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"I was busy writing on my text-book but could make
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INTRODUCTIOH

The observation by M. Faraday (1) in 183L that a
hydrocarbon wes formed on elsctrolysis of an aqueons sodium
acetate solution may be regarded as the cormerstons of
organic electrochemistry. H. Kolbe (2) in 1649 slaborated
on this rsaction which eventually bacsme ons of the most
widely studied organic slsctrochemical proceases,

. Since the time of M, Faraday and H. Kolbe, the fisld
of organic electrochamistry has not witnessad the spectacular
developments that nowsdays characterise most branches of
chemistry including inorganic electrochenistry. The reasons
for this may 1ie in the special techaical problexa that aras
encountsrad in organic applications of elactrochani stry.
Inorganic electrochemical reactions are usually stralghtforwerd
and free of cosmplications; this does not usually apply, howe
ever, tc organic electrochemical processes noxtly bacause
the choics of aﬁitahle adlvents ia rathsr limited and the
courses adépzed by such reactions are norsally multiple,

The increasing aveilability in receant years of a varioty
of stable organic sclvents of high dielectric constant and
the growing interest in organic slectrode procassss (e.z. fusl
cell research) may provide the stirulus needed to sventually

bring orgenic electrochexistry on a par with inorganic
electrocheni gtry,




The electrolysis of an aqueous soclution of an alksliw
zetal cartoxylete was found by H. Kolbe (2) to yiald & -
fymietrical hydrocarbon and carbon dioxide:

ZRCO3 =28, R.E + 200,
later i, Wurts {3) odtained symmetrical and ungyemetrical
hyﬁ;ocarbons by elootrolysis of mixturea of two fatty acid
salts. 4. Crus-Zrown and O, J, Yalker (4) electrolysod helf
asters of aliphatic dicarbexylic acids and in this way made
available & new and muablo' synthesls of diasters.

Z040{CHg), 007 2% ROLC(Clg)guCOR + 20, |

A side resction frequently sncountersd in aqueousg
media and referred to as the Hofer-ioest reaction (5,6) consists
in the formation of alcohols. This rsaction is favourgd by
the use of alksline solutions and by the addiuon of galts
such as perchldratdé, sulfatas, and bicarbonates. For
exazple, it has bsen shown (5) that under suitable conditions
slactrolysis of acetic acid can afford zethkanol in high yisld.
Furthsrwore the reaction can produce alcchols by introduction
of ths hydroxyl group in the 2,8 or even y position to the
elininated carboxyl grouwp (7,8,9) of longechein fatty acids.
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The Kolbe electrolyeis is EOSt convaniently carried
out by disselving the carboxylic acid{a) in wethanc)
containing a sufficlent quantity of alkall {usually added
38 sodium methoxide) to neutralige only about Z7of the seld(s).
The solution is then e;octrolym using amcoth platinu elactrodes
¥REil 1t becomes slightly alkaline. Mhen carried ous in
guecus solution the reaction is fcmmi to be zors sensitive
t¢ such conditions as elactrode composition, temparature,
concentration, and current density,

. There are sevaral limitavions in the use of the Kolbe
reaction, These have been roviewsd in detail by B.C,L, ¥esdon
(10). It hae been obmerved that saturated dibaste acida
{from malonic to ssbacic acid) can give olefins and alcohols,
conteining two cardon atens leas than ths starting material
23 wll as ssturated and unsaturated acids through the loss
of only one carbon atem (11), Cyeloalkanes have never bean
isclated from the slectrolysis of dibaaic acids (12), In
the cass of unsaturated acids 1t was found that ¢cfe and fye
unsaturated acids (13) a8 well a3 aromatic acids (14} do not
wndergo the Xolbe reaction to any apprecisble extent. Only
the corresponding decarboxylated products ara usually found,

RoPe Linstead gt sl (15) have alge reported that Neacylglyeines
&nd NeacylwDlec-alaninss afford Nealkoxymsthylemides respactivaely




“ b ow

in high yield when the electrolysia 18 carried out in alcohpuc

SoLution,
]
IHHCHRCOpH ¢ RO —»XNMCHAOR + (O
{X iz acy), B i K or CH,, ' is alkyl)

Of interest u'ao is tho olasrvation that under asgentially
the seme conditions phenylacetic seid will yield dibanzyd
{16}, whereas diphenylacetic acid {17} and triphenylacesic
aai& {16) give rise to methyl diphenylzmethyl ether and methyl
sriphenylzethyl ather respectively in a Hofar-!Dast type
reaction,

CgligCliglogH — > CgHgCiiagCHaCytig( 50% yigld)
(csss)gggco,a “%(Céﬂs)gcm533 (35% yisld)

{cﬁe;s}ssao,s —-—>(CGHS)360G83 (6% yield)

It was foumd that the mature of the subatituins in
ths cepopition to the carbexyl group has a proncuncad
influence on tha cohru of the reaction., Thus progresaive
branchizg by alkyl substitusnts in the tepogition proxotes
the formatlion of olefins, egtors, and alechols at the sxpenss
of the nor=sl Kolbe products.
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H, Breederveld and E.C. Xooyman (18) attempted to
generate the triphenylethyl radical by eléctrolysis of a
methanolic solution of 3,3,3-triphenylpropionic acid (I)
but instead obtained a 55% yield of phenyl diphenylmethéxy-
propionate (II). This result is probably due to intra-
molecular addiiion by the ac?loxy radical as the primary
step, |

L.F. Fieser et 2l obtained a 9% yield of trinitro-m-
xyleneA(IV} on electrolysis of a solution of sodium acetate
in glacialracetic acid containing trinitrotoluene (III).

This reaction is probably the result of direct attack on the
benzene ring by methyl radicals., Under similar conditions,
however, R.P. Linstead et &l (16) obtained 25% of <-naphthol
together with émall amounts of the §-isomer, after hydrélysis
of the product obtained when the Kolbe reaction was attempted
in the presence of naphthalene., This work provided some
evidence for the presence of acetoxy radicals. as intefmediates.

Recently,’E.J.”Corey et al (20) have generated carbonium
ions by a modification of the Kolbe reaction carried out at
high voltages. Electrolysis of exo- or endo-norbornane-2-
carboxylic acid (V and VI respectively) in methanol (50 volts
at 10° using platinum electrodes and added triethylamine)
produced exo-norbornyl methyl ether (VI)in 35 - 40% yielé.

No endo methyl ether was detected and the methyl ether (VII)
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(C6H5)3 CCH2 COZH — (C6H5)3 CCH2C02°

I

C.H CH. CH o) |
5 CH, O 65 /72 o
NS RR ;c N
l
CeHs 0 |=—| Cdfs /
0
| I —
-
CsHs\ i
/Cl:-'—CH'Z——C—O
Celis OCH,
I
CH, CH,
NO3 NO, - Nos NO,
CH,
NO, NO,
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prepared from the optically active acid (V) was found

to be racemic. These workers also obtained cycloheptanone

(IX) in 539 yield from the electrolysis of lehydroxycyclo-

hexylacetic acid (VIII) in acetonitrile (175 volts, 10°)

and have successfully applied this very promising ring expansion

reaction to several cycloalkyl derivatives.

II The Mechanism Of The XKolbe Reaction

H, Kolbe (2) originally considered the reaction mechanism
to involve the oxidation of the carbonyl group of the carboxylic
acid by oxygen which is generated by the electroliysis of waters

2CH3002H - %02 —_— 02H6 + 2002 + Hzo
Alternatively, C. Schall (21) and ¥, Fichter {22} proposed

that diacy peroxides may be intermediates in this reaction.

2RCO 2- -28>

2RCO,° \Rﬁoogﬁ

/

. y
R-R + 200, <—2R° + 200,

S. Glasstone and 4, Hickling (23) modified this theory

. somewhat by expressing the view that hydrogen peroxide is




YA R, is COH Ry, is H
AVAR R, is H , Ry is CO,H
VIC RI is OCH3 , R2 is H
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first formed at the anode in aqueous acetate solutions from
di scharged hydroxyl ions. The hydrogenhperoxide would then
react with acetate ions to yield ethane and carbon dioxida.

20H~ =28 j.0,
Hz0z + 2CH;C03 —»> Gzl + 200, + 20

The formation of acetoxyl radicals was thought to involve
an intermediate step such as the following:

Ha0p + 2CH30Q," — 2CH3C0,° + 20H™

The possibility of a further reaétion leading to a diacyl
peroxide was also considered.

All oflithe above hypotheses however, are unacceptable
for ssveral reasons. The Kolbe reaction proceeds efficiently
in non~-aqueous media where no direct oxygen evolution can
occur, Furthermore, no conclusive evidence for peroxide
intermediates has ever bsen produced.

A most natisfactory general theory of the rsaction
mechanism consists in the free radical mechanism proposed
by A. Crum-Brown and O.J. Walker (4) and subsequently
modified by K. Clusius et al (24,25). In this theory, the
~ carboxylate ion ig firat oxidized on the anode to the carboxylate




R 1+ N

radical watch weuld then decarboxylate o yield the corrase

[Ty KPR 3 e

POREAngE alkyl vadical.

RO —2> RODy* — > R° + COg

Subsequent ecoupling of the redicals would then gensrate

the Xolbe product {or other side products). lore recently

B.E. Conway and M, Dgteciuch (26) {sse almo the work of T.
Dickinson and W,F.K, Wynne=Jones (27)) have made a kinetic
study of the Kolde reaction using formic and trifluoroacstic
acids. Their basic obssrvations led them to propose the followe
ing staps to account for the behaviour of trifiuworcacetate:

0?3003. —=s GF,CO;’ {5£)
CF300ge(H) —cCPy={M) + ¢O,

20330 —_— 03?'6

{vhars (d) indicates & zits on the metal surfece to which
the adsorbed apecies would ba bound),

Treatment of furen with & methanclie soluticn of
- chlorize or bromine is knosn to give 2,S5edimethoxy=2,S5=dihydro-
furan (X) in good yield (28). A possibie mechaniss for this
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reaction is given below,

NH4Br — Ni-lj-) + Br@
‘ZNHE? +2e —= 2NH3+ Hy -~ - (Cathodic reaction)
28:@ — Br2 + 2e (Anodic reaction)
] ®

i ] - -H —_—
B® 4 CHOH —  |n of'[ ]; o —— [ ]
/O O Br

CH30 O Br
+ “ I ’ CHy ]
0 ﬁBOH
-HBr

CHSO O OCHg

yield 73%
(Current efficiency 86%)

X
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An electrochemical method for the preparation of this
diacetal (X) was developed by ¥. ClausoneSass a8t al {28),
They reported that electrolyals of a m’bﬁmlic solution of
furan in the presence of a catalytic smount of amasnivs bromide
At «14% using & nickel cathods and & platinus ancde lsads
tc the formation of the dimcetal (X) in sxcellent yield.

Although no mechanise has been propoged for guch slectrochenical

rothoxylation reactions, M.J, Allen (30) has suggasted that
tha bromine libereted from the semonium bromide at the anode
wuld resct with the methanol solvent and the furan substrate
to give the deslred compound premucably by an lonic mechenims
as shown on page 11. The hydrogen bremide thus formad would
than react with the liberated ammonia at the cathods and in
this wy regensrate the srmonium hyomide catalyst. Howaver
an ionic mechanism fails to account for the obM&ﬁcn Yhat
the diacetal (X) i alsc formed in comparabls yield when
furan is elect.mlyaot; in the prasence of oﬂzoﬁ‘oloemlﬂu
mich as sodius hydroxide, sodium formate and sulfuric meid
(30, 31, 32),

Blsetrochemical methoxylation resctioms have bean extended
to the synthessis of a variety of substituted methoxylated
dihpdrofurans. This subject ag well as an account of the
usas of cthese acetals a3 interwmediates in several important
syntheses have been reviewsd by K. Rming (33).
| One iﬁpomt application consists in the synthesis of
pyridoxine (XI} (34) from furan:
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ET02C COoEt AcOCH, EHZOAC
U Alde r—Rchcrt /I/ LlA!ri4,Ac,,O I l
reaction 62 % k 83 % ~N /‘
O O
-
;tACZO,BFs
E 72 %
V/

AcOCH,  CHzOAc AcOCH,  CH0Ac AcOCH,  CH.OAc

I/ H2 Rangy Ni, M—‘aOr% -
l /_CHCH ACO 91% T 90 % l !

0 C—CH3 0" cocH,

l\r!nc : NOH

|) electrolysis in CHOH
2) NaOH, H,0

3) HCl, H,0

76 %

»\1\{1
CH,OH
HOCH, OH
=
L\ l (over-all yield 23%)
N CHgz
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The preparation of substituted phenols (33) from furans

is another useful synthesis and is described in the following:

5 | CHO  OCH

0

1) HC(OCHz)<, CH.OH
HOgE e o
~ 2) electrolysis in CH{OH

3.) hydrogenation 53 %

| << | |
X~ —0oH C C—C—CHg
71 4 |
H O ©

These selected examples serve to illustrate the great
importance of electrochemical methoxylation processes in

organic synthesis.

. 3
I 1] A5BR, R o \/
"':,—27-‘? 5 C—CH5 C—CH,
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In 1942 J.H. Birkinshaw g% gl (35) isolated stipitatic
acid from & penicillin mould, Stipitatic sacid was found to
have the empirical formula CgHgOgy and in 1945 KiJ.3. Devar
(36) suggested the structure (XIII) on the basis of its
chenical propertiss. Since that time many other tropolones,
including tropolone itself (X1I), have besn synthesized or
igolated from natural sources, and have proved to bs of fundamsntal
interest in ths fields of orgenic chemistry snd biochamigtry.
To cita only a few examples, the thujaplicins (XIV) found
in the western red cedar posgsess antiblotic propertiss,
Colchicine (V) ie found in the autwmn crocus and has She -
intareating property of arresting cell division at ths metaphase
in plants and in animals, The total synthesis of colchicine
bas recently bean acliieved by A. EBschenmoser gt al (37) and
by E.Z, Van Tamelen gt al (38) in 1959,

It is also of interest to note that B, Belleau and
J. Burba (39) have found that A-umathyltropolone is a potent
cospetitive inhibisor of catachol methyltransfaraze which
is the engyne Tosponsidble for the dispoxition of the catechdle
amine hormones, Thus the study of tropolones from the
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medicinal and biochesieal et.andpoinw should be & promieing
field of investigation, ‘

Such investigations are sariously liminod however,
by the mearcity of sultably substituted tropolonss, In
addition, existing synthwtic meathods of preparation have
beon characterised until rscontly, by long and inefficient
syathenss which dring the production costs to prohibitive
levela. 4 fow of the most important of these synthesas of
tropolones will be briefly described below,

In 1950 W. von 5, Doering and L.H. Znox {40) genarated
carbene by photolysis of a soluticn of diamcghm in bensens,
Treatzent of the resultant solution with L% aqueous potagsium
pervanganate led to & 1% yield of tropolone (III) isolated
a8 the coppsr eomplax.

Jedo Drysdals gt al (A1) have developed a practical
synthesis of tropolone (XIXI) by condensation of tetrallioro-
sthylene (XVI) and cyclopentadiene (XVII) at Lk75°. FPyrolysis
of ths mixturs of addition products at 700-750° and subssquant
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hydrolysis by potassiun acetate in Bqusous acetic acid at
120=130° afforded (XII) im 20% yiald,

By a modification of a remetion first described by
¥eBo Parhan g gl (42), A.J. Birch and J.M,H, Graves (43)
claim that they wera adle to obtain a 65% yield of 3-hydroxy=
tropone (XX) from 1,2edirethoxyel,lecyclohexadione (XIX) and
2 757% yield of tropone (XIXII) from lemethoxyel,lecyclohexadiens
(XX}, It is well known that tropone and its substisuted

derivatives way be converted %o tropolonas in various yialds
(84,245).

In 3963 O.L. Chopman snd P, Fitton (46) described an
interssting asynthesis of tyopolone (XII) from 24 Jmdinsthoxy=
bengoic acid (XXIII). The seid (XXIII) was converted by a
Bireh reduction to 2, 3wdinethoxy=l,i~dihydrobensoic acid {XXIV),
Reduction of (XXIIV) with lithius alwsinum hydrids gave 2,3«

dimethoxy=l,i~dibydrobensyl aleohol (XXV), Tho petolusnesulfonats |

(XXVI) of this alcohol (XXV) was then prepared and solvolysed
in mﬂmng oollidine to give a mixture of 1,2-dirathoxyeyclo=
heptatrienss (XXVII). Thisz mixture on oxidaticn with
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phosphorus pentachlorids gave tropolone (XII).
From the discussion of Part A of thig intyoduction,

it can ba saagily geen that alecttoehm;cgl mathoxylation reactions |

could provide sppropriate starting caterials for an independent
and praotical synthesis ¢f tropolones. Thus addition of a
carbon noiaty ét an intsrmediate stage in & sequence similer

to the slectrochemical preparasion of pyrocatichol from fuvan
(equation on paje l4) should give substituted tropolonss on
hydrolysis. The ais of the work that will bs described in

the next section was to digcover the potentialities of electroe
chenical methoxylation and to work out a synthesis of tropolones,

&

s o bore e B




AKSULTS AND DISCUSS IOR

It was polinted out in ths introduction te this thesis
that electrochemical methoxylation of appropriate atarting
materials could provide the proper oxidation level for the
synthesis of substituted tropolones, Dluring the courss of these
investigations it was diacoversd that electrochemlcal methoxylation
of a variety of unsaturatad compounds occurs readily, affording
unusuel compounds which are inaccessidle by classical rouves,

In the following discusalon the attempted aynthesis of
substituted tropelones from furans will be dealt with {irst,
followed by a description of a number of invcatiéazionn into
the general field of electrochemical methoxylation of organic
compounds. | ‘

1 Atggggged Preparation of Jubstituted Tropclones From Furans

An expedient but theoretical route to substituted tropolones
is depicted below, The preparation of 2,5-dimethoxy=2eiof et
dimcthoxycchyl)-dihydrofuran (XXIX) was carried out by the method
of X, Clauson-Kaas et al (47) from 2-acetylfuran (XIVIIX)}.

Iv was hoped that a cyelopropane ring could be introduced
into the ketal {XXIX) through the addition of a suitable
carbene or carbon moiety onto thc double bond. Subsaquent
hydrolysis 6usht to produce a tropolons derivative as shbun
(Xxi{), This schems was derived by analogy wWith the known
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formation of pyrocatechol by acid hydrolysis of the reduced
ketal (XiLI), It is also known that bieyelic eyclopropane
derivativew readily undergo ring enlarrement reactions
(discussed in the Introduction). Accomlinély, attenpts to
cause addition to the ketal (XL{IX) of a substituted carbon
generated from the maganﬁ of H.B. Simmons and R.D. Smith
{43), from the thermal decomposition of dlazoacetic ester
(49), from trichloroacetic ester and strong base (50), or
from the iodomethylrzinc iodide reagent of G, Wittig and

K. Schwarzenbach {51), were all abortive, the starting
material (XXIL) being recovered in each case in ylelds
greater than 90,

An explanation for the unreactive nature of the ¢carbone
carbon double bond in the ketal ({XIX) toward all these
otherwise effectiva cyclopropane ring generators, lies mosat
probably in the strong deactivating influence of the
allylic msthoxy groups. Electron withdrawal by the oxygens
ought to make the douh;e bond much less vulneraﬁle to
electrophilic* attack .by carktenoid spacies, 4Additional
examplas of this deactivating effect of allylle methoxy
groups will be described later,

An alternative scheme for the synthesis of tropolones

was therefore envisaged and invelves the intermediacy of a

*# Epoxidation by peracids of 2,5«-direthoxy-2,5-dihydrofuran
(X) fs algo ineffective (52), The cyclopropane-forming A
reagents behave like other electrophilic reagents in their
reactivity to double bonds (53,54555).
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more roactive species than the kotal {XXIX), This approach
centers around the key intermadiate hexen--dione—i,5-
dimethoxyacetal.l {XLXIII), an mmmst}.né substance thought
to have been prepared by L. Vargha et al (56} by treatment
of 2aacatylfursn oxiue petolusnsesulfonats {(XXXII) with
mothanol, Theoretically, reaction of this diones (XNXIII)
with Corey's reagent (dimathylsulfoxonium methylide (LIXIV) )
(57) ahoulci yield the ¢yclopropane derivative (XXiV)., This,
after hydrolysis with mineral acid ought to give tropolone
{x11),

Repstition of Vargha's work produced & compound whose
espirical analysis agreed with the proposed structure (XXXIII)
but which popsessed spestropcoplice propsrules in total disagree-
ment with Varghats formulation, Thus, when the reaction iaa
carried out in methanol, a yellowish oil was obtained whoss
IR spectrum showad the presence of a single strong carbonyl
adsorption at 1720 @"13 also the UV spectrum showed only a
very weak abscrp'nion' at 300 = ., €=550 {in ethanol), Both
these spectra are consistent only with an unconjugated ketone
structure, Although the MR spectrum exhibited the expected
ratlic for the areas under the methoxy hydrogan region to all
othey types of hydrogens in Vargha's structure, it failed to
support the latvter formulation in that one can distinguish
:our different kinds of methoxy groups. Thls observation
cannot be reconciled with the dione atructure (ILIII) in-
which only two equivalent methoxy groups ars present.
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In spite of these luconsistencies it should be noted
that L. Vargha gt 8] (56) have produced chemical evidence
(Guv without any speciroscupic data)which was interpreted as
establishing the X-diketone structure (XI{iIII). Vargha's
evidence can be sumsarized as follows {(for the ethoxylated
enalogus): '

{1) the product hag the yellow colour characteristic of
«~diketones (e.g. biacetyl),

(i1) ' the elemental analysis and molecular weight deter-
. mination are in agreexent with the proposed structure
(XXXIIX}. '

{£4L) alnce ths oll does not react with maleic anhydride,
. it no longer possesses the furan ring.

{iv) ons molecular equivalent of hydrogen is consumed on
reduction over palladium catalyst, thus establishing
the presance of ons double bond,

{v) treavment with ozone followed by bolling for 2 hours
and then with phenylhydrezine in acetic acsid gives
glyoxal bisphenylhydrasone,

(vi) treatmesnt with hydrogen peroxide in boiling acetic
" acid affords maleic acid.
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(vil) oxidavion with alkaline potassium permanganate
' followed by treatment with sulfuric agid gives
acevic acld,

(viii) the yellow oll was claimed %0 decompose explosively
" on distillation adove 130°, a property which did |
not awaken the author's suspicions,

Furthermore, thess workers (56) claimed that the
presence of water is not necsseary for vhe formation of
the dione (IXXIII), & result which A.P. Dunlop and F.N,
Peters (58) find surprising., The latter authors proposed
the mschanisa below to ascount for the econveraion of the
oxime togylate (XXXII) to the dicre (XXXVI). This schems
requires the participation of a stlochiometrig quantity of
water which leads these authors (58) to reason that the
product formad under anhydrous conditions should be the
ketal (XXXVII) or (IXAVIII) rather than the diketone
(xxavr), |

In our hands, the reaction of the oxime ester (XXIII)
in pure methanol under strictly anhydrous eonditions, gave
rise o a mixture of compounds, the KM% gpectrum of which
showed & peak at 8,76 U (for a methyl group attached to a
saturated carbon) and & band at 7.78 T (which 1s charsctere
-istic of a methyl ketons). These results, taken in gone
Jungtion with others described below, offered conclusive




- 30 -~ .
o\ OTS L-i\aig ol\j;
I 1 ety 5’;/ 1ny I <= ] |
oa d O .
QO 0o
YOO OTs ™
2
_ | o o ROHY| | _
fﬁ/H Y.{ :1\l1::
H o =<=> Y = == H
AGF—C—CHy SN AC—CHy[ | N C—CHy
RO© 8 RO. 9 —0% @
{ OTs™
~ OTs™ - L H =
N
ROH |
¥
- H - - -
onte” v .
o i
I g cfE= | i: CH
SN YT T SN T VT3
RO” 9 so—n RO & =¥
27" OTs
- b ___ O A a 4___
%, ROH
H HC=CH i HC=CH *+NH, ]
/ AN HO AN Il
NHOTs+ ¢ C—C—CHyg ~mmems c, £ C—CHg
ro’ or  } RO OR.HO OR
_ OTs™ i
XXXV
OR
H. HC=CH RO OR OR
NN N/ w. /=
C C— C'—'-CH3 — ¢ —CH
/7 \ I 5\ 3
RO OR 0o RO OR
XXXVl XXXV




S

evidence that the product isclated by L. Vargha et al (56)
was in fact 2,5«dimethoxy-2-acetyledihydrofaran (XiXXX).
The other gomponsnt whish is fowmssd undsy» anhydrous condie
tions i8 most probably 2,5-dimethoxy=2e(«,«-dinethoxyethyl)«
dihydrofuran (iXIX} in agreement with the prediction of
A,P. Dunlop and 7.i. Peters {53).

A close exanination of 't.he sgveral proofs given by
L. Vargha et g_ (56) for thelr diketons structure (IXXIII)
reveals that the chemlcal avidence presented is also cone
aistent with our revised structure (XXXIX). Firstly, the
pm&ucs in question i3 a yellow oil (like zany other
organic substancea} probably because of the presence of
impurities absorbing in the visgible reglon, Hurthermore,
it 13 not suffieient to state that since an adduct with
malelc anhydride and the product is not formed, the furan
ring 18 no longer prepsent; the evidence is negative and a
aumber of substituted furans (including 2-acetylfuran) are
known not to partake in the Dielg-Alder reaction. Oné
molecular equivalent of hydrogen should also be consumed
by (XXXIL} upon catalytic hydrogenation, Ozonisation of
the dibydrofuran (XXZIX) followed by boiling for two hours
in aquesus solution and trwatzent with phenylhydrazine in
acetic acid should also give glyoxal bisphenylhydrazone (XI).
In the pare way the dihydrofuran (i{iIX) should also afford

sore acetic acld upon trsatzent with potassium permanganste




in basic golutlon by the procedure described (56). Vigorous
treatmsnt of (AXIIX) with a boiling solution of hydrozen

peroxide in asetic acid would similarly bs expected vo give

malelc aeid (ill), In contrast with Vargha'a observations,
the yellow oily product was nmot found to be explosive. The
observed instability was probably dus to contamination of
the produgt by the oxime toaylate (LXXIX) which was found to
decompose violently when heated to 75°, Thermal decomposie
tion of the toaylate was also carried out in ethylene glycol
dinethyl sther solution, but only susponded carbonaceous
aaterial was formed.*

Direct chemical evidence for the dihydrofuran struce
ture (XIXIX} was obtained by electrolysis of a methanolic
solution orﬁzoacetylfuran (XXVIII) in vhe presence of a
szall amount of concentrated sulfuric aeid., The resulting
product was & ysllow oll which gave IR and Eﬁﬁ spectra
identical to those of the yellow oil obtained according to
L, Vargha gt &% (56). #urthersore, compsnsoxi“ of the IR
and NMR spect.m'or t:hn corresponding slectmlysis product
from 2-(x-hydroxyethyl)-furan (XLIII) with the compound
obtained by sodiwm borohydride reduction of Vargha's ketone
showed that they are also identical.

% I% may be that the resdy decomposition of this oxive

gater ogcurs via the formation of a reactive aitrene
interzediave (LLII).
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A probable mechanism for the formation of the

dihydrofuran (XXXIX) can be derived using in part the

rationalizations shown on page 30 but with the following

modifications:




i

II__Blectrochemical Methoxylation of
nsaturated Urpanic Compounds

The furans are known to possess aromatic character
to a conalderable degres, yest they are readily wmethoxylated
electrochemically with consequent cancellation of the
resonance enefgy.

It was already noted (page 12) that the proposed ionie
mechanism for the methoxylation of furana does not agres with
the observation that electrolytes other than ammonium bromide
can be used in this reaction, Indeed, it would appear that
the sele purpose of the various electrolytes ig to allow for
the flow of current; it is doubtful that the bromine atoms
that are generated electrochemically when ammonium bromide is
the elecurolyte play an {wmportant role {n the overall methoxye
lation reaction of furans,

The successful methoxylation of furans could proceed
at least equally well through attack by methoxy radicals,
Inis expectation agrees with the wall known observation that
formaldehyde is a nommal product of the electrolysis of
methancl, a reacticn which undoubtedly proceeda by way of
methoxy radicals. If such radicals are formed, then they
should induce polymerization of sultable dienes such as
isoprege, In fact, this was confirmed experimentally.

rThere are several proposals in the llterature relating

- to the formation of methoxy radicals (59,60) by anodic -

oxidasion, For example, 7.0, Pavela (60) proposed the




| ot

- 37 =

following theory of radical formation in aqueous solution
using as a basis the kinetics of electrode behaviour coupled .

with actual isolation of key products:

(a) CHBOH (bulk)-—‘>CH30H (adsorbed)

Ps

(b) CHyOH (adsbrbed)-—-—ex-CHBQ-.-i- H+

(c) CHy0- —=% HcHO + gyt

(d) HCHO 4-OH~ —> CH, (OH)0~ + n*t

y -
CH2(OH)2 {or -—-ﬁ»CHz(OH?O-?
(e) GH,(OH)O~—3 HCO,H + HY

(f) O 4+ HY—> 1.0

2

In non-hydroxylic media (e.g. pure methanol) where reactions
(d), (e), and (f) are non-existent, formaldehyde should be
the end"product of the electrochemical oxidation of methanol.
More definitive evidence for the existence and.hature of
methoxy rad;cals generated in this manner is needed however,
This may perhaps be provided to some extent by electron para-
magnetic resonance studies and precise kinetic observations

using anhydrous methanol solutions.
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ical Hethoxylation of 1,4-Dimethoxybensgene (XLY),
“Anlaole (L1); #ad 5,10 Bl ookt o antia ety (LErT) '

The electrochemical nethowwlacion of i, 4=dimsthoxybenzene
(XLV) proceeded smoothly to glve a 75% yield (606% current
efficiency) of 3,3.6,6—totramcthoxy-l.bucyclohexadicno (XLVI).
The structure preof for this cerystalline solid, m.p. 42.0 -
42,5°, iavolved quanbita&ivc'hydrolysis in dilute hydrochloric
gcid solution to p-banzoquincne (XLVII). The MR spectruam

showed, as expected, two peaks at 6.757, corresponding to
the methoxy groups and at 4037, corresponding to the four
olefinic hydrogens. An 88% yleld of {1LVI) could be obtatined
if a large excess of current was pasgsed :hrcugh.the solution,
it is of interest to note that thia ncablc.quinone
diketal (LLVI) is & menmber of a hitherto inaccessidle class
of compounds. For example, attexpted ketal formation by
claasical routes (61) with E-beasoquinone leads, as is well
known, to 2,5=-dialkoxy~p-bengoquinone rathey than diketals,
However, an anthraguinone diketal (L) has been suggested (62)
@8 an intermediste in the free radical reaction of anthrae
hydraguinone dimethyl ether with tetrachiloxoep-cresol,
Aromatization of the quinone diketal (ILVI) as
catalyzed by boron trifluoride in dry benzene alforded
1,2,4=trimethoxybensene (XLVIII) and a pentamechoxybiphenyl, _
tentatively assigned the structure (iLIL). &xemination of
Table I reveals that this reaction is highly sensitive to

‘the concontiation of the quinone diketal (iLVl)., 4an incrsase
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in concentration of (ILVI) or prior addition of
1,2,j~trimsthoxybensene (XLVIII) favours the formation
of the biphenyl (XLIX),

Table I, Coumcentration Dependence of the Aromatization of (XLVI)

Reaction fisld of 1,2,k Yield of the
Conditions trimethoxybensene {XLVIII) biphenyl (XLIX)

I 0.5 B (LLVI) 8154 125
in benzene

II 1,0k (ALVI) 365 19k
in benssne

III 1.4 B {4lVIX) 325 &0
- in beanszens plus
trizethosybonzenc

The muchanism of the boron trifluoride catalyzed
aromatization of the quinone diketal (iLVI) probably ifnvolves
the formation of a resonance stabilized cation intermediate (LI).
The observations of.Table I are in agreement with the suggestion
that thias cation (LI} can either rearrange with elimination of
a proton oo give 1,2,4-trimethoxybensene (LLVIII) or it can
attack the already formed (ALVIII) (or (ALVIII) which has
‘been added to the solution) to yield tha pantamethexybiéhpnyl
{xLIx),
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An examination of the literature failed vo diacloase
any examples of 1,2~ rearrangeventa of alkexy groups.
That the agthoxy group does undergo rearrangemont in this
¢ase is probably due to the relatively iérge driving force
for aromatisation in (LI).

slectrochvalcal méthnxylatlan of antsgole (LI) alaso
occurred but omdy after passage of a large excess of current.
In this way, a 17, yleld of the qulnone diketal (XLVI) was
obtained &long with & considerabla amcunt of an unidentified

high Loiling oll. Heither 3,5,6-trimathoxy-l,4-cyclohexadiens

(LIZ} nor l,4=dinethoxybenzens (iALV) could be igclated from
the reaction cdxture, thus making it difficult to deduce the
sechanisns involved. At least three mechanisms need be cone
sidered as outlined on page 44. This problem will be dis-
cussed below in connsction with simllar reactions carried
out with 1,3- and l,2-diasthoxybenzense,

Fethoxylation of 9,l0-dimethoxyanthracens (LIII) gave
the corrosponding quinone diketval (LIV) &n 32§ yleld, (This
velatively lcuﬂyielﬁ may be due to tha ingolubilicy of the
starsing material (LIXI) in methanol solution), Hydrolysis
of (LIV) with dilute mineral acid afforded a quantitative
yield of 9,l0-anthracenequinons (LV).
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sories, the olactrdlyaia of 1,3-dimethoxybenzene (LVI) was
next examined. 7Two products were readily obtained in this
cans. They wers identified as 2,3,3,6,;6-pentansthoxywl ;b=
cyclohexadiane (LVII), a eeloﬁrieas oil formed in 615 yleld
and a hkigher bﬁlling colourless oil obtained in 12% yield
and tentatively assigned the structurs 3,3,4:4,5,5,6,6«
octamethoxycyclohexone (LVIII). In addition a trace of
1,2,£-trimmch0xybenzcne (XLVIII) was identified by VPC
énalysis. The IR spectrum of the diens (LYII) showed two
olefinic abgorptions at 1680 and 1650 cm. . while the KR
spactrum exhibited a characteristically complex olefintc
région that analysed well for an AZX aystem (63) with

Jap= 10.0, J 3= 2.23, and Jpy= 0,18 c.p.s. These coupling
constants are in agrsemsnt with known values for analogous
systems {64). Upon hydrolysis of the methoxyep-quinone
diketal with dilute hydrochloric acid, the quinhydrone (LX)
was obtained in 955 yfield. This deep blus solid (LX) proved
ldentical with a sample propared according to the procedure
of 1.3, Ioffe and A.F. Sukhina {65) using methoxywp-
bansoquinone (LIX) as starting material.

Conclusive evidence for the structure of (LVII) was
provided by electrochemical methoxylation of 1,2,4-trimethoxy-
benzene (XLVIII) which gave in 38% yisld, the mathoxyepe
beaxoquinone diketal (LVIIX),.
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The proposed structura for the octatethioxycyclohaxano
{LVIII) rests upon epectrcscoplc properties: weak clefinic
absorption in the IR at léSO-cm."l; strong HHR absorption
centered at &.75 Y (for keval wethoxy hydrogens) and very
woeak abgorption ia the 5.0 to 2,0V region (olefinic hydrogen
region}., Attempted acid hydrolysis of (LVIII) led only to
@ tarry material which was not examine. further, Electroe
chemical mothoxylation of the diketal (LVII) using a large
excess of currsnt alforded a 56 yield of the same octae
methoxycyelohexena (LVIII} thus establisghing that the diketal
{(LVII) is a precursor #f (LVIII).

“The machanisn of the electrochemical methoxylation of
1,3-dimsthoxybensene (LVI) to the diketal (LVII) ought to be
analogous to the conversion of anisole (LI) to the p-benzo-
quinone diketal (iLVI}. From the fidentification of a trace
ef 1,2,4~trimsthoxybanzens (LLVIII) by YPC analysis, Path I
may be readily climinated. Further insight into the
wechanisa of these novel reactions was gained through the
use of iaatopiénlly labelled resorcinsl dimethyl aether (LVI),
After elacﬁrochemical methoxylation of methyleCiéal,3-
dimethoxybengene, the resulting wethoxy-p-bensoquinone diketal
(LVII) had the same specific redicactivity as the starting
material, 3ince Path II involves the loss %o the solvent of
one-quartar of the label in the final product (LVII) this

~reaction pathwdy is aslso unlikely., However, no loss of label

occurs through Fath III and this route is therefore the most

probable of the three proposed.
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(€) __Electrochemical Methoxylation of 1,2-Dimethoxybsnsene
LiI] and Eig-ﬁansodiOxane (Liftffi “"

The electrochemicah methoxylation of 1,2-dimethoxybenzane
(LXI) geve a mixture of products which could be separated
inte four major constituents by fractional distillation:

& 12% yield of'5,5.6,6-£ctramcehoxy-1,3-cyclohoxadione (LXIX);
a 155 yield of 1,2,4~trimsthoxybensene (XLVIII); & 1.5% yield
of hexamsthyl-cis,cis-orthomuconate (LXIIII); a 9% yield of
2,353,6,6-pentanethoxy-1,4-cyclohexadiene (LVII). The
renainder of the electrolysis mixture consisted of none
volatile tarry material, which was not further examined,

The o-bensoquinone diketal (LIII) showed only two
pedks in the KMR spectrum at 6,727 (methoxy hydrogens) and
4,277 (olafinic hydrogens). OUn expanaion of the low field
region, a complex splitting pattern appeared, Ho detailed
analysis of this region was sttempted becauss of the paor
resolution but the complex pattern observed is at least in
accord with expectations for an 4,8, systeam (64). The UV
spectrum was unusuadl in that two maxima were observed (in
ethanol): ome at 235 my.(€=3100) and another one at 265 B
(€=2500). It is conceivable that the short vave-length
peask could mark the sppearance of an—m* transition of
lower energy than normal for a single double bond; oxygenw
oxygea interactions in (LXII) can be effectively relieved
if one carbon-carbon double bond is free to twist, This
affect should tend to stabillse the T—Tr® transition.
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The 265 s peak 18 however quite characterigtic of a
cisoid homoannular diene (1,3-cyclohexadiene absorbs at
Amax, 256 B, &= 8000 in hexans (6] ). Treatment of
the ethanolic solution of the o«benzoquiz;one diketal (LXIX)
with a drop of 5% aqueous hydrochloric aet d, completely
altered the UV apectrum to Elve two new poaks at 227 ity
€£=7600 and 285 @), € =3100 (o~benzogquinone exhibits

a2 maxizum in diethyl ether at 390 €= 16,000 (67) ).

Reduetive hydrolysis of the o-benzoguinone diketal
(LlI;) uging sinec dust and hydrochloric acid zave an oil
which was shown to contalm pyrocatechol (25% yield) and
two other unidenvified components by VPG analysis. Treatw
went of (LXII) with dilute hydrochloric seld afforded a
reddish-brown coloured tarry materisl as would be expocted
if o-benzoquincne ia generased.

There are very few exsmples known of ccm}sunds in
which there are four alkoxy groups situated on adjacent
carbon atoms, Ulyoxal-bis-diethylacetal (LXIV‘) (63,69,70)
ax;d 2o (lemethylel, 3-&10 %0l ana2ayl)«2ephanyleberothyle
1,3-dioxolane (LXV)* are exasmples that have been described
in the litverature, The o-bansoquinone diketal {(LiII)
represents a unique structure in the sense that the four

methoxy groups must be situated in such a manner that they

* There is some uncertalnty that. (LiV)} is the correct
structure,
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are almost facing each other, Ffurtherzore, the scarcity of
diketals of this type is readily appreclated when it s _
obgerved that aliphatic Xwdiketones such a3 blacetyl afford
only mnukctaia when submitied o claaaical wothads for
the synthesls of ketels, Diketal formation is provented
prosumably by 'pmhihiubvu steric roepulsions that would be
present in the monoketal hemiketal intermediate {(LIVI).

The presence of 1,2,4.trimethoxybenzens (ILVIII) as
4 contamiinant in gseveral fractiong of the electrochemical
reaction mixture was confirmed by actual isolation of this
compound, Vhere igolation in a pure form by distillation
proved difficult because of co~digtillation with nethoxy-
E-benzoquinone diketal (LVII), the mixture was analyzed
both by VFC and dy refractive indices using a standard

curve (see Figure I).

One of the aost interesting products resulting from
the electirochemical mathoxylation of I,Z-dimqthmqbensene
(LiI), however, is hexamethyl ¢is, cilseorthomuconate (LIIII).
This diorthoester (mII) 18 a colourleas cryatalline solid
(Bepe 97.5 = 99,5°) with a W spectrum exhibiting a charactere
istic diene absorption at 234 By €=10,200 (ethanol).
Addition of a drop of dilute hydrochloric acid to the {
alcoholic solution altered the UV spectrum to glve a peak
av 261 Bt € =17,600 (reported (70} for cie, ¢l s-dimethyl
~muconate (LXIL), in ethanol, Amax. 259 my, €= 26,400).-
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The MR spectrum of (LXIII) on analysis gave J,, = 11.2,

Jagr = ~1.3s Joa =1L.0, and Jpgy = £1.2 cop.s.  These
coupling constants were in close agreement with those obtained
for ¢is, cis-dilumeshyl muconate, a rosult which is nou surprising
slnce the geometry of both nf thesa dienes should be identical.

The diorthoestar {LXIIX) was rapidly hydrolyzed in cold
dilute hydrochlorie a&cid solution affording an 845 yield of
g;g..gig-dimathyl muconate (LAVIIL), wille catalytic hydrogen=
ation of (LaXIX) proceeded with the quantitstive uptake of two
molecular equlvalents of aydrogen.

' The precursor of the diorthoester (LLIII) was conclusively
shovn O bs the s-benuzojuinene diketal (LiII) which could be
methozylated electrochemically to ;ive a 777 yieid of the
diorthoester (LXIII),

Soveral conclusions may be dfawn from the resulis of the
electrocherical methoxylacvion of 1,2-dimethoxybenzene (Lx;).
3ince 2 knowa precurser {1,2,4-trizethoxybenzene (XLVIII)) of
methexyepebenzoquinone dikeval (LVII) was actually isolaved
from the methoxylation mixture, the mechanism of formation of
(LVII) =may best be explained in the manner deplcted by Path
III on page 49, which pertalns to the electrochemical rethoxylae
tion of l,3-dimath0x&beazene {Lvi) {or ratiu 1II of ragze 44, for
the electrochemical methoxylatien of anisole (LI}). Thus the
mechanisz could involve the formation of the radical inter.
mediate (Lili) which would in turn widerso methoxylation to

give the methuxy-p-benzogulnone dlketal (LVII) as folloué:_
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Qn the basis sf the above results, 1t is reasonable
Lo assume that Path III wmay algo represent the most
yrdbable wechanism accounting for the slectrochenical
methoxylation of anisole (L) ag well as 1l,3~dimethoxy=
benzene {(LVI).

It is finteresting aiso to speculate on the mechard sm
lavolved in the formation of the diorthoaster (LxI11).,
Since the product obtained i{n this unusual reaction is
the thermdynamically least stable isomer of the three
posaible geomstric forms (i,e, trans, transe, cis, trans.,
and ¢glg, cis- ilsomers) and sincs the direct precursor of
this cleavage product was shown %o be the o-benzoquinone
diketal (LXII), it is tempting to imagine that the
mechani ss may~be represented elther by Route 4 or B shown
below, Doth schemes regquire the adsorption of‘tho
g-benzoquinone diketsl (LXII) on the anode surface, a
condision which can serve to aexplain the sﬁergochemical
outcome of the cleavage process, The two mechanisms
shown differ in that the adsorbed diketal (LXX) would in
one case (Réube A) undergo concarted ring opaning Collowed
by 1,6~ addition of adsorbed methoxy radicals to the

interzediste triens (LXII) to give (LXIII). Alternatively,

the adsorbed diketal (LXX} eould suffer homolytic ring
opening (Route B} to give an intermediate diradical which
would bs stabilized by adsorption on the electrde thus -
praventing electron delocslisation through resonance.
Subsequent attack by methoxy radicals would finslly yield
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~ the observed product (LXIII).
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The ring opening step in
either mechanism is no doubt facilitated and possibly
conditioned by a considerable weakening of the carbon- .
carbon bond due to the large repulsive forces acting
between the four adjacent oxygen atoms. There is little
doubt that this latter effect would create conéiderable
ring strain (see'the UV spectrum) which can be partially
relieved only through appreciable distortions of the bond
angles. It would seem that relief of this strain can
provide the driving force for ring fission.

Effective interaction of the o-benzoquinone diketal
(LXII) with the anode is probably made possible to a large
dégreé by the participation of the unshared electrons of
the foﬁr methoxy groups and to a leéser extent by the
electrons of the diene system, This hypothesis is sub-
‘both  benzene :and

p-xylene which have no ethereal oxygens are essentially

stantiated by the observation that

inert towards electrochemical methoxylation,

In view of the interesting results obtained in the
electrochemical methoxylation of 1,2-dimethoxybenzene (LXI),
it was reasoned that ﬁhe electrochemical methoxylation of
benzodioxane (LXXIII) could perhaps lead to observations
that might be more eésily interpretable from the mechanistic
standpoint. Interestingly, the.electrochemical methoxylation
of benzodioxane (LXXIII) afforded in 31% yield a colourless
solid, m.p. 88.5 - 89.5° accompanied by a high boiling
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liquid which was not examined further, The solid proved
to be 9,10-dihydro-9,10-disethoxybengsodioxane {LiiiV),.

The UV spectrus of this cyclic v-quinone diketal
(LIXIV) was almost identical to that of the o-bensoquinone
diketal (L)LII):. it exhibited peaks av 225 m ., £ = 2900,
and 265 mu., £= 2800 (ethanol). Aiddition of a drop of
dilute hydrochloric acid to the ethanol solution altersd
the UV apectrum wnich now showed peaks at 225 and 289 mp.
The NMR spasctrum showed a symmetrical but complex splitting
pattern between 6,71 and 5.917 (the ethylensdioxy hydrogen
region). 7The patteran could be analysed as an Azaz spectrun
with Jyp= 9.3, J350= 1e70 Jy09 = 2be9, and Jpp, = 1.6 Cupes.
which can only arise if the two rings are locked in the rigid
non-invertible trans-fused manner®, A glg-fused ring system
would show only one resonance line for the ethylenedioxy
hydrogens because of rapid conformational inversion cauaiﬁs
the hydrogens to becoms equivalent, ‘

feductive hydrolysis of this bileyelic g_-éuiuono diketal
(LXXIV) led to & 763 yield of pyrocatechol (LXVII) whereas
treatwent with dilute hydrochloric acid gave dark coloured
polyaeric material feaulning from polymerization of

a=bensoquinone,

¢ J, Musher and R.E. Richards (71) using NiR spactroscopy
have demonstrated that trang-decalin is & rigid molecule
whereas gig-decalin has two interconvertible conformations,
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Dus to the limited time available, it has not bsen
posaible vo ascertain whesher the correaporling ¢is-lused
isomer (LILV) is produced in the alactrmche@ical roathoxylation
of benmodloxane (LIXIII), thus making i prasasure to diacuss
the stereochemlistry of these mevhoxylatisn weactions, It
ia nevertholoss cbnceivablé that tho introduction of the

methoxy gfroups proceeds with nome derree of stareoseloctivitys,

{D} riscellansous Llactmohendical wethioxylasion ilsactions

A nusher of exploratory experisents were carried oug in
order to galn an insizht inte ssveral facets of oloctroe
chemleal methoxylation reactions, Fmy of these investigae-
tions are foreibly lncomplets but in 2 ;ood many instances

they are inforwative and provide a basis for further research.

LXAT) and 1, 4-Crclohexadiens (wiiisl

{1} Slectrochemical sthoxylation of 1,3=Cyclonaxadione

The electrochemical methoxylasion »f 1,3-~cyclohexadiene
(LXAVI) afforded a nixture of dimethoxyeyclohexenes in 4y
yield; it is prohable that the structure of these isomers
corresponds o 3,0e and 3,l-dinethexyeyclohoxens {{LiivII)
and (LixvIIL)).

% #or examples of stereospecilfic free radical additions
?o ?1efins see tho recent roeview of Z,i. iohim and F.I. Abell:
721,
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The IR spectrum of this mixture showed characterigtic
clefinic absorptioan at 3050 and 1650~cm§1 while the KR
Speclrum, although cowplex, was in accarq with the expected
glructures, A VPU onalysis exhibited shfae peaks, two of
which overlapped considerabdly,

It can bé seen on the bagis of structures (LXXVII)
and (LXXVIII) zhat shere are two posaible geosnmetric isomsrs
for each case, In theory, a toral of four peiks should have
been obzerved in the ViC analysis if resclution is optiaal,
Fallure to detect a fourth component is probably attributable
o instrumental insdequacies,
Catalytie hydrogenation of this mixture led to an

uptake of one molecular equivalent of hydrogen as expocted,

flepetition of the electrelysis using a larpe excess of
currént produced the same zmixture of (L&KVII)'and {LXXVIXI}
in 115 yield and provided a new componient in 90 yield which
is believed o have the structure of aAtrimethoxycyclohexsne.
The IR and HMR spectra of this new naterial are consistent
with thia aaalghmenﬁ. Tentative structures for this
trinethoxycyclohexene are (Lii{) or (LXILI), both of which
correspond Lo having replaced an allylic hydrogen of (LAXVII)
or (LXXVIIX) by a methoxy radleal,

Attenpted methoxylatlon of 1,4e-cyclohexadiene (LIXIA)
afforded no detectadble reaction product, the starting material
belng recovered in 5035 yleld (the 107 loss is attributable to
4volatilizanion during the course of the reaction), ’
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{i1) EBlegtrochemical Kethoxylation of Naphthalene

Evidence was obtained that naphthalene undergzoes
electrochemicsl methoxylation to some extent, Upon treate
ment of the electrolysis products with water, a deep blus
oil {a produced. The colour was readily discharged by
shaking the oil with 855 phosphoric seid or by heating,
but it appeared to be guite stable av room temperature.

Ho further examination of this intriguing blue compound
%as nade,

{111) Eleetyochendical Methoxylation of Gualacol {LIXAIT)

When gualacol (LXIXII) was electrolysed iﬁ a basic¢
wothanolic solutlon an uncharacterizable tarry material was
produced, liowsver, using concentfated sulfuric ecld as the
electrolyte, a red crystalline oolid was obuained in X
yield., This compound which will be referred to as the
"Guaiacol Red 3Jolid” had m.p. 201.5 - 203.0° and was asolgned
the tentative structure (LAXLIIX).

The IR spectrum of the "Cualacol Red Jolid" showed
hydroxyl absorption at 3580 emsl and carbonyl ebgorption
at 1675 cmrt  The Nﬁn spectrun did not disagree with the
propoged structure (LXXIIII).

The "Gualacol Red Solild® (LAXLIII) on treatmsnt with

agevic anh}dride and sine dust gave a 545 yield of a colour-

“less aolid believed to be a trianetoxy{jtrimzthoxybiphehy}

(LLAXIV). The IR specirum of this derivative showed acetate
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carbonyl absorption at 17860 cm:l; the iR spectrum exhibited

three sharp peaks for acetoxy hydrogens at 7,02 to 7.87 7
and three sharp peaks for mevhoxy hydrogens at 6,12 to 6,26V,
The mechanlaun of formabion of the "Gualacel Red Solid?
(page 67) may lnvolve a catlonic intermediate waich would
undergo élkylatxen in a manner sinmilar to that degcribed
for the boron trifluoride aromatization of the p=benzoquine-
one diketal(XLVI). The red colour of the product (LIXLIXI)
must be associated with the presence of a quinonoid grouping;
hydrogen bonding of the phenolic hydrogen with the carbonyl
groups of the quinone is algo very likely to occur,
Ho further attempt was made to substantiate the

structure of thesa interesting compounds,

iv) #lectrochemical Acetoxylation of 1,L-Dimethoxybenzens
"""L‘{zﬂ’) ’

An aﬁtempt was made to apply the coaditions of the
Eolbe reaction in the absance of water (using potassiuz
scetate and glaclal acetic acid) but in the presence of a
potential accepﬁor of acetoxy or methyl radicals. For this
purpose l.éodlmathoxybenzane (iLV) was used in the hops that
either acetoxy radicals cr methyl radicals would add in a
manner similar to that already obaserved in the cage of methoxy
radicals. It was at least gravifying to observe thav a (2%
yield of l,i~dimsthoxy-2-acetoxybsncone (Liii¥) regulted

‘under these conditiocna,
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This result clearly supports the view that acetoxy
radicals are important intermediates in the Kolbe reaction,

At first glance, there seems to be a fundawental dife
ference in the bshaviour of acetoxy and methoxy radicals
towards l.h-dimethoxybgnzeno. Whereas the latter lead
readily to destruction of the aromatic rescnance state to
give katals, the former lead directly to a substitution
product in which thas aromatic character of the starting
material is preserved, However, the mechaniam of inter-
action betwoen aromatic ethers and either acstoxy or methoxy
radicals may nevertheless be closely related, a posaibility
which can be obscured by the fact that an initial adduct
such as {LXXXVI) could readily undergo spontaneous rearrange-
went* to the observed product {LXXXV)., Since this is not
likely to occur when methoxy radicals are involved, the |
diverging nature of the end products respectively involved
does not necessarily reflect differences in the fundamental
electrode process, ;

A majorAdifrerencc batwesn wethoxy and acetoxy radicals
lies in tﬁat the former are probably more reactive than the
lavter which can benefit from resonance atabiligation, It
follows that the intermodiates which would result from attagk

¥ Recently C.l. Wilaon and 7. Hayashi (73) have found that
the Kolbe reaction carried out in the presence of anisole

. gave g-acotoxyanigole as the major product, This evidonce

clearly supports such an intersediate as (LXXXVI) in the:
scotoxylation of 1,if-dimethoxybenzena,
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by methoxy radicals should be nore reactive and possibly
wore likely to allow the overall reaction to follow a
different course, |

It would be of c¢onalderable interes: in thig regard
to examine the course of the reaction {addition or sudbsti-
tution) upon aiectrolysia of other umaterials such as '
thiocyanate, thiols, or amines in the presence of l,4-

dimethoxybenzene (XLV) (in suitable inert solvents).

11X Reactivity of Various Urzanie Compounds Toward

~ second purpose, and we believe this to be the most important

nlectrochemical Hethogylation

Examination of Table II sghows in a genaeral manner the

effoct that the presence of ether groups in various starting
raterials has on susceptibility to attack by methoxy radicals.
thus, elesctrochemical =mathoxylations proceed moat effieciently
in all thoss cases which loclude an activating function such
s the oxypen atom of {furan and the methoxy substituonts of
arozati¢ systeis. From the evidence accusulated ghus far,

it seexms certain that vthe activating groups have av least a
two={old purpose: the ethareal oxygens are nacessary to
astadblilize the radical interwediates or transition states
resulting from attack by methoxy radicala. This stabilizing
influence of ethereal oxygen on free radicals has baen recop-
nigzed by othera {74,75) but is a8 yet poorly understood. The
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Tabla I fielda and Curvent Efficlencies in Sope
Electrochexmic thoxylation leactions

Compounds iield of Current B{f{clency
Blogtrolyzed ajor Prduct for Major Product

2 furan : 73% &6%

b 1,hedinsthe xybenzens 75% 66%

) 1,3-dimatho xyhensene 75% 13,55

d 1,2,4~trimethoxybensene 90m AU%

] 5:5 ,6 '6.t°§rmth°xy- 77:é e 5%
1,3~cyclohexadiene

¢ 1,3-¢yclohexadiene & 3%

& benzene, p-xylene, or :
1,4=cyclohexadiiens nil nil

ong, {8 to facilicéto the organic avlecule in becouding

adsorbed onto the electrode surface through interaction

with the unshared electrons of the etherval oxygens.

in agreement with theze requirements, l,3-cyclohexie
diene ls attacked with difficulty and the specificivy of
the attack is low (giving a mixture of (LiXVII) aad

(LEIXVIII)). Furthermre, beniens, pexylens, and 1,4- _

¢yclohexadiene do not add wethoxy radicals at all bacause
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of the abaence of substituent groups necessary for adsoype
tion onto the anode, On the other hand, the aromavic
ethiers are all quite reactive towards methoxylation and
the specificity of the attack can be quite high in some
cases, .

It should also be noted that allylically disposed
methoxy groups considerably deactivate the cardon-carbon
double bond {aee page 25 for the cass of sudbstituted
furans), Thus {n the p-benzoquinone diketsl {XLVI), vhe
doubls bonds are ilnert towards further methoxylation,
whereas in the methoxyepebenzoquinons dikeval (LVII), while
the 4,5« doubles bond is clearly unrsactive, the 1,2« double
bond is activated by a vinyl methoxy gyoup and can undergo
further reaction,

Anotvher example of the affect of allylically plaged
methoxy groups 18 encountered in the slectrochemical
methoxylation of the o-benzoquimdne dikegal (LiII). Here,

the diens system should be much less reactive than in

l,3=cyclohexadiene (LXXVI). This was expsrimentally verilied

when methoxylation was found to produce carbonecarbon bond

fission rather than attack on the diene system,

IV ___Some Proposals for the dynthasis of Substituted Tropolones

There are several possibirities that are apparent for a

rational synthesis of substituted tropolones using some of

the quinone diketals prepared as described above, For
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exanple, methoxy-pebénzoquinone diketal (LVII) could cone
celvably be convarted to 4-hydroxy tropolone (LIXXVII)
while the o-benzoquinone diketal (LILL) could lead to
tropolons (iII) itself through the application of methods
already discussed earlier. 3iould the cyclopropane forming
reagents (page 25) pr&ve lasufficlently reactive, the
recontly described (76) and more efficacious reagent,
phenyl chlorodibruscmethylmercury (LAXAVIIL) eould be
advantageoualy applied. The didromecyclopropane derivative
walch anould be formed could then be reductively dehalogen=
ared (77},

CONCLUSION

The electrochismical wethoxylatlon raactions deacribed
in this work have significanily extendsd the relatively
unexplored realm of organlc elec:rochemistry. rorecver, it
nag been shown that unusual products, lnaccessibls by any
other rouze,.can be preparaed in high yields, thus providing
novel atércing waterials for the fleld of organic synthesis.
AS an example, one o0f these compounds has led o a new
synthesls of pubstituted biphonyls, It Ls felt that this
thesls has unveiled some of the unsuspected richness of
organic electrochemiatry, a f£ield which certainly will be
maat rewarding to those delving into it in the future.
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EXPEUIME KTAL

General

‘ethanol wasg purified under dry nitrogen by the
method of H, Lund and J. Bjerrum (72). Caplllary melting
pointa and relractive indices were corrected using reliable
standards. Folecular weight (M¢) determinations (Rast)
wWere carried out using decamphor, M.p. 174 - 178° (Eastman
Reagent Grade),

Infra-red (IR} spectra were obtained with a Ferkine
Blmer Infracowrd instrument, auclear magnetic z'iasonance
(M4R) opectra with & Varian Model V-4302 LMR spectrometer

l. and ultraviolet {UY) spectra

operating at GO be.secs
with a seckanan CR<Z spectrophotomeser. Only the most
characteriastic bands are roported for IR aspectura; whereas
iR apectra are reproduced in full in :\p;mnd;x B. The
designation "idenuical®™ for comparison of IR spectra should
be interpreted Lo mean identical with regard to band poai-
tions, without implying that band intensities are completely
mstched, VYapour phm chromatography {(VPC) was carried out
with a Pericin-klmer Vapour Fraczometer, Hodel 154, The
electrolysis cell consisted of two platisum gause anodes
with & total geometrical surface area of 160 cz.%, and a
nickel cathode with a geometrical surface area of 240 éxz.z

The anodes ware arranged concentrically about the cathode
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as deseribed in the dlagram of the cell given in Appendix A,
The cell was provided with a thermometer, a e¢old finger for
internal cooling, and two cell contalners (300 ml. and

1000 ml,) each of which was designad for magnetic stirring,
The source of direct current was & 6 - 12 volt battery
charger (Ganaﬁian fire Corporation, iodel T 1225), connected
to a variable transformer (Variac), which {n turn was cone
hected to an alvemeting current supply. The current was
kept approximately conatant durlng the olectrolysis by
manually adjusting the Varlac. Current efficiency whanever
calculated was based on the yield of purified product unlass

otherwise noted,

General Electrolysis Hathodg

Fethod A

7o a magnetically stirred solution of 2 Ge potassium
hydroxide psllets (Eastman Reagent Grade) diéaolvad in 250 ml,
of dry methanol containsd in the 300 ml, cell was added 0,1
mle of the material to be electrolysed. ‘The solution wag
cooled to the desired tempsrature using tap water {10 - 20°)
or an dthylene glycolewater wlxture puniped from & 10 gallon
constant temperature bath (=20 to 0°). After the passage of

the required amount of current, the cell contents Were LIange

- ferred to a 1000 ul. round bottom flask and the methanol was

removed On & roLary evaporator at 30 - 40°/20 - 30 ma, To
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the realdus was added 250 ml, of ether and the mixture was
extracted with 3 x 50 ml, porsions of water. The ether
layer was dried over anitydrous ragnesium sulfate, filtered,
and evaporated, The residue wWas subgeguently worked up aa
described soparately for each individual case,
r@ethod B |

lothod A vam followed up to the point of addition of
250_:::1. of other. ilowever, instead of washing out salis
with water, the salts were precipitated by adding dry ether,
followed by filtration on & Buchner funnel, The ether
filirate was then evaporated and the rosidue worked up 88
described below,

BXPERIAENTAL , PART I

i Attespus to Prepare yclopropans Derivatives of
2, E-_p__fmeﬂmxx-g-; }u;«-ugig_sg&o.szctﬁiﬂ ~Dihydrofuran (xilx)e
The following methods for cyclopropane ring formation on

DD {addition of a carbene moiety to the double bond of LDD

(XXXX}} were attemptod:
{1) ualng the {.,5, Simwons and N.D Smith (43) reagent from

* This compound, which will be deaignated DDD, waa propared

- by electrolysis of 2e-acetylfursn dimethyl ketal esaentially

according to R. Clausonefnas et al {47) h¥ slectrolytic
methoxylation, The MM spectrum of (XXIX) is given in

l\ppﬁn x B,
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mothylene fodide and sing-copper couple.
(i1) »uaing the addition of carbecthoxy carbene generated
Lrom diazoacetic ester (see rof exanple H.. Walborsky and
Foiie dornyak (49)).
(114) using dichlorocarbens generated {rom trichloroacetic
ester by the method of W.E. Farhaz and Eelie Schwaizer (50).
(v} using the lodomethylzinc lodide resgent of C. Wittig
and i, Schwarzenbach (51).

In all of the above reactions, no cyclopropane
derivative could be isolated and the yield of DOU recovered

was in each instance greater than 90%.

2, Attempted Preparation of Hexone2eU1on@-i,5-
Dimt%xyacct?ﬁ-i RESseysy)

{1) Under Anhydrous Conditions_

The procsdure of L. Vargha et &l (54) was followed
for the preparation of p-toluenesulfonyl 2-aéet.0furmioxime
({XLIL1) from 2-acetylfuran (iVIII), This oxime esteyr,
(3.0 g., 0.028 mole) was treated in 50 nl, of d»y methanol
again uaing the method outlined by thess authors (55).

The solution was stirred at room temperature £or 5 days in
the dark and under an atmogphere of dry nitrogen, However,
no precipitate formed as was claimed by themse workers {56},

* The 2eacetylfuran (XIVIII) was prepared by the acylation
of furan in acetlic anhydride using boron trifluoride
etherate as catalyst (see for comparison, J.V. leid and
R, Levine ‘79))0 :




afver 6 days, Q.50 g. (0,028 mole) of water was then addad,
Within 6 hw,, & solid was depoaitéd from the solution and
alter an additional 3 day psriod, the solid was collscted
and dried in air. It conatoted of 4.6 g. (0,024 wle; 65
yield) of ammwnium petolusnesulfonats, The IR spactrua
(rnujol mull) of this aélc was identical to that of an
authentic sémple of ammonium petoluenesulfonats (prepared
by dissolving petoluenesulfonic acid im concentraved agueous
aumoniuz hydroxide solutlon and evaporating the resulting
golution to dryness).

The filtrate froxz the absve reaction was ayaporated
and the residue was distilled in vacue %o give 3.7 g. of
a pals yellow oil, b,p. 65°/0,1mn. The UV spectrum showed
A ﬁ:ﬁi 300 mu, €=100, Thore was no absorption in the
range 900 ~ 340 =), The IR spectrum {thin film) had a
characteriatic poak av 1720 (s) cm?l and & sariea of strong

broad bands extending frem 1200 to 950 emlt ~The R¥R spectrum

(dppendix B) could be interpreted to represent a mixture of
554 of 2.S-dimQQhoxy-z-acesyldihydrafuran (XXXIX) which is
deacribediin the next gection and 455 of DDD (XXIX).

Jeveral other attempts were wmade t0 analyze thisg mixe
ture by gas chromatography using either the Pye Argon appara-
tus or the Perkin-clzer Practometer equipped with columns

packed with aspiezon, diisobutylphthalate, versmulde or

- gliicon oll on fire-brick in & 200 cm, colum., A teaporature
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range of 50 « 180° was used., In all these cages interpro-
tation of the results was conplicated by thermal deconposie- .
tion of the injected materiala, Fethanol could be identified
83 a pyrolyasls preducs,

iLil._g_llgg%‘I__’dﬂs Conditions, The Preparation of
15=DimetRoxy=2-AcotyIdihydrofuran (XIXIT)

A solution of 7 g, (0.025 mole) of the oxime ester
(1IXII) in 35 ml, of 95{ methanol was stirred for 5 days.
Then 50 ml. of dry ether was added and 4.3 g. (0.023 mle;
92% yleld) of emmonium petoluenesulfonats was filtared off,
The filtrate was concentrated in vacuo at 30° and the
regidual oil dissolved in cther and extracted with 3 x 15 ml,
of water; tha extvract was dried over anhydrous magnesium

sulfate, filvered, and the golvent was evaporated to leave
3.2 g, of an oil, Distillation of this oil afforded 2.7 g.
(0,016 mole; &i yleld) of a middle fraction which was
identified as 2,5-dimsthoxy~2-agetyldihydrofuran (Xixlx),

beps 60°/0.8 mm, 030 1.4453.

Anal, Caled, for 038120": C. 550@'}3‘ H, 7.02?2;.
Found: C, 55.75%; H, 6,34%,

This liquid was not found to be explosive even upon heating
to 150° in coatrast to Vargha's claim (56). The WV gpectrum
&ave a peak with A g:fﬂ 300 =y, £=550. There was no
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absorption band in the veglon 900 - 340 2p.  The IR apece
truw {thin fila) when compared with that of a pure 2uthentie
Bampls of 2,5-dimethoxy-Z-acetyldihydrofuran (see Section 3)
%as found to be identical with the latter's: characteristic
bands at 1720(a), 1625(w), 1190(s), 1140(s), 1100(s), 1030({s),
1030(a), 1010(8), 974(s), 320(m}, 802(m), 735(z) ce-l wors
cbserved. The KMR spectrun (Appendix 5) exhibited relative
areas of methyl to methoxyl to all other hydrogens of 1:2:1
(caleulated 1:2:1),

3. £leotrochemical Preparation of 2.5«
m.mt}!nom-&-hetyiﬁ?.aﬁi@mzum 1& 1z}

Uaing electrolysia Method 4, 8 solution of 11 e
{0.10 wole) of Z-acetylfuran {XXvIIX) cohtainins Ol g of
concentratsd sulfurie acid in 150 ml, of methanol was elec-~
trolyzed at -10°(0,6 amp, at 11 - 12 volt fer 16 hr.). 4
solution of 1 g. of sodium acetate in 5 wl, of water was then

&

added and the methanol was evaporated off, After removal of
the Lnorganic salte, 13.3 g. of a crude product was obtained,
This was distilled three times, each time a middle fraction
being removed, to give a purified fraction of 5 g, {0.029
zole; 295 yleld; 163 current efficiency} of the ketone
(XXZIX)y Bope 93 = 200°/23 mm, 02/ 1.4400. The IR (thin
Iiim) and Nu® spectra wers f{dentical to those of the ketone

prepared as in Section 2(ii).
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e Preparstion of 2,5-0{matho wd (e
zzﬁgu“ﬁaaﬁvzg[.jg vofuran

A polutdon of 6.0 g, (0.16 mole) of sodium borohydride
in 25 ml, of water was added dropwise over a period of one
hr, %0 a magnetically stirred solution of 46 &« (0.42 mole)
of Z-acetylfuran (XXVIII) in 50 ml, of methanol at 25°,
Stirring was continued for one hr, and then glacial acetic
ac1d was added carefully until gas evolution ceassd. The
solution was svaporated in vacuo and 100 al, of watsr added
to the residue. This solution was extracted uit-h 3 x50 =,
chloroform and the combined extracts dried over anhydrous
magnesium sulfate, filtered, and evaporated in vacuo to lesve
39.0 g. (0.35 mole; 83% yleld) of the furanol (XLI11),

257 L4740 (reporsed (20), n2% 1.4785). It was mot purified
further,

The furanol {ILIII) {14.0 g., 0.12 wole) in 150 ml, of
methanol containing 1 ;; of potassium hydroxide was electrce
lysed at -8° ustng Method A at 1.9 amp. and 7 to 12 volt
for 4.5 hr. Purificattion of the yeaction mixture yleldsd
8¢k £. (0,046 mole; 385 yleld; 2954 current efficiency) of
(ALIV}, b.p. 82 - 50°/8 mm. » a7 1,4557 (reported {81), b.p.
204 - 107°/10 - 11 ma,, a2° 1.4540).
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{41) Reduetion of the Vargha Ketone

4 solution of 7.0 g. {0.025 #oie) of the oxime taaylato
(23XIX) in 35 ml. of 955 methanol was stirred for 5 days at
™on témpemum. after which vime 100 ml, of dry sthor was
added to procipitate ammonium p-toluenesulfonate which was
then filtered off, The filnfau was avaporated and the
residual ofl dinnolvnd in 50 wl. of methanol waas treated,
while stirring, with 0.4 g. (0.0l mole) of sodiuam borohydride
added portionwise over a pericd of 5 min, The solution was
saiéred for an additional hr., thes it was evaporated under
reducod pressure at 35°, and 25 ml, of saturated aqueous
sodiunm chloride solution added to the residue., The mixture
was sxtracted with 3 x 50 =ml. of ether, dried over anhydrous
magnesium sulfate, and evaporated to leave 3.0 g. of anAoil
which on distillation afforded a middle fraction consisting
of 2,7 g» (0.015 mole; €0% yleld) of 2,5-dimethoxy-2{x~
hydroxyethyl)-dihydrofuran (XLIV), b.p. 87 - 92°/2umsm., .
n§7 1.4535. The IR and NMR spectra of this material and
that of the dihydrofuranol (XLIV) prepared as described in
Jection 4(i) were identical.

Se decozpoaition of pelolusnesulfonyl 2.Acetofuran
Oxine (A7) —i-iotusnssulfonyl Z-Acevofuran

In @ dry 2.5 x 15 om. testetube was placed 2.5 g, of
the oxime tosylate (X(iII). The open teat-tube was heated
at 75° in an oil bath behind & ahield of safety glasa,
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Within a few minutes an explosive decoxposition occurred
with evolution of black smoke., Examination of the test- |
tube, which had cracked in several places ghowed that wmuch
carbonisation had occurred, h

The thermal decomposition of the oxime togylate
(X111} was repuated uéing 2 ge of material dissolved in
50 ml. of sthylene glycol dimethyl ether (pre-purified by
distillation wader & dry nltrogen avmopphere from lithiwa
aluminum hydride)., The sclution was heated gently under ree
flux and within 15 min, it had turned dlack and contained
much carbonaceous material in suspension. Mo further exawine
ation was made of this unpromiasing resction mixture,

RXPERTMENTAL . PART II

Lo 3,3,6,6-Tetramethoxy-1,4=Cyelohexadiene (XLVI)
£roxn 1,s-Jinethoxybenzene (iLV) ,

{1) __Smsll Scale Preparation

Kethod b waa used in the electrolyals of 13.8 g.
(0.100 mle) of 1,4-dimethoxybensene (ILV) at 0°(2,0 amp.,
3.6 = 3,8 vblf.. 3 hr.). Evaporation left 16 g, of as oily
solid which alter cryatallizattion from 50 ml, petroleun
other (40 -~ 60) afforded 15 g. (0.075 mole; 755 yield; 663

curront efiiciency) of 3,3,6,6-tetramethoxy<l,f-0ycichexa~
| diene (XLVI) as large colourless crystals, Bape 40 - bla.'_
Sublimation of this solid at 35°/0.1 ms. raised the w.p.
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to 42,0 - h2.5°% The compound was readily soluble in water,

5%; e, 200,

O
[ o]

iy Se

-

Anal, Caled, for Cm&imc% 3G, 5%.%

8%
Found: €, 60.18%; i, 7.89%; KW, 217.

The IR spactruz (nufol mull) had characteristic peaks at
1645(w)*, 1110(s), 1070(s), 1020{s), 975(s), 960(a) cm t
The IR spectrunm (Appendix B) showed only two peaks at
6,757 Lor neshoxy and 4.03Y for olefinic hydrozena, The
areas under the twe peaks were in the ratio of 3:1 (calcue
lated 331).

{11) Larze Scale Prepavation

Repetition of the above electrolysis was carried out
on a larger scale using 69.0 g. (0,500 =ole) of 1ybem
dimethoxybenzene (XLV) in 200 ml, methanol containing 2 g.
potassiun hydroxide, The la&-dimthoxybcmn_o was added
in5 « 10 g, portions over a psriod of 2 hr, The tempera~

ture of the wiuu.on was maintained at 25 - l.o°. the curvent

at 5.0 amp, and the voltage between 7 to & volt for 25 hr.

The residus, on application of Method B, smuelled strongly of

d ,
formaldehyds atforded &8 g, (0,44 mole; 8¢5 yleld; 194
curréent alfficiency) of the quinone diketal (XLVI) after
crystallization fvom 200 ml, of petroleum ether {40 - 60)

mp. 39 - 12°%),

* Relative peak intensities for IR spectra are designated
as follows: weak, (w); medium (m); strong (s).
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2. leactions of 3,3,6 B-Tot.rmt;hogg;-.l,&:
Cyclohexadierio _"323:@{ T

(i}  Aeid Hydrolysis to p=Benzoquinone (ALVII)

To 100 g. {0.00500 mole) of the quinone dlketal {XLVI)

dissolved in _15 ml, of water was added 5 ml, of 10% hydroehlorie

acld, After 5 min, the yellow solid was filtered and sube=
limed at 60°/0.01 mm, to give 0.535 g. (0.00495 mole; 99%
yleld) of p-benzoquinone (XLVII), m.p. 113 - 114°(sealed
capillary tube). A mixed m,p., of this solid with an
authentic sample of pebenxoquinons was not depressed and
the IR spectra of the two samples (nujol mull) were identi
cal, '

(££) Reaction Catalysed b¥ Boyon Trifluoride in
- Dilute Denzene Solutlion

To a solution of 5,0 g, (0,025 wols) of the Quinone
diketal (iLVI) in 50 ml, of benzene (dried over calelum
hydride) was added one drop of boron trifluoride etherate,
An exotheruic reaction commenced tamediately accompanied

by & progreasive colour change from red $o dark brown,
After leaving the reaction mixture 24 hr. at room tampe ra.
ture the bengene waz evaporated, 25 nl. of water was added
and the mixture extracted with 3 x $0 ml, portions of ether,
The combined ether extracts were dried over anhydrous
magnesium sulfate, flltered, and the ether svaporated in

| vacus, To the residus was added 50 al, of petroleum ether
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(40 « 60), and after leaving the mixture for 24 hr,,

1.0 g of a sticky solid had depsaited and was collected.
This aolid was recrystallized from 15 ml, of ethanole

water (1:1) after decolourization with Darco to give Q.46 g,
{0.0015 mole; 125 yield) of the pentamethoxybi phanyl (xLIx),
Zpe 108 « 112°, Sublimation of this solid at 100%/0.1 =,
raised the m,p; to 112.0 - 113.5°,

Anal. Calgd, Zor 017%653 Gy 67.055;} H, 6062;"'; My, 304,
Found: G, 66.34%; H, 6.35%; MW, 347.

The IR spectrun {chloroform) showsd characterigtic absorp-
tion at 3050(wm), 2930(=), EQSO(W), 1615{n}, ISQO(m), 1520(s),
1050(s), 1035(s) e=it The Mm apoctrun {Appendix B) showed
relative areas of methoxy to olefinic hydrogens of 3:1
(caleulased 3:1), '

uvaporntion of the patroleum ether wother liguor
solution left an o1l which on distillation av 115 - 120° /
16 mm, ylelded 3.4 g. {0.0202 mlc E15 yleld) of 1,2,h-
trizethoxybencane (XL"III), n, 1.5273. The MR and IR
apedtra of this liquid ware i{dentical with an authentic
saple of 1,2,4-trinethoxybenzens,




111} Reaction Catalvied .by Boroa Trifluoride
in_a Concentrated Denzene Solutlon

The reagtion described above in Section 2(i1) wag
repested using 5.0 g. (0.025 mole) of quinone dikesal {XLVI)
but only 25 nl. of benzeas, After working-up the reaction
mixture, l.4 g, {0,003 #nla;,l9% yisld) of the pentamethoxye
biphenyl (iLI4) and 1.5 g. (0.009 mole; 365 yield) of 1,2,4~
t:imuuhoxybcnaéno (XLVIXI) were obtalned,

{iv) Reagtion Catalyeed by Boron Trifluoride in
wi.g.F’i'Hmz’ﬁoazE&ascm (XLVIIT) as the Holvent

The reaction described above in Section 2(11) was
repeatéd using 10.0 g. (0,050 mole) of quinone diketal (ZLVI)
in a golution of 6.0 g, (0.036 mole) of 1,2,4~trimethoxy
benzene (ILVIII) and 20 ml, of benzane, Purification of the
reaction mixture ylelded 4.5 g, {0.015 mole; £0%L yield) of
the pentamethoxybiphenyl (ALIX) and 5.7 g. (0,052 wole; 32
yleld) of 1,2,&-trigstboxyb¢n=sna {XLVIII}).,

3e 5 S=Tatranethoxvel Syelohexadiene
ﬁ@ﬁm.@.&iu@

¥ethod A was used in the electrolysis of 21,6 g, (0,200
z0le) of anisole (LI} st -10°. After 3.5 hr, uwaing 3.0 amp,
and 6,5 « 7.0 volt, distillation of the residue yielded no
deteactable reaction product, 5% of the starting material
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belng recovered,

The reaction was reseated with 21.6 e {0.200 mols)
of aniaole (LI) electrolyzed at 16° for 68 hr, using 5.0
amps and 8,6 to 10,3 volt, Distillation of the crude
electrolyais product (26 g.) gave 6.9 g. {(0.0345 mole;
17 yield) of the quinone diketal (XWVI), bop. 95 « 200°%/
Xe25 mme, n27 146368 which crystallized overnight, m,p.
4l - 42°, The mixed m.p, with a sample of quinons diketal
(LLVI) prepared from the electrolysis of 1,4-dimethoxybenzene
(XLV) was not depressed and their IR gpactra {nujol mulla)
wore ldentical., The residue of thae dlstillation consisted
of a non~volatile tarry oil. ;

L 2,3,3,6.§=Pentamccho§xpl.&ggzc;ggaxad;ene (LVII)

(1) __Prom 1,3-dimethoxybanzene {LVI)

kathod B was appiled %o 13.8 g, (0.100 mole) of 1,3
dimethoxybensene (LVi) at ©° using 4.5 asp. at 7.5 = 7.9
volt for 10 hr. The srude materisl (21.7 g.) was separated
into 3 fractions by distillation: 1.5 . of & fore-run, b.p.
95 = 120°/2.0 @, ; 14,0 g. (0,061 mole; 61% yleld) of
233346, 6mpantansthoxy-1 ,4=cyclohexadlens {LVII}, bepo 115 -
120°/1.5 m;ey nS7 L.4767; a reaidus of 5,6 g. which parcially
crystalllged,

The cenure fraction was redistilled and a heart-cut
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with bup, 1127/1,5 un, wes collected for analysis.

Anal. Caleds for Cyahy o0z C, 57.385; H, 7.98%; k4, 230,

Pound: ©, 56,841 H, 7.39%; =, 256,

The IR spectrum (thin film) shows characteristic peaka
at 2980(m), 2350(w), 1620(x), 1650({m), 1025(s) euIl The
MR spectrum (hppendix B) exhibited relative areas of
mathoxy to olefinic hydrogens of 5:1 (caleulated 5:1).

From the distillation residue, a heart-cut was cole
lected of 3.7 g. (0.012 mole; 12% yield), bepe 140 ~ 150°%/
2.5 um, , n§7 1.4597, and is teatatively assigned the strucw
ure 3,3:4,4,5,5,6,6-0ctamethoxycyclohexsne (L?III).

Anal. Calcd, L . )

Foundi C, 52.50%; iy 7.87%; OCR,, Gire 403 ¥, 331,

Duplicazte: C, 52.22%; H, §.69%,

The IR spectrus (thin filn) had characteristic absorptions
at 1650(w); 1190(=m), 1150(s), 1050(a) cml The HMR spectrum
of this material consisted of a broad abgorption band
centered at 4,75 (mothoxy hydrogens) with only very weak
absorption in the 5.0 to 2,0V region (olefiniec hydrozens),
Acld hydrolysis (10% hydrochloric scid) of this material
(2.0 ge in 25 al. of acid) deposited a tarry substance vwhich
‘was 1ot exasined further,

AT
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The fore-run of 1,5 z. when subjected to VPC analysia
{using a 90 em. column packed with 0.2% apieson on glasa
beeds and naintained at 120° and 10 lb.;n?z argon preasure)
exhibited two pesks which were found to consist of about
106 of 1,2,4=trinethoxybenzens (XLVIII) and 06 of the
diketal (LVII) with ruiontion times of 1,9 and 3.9 min, res.
pactively., No avidence foxr the presence of a peak ecorrese
ponding to 1,3~dimethoxybensene (LVI) was found (a sample of
1,3-dimethoxybenzene injected into the machine undor the
akove conditions had a retention time of 0,5 min.).

{11) #From 1,2,4~Trimethoxybenzene (ILVIII)

A solution of 9.2 g, (0.050 sele) of 1,2,4-trimethoxy-
bengene* (ALVIII) and 2 g, potassium hydroxide in 250 =i,
methanol was electrolysed at 10° using 4.0 &up, at 6,0 - 6.6
volt for 2.5 hr. Using kethod B, 16,0 g. of crude material
was isolaved, having a strong odour of formeldshyde. The
crude naterial -was distilled to give the following fractions:
a fore-run of 1.l ge) bepe up to 110°/0,6 mm., followed by
10.4 g. {0,045 mole; 90% yleld; 40% current sfficiency) of
2,3.3,6.6-pencamatﬁoxy-l.b—cyclchexadiene (LVII), n§7 1.4731
{identical as ascertained by NiiR and IR analysis with a
sanple prapared as degcribed in Section 4{i)}. A tarry resi-

* propared by the method of T.R. Govindacharl et al (82).
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due weighing 0.9 g. was discarded,

S5« Electrochemical ﬂat ation of 2§%E;, 2O
Fcnuamebhoxy- byc Q ex ane

Fethod B was employsd in the electrolyais of 23.0 g,

(0,100 wole) of the methoxy-p-benzoquinons diketal (LVII)

at 20° using 4.0 amp. &t 9.5 - 11.2 volt for 42 hr. The

crude waterial thus obtained welghed 30 g, and smelled
strongly of formaldehyde, Distillation of this oil zavae

the following fractions: 4.2 g. of an oil, b.p, 70 = §5°/
Qe25 mme; 13,1 g4 (0,056 wole; 56% yleld) of the poly=
sathoxylated oil (LVIII), b.p. 110 = 120%/0.6 smm., n3! 1.4544;
a tarry residue, The middle fraction was identified by HMR
and IR analysis as the same oll already obtained from the
electrolysis of 1,3-dimethoxybenzens {LVI).

6. The Mechanism of Elasctrochemical Matho 1on of

1,3= EIEEthchBEEzsna {L¥T) as Studied th Carbon=14

{a) Preparation of reth 1-014-1L}-Bim@thonggnsene

fhe directions for the preparation of diazomeshana
wore esseutially thess of Th.J. Do oer (43}, & solution
ol 130 al. of diethyl euner containing 21.5 g. (0.10 mole)
of Keasthyleli-nitrogewp-toluenesulionanide {Aldrich,"Diazald™)
~and 0.0055 g (0.000030 mole) Of Heleli~r@thylefenitrosoeps
toluenesulfonamide (low ingland Nuclear Corp., “ﬁia:alnclh“)




a8 spscific radioactivity of 0,10 willicuries, was
added dropwise by mcans of a dropping funnel to a golution
of 5 g of potassium hydroxide in 25 ml;ior‘ashanol (95%)
and § ml, of water in a 100 ml, distilling flask, fThis
flask, which was fintcd‘iith a condenser set downward for
distillation was heated at 65° on 2 water bath, {he cone
denser was connected to tWo 250 ul. recsiving flasks in
seriss which were cooled to 0°, The second of thege cone
talaed a golution of 3.3 g, (0.030 role} of regoreinol
(ﬁasimaa Reagent Grads) in 30 &l, of ¢ther.

After 211 vhe diauomethane had co~distilled with ether
into the first receiver, the cooling bath was replaced by a
vwater-bath maintained at 50° and the diasomethane collected
in the second receiver (cooled to 0%). The latter flask was
disconnected from the apparatus and was ritteé with a onge
hole rubber stopper in which was inserted a glass-tube (30
¢z in length) drawn off iato a {ine capillar?; At the end
of one week, during thch time the resorcinsl solution was
kept in the dark at 25°, a drop of boron triflucride etherate
waz added along with 11 g. of pure 1,3~dimethoxybenzene
{Eastman Resgent Grade)., The ether solvent was removed by
evaporation at 35°/20 - 30 mn, and the residue was distilled
0 glve a heartecut of 13.5 g. of liquid, d.p. 94 - 101°%/
13 mm, This fraction was allowed to gtand over 3 g. potassium
hydroxide pellets for 6 ar., after which time it was filtered

[P
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and redistilled to give 3.2 7 e (0,092 mola) of the pure
radicactive 1,3-dincthoxybenzene. The IR spsotrusm (Shi
film) of this material was identical to ‘that of an authene
tic sample of 1,3-dlmethoxybensens. The radioactivity
measured by the secintililation technique of the 1,3-dimathoxy-
benzene in toluene solution (84) was found to be 5.59 x 108
counta mintl mole™l (Nuclear Chicage liquid Seintillation
Counter).,

w

(b} ___Elsgtrochemieal Kethoxylation of
fathylaci%.) -~Dimetho zZEns

Electrolysie following Method B was applied to 10,5 gz.
(0,076 mole) of the radivactive 1,3-dimethoxybengene at 25°
using 4.0 amp. at 5.8 « 5,9 volt for 5,5 by, Distillation
of the residue at 92 - 94°/0.2 mm. gave 13.1 g. (0.057 mle;

75% yleld; 13.5% current sfficiency) of 2,313,6,6-pentanethoxy~

1rk~cyclohexadiene (LVIL), nj/ 1.4775. The residue (2.5 g.)
of the distillation was .tdant.ified (IR spectrum) as the
already known polymethoxy oil (LVIII)., The penta.evhoxy come
pound {LVII) was redistilled to give a heartcut, b,p. 103°/
Ol i, nS7 1.4765, The radioactivity of this fraction .
(measured under the same conditions as for the sanmple of
atarting mt.ari.al) was found to be 5,54 x 10° counts minyl

mle?l

P U
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7. fHydrolysis of 2 6,6l Lamethoxy=
Z.ﬁ:ﬁxpfohox ene

4 sample of 5.0 g. {0.022 mole) of the eLhOXY=pe
quinone diketal {(LVII) was diszolved in 100 wl, of vater
and 5 ml. of 5 agueous hydrochloric acid was added., A4
deep yellow colour developed immediately, followsd by a
progreasive deepening to a reddish brown, After 48 hr.,
the mixture was filtered and the blue precipltate collected
and washed thoroughly with 100 ml. water and then with some
ethancl; it was dried in alr to yield 5.8 g, (0,021 mole;
95% yield) of the intraszelecular quinbydrone (LI}, m,p,

230 - 232° & small amount of this 80lid was Qubliaad at
180°/0,01 mm. to give blue crystals, m.p. 235°. A mixed
2. p. of this solid with an authcnttc sample of the quine
hydrone (LX) (prepared according to I.3. Ioffe and AP
Sukhina (65) by treatwment of methoxy-pwbenzoquinone=® (LIX)
in dilute hydrochleric acid solution) was not depressed;

the IR spectra.(nujel mulls) were superimprsable.

Anal, Caled, for C14H129% 2 ©» 60.875; N, 4.335,

“Pound: ©, 80.75%; M, 4.23i.

¥ Vanillin was converted to methox{hydroqulnone by

. the method of G, de Corral (35) followed by oxidation
to methoxy-p-banzoquinone (LIX) according to B, Adler
and R, Hagausson (86).
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8, klsgirochemical Methox lation of 1,2«
ﬁ%ﬁatﬁoxybanzene (Lif )

Elactrolysis of a solution of 69 &+ (0,50 mole)

of 1,2-dimethoxybenzens {LiX) in vhe presence of S Eo

of potassium hydroxide {n 750 ml, of methanol was carried
out at 10° {n #ha 1000 wl. cell, Rethod B was applied

(4.0 amp., with 7,3 = 8,6 volt for 22,5 hr,), The crude
resldus waighed 102 g, (methoxy determination of crude
product: 51.65%). This mixvure was Iractionally distilled
using & Todd Column apparatus (glass helices). The results
of this distillation are given in Tabls iXI1,

Examinavien afier distillation of the t.ra}m insorted
ia the vacuuz line revealed that 14 g. {0, 44 wole) of
mothanol, b.p. 66°/755 zm, , n§7 1.3293 had bsen eliminated
during the process. The IR spectrum {thin film}) was identi-

gdl to that of a pure sanple of methanol.

(1) 5)5,6,6=Tetramethoxy-1,3-Cyelohexadione (LSIZ)

Fractlons 2 and 3 {Table III} were combined and
refractionated using the Todd Column to élve 12,0 g, {0.060
mle; 125 yleld) of 5,5,6 16=tetranethoxy-1 »3-cyclohexadiene
(LXIZ), n27 1,4763,

fnal. Caled. for Cyoih 0 ¢ Cf 59.98%; H, %.05%,

FQMd: Gy 59, 7?;6; Hy, 7. 85;“;'

i
i
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see L fliisdonof e Hectrolyats
Fraction ax;:x%f?g m{;ofnu ey Weight g,

1 up to 63 - 0.5
2 8 - 34 1.4775 14,3
3 8h - 37 1.46795 2.0
4 93 1. 4903 5.0
5 93 - &8 1.5100 1.3
& g8 1. 5121 11.7
7 98 - 111 - 0.6
8 11 1.4373 2.5
g | a1 - 1#. 1.5033 3.3
10 114 -~ 118 - 2L5

Total: 62,7 g.
11 Tarry residue




The W spectrum exhibited two peaks with \ 3:2”
235 mpes €=3100 and N5 265 mp., £= 2500, 4 drop
of 5/ mqueous hydrochloriec acid cempletely altered the UV
gpectrum to glve two peaks at >\hn0*{ Q27 =  Je s E= 7600 and
xg;gﬂ 288 mp., €=3100, The m spoctrun (thian £1lm)
exhibited the following characteristle peaks: 1650(w),
1600(m), 1150(s), 1110{s), 10%5(s), 1050(s8), 1015({m), 935(a)
ca™t The W1 spectrun {ippendix B) showed peaks for weLhO Xy
and olefinic¢ aydrogen absorstion, the areas under witich were
in the ratis of 3:1 {calculated 3:1).

The o-quinone diketal (LXII) (0.49 g., 0.0035 mwole)

was treated with 1.0 g, of zine dust in 25 ml, of 1% aqmous

hydrochloric acid with shaking until the mixture was goloure
less. The mixture was filtered ard the filtrate extracted
with 5 x 10 ul. of chloroform. The combinad chloroform '
extracts wera dried over ashydrous magresius sulfate, filtered,
and the solvent evaporated off in vacus, leaving a small
@mount of a yellowlsh oil, Ixamination of this oil by VPC
{apleson on glass beads at 120° and &4 ibs. 1n?2 argon prassure)
showed three peaks with retontion times and relative areas as
follows: 5.2 min., 254; 7.3 min., 10%; 13.4 min., 654
Pyrocatachol under the same eonditions £ave a peak with a

retaniion time of 5.2 min,
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(11) 1,2 ,h-Trimethoxybenzens (ILVILI)

Tracuions 5 and 6 (Table III) were combined and
redigtilled, A heart-cut, b,p. 105°%/2.0 ém.. n§7 1.5258
was collected, affonding 7.3 z. {0,044 mole i 95 yield) of
2,2, h-trimsthoxybensane (ALVIII). Tils matorial was idene
tical (IR and [ gpectra) with an authentic sample of 1,2,4-
trizethoxybenzene prepared oy the method of T, s Covindachari
et al (82),

(i11) Hoxamethyl cis, glg-Orthomuconate (LAIIT }
and cis, ¢ls-Dimethyl Muconate (LXVIIL)

Fraction 10, which had partially cryssalliged on
standing; was filtered and the aticicy solid (3.0 g.) thus
obtatued was twice recrystallized from 10 ul, of 95%
ethanol to give 2 g, {0,0076 mole; 1.5% yleld) of hexae
methyl cis, gigeorthemuconates (LXIII), m.p. 975 = 99.5°.

Aﬂalc Galed. 1’02‘ cmhzzoé: G, 51‘*.95:5;; Hg 8045:{!; z‘ﬁ‘f' 262.
Found: ©, 55.59%; H, 3.43%; id, 192,
Duplicats Analysis: C, 54.33%; H, 82,565,

® On repetition of the electrclysls of 1 ,2«dimathoxybenzene
(LXI) under the same conditions, the crude residus obtalned
by application of Method B (90 z.) was left in the refrigera.
tor, dCrystalliszation occurred after two days, and after one
wesk, the cryatals (7.0 g.) were filteyed off and recrystile
lized from 20 ml, of methamnl to Blve 5.9 g, (0,0225 wole;
¢ 55 yleld) of the diorthoester (LXIIX), m.p. 97 = 99°. The
?maﬁmer of the ¢rude resction mixture was not worked up
urther, '
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The UV spectrum of this solid nhowed)\ ;:gﬂ 234 mp.

E_= 10,200, 4 drop of a 1i hydrochleric ascid solution
added vo an evhanol solution of the product (LiIIL) shifted
the U7 absorption peak to 201 mum., €=17,600, The IR
spectrun (chloreform) showsd the following major bands:
3060(3), 2960(a), 2360(m), 1600(n), 1460(n), 1435(a), 1360(s),
1240(s), 1140(s), 1095{a), 1030(s}, 935(s) cu=l The KR
spectrun (appeadix B) showed relative arees of aethoxy to
olefinic hydrogens of 4,5:1 (calcuwlated 4e5:1) with Jap= 11.2,
Jigr = =1.5, Jiir =11.0, and Jdypy = 1.2 c.p.s, These
coupling constants are almost identical to thoee for cis,
g;g-dimoehyikuconata {27). & solution of 0.0630 g. (0,000240
mole) of the diorthoester (LAIII) in 20 ml, of methanol COli=
taining 0.038 g, of 10w of palladidm on charcoal (:iatheson,
Coleman and 2s1l) was hydrogenated au atcospheric pressure,
The uptake of hydrogen gas (8 hr.) corrected to S.7.7, wag
found to be 11 ml. {0.00049 mole) correapondinguno 1025 of
the theoretical amount for 2 carboneearbon double bonds in
the product {LXIII).

Hydrolysis of the diorthoester (LXIII) was carried out
by dissolving 1.0 g. {0.038 mole) of the solid in a solution
of 30 =ml. of wethanol, 10 nml. of water, and 1 wl, of 10%
aqueous hydrochloric acid. after allowing the mlixture to
stand for 0.5 hr. at 25°, the methanolic solution was con-

centrated in vacuo and the residual solid filtered and drigd

in air to give 0.55 g. (0.032 mole; 84y yield of cis, cis~
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dimethyl muconate (LX.VIII); m.p. 71 - 739, 3ublinmation
of thia material raised the Repe Lo 73,5 = 74.0% A aixed
Mepe Of this solid with an authentic sauple of ci ) Cig-
dimethyl muconate prepared by the method of R.P, Linstead
{70a) was not depresased, and the NMY spectra (Aupendix 9)
of the two samples wers identical, The IR spectra {nujol

mulls} of the two sasples wers identical,

Anal, Caled, for 68}'110(}4: Cy 56,4555 n, 5.924%,

found; €, 56,06%; &, 5.83%.

(1v) 2,;3,3,6,6-Fentasethoxy.1 .24=Cyelohexadiena (LYII}

The filtrate froam fraction 10 (Pable III) of Section 7(L1)
on redistillation was separated into four {ractions: frac;;on
104, 5,6 2.y Bup. $9 - 101°/0.6 sm. , n2? 1.5020; fraction 108,
7.3 &5 bape 105 - 120°/0.6 mr., 627 1,4816; fraction 1o,
1.4 8os beps 110 ~ 112°/0,6 mm., 227 1,4806; a non-volatile
residue,

4 few drops of fraction 108 were added to 25 ml, of
1i aquocus hydrochloric acid and the solution was zllowed to
stand for 24 hr. A blue s0lid was filtered off and dried in
air; 1t had w.p. 230% 4 mixed m.p. of this material with an
authentic sample of the 1n:.ramiecular quinhydrone {Li) was
nat depreased; the IR gpectra (nujol)} were also idontical.' .

MR
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Fractions 104, 103,.and 10C when subjected to YPC
analyate (Perkin-Elmey Fractometer using a 90 em. column
packed with 0.2% apiezon on glass beads and operated at
121° and 10 1b. inT® drgon pressure) wers found to conaist
of 1,2,4~trimsthoxybensens (LLVIII) (retention time 1.9
zin, ) aud the Zethoxy-p-bensoquinone diketal (LVII) {reten
tion time 3.5 #in,). Cn the basis of oids knowledge a
standard curve (figure 1) welating refractive index to the
content (as the mole fraction) of 1,2,4i=trizathoxybanzens
{XLVIII) in the sanple was constructed. 8y interpolation
(see Figure I) the yield of 1,2,4=trinethoxybensene (iLVIII)
wag found to be 5.% g. (0,031 mole; 64 yield). :ln the saus
way the yleld of 243,3,6,06-pentamethoxy-1,4~cyclohexadione
(LVII) was found to be 10,1 g. (0.04h mole; G yield).

9. Elocprochemica;_ggtnogﬁlacion of Ei%fé‘ﬁ‘
?ebrametﬁoxy~llj-cyc ohex ane

Hethod B was applied in the electrocaemical mEthoxyl a=

tion of 5.2 g. (0.026 mole} of the g-benzoquinone diketal
(LALL) av 20° for % hr, using 4.0 amp., at 4.$ Lo 7.4 volc,
The erude gumny solid thus obtainsd was erystallized from

25 ml, of 95» ethanol vo yield 5,3 g£. (0.020 mole; 775 yield;
% 55 current efficlency) of hexametihyl cig, ¢ls-orthomuconate
(LAIXX), mope 90 « 989, A mixed . p. of tals solid with a

sample prepared as in Section 3(11i) was not depressed and
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the IR spectra (chlorofora solution) of the two samples
were ideatical,

10, Blectrochieml cal Hsthoxylation of fenzena and pesyléne

Hesgent grade benzene and p-xylens (Eastman) were each
clactrolysed (0.1 mole scale) uzming Method A, Even after a
large oxcess of current had been paszed (about ten times the

theoretical awunt of current) no methoxylated material

could ke identified after distillstion, only starting naterial

being recovered. In the case of benzens s Bowever, a miaute
amount {0.05 g.) of a solid was deposited on the snode. This
solid was insoluble i{n methanol, benzens, chloroform, and

dimethylformamide, It was not examined further.

11, Electrechemical Rethoxylaticen of
Yyi0=liretho xyanthracene (ulii)

Using I*iothod._ﬁ, 11,9 z. (0.050 zole) of 9,10-dimethoxy-
anthracene (LIAII), {prepared by the method of ¥, keyer (38)
from anth:;/aqutmne) was electrolysed as 20° with 4.0 amp, at
Gt = 6,7 volt for 3.75 hr, At no time during the reaction
wan the reaction mixture homogeneous, Instead of adding
dther t0o the residue after evaporation of the mathanol, 250
©l., of watear was added and the resulting yellow solid was
filtered off and dried in air (ocrude wolght 12.6 g., @epe
130 - 145°), This was crystallised from 50 al. of henzene
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containing 1 g. Darce. A mixture of yellow plates and

larze colourieas cubes soparated from the =olusion, This
mixture of crystals was mechanically aéparated to give 6 &e
of cuble erystals, @.p. 145 ~ 155° and 5.3 g. of the plates,
Bepe 157 = 174°. The cubie erystalas were recrystallissd
from 20 mi. of bensene to give 4.8 g. (0.016 mole; 323 yleld;
6% current cffici.ency) of the sathraquinone diketal (LIV),
Bepe 15945 = 161,0°%,

Mo Caled, for Claﬂzoc : G ?1098%; H, 6071%; mﬂ)l 51, 30%.
Found: C, 72.1%; i, 6.50’}5; OCEIB. 39.3%-

The IR aspectrum (nujol mull) showed characteristic peaks at
1600({w), 1260(s}, 1075(s), 1005(s), $30(a), 775(8), 755‘3)
emsl The muR spectrum {Appendix B) ahtowed relative arcas of
methoxy to olefinic hydrogens of 1,5:1 (caleulated 1.5:1).
The anthraquinone dikessl (LIV) (0.194 g., 0.000645 mole) was
dissolved in 5 ml, of hot 955 othanol followad by the addi-
tion of two drops St 5% aqueous hydrochloric acid which caused
instantansous separation of pale yellow snthraquinone (LV)
which was collected and drled in alr; it weighed 0.130 g.
{0.000625 mole; 97% yield), m.p. 284°, A mixed m.p. with an
sucthentic sazple of aenthraquinone was not depressed, and the
IR spectra (nujel mulls) of the two golids were identical,
Recrystallization of the yellow plates, m.p. 157 « 1740,
from 20 nml., of 955 sthanol (after treatment with 0.5 g.of

E i
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Darco} gave 5.0 g. (0,021 mole; 42% yleld) of recovered
9s10-dinethoxyanthracens (LIII), m,p. 202°. The mixed =, p.
with an authentic sample of 9,10-dimethoxyanthracens was
not depressed.

12,

Beazodioxane (LXIIXX) was prepared* by gently boiling
& sixture of 330 g. (3.0 mle} of pyrocatechol in 900 g.
(k& mole) of 1,2-dibromethane {in a 2 liter round bottom
flask, fitted with & wide bore condenser). To this mixture
was added 400 g, of potassium carbonats in small portions
over a period of 6 hr, After an additional & hr, the heating
was stopped and 500 ml, of water was added to the flask and
the contents steam distilled until 3 liters of liquid had
veen collscted, The organic layer of the steam distillate
¥as separaved and the aqueous layer extracted with 5 x 200 ml,
of chloroforms, ’I'hé combined organic¢ extracts were dried over
anhydrous magnesium sulfate, filtered, and evaporated to leave
an oil vhich on distillation afferded 192 g. (1.4 mole; 475
yield) of beneodioxane (LXXIII), b.p. 102 - 106°/20 zm.,
n27 1.5470 (reported (88), b.p. 103 = 105°/17 am.). The MR
opactrun of (LXAYII) 48 given in Appendix B,

% Compare this procedure with that of I.A. Dobrowsky (29).




A solution of 13.6 g. (0.100 mole) of benzodioxane
(LICIII) {n methanol was slectrolysed at 20° following
Nothod B at 3,0 amp, and 7.5 to & volt for 5 hr. The crude
electrolysis product (16 g.) had an IR apectrum which
axhibited three characteristic bands at 1680(w), 1645(w)
and 1580(w) casl This crude material was twice distilled,

a ziddle~-fraction being collected each tine, to give 6.1 g.
{0.031 mole; 314 yisld; 11% current efficiency) of 9,10-
dihydro-9,10-dizethoxybensodioxane (LXIV), b.p, 102 - 106°/
1.5 am,, ngé 1.4990. The remainder of the reaction product,
conalsted of an oil with b.p. 130 - 145%/ 1.5 =z, and was
not exasined further, )

This g-quinone diketal (LiIXIV) erystallized after
standing for 1 day and was coueci-sd; Mape 50 = 80°, Recrys-
tallisation from water and then sublimation gave large coloure
less crystals, m.p. 83,5 « 89,5°,

Anal, Calcd, for GIQHU’O“: 03 60.595; Ht 7012%3 OCB’I 31031%0
Found: C, 60,37%; H, 6,89%; 00&,, 30.72%.

The UV spectrum exhibited two absorptions at A ﬁgg&x 225 w)cey
€ =2900 and )\ﬁxﬂﬂ 265 mM. , € = 2200, Upon addition of

L drop of 5% aqueous hydrochloric aeid to the ethanol golution,

the UV spestrum was completely altered and now exhibitsd peaks

ac X B508 225 my., € = 2600 and )5223 289 mu., E= 5700,
The IR spsctrum of (LXLIV) {(chloroform) had the following
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characteristic peaks: 3050(m), 2960(m), 2880(w), lsdc(v).
1395(m}, 1190(n), 1160(a), 1120(=), 1100(a). 1060{a),
1040(8), 1030(a), 925(s), 835(n), 876(m) en® The MR
spactrun (Appendix B) exhibited relative areas of ©ethoxy
te sthylenedioxy to olafinic hydrogm of 1.5:1:1 (calcu~
lased 1.5:131).

%mtma.

To & solutdon of 1.0 g, of the Qequinone diketal
{LXIV) in 10 ml. of water was added 1 drop of 5% hydro-
chloric actd. The solution temediately tumd"dwss red,
changing rapidly to brown and scon deposited a tarry material,

The reaction was repsated iming 24250 g. (0.00125 mole)
of the g-quinons diketal {LXIV) in 10 al. of water, To this
was added 1 g. of zinc dust and then 5 ml. of 55 hydrochlorie
acid. The mixture was ghaken by hand for 5 min. %o keep the
ainc suspended and then filtered, and the sinc metal was
washed with 15 ml. of water, The filtrate was extracted with
5 2 10 zl. of ether and the combined ether layers were dried
over snhydrous maaxiuim sulfavs, filtered, and the filtrate
evaporeted to give an oil which slowly solidified on standing.
This a0lid was then gublimed at 70°/0.01 mz. to afford 0,200 g.
(0,094 mole; 75,5% yield) of pyrocatachol (LXVII), mep. 104°.

- A mlxed m.p. with an suthentic sample of pyrocatechol uia not

depregsed and the IR spectra (nujol mulls} were identical.
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14, mmmblg{mﬁgﬁ%g‘gzﬁgmnaﬂon in the Electrolysis

A cell was set up consisting of twe waighed copper
electrodes (0.1 x 6 x 8 cxd) in a 500 ml, beaker containing
300 ml, of & copper sulfate solution (1 liter of aqueous
solution contained 150 g. of copper sulfate pentahydrate,

50 g. of sulfuric acid and 50 g. of $5% ethanol). This
copper coulomster was placed in series with the 300 ml,
slectrolysis cell which contained 13,8 g, (0.100 mole) of
1,4~dizathoxybensene (ILV) in methanolic posassium hydroxide
{zee Section 1{1)). The electrolysis of the hydroquinons
dimethyl ether (XLV) was carried out as 20° at'.?..c asp, and
3¢0 = 3.1 volt for 1.90 hr. At the end of this tiwme, the
copper electrodes wers rinssd carefully with water, then
with 95§ ethanol, and ware dried in an oven at 100° and
then wsighed. The loss of wetal [rom the anode was 4.709 e
(0.0741 z. atom) of copper, whersas ths galn for the cathode
was 4,708 z. (D.0741 E. atom) of copper,

The wethanolic solution, on rexoval of salts using
Msthod B, left 17.5 g. of organic material, The NuR
spectrun showed peéks characteristie of the presence of the
p-benzoquinone diketal (ALVI) and starting material (iLV);
the sreas under the peaks for the ketsl moethoxy hydrogens
and aromatic methoxy hydrogens were in the ratlio of 1,56:1.00,

" thus comaponcung 1o & mixture of §3.8% of (XLVI) and .56.2;‘%




alu-

of (iLV), Therefore the curvent efficlency of the electroe
chemical methoxylation of (XLV) is 59, 3:i.

ZXPLCRIMENTAL o PART III

{his aection uill.dascribe & number of sxploratory
sxperiments 15 the field of organic electrochemi styy,
Hogt of these experiments have not besn studied exhaustively
due to lack of time; it is felt however that they can pro-
vi&e a useful basis for further work in this largely unexe
plored field, At least definitive evidence will be given
ag to whether a reaction hes occurred or not on the elece
trode surface,

i Ap: About Twice the Theoretical kmpunt of Current

A4 salution or"zo g« {0.25 mole) of 1,3-cyclohexadiens®
{LXXYI) 14 150 =1, of mathanol contalning 2 g, of potassiun
hydroxide was electrolysed at -2° using Hethod A at 2.0 amp,
and 5 to 7 volz for 9,5 hr, The residue {5.3 §e) waas thrice

distilled, sach time with removal of 2 heart-cut vhich waa
redistilled; in this way, 2,0 g. (0.0l4 wole; 4% yleld; 3%

* 1,3~ and 1,4~cyclohexadiene were purchassd from the
Parchem Chamical Co.
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curront elficiency) of a mixture of dimethoxycyclohexenas,
({LEXVII} and (LXKVIII)), Bops 93 = 96%/55 ma., 3% 1,4547
was obt.ainad.

Anal. Caled. for Gyy,0y1 G, 67.574; H, 9.934; CCHy, 43,647
| Found: C, 66,5743 H, 9.634; GGl 38,738

ViQ an&lfau of this oil {Perkin-ilmer Fragtozever,
using diisobutyl phthalate on firebrick in a 200 en, column
as 120° and 4 lb.in‘:zargan pressure) showsd three peuks with

rotention vimes and relative aress as follcws: 45,6 tli., 295;

h9.2 min., 33%; 52.0 min,, 38%. i

Hydrogenation at stmospheric pressure of Qe125 g.
{0.000320 wole} of vhis mixture in 10 =), of methanol using
0.0170 g. of 10% palledium on charcoal (Hatheson, Coleman
and Bell) led to an uptake of 19,5 ml, (0.000871 mole; 995
uptake for one carbonecarton double boad per mlaeulo) of
hydrogen (corrected to 5,T.7.).

The IR spectrum {thin film) showed the following peaks:
3050w}, 1650{w), 11385{x), 1095(s), 1015(um), 9%0{a), 735(m)
eall The MaR mpectrun (Appendix §) exhibited relative areas
of olefinlc to all other hydrogens of 1lih (caiculated lidy)e

{11} With a Larpe Zxcess of Curresnt

A solution of 20 g. {0.25 mole) of 1,3=-gyclohexadiene
(LMV") in 250 ml, of methanol waa electrolysed at -15° at
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4.0 azmp, and 10 ~ 12 volt for 15 hr, The crude naterial

(29 £.) Leolared afver applicsation of Method B was distilled
using a 10 cm, Vigreaux column to give fivn fractions: #1,
7e3 Be» Bepe 68 = 85°/7 ma., 027 1.4538; §2, 4.0 g., b.p.
85°/7 wmnay 157 145465 £3, 5.0 Ee: beps 106 « 130°/7sm, ,
qyxwwmﬁmlmg”b¢.uo-mwNm&,ﬁ 1.4843;
#5, & tarry residus, Fractions F1 end /2 were combined and
redistilled to give two new frections: 3.8 g (0.027 mole;
1% yicld) of the dimethoxycyclohexene mixture, b.p. 68 - 759/
12 mm,, 527 1.4550; 3.9 g. (0.023 zole; 9% yield) of a
trimethoxyecyclohaxzene (tentative forwmulass (LXXX) or (LXXXX)),
bepe 85 ~ 91°/12 mm,, 027 1,4563,

Anal, Caleds £oT GglyeOy: Gy €2.76%; H, .36

Pound: C, 62,5Q:; K, 9.23%,
The IR spectrum (liquid £f{lm) showed the following bands:
3050({w) , 1650tw); 3135(m), lllOla). 1050(8), S45({z), 920{am),
755(m) cm. The Wil spectrun {ippondlix B) showed relative

areas of olorinic to all other hydrogens of 1:7 (calculaced
1:7).

2. Electrochemical Mbthofxlauion of 1,4~
Cyclionexadiene L44) ang isoprensg

After passage of cne thsoretical equivalent of current

(enough for the addition of two methoxyl gyoups) through a
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msthanolic solution of 8,0 g. (0.10 mole) of 1,4-cyclohexs.
diene (LIXIN}, the reaction mixture was carefully distilled
using a Todd Column (glass hencéa} to give 90% of recoversd
lyb=cyclohoxadiens, Culy a trace of a W gher bolling residue
was obtained. ‘

The nlaeﬁmlyaln of isoprene was attempted under slmt-
lar conditions but had to be faterruptsd when the current
dropped from 4 amp, to O amp. (12 volt) over a period of 3 hr,
sxamination of the anode showed that a rubbery coating had
formed. This waa inasoluble in water and only very siightly
soluble in chloyoform,

3. Slectrochemical kethoxylation of Guwslacol {(LiiXII)

i U ¢ Conditions

A solution of 12.4 g. {0,100 mole) or guatacol (LXXKII)
in 200 wl, of methanol was plecirolysed at 10° in the prosence
of 2 g» of potassium hydroxide, Application of Hethod B in
the work-up (3.0 amp, and 11 « 12 volt for 3 hr.} loft a tarry
black solid {15 g.) which was insoluble in other. This pro=
duct was not examined further,

{11} Using scidic Conditions. Preparation of
the "Gualagol fed So 1iITT)

A nolgtion of 24,8 g (0.200 mole) of guatacol {LAXXII)
in 250 =l. of methanol containing 4.0 z. of concentrated
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sulfuric acid was olecirolyzed at «3% at 1.5 amp, and 3 to
%5 wvoi% for 25 hr. The electrolysis sclution acquired a
gradually deepening red colour and a roddish sollid separated
out afver about 10 hw. The methanolic mixture was then
pouved fnto 1 liter of water and the rod solid wos filtersd
off and dried in alr to sié%lzo g. of erude product, m.p.
175 - 190°, Téiu vas recrystallized fron 100 unl. of chloroe
foro and than twice sublimed at 175°/0.01 mx, to affowd
12,5 g. {(0.046 wole; 46% yileld) of the "Guaiacol Red Solid"
(tentativa structure (LIXZIII)}, mep. 201.5 - 203.0°, ”

Anal. Calcd. for clshlaos‘ Cy 6S.694; it, 5.15%; K, 274

Found: C, 63.97.‘""5 H: 5-03/’:’3 MW, 309,

The IR spectrum (chloroform) had the followling peaks: 3580(m),
3100(w), 2950(m), 2490(w}, 1675(m), 1610(s), 1590(s), 1510(s),
1090{s}, 1040{a) cm?l The NMR spectrum (Appendix B) showed
relative areas of methoxy teo all other hydrogéns of 1,8:1
(caloulated l.é:l)..
To a solution of 0.7 go (0.0025 mole) of tho "Gualacol
Red Jolid" in 2,5 wl., of pure acetlc anhydride was added 0.5 .
of zine duat and Q.1 g. of powdered anhydrous sodium acetate,
The alxture was warmed gently until the red colour was dipe
charged, whersupon the mixture was bolled for 5 min, Glaeial
acetic acid (2 ml.) was added, the mixture was boiled for an !
additional 10 win., then filtered, and the solids washed with
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5 ol. of hot glactal acecic acld, FEnough water wap then
added to the [iltrate to produce a definite cloudiness,

and after cooling & colourless solid preécipltated out which
was collected and dried in aiv, The solid (0.8 g.) was
recrystallised from 10 nl, of 955 ethanol to give 0.6 g.
(0.0014 mole; 54% yleld) of & triacetoxytrimethoxybiphenyl
{tentative structure (LXXXIV)), WeDe liheO = 145,0°,

Anal. Caled. for 62132209’ Cy O60.28p; i, 5.305,

Found: C, 60.35%; H, 5.36.

The IR spectrum (nujol mull) showsd the following poaks:
17¢0(s), 1€15{a), 1590(m), 1515(m), 1305(m), 1280(m),
1215{a}), 1190(s), 1175(8), 1110{s), 104L0(s) cm:l The NER
spectrum (Appendix B) had relative areas of acetoxy to |
mothoxy to aromatic hydropens of 3:3:1 (calcuiated 3:3:1).
No autempts ware made to substantiate the proposed

structures,

4, Electrocherdical Wethozylatfion of XNaphthalene

A solution of 25,6 Be (0,200 mole) of naphthalens in
250 ml. of amsthanol containing 2 g. of potassiwa hydroxide
waz elecirolyzed au 20° at 4.0 amp. and 7 - 4 volt for 6 hr,
The resultant deep brown l xture was poured into a liter of
- water, 4 deep blue oil slowly collected on the surracc'ot

the liquid and afver 6 ar, this oll was extracted with
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10 x 100 =1, of hexane, fhe conbined hsxane extracts ware
dried over anhydrous magnesium sulfate, filtered, and the
filurate evaporated to give 15.9 g. of a deep bilue oil,

The blue eolour of thia liquid was not discharpged even after
2 weeks of atanding at room temparature, but when a little
was shaken ln hexane solution wich 355 phosphoric acid the
blue colour of the solutinn quickly turned to a pale brown,
Upon distillation in vacuo, the blus colour was also dise
charged and a middls fraction weighing 6.3 g. and conalsting
of a colourless liquid, b.p. 150 = 160°/15 ma., n5’ 1.5671

wag collected. This fraction was rediscillesd te give a

heart-cut of d.p. 11f?1.0 me, , ng7 11,5620,

Anﬂl. ?Oundt {:8 71..51;{5"; H, 7.13%-

The IR spectrus {thin film) showed tha following peaks:
3080(w), 2950{m), 2340(m), 1630(w), 1595(m), 1515(w)},
1460{s), 1385{s), 1270(s), 1235(s), 1190(m), 1100(s),
1070(8), 79%{m), 7565(s}, 722(m) et The mum spectrum showed
relative areas of methoxy Lo olefinic hydrogene of l.4:),

The structure of these compounda romaln to be deterrined,
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SAPERDSENTAL o, PART IV

Electrochemical hethox%labian of 1, Dimenho§¥benzena
sinr the Co tiong o o} Ghe Kgi @ Heacgtion
A golution of 27.6 z. (0,200 mole) of 1,i-dizothoxy-
benzene {XLV) in 250 ul. of reagent grade glacial acetic acid

econtaining 20.0 g, of anhydrous potassiun 2cetate was €leChrOe
lyzed at 12° at 1.5 amp, and 8 - 1C volt for 7.5 hr. The
acetic acid was evaporated off at reduced pressurs and to

the cocled oily residue was added 300 ml. of anhydrous ether,
A precipitave formed which was filtered off and washed with
100 ml, of dry ether, BEvaporation of the {iltrate left a
gumay s8olid which was crystallized from 70 ml, of petrnlaum
ethor {40 - 60) - chloroform (1:1) to give 24 g. (0.12 mole;
625 yleld; 6235 current efficiency) of l,k-d-methoxy-z-acetoxy-
benzene (LIXIV), m.p. 60 - 63°, Sublimation ralsed the ri,p.
10 66,0 « 66.5% (reported (990), m.p. £2°), |

Pound: C, 60,94%; R, 6,064,

The IR spectrum (aujel wull) had the following peaks:

1750(s), 1610{w}, 1530{w), 1500{s), 120U(s}, 1170(s), 1145(s),
11C5(3), 1030(s), 1010(s) art  The MR spectrun (Appendix B)
‘exhibited relative areas of acetoxy to methoxy to aromatie
hydrogens of 1:23) (calculated 1:2:1), |
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APPERDIX A

Tue ELECTROLYSIS APPARATUS
DIAGRAM AND PBUTUGR&PHB
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Side View,

Figure 3. Photograph of Cell,
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Figure 4, Photograph of Cell, Bottom View,



Side View,

Container,

Photograph of Cell,

With 300 ml.

Figure 5,




Figure

6.

Photograph of Cell, Side View
With 1000 ml, Container,
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APPERDIL B

S8R SPECTRA
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CLAIMS TO ORIGINAL RESEARCH

An error in the literature has been corrected.
Treatment of 2-acetylfpranoxime p-toluenesulfonate
in methanol hés been found to give 2,5-dimethoxy-2-
acetyldihydrofuran instead of hexe <2-dione-4,5-

dimethoxyacetal-l as claimed.,

The following compounds have been successfully
meﬁhoxylated electrochemically to give new and highly
unusual compounds: 1l,4-, 1,3-, and l,2-dimethoxybenzene;
anisdle; 9,10-dimethoxyanthracene; 1,2,4-trimethoxy-
benzene; 1,L4-benzodioxane; 2;3,3,6,6-pentamethoxy-1,4-
cyclohexadiene; 5,5,6,6-tetramethoxy-l,3-cyclohexadiené;

l,3-cyclohexadiene; naphthalene; guaiacol.

Several structural requirements for successful electro-

chemical methoxylation have been elucidated.

In the case of 1,4-dimethoxybenzene, the electrochemical
methOxylation product has been shown to undergo an

aromatization reaction, the mechanism of which has been

clarified.,

Two products have been shown to result from the methoxyla-
tion of 1,3-dimethoxybenzene: 2,3,3,6,6-pentamethoxy~

l,4-cyclohexadiene, the mechanism of formation of which

T
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has been elucidated by a carbon-14 study; an octa-

methoxycyclohexene (tentative structure).

Several products have been shown to résult from the
methoxylation of 1,2-dimethoxybenzene including
5,5,6,6-tetramethoxy-i,3-cyclohexadiene and hexamethyl
€is, cis-orthomuconate. Electrochemical methoxylation
of the former has been found to afford the latter in
high yield. Two méchanisms have been proposed on the
basis of the observed stereochemistry to incorporate
the view that adsorption on the anode surface plays

an important role in these reactions.

The electrochemical methoxylation of benzodioxane has

been shown to yield the trans-fused o-quinone diketal.

The mechanism of formation of p-benzoquinone diketals
from anisole, 1,3-, and l,2-dimeth0xybenzen¢ has been
shown to most probably involve a radical abstraction

mechanism,

The Kolbe reaction carried out in the presence of 1,4~
dimeﬁhoxybenzene has been shown to yield the substitu-

tion product, 2-acetoxy-1l,4-dimethoxybenzene.

Electrochemical methoxylation of guaiacol has been
shown to yield a methoxylated biphenyl with no ketal

properties.




 foiiats

9.

10,

11,

12,
13.

0156-

BIBLICGRAPHY

K. Faraday, Pogg. Ann., 33, 433 {12834).

H. Holbe, Ann., 69, 257 (1849). |

A. Wurtz, Ann. Chim Phys.; 4k, 291 (1855).

Ae CrumeBrown and 0.d, ¥alker, inn., 261, 107 (1391),
. Holer and M. koest, Ann., 323, 285 (1902).

Po #lchter and W, Siegrist, iolv, Chin, Acta,

15, 698 (1932), | '

F. Pichter and A. Burgin, Helv, Uhim, Acta, 14, 90
(1931}, -

f. Fichter and O, leupin, iHalv, L.him. Acts, 21, 616
(1938),

A. Krails and ¥, Schanszer, Y. physikal, Chen,, 1

301 (1942),

B.C.L. Weedon, Advances in Organic Chemistry_: Hethods
and Resulus, R,4, Raphael, X.C., Taylor, ., Wynbarg,
Editors, Interaclence Publishers, Ine,, New York, 1960,
Yol. I, p.l,

B.L. Vansetti, Atti M. Accad, Lincei, 17, 331 {1398);
ibid, 16, 79 {1907).

J. Walker and J.K. Wood, J. Chem, Soc., 89, 592 (1906).
J. Petersen, Z, Electrochen, , 12, 711 (192},




14,

5.

16,

17.

18,

19,

20,

21,

23.

2,

2%

26,
27.

w Yo7 =

§f. Flchter and H, Stenel, Helv, Chim, Acta, 17, 535
(1534), “

R.i. Linsvead, B.R. Shepherd, and 5.C.L. weedon,

Jo Chen. Soe., 2854 (1951},

R.P. Linstead, B.R. Shepherd, and B.C.L. Weedon,

Jo Chem, 3oe,, 3624 (1952),

A.J. van der Hock and W.T. Hauts, Rec. trav. chia.,

61, &45 (1942),

He Breederveld and E.¢. Ecoyman, Rec., trav, chim, ,

28y 297 (1957).

L.F, Fleser, R.C. Clapp, &nd W.H. Dandt, J, dm, Cheanm,
Sac., 84, 2052 (1942).

£.d. Corey, K.L. Bauld, R.T. lalonde, J, Casanova,dr,,
&d E.T, Eelser, J. Aw, Chem., Joe,, §2, 2645 (1960).

C. Schall, Z, Electrochem,, 3, 83 (1396).

#o Flechter, Trans. Llectrochem, 3oc,, 75, 309 (1939).

S« Olasstone and A, Hickling, J. Chem. Soc., 1578 (1934);
ibid, 820 (1936).

K. Clusiis and P, Loleman, Z, Phyaik., Chem., B, 35, 261
(1937).

£. Clusius and W, Schanser, %, Physlk. Chem, A, 392, {
223 (1943},

B.E. Conway and M, Degieciuch, Can, dJ, Chem., 41, 21 {1963).
T. Dickinson and W.F.K. ¥ynne~.Jones, Trans, Paraday Soe,,
58, 382 (1962). |




28,
29,
30.
31,
3z,

33.

35,

36.

38,

39,

w 148 -

8, Claugon-Kagss, F, Limborg, and J, Fakstrop, Acta
Chom, Ocand., 2, 109 {1948).

K, Clauson-kaag, i, Limborg, and i, Clena, Acta Cheom,
Scand., §, 531 (1952),

Hode Allen; Organte 'Elcct._roda Processes, Reinhold,

Hew York, 1958, p. 163,

K, Clauson-;aaaa and F, limborg, Acta Chem, Scand., 6,
551 (1952).

H, Clauson.kaas and Z, Tyle, Acta Chem, Scand., 6, 962
(1952),

N. Elming, Advances in Crganic Chamistry: Kethods and
Results, R.A. Raphael, E.C, faylor, H. ¥Wynbery, Lditors,
Interacience Fublishers, Inc., lHew Tork, 1960, vol, i1,
pe 67.

He Clouson-Kaas and K, Slming, Acta Chem, 'Scand., 9,
23 (1955},

JuH, Birkinghaw, i.R. Chambers, and H, Reistrick,
Blochem, J,, }_@_,'l2k2 {1942),

KHedo3s Dewar, Nature, 155, 50 (1945).

A, Eschenmoser, ¥, Lolmgmber, M. Pesaro, and P, Schudell,
Angew, Chem., 71, 637 (1959).

L.Zs Van Tamslen, J.i. Spencer, U,S. Allen, and R.L. Avlg,
de Am, Chem, Soe., 81, 6341 (1959).

B. Bslleau and J. Burba, Biochim, Blophys, Acta, 54,
195 (1961).




b7.

48,

49,

50,

W, von B, Doering and L.H. Knox, J. An., Chem, 3nte ,
26, 3203 (1954). | h |

Jdod. Drysdale, W.W., Gilberc, H.K. 3inclair, and

WoH, Sharkey, J. Az, Chom, Soe., 30, 245 (1952);

ibid, 3672 (1958).

W.5, Parham, R.W, Soeder, and N.34, Dodson, J. Am, Chem,
Soc., Bk, 1755 (1962},

A.d, Bireh and J.M.H. Graves, Pree. Chen, Soc., 282

- (1962},

T, Homoe, T, Mukal, and K. Takase, Sci. Rep. Tohoku
Univ. Jer. I, 33, 164k (1956); C.i., 51, 73Y6¢ (1957),
Y. Nogzoe, T, Mukat, J, Mineglehi, and T. Fujisawa,
Sci. Rep. Tohoku Undv, Ser. I, 37, 3828 (1954); C.A.,
49, 8236h {1955), ,

C.L. Chapman and P, Fitton, J. Az, Chem. 30¢., 85,
41 (1963). ‘

N. Clauson-Ksas, N, Elming, and J.T. Kielson, Acta
Chem, Scand., 9, 9 (1955).

H.E. Simnona and R.D. Smith, J. Am. Chem, Soe., #1,
4256 (1959),

HoM. ¥Walborsky and F.M. Hownyek, J, Az, Chem, 3oc.,
72, 6O26 (1955).

W.E, Parham and B.E. Schweizer, J, Org. Chem,, 24,
1733 (1959).




oL,
524

33

54

55

7.

58,

Y.

61,

62.

63,

- 150 =

Ge Wittip and K, Eic!ﬂarzenbach, Amn. , £50, 1 (1961).
vels Sheehan and b.M. Bloom, J, Am, Cheu. Soc., y I
3825 (1952),

W, von &, Dosring and W.A, Henderson, Ja,Am, Chem,
3oc. ) 80, 5274 (1958). |
Sele Koch, R.its Kluss, D.V. Loplekes, and R.d. Wineman,
Je Urg. Chem., 26, 3122 (1961).

8, Uhiunoporcs, Chew, Rev., §3, 235 (1963},

L. Yargha, J, Ramonczal, and », iive, J. Am, Ches,
Soce y 70, 371 (1948},

Bede VOYEy angd k. Chaykovsky, J. As. Chow, Soc.,

3k, 3742 {1962). "

Aoi’e Junlop and ¥.H. Peters, The Surans, Wwinhold,
Sew York, 1953, pe $59. |

B, Huller and AJ#Y, Miro, o, Blectrochesm., 27, Db
(1921},

T.U. Favela, 4an, Acad, 3¢i, Fennlcaze, Jer, A II,

Hoo 39y &7 (1954); Cotey o8, 15559d (1955).

&, Kncevenagel and C, duckel, ler, deut, chom, Gessll.
24, 3993 (190L).

., Pusierer, U, ochmlduils, and b, Seifsrt, Cnen, 261%,
85, 535 (1952},

Jeds Pople, Ww.0. dchnelder, and ii.J. Bernstein, iighe
Resoluticn luclear Maognetlic Resonance, Melraw-iilll,

tiew York, 1959.




Gy

65.

&6,

67.
68.

69,

70,

704,

7l

72,
73

The
75.

w 151 -
Le¥o Jackman, Application of Huelear Hagnevle

forgason Press, Hew York, 1959, p. $5.

Lo5. Ioffe and A.F. Jukhina, J. Sen. Chem,, UeS,5.R4,
23, 1370 (1953}; Cude, 43, 6321 {1954). |

ile Booker, L.K. Evana, .and A.t, Gillam, J. Chem, Soc,.,
1453 (1940).

L. Horner and H, Lang, Chem. Ber., £9, 2770 (1956).

A. Ploner, Chem. Ber,, 5, 147 (13872),

doTy Fanning and il.4, Stassdury, Jr.,; J. Urg. Chem,,

26, 3755 (1961). _

DeT. Manning end H,A., Stansbury, Jr., Je ﬁrs;.. Chem, »

28, 1672 (1963). _

Reks Linatead, J.A, Elvidge, F. Sima, end B.A. Orida,

Je Chem. 30¢,, 2235 {1950). '

Jo Nusher and R,E. Richards, Proe, Chem, Sog., 230
(1958). | |

B.A. Bohz and F.I. Abell, Chem, Rev., 62, 599 (1962},
CeL. Wllson and 7., LHayashl, Abgtracts of Papers Presented,
126th #eeting, Am, Chem, 30¢,, Lew Tork, 1954, p. 78 « G,
JoKo Knchi, Tetrahedron, 13, 433 (1962).

G. 3osnovsky, J. Urg. Chem,, 25, 374 {(1960).

T




76.

7.

73

79

81,

82,

- 152 -

J. Seyfarth, RJd, Hinaz, A.d,=i.Treiber, J.i. Hurliteh,
and S.R. bDowd, J. Grg. Chem., 24, 1163 (1563).

Hetre Gchwolger aud W.E. Parham, J. Am, Chew, Soe,,

82, 4035 (1960).

He lund ahd J.'Bjermm,-m:*. deut, cheni. Cesell.,

Gigs 210 (1931).

Jo¥. Heid and 4. Levine, J. Urg. Chem., 13, 409 (19468},
F.#, Paters and R. Flacher, J. 4m. Chem, Soc., 52,

- 2079 (1%30).

HNe ClausonekLaas; L. Elming, . Hedonskov, and

JoF, hielgon, Acta Chem. ucand., 9, 17 (1953).

T.R. Govindachari, i, Hagarajan, and ».C. Farchasarathy,
Jo whem, S0c., 550 (1957).

fhe J. Ue soer and H.Jd. Backer, Rec. trav, chima, 73,
R29 (1954); Sedes i¥, 53481 (1555). |
duclear-Chiicago lecuntical Zullesin liv, 11, Xucleare
shicage Corporation, Illinois, 1$62, :

Ce de Corral, Rev. realacad. cienc. sxact.,, fig. ¥y
nat, Madrid, 51, 103 (1957); C.A. 52, 72571 (1933).
2, Adler and @, iMagnueson, Acta Chenm. Jeand., 13,

505 (1959). ’

Jeds tlvidge and L.k, Jackman, Proc, Chew. 90¢, s 49
(1959}

¥o Heyer, Aan., 373, 48 (1911).

l.4. sobrowssy, sounatsh,, £2, 122 (1951).

G, Clamietan and P, Silber, Ber, deut. chem, Cesell.,
2h, 2602 (1391),




