
yellow oil (9.6 g, 61?0 which was distilled (bolb-to-bulb) at 96-

104°/0.5 nmmHgy to give the pure produc* as a colourless oil
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(e.o F, 669%) (lit., 2 102.106°/0.3 mi/ ) (found: C, 47.0:: H, 4.0.
Calc. foi CQHQOEI—r: Cc, ¢7.2: H, 3.99). it had 6 (67 HZ’Q;'JV
4.02 (b, oCHjcfrO" 6 (s, CCHC), 7.00-7.7C (m, ArH ); m/z 330
(240, K'+), 22b (26 , i=), 2*9 [56, (K - 1)+] , 227 [60, ®-D+
163 [50, (M - lHeoHC ) 8. 163 [50, (K - KeCHO™ |, 149 [30, (K - B

/9 1
73 (I0C, -CH); ana 'i/max (film) It90s, 733s cm .

i.ote:

A similar reaction of benz”laenyue (1.06 g, 0.1 mcle) and 2-
roethoxy-1,3-dioxolane (13*7 g. 0.13 mole) in the presence of p-
toluenesulpnonic acid (300 Ig, ¢.7 mmole; with worK-up as in the
foreioirif procedure alfordea oenzaiaenyce ethylene acetal (11.7 g,
76%). It nad £ (oC KHz, CiXil®*) 3*90 (s .OCtbCrinQ)} 3.0b (s,

7.23-7 <*0 (m, «rH ).

Reaction of 2-(1,3-1/ioxolan-2-y1)pnenyl-li thiumwitn Substituted

benzalaehvce: a General iroceaure.

To a solution oi 2-(2-bromopnenyl)-1,3-<iioxolane (1.0 mmole)
in ether at -70° unaer nitrogen was added 137c n-butyl-lithium in
nexane (1.2 mmole) ana tne resulting yellow solution was stirred
at -70° for 1 h. Tne alaehyae (Rote |) in ether was aaded portion-
wise ana after stirring for an adaitional 2 n. at the above tempera-

ture tne mixture was decomposes by water or mild acid as follows.]

(i) liecomposition witn water.
The cold reaction solution was poured into water and the
organic layer separated, wasnea with water, and dried (Na,S0").

Removal of the solvent always fave a colourless oil.
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(ii) Decomposition by mild acid.
The cold solution was treated with either aqueous 5% acetic
acid or solid pyridinium p—toluenesulfonate until it was about

neutral (pH 7-8). Usual work-up then normally gave a colourless oil.

f<ote_l. In most of the coupling reactions, less then 1.0 equivalent
of aldehyde was used: the quantity is stated for the individual

experiments.

Reaction of 2-(1.5-Dioxolan-2-yl)phenyl-lithium with 5—-'ethoxybenzal-
dehvde: An Attempt to Fret-are c<-[2-(l.~-Dioxolan-2-yl)phenvIl_1-"-

methoxybenzyl Alcohol.

A solution of 2-(2-bromophenyl)-1,5~dioxolane (230 mg, 1.0
mmole) in ether (13 ml), 15imn-buty1-lithium in hexane (0.55 ml,
1.2 mmole), and 3-methoxybenzaldehyde (122.5 mg, 0.9 mmole) in ether
(5 ml) gave, after decomposition with water and work-up as in the
general procedure, a yellowish oil (224 mg). Its p.m.r. spectrum in
d-chloroform showed a singlet at & 5*73 possibly due to the methoxy
group of the desired product, a singlet at 3*0l due to the metnoxy
group of starting aldenyde, a singlet at 4.05 possibly due to the
acetal group of the desired product ana starting aldehyde, singlets
at 5.77, 5.72, 6.05 and 6.25 which may be due to -CCH- and -CCKO-
groups, respectively, a singlet at 6.lb possibly due to a hydroxy
group of the desired product (removed by DgC), a singlet at 9*9n
due to the formyl group of the starting aldehyde, and a multiplet
at b.cO— .60 which was too big for eight aromatic protons. Its mass

spectrum showed a nolecular ion at 26b (4, M ) and fragments at
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225 (100, (M - OH - NeCHO+J , 224 [95, (M - fAO - KeCHC)- ] ,

210 flO, (M - HO- KeCHC - Ke)+] , 194 [l14f (y, - OH - ISCHO - Oi-e)+] ,
lol [4b, (h - OH - HCOCI*CtDO - Ke)+ J, 165 [56, (M - OH - HCOCICH"O-
OKe)+], 135 (21, 3 - WeOOBH3CO+), 105 (32, ?hCO+), 77 (78, Pn+). The
spectrum suggested that the product may have contained the desired

alcohol together with tne starting aldehyde.

Reaction of 2-(1,3-1foxolan-2-yl)phenyl-lithium with 3-[(Trimethyl-
silyl)oxylbenzalaehyde : An Attempt to Prepare 1,3-Dioxolan-2-

ylluhenvinj—3-U s[(trimethylsily l)oxyjb enzyl Alcohol.

The above coupling reaction was repeated, using a solution of
3-£(trimetnylsilyl)oxyloenzaldehyae (194 mg, 0.1 mmole) in ether
(5 ml), instead of 3—methoxybenzaldenyde. Worx-up as in the foregoing
procedure, afforded a colourless oil (218 mg). Its p.m.r. spectrum in
d-chloroform showed a singlet at 8 0.07 due to a trimethylsilyl group,
singlets at 3*79 ana 4.0l possibly due to acetal groups, and a singlet
at 9*66 due to the formyl group of the starting aldehyde. The rest of
signals were multiplets at i 5.80-7.50, and were not assigned. Its mass
spectrum showed a molecular ion at 614(1), and fragments at 420(2),
402(10), 226(5), 211(22), 210(39), 165(20), lo5(20), 194(8), 121(26),
105(14). The spectrum suggested that the product may have contained
tne desireo alcohol (which may not be thermally stable) together with

unreacted aldehyde.

Rote;

Dissolving tne above pxoduct mixture in dry methanol and stirring
the solution at room temperature for 3*5 h. followed by removal of the
solvent gave a colourless oil. Its p.m.r. spectrum in d—ehloroform did

not show the trimethylsilyl group, ana the rest of the signals were
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too complicated to be assigned to the desired alcohol, although its
Cl mass spectrum snowed the required quasimolecular ion; jn/z (El)
227 [4, (M - CHCHO - H)+] and m/e (Cl, NHY 273 £3, (M + 1)+J
which suggested that the hydrolysis product nmay have contained the
desired alconol: cC-[j2-(1,3-Dioxolan-2-ylpneny1)3-3-hydroxybenzyl

Alcohol. The product was not further examined.

Reaction of 2-(I,3-hioxolan-2-yl)phenyl-lithium with 3-t,(™etrahydro-
2H-pyran-2-y 1)oxy] benzaldenyde: An Attempt to PrepareiA-~2 -(1,3-
Dioxolan-2-y1l)phenyl?j-3~f~(tetranydro-2H-pyran-2-y l)oxy~fcenzyl

Alcohol.

To a solution of 2-(I,3~dioxolan-2-yl)phenyl-lithium “prepared
from 0.50 ml (.20 mmole) of 13% n-butyl-lithium in hexane and 230
mg (1.0 mmole) of 2-(2-bromophenyl)-1,3-dioxolane in ether (15 ml),
as described in the above experiment , was added 3-£(tetranyaro-2H-
pyr*n—2-yl)oxyJcenzaldehyae (13b.6 mg, 0.30 mmole) in ether (S ml),
unaer nitrogen. After decomposition with water and work—up as in
the general procedure, a pale yellow oil (2730 rog) was obtained.
Its p.m.r. spectrum in d-ehloroform showed a broad singlet at & 1.~0—
2.10 possibly due to six methylene protons, a broad singlet at 3.30-
3.60 possibly due to two methylene protons cf—to oxygen of a tetra—
nydropyranyl group, a singlet at 3S5 perhaps due to four protons of
an acetal group, sinalets at 3.73 and 3.93 possibly due to protons
of -CCHC- and -CKO- groups, respectively, a multiplet at 6 6.90-7.60
due to eipht aromatic protons, and a singlet at 9#6 due to the
formyl group of tne starting aldehyde. Its mass spectrum snowed

fragments at 272 £1, (m - THr + H) ], 271 fl, M - THR/ J,
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254 [6, (M - THP - H20 + H)+ ], 228 [I, (M - THP - MeCHO + H)+ J,
227 [4, (M - THP - MeCHO+ ] , 226 [j, (M - THP - MeCHO - H )+ 1,
211 [22, (M - THP - KeCHO -HO)+ ], 210 ) +~ and

65 (100, THP+). Other fragments at m/z 122(4), 121(4;, 105(13),
104(4) were also observed. The above spectra suggested that the
product may have contained the desired product together with

starting aldehyde.

Hydrolysis of The Above Product l-ixture with fi/ridinium ja-Toluene-

sulfonate (PPTS),

A mixture of the above product (35«6 mg) and pvridinium p-
toluenesulfonate (3.0 ng) in ethanol (3 ml) was stirred at room
temperature for 4 h. The solvent was then removed and water (5 ml)
was added to tne residue. Ether extraction afforded a colourless oil
(24.6 mg). Its p.m.r. spectrum in d-cnloroform showed nultiplets at
b 1.01-1.60 and 3.50-4.00, a singlet at 4.05 possibly due to an
acetal group, a doublet, Js 5, at 5.75 possibly due to an -OCH-
proton, a singlet at 6 6.05 possibly due to —OCHO— protons, and a
singlet at 10.60 due to the forniyl group of the starting aldehyde.
The rest of the protons showed multiplets at & 7*20—7.70 tout the

integration was too big for eight aromatic protons. Its mass spectrum

showed fragments at 275 |3* (23 + 3)+?J » 73 ~3* (B * 1) J » ~55 ["®»
(M- HO)+_], 227(11), 211(100), 210(55)* The material was not further

examined
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Reaction of 2-(l.3-Dioxolan-2-yl)phenyl-litnium with 2-Hydroxy-5-
methoxybenzaldehyde; An Attempt to Prepare O(-[2 -(I,3~Dioxolan-2-

ylhpherjylJ4=2-hydioxy-5-methoxybenzyl Alcohol.

2-(2-bromophenyl)-1,3-dioxolane (460 mg, 2.0 mmole) in ether
(15 ml), 15% n-butyl-lithium in hexane (1.10 ml, 2.4 mmole) and 2-
hydroxy-5-methoxybenzaldehyde (136 ng, 0-9 mmole) gave, after de-
composition with 5% acetic acid and work-up as in the general pro-
cedure, a yellowish oil (223 ng). Its p.m.r. spectrum in d-chloro—
form showed singlets at 6 3-60, 3»f6, 3*73 which neay be due to
methoxy groups, a singlet at 4.03 due to an acetal group, singlets
at 5.73 and 5*96 wnich may be due to two protons of -OCHC- groups,
and a singlet at ID.60 posssibly due to the formyl group of the
starting aldehyde; the rest of the protons were in the aromatic
region. Its mass spectrum showed the molecular ion at 302(l), and
fragments at 300(1), 266(l), 265(4), 264(7)» 209(6), 255(3)» 240(51),
225(14), 211(100), 197(16), 161(10), 166(12), 152(12), 141(11),
115(15), 105(16). The above spectra suggested that the product may

have contained the desired product together with the starting material.

The product was not further investigated.



222

heaction of 2- (1,3-Dioxolan-2—yl )pheny 1-lithium. witn 2—Hyaroxv—
3 ',(tetrah.wdro-2H-pyran-2-y 1)oxyj benzalaenyae : An Attempt to Prepare
AN ~[~~(1»?-liioxclan-2-y 1) pheny1”-2-hyg.roxy-3-[ (tetranydro-2H-pyrar-

2-yl)oxyJdbenzyl alcohol.

2-(2-£Eromopneny l)-1 ,3-dioxalane ~4b0 nmi, 1.0 mmole) in ether
(13 ml), 13% n—butvl-litnium in hexane (1.10 ml, 2.4 mmole), and
2-hydroxy—3 \( tetrahyarc-2H-py ran-2-y l)oxy"l oenzalaenyde (20C nt ,
0.91 mmole) after decomposition with 3% acetic acic and worK-up a?
ii. tne general procedure pave a yellowish oil (290 mg). Its p.m.r.
spectrum in d—ehloroform was too complex to be due to tne desired
product, ana snowed a broaa singlet at b 1.62, singlets at 3*70,
4.02, 3.76, 9*62, ana 9.73* The rest of tne protons gave rnultiriets
in the aromatic region. Its mass spectrum snowed a molecular ion at
2c6(14), ana fragments at lo7(20), 165(23), 133(13/» Irit00), 107(13),

105(22), 91(44), 03(67), 73(5?). The product was net furtner examined.

e<-2- (1,3-Ploxolan-2-yl)phenylJ-2.5"11methoxybenzyl Alcohol.

A solution of 2-(2-biomopnenyl)-1,3-bioxolane (1,40 g, 6.0 mmole)
in etr.er (Note 1) (63 ml), 13% n-butyl-litr.ium ir. hexane (3.10 it?,
6.9 mmole) (l.ote 2), ana 2,3-aimetnoxybenzaldehyae (O.bb g, 3.4 mmole)
in ether (10 ml) gave, after decomposition with water and wort-up as
in the general procedure a colourless oil (1*73 6» 90%)* p.m.r.
spectrum, in d—hloroform (60 KHz) showed it to be a mixture c: the
title compound (Note 3) (singlets at & 3«5b and 3*73 <ue two netnoxy
stroupe, singlets at b.20 ana 0.33 aue to ~O"HO—arva m.HO—groups,

respectively) ana tne starting alaehyae (Note 2), (sin.lets at 5 5.73
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and 3.60 due to two metnoxy groups and a at 10.30 due to

the formyl group) in about 1:1 ratio, respectively.
Note 1. Similar reaction in THF gave more starting material.

Note 2. Using a large excess (100%) of 15% n-butyl-lithium in hexane
gave I-(2,5-dimethoxyphenyl)-butan-l—-el; isolated as the second frac-
tion from flask column chromatography, as a colourless oil, b.p. 70-
7b°/0.01 mmHg. It had ¢ (bO MHz, CLCI®) 0.95 (bm, fie), 1.20-2.20 [bm,
(CH~J » 3,75 t3* Olie), 3.79 (s, OKe), 4*50-5.00 (bm, CH), 6.60 (s,
ArHg), 6.90 (m, ArH); and m/z 224 (9, M'+). 206 [4, (M - H20)+], 185(11),

Ib7(53), 149(34). The product was not studied in further detail.

Note 3. The rest of the signals were multiplets in the aronatic region

(S6.50-7.60).

Isolation of The Product.

The above crude product (300 mg) (Note4)» was purified using
flash column chromatography on silica gel (rinsed with 5% triethvl-
amine in ether before use) using 1l:1 ether—hexane as eluent.

The first fraction was a pale yellow oil which probably contained
benzaldehyde ethylene acetal. It had the same Rf on t.l.c. as an authen-
tic sample. This fraction was not further examined.

The second fraction was a pale yellow oil (140 mg). Its p.m.r.
spectrum in d—enloroform showed tnat it was 2,5-dimethoxybenzaldehyde.

Tne third fraction was tne desired product as a colourless oil
(110 mg, 37%) (found: C, 66.4; H, b.1%. h , 3lb.1296.
requires C, b6.4; K, b.3%* Mp 316.13H). If bad 6 (320 MHz, CbCJ»)

3.b0 (s, Oite), 3.74 (s, OMe), 4.00-4.24 (m, COHgCHjO), b.20 (s, -OuHO),
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6.40 (d, J 2.5, -CH-; changed to a singlet on addition of 270),

6.76 (s, H3 + H-4), 7.12 (s, H-6), 7.20 (m, H-6'), 7.26-7.32 (m,

H-4' + H-5"), 7-62 (t, J 4, H-3'), 7.10-7.40 (bs, OH); mv/z 316 (19,
K'+), 254 [&7, (K - CHJCHO - HgO),+J, 239 [33, (M - heCHO - 120 -Me)"],
223 [41, (M - MeCHO - HjO - Me - OKe)+] , 133 (100, )+: and

~  (CKgc~n) 370Gb, 1700s cm-1.

hot» 4. Purification on 3 gram scale failed to give the pure product;

a mixture with I, 3-dihydro-5-(2,5-dimethoxyphenyl)isobenzofuranone was

always isolated.

Monitoring of The Above Coupling Reaction.

The above reaction was repeated using a smaller scale: 0.2 mmole
of 2-£2-bromophenyl)-1,3-dioxolane  0.23 mmole of 15% n-butyl-
lithium in hexane, and 0.16 mmole of 2,5-dimethoxyber.zaldehyde. When
the addition of 2,5-dimethoxybenzaldehyde was completed, 2 ml samples
of the reaction mixture were removed, using a syringe, at intervals of
5, 10, 15, 20, 25, 30, 60, 120, 150, and 240 min. Each sample was then
immediately decomposed with water (2 ml) and worked up as in the pre-
vious experiment. The product isolated, usually a colourless oil, was
analysed using p.m.r. spectroscopy (60 MHz) in d-chloroform, All the
samples showed that they still contained 2,5-aimethoxybenzaldehyde.
The followings ratios of unreacted aldehyde, the desired product, and
1,3-dihydro—3- (2,5-dimethoxyphenyl)isobenzofuranone were obtained;
estimated by comparison of tne integration at (5 10.30 (starting
aldehyde), 6.20 (desired product), and 3.67 (methoxy group, for 1,3-

dihydro—3- (2,5-dinsthoxyphenyl)isobenzofuranone).
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Time Starting Desired lactone

(min) aldehyde product
5 1 2 -
10 1 3 _
15 1 1.5 -
20 1 1 -
25 1 1
30 1 1 R
60 1 1 R
120 1 1 -
240 1 1

Lactone is 1,3-dihyaro—3~(2,5-dimetnoxypheny 1)isofcenzophenone.

Notes :

(a) Formation of 1,3-aihydro-3-(2,5-dimethoxyphenyl)isobenzcfurancne
may be due to hydrolysis of the acetal group in the desired product
followed by oxidation, since the product charged in to 1,3-dihydro-3~
(2,5-dimethoxyphenyl)isobenzophenone when it was left at room tempera
ture for several days. One reaction which was left at room temperature
overnight, gave mostly a mixture of 2,5-dirrethoxybenzaldehyae and 1,3~
dihydro-3- (2,5-<iimetnoxy phenyl) is obenzochenone.

(b) Fonitoring showed that the above coupling reaction at —30 gave
only 2,5-dimethoxybenzaldenyde, as shown by its p.m.r. spectrum in

d-chloroform,
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N~ | N~(N-»3~MoxoMan~N~yl)phenylj-2,5—bis f(trimethylsilyl)oxyJdbenzyl
Alcohol»

A solution of 2—2-bromephenyl)-1,3-dioxolane (230 mg, 1.0 mmole)
in ether (15 ml), 15% n-butyl-lithium in hexane (0.54 ml, 1.2 mmole)
and 2,5-bis((trimethylsilyl)oxy]benzaldenyde (254 ng, 0.9 mmole) gave
after decomposition with water and work-up as in the general procedure
a light brown oil (284 mg, 73%) (Note 1) (Found: K'+, 432.1762.
C22H32Si2°5 ret*uire3 £'t 452.1786). It had 5 (60 KHz, CBC”) 0.43 (s,
Sike ), 0.65 (s, SiKej), 4.45 (s, OCt*Cf~r0), 6.47(s, CH), 6.64 (s, CH),
6.97 (a, ArH2), 7.35-8.00 (m, ArH® + OH); m/z 432(4, H*+), 370 [II,
(M- Ke - OHY+J, 342 [s, (M - Sil-~ - H0)*+3 ,296 [42, (K - SiKe? -
OH - KeCHO0),+] , 269 [29, (M - SIK«5 - OH - Ke? - KeCHO)+] , 226 [I8,
(M - 2 X SiMe - NeCHO - OH + 2h)+~, 197( 26, [(M - 2 x Siffej -
HCOCHJCI"O - OH + H)+J}, 176(16), 133(23); andVmax 5000-

3600b, 1500s, 1640s cm-1.

Note 1. The product was unstable: it changed to a greenish gum even
at the time of removal of the solvent. Similarly, its solutions in

0
ether or dichlorometnane either at room temperature or at O or under

a nitrogen atmosphere were unstable*
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2' 1*t>-Moxol,.n-2-y 1)-2 .0-bis ( methoxymethoxy )benzoT>nonone.
2-(2-bromopheuyl)-1,3-dioxolane (600 rim, 0*26 mmol€) in etner
(JO ml), 159 ri-butyl-litniur.. in hexane (1.46 ml, 0.32 mmole), an® 2, -
b ie (methoyymet hoyv)benzalcehyde (590 mp, 0.26 mmole) in ether (5 ml)
pave after deconpoeition with water and work-up as in the general
procedure, the benzyl alcohol as a colourless oil (790 np, b050). The
product was dissoWea in ether (100 ml) and treated witn activated
manganese dioxide*”~ (3*9 g). After stirrin t.oe reaction mixture at
room temperature for20 h. tne oxidant was filtered off.Removal of
the solvent pave tnedesired ¢et-ne as a pale yellow 0il (700 mp, 71®
from bromio—acetal). Tne proauct was purified using a silica me! column
(w.oich was run witn triethylamine in ether before use) and 1:1
nexane-ether as eluent, and wa» collected as the third fraction (Note 1"
as a colourless oil in 63" yield (from the bromo-acetal) (‘e'ound: C,64.5;
H, 6.0~. K'+, 3'4.1307. ¢20n2cCi reQ'lirpp ¢, 64.2; Ht 9*99. K, 374.1365).
It had S (30G KHz, 00017) 3.2H (s, Ore), 3 (s, CKe), 4.0? (m, OCHNKgO),
A.90 (s, ocw), 5.1b (s, OCH2), 6.2b (s.OCHO), 7.14 (d, J9, K-3), 7.22
(dd, Jj 8, J., 3,H4), 7.?22 (¢, J 3, H-fc), 7-42 (m, H-4' + H-3',
collapsed to a singlet on irraaiatior. at 7.50), 7.56 (m> H-j'), 7*80
(a, 3 b, H-6'); mvz 374 (33, L"+), 329 [42, (S*- K>f)+J, 203 [24, (K -
2 x K,K)'+J , 241 [55, (K - fteCHC - 2 x MOK + 2H),+] , 224(5b); and

Wr (/film) 1660s cm
s mex

Note 1. On t.l.c., the crude oxidation product showed three soots. On
separation witn a silica grel column as described above, the firs*

fraction was isolated as a yellowish oil which was not identified* TVie
second fraction was isolated as a pale yellow oil which may have
contained I-(2 f~-bismethoxymethoxy)phenylpentan-l-one (Found: F*

2t02.1467). Its p.ir.r. spectrum in d-chloroforr showed two methcxy
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groups at 6 3*30 ana 3*34, two methylene protons at 6 3*05 and 5.60,
aromatic protons at 6 6.80-7.50 and the rest of the protons as broad
multiplets ati 0.5C-1.50, 2.30-3.10 and 3.60-4.20. It had in/z 262

(27, 21+ ), 251 [10, (K - o1e)+ ], 221 [14, (K - OMM)+J , 149(56).

This product was not studied in further detail.

Reaction of <X-i2- (1, 3-1>ioxolan-2-yl)phenyll-2 ,5-dim.ethoxybenzyl
Alcohol with CAN.

To a stirred solution of the alcohol (23 ng, 0.07 mmole) in
acetonitrile (3 ml) and water (I ml) was added CAN (199.5 ng, 0.35
mmole) in acetonitrile (5 ml) and water (2 ml) dropwise. The mixture
was then stirred at room temperature for 2.5 h. Usual work-up gave
a red-brown oil (13 mg). Its p.m.r. spectrum in d-chloroform (bO KHz)
showed a broad singlet at 6 5*52, and singlets at 6.05, 6.66, and
9.90. The rest of the signals were multiplets of the aromatic region;
however, the spectrum was not clean. Its mass spectrum showed a
molecular ion at 264 (£ 1, JX+), with fragments at 242(6), 241(7),
240(6), 226(16), 225(16), 224(42), 214(27), 197(42), 105(76), 77(64),
suggesting that the product may have contained £2-(1,3-dioxolan-2-

ylj'oenzoyl~*—1,4-benzoauinone (m/z 284).

Note;
Extraction of the product with hot pentane, and removal of the

pentane from the extract gave a red powder, subsequently identified as

9-hydroxy-l,4-anthr*quin»n* (nee p.. 237).
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2' 1.~-Sioxolan-2-v1)-2.5-dimethoxvbenzophenone.

To a stirred solution of cK*-[2-(I,3-dioxolan-2-yl)phenylj-2,5-
dimetnoxybenzyl alcohol (42 mg, O.13 mmole) in ether (5 ml) was added”
active manganese dioxide20 (150 mg). The mixture was then stirred at
room temperature overnight and filtered through Celite. Solvent

evaporation from the filtrate gave a colourless oil (34 mg, 82%)

which was sublimed at 110-114°/0.01 mmKg (Found: M+, 314.H 54.
C18H18°5 reO-uires 314.1154). It had & (300 MHz, CDCI»), 3.52

(s, OMe), 3.75 (s, OMe), 4.08 (m, OCACH~C), 6.20 (s, -OCHO), 6.70
(d, J 9-2, H-3), 7-06 (dd, 9.2, J2 3. H4), 7-16 (d, J 3, K-6),
7.64 (dd, Jx 7.7, J2 2, H-31 + H-51), 7.50 (dd, ¢1 7.7, (2 2, H-41),
7.75 (d, J 7-7, H-6); m/z 319 (19, K*+). 266 [65, (M - CO)'+] ,

270 [23, (M - heCHO),+J, 239 [53, (M - MeCHO - OMe -CO),+] , 210 ~40,

(M - MeCHO - Owve - CHO)*+ 1; and (film ) 1750s, 1640m cm-1.

Reactions of 2*- (1, 3-Lioxolan-2-y1)-2,5-dirrethoxybenzophenone with
CAH.

To a stirred solution of the ketone (31.4 mg, 0.1 mmole) in
acetonitrile (7 ml) and water (3 ml) was added CAN (274 mg, 0.5 mmole)
in acetonitrile (3 ml) and water (I ml) and the resulting brownish
solution was stirred at room temperature for 2~ h. Water (10 ml) was
then added, and the product was extracted with dichloromethane (4 x
15 ml), washed with water (2 x 15 ml) and dried (Na2S04). Removal of
the solvent gave a red—brown oil (23 mg). Its p.m.r. spectrum in d—
chloroform showed multiplets at S 3*20—4.60 and 6.30-8.50, and two
small singlets at 9.62 and 11.30. Its mass spectrum showed the
molecular ion at 284 (1, M+), and fragments at 240 [4, (M - CHjCHC)*+J,
224-£23, £EM- (CHjOjg 3"+ 3 * which suggested that the product may
have contained [ 2-(1,3-dioxolan-2-y1)ber.zoylj-1,4-benzoquinone

(m/z 284).
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Note:

A similar reaction using less CAN (3 mol instead of 5 mol )
and work-up as in ths above experiment, «ve a red brown
oil (25 mg). Its p.m.r. spectrum in d-chloroform showed that the product
was a mixture of 2'f orrmyl-2 ,5-dimethoxybenzophenone (singlets at 6
3.46 and 3-70 due to two metnoxy group) ana 2'-fornyl-2,5-dihydroxy-
benzophenone (singlet at <311-34 due to the hydroxy group at the 2-
position) 'in a 1:1 ratio. Its mass spectrum showed the correspondini-
molecular ions at 270 (1, M'+) and 242 fl, (M + 2)+ 3i and a peak at

240 (3, K*+ of the quinone).

Oxidation of <-12-(I,3-Sioxolan-2-yl)phenyl!-2,5-bisf(trimethylsilvl)-
ox>1benzyl Aleohcl: An Attempt to Prepare 2'-(I,3-dioxolan-2-yl)-2,5-

Ccis(trimethylsilyl)oxy3fcenzophenone.

To a solution of o<-[2-(1,3-dioxolan-2-yl)pnenylJ-2,5-bis ~(tri-
methylsilyl)oxyJbenzyl alcohol (*3*2 mg. 0.1 mmole) in ether (5 ml)
was added activated manganese dioxide (100 mg, 1.15 mmole). After
stirring and refluxing the reaction mixture for 2.5 h., the solid was
filtered off. fiemoval of tne solvent gave a dark brown oil (4C mg). Its

p.m.r. spectrum in d—ehloroform, showed that it was the starting material.

*
All aromatic protons were at 0 6.20-6.40. Protons due to formyl

groups were as singlets at S 995> and 9.65.
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It mass spectrum showed a molecular ion at 432 due to the alcohol,
but no molecular ion at 450 due to the desired ketone, although its

i.r. spectrum shewed a small signal at 7/" (film) 1650v/cn-1.

Notes;

(a) Similar oxidations at room temperature for 4*5 h., and over-
night gave the same result.

00 Similar oxidation at room temperature using 3.D.H. precipitated
manganese dioxide in ether and snaking the reaction mixture at room
temperature overnight, after the usual work-up, gave a brownish oil,
the p.m.r. spectrum of which in d-chloroform showed the absence of the
trimethylsilyl group. Its mass spectrum showed a molecular ion at
266(3), and fragments at 240(7), 226(39), 208(69), 197(41), 165(19),
152(42), 126(32). The product was not further examined.

(c) Oxidation using 1:2 chromium trioxide-pyridine (6 equivalents)
in dichloromethane,21 for 40 min. after the usual work-up gave a
brownish oil the p.m.r. spectrum of which in d-chloroform still showed
the starting alcohol, although its nass spectrum showed a molecular

ion at 430(1) possibly due to the desired ketone.

Some Reactions of c<-(2-(l.5-0ioxolan-2-yl)phenyll-2,3-bis(*(trimethvl-

3ilyl)oxylbenzyl Alcohol.

(a) With Kethanol.

A solution of freshly prepared ° ( - 1,3-dioxolan-2-yl)chenyf] -
2,5-tise(trimethylsilyl)oxy3benryl alcohol (108 nw, 0.25 mmole) in

methanol (5 ml) was stirred at room temcerature for 3 h. Removal of

the solvent gave a brownish oil (90.5 mg). Its p.m.r. spectrum in d—

chloroform contained two set of aromatic protons at u6.20-6.60 and
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$6.60—7*30 in the ratio of about 1:1; a signal due to a trimethyl-
silyl group was not observed. However the signal due to dioxolane
group was not clean. The rrass spectrum of the product showed a mole—

cular ion at 264(1) with major fragments at 240(4), 226(27), 178(100),

149(56), and 123(61).

(b) With Potassium Fluoride.

A solution ofc*-(j2-(dioxolan-2-yl)phenyl3-2,5-bis£(trimethyl-
silyl)oxyJdbenzyl alcohol (100 mg, 0.23 mmole) in methanol (5 ml)
was treated with solid potassium fluoride (26.9 n®, 0.46 mmole) all
at once. After stirring at room temperature for 15 min. water (5 ml)
was then added, and the product was extracted with ether (3 x 15 ml),
washed with water (2 x 15 ml) and dried (NagSO”). Removal of the
solvent gave a colourless oil (52.5 mg). Its p.m.r. spectrum in d-
chloroform showed a singlet at $4.05 (due to a 1,3-dioxolanyl group),
a broad singlet at 4.20-4.75 (due to two hydroxy groups), singlets
at 5.65 and 6.15 (due to -OCKO- and -CCH- groups, respectively), and
at 6.60 (due to two aromatic protons), nultiplets at 7.10-7.60 (due
to five aromatic protons), and a singlet at 6.00 (due to one hydroxy
group). Its mass spectrum showed a molecular ion at 226(14) with
major fragments at 208(6), 197(23)» 152(14), 126(12), 115(13), 105(10),
and 77(26). The above p.m.r. and mass spectra suggested that the
product may have contained the desired alcohol which was unstable on
tne probe of the mass spectroneter. The reaction was unreproducible
since a repeated reaction gave a brownish, oil for which the p.m.r.

spectrum did not snow signals due to —CCHC- and -CHO- prcups.
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(c) With CAN.

To a solution of freshly prepared c<-[2-(l,3-aioxolan-2-yl)-
phenylJ-2,5-bis£(trimethylsilyl)oxyJbe.ozyl alcohol (108 mg, 0.25
mmole) in 7:3 acetonitrile-water (5 ml) was added GAN (548 mg, 1.0
mmole) in 7:3 acetonitrile-water (5 ml). After stirring the mixture
at room temperature for 2 h. the product was diluted with water
(10 m1), extracted with ether (3 x 10 ml), washed with water (2 x
10 ml) and dried (f~SO~”). Removal of the solvent pave an orange
sticky oil (60 mg). Its p.m.r. spectrum in d-chloroform showed only
two sets of aromatic protons, at S 6.65-6.90 and 7.30-7.60 in the
ratio of about 1:1, and its mass spectrum shewed a molecular ion at
240(5) with fragments at 224(18), 197(12), 185(Il), 152(29), 136(56),

137(60), 106(55), anc 105(100). The product was not further examined.

Note.

Similar reactions in dichlcrometnane-water, and shaking the
two phase mixture at room temperature for 25 min. gave an orange
oil. The mass spectrum of the product showed a molecular ion at
266(3) with fragments at 270(3), 240(19), 226(74), 225(56), 224(bl),
206(46), 197(100), 132(60), and 137(70) which suggested that the
total product may have contained the desired O”hydroxy—2—(1,3—
dicxclan-2-ylybenzyl~-1,4-benroquinone. The p’-oduct was not further

examined; since its p.m.r. spectrum in d-ehloroform was not clean.
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(d) With Potassium Fluoride and CAN in the Presence of Fuller's
Earth.

A solution of c<-[2-(I,3-dioxolan-2-yl)phenyl®)-2,5-bis£(tri-
methylsilyl)oxyJbenzyl alcohol (430 ng, 0.1 mole) in methanol
(20 ml) was treated with solid potassiun fluoride (116 ng, 0.2
mmole) and Puller's earth (2.5 g). After stirring for 10 min. a
solution of CAN (1.10 g, 2.0 mmole) in water (15 ml) was added
dropwise. When the addition was completed (ca. 20 mi.), the product
was extracted with ether (4 x 20 ml), washed with water (2 x 20 ml),
and dried (XagSO”). Removal of the solvent gave a brownish oil
(190 ng). Its p.m.r. spectrum in d-cnloroform showed a singlet at
3.90 (due to some of the original 1,3-dioxolane group), a singlet
at 6.00 (due to an -OCHO- group), a broad singlet at 6.15 (possibly
due to an -OCH- group), a singlet at 6.50 (due to H-5 and H-6), a
multiplet at 6.78 (due to H-3), and the rest of protons at S 7.00-
7.30. Its mass spectrum showed a molecular ion at 266(l) and fragments
at 270(3), 242(3), 240(11), 226(7), 224(32), 206(52), 197(100), 152(45),
126(2fa), and 115(24). The above p.m.r. and mass spectra suggested
that the product may have contained cK-hydroxy—f2—1, 3-dioxclan-2—

yl)benzyl~]-1,4-benzocuinone (3/z 286).

Attempted Purification of the Product.
(a) Extraction the crude mixture with hot cyclohexane gave a deep

red oil, the p.m.r. spectrum of which did not show sijnals due to

-O0H- or -00HO- groups.

(b) Sublimation at 70-74°/0.1 mmbHg gave a brown oil, the p.m.r.

spectrum of which showed only two se*s cf protons, as multiplets,
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at 5 6.68 and at 7*10-7.40, in the ratio about 1:1. This product

was not further examined.

(c) Column chromatography through polyamide using dichloromethane
as eluent gave a light brown oil, the p.m.r. spectrum of which in

d-chloroform showed further decomposition of the dicxolane group.

Reaction of 2'-(1.5-Cicxo an-2-yl)-2,5-bis(rr.ethoxymethoxy)benzo-

phenone with Arrentic Oxide and Nitric Acid.

To a stirred solution of 2'-(l,3-dioxolan-2-yl)-2 ,5-bis(methcxy-
methoxy)benzophenone (30 mg, 0.06 mmole) in THF (5 ml) was added
argentic oxide (40 mg, 32 mmole) and 6N nitric acid (0.05 ml). After
8 min. the mixture was diluted with chloroform (15 ml) and water
(G ml) and stirring was continued for an additional 10 min. The
organic layer was separated, washed with water (Ix 10 ml) and dried
(Na,SO0 ). Evanoration of the solvent gave a brownish oil together
with a solid (28 mg). Its p.m.r. spectrum in d-chlorcform was complex.
It may have contained the starting material and 2'—formyl—=2 5-bis-
(methoxyrcethoxy)benzophenone (due to singlets at 6 3*10, 3*14, 3*40,
3.41, 4.73, 4.75, 5.02, 5.04, and 10.05) together with other compounds.
The crude product showed a molecular ion at 374(l) and fragments at
330(4), 2e5(4), 255(4), 253(), 241(7), 240(6), 224(17). It was not

further investigated.
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2'-Forr.y 1-2 ,3-tis (methoxymethoxy )bcnzophenone:

(a) Aqueous 4K periodic acid (1.5 ml, 1.55 g, 5.9 mole) was

added to a stirred solution of 2'-(l,3-dioxolan-2-yl1)-2,5-bis(methoxy-
methcxy)benzcphenone (20 mg, 0.054 mmole) in dime+nylformamide (5 ml),
and the resulting yellow solution was stirred at room temperature for
2~ h. Water (10 ml) was then added and the product was extracted with
ether (5 x 10 ml), washed with water (10 ml) and dried (Na~SO”). Removal
of the solvent gave the desired product as a brownish liquid (15 ng,
90%), which was purified by filtration through silica gel using ether
as eluent. It had 5 (220 KHz, CBCI®) 3.20 (s, CKe), 3.50 (s, CKe), 4.65
(s, OCHg), 5.16 (s, OCr»), 7-12 (d, J 9, H-3), 7-20 (dd, ~ 9, (2 3.3,
H-4; cnangectoa doublet, J 6, on irradiation at 7.40), 7.40 (d, J 3.3,
H-6; cnanged tod singlet on irradiation at 7.20), 7.52 (m, H-3'), 7.62
(m, H-4' + H-5"), 6.02 (m, H-fi'; changedtoasinglet on irradiation at
7.62) 10.26 (s, CHO); m/z 330 (11, M,+), 285 [I3, (M - NOK)+] , 255 [IC,
(M- OKe - MM - H)+] , 253 [U, (M - MM- CKe + 2H)+] , 241 [6, (M -

2 x MM+ H)+] ; and 'v'n& (film) 1770s, 1640s cm-1.

(b) To a stirred solution of 2'—1,3*dioxolan—2-yl)—2,5—bis(methoxy-
methoxy )benzopnenone (25 mg, 0.067 mmole) in 7:3 aqueous acetonitrile
(5 ml) was added CAN (26.4 mg, 0.27 mmole). After stirring the mixture
at room temperature for 2 h., water (10 ml) was added, and the product
was extracted with ether (3 x 10 ml), washed with water (1 x 10 ml) and
dried (Na,,SO4). Removal of the solvent gave the desired product (15 ml,
b&%). It had a p.m.r. spectrum identical witn that of the product

isolated from the reaction described in (a).
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Note:
Reaction with 8 mol of CAN in a two phase dichloro-

methane-water system and shaking at room temperature for 24 h., after

the usual work-up, gave starting material.
9-Hydroxy-1.4-anthnaquinone.
(a) From 21—~1,3-Pioxolan—2-vl)-2,5-bis(methoxymethoxv)benzophenone.

n A solution of 2'-(I,3-dioxolan-2-yl)-2,j-bis{methoxymethoxy)-
benzophenone (15 mg, 0.04 mmole) in TH? (4 ml) and 6M hydrochloric

acid (3 ml) was stirred at room temperature for 24 h. The red pre-
cipitate was then filtered, washed with cold pentane and dried to

give the title compound (7.6 mg, 7596), m.p. 190-199° with decompo-
sition to a black tar (lit.,~”™ m.p. 200°, decomp.) (Found: M'+>
224.0476. Calc, for ClllHEO) F, 224.0473)- It had 6 (300 FHz, CDCZ]:_,,) 7-04
(d, 3 9, H-3/2), 7.08 (d, J 9, H-2/3), 7.76(dt, Jj 8, J2 3.3, H-6; changed
to a doublet on irradiation at 8.04), 7BO (dt, 8, 2, H-7;

charged to a doublet on irradiation at 8.58), 8.04 (dd, 8, J2 2,

H-5; changed to a doublet J 2 on irradiation 7-80), 8.18 (s, H-10),

8.56 (dd, J e, J2 2, H-6; changed to a singlet on irradiation at

7.60), 13.88 (s, OH-9); m/z 224 (100, F*+), 196 44, (F. - 2a)+] ,

166 [62, (F. - 56)+J, 142 [56, (F - 82)+] , 140[3?, (E - 3 x 26)+] ,

139 L66» (2! - 65)+J ; and3100-3600Db, 16cpw, 1635Wcm-1.

Note;

A similar reaction for 2£ h. gave a brownish semi-solid (15 mg,
90%), which on washing with cold ether left the title nonround as red

needles (7.5 rg, 45«). Removal of the solvent from the mother liquor
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gave a red semi-solid (70 mg) with a very complex p.m.r. spectrum
in a-chloroform, tut shoving singlets at & 9.94 and 11.42 possibly

due to a formyl and a hydroxy group respectively.

(2) To a stirred solution of 2'-(1,3-dioxolan-2-yl)-2,5-tis(methoxy-
methoxybenzopnenone (30 mg, 0.08 mmole) in dichlorometnane (5 ml) at
0° was added titanium tetrachloride (0.05 ml, 69.4 ng, 4.7 mmole).
After 3 min., water (10 ml) was then added and the product was
extracted with dichloromethane (2 x 13 ml), washed with saturated
aqueous sodium hydrogen carbonate (2x5 ml), and dried (Nan~SO.).
Removal of the solvent gave the title compound (15.2 ng, 85%). It was
identical (m.p., mixture m.p., p.m.r., and m.s. spectra) with the

product obtained from the foregoing reaction.

(b) from 2,-(1,3-Dioxolan-2-yl)-2,£'-dihydroxybenzophenone. (p. 240 ).
To a stirred solution of the dihydroxybenzophenone (12 mg, 0.04
mmole) in TKF (1 ml) was added 109 hydrochloric acid (3 ml). The
resulting red solution was stirred at room temperature for 24 h. and
the red precipitate was then collected by filtration tc give a red
powder (6 mg, 65%). Its p.m.r. spectrum (300 KHz) in d-chloroform
showed the product contained mainly the desired anthraquinone together
with 1,4-d.ih;/droxy—-9»10-anthraquinone (ouinizarin) in the ratio 3 « ~

respectively «
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~2-(1.5-Dioxolan-2-yl)benzoyll-1.4-benzoquinone.

(a) From 2f-(1,5-dioxolan-2-y1)- 2 5b<s(methoxymethcxy)benzoDhenone.

To a stirred solution of 2 '-(l,3-dioxolan-2-yl)-2,5-bis(methcxy-
methoxy)fcenzophenone (170 ng, 0.45 mmole) in a mixture of acetonitrile
(7 ml) and water (3 ml) containing suspended pyridine-2,6-dicarboxylic
acid (360 rig, 2.27 mmole), argentic oxide (282 ng, 2.27 mmole) was
added in small portions with efficient stirring and cooling in an
ice-~water bath. When the addition was complete (30 min.) the mixture
was filtered through Celite and the solid was washed with aichloro-
metnane until the filtrate become colourless. The organic extracts
was washed with water (2 x 15 ml), and dried (Ka”SO”). Removal of the
solvent gave a brownish oil (100 mg, 76%) which was then purified by
passage through a polyamide column using benzene as eluent, to give
the desired product as an orange liquid. Q'ound: (M + 2), 266.0835!
M+, 284.0688. CI6H120" requires (M+ 2), 2e6.0e4l; K, 264.0685). It
had S (300 KHz, CTCIj) 3.96 (s, OCI~Cr*0), 6.22 (s, OCHO), 6.62-6.64
(m, H-3 + H-5 + H-6), 7*42 (m, H-5 + H-3*; changed to a doublet, J 3,
on irradiation at 7.40), 7.60 (dt, 8, J, 3, H-4"; charged to a
double-doublet J, 8, 3, on irradiation at 7.42), 7.65 (d, J 8, K-61;
changed to a singlet on irradiation at 7.60); n/z 286 25, (M + 2)+
2b4 (10, K*+), 240 [52, (K - KeCHC)*+], 224 {46, [M - (Ci~0)2J ' +.,

197 {74, [K - (CKgOjg - 00 + and v "" (film ) IbfcCs cm-1.
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(b) From 21-(-1.5-Sioxolan-2-y 1)-2,5-dimethox.ybenzophenone.

To a stirred solution of 2'-(1,3-dioxolan-2-yl)-2,5"iinethcxy-
fcenzophenone (31-4 me, 0.1 mmole) in a mixture of acetonitrile (5 ml)
and water (I ml) containing suspended pyridine-2,6-dicarboxylie acid
(83-7 mg, 0,5 mmole), argentic oxide (62.1 ng, 0.5 mmole) was added in
small portions with efficient stirring and cooling in on ice-water
bath. When the addition was complete (20 min.) the mixture was filtered
through Celite and the solid was washed with dichlorcmethane until the
filtrate became colourless. The organic extracts was washed with
water (2 x 15 ml), and dried (Na”SO”). Removal of the solvent gave
a brownish oil (19*8 mg, 695c) of the desired quir.or.e. It was identical

(p.m.r. and m.s.) with the product obtained as described under (a)

above.

2'-(I,5-Sioxolan-2-yl)-2.5-dihydroxytenzcohenone.

To a stirred solution of 2'- (I,3-dioxolan-2-yl)benzoyl -1,4-
benzeouinene (15 ng, 0.052 mmole) in acetic acid (3 ml) was added
zinc dust (30 rg, C.46 mmole). The mixture was stirred at room tempera-
ture overnight and the solid was then filtered and rinsed with di—
cnloromethane (4 x 5 ml). The filtrate was washed with water (2x5 ml)
and dried (Ka2SC4). Removal of the solvent gave tne desired product as
a sticky orange liquid (13 mg, 6790 (?ound: K , 266.0651.
requires ft, 266.0b4l). It had & (300 ftHz, C2C1”) 3*6l (s, COHjCHgO),
5.95 (s, CCHC), 6.70 (d, J 3, H-6), 6.95 (d, i 9, K-3), 7*07 (Gd. 9,
J2 3. H-4), 7*33 (dd, 7-5, i2 3% K-3")» 7*'° At -1 7>3, -2 2°
3.55 (dt, ¢x 7.5, (2 2, H-4"), 7-90 (dd, 7-3,i2 2, H6), H*63 (s
CH-2), 7.4C-6.0C (bs, CH-5); m/l 266 (36, ft'+), 240 [44, (ft - fteChC +
2H)*+ ], 224 [56, (M - ftecCHO ¢ ~C)'""] , 197 (ICO); and I/ ~ (film)

3C00-36COb, IbbCs, 156bs cm-1.
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Note:

The product may also have contained a trace of 9-dydroxy—,4 —

antnraquinone, indicated by a singlet at 5 13.88.

Preparation of Crude 21-Formvlbenzoyl-1,4-benzoguincne.

To a stirred solution of 2'-fornr/1-2,5-bis (methoxymethoxy )-
benzop'nenone (36 mg, 0.11 mmole) in a mixture of acetonitrile (7 ml)
and water (3 ml) containing suspended pyridine-2,6-dicarboxylic acid
(91*1 ng, 0.55 mmole), argentic cxide (676 mg, 0.55 mmole) was added
in small portion, whilst efficiently stirring and cooling in an ice-
water bath as described for the above experiment. Usual work-up gave
a brownish sticky oil (19 mg, 73%)* Its p.m.r. spectrum in d-chloro form
showed multiplets in the aromatic region, broad singlets at S 6.70
and 6.90, and a singlet at ¢ 9*96 due to a foriryl group. It had m/z
240 (20, M+), 224 £38, (K - 16)-+ 1, The product was net further

examined.

Notes;

(a) On standing overnight at room temperature a solution of the
product in dichloromethane changed from red to dark brown.

(b) Removal of the d-chlorofor-., leaving of the residue at room
temperature in darkness for 5 days, and then extraction with cold
hexane gave a mixture of 9—dydroxy—,4—anthraquir.one and 1,4—

dinydroxy—9,10-antnraquinone in the ratio 4:1, respectively. (Total

product, 40y).
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4a~['2- (1.5-I'ioxolan-2-vl)ber.zovl'l-5-methvl-4a.5.6.ea-tetrahydro-1.4-
nachthoouinone.

A solution of [2-(],3-aioxolan-2-yl)benzoyl3-If4-benzoquinone
(100 mg, 0.55 mmole) and trans-p«nta-l,3-diene (47 mg, 69 mmole) in
benzene or dichloromethane (5 ml) was left at room temperature for 20 h
Evaporation of the solvent afforded a trowr.isn sticky oil which was
purified by polyamide column chromatography using benzene as eluent to
give the desired product as a pale yellow oil (113 mg, 92%) (Found: +
332.1311. C21H2cC™ requires K, 352.1311). It had & (300 KHz, COC1 )
0.92 (d, 6, 6-he; cnanged to a doublet on irradiation at 3.34), 1.96
(dm, J1 20, K-6 ~/p ), 2.74 (dm, ~ 20, K-8/?/«<), 3-34 (bs, H-5), 3-75
(dd, J1 6, J2 2.5, H-6a), 3.66-4.16 (m, Olh~C'-vO), 3.fcC (dm, J 12,
K-7; changed to a doublet, J 12, on irradiation at 3.75), 5*70 (a®,

12, H-6; changed to a doublet, J 12, on irradiation at 3-34), 5*77
(s, H=2'c<), 6.76 (d, J 10, K-3/2), 6.66 (d, J 10, H-2/3), 7-44 (d,
J4.5, K-3'; changed to a singlet on irradiation at 76w), 7»34 (m,
K-4' + H-5"'; changed to a doublet, J 7*5. on irradiation at 7*44 and a
quartet, J 7-5» on irradiation at 7*70, 7*7° (d» J 7*5» K-6'); 352
(1, tf-+), 264 {5, [L - ffetCH"CHg ]* +J , 240 -[5, [M - Me(CH)jCHg -
KeCHO 3 "+ 3" 224 { 6. [U " Ke(CH) CHg - OCA~CAC ] , 177 (106, O-
o-CC.C6H4- ~ ] +), 133 (75, o-CC.C6HACO+), 105 (20, FnCC+); and rax

(film) 1975s, 1598s cm-1.

bote:

Hemoval of tne d-chloroforn fron the crude product, and extraction
of the residue witn hot hexane gave the title compound. However wnen

the product was left at room temperature overnight, it gave a
pale yellow oil. Its p.m.r. spectmm in d-chloroform indicated that it

was mainly tne rearrange-rnt product 5,e-diiiydro-2-[2-(],3-di«olan-2-

ylbenzcy | j 6—ir:othy 1—1,4-<I ihydrcxyna.ph't halene
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5,8-Pihydro-2-p-(1,3-dioxolan-2-yl)benzovlf-6-methyl—1,4-di hydroxy-
naphthalene.
4a-p-(1,3-dioxolan-2-yl)benzoylj-5-methyl-4a,5,6,8a-tetra-
hydro—1 ,4-naphthaquinone (32 mg, 0.09 mmole) was dissolved in d~-
pyridine (0.4 ml) and the progress of reaction was followed by p.m.r.
spectroscopy at room temperature. It showed the rearrangement
completed after 21 h. After j6 h. the solvent was removed to give
a brownish oil (30 mg, 94%). The product was purified by polyamide
column chromatography using benzene as eluent (?ound: M+, 352.1304.
C21H20°5 r@Quires M, 352.1311). It had <% (300 MHz, CPCI®) 1.68 (d,
J 7» 8-Ke; changed to a doublet on irradiation at 5.60), 3*22 (ddt,
25, Jg 8, 2, H-5°fyi; changed to a doublet J 23, on irradiation
at 3.80), 3.40 (ddt, 23, J2 6, 2, H-5P/”; changed to a double-
doublet 23, J2 6, on irradiation at 3.60), 3.80 (bs, H-8), 3.92
(s, OCI*CHjO), 5.80 (ddd, 10, J2 4, 2, H-6; changed to a doublet
J 10, on irradiation at 3.40, and to a double-doublet 10, J2 4, on
irradiation at 3.22), 5.96 (s, H-2'0<), 6.00 (bs, H-7; changed to a
doublet J 10 on irradiation at 3.60 and'to a double-doublet 10,
J2 4, on irradiation at 3.22), 6.50 (s, H-3), 7-36 (dd, 7*5» (2
H-3'; changed to a doublet J 7»3» on irradiation at 7*38)»7*46 (td,
J 7.5, J2 1.5, H-4; changed to a triplet J 7.5. on irradiation at
7.72), 7.56 (td, J1 7.5, ({2 H-5'; changed to a triplet J 7.5, on
irradiation at 7.36), 7-72 (dd, 7-0, J, 1.5, H-61; changed to a
doublet J 1.5, on irradiation at 7*56, and to a doublet J 7.0, on
irradiation at 7-46), 7~4-7-62 (b, OH-4), 12.20 (s, OH-Il); m/z 352
(40, K*+), 307 [29/ (M - MeCHC + H)+ J, 290 £41, (M - MeCHO + H0)+1] ,
275 [56, (M - MeCHO - HjC - Me)+] ; and 7/- (film ) 3200-3420bs,

1620s, 1560s cm \
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Cyclisation of 5.S-Dihvdro—2-(2-(1,3-dioxolan-2-vl)bienzov

tnethvl-1.4-Qih-.droxynaphthalene: Preparation of 5-Hvdroxy-7-met.hvl-

7,10-dihydronaphthacene-6, 11-dione.

(a) Using Hydrochloric Acid.

The rearrangement product from the foregoing reaction (12 mg,
0.34 mmole) was dissolved in THF (2 ml) and 10% hydrochloric acid
(4 ml) was added. The resulting brownish solution was stirred at room
temperature for 20 h. The precipitate was then filtered and washed
with cold pentane to give the title compound as an orange powder
(6.7 ng, 68%), m.p. 156-158° (Found: K*+, 290.0932. CAH"~O requires
M, 290.0943). It had 6 (300 MHz, CDCI®) 1.28 (d, J 6, Me-7i changed
to a singlet on irradiation at 3.67), 3*H (ddt, 24, J2 4, 2,
H-10'y~; changed to a doublet, J 8, on irradiation at 3.67; some fine
structure removed on irradiation at 'j.bb), 3-39 (dt, 24, J2 4,
H-1CP/d; cnanged to a double-doublet, 6, J2 1.5, on irradiation
at 3.67), 3.67 (m, K-7; cnanged to a quartet on irradiation at 5e&%*=),
5.66 (dg, ~ 9, (2 2, H-b; changed to a doublet of triplet, J1 6, J2 2,
on irradiation at 3*77 an® to a double-doubler, 7 (2 5* on i-ra—
diation at 3.11), 5*90 (dq, 9, (2 2, H-9; changed to a doublet of

triplet, J 9, on irradiation at 3-99. a~d to a double-doublet,J, 9,

to a double-doublet, Jx 9. (2 on irradiation at 8.50), 7-74 (td,
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Note;

A similar reaction using aqueous 10°- sulfuric acid in ether,

and shaking at room temperature for 3 h. gave starting material.

(fc) Using Toluene-£-sulfonic Acid.

To the rearranged product (14 rg, 0.39 mmole) ir. acetone (3 ml)
under nitrogen was added tcluene-j>-sulfonic acid (22.6 mg, 0.12 mmole).
After stirring the solution at room temperature overnight, water (5 ml)
was added. The product was then extracted with dichloromethane (3 x
10 ml), washed with water (2 x 10 ml) and dried (N~SO”). Removal of
the solvent gave an orange semi-solid (8.4 ng, 73/0* Its p.m.r. spec-
tram in d-chloroform (300 KHz) showed that it contained mainly the

title compound.

Notes
A similar reaction using pyridinium toluene-o-sulfonate (?PTS)

instead of toluene-D-sulfonic acid gave starting material.

(c) T'sin? Trifluoroacetic Acid.
To the rearranged product (14 mg, 0.39 mmole) in dichloro-
methane (3 ml) at 0° (ice-water bath) was added trifluoroacetic

acid (0.3 ml). The violet coloured solution was then stirred at

rcom tenperature overnight. The mixture was then diluted witn water
(10 ml), ana tne product was extracted with dichloromethane (3 x 15 ml)
washed with water (2 x 10 ml) and dried (;<a”SC”). Removal of the solvent

gave the title compound as an orange semi-solid (t>.5 mg, 5790).

Notes :
(a) A similar reaction at 0° for £ h., anu work-up as in the above

experiments gave the same result.
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(b) A similar reaction using- glacial acetic acid instead of trifluoro—

acetic acid gave starting material.

(d) Using Oxalic .acid.

The rearranged product (14 ng, 0.39 mmole) in dimethylfcrmamide
(ODM) (5 ml) was treated with aqueous 10% oxalic acid (5 ml) and the
resulting orange solution was stirred at room temperature overnight.
The product was extracted with dichloromethane (4 x 15 ml), washed
with water (2 x 15 ml), and dried (NaﬁSOAp. Removal of the solvent

gave an orange semi-solid, which was then extracted with toluene to

give the title compound as an orange powder (7.5 mg, 65%).

(e) Using Trifluorcacetic Annydriae.

To a stirred solution of the rearranged product (14 nyr, 0.59
mmole) in dichlorometnane (5 ml) was added tiifluoroaacetic anhydride
(0.5 ml). The mixture was stirred at room temperature overnight. The
excess of trifluoroacetic anhydride was tnen removed _in vacuo. leaving
a pale yellow oil (10 mg), wnich charged to brownish after a few days
at room temperat.ure. The brown product was then purified by polyamide
column chromatography using 1:1 ether-hexane as eluent to give the

title compound as an orange powder (7 ng, 61%).

(f) Attempted C'-clisaticn Using GAN.

A solution of the rearranged product (17-6 mg, C.C5 mmole) in
acetonitrile (5 ml) and water (I ml) was treated witr. ceric ammonium
nitrate (62.2 hvt, 0.15 mmole) in acetonitrile (5 ml) and water (2 ml).
The mixture was stirred at room temperature for 2% h. K+her extraction
(5 x 15 ml), washing with water (2 x 2( ml), drying (Ua®SC”), and
removal of trie solvent gave a pale yellow oil (Il me). Its p.m.r.
spectrum in d-onloreform wan too complex for assignment. Its nass
srectrum snoweu SHA. }0t>(7), 2'>0(2P), 275(24), 261(9)» 249(1-)» 247(13)*

17-.(5h), 149(4*), 1*5(o4), 119(46), 105(9«). 9l(0«). 77(100).
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(g) Using Trifluoroacetic Acid-Boric Acetate.
To a solution of the rearrarged product (14 rrg, 0.39 mmole)

in dichloromethane (4 ml) was added boric acetate (Mote I) (400 ng,
6.5 mmole). To the resulting pale yellow solution was added tri-
flucroacetic acid (C.C2 ml, 29 rrg, 0.26 mmole). After stirring the
mixture at room temperature for 6 h., the solvent was removed. To the
residue was then added cold ether (20 ml), and the solid was then
filtered off. The ether solution was washed with water (2 x 15 ml)

and dried (iSO ™). Removal of the solvent gave a brownish semi solid
(10.5 ng). Its p.m.r. spectrum in d-chlorofcrm showed that it contained
mainly the title compound, together with an unidentified product
(singlets at 6 9«82 and 14.90. and a multiplet at T.io). It mass
spectrum shewed a molecular ion at 306(~ 1), with fragments at 290(11),
260(15), 275(14), 189(4), 149(3). 133(7). 105(3)- The product was not

further examined.

Mote 1. Eoric acetate was prepared by boiling boric oxide in acetic
anhydride for 15 min. The solvent was then removed, giving a white

solid which was freshly used in the reaction.
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Some Reactions of 4a -(1,?-digxolar-2-yl)benzoyl -rethyl-4a,5.6,6a-

tetralv-drc-l.;-naphthoquinone.

(a) With Periodic Acid; preparation of 4a-(2-?cr:m.'Ibenzoyl)-5-met'nyl-
¢(a,5,6,6a-tetrahydro-Il ,4-narhthoquinor.e.

The above adduct (14 nyy, 0.C39 rm-ole) was dissolved in
(4 ml) and 2X periodic acid (2 ml) was added. The mixture was stirred
at room temperature for 2j h. The resulting yellow solution was then
diluted witn water (5 ml) and the product was extracted with ether
(2x5 ml), wasned with water (2 x 5ml) and dried (Na”"SO ). Removal
of the solvent gave a pale yellow oil (11 mm 6690, crude title compoird
The product was extracted with ether and passed through a polyamide
column to give the desired product as a pale yellow oi] (Found: M ,
3C6.1056. C HifcC4 requires K, 306.1W49). It had % (300 KHz, CLCIJ
C.66 (d, J 6, y.e-5), 2.05 (dd, 20, J2 10, H-c~/3), 5-03 (dm, J, 20,
H-6/S/rt), 3.23 (ts, H-5), 4.00 (a, J 1C, H-6a), 5.65 (m, H6 + H-7),
6.79 (d, J 10, H-3/4), 6.95 (a, J 10, H-4/3), 7-¢1 (dd, Jx 6, J2 2,
H-4'/3')» 7.°5 (dd, 6, J2 2, H5'/4')» 7*75 (dd, 6, J2 2, H3),

7.97 (dd, J 6, J2 2, H-6"). 9*60 (s, CHO); m/z 3C6 (4, M+), 290 [3,

(M - KMO)*+~ |, 275 [4, (K - H20 - Ke)+] , 240 {I0, [>. - »(CHjjCHA") *+}
175 (3C, (¢ jt~"-), 155 (1CO» £-°CCbHACHO+)5 and (fFilm) 1772s,
1693s cm 1 O

Note:

A similar reaction in THF, after wcrk-up as in the above

experiment, gave the desired product in a very crude state.
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(b) With 5% Sulfuric Acid. Using Dicnloromethane as Solvent.
Treatment of the adduct (12 ng, 0.34 mmole) in dichloromethane

(3 ml) with aqueous 5% sulfuric acid and shaking the two phase mix-

ture at room temperature for 2 h. gave, after the usual work-up,

starting material (10.2 mg, 60% recovery).

(c) With 5% Sulfuric Acid in Refluxing Kethanol.

To a solution of the adduct (24 mg, 0.68 mmole) in methanol
(3 ml) was added 5% sulfuric acid (3 ml). The resulting pale yellow
solution was then refluxed for 2% h. The product was extracted with
ether (3 x 15 ml), washed with water (2 x 15 ml) and dried (Ka”SO").
Removal of the solvent gave a brown sticky oil (ie rg). Its p.m.r.
spectrum showed singlets at $ 3«62 and 6.32, whilst the rest of the
resonances were in the aromatic region. The product may have
contained traces of 9-hydroxy-l,4-anthraquinone (signals at & 7.08
and 13.64). Its mass spectrum showed m/z 33/ (<I)t 308(2), 290(4),
273(5), 240(6), 224(20), 198(12), 163(12), 133(83). Ether extraction

from the above crude mixture gave the same spectrum.

Reaction of 4a-f2-?ornvibenzoyl)-5-metivl-4a.5.8,6a-tetrahydro-

1,4-naphthoquinone with fi-ridine.

The naphthaouinone (8 mg* 0.02 mmole) was dissolved in
d,—pyridine and tne progress of reaction was followed by p.m.r.
spectroscopy at room temperature; it was completed after 24 h. The
solvent was then removed to give a brown oil (6 mg). Its p.m.r.

spectrum in d-cnloroform (388 MHz) was too complex to be complete!

identified; however it snowed doublets at S 0.86 and 0.96, eac.
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19 ¢(2 2-5, possibly due to two methylene protons, and

singlets at 5*64 and 6.68; the rest of the signals were not
assigned. No signal due to an internally hydrogen—bonded OH was
observed. Its mass spectrum showed a molecular ior> at 308("1)
with fragments at 290( 1), 240( 1), 224( 1), 206(2), 175(6),
133(10), 105(12), 86(63), 64(100). The product may have contained
at least two compounds.

Ether extraction of the above mixture gave a pale yellow
oil, its p.m.r. spectrum of which in d-chloroform was simpler,
but still difficult to interpret. Its mass spectrum CI(NHj)
showed a quasimolecular ion at 3*2(5) with fragments at 326(26),
309(36), 291(11), 241(44), 195(9), 168(17), 151(25), 135(17),

105(21). The product was not further examined.

Note:
A similar reaction in 1:1 pyridine—methanol gave the same

result.
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Some Oxidations of 5-Hydroxy-7-niethyl—7 .10-dihydronaphthacene-6, IQ-dior.q.

(a) Using Chromium Trioxide-Acetic Acid.

A solution of the dihydronaphtnacene (4.5 mg, 0.017 mnole) in
glacial acetic acid (I ml) was treated with chromium trioxide (15 mg,
1.7 mmole). Tne mixture was stirred at room temperature for ; n. and
then diluted with water (5 ml). The product was extracted with ether
(j x 5 ml)» washed with water (10 ml) and dried (Na,SO,). Pemoval of the
solvent gave a colourless oil (1.6 mg). Its mass spectrum showed nvz
410« 1), 379(1), 365(2), 551(2), 357(5), 525(5), 509(4), 295(5), 203(5),

261(6), 267(6), 253(7). Tne product was not identified.

(t) Usirg Lead Tetra-acetate.

A solution of the dihydronaphthacene (3*5 mg, 0.01 mmole) in di-
chloromethane ~0.5 ml) ana acetic acid (0.5 ml) was treated with lead
tetra-acetate (10.7 mg, 0.02 mmole; at room temperature, and the mixture
was left overnight. Tne mixture was diluted with water (5 ml), and the
product was extracted witn dicnlorometnane (3*5 ml), washed witr. trine
(10 ml) and dried (Na”~O~”). Removal of the solvent gave a pale yellow
oil (3.0 mg) which changed to brownish after a few days at room tempera-
ture. The brown product was then purified by column chromatography
through silica gel using Itl hexane—ether as eluent. The first fraction
was isolated as an orange liquid (2.1 mg). Its p.m.r. spectrum in d-
chlorofcrm showed multiplets in the aromatic region which were too big
for six protons, nultiplets at 8 3»50-3«96, 7*60-6.00 and 6.36-6.70,
quartets at 4.60-5.06 and 5.20-5.26, and singlets at 7*32 and 12.96.
The product was not furtner examined.

Tne column was then washed with dichloromethane, giving a brownish

oil; its p.m.r. spectrum, was uninfornative.
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2.5-Diacetoxvbenzoic Acid.

To a stirred solution of gentisic acid (7.5 g, 5 mmole) in
acetic anhydride (12 ml) was added concentrated sulphuric acid
(10 drops) and the reaction mixture then heated for 1 h. at 70°.
The solution was then cooled, water (100 ml) added, and the suspen-
sion shaken vigorously for several minutes. The product was allowed
to crystallise at O° and collected by filtration to afford white
crystals (9.0 g, Jk%), m.p. 120-121° (lit.,22 m.p. 116-119°). It had
S (60 MHz, CDC13) 2.}0 (3, OAc), 7.10 (d, J 9, H-3), 7.40 (dd, ~ 9,
J2 3, H-4), 7.90 (d, J 3, H-6); and m/z CI(NH ) 332 [IOO, (M + 18)+]

290 [I 5 , (K + 18 - CH2CO)+] , 221-[42, [c 6HjCO(OAC)2] f}

2,5--iacetoxy-_N-methoxy-N-metny Ibenzamide.

To a stirred solution of gentisic acid diacetate (3.2 g, 15
mmole) in dichloromethane (40 ml), was added oxalyl chloride (2.1 g,
16 mmole), and DKF (Ip drops). Effervescence occurred and the reaction
was allowed to continue for about 40 min. To this solution was then
added N,0-dimethylhydroxylamine hydrochloride (1.6 g, 16 mmole)
followed by pyridine (2.52 g, 2.6 ml, 32 mmole). The mixture was
stirred at room temperature for 1™ h. Brine solution (40 ml) was then
added and tne organic layer separated. The agueous layer was extracted
with a 1:1 mixture of ether anu dichloromethane (4 x 20 ml). The
combined extracts were washed with brine (1 x 30 ml) and dried.
Hemoval of the solvent gave the desired product (2.24 g, 78%) as a
sticky colourless oil which was then distilled (bulb—to—bulb) at
70-78°/0.1 mmHg. (Found: C, 59*6; H, 5*6; N, 4.9*
requires C, 59»95 H, 5*4; N, 5.0%). It had 6 (60 MHz, CIAJI®) 2.20

(s, Ac), 2.50 (s, Ac), 3.24 (s, Me), J.47 (s, Me), 7.21 (bs, ArHM);
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m/z CKKHj) 299 [9, (M + 18)+], 262 [IOO, (K + I)+], 2%$2 [I8,
M+ 1~ 2Ke)+], 210 [79, (M + 1 - Cf~-C-O - 2Ke)+j ; and

(film) Ib40s, 1760s cm

2,5-2 i hydroxy-N-met hoxy- N—+ret hy lbenzamide .

To a stirred solution of the foregoing diacetate ( 160 mg, 0.57
mmole) in methanol (10m ), under nitrogen at room temperature was
added saturated sodium hydrogen carbonate (6 ml). After stirring
for 2 h. the mixture was acidified with 10% hydrochloric acid,
extracted with ethyl acetate (4 x 20 ml), and dried (Na”SC#).
Evaporation of the solvent gave a brownish oil (73 mg, 66%) of the
desired product which was purified by distillation (bulb-to-bulb)
at 74-60°/0.1 mmHg. (Pound: C, 54.6; K, 5*6; N>6.4. C,HMNON
requires C, 54.8; H, 5.6; N, 7.1%). Elemental analysis always showed
a low nitrogen content. The above data were obtained at the third
attempt using freshly distilled material (which had M' , 197*0690.

requires M, 197.06&8). It had & (300 MHz, CDCI®) 3.40 (s,
NMe), 5.64 (s, OKe), 6.60-7-10 (b, HO-5), 6.92 (d, J 9, H-3), 6.98
(dd, J1 9, J2 3, H-4), 7*50 (d, J 3, H-6), 13.30-13.40 (b, HO-2),
197 (8. N'+)> 188 [&. (M ~ W «)'+3» x67 CI1r* U? ~ C's + 1)+-3.
137 [ICO, (M - CO.NJle.OKe)+J ; and (CtigClg) 3660~3560b,

1575s cm
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2,5-Eis I(trimethylsily 1)cxyj-_I_'-nethoxy-Nrmethy Ibenzam.ide.

To a stirred solution of 2,5-dihydroxy-N-met'ncxy-N-methyl-
benzam.iae (19»7 mg, 0.1 mmole) in ether (5 ml) under nitrogen was
added trimethylsilyl chloride (45.2 mg, 0.4 mmole) ana then pyridine
(47*4 mg, 0.6 mnole), and the mixture was stirred at room temperature
for 2j h. The solid was then filtered off. Removal of the solvent
from the filtrate gave a pale yellow oil (30.5 mg, 69%)- Pentane
extraction gave the desired product as a colourless oil (Pound: M'+,
341.1485. C~c™"bC”Sij requires K, 341.1479)* Pt had 5 (60 KHz,
CLC15) 0.23 (s, 2 x Sike,), 3.23 (s, He), 5.34 (s, Ke), 3.56 (s, CKe),

3-60 (s, Ohe), 6.60-6.60 (m, ArR~); m/z 341 (I, M%), 296 £67, (M -

Me )+3 , 2dl {ol, [h - NHe(OMe)]+} , 206 {66, [M - OTe(OKe)-SiMe T +},

|Sg (13, [(])N:C:C+), 73 (100, SiKe +); and (CECI®) 1605m, 146035c)m"'.
CH

Notes :

(a) The product was very unstable: it gradually hydrolysed to the

starting material either on sublimation or during work-up. because
of tnis, a tetter p.m.r. spectrum was not obtained even from the
freshly prepared material. Therefore the product freshly obtained
from the pentane extraction was used in the coupling reaction with-

out further purification.
(b) Treatment, of trimethylsily 1l 2,5-bis[(trinethylsily).)oxy3ten2oate
with oxalyl chloride followed by N,0-dimethylhydroxylamine hydrochloride

at 0° under nitrogen in dichloromethane or THF failed to give the

title compound. The product obtained was 2,5-dihydroxybenzoic acid.
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Reaction of 2-(l.~-Dioxolan-2-yl)phenyl-lithlum with 2.5-Bisl(trimethyl-

silyl)oxy -N-methoxy-N-methylbenzamide.

To a solution of 2-(2-broraophenyl)-1,3-dioxolane (S6.3 mg, 0.36
mmole) in ether (15 ml), at -70° under nitrogen was added 15% n-butyl-

lithium in hexane (0.26 ml, 0.40 mmole) and the resulting yellow solution

additional 2 h. at the above temperature, it was decomposed with water
(15 ml). The organic layer was then separated, washed with water (15 ml)

Removal of the solvent gave a greenish oil (59 mg).
Its p.m.r. spectrum in d-chlcroform showed that it was benzaldehyde

ethylene acetal.

Notes:

(a) A similar reaction at room temperature gave the same result.

A similar result also obtained when the reaction was repeated in the
presence of tetramethylethanediamine either at O or at room temperature.
(b) In one of the reactions, at room temperature without tetramethyl-
ethanediamine, the aqueous layer was neutralised with 10% acetic acid«
Ether extraction from thi3 aqueous medium gave 2,5-dihydroxy-N-methoxy-

N-methylbenzamide.
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N-Methoxy-N-methy laminocarbonyl-1t4-ben2oquinone.

A mixture of 2,5-dihydroxy-fj-methoxy-N-methylbenzamiae (20 mg,
0.1 mmole), silver oxide (bO irg,0-3 mmole), ana anhydrous sodium
sulphate (150 mg) in dry dichloromethane (5 ml), was shaken for5h.
in a flask covered with aluminium foil, at room temperature. The
suspension was then filtered through Celite, and washed with dichloro-
methane until the washings had no colour. Solvent evaporation gave
an orange sticky oil (16 mg, 6196), which was sublimed at 6C-66°/0.1
mH (Found: M'+, 195*05?2. C"H"O™N requires M, 195«0534). It had S
(220 KHz, CICIlj) 5.52 (s, We), 5.51 (s, OHe), 6.85 (s, H-3 + H-4 +
H-6); mvz 195 (52, M+), 135 [72, (h'+ - NMe.OMe)+], 107 [92, M -

CC.NKe.Cl-ie)+ 3 ; and -y~ (film ) Ibb4s cm

Jesil->lation of 2tm-Eis r(trirrethylsilyl)oxv"]tcluene.

(a) Using Tetrabutylammcnium Fluoride.

To a stirred solution of 2,5-bis £(trimethylsilyl)oxy3toluene
(100 irg, 0.37 mmole) in ether (15 ml) under nitrogen was added 1.0M
tetrabutylammonium fluoride (329 1*5 mmole) in TH? (1.5 m) ax®
the solution was stirred at room temperature overnight, washed with
water (2 x 10 ml) and dried (ffc*SO ). Removal of the solvent gave a
violet solid (36.4 ng, 809 which was identified as predominantly

2,5-dinydroxytoluene.
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Note:

A similar reaction in THF followed by decomposition with water

and extraction of the product in ether gave the starting material.

(b) Using Potassium Fluoride.

To a stirred solution of 2,5-bis£(trimethylsilyl)oxy3toluene
(100 mg, 0.37 mmole) in methanol (5 ml) was added solid potassium
fluoride (43*4 mg, 0.75 mmole) and the mixture was stirred at room
temperature for 10-15 min. Water (10 ml) was then adaea and the
product was extracted with ether (4 x 10 ml), washed with water (2 x
10 ml) and dried (Na~SC”). Removal of the solvent gave 2,5-dihydrcxy-

toluene (41 mg, 86%) as a white solid.

Notes:

(a) longer reaction times (e.g. 3 h.), and reactions in solvents
such as acetonitrile-water or THi'-water gave the same result. However
reaction in ether”water (shaken) gave the starting material.

(b) A similar reaction in methanol in the presence of B.B.H.
precipitated manganese dioxide gave a dark brownish solid; its mass
spectrum shewed mz_ 272(~1), 154(4), 152(32), 149(27), 124(19)»
122(19), 105(12), 8A(10), and 69(100). Its p.m.r. spectrum was not
clean, although no signal due to a trimethylsilyl*was observed. The
product nay have contained 2,5-dimethoxytoluene (m/z 152), inethyl-

1,4-benzoo.uinone (Mm/z 122) and dihydroxvtoluene (m/z 124).
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(c) Using CAM.
To a stirred solution of the silyl ether (134 mg, 0.5 mmole)

in acetonitrile (3-5 nil) and water (1.5 ml) was added dropwise a
solution of CAN (1.37 St 2.5 mmole) in acetonitrile (7 ml) and water
(3 ml) and the mixture was stirred at room temperature for 2 h. The
product was extracted with ether (4 x 15 ml), washed with water (2 x
15 ml; and dried (Na”SO”). Removal of the solvent gave 2-methyl-1,4-
benzoquinone as a yellow solid (44 mg, 74%) identical (m.p., mixture

m.p., and p.m.r. spectra) with an aunthentic sample.

Notes;
(a) Similar reactions in two phase solvent systems such as ether-
water and dichloromethane-water with shaking at room temperature for
2 h. gave, after the usual work-up, the same results.
(b) In contrast, a similar reaction in dichloromethane-water, but
using only 2 mol of CAN instead of 5 mol gave, after work-up, a
mixture of starting material, 2,5-dihyaroxytoluene, ana 2—fr.ethyl-
1,4-benzoauinone in the ratio 3:3:1, respectively, as shown by the
p.m.r. spectrum of the total product in d-chloroform.
(c) A similar reaction in dichloromethane-water in the presence of
2 mol of sodium acetate gave, after work-up, a mixture of 2,5-dihydroxy
toluene and 2—retnyl—,4-benzoquincne in about 1:1 ratio. A similar
reaction in ether-water in the presence of an excess of scdium acetate
(i.e. until the pH of the aqueous phase was about 6 at the beginning
of the reaction) gave, after the usual work-up, the starting- material
(d) A similar reaction in aqueous acetonitrile in the nrerence of
Fuller's earth (1.0 g) gave a mixture of 3tartirr material, 2,5-

dihydroxytoluene, and 2-methy1-1,4-benzoquinone in the ratio 2:3:1,
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respectively. The product contained these three compounds, in the

ratio 4:3!1» respectively, when 4 mol of C«N was used.

(d) Using Potassium Fluoride and CAN.

To a stirred solution of the silyl ether (100 mg, 0.37 mmole)
in methanol (10 ml) was added all at once solid potassium fluoride
(110 ng, 1.9 mmole). Stirring was continued for 5 min., after which
a solution of CaN (406 ng, 1.5 mmole) in water (3 ml) was added
dropwise during 5 min., and the solution was then stirred for an
additional 5 h. The product was extracted with ether (5 x 10 ml)
washed with water (2 x 15 ml) and dried (Ka”SO”). Removal of the

solvent gave 2-metnyl-1,4-benzoa_uinone (29.5 mg, 65%).

Notes:

(a) A similar reaction stopped after 10 min. gave a mixture of
2,5-dihyaroxytoluene ana 2-methyl-lI,4-benzoquincne in the ratio
7sl12, respectively.

(b) A similar reaction in the presence of Fuller's earth gave

2-methyl-l1,4-benzca.uinone in about 75%yield.
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Attempted Preparation of 2'-( tert-butoxycarbonyl)-2 .5-dimethoxy -

benzoohenone.

(a) From 21-Chlorocartonyl—2,5-dimgthoxybenzophenone.

(1) Using tert-Butyl alcohol and n-5utyl-lithium.

A solution of tert-butyl alcohol (7*4 mg, O.l mmole) in ether
(2 ml) at room temperature under nitrogen was treated with 1.6M
n-butyl—ithium in hexane (0.C6 ml, C.I mmole). The resulting turbid
mixture was stirred for 20 min. after which freshly prepared 2'-
chlorocarbony 1-2,5-dimethoxybenzopnenone (30.6 mg, 0.1 mmole) in
ether (1.0 ml) was added. After stirring the mixture at room tempera-
ture overnight, it was diluted with ether (15 ml), washed with brine
(I x 1C ml), ar.d dried (i-gSC”). Evaporation of the solvent gave a
pale yellow oil (15*6 mg). Its p.m.r. spectrum in a-chloroform
showed that the product may have contained 21-(n-butcxycarbonyl)-
2.5- dinethoxybenzopher.one [jnjltiplet at & 0.60-1.60 (due to n-propyl
group), singlets ¢A 3.44 and 3.76 (due to two methoxy groups) and
triplet at 4.0p, J 6, due to -CCF® groupj and 2'-hydroxycarbonyl-
2.5- dimethoxybenzophenone [Vinglets at 3*54 and 3*7® (due to two
methoxy groups)|] . 1t3 mass spectrum showed molecular ions at
342(37) and 260 (40) with major fragments at 269(17), 253(e), 259(29),

225(11), 211(48), 105(77) and 149(5®@).

The rest of protons were multiplets at
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(2) Usin? tert-Putyl Alcohol alone.

A solution of freshly prepared 2'-chlorocarbonyl-2,5-dimethoxy-
benzcphenone (46.0 mg, 0.15 mmole) in tert-butyl alcohol (2 ml, 1.57?,
21.2 mole) was refluxed for 21 h. The solution was then cooled to
room temperature. Removal of the alcohol, left a yellowish oil (46.0
mg, 100%) which solidified at room temperature m.p. 153-156°. It3
p.m.r. spectrum in d-chloroform showed that it may have contained
some of the desired product fsinglet at 5 1.25, (too small for nine
protons of tert-butyl group), singlets at 83.42 and 3-75 (due to two
methcxy groups), and multiplets at 5 6.60-6.10 (too big for seven
aromatic protons) together with, probably, the lactone of 2'-hydroxy-
carbonyl-2 ,5-dimethoxybenzophenone, Its mass spectrum showed
a molecular ion at 342(8) with fragments at 287(21), 266(96), 269(27),

239(29), 225(11), 211(73), 163(15), 165(100) and 149(57). The product

was not further identified.

(3) Usinr tert-Butyl Alcohol in the presence of Pvridine.

A solution of tert-butyl alcohol (150 mg, 20.3 mmole) in
pyridine (1.5 ml, 1.47 g, Ic.5 mmole) was treated with 2'-chloro-
carbonyl—2,5-dimethoxybenzophenone (46.0 mg, 0.15 mmole) in d-chloro-
form (ethanol-free) (0.3 ml). The resulting light pink solution was
stirred at room temperature for 2 h. and then poured into water (10
ml) and neutralised with 5% hydrochloric acid (pH 6-7). The product
was extracted with ether (4 x Ip ml) washed with water (2 x 10 )
and dried (ygSO~”). Evaporation of the solvent gave a pale yellow oil
(16 mg). It was identical (p.m.r. spectrum) with 2'-hydroxycarbony 1-

2,5-dimethoxytenzcphenone.
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Note;

A similar reaction, but stirring the solution at room tempera-

ture overnight and then refluxing for 2 h. gave the same result.

(4) Using tert-Butyl Alcohol in the presence of Potassium tert-
Eutoxide.

A solution of freshly prepared 2'-chlorocarfconyl-2,5-dimethoxy-
benzophenone (35*0 ng, 0.11 mmole), in tert-butyl alcohol (2.0 ml,
2.12 mmole) was treated with potassium tert-butoxide (25 mg, 0.22
mmole). The resulting colloidal mixture was then stirred at 35°
overnight, diluted with water (10 nl), and the product was extracted
with ether (3 x 15 ml), washed with water (3 x 15 ml) and dried
(NgSO”). Removal of the solvent gave a yellowish oil (24.5 mg). l+s
p.m.r. spectrum in d-chlcroforrr was similar to that obtained from

the reaction using tert-tutyl alcohol alone.

Note:

A similar reaction at refluxing temperature for 5i h., and
wcrk-up as in the foregoing procedure, gave a yellowish oil (11.5
mg, 29%), which was then distilled at 104-110°/0*5 nnHg to give a
pale yellow oil. It had S (60 NKm, CDCI*) 1.33 (s» Uu )* 3*6 (s,
Ork), 3.60 (s, OKe), 6.70-7.00 (m, ArHg), 7.25-7*60 (m, ArH"),
7.70-7.90 (m, Ark”); and m/z 343 [ 22, (N + 1)+3» 542 (100, N* ),

286 [42, (N - NegC~Hg)™] . 269 [¢3, (E - N20MHR2 ~ K)'™" 3»
239 [46, M - - CH - 2Me)+3 . 211 [69, (M - FejGAH~ - CH -
2l-le - CO)+], 165 [95, (NeO)2CfeH5.CO+3 . The spectra suggested

that the reaction may have given some of the desired product.
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(5) Using tert-Butyl Alcohol in the presence of Potassium tert-
Butoxide and 18—erown-6.

To a solution of freshly prepared 2'-chlorocarbonyl-2,5-
dimethoxybenzophenone (30.6 mg, 0.1 mmole) in tert-butyl alcohol
(2.0 ml, 21.2 mmole) was added potassium t-butoxide (11.2 mg, 0.1
mmole) and 18-crown-6 (6 mg, 0.02 mmole). The resulting greenish
mixture was refluxed overnight. After cooling to room temperature,
the mixture was diluted with water (15 ml), and the product was
extracted with ether (4 x 15 ml), washed with water (3 x 15 ml) and
dried (frgSO”). Hemoval of the solvent gave a pale yellow oil (30.6 ng)

of 2'-hydroxycarbonyl-2,5-dimethoxybenzophenone.

(b) From 21-Hvdroxvcarbonyl-2.S-dimethoxvbenzophenone: Usirg tert-
Putvl Alcohol-DCC-Dr-AP.

To a solution of 2'-hydroxycarbonyl-2,5-dimethcxybenzophenone
(28.6 mg, 0.1 mmole) in dichlcrcmethane (5 ml) were obtained DKA?
(1.2 irg, 0.01 mmole) and tert-butyl alcohol (7-4 mg, 0.1 mmole). The
solution was cooled to 0° and DCC (20.6 mg, 0.3 mmole) was added.
The mixture was then stirred at room tenperature overnight, and the
white precipitate was filtered off. Removal of the solvent from, the
filtrate gave a mixture of a white solid and an oil (20.0 mg). Its
p.m.r. spectrum in d-chloroform was complex, and did not show evidence

for the desired product. It was not further examined.
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Some Reactiors of 21-Hvdroxvcarbony 1—2,5-dim.ethoxvbenrorhenone.

(a) With CAN.

To a stirred solution of the carboxylic acid (28.6 ng, 0.1
mmole) in acetonitrile (5 ml) and water (I ml) was added dropvise
a solution of CAN (164 mg, 0.3 mmole) in acetonitrile (3 ml) and
water (I ml). The resulting pale yellow solution was stirred at

room temperature for 1 h. Usual work—dp gave an orange oil (20 mg).

Its p.m.r. spectrum in d-chlcroform showed a singlet at 5 6.68 with
the rest of the resonances as multiplets in the aromatic region.
Its mass spectrum showed m/z 258(32), 2dI(25), 240(100), 212(42),
184(28), 179(30), 128(19), ICi;(31). These spectra suggested that
the product may have contained 2l-hydroxycarbonyl-2,5-dihyaroxybenzo
phenone (m/z 256).

On sublimation at 136-14G°/mmHg, it gave a pale yellow powder,
but the p.m.r. spectrum of this in d-cnloroform was still very

complex.

Note :
A similar reaction in a two phase dichloronethane-water
solution using 5 mol of CAN and shaking at room temperature for

3 h. gave the starting material.
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(b) With Trimethylallyl Chloride-Sodium lodide.

To a stirred solution of the carboxylic acid (28.6 ng, 0.1
mmole) and sodium iodide (30 mg, 0.2 mmole), in acetonitrile (5 ml)
under nitrogen, was added trimethylsilyl chloride (21.8 ng, 0.2 mmole).
The mixture was stirred at room temperature overnight. The product
was extracted with dichlorometnane (3 x 10 ml), washed with water
(2 x 10 ml) and dried (I"SC~”). Removal of the solvent gave the

starting material.

(c) With Rydrobromlc Acid.

A mixture of the carboxylic acid (28.6 ng, 0.1 mmole) and
aqueous 46% hydrobromic acid (3 ml) was refluxed for 1- h. After
cooling, the product was extracted with ether (5 x 5 ml)» washed
with water (2 x 10 ml) and dried (Na”SO”). Removal of the solvent
gave a red-brown solid (22 irg, 92%). It had m.p. 190-192° (lit.,~ 1?4°
It had b (60 KHz, CDC”) 7.70-8.00 (m,H6 + H-7), 8.10-8.50 (m, H-5 +

ri-8), 7.78 (s, 2 x OH) identified as I|,4-dihydraxy-9ti10-anthraquinone.

(d) With Armentic Cxide-Pvridine-2,6-dicarboxylic Acid: An Attempt

to Prepare 2'-Hvaroxycarbonylbenzoy 1-1,4-benzcqu inor.e.

To a stirred solution of 2'-carboxy-2 ,5-dimethoxybenzop'nenone
(29.6 mg, 0.1 mmole) in a mixture of acetonitrile (7 ml) and water
(3 ml) containing suspended p;>ridine—2,6-dicarboxylic acid (7A.5 mg,
0.45 mmole), was added argentic oxide (56.0 mg, 0.45 mmole) in small
portion with efficient stirring and cooling in an ice-water bath.
When tne addition was complete (30 min.), the mixture was filtered
through Celit® and the solid was washed witn dicnlorcmethane until

the filtrate became colourless. The organic layer was separated and
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washed with water (2 x 10 ml) and dried (NagSO”). Removal of the
solvent gave an orange liquid (20 mg, 7f®b)« Its p.m.r. spectrum in
d-chloroform (60 MHz) showed only multiplets in the aromatic region
and a singlet at S 6.70. Its mass spectrum showed m/z 266(2) (Note |),
256 (10, M'+), 199(5), 173(12), 10n(100). The product gradually
changed to a dark brown oil. After being left overnight at rccm
temperature, its p.m.r. spectrum in d-chloroform showed that the

singlet at S 6.70 was no longer present (Note 2).

Note 1. The molecular ion at m/z 266 may be due to trace of the un-

changed carboxylic acid or its lactone.

Note 2. The 300 MHz p.m.r. spectrum of freshly prepared material

measured iiunediately showed extensive decomposition.
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