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GERER.ll.L INTRODUCTION 

Unlike the hydroxy derivatives of benzene, which 

are comparatively stable, the hydroxy derivatives of furan 

are unstable and tautomerize more or less completely into 

keto forms. For this reason the preparation of ethers 

and esters of hydroxyfurans presents special problerr~. 

As part of a search for general routes to these compounds, 

Baramki (1) studied the reactions of arylithiums, including 

~-furyllithiums, with dialkyl peroxides as a means of 

fornûng ethers, and Samad (2) studied reactions of diaroyl 

peroxides which resulted in the introduction of aroyloxy 

groups into aromatic nuclei. In Part I of this thesis 

are described experiments designed to complete various 

aa.»•~ts of the work initiated by Baramki and Samad. The 

most important result emerging from these studies was the 

discovery that good yields of methyl ethers could be 

obtained rrom the reaction or organolithium compounds 

with methyl t-butyl peroxide. In Part II this reaction 

was applied to the preparation of several ~-methoxythio

phenes, compounds which have hither to been, like ~-methoxy

rurans, relatively difficult to make; and the spectral 

properties of these compounds have been studied. 
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Part I 

Introduction of Oxygen Functions into .A,ron;atic 

Nuclei Using Peroxides 

Historical Introduction 

Reactions of organometallio compounds with dialkyl peroxides 

In 1925 Gilman and Adams (3) reported the reaction 

between Grie;nard reagents and a num.ber of organic peroxide 

inoluding diethyl peroxide. They found that neither 

succinyl peroxide nor triphenylmethyl peroxide underwent a 

reaction with Grignard reagentst* but that both benzoyl 

peroxide and diethyl peroxide reacted according to the general 

equation: 

R - 0 - 0 - R +li.' 11gX----:;;. R - 0 - R' + RŒ,;:gX ( 1} 

In the reaction of diethyl peroxide with phenyl

magnesium bromide' relatively lar~~e e.mounts of biphenyl 

(301h) were obtained along with phenetole (347b}. 

Campbell et al. (7) exwained the reaction between 

di-!-butyl peroxide with phenylmagnesium bromide and some 

JiFor simplici ty and convenience we shall usually repl~esent 

the Grignard reagent oonventionally as Rt:gX, although the 

work of Dessy et al. (4,5,6) shows that in diethyl ether it 

is most plausibly represented as 
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a1iphatic Grignard reagents. They found that phenyl-

magnesium bronlide and t-a1ky1 Grignard reagents fai1ed to 

react with the peroxide, whi1e t-buty1 ethers were obtained 

with primary and secondary a1iphatic bromomagnesium com-

pounds. 

Recent1y, Lawesson and Yang (8) described a rather 

sinü1ar reaction between t-buty1 perbenzoate and Grignard 

reagents from which 1-buty1 ethers were obtained. 

PhC0-0-0-But + RMgX ----::::-::.RO-Bu t + PhCO-~ .. :gX {2) 

TABLE I 

Nature and Yie1ds of Products from Reaction of 

R 

C8H5-

~-ÀI~eo. c8H4-

Dirnethy1 Peroxide 

(a} Wi th R Li 
R-R 

R01:e (% Yield) (% Yie1d) 

62 19 

45 20 

~-C8H5.C8H4- 85 11 

2-C10H7- 21 30 

2-fury1- 49liiE :iElEiE 

iE Reaction not tried 

( b ) ;n th ru~:g.x 
R-R 

ROlLe (% Yie1d) (% Yie1d) 

82 20 

4'7 28 

53 trace 

_:H: -:iE 

EEProduct showed s1ight contamination with a1iphatic material 
xx~Product not iso1ated 
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Baran~i (9} applied the reaction of Gilman and Adams, 

using dimethyl peroxide {10), to the preparation of various 

aromatic ethers. This peroxide gave higher yields of 

ethers, and lower yields of coupling products of the 

Grignard reagents, than did diethyl peroxide, as shmvn in 

Table I. 

The reaction of organolithium in place of organe

magnesium compounds with~rneth3lperoxide was studied by 

Baramki ( 9) , since the former compounds are often more 

easily prepared. The yields of methyl ethers using 

organolithium compounds were virtually the same as when 

the Grignard reagents were used (Table I). 

mechanism of the reaction was proposed by Bararr~i. 

P~though organometallic compounds are generally considered 

to react by ionie mechanisms (11, 12), free-radical 

mechanisms have occasionally been postulated (13). Hence, 

Baramki (9) tried to compare the reactivity of dimethyl 

peroxide towards a free radical and a carbanion, using 

triphenylmethyl radical and triphenylmethylsodium. In

frared examination of the products showed that only the 

latter gave methoxytriphenylmethane: 

Ph3d';~ 9- f6r,~e -->~ Ph3C - Olvi.e + li.eOe 
!ée 

(3) 
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although it pro~ed impossible to isolats the ether in 

crystalline form. The reaction of organolithium and 

organomagnesium compounds also probably involves a 

nucleophilic attack on the peroxide linkage; many per

oxide reactions involve such a mechanism. (3, 8, 9, 14a). 

This may involve a preliminary coordination of the metal 

atom by the unshared electrons of the oxygen as is well 

known to happen with ethers (14b}. 

Me lv:e Me Me Me Me 
\ 1 \ / \ 

+ 
1 

0 - 0 o-·-o > 0 0 
/ 

(Îj / t / \ / 
/ 

Li Li R Li R 

~R I 

(4) 

Such a coordination would facilitate the formation of an 

ionpair (I) which then reacts as shown in eg. 4. 

While the reaction of dimethyl peroxide with organo-

magnesium and organolithium compounds appears to be of 

general applicability, dimethyl peroxide is a very ex

plosive and hazardous material to use. 

Consequently, in this thesis the use of the relatively 

non-hazardous peroxides, ruethyl !-butyl peroxide and di

!-butyl peroxide, was investigated. 
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Reactions of organometallic compounds with alkyl hydro-

peroxides 

JQkyl hydroperoxides have an active hydrogen atom, 

and so will react with one mole of Grignard reagent to 

form the magnesium salt of the hydroperoxide (II}: 

ROCH + R '~•igX -->::;:.. R-0-0-l.igX + R 'H 

II 

A second œole of Grignard reagent might be expected to 

attack the peroxide linkage of (II) to give either the 

ether (ROR'} or the magnesium salt of the alcohol 

(R' OivlgX) , according to which oxygen of the peroxide is 

m.ore susceptible to attack by a nucleophile. In the 

(5) 

event, it is the oxygen attached to rragnesium which, for 

electronic or steric reasons, is attacked: 

R/ OMgX 

1 tf 
lùgX OR 

R'OMgX + ROAigX (6) 

This reaction gives a convenient method for con

vertin.:s a Grignard reagent to an alcohol. It ;..vas 

employed by Hurd (15) in 1953, who studied the reaction 

of tetralin hydroperoxide with the IX, -thienyl Grignard 
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reagent. He included a suitable aliphatic Grignard 

reagent to convert the hydroperoxide to its magnesiuru 

salt. The reaction produced low yields {5%) of 2-thienol. 

Q-N.g-Br 
H OOH~ 

i-C~7:ti:gBr + ~ 1j J Hydrolysis 
;__------~~~~~ l( 011~Br -------~ 

s 

CJcH (7) 

The reaction has also been studied by Walling and 

Buckler {16) and more recently by Lawesson and Yang(S), 

who used !~butyl hydroperoxide with aryl or alkyl Grignard 

reqgents. Excellent yields of phenols or alcohols were 

obtained. 

In order to achieve maximum utilization of the 

Grignard reagents, the magnesium salt of t-butyl: hydro

peroxide, prepared from equimolar quantities of ethyl

magnesium bromide and 1-butyl hydroperoxide, was employed 

as an oxidant and was found to be effective. Bromobenzene 

was converted to phenol by the method in 80% yield. A 

number of a.r.yl halides and neopentyl bromide were converted 

to phenols and neopentyl alcohol in this way. The re

action of Grignard reagents with t-butyl hydroperoxide 
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is particularly useful where direct hydrolysis of the 

halide is difficult or is complicated by side reactions 

such as ellmination and rearrane;ement. 

Reactions of ore;anometallic compounds with oxygen 

A familiar property of Grignard reagents is their 

rapid reaction with molecular oxygen, a reaction first 

investigated by Bodroux (17) and Bouveault (18} in 1903. 

The yield of alcohols from aliphatic Grignard reagents 

is generally good (60-907~) but yields of phenols from 

arylmagnesium halides are l~Ner (10-22%). 

The first information concerning the path of the 

Grignard rea.gent-oxygen reaction wa.s obtained by Wuyts 

(19, 20), who found that oxidized solutions of ethyl

magnesium bromide in ether-toluene solution liberated 

iodine from acidic KI solution and postulated an inter

mediate peroxide to explain his observation. Solutions 

oxidized at 0 and -70°, gave peroxide values of 0.7-6%, 

with the best results being obtained at -70° and 

relatively high dilution. Solutions of phenylmagnesium 

bromide gave less than 0.2% peroxide even under these 

optimum conditions. With this evidence in mind, Porter 

and Steele (21) have proposed magnesium salts of bydro

peroxides as intermediates in the oxidation: 



rutgX + Oz > ROO:rt~ 
R001.:gX t RMgX 2ROMgX 

(8) 

(9) 

In 1953, Walling and Buckler (lô) showed that by 

slovlly adding a dilute ethereal solution of an alkyl 

Grignard reagent to ether saturated with oxygen at -?50 

("inverse oxidation"), a high yield of peroxide could be 

obtained (e.g. 1-C4H9~~Cl: 91% yield by titration, 8Z% 

isolation of the hydroperoxide after hydrolysis). 

The group R could typically be ethyl, benzyl, 

cyclohexyl, Z-octyl, t-butyl, or 1-pentyl. The reaction 

has since been used for preparation of a number of other 

hydroperoxides and affords what is probably the easiest 

method for preparing small amounts of simple primary and 

secondary alkyl hydroperoxides. 

Aryl Grignard reagents give evidence of the formation 

of peroxides at low temperature (a maxin1um of 9.3 per 

cent, from p-bromophenyl magnesium bromide); however, on 

war.ming, a deep colour develops at -zoo, and from phenyl

magnesium bromide, phenol (together with a little diphenyl 

and .~-methyl benzyl alcohol) is isolated (lô,ZZ). It 

appears that an aryl peroxide, ArOOMgX, is initially 

formed, for which there is good reason to expect that an aryl 
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peroxide would be relatively unstable, sinoe scission 

of the 0-0 linkage should yield a ooloured phenp%y . 

radical, CsH5-0, whioh is stabilized by resonance with 

the ~ electron system of the aromatio ring. The resonanoe

stabilized aryloxy radioals should then be the preoursors 

of the observed produots (16). 

Walling and Buokler (16} suggested the following 

meohanism for the forr~tion of the hydroperoxide: 

R lv~X 
\ / 

---~c-o 
(10) 

Other meohanisms have been suggested for this step. 

J!.ioleoular oxygen is a diradioal, and autoxidation pro-

cesses in general appear to be radical reactions, in-

velving either a ohain prooess, yielding hydroperoxides, 

as in the autoxidation of hydrocarbons (23) (eq. 11), or 

electron transfer as in the autoxidation of the anions 

of hydroquinone (eq. 13}, (24), in which oxygen is reduced 

to H2o2• 
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--~ROO• 

-----7) ROOH + R• 
R--AR + :QR RVR 02~ 1 1: + 

OH 

Grignard re agents participa te in 

cal :processes (11, 12' 13) (eq. 14). 

R· + •kgX 
__ ___::,. ru.:gx R-

The autoxidation of the anion of 

(11) 

(12) 

(13) 

both polar and 

l~~x+ (14) 

radi-

2-nitropropane has 

been studied by Russell (25), who postulated an inter-

rr~ediate hydroperoxide anion, formed by a chain process 

involving electron transfer and suggested a sirr~lar 

mechanism for the reaction of Grignard reagents with 

oxygen (e~. 11, 15}. Doering and Haines have investigated 

R-0-0•+ R- ---"'!~>> ROO- (15} 

the alkoxide ion catalyzed autoxidation of ketones and 

esters, concluding that the enolate ion is the reactive 

species, and that an intermediate hydroperoxide anion 

decomposes to the isolated produc ts. However, they do 

not attempt to resolve the question whether the initial 

reaction follows a radical or polar path. 
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In the aryl Grignard reagent-oxygen reaction, the 

yield of phenol (at -20°) is increased from 4? .076 to ?4% 

if the phenyl magnesium halides is autoxidized in the 

presence of 1 or 2 mol. respectively of an alkyl Grignard 

reagent (16, 2?). The function of the additional alkyl 

Grignard reagent is not certain, and two speculations 

have been postulated. Ivanoff (28), Lawesson and Yang (8) 

and ~!ialling and Buckler ( 16) have suggested that the 

reaction follows the route shown in eq. 16. 

RMgX f 02 -->~RO. 01J.g..'C. Ar1+gX > RO•A;g:x: + ArO•Kg:X: (16) 

They believe that the alkyl Grignard reagent in the 

mixed reaction is peroxidized first to an alkyl hydro

peroxide which is reduced subsequently by the aryl Grignard 

reagent. Alternatively, Wuyts {20) suggests that the 

aryl Grignard reagent is peroxidized first to an aryl 

hydropero:x:ide which is reduced later by "the more reductive" 

alkyl Grignard reagent in eq. 1?. 

(l?) 

Although phenyl hydroperoxide bas been postulated as an 

intermediate in the oxidation of phenyl magnesium bromide, 

as mentioned above, various attempts to isolats the 
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apparently unstable aryl hydroperoxide have not been 

successful (16). Kharach and Reynolds(27) have extended 

Ivanoff's study on the oxidation of alkyl-aryl Grignard 

reagent mixtures, and have reached conclusions similar to 

th ose of Wuyts (20). 

Simple alkyls of the alkali metals inflame in the 

air, but by controlled autoxidation good yields of 
.. -

alcohols can be obtained. Muller and Topel (29} assumed 

that the oxidation of organolithium compounds also pro

ceeded through an intermediate peroxide. This was proved 

by 'Nalling and Buckler (16} for the oxidation of B:

butyllithium. 

They showed by titration that the"inverse oxidation" 

of n-butylli thium at -750 gave a 36% yield of peroxide. 

Phenyllithium (like phenylmagnesium bromide) gave 

phenol in poor yeild, {29, 30) together with other pro

ducts such as diphenyl. However, with an aliphatic 

peroxide, tetralin peroxide, phenyllithium gave phenol 

(95%) and tetralol practically ~uantitatively (15, 29). 

Since the yield of phenol is increased when the 

phenylmagnesium halide is oxidized by molecular oxygen 

in the presence of 1 or 2 mol. of an alkyl Grignard 

reagent {16, 27), in this thesis the possibility of 
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inoreasing the yield of phenol by oxidation of a mixture 

of aliphatio lithium and aromatio lithium was investigated. 

tl -Furanols 

Hurd applied the KharaeChand Reynolds (27} method 

to make ,X-thienol. The synthesis of .X-thienol involved 

the oxidation of a Grignard n~ixtures of 2-thienylrr...agnesium 

bromide and isopropylmagnesium bromide, the yield being 

about 25% of the theoretioal. 

oleg Br 
s 

-02"'---->~ 0 OY.gBr 
hydrolysis 01 

> OH 
$, 

(18) 

In investigating the oxidation of aryllithium oompounds, it 

seemed worthwhile to extend our studies to the oxidation 

of a -fury lli thi um (III) , a compound readily availa ble 

by metallation of furan with n-butyllithium. This would 

be expeoted to yield the lithium salt of LX -furanol (IV}, 

OLi > OOLi ~oOE >Oo 
III IV v VI 

tThCOCl 
l 

OoccTh (Jo 
0 

{19) 
VII 
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which on acidification could yield the furanol (V) which 

would be expected to tautomerize to the more stable un

saturated butenolldes (VI) (VII). The last compound {VIIJ. 

has been prepared by Smith and Jones (31) as follows: 

heat > v 
VII 

No OH band was found in I.li.. spectrum, which makes 

doubtful the existence of the molle form (V). 

(20) 

The synthesis of tl -furanol (V) has been claimed by 

Hodgson and Davies (32}, by heating 5-sulfo-2-furoic acid 

with concentrated, aqueous sodium hydroxide in the 

presence of a small amount of potassium chlorate {eq. 21). 

The product was described as a colorless crystal1ine solid, 

m.p. 80°, which turned brown on keeping and resinified 

wi th great ease. Hodgson and Davies (33) also claim to 

have nitrated the compound with a nitric-sulfuric acid 

mixture to obtain 5-nitro-2-furanol (VIII). This was 
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Q-OH 
v VI 

f2S0éi:IN03 

0 Zn+HCl ()1 
0 N OH ~ N- -OH 

2 0 2 
VIII IX 

VIT 

(21) 

reduced to 5-amino-2-furanol (IX) by dissolving it in 

alkali, then adding the salt to zinc and hydroohloric acid. 

~îe preparations claimed by Hodgson and Davies (32) 

are quite doubtful in view of the usual instability of 

furans in the reagents employed. 

Reactions of organometallio compounds with dibenzoyl 

Jieroxide 

Gilman and Adams {3) observed that the reaction of 

benzoyl peroxide with the Grignard reagent gave benzoate 

esters in about 30% yield. They put forward the following 

equation: 

(22) 

Sa~~d (34} investigated the reaction of four Grignard 

reagents with dibenzoyl peroxide and obtained 15-44% yields 
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of benzoate ester and 102-160% yields of benzoic acid. 

He found the yield of phenyl benzoate to be depressed by 

the addition of magnesium bromide to the Grignard reagent. 

Phenyllithium reacted with dibenzoyl peroxide to give ?1% 

of triphenyl carbinol and 10% of phenol {isolated as 

tribromophenol). These compounds are probably formed from 

phenyl benzoate initially produced: 

PhCOOPh t PhLi ----:z:,, PhCOPh + Ph OLi 

JPhu (23) 

Ph3COLi 

The yields of benzoic acid were abnormally high in 

all reactions. Partial hydrolysis of the unreacted benzoyl 

peroxide had been suggested by Gilman and Adarr~ to account 

for the formation of the excess benzoic acid. Lawesson 

and Yang (8), in a paper published after Samad's work, re

investigated the reaction using purified benzoyl, peroxide 

and phenylmagnesium bro:r:lide prepared from sublimed magnesium, 

and found that benzoyl peroxide was completely consumed at 

the end of the reaction. Thus, the abnormally high yield 

of benzoic acid oannot be derived from the unreaoted per

oxide. In addition to phenyl benzoate (35%) and benzoic 

(12?%) based on equation (22), whioh were obtained in 
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substantial1y the same yields as reported previously, a 

new product, bromobenzene (21~~) was is olated. Since the 

Grignard used was free af bromobenzene, bromobenzene must 

be a subsidiary product during the reaction. Although 

the reaction of ethy1magnesium bromide with benzoy1 

peroxide yielded no gaseous product, but ethylbenzoate 

(35%) and benzoic acid (145%), it is possible that ethyl

bromide was produoed 1ikewise, and owing to its similar 

volatility with respect to ether, it esoaped isolation. 

This possibility was substantiated as the ether reoovered 

was shown to give a positive Beilstein test for ha1ogen. 

According1y, a mechanism is postulated to account for 

the forn~tion of these products whioh is in fair agree

ment wi th the observed stoichi.ometry. 

RBr + Mg > R2Mg • MgBr2 

lv..gBr2 + ( C6R5COO) ( C6R5 COO )2 r:..g +Br2 (24) 

-~R2]l.g + (C6R
5

COO ) 2 > C6H5 COOR + i(C6H5 -C00) 2 11:g {25) 

i;R2Mg + Br2 RBr + i ];:gBr2 (26) 

Equations 24 and 26 aocount for Samad's observation that 

addition of magnesium bromide depresses the yie1d of pheny1 

benzoate. They also suggest that the substitution of 

phenylmagnesium ch1oride for phenylmagnesium bromide might 
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conceivably result in higher yields of phenyl benzoate, 

since magnesium chloride is less likely than magnesium 

bromide to be oxidized by dibenzoyl peroxide to magnesium 

benzoate and free halogen. Consequently, in this thesis 

are discussed a few reactions of organomagnesium chlorides 

and iodides with benzoyl peroxide. 

Friedel - Crafts Reactions of Aromatic Compounds with 

Diaroyl Peroxides 

A general n~thod for introducing the benzoyloxy group 

directly into an aromatic nuclei was suggested by the re

ported reaction of benzene with dibenzoyl peroxide in the 

presence of aluminium chloride. Reynhart (35) claimed that 

in the presence of aluminium chloride benzoyl peroxide 

reacted with benzene at aoc to give a 90% yield of phenyl 

benzoate and 92% yield of benzoic acid: A possible 

mechanism for this reaction would be: 

..UCl 
3 n 

P.h _"-8 - 0 - 8 - Ph ---;...Ph - g - 0 - AlCl:+ 

pol?h 

ô(2/ 
1 ... 
f -H 

0-COJ?h 

6 
[27) 
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A siw~lar mechanism has been postulated by Br~;n and co

workers (36) in the Friedel-Crafts benzoylation of benzene. 

At higher temperatures the yield of ester was said to drop 

and the amount of diphenyl for.med to increase (35, 37). 

However, in carrying out this reaction at 0-5°, Samad (38) 

obtained much lower yields of phenyl benzoate which did not 

seem to be much affected by temperature. Furthermore, the 

compound was obtained when solvants other than benzene 

were used, seemingly from the overall reaction. 

(28) 

The investigations of Leffler (39) have shawn that in 

the presence ofBrpnsted acid catalysts the ionie fission 

of the peroxide linkage in unsyrurùetrical diaroyl peroxides 

is favoured. 

0 0 0 

0 Il llo·\.\ soc12 0
11 ŒJ 

CH3 -0- -C-0-0-C If_' N02-----=>~ CH3 o ._ '\ C-0 

x 

CH 0-Q-8-8 --------?-CH 0- o-~ 0-g 
3 x- 3 xr- e7 

0 
e Il 
o-cONo2 

(29) 

(30) 

cH3o-Q-o-~ + ~-g0No2---->~cH3oOo-8-o-80r;o2 
(31) 
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Denney (40) has shawn that during bond breaking of 

the 0-0 linkage the p-methoxyphenyl group migrates specifi-

cally to that oxygen which is developing the positive 

charge i.e. a concerted process is taking place, and the 

free oxygen cation (X) is never for.med as an interlliediate 

in the reactions. This was dona by using a compound labelled 

with o18 in the anisyl carbonyl group as shONn: 

x ::a 

cH
3 
oOoH t o2NOcooH 

(32) 

{33) 

The labelled peroxide(XII) was rearranged in thinnyl chloride 

to the labelled carbonate (XIII). Basic hydrolysis of 

(XIII) provided p-methoxyphenol which contained no excess 

oxygen -18. The only conclusion that can be drawn out of 
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this result is that the excess oxygen -18 never entered 

into the p-methoxyphenols. Since both oocygens of the 

cation (X) are equivalent, if it bad existed one would 

expect 50% of the excess oxygen -18 to be in the p-

methoxyphenol. 1~ explanation which is consistent with 

these findings is that a concerted shift of the p-methoxy

phenol occurred as the 0-0 bond broke (XIV XY). 

~ 

0 , a . J-
CH © ... , 1 -~ 0 ._.. '· ~ ... -. -

3 ··-" '',0',, 

Q ~:t 0 . 
C-Q-No2-->~CH 0- o~ -0-v-0-C- o~ -NO 

3 - - 2 
(04) 

:X: IV 

It seerrs probable that in the presence of the much more 

powerful Lewis acid, aluminium chloride, promotes the ionie 

fission of the peroxide linkage of even syrr~etrical aroyl 

pero:x:ides. The electron deficiency of the developing oxygen 

cation may then be relieved either by synchronous migration 

of an aryl group (40) (route a) to give the aryloxyformyl 

cation (~{VIII), or by synchronous electron donation from 

an external aromatic nucleus (XVII) (route b), after the 

fashion of many Friedel-Crafts acylations (36). The latter 

route was found by Samad (38) to be possible only with 

highly reactive aromatic nuclej_ t.n.J.ch as 1, 3-dimethoxy-

benzene. 
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a .,. 1 
---- AlC1 ---..:;,.o= c--o 

3 

i:.:r 1l:x 

+l 1 r-

i 
0 -C=O---A1C1 

3 
XI .X: 

J>:r lu: 
1 1 

1'o1 -- C - O---..:UC13 \.. t?" 1 <E-( ~ 
0\r C= O---i..lC1 
1 1 

3 
C0--0 

I.:r 
1 
0--

C0-0 

JOC 
Carboxy1ic

carbonic anhydride 

{35} 

Recent1y, Denney and '1eiss (40) have rer~orted an 

oxy -18 tracer study of the formation of pheny1 benzoate 

from benzoy1 peroxide, benzene and a1uminum ch1oride. The 

benzoy1 peroxide v1as 1abe11ed 'Ni th oxygen -18 in the carbony1 

positions. The ana1ytica1 data showed tl1at practical1y 

none of the oxygen -18 was found in the ether oxygen and 

a1most all in the carbonyl oxygen of the phenyl benzoate. 

The se re sul ts coïncide with the ntechanisnL, gi ven in San:..ad' s 

thesis (38), as shown: 
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J:œa J.':.X 
1s 1 > r 

o = d - o - o - c = o18- - - .Al Cl -'-' -----=a=------=:;,. 
3 

+Ar 
l:rvc-0 

1 
ilX .Ax Ar .Ar 

XXIII - ~ 16 
0-C = 0--- -.Al Cl 

1 1 ~ ~~~~ 
+o -- C - 0--- AlCl ~<--- 0 /' C=ol8 ___ ·.A1Cl 
~, ./ 1 18 3 1 1 3 

1- 0= c 0 
o=C -- o 1s 
18 

-co 
2 

XX:VIII 

:C'CVII 
~::xvr 

(36) 

The heterolysis of the :r-e roxide linkage leading to 

phenyl benzoate {route a) probably receives anchirneric 

assiste.nce from the mierating phenyl group. In case of p, 

p-dini trobenzoyl peroxide, the p-ni trophenyl grou:p has 

less mig.ratory aptitude because of the electron with-

drawing properties of the nitro group, so that in this 

case route {b) rLtight compete successfully wi th route (a). 

3 



25 

This expectation was realized when surficiently reactive 

arornatic cor.1pounds were us ed as sol vent in the reaction, 

direct substitution of the ~-nitrobenzoyloxy groups into 

the solvant molecule taking place. These results were 

reported by Samad (38}. It was obvious from the 54-??% 

yields of :p-nitrobenzoic acid that competing reactions were 

taking place, since the maxinlum yield of this acid can be 

only 50% if the reaction path is defined by equation{3?): 

(3?) 

~cidation of solvant molecules to biaryls could give p

nitrobenzoic acid in a maximum yield of lOO%; hrnvever, in 

no case were biaryls isolated. 

The aluminum-chloride-catalyzed decomposition of the 

unsyrùffietrical p-ni trobenzoyl pero:::cide was interesting. The 

reaction product should be determined by the rates of two 

competing reactions (a) and (b). 

:ca:r (38) 
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Reaction (a) should be favored by the greater basicity of 

the benzoyl carbonyl group, and hence by a greater con

centration of the complex (XXIX) than of (:X::X:X:); on the 

other hand, the heterolysis of the latter should take place 

more readily because the anchimeric assistance of a phenyl 

group is superior to that of a p-nitrophenyl group. In 

the event, the latter affect is predominant, as evidenced 

by the isolation in 81% yield of phenyl p-nitrobenzoate 

(:cx:x:II), but of no p-ni trophenyl benzoate (XXXI), wh en the 

reaction was carried out in methylene chloride. The 

altrnûnum-chloride-catalyzed decomposition thus f~llows the 

rearrangement pattern found by Leffler (39, 41) for the 

uncatalyzed decomposition of unsyrumetrical pe roxides. A 

small yield (125b} of p-nitrobenzoic acid probably came 

from the anhydride, produced by the reaction (39): 

(39) 

In benzene and in nitrobenzene the catalyzed decomposition 

of this peroxide followed a less clear-cut path. The 

yield of p-nitrobenzoic acid was considerably larger, and 

of neutral material considerable smaller. 



2? 

~Nhile the work of Samad ( 2} and la ter of Denney { 40) 

(dona after the work described in th thesis) has cleared 

up the main features of the re~ctions of diaroyl peroxides 

catalysecl by aluminiur;l chloride, various details rerûained 

to be settled. In ;particular, it was of interest to check 

the ;postulated evolution of carbon dioxide, as re~uired in 

e~:uation 28 and to see if the rœoportions of ;phenyl benzoate 

and diphenyl varied with the temperature of the reaction 

in the :rr.anner claimed by Reynhart (35}. 

l.:ixed Aroyl Sul;phonyl Feroxides 

Graf (42a)described the preparation of acetyl 

cyclohexanesulfonyl peroxide (1GC,~III) by the autoxidation 

of a :miJ:::ture of ace tic an;hydride, cyclohexane and sulphur 

dioxide. This preparation is rather laborious, and 

perhaps for this reason the reactions of this peroxide 

have been little investigated: it should be expected to have 

a large tendency to react by heterolysis of the peroxide 

linkage: 

CR 
1 3 

:ccarr 
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Kirmse and Horner (42b) attempted to prepare benzoyl 

benzenesulphonyl peroxide, FhCO.o.o.so
2

Fh, from sodium par

benzoate ~ith benzene sulphonyl chloride, and obtained 

benzoyl ( 99 .2;'a) ·Ni th evolution of oxygen. Conseq_uently, it 

seemed of interest to investigate a simpler synthesis of 

such compounds. Saw.ad stud.ied the reaction of sodium par

benzoate with ~-toluene sulphonyl chloride, and obtained 

benzoyl peroxide ('76;;s}, benzoic acid (19;,;) and phenol (l~b, 

isolated as tribromophenol). In this thesis we describe 

a similar reaction using methane sulphonyl chloride. 
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EXPERIA!ENT.AL 

Dimethyl peroxide, prepared according to the 

directions of Rieche (10), was not isolated as a pure 

liquid but was passed in a stream of nitrogen through a 

long colunm of Drierite and then into dry, peroxide-

free ether cooled to -70° (yield, about 70%). This ether 

solution was reasonably safe to handle and could be stored 

in the refrigerator without apparent deterioration; however, 

once it exploded during the preparation. It was analyzed 

for peroxide by a modification of Rieche and Brumshagen's 

method {10). Ten milliliters of the solution were mixed 

with standard aQueous stannous chloride solution (5 ml.) 

in a tightly stoppered flask, and the mixture was stirred 

magnetically for 2 hours. The ether layer was then 

separated, washed quickly with two 10-ml. portions of 

water, and the washines were added ta the stannous chloride 

solution. Excess standard iodine was added ta this solution, 

which was then back-titrated with standard sodium thio-

sulphate solution. 

Methyl t-butyl peroxide (b.p. 23o/ll9mm., d2°o.811, 

n~4 1.3770 (reported 1.3761) was prepared by the procedure 
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of Rust et al. (43). The collipound is rather hazardous to 

handle since it may explode on imp2.ct and is highly in-

flamrna ble. 

Diethyl peroxide (b. p. 22°/90 mm., n~21.3682 (reported 

1.3698) was :prepareù by the method of Baeyer and Villiger 

(44) as modified by Harris and C::gerton (46). (T'.ne orsanic 

layer, before vacuum distillation was dried with potassium 

carbonate). 

Coramercial grade di-t-butyl-peroxide, 4-broruobiphenyl, 

p-naphthyl methyl ether, and t-butyl hydroperoxide were 

used. The last was 84% pure by an iodometric :u:..ethod (46). 

Cor!Jllj_ercial benzoyl peroxide was crystallized by 

addition of methanol to a concentrated solution of the 

peroxide in chloroform, and dried by several days standing 

at room temperature in an evacuated desiccator. 

Infrared ;-;.bsorption Spect~a Determinations 

A Perkin-J:lmer Lodel 21 double bearn recording infrared 

srJectrophotm"Jeter and a Perkin-Elt:.er Infracord vvere us ed 

for the deternünation of infrared spectra. The spectra of 

lic~uid com.pounds were studied by preparing their contact 

films of liç_uids bet'Neen two sodium chloride plates. The 

spectra of solid and s orae lic;_uid con:pounds were determ.ined 

in "spectral grade" carbon tetrachloride or chloroform 
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(2% solution) or by using the potassium bromide technique 

(47, 48). In reporting the band intensities at the various 

frequencies, the following symbols are used: strong (s), 

medium {m), weak (w), shoulder (sh), ard bread (bd). 

A Nester and Faust (49) spinning-band column was used 

for the separation of liquid compounds. 

Reaction of Dialkyl Peroxides with Organometallic 

Compounds 

The Grignard reagent and phenyllithium were prepared 

in the usual way in a three-necked flask equipped with an 

efficient reflux condenser, a nitrogen inlet tube, and a 

dropping funnel. The reaction mixture was stirred. The 

Grignard reagent and phenyllithium were filtered, and 

their respective concentrations were determined by the 

addition of a 2ml. aliQuot to an excess of standard hydro

chloric acid and back titration with standard sodium 

hydroxide. AliQuots of the organometallic compounds were 

used for the various reactions. 

The organometallic compound was cooled to 15°-20°C 

and the dialkyl peroxide, diluted with an equal volume of 

anhydrous ether, wt;s slowly added through the dropping 

funnel under a stream of nitrogen. The reaction mixture 

was kept overnight at room temperature. 
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In each case, the reaction mixture was acidified with 

dilute hydrochloric acid. The ether layer was separated, 

and the aqueous layer was extracted several times with 

ether. The combined ether extracts were extracted with 3N 

sodium hydroxide solution to remove the phenol which had 

formed during th-e preparation of the organometallic compound. 

The organic solution was then washed with water, dried, 

and the ether was removed by distillation. After reruoval 

of the organic solvant the mixture was fractionally dis

tilled by using a Nester and Faust spinning-band column. 

The identification of the products of the reactions of the 

di-alkyl peroxides with the organometallic compounds is 

described below. The yields of products were based on the 

quantity of peroxide used, an excess of organometallic 

compound being used. 

(a) Reactions of Dimethyl Peroxide wi th Phenyli thium 

The reagent prepared from 0.02 mole of bromobenzene 

and 0.04g. atoms of lithium reacted with 0.01 mole of 

dimethyl peroxide in ether solution (at 15°C). The re

maining liquid after removal of the ether was distilled 

using the spinning-band column. The fraction boiling 

at 48°-51°/2ôrr~. was collected and weighed 0.8?g. On the 

basis of its refractive index (~21.5152}, and its infrared 
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spectrum (yg~i11-: 3040 (s), 2960 (s), 2840 (s), 2000-1680 

(w, bd), 1600 (s), 1500-1450 (s, bd), 1300 (s), 1240 (s), 

1175 (s), 1075 (m}, 1040 (s}, 880 (m), 690 (m) cm.-1), the 

compound was identified as aniso1e {b • .:p. 1540, or 70°/40mm., 

n~41.5152 and infrared spectrum identical with above}. 

The yield was 80%. The second fraction was collected at 

152°/40mm. and solidified in the receiver to give ~Nhite 

crystals melting at 68°-69°C, undepressed when mixed with 

an authentic sample of biphenyl. Yie1d ?: .6)'0. This bipheny1 

was formed during the preparation of phenyl1i thium. ",Jhen 

an aliquot of the same phenylli thium vvas hydrolyzed, an 

equivalent amount of bipheny1 was found. 

(b) Reaction of Dimethyl Peroxide with Pheny1-
magnesium Bromide 

The dimethyl peroxide (0.022 mole) in ether solution 

was added drov#ise over a two hours interva1 to a stirred 

solution of phenyl magnesium bromide (0.03 mole in 15ml. 

of' ether) which was maintained at 15°-20°0. Stirring was 

continued at the same temperature for two hours, then 

mixture was allowed to stand overnight at room temperature. 

The separation and identification of the products were the 

same as in (a). Yie1d of anis ole: 1.83g. (775b}. The yield 

of biphenyl (13%) ·NaS the same as that formed during the 

preparation of the Grignard reagent. 
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( c) Reaction of 11ethyl t-Butyl Peroxide with 

Phenyllithium at 15-20° 

The methyl t-butyl peroxide (0.18 mole) in 25nù. of 

ether was added dropwise over a one hour interval to a 

stirred solution of phenyllithium (0.2 mole in 150ml. of 

ether) which was maintained at 15°-20°0. Stirrine; was 

continued at the same temperature for two hours, t hen the 

mixture v1as allowed to stand overnight at room temperature. 

The ether was removed from the organic layer and the re-

maining liquid was fractionally distilled using the spinning

band column. The fraction boiling at 79°0 was collected 

and weighed 6.lg. The compound gave an infrared spectrum 

identical with that of &uthentic t-butanol· .J 0014· - , Y max ' 

3590 (m), 3300 (m}, 2950 (s), 1470 (s), 1370 (s), 1330.(m), 

1200 (s), 1140 (s), 910 (s)cm-1 • The yield was 46%. The 

second fraction was collected at 155°0 and weighed 12.4g. 

(63.3%). On the basis of the refractive index (n;01.5153) 

and the infrared spectrum the compound was identified as 

anisole. The third fraction boiling at 152°/40mm. was 

collected, and was identifi ed as biphenyl. The 6}0 yield 

of biphenyl was found to be the same as that for1r~ed during 

the preparation of the lithium reagent. 
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(d) Reaction of lLethyl t-Butyl Peroxide with 

J?henylmagnesium Bromide at 15-20° 

The methyl 1-butyl peroxide (0.15 mole) in 20m1. of 

ether was added dropwise over a one hour interval to a 

stirred solution of phenyl-magnesium bromide (0.18 mole in 

95ml. of ether) which was maintained at 15-20°0. Stirring 

was continued at the same temperature for two hours, then 

the mixture was allowed to stand overnight at room tempera-

ture. The separation and identification of the products 

were the same as in (c). Yield of t-butanol: 4.3g (52ï~). 

{The t-butanol was contaminated by a small amount of un

reacted methyl 1-butyl peroxide. This was indicated by 

infrared spectrum; ,J 0014 at: 875 {s), is the C-0 Y max 
absorption band of the peroxide (50). Yield of anisole: 

3.3g (20.4%). The 13% yield of biphenyl was the same as 

that formed during the preparation of the Grignard reagent. 

(e) Reaction of Methyl t-Butyl Peroxide with 

Phenyllithium at 35°0 

The methyl t-butyl peroxide (0.09) mole in 12ml. of 

ether was added dropwise over a one hour interval to a 

stirred solution of phenyllithium (0.10 mole in 86ml. of 

ether) which was maintained at 30°-35°0. The mixture was 
0 refluxed at 35 C for 16 hours. The separation and 
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er1t.:~ :i.'' cc.tion of the proclncts ·i!ere tlJe sar:.e as (c). Yield 

of ~'ole? 0'· (?') c,_., .::> - • :::. • (..., • 'l-'; • e y.ïe1d of ti:pheny1 ·.vas ?.6,; (1.169g). 

(f} :~eaction of : ethy1 t-3utyl :.:ero::::iùe '.Ii tl1 Ihenxl r. . .cUf:nesium 

e L(:;thy1 t-butyl 1'ero:cid.e (C.1:3 l;.o1e) in 1;'1 1:~. of ether 

·vas ed dro}T.'I e over a one hour intervc.l to 8. st:irred 

solutlnn Lole in EO • of 

etl:er) ·:Jhich ·,·J::._s r ri::tu.J·e ·.vcs re-

fluxed r.::... ti 011 

of' tf: e o..:lucts ;~ere tl:e Sè:.Le ~s in (c). Yie1d 0: ;:;...nLwle A2.S 

(c) .:.i.ec.ction of Di ethvl lerozide vJi th 1heny2.1ithium 

Di;:thy1 IJero:xide (O.l Ttlo1e) in 12 nJ... of ether E.!ld 0.13 mole 

of Ill1eny1lithium in 110 n~. of etLer were ft overnleh t at 

room ter;i:perature. 'rhe reaction rLixture vvas vJorked Ul! in the 

usua1 vmy. The fraction boj 1ine at 101 °/95rn.r._, ·Nas co11ected 

and we:lehed 5.l?g. On the basis of its refractive index 

(n251.5089) and its infrLred s:pectrum (y CCl4 at: 3020 {s), 
D rnax 

2960 (s), 2000-1600 {vv), bands, 1600 (s), 1490 (s), 1465 (s), 

1430 (s), 1390 (s), 1340 (m}, 1300 (s), 1220 (s), 11?0 {s}, 

1160 (u), 1110 (s), 10?5 {m), 1060 (s), 1040 (s), 925 (m), 898 

(w}, 8?5 (m), 689 (s) om.-1, the comround vJas identified as 

rll:.eneto1e (b.}'. 1?2°C, Ol' 10B0j100mil~., ~11.50?6, e.nd infrared 

Sllectrum identica1 ·:Ji tb above). The yie1d Wii.S 38~:~. ...~ second 

fraction co1lected at 152°/40nnu. had a ~-1· 

bigheny1 was the sake as th<ü formed durint; prellaration 
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of tte enyllitbiuE reagent. 

(h) l1e.::.ction of Die thyl Ieroxide vdth I'henyl t:ap;nesiun, :Srord.ide 

To 0 .le mole of phenyl-n:&cne urL bromide in 50 ml. of 

ether, 0.0? mole of diethyl peroxide in 8 rll. of ether vvas 

added &t 15°-20°, c.nd 1eft overn:tc.;ht ut roma ter.(erature. 

on and identification cf e Jroducts were as 

in ( ~. ' 
-· G J • Yie1d of pheneto1e: 2.56e;. (30~~). 'l'he s.o~; yie1d 

of bi eny1 was t:he SGLe as thut forr,.ed duriLC the J.)regar-

ation of the Grignard reaeent. 

(i) Reaction of Di-t-butyl l:'eroxide wi th J:-henylli thimn 

at 15-20° 

At 15°-20°C, 0.11 mole of di-t-butyl peroxide in 10 nù. 

of ethel' was added to 0.12 bole of phenyllithium in 95 ml. 

of ether. 1d:x:ture ·Nas 1eft ov erni~;ht at room temperature. 

iiÎter ren~oval of the etber, the lj_r"-uid rerüainine was dis-

tilled us a Kester and Faust spinnine;-band colur~m. The 

fraction boiling at ?9°-80° wc.s collécted and weighed 1.1g. 

The coriiiJOund an infr2.red SIJectrum identical wi th that 

of a 1Ei7ture of benzene :::tnd ,!-butanol; y ~~i4 at: 3590 (m), 

3300 (m), 2950 (s), 14?0 (s), 13?0 (s), 1330 (~), 1200 

(s), ll4C {s), 910 (s) cm-1 • The yie ~as 1 • (The t-

buté..nol ·:;;as ed ·,vi tb a sr,,_all cuantity of' ben:e:;ene 'Nhich 

originated the phenyllithiur.1 reac;ent). l'lJ:1e second 

fraction v·Jas co1lected c.t 104°-1050 and weighed ?.20 :;m. 
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Its infrared s:pectrum was identical wi th that of authentic 

di-t-butyl :peroxide. Tne third fraction was collected at 

l04°-l06°C and weighed 2.50 g. 'l"'he infrared s:pectrum was 

similar to tha t of authentic di-t-butyl peroxide, except 

that it had a strong absorption at 1?25 cm-1. (i.e. the 

characteristic frequency of the carbonyl absorption.) The 

2, 4-dinitro-phenylhydrazone of this ketone was prepared, 

and had a m.p. 125°-126°0. The mixed m.p. wîth the 2, 

4-dinitrophenylhydrazone of acetone was 125°-126°. The 

infrared spectra of both the 2, 4-dinitrophenylhydrazone 

of the ketone obtained and that of acetone were identica1, 

and so the ketone was acetone. Renee the third fraction 

appeared to be a mixture. Separ~tion by gas chromatography 

resu1ted in three fractions. On the basis of their infrared 

spectra in the gas phase, the three fractions were identi

fied as acetone, di-!-buty1 peroxide and to1uene. {The 

ratio in this mixture was : 2:2:1). The yie1d of acetone 

was 15;0, to1uene 5;b, and di-t-buty1 peroxide 44?b. (Total 

yie1d obtained in second and third fractions). The fourth 

fraction was co11ected at 80°-81°/22mm. and weighed 3.16g. 

On the basis of its refractive index (nfi41.4880) and its 

infrared spectrum (y ~~4 at 3040 {m), 2960 (s), 2000-

1680 (w), bands, 1590 (s), 1490 (s), 1380 {s), 1360 (s), 
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1240 (s), 1160-1180 (s), 1069 (m), 1025 (m), 925 (s), 

915 ( s}, 890 { s), 690 ( s) cm-1 ), the compound was id en ti fied 

( 0 1 20 ( as phenyl-t-butyl ether. b.p. ?0-71 ;llmm., ~ 1.4880 8). 

The yield was 197~. Biphenyl (9~~) was obtained in the same 

amount as in the formation of phenyllithium reagent. 

Since the acetone existed in the mixture which was 

collected at 104°-105°, it was considered that the acetone 

might arise from thermal decomposition of di-t-butyl 

peroxide. Hence the experiment was repeated and the per

oxide distilled under low pressure. The fraction was 
0 24 colJ_ected at 50°-54 /145mm. (~ 1.3889) and weighed ?.30g. 

Its infrared spectrum was identical with that of authentic 

di-t-butyl peroxide. 1\o carbonyl absorption appeared in 

the spectrum. 1ne yield was 45';~. .Another fraction was 

collected at 80°-81° /22mru. and weighed 3.02g. On the 

basis of its refractive index (n~41.48?9} and its infrared 

spectrum, the compound vvas identified as phenyl-t-butyl 

ether. The yield vvas 18.3/~. 1ne 55b yield of biphenyl 

was the same as that formed duri:l~g the preparation of the 

phenyllithium reagent. 

{ j) Reaction of Di-t-Butyl Peroxide with 111enylli thiqm 

at 35°C 

Di-t-butyl peroxide {0.12 mole) in lOrul. of ether was 
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added with stirring to an ethereal solution of phenyllithium 

(0.12 mole in 95 ml. of ether). The mixture ;vas refluxed 

at 35° for 16 hours. Jd'ter the usual working up, no di-t

butyl peroxide was recovered. T'ne f'raction boiling at 108°-
o 

llO ;25mm. vms collected and weighed ô.86g. The collipound 

was identified by its refractive index (n~41.48?7), and 

infrared spectrum as phenyl-t-butyl ether. The yield was 

39.0>o. The 9.95~ yield of biphenyl was the san:e as that 

obtained during the preparation of the phenyllithium 

reagent. 

(k) Reaction of Di-t-butyl Peroxide with Phenyllithiu~ 

at 0°-5°0 

Ji-t-hutnl ueroxide (0.11 Tr1 0le} in lO:nü. of ether 
- v ... 

'Nas added wi th stirrine to an ethe real solution of phenyl

lithiun. (0.12 mole in 95 ml. of ether) which was maintc:.ined 

r_,t 00 50·"" 
l:.:t. - v. 3tirr:ine was continued at the same ten;.perature 

for two hours, th en the mixture was allowed to stand over

night 0°0. .tU'ter usual 'Nor king up, the liç_uid was distilled 

usine a Nester and Faust spinning-band colunm. b. fraction 

was co11ected at 50°-54°A45n:rn. (n~41.~"1881) and ',veiehed 14.4g. 

Its i.afrared spectrum was identified wi th that of authentic 

di-!-butyl peroxide. T'ne yield :aas 897~. The next fraction 

was collected at 80°-82°C/22nrrr.t.. and v1eiched 0.55g. On the 
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basis of its refractive index (n~41.4.880) and its infrared 

spectrum, the co1~~pound was i<lentified as phenyl-t-butyl 

ether. IJ.1le yield was 3. The 5% yield of biphenyl was 

the same as thl:it f'orru.ed durine the prepara ti on of the 

phenylli thiun~ reagent. 

(1) Reaction of Di-t-butyl J?eroxièi.e with 

Fhenyllitbium at 80°C 

Di-1-butyl peroxide (0.11 :rr:ole) in lOml. of ether was 

added witb stirrine to an ethereal solution of phenyllithium 

(0.12 mole in 95 ml. of ether}. The mixture was refluxed 
0 at 80 for 16 hours. .b.fter the usual working up, no di-

t-butvl - .; 
peroxide was recovered. The fraction boiling 

at 80°-82°/22mm. we.s collected and weighed 6.26g. The 

compound was identified by its refractive index (n5i.48?9) 

and infrared spectrum as phenyl t-butyl ether. The yield 

was 38.0)~. The yield of biphenyl was 3.4lg. (16~b). 

Reaction of Oxygen or t-butyl hydroperoxide with Organe-

metallic Compounds 

Organometallic compounds were prellared in the usual 

way. Dry oxygen or ~-butyl hydroperoxide was added into 

an agitated ether solution of organometallic compound. 

The oxidized organometallic compound was decoruposed with 

a~ueous sulfuric acid. The ether layer was separated and 
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It was extracted with dilute sodium hydroxide. The phenol 

in the aq_ueous layer was worked up in the usual way. The 

identification of tte products of the reaction with various 

organometallic compounds is described below. 

(a) Reaction of oxygen with ;ehenyllithium 

Dry oxygen was bubbled into agitated phenyllithium 

(o.oe mole) in 70 ml. ether. :L,..ne evolution of beat usually 

ceased after one and one-half to vno hours. The oxidized 

phenyllithium was allowed to stand overnight. Then it was 

decomposed with aqueous sulfuric acid and worked up in the 

usual way. The aqueous layer which contained phenol was 

analysed accordine to Scott' s Standard lLethods of Chemical 

_malysis (51). The yield of phenol was 30.07~ (lit. (30) 

• 1 ~ d !) d) 25%, 23. % an -2.0~ • 

Additional experiments were carried out in which the 

amount of oxygen used was measured, in order to avold 

possible over oxidation. 

(I) 0.004 mole of dry oxygen was bubbled into an 

agitated solution of 0.004 mole phenyllithium in 15 ml. 

ether. Tne yield of phenol was 25%. 

(II) 0.008 mole of dry oxygen was bubbled into an 

agitated solution of 0.004 mole phenyllithium in 15 ml. 

ether. The yield of phenol was 25;~. 
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(III) 0.012 mole of dry oxygen was bubbled into an 

agitated solution of 0.004 mole phenyllithium in 15 ml. 

ether. The yield of phenol was 257~. 

(IV} Dry oxygen wasbubbled into an agitated solution 

of 0.04 mole phenyllithium in 15 rrù. ether for four hours. 

The yield of phenol was 305b. 

Since the yield of phenol was only 25% to 30% an 

attempt was made to isolate the other products of the re

action. The ether solution left after alkali extraction 

was washed, dried with magnesium sulfate and distilled 

usine spinning-band colurrlll. The fraction boiling at 87°/23lilil1. 

-vvas collected and weighed 0.44g. (8.8%). The con:pound gave 

an infrared spectrum identical with that of authentic 

methyl phenyl carbinol. The methyl phenyl carbinol was 

forrned during the preparation of the phenyllithium reagent. 

dhen an aliquot of the same pbenylli thium was bydrolyzed, 

an eg_uivalent amount of' methyl phenyl caroinol was i'ormed. 

The other fraction 150°-152° /40mi1J.. was collected and was 

identified as biphenyl. The yield was 5.5%. The residue 

from distillation contained a considerable aruount of tars. 

(b) Reaction of oxygen with nùxture of Phenyllithium 

and n-butyllithium 

Dry oxygen was b.lbbled into an agi tated mixture of 
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phenyllithiu~ (0.08 mole) in 70 ml. ether and ~-butyllithium 

(0.08 mole) in 75 ml. ether. The evolution of beat usually 

ceased after one and one-half to two hours. Vihile the 

reaction proceeded, additional n-butyllithium {0.08 mole) 

in 75 rrù. ether was added. The introduction of oxygen was 

discontinued after another hour. The oxidized mixture was 

allowed to stand overnight. The separation and identi

fication of the phenol were the same as in (a). The yield 

of phenol was 30.0%. 

{c) Reaction of oxygen with 4-biphenylyllithium 

Dry oxygen was bubbled into an agitated solution of 

4-biphenylylithium (0.014) mole in 50 ml. ether. The intro

duction of oxygen w~s discontinued after an additional 

hour. The oxidized mixture was allowed to stand over

night. Then it was decomposed with aqueous sulfuric acid 

and worked up in the usual way. To the aqueous layer which 

contained ~-phenylphenol was added concentrated hydrochloric 

acid and this was extracted with ether. The ether layer 

was washed, dried and concentrated under reduced pressure. 

The residue which crystallized from dilute ethanol had 

m. p. 152°-163°, identit'ied as ~-phenylphenol by mixed m. p. 

The yield of ~-phenyl phenol was 0.459g. (19.0~b) (Lit. 

(52) 3%). 
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(d) Reaction of oxygen with nûxture of 4-biphenylyl

lithium and n-butyllithium 

4-biphenylyllithium (52) was prepared from 4-bromo

biphenyl (ll.6g., 0.05 mole) and lithium wire (0.85g., 

O.l2g. atom}. Dry oxygen was bubbled into an agitated 

mixture of 4-biphenylylithium (0.038 mole) in lOO ml. ether 

and B-butyllithium (0.038 mole) in 40 ml. ether. While 

the reaction proceeded, an additional 0.038 mole of n
butyllithium was added. The introduction of oocygen was 

discontinued after another hour. The oxidized mixture was 

allowed to stand overnight. Trie separation and identifi

cation of the ~-phenyl phenol were the same as in (c}. 

Yield 2.34g. (17.8%). 

{e) Reaction of a mixture of t-butyl hydroperoxide 

and ethyl magnesium bronûde with phenyllithium 

The 1-butyl hydroperoxide (0.084 mole) in 50 ml. of 

anhydrous ether was added duriug a one hour period to an 

etheral solution of ethyl-magnesium bromide (19) (0.10 

mole in 70 ml. ether solution) which was stirred 

vigorously and cooled (-70°C) by means of a cooling 

mixture (acetone and dry ice). A solution of phenyl

lithium (0.10 mole in 60 ml. ether solution) was then added 

during the next 30 minutes into the cold suspension (-60°C) 
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of magnesium t-butyl hydroperoxide. The mixture was stirred 

at -ô0° for an additional 30 minutes. It was allowed to 

warm to 0° and was maintained at this temperature for two 

hours. Vigorous stirring was required throughout the re

action in arder to avoid caking. The reaction mixture was 

poured into ice-water, acidified, and the ether layer ex

tracted with 2 N aqueous sodium hydroxide. The yield of 

phenol, deterffiined according to Scott's Standard Methods 

of Chemical i~alysis (51}, was 9.1%. 

(f} Reaction of t-butyl hydroEeroxide with phenyl

lithium 

!-Butyl hydroperoxide (0.042 mole) in 50 ml. of 

anhydrous ether was added slowly to a solution of pheny

llithium (0.11 m.ole in 80 ml. ether solution) ruaintained 

at 0-5°C. Stirring was continued at this temperature for 

2-3 hours. The separation and identification of the 

phenol were the same as in (e). The yield of phenol was 

92.8% (lit. (15) ?5%). 

(g) Reaction of oxygen with 2-methoxy-l-naEhthyl

lithium 

Lithium wire (0.28 g., 0.04 g. atom) in 15 ml. anhydrous 

ether was placed in a lOO ml. 3-necked flask. solution 

of 1-bromo-2-methoxynaphthalene (4.? g., 0.02 mole), which 
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waB prepared according to the direction of Knapp (53), 

dissolved in 25 ml. anhydrous ether was introduced in a 

dropping funnel. Stirring was begun and about 4 ml. of 

the latter solution was added to the start the reaction. 

The remainder was added at such a rate that the solvant 

refluxed gently (solution turned grey color). Heat was 

applied at the beginning of the reaction and also near 

the end. The concentration was determined in the usual 

way. Yield of 2-r;=.ethoxy-1-naphthylli thium was 80'1~. 

Dry oxygen was bubbled into an agitated solution of 

2-methoxy-1-naphthyllithium (0.014 ffiole) in 50 ml. ether. 

The introduction of oxygen was discontinued after three 

hours. The oxidized mixture was allowed to stand over

night. ':ehen it was decomposed v.Jith dilute sulphuric acid. 

'l'he ether layer was extracted with 3 N aq_ueous sodium 

hydroxide. 1l'he alkaline layer containing phenol was 

neutralized with 6 N hydrochloric acid and extracted with 

ether, dried and evaporated to give 0.585 gm. of a brown 

oily residue. The residue was chromatographed on alumina 

(Woelrt, activity between II and III) in hexane. Elution 

with 4:1 hexane-benzene gave a semi-solid ~aterial which 

crystallized from hexane as colourless needless m.:p. 
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0 0 % 53.5 -54.5 C of 2-methoxy-:Hlaphthol (O.l74g), 14.2c'o• 

Infrared speotrum: y ~~4 in om-1: 3530 (m), 3040 (m}, 

2940 (m), 2820 (m), 1650 (m), 1600 (m), 1490 (s), 1410 

(m)' 1380 (m)' 1360 ( s), 1280 (s}, 1200 (n:.) ' 1180 {w), 

1100 ( s) ' 1060 ( s) ' 905 (s). Calo. for 011H1o02: c, 
75.86%; H, 5.75%. Found: c, 75.70%, H, 5. 781b. 

{h} Reaction of t-but~l h~dro~eroxide with 2-

metboxy-1-naphthyllithium 

t-butyl hydroperoxide (0.042 mole) in 50 ml. of 

anhydrous ether was added slowly 1.vi th stirring into a 

solution of 2-methoxy-1-naphthyllithium (0.10 mole) in 

200 ml. ether maintained at 0-5°C. Stirring was oontinued 

at this temperctture for 2-3 hours then at room temperature 

for 10 to 16 hours. Then the reaction mixture was poured 

into ioe-water and aoidified -Ni tb 3 N hydroohl.orio aoid. 

The separation of produots was the same as in (g). The 

ether layer was evaporated to give 5.88 g. of brown oily 

residue. 

The oily residue orystallized from hexane as a white 

solid (1.2 g., ?.2?b), m.:p. 285-290°C. 'llJlis was re-

orystallized from acetone as oolorless rods, m.p. 288-290°C. 

This substance was presumably slightly impure 4, 4'-di

hydroxy-3, 3 1 -dimethoxy-1, 1'-binaphthyl. Calo. for 
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C22H180
4

: C, '76.305'b; H, 5.207~. Found C, '75.39~,b; H, 5.02;ô. 

Tne compound was benzoylated in usual way to give a white 

solid, which was recrystallized from benzene as colorless 

rods, m.p. 346°-348°0. Cale. for c36H26o
6 

C, '7'7.9'7%; 

H, 4.6'7%. Found : C, '7'7.98%; H, 4.88%. 

The mother liquors from the isolation of 4,4'-di

hydroxy-3,3'-dimethoxy-1,1'-binaphthyl were chromatographed 

on alumina (Woelm, activity between II and III) in hexane. 

:l:lution with 4:1 hexane-benzene gave a semi-solid material 

vvhich crystallizecl from hexane as colorless needles of 2-

methoxy-1-naphthol, m.p. 53.50-54.5°0. ~1e infrared 

spectrum was the same as in (g). Yield 2.068 (23.l?h). 

2-Methoxy-1-Naphthyl Benzoate 

2-methoxy-1-naphthol (0.20g.) was benzoylated with 

benzoyl chloride (0.5 rnl.) in anhydrous pyridine (3 rnl.) 

overnight. '11he reaction mixture was poured into 10 rnl. of 

water. ..::l.fter a few hours a reddish oil de:posited, and the 

supernatant liQuid was decanted. The oil was dissolved in 

benzene and washed wi th 5Jb aqueous sodium carbonate solution, 

wi th 107b aq_ueous sodium hydroxide several times, and wi th 

water, and dried over magnesium sulfate. Evaporation to 

dryness left a brown oil which was chromatographed on 

alumina (•lwoelrn, activity between II and III) in hexane. 
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Elution with 4:1 hexane-benzene gave 2-methoxy-1-naphthyl 

benzoate,which crystallized from hexane as colourless 

rods, m.p. 104-105°C (l:i.t. 110° (54». )J g~4 cm-1: 

3050 (w), 3020 (w), 2985 (w), 2860 (w) ' 1'750 (v.s.), 1645 

(m)' 1609 (m}, 1515 (w), 1485 (m), 1459 (m) ' 1385 (m), 

1353 (w}' 1318 (w)' 1280 (v.s.), 124'7 (v.s.), 1190 (m), 

11'75 (s), 1155 {m)' 1150 (m), 1100 (v.s.), 1080 (s)~ 106'7 

( s)' 1023 ( s)' 923 (w), 695 (m); Cale. for claH14o3: 
r< n 7 59-::t · E 
.J J f • jO J .._' 5. 03?~. Fou~d: c, '77.48%; H, 4.93%. Yield: 

O.l5g. (48%). 

Attempt to Prepare tX -Hydroxyfurans 

(a) Reaction of Oxygen with 2-Furyllithium 

_g_-Butyllithium (55), prepared from 0.3 mole of n

butyl brotlide in ether (240 mlJ was added wi th slight 

cooling to 0.3 mole of furan in ether (60 ml.) {59). 

T'ne mixture wa-s stirred and refluxed for siK hours. Dry 

oxygen was then bubbled into the agitated 2-furyllithium 

solution. The evolution of heat usually ceased within 

one and a half to two hours. The mixture was kept at 

0°-5°C overnigb.t, and then worked up in the usual ·.vay. 

The ether layer was dried·and evaporated. The remaining 

bra#n liquid was fractionally distilled using a spinning

band colurrill. A fraction {O.l4?g.) boiling at 85°-90° 
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was collected and identified as n-butyl alcohol by formation 

of ~-butyl 3, 5-dinitrobenzoate, m.p. 61°-62°C, undepressed 

by admixture with an authentic specimen. The residue from 

the distillation contained large amounts of involatile tars. 

(b) Reaction of t-Butyl hydro;péroxide with 2-

Furvllithium 

1-Butyl hydroperoxide (0.05 mole) in 50 ml. of' an

hydrous ether was added slowly with stirring into a solution 

of 2-furyllithium (0.05 mole) in lOOml. of ether maintained 

at 0°-5°C. Stirring was continued at this temperature 

for 2-3 hours, then kept at 0°-5°C for sixteen hours. The 

separation and identification of the product were the same 

as in {a). A trace of n.-butyl alcohol and a large am.ount 

of tar was obtained. 

( c) Reaction of t-Butyl hydroperoxide wi th 2-Iv .. ethyl-

5-Fur,xllithium 

Using the same method as in the reaction of !-butyl 

hydroperoxide with 2-furyllithium, a large amount of tar 

and a trace of ~~butyl alcohol was obtained. 

~actions of Dibenzoyl Peroxide with Grignard Reagents 

General Procedure: 

The Grignard reagents were prepared according to 

Kharasch and Reinmuth (57) by the addition of alkyl or aryl 
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bromide to a suspension of magnesium in ether under nitro

gan, and estimated by titration of the base formed on 

addition of an aliQuot of the solution to water. The 

solution of organometallic compound was then added under 

nitrogen, with stirring, to a suspension of peroxide in 

dry ether cooled to 0-4°. Atter addition, the reaction 

mixture was stirred an additional 30-60 minutes, followed 

by the addition of cold water and acidification by 

dilute hydrochloric acid. The ether layer was separated 

from the aqueous layer and extracted with sodium bicar

bonate solution which on acidification gave benzoic 

acid. The ether layer was then extracted with 3-5% 

caustic potash solution to remove any phenol. After re

moval of acid and phenol, the ether layer was washed 

with water and dried by anhydrous sodium sulfate. The 

ether was removed by distillation and the residue was 

purified by recrystallization, absorption chromatography 

or vacuum distillation. 

(a) n-Butylmagnesium chloride 

From 9.86g. (0.04 mole) of benzoyl peroxide and 0.04 

mole of ~-butylmagnesium bromide were obtained benzoic 
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acid (4.55g., 4?.3%) and 1.47g. of tar. No butyl ben-

zoate was f'ound in the reaction. 

(b) I~enylmagnesium chloride 

From l9.36g. (0.08 mole) of benzoyl peroxide and 

0.08 mole of phenylmagnesium chloride were obtained 8.95g. 

(49.4;0) of benzoic acid and 2.64g. (16.67b) of phenyl ben-

zoate, which crystallized from ligroin, m.p. and mixed 
0 m.p. 68-69 c. Also l.?Bg. {14.4'lb) of biphenyl were ob-

tained, which crystallized from llisthanol, m.p. and mixed 

m.p. 68°C. No chlorobenzene was found in the product. 

(c} Fhenylmagnesium iodide 

From 16.94g. (0.07 mole) of benzoyl :peroxide and 0.07 

mole of :phenylmagnesium iodide were obtained benzoic acid 

9.56g. (56%) and phenol (1.4%} characterized as tribromo

phenol. 

No phenyl benzoate were found in the reaction. Bi

~-'henyl (0.38g., 3.5;b) vms obtained and crystallized 

from petroleum ether, m. p. and rüixed m. p. 68°. 
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Reactions of Benzoyl Peroxide in the Presence of Aluminum 

Chloride in Different Organic Solvants 

General Procedure: 

Benzoyl peroxide dissolved in about four times its 

weight of organic solvant was slowly added under nitrogen 

with stirring, to an equimolar quantity of aluminum c~loride 

suspended in about the same volume of the same solvant. 

Ni trogen was passed slO'Nly over the reaction mixture and 

then led through a known volume of standard alkali, which 

was subsequently titrated for carbon dioxide (58}. Reaction 

was allowed to proceed for 7 hours or more, except for the 

reaction in nitro-benzene (5 hours at 50°). 1ne reaction 

mixture was then treated with dilute aqueous hydrochloric 

acid and filtered from a solid residue. The solid residue 

and the organic layer in the filtrate were both extracted 

with aqueous sodium bicarbonate to remove benzoic acid. 

The neutral organic solution was then washed with water, 

dried, and distilled: phenyl benzoate came over at 162° 

at 13 mm. and solidified, m.p. and mixed m.p. 69°. 

{a) In benzene 

To 6.75g. (0.05 mole) of aluminum chloride suspended 

in 50 ml. of benzene was added at 45-50o, l2.lg. (0.05 mole} 

of dibenzoyl peroxide diss~ed in 60 ml. of benzene. J~ter 



eight hours the reaction mixture was worked up to give 

1.53g. (12.57~) of benzoic acid and 2.80g. (28.47~) of 

phenyl benzoate, b.p. 1628/13mm, m.p. and mixed m.p. 69°0; 

0.037 mole (74%) of carbon dioxide was evolved. 

{b) In nitrobenzene 

To 6.75g. (0.05 mole) of aluminum chloride in 50 nù. 

of nitrobenzene 12.lg. (0.05 mole) of peroxide dissolved 

in the same volume of solvent was added and the reaction 

waa allowed to take place for 5 hours at 45-5ooc. The 

reaction rr..ixture gave 2 .23g. ( 18;~) of benzoic a cid, 2. 3lg. 

(23?.;) of phenyl benzoate, bp. 118-120° /15nLrn, m. p. 69°, 

alone or rdxed wi th an authentic specimen, and o. 0154 

mole (30 .8~b) of carbon dioxide. 

(c) In toluene 

To 6.75g. (0.05 mole) of aluminium chloride in 50 ml. 

of toluene, 12.lg. (0.05 mole) of benzoyl peroxide dissolved 

in the same volume or solvant was added and the reaction 

1vas allowed to take place for 5 hours at 45°-50°C. The 

reaction mixture gave 3.34g. (25.5~) of benzoic acid, 

4.10g. (41.4;:~) of phenyl benzoate, b.p. 150-155°/10 mm, 
0 m.p. 69 ,alone or mixed with an authentic specimen,and 0.022 

mole (44%) of carbon dioxide. A trace of phenol (character

ized as tribromophenol) was obtained. 
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Reaction of Sodium Perbenzoate wi th 1\:ethanesul phonyl and 

p-Toluene Sulphonyl Chloride 

l\~ethanesulphonyl chloride (9 .. 16g.; 0.08 mole) in 

benzene (50 ml.) was added slowly with stirring to an 

aqueous solution of sodium perbenzoate (0.08 mole in 300 

ml.), prepared according to Braun {59) and cooled in'an 

ice-b~th. The mixture was stirred a further six hours 

without cooling and then left overnight. The benzene layer 

Nas washed wi th 'na ter, and th en e:x:tracted v'li th aqueous 

sodium bicarbonate to remove benzoic acid (4.53g.; 4?-;'b) 

and with a~ueous potassium hydroxide to remove phenol. 

The latter solution was acidified and extracted ·wi th 

ether. r.1.11e oily residus after evaporG.tion of ether was 

treated with bromine water to e tribromophenol 

(0.8?g.; 3. ) r..p. and ed m. :p. 94°. ':Phe benzene layer 

V·JaS cautiously concentrated to a small volume, and de

posited dibenzoyl J1eroxide (2.42g.; 127;), m.p. and mixed 

n:.p. 104 °. 
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RESULTS AND DISCUSSION 

Reactions of Orsanometallic Compounds with Dialkyl Peroxides 

The results of studies of the reactions of various 

dialkyl peroxides with phenyllithium and phenylmagnesium 

bromide are shown in Table II. 

TJJ3L3 II 

Yields of ethers from reactions of dialkyl peroxides 

with phenyllithium and phenylmagnesium bromide 

Peroxide 

Dimethyl 

r.~ethyl 1-butyl 

kethyl t-butyl 

Die thyl 

Di-1-butyl 

Di-t-butyl 

Di-t-butyl 

Di-t-butyl 

Reaction temp. (°C) Yield (%) 
from PhLi 

15-20 80 

15-20 63 

35 '72 

15-20 38 

0-5 3.3 

15-20 19 

35 39 

80 38 

*Gilman and Adams ( 3) report a 34~& yield 
tcompare ref. ( '7 ) 
lcompare ref. ( 8) 

Yield (jb) 
from PhM.gBr 

'7'7 

20 

38 

30:ii 

ot 

oi 
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Best yields were obtained with dimethyl peroxide, 

which reacted equally wall with both lithium and magnesium 

compounds. However, the much safer methyl t-butyl per

oxide gave with phenyllithium (but not with phenylmagnesium 

bromide) almost the smŒ y ields of anis ole. No phenyl t

butyl ether was obtained from the se reactions. ,Ji th the 

more highly hindered di-t-butyl peroxide the superiority 

of phenyllithium was more marked (Table II), but even so 

the reaction was still incomplets after 12-14 hours at 

15-20°, 45% of the peroxide being recovered. Reaction was 

complete in this time at 35°, but the yield was inferior 

to that obtained in the reaction of phenylrrillgnesium bromide 

with 1-butyl perbenzoate, described by Lawesson and Yanc 

(8). It would seem that the latter reaction will prove, 

in some instances, the method of choice for preparing 1-

butyl ethers, while the reaction of organolithium compounds 

wi th rue thyl- -t-butyl peroxide will prove preferable for 

preparing methyl ethers. 

Gilman and Adams (3) isolated a 30% yield of biphenyl, 

along with phenetole, from the reaction of diethyl per

oxide with phenylmagnesium bromide. We also obtained 5-

16% yields of biaryls from the mixtures after reaction 

of the peroxides. However, it was sh~vn in several cases 
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(and seems likely for the others) that the biaryl was 

formed during the preparation ar the organometallic com-

pound. 

BararrŒi (9) suggested that the reaction of organolithium 

compounds with a variaty of alkyl peroxidas may involva a 

praliminary coordination of the metal atom by the unsharad 

electrons ar a paroxida oxygen, as is wall known to happen 

with ethers (9, 10). 

-~ lv~e 1~e Ma ke 
/ " / '\ 

0-0 > /~ 0 > 0 -t ' 
/ -J Li/ 

/ ., .J. / 

Li - R Li R 

ILe 

/ 
0 

" 
(39) 

Such a coordination would facilitata the formation of an 

ion-pair (XX1~V) which could then react as shown. The 

yields of ethers wera dacreased when there was an increase 

in the 
11e 
"' 

size of R. 

1 a~'"' 1·e ~ xv u 

In case of dimethyl 

l,.e3c 

R 

ke 
1~e ~ / 

o- o \ / > + / 1 2 , 
Li - R 

0 
/ 

Li 
peroxide and methyl t-butyl peroxide, there is less steric 

hindrance with organolithium compounds than with Grignard 

reagents and the reactions may be formulated as (39) and 

(40) respectively. In the e~uation (40}, the inductive 

0 (40) 

""R 
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affects of three methyl groups should cause the oxygen 

(01 ) to be more negative, so thF.1..t, the electropositive 

lithium can more easily attack 01 than Oz. This 'NOuld 

account for the fact that phenyl-t-butyl ether was not 

for:med durinc; the reaction. On the other hand, the 

direction of attack may be due to the bUlk of the phenyl 

group which prevents it from attacking the hindered ol. 

This idea could be tested by investigating the re::.:.ct:i.on 

of less hindered reagents ( • CH3Li) with methyl 1-butyl 

peroxide. 

From Table II the enyllithiun ... gives a lower yield 

of the ether with d.iethyl peroxide than with rr..ethyl--t-butyl 

:peroxide or dimethyl :pero:x:ide and gives the lowest yield 

of the ether with di-t-butyl peroxide. The decreased 

yields and rates of reaction as the alkyl group on the 

peroxide oxygen being attached is changed from methyl to 

t-butyl finds a parallel in the decreasing facility of SN2 

attacks on the carbon atom of alkyl halides as the neigh-

boring alkyl group becon1es more ghly branched (60). The 

lasser affect of the ne.ture of the alkyl group on the out-

Rè.J is also in harnwny VJi th th mechanism. On the 

otber hand, the ree.ctions of Grignard reagents show r11uch 

ereater sensitivity to the nature of both alkyl groups of 
==-
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the peroxide. This affect is best explained by a four

centre mechanism of the type generally postulated for the 

reactions of Grignard reagents (61, 62). The recent work 

of Dessy ( 4' 5' 6) indicates the phenyl Grignard reagent 

R\ 
0 0 

\ """ 

Rl R2 

~' \Q_/ 

TI:.:À.'Y Rz JCCCVI 

(41) 

R
1 

OPh + R2011~Br +PhivigBr 

XXXVIII 

to be a cor.r1.:plex of Ph2I1:.g and LgBr,.,, wi th only a negligible 
t:::. 

amount of Phl...gBr. i~ four-center reaction of this conlple:x: 

with the peroxide linkage would req_uire a conforLiational 

change (XJCCV ~ XX:XVI rii of the pero:x:ide which becom.es 

progressively more difficul t as the bulk of both R1 ,and R
2 

*'It se erres likely that nei ther I nor II are planar molecules 
{63, 64 65) but that attainment of the transition state 
(:CCCVII~ requires the movement of R1 and R

2 
towards each 

other. 
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increases. The effect of such conformational equilibria 

on reaction rates is now wall established (66}. Further, 

it would be expected that the more stable transition 

state (JGfXVII) would be that one in which the R1 was the 

less bulky of the two alkyl groups, because af bulk of the 

phenyl group. This accords with the exclusive formation 

of anis ole (IV; R1 =Le) from me thyl 1-butyl peroxide 

( I ; R1 = Iv~e , H2 =But } (Table II ) • 

Reactions of Organolithium Co~~ounds with t-butyl Hydro

Eeroxide and with Oxy~en 

We found that yields of phenols from the oxidation 

of aryllithium compounds with molecular oxygen are not 

improved by the presence of butyllithium. This is sha~n 

by the results in the Table III. Better yields were 

obtained where the oxidation was effected with a per

oxide, such as commercially available t-butyl hydro

peroxide, but were still sometimes very law. 

2-!~~ethoxy-1-naphthol, m.p. 53.5-54.5°, a new compound 

obtained from the oxidation of 2-methoxy-1-naphthyllithium, 

differed from a methoxynaphthol (in.p. 900) obtained by Samad 

(2), which was thus proved to be 1-methoxy-2-naphthol. {X:fXIX). 

The latter methoxynaphthol was obtained by methylating with 

diazomethane the product obtained by oxidizing both~- and 
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TABLE III 

Yields of Phenols from action of different oxidizing 

agents on aryllithium compounds 

Compound 

Yield (~s) 

Fhenyllithium 

p-Biphenylyllithium 18~ 

2-Lethoxy-1-Naphthyllithiun.. 7.0 

~ -Furyllithium 0 

5-ketbyl-2-feryllithium 

30 

19 

ButooH 

23.0 

0 

0 

p -naphthol with ~'~'- dinitrobenzoyl peroxide, followed by 

hydrolytic removal of the p-nitrobenzoyl group. The 

oxidation product could have either the formula XL or XII, 

~Based on peroxide 
tGilman and Pacevitz (30) reported 22-255;; yield 
tKfiller and Tàpel (29), usin8 1,2,3,4-tetrahydro-1-na.phthyl 
h~droperoxide, renorted a 96% yield 

ti1n~ler and Tt1pel (29) reported a 3% yiàJ.d 
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but the present work shows the former structure to be 

correct, the initial product XLII from~-naphthol evidently 

rearranging by an acyl migration. 

~ vv < 

:CLII (42) 

The oxidation of x-furyllithium and of 5-methyl-2-

furyllithiuin gave only intractable, high-boiling tars. 

Reactions of Grignard Reagents with Benzoyl Peroxide 

Contrary to our expectations (p. l6Î, the reaction of 

phenylmagnesium chloride with benzoyl peroxide gave a lower 

yield of phenyl benzoate than did the reaction of' phenyl-

Dlagnesium bromide, While from the reaction Of n-butylmagnesiUffi 

chloride no n-butyl benzoate could be isolated. No phenyl 

benzoate was obtained from the reaction of benzoyl peroxide 

with phenylmagnesium iodide, but the small amount of phenol 
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obtained ruay have come from the reaction of phenyl benzoate 

with the Grignard reagent: 

PhCOOPh + Phli::gi ---.::>:llo- Pb.COPh t Ph OMgi (43} 

No attempt was made at a complete analysis ar the 

products of these reactions : enough was done to show that 

the poor yields of phenyl benzoate obtained using phenyl

magnesium bromide were not improved by the use of the 

chloride or iodide. 

~uminium Chloride - catalysed Decomposition of Benzoyl 

Peroxide 

The work described in the experimental section shows 

the.t 31-74;; of the carbon dioxide expected from equation 

28 (p. :20) is evolved durine the aluminium chloride-catalysed 

decomposition of benzoyl peroxide to phenyl benzoate. The 

work also indicates that,contrary to Reynhart (35}, the 

course of the reaction is not nmch ai"fected by temJJerature. 

The trace of }Jhenol obtained from the reaction in toluene 

may conceivably come from the hydrolysis during work-up 

of diphenyl carbonate produced by the reaction (equation 39, 

p. 2·6). 
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Reaction of Sodium Perbenzoate with Sulphonyl Chlorides 

The attempt by Samad (2) to obtain benzoyl ~-toluene

sulphony 1 peroxid e (XLIV; R=l?, - l.ie. C 6H4 ) from tL e reaction 

of sodium perbenzoate with ~-toluenesulphonyl chloride, 

and the attempt described in this thesis to obtain benzoyl 

methanesulphonyl peroxide (XLIV; R=CH3 ) from the reaction 

witb ~etbanesulphonyl chloride gave only dibenzoyl peroxide 

(:a.,v) and a sma.ll qua.ntity of phenol (XLVI) (isolated as 

the tribromo derivative). 

Ph CO • CCNa. + RS02 Cl 

~ XLIII 

:fhCO• ONa. 

tHS0201 

l)hCO. OS02R +NaCl 

t I-hCO-UCNa 

PhCO-OOCOPh + NaOS0
2

R 

nv 
(44) 

Ib0H+ C0f+RS0
2

0H 

nvr 

The phenol was probably formed by heterolysis of the desired 

peroxides (XLIV) in the mannar shown (29}, the sn~ll yield of 

it is to be expected, in view of its susceptibility to 

oxidation in the reaction :n ... ediun::.. A possible route to the 

dibenzoyl peroxide is shcr~n and requires no comment. 



57 

The failure to prepare under these reaction con

ditions the mixed peroxides (XLIV; R=Ivle and Me-C5H4 ) 

contrasts with the successful preparation of acetyl cyclo

hexane sulphonyl peroxide by Graf (42), and may be due 

(inter~} to the following reasons: 

1. The latter :peroxide was prepared in a relatively 

non-polar n:..'Sdiura, while the preparation of the 

peroxides {XLIV; R·=I,:e and Iv~e-c5H4 ) was attem})ted 

in an aqueous 1r.edium. ·Nhich would tavour ionie 

fission of the peroxide linkage. 

The heterolysis of the puroxide linkage should 

receive more anchimeric assistance from a 

nûgrating phenyl group than from a n:..igrating 

methyl group. (67). 

Since this work was completed, Rasuwajew et al. (58) 

have described the reactions of compounds such as benzoyl 

methanesulphonyl peroxide, without giving the method of 

preparation of these compounds, which we have not been 

able to find in the literature. Benzoyl methanesulphonyl 

peroxide.rearranges in the presence of methanesulphonic 

acid or Lewis acids to phenoxyformyl methanesulphonyl 

anhydride, which was isolated and characterized. This 

supports our mechanism { ec;.uation 44). 
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Part II 

Preparation of tX,-lv:ethoxythio;phenes Using 

lv:ethyl t-Butyl Peroxide 

It is apparent from the resu1ts in Part I that methyl 

ethers may be convenient1y prepared in high yield from the 

reaction of organo1ithium compounds, with methy1 !-butyl 

peroxide. Baramki (1) ap:p1ied a simi1ar reaction to prepare 

2-raethoxyfurans. 2-Fury11ithium {2) was prepared by the 

reaction of furan with n-buty11ithium (3) and was al1mved 

to react with dimethy1 peroxide to gat 2-methoxyfuran (eq. 1). 

0-Li Le.,O~ .... - > 
( 1) 

A 1iquid product boiling at 108.5°-111°, and having 

the same characteristics as the 2-methoxyfuran reported by 

Petfie1d and Amstutz (4), was obtained. The infrared spactrum 

of this compound sh~vad charactaristic furan bands as wall 

as the band at 2850 cm-1 for the methoxyl group. The 

structure of 2-methoxyfuran fo1lows conclusive1y from its 

FXR spectrum, which, however, showed it to be contaminated 

with aliphatic impurities. Baramki also studied the 

meta1lation of 2-methylfuran, fo11mved by treatment with 

dimethyl peroxide. A lic;_uid product boi1ing at 128-130° was 
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obtained. The Nlv.R spectrum of this compound showed i t to 

be Iï~ade up of 2-methoxy-5-methylfuran, but again aliphatic 

( 2) 

impurities were evident. Characteristic furan bands were 

obtained in the infrared spectrum of this co~pound, as wall 

as the band at 2850 cm-1 for the methoxyl group. 

In Part II of this thesis we describe the preparation 

of 2-methoxythio}.;henes by a s imilar route, using the relati valy 

safe methyl !-butyl peroxide in place of the treacherous 

din~ethyl reroxide. In the historie al introduction the work 

to date on hydroxy- and alkoxythiophenes will first be 

reviewed followed by a survey of the reactions by which 

thienyllithium compounds may be prepared. 

Eistorical Introduction 

2-E:ydroxy- and 2-iùko:x:ythiophenes 

In 1950 E:urd and Kreuz {5) reported the preparation of 

2-hydroxythiophene (II) by the action of oxygen on 2-thie:n~·l-

macnesium bromide in the presence of isopropyl magnesium 

brordde ( e ç_. 3) : 
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OI:gBr 02 

0-0H +0-lJ 
I II 

JI 
( 3) 

Oc 0 
0 

III 

VVhen isopro1)ylmagnesium bromide was absent, no 2-

bydroxythiophene was obtained (5,6). The function of the 

isorœopyln~agnesimn bro:rnide has be en discussed · already in 

this thesis (p. 12}. 

~'l'hile phenol, a simple aromatic enol, exists• exclus:ively 

in the enolic form because of the hie;h resonance ener;:y of 

the benzene rin~, the precise structuxe of 2-hydroxythiophene 

has been a rEatter of deb&te for solYte tin~e. The recent I\l,.::t 

studies of Gronow:i. and Hoffm.un (7) L.:.al:e it likely that the 

corn:pound exists :::~ t room temperature almost exclusi vely as 

3-thiolen-2-one (IV). This accords with its ultraviolet 

absorption (?\max 220m)i,fma:x:7940) in ac~ueous solution (5). 

Eowever, som.e of i ts :properties and reactions gi ve evidence 

to the presence of the other tautorr_ers (II and III) in 

ec;.uilibriun with IV (5). The compound is a weak acid, it 

gives a red ferric chloride colour, couples in alkaline 
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solution with diazo-compounds, and forms an acetate, a 

benzoate, and a n~etbyl ether {5). On the otlJer band, in 

the tautomeric keto-form it yields a benzylidene derivative 

and readily undergoes hydrolytic fission (the keto-form is 

of course a thiolactone) 1 {5). The infrared spectrum of 

the li~uid itself shows carbonyl and hydroxyl absorption 

and peaks correspondine to both aliphatic and aromatic C-H 

bonds (5). 

2-Hydroxythiophene is unstable and decomposes in a few 

days even at low temperature. This characteristic may be 

due, in part, to the ability of the compound.to exist in 

different tautomeric forrEs. 

2-l1::ethoxythiophene was prepared by the action of di

methyl sulfate on 2-hydroxythiOIJhene (5) shmving the a bi li ty 

of the tautomeric con1pounèl in alkaline solution to form 

the anion correspondins to the enolic form II. On the other 

band, no 2-ruetboxythiophene was forn:ed by the action of 

methanolic hydrogen chloride on 2-hydroxythiophene or by 

treating 2-hydroxythiophene with methyl iodide and anhydrous 

potassium carbonate in refluxing acetone. 

Sicé (8) preFared 2-methoxythiophene and 2-ethoxythio

phene by coppercatalyzed William.son syntheses ( eç;_. 4): 



?? 

D-I s 
n-OLe 

s ( 4) 

5-} .. ethoxy-2-rr.ethyl thiophene (V 1. J we.s prepared by 

the retiction of 2-Llethoxythienylli thium and dirr.ethylsulfate 

(8) (eCJ.. 5}. 

Ph Li Li0-0J.:~CH3)2S04 > 
s 
v 
t co2 

0 Raney lü 
EOCC- -Ol.~e -----~ 

s 
VII VIII 

n1e position of the lithium in the intermediate V was 

shown by treating the compound with carbon dioxide to form 

the carboxylic acid, which on Raney nickel desulphurization 

.::;ave [ -methoxyvaleric ac id (VIII) (8). 

2-t-Butpxythiophene (IX) wc..s prepared by the reaction 

of 2-thienylm.agne si u11 brmï:ide on !-bu tyl perbenzoate ( ey_. 6) 

(9). 



0-Br. J.:g 3> 
û 

?8 
0 

Il t 

0 ?h-C-OOEu 
-kgBr -----~ 

0 
D-OBut 

0 
(6) 

Stadler (10) reported tbe synthesis of 5-nitro-2-

hydroxythiophene (X) by diazotization of 2-aruinothiophene 

hydrochloride with potassium nitrite (eq. ?). Sorue doubt 

has been cast upon the existence of this compound since 

atten;pts to reproduce this synthesis were unsuccessful. 

( ? ) 

Kreuz and Hurd (11) have prepared 3 1 5-dinitro-2-

hydroxytbiophene {XI) from nitrochlorothiophene (eç_. 8). 

Basic hydrolysis of the 3,5-dinitro-2-chlorothiophene 

gives rise to resinous materia1s, but the hydroxyl group 

could be introduced by the indirect route shawn. 3,5-

Dinitro-2-hydroxythiophene (XII) began to decompose within 

5-10 minutes at 250, but could be stored overnigbt at -20° 

without appreciable change. On rapid heatinc it decolliposed 

violently at 50-52°. Like picric acid, it is an extremely 
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~I2so 4 
-IilW

3 
)- 0

-1\02 

0 N -Cl 
2 s 

1 HCCONa 

{; (8) 

rr!~02 

0 N- ~ )-0-Cl-IO 
2 s 

strong acid having an ionization constant of about 3 x 10-2• 

2-Kethoxy;2-etho:xy-, and 2-phenoxy-3,5-dinitrothio

phenes have been made by ·.Yilliamson synthes~s using the halide 

XI, (11). 

5-Acetyl-3-nitro-2-hydroxythiophene (XIV) has been 

prepared as shown in the reaction sequence be1ow (11). 

l
ECCCNa 

OH 
< 

H-t 

CH CO-n-:::: 3 ,...,' 
ù 

:err ( 9) 
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This compound was reported to be a somewhat weaker acid 

than 3, 5-dinitro-2-hydroxythiophene having an ionization 

constant of about 5 x lc-3 • 2-Iv.ethoxy-, 2-ethoxy- and 2-

phenoxy- 3-nitro - 5-acetothienones have been wade by 

'dilliamson reactions of the chloride XIII (11). 

The preparation of 5-methyl-2-hydroxythiophene (À~) has 

been claimed by Paal (12) through the action o! pltos:phorus_ tri

or pentasulf'lde on levulinic acid {13,14,15) (eç_. 10). A 

possible IL.echanism is as follows: 

CH3fl-OH 
s 

x:rr 

..ç=.--
> 

11 

c 

' COCH 
SH 

HO= CE 
H ) 1 

c fl- 0 
CH 's 

3 

The compound is, in fact, most probably formulated as Àîf 

(cf. p. ?5}, although some evidence for the presence of J.YI. 

in eç_uilibrium '.vith it comes frotl the fact that it dissolves 

in alkali and fornts an acetate and benzoate wi th acetic 

anhydride and vvith benzoyl chloride respectively. However, 
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it a1so reacts with benzaldehyde to yie1d a benzy1idene 

derivative 3-benzy1idene-5-methyl-4-thio1en-2-one (~Dr.II), 

it is oxidized by ferric ch1oride to an indigoid dye, and 

it undergoes other reactions which support the assumption 

of a keto form (14,15). 

XVII 

Recent1y Gronowitz and ~rnfe1dt (16) have reported 

the preparation of 4-methy1-2-hydroxythiop~ene (XVIII), 

contaminated with smaller amounts of the 3-methyl isomer 

(XIX), through meta1ation af 3-methylthiophene with E

buty1lithium, followed by reaction of the organo1ithium 

COIILpound with butyl borate and subsequent :peroxide oxidation 

(1?). 

It is possible that this might prove a more success

fu1 route to !X-furanols than that described in Fart I 

of this the sis. 

4, 5-Dimethyl-2-hydroxytbiophene (l.X} is obtained as 

a by-product in the preparation of 2,3-dimethylthiophene 
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""' r..r L. n-v 4""""9 l. 

l~e-

o~:: + 
ù 

r(OO 4H9 )3' t J3 (oc lg ) 3 ' 
TT Q H-f H 0 H+ J.~J..2 ! ' ...... 2 , 

I"TJ -Le 

n-B(OH)2 (OH} 
2 ..., s ù 

l:e ~ } 

n~:: 0-0H 
);j s 

:evin XIX 

from~-methyllevu1inic acid and phosphorus trisu1fide 

( e Q.. 12) , { 12) • 

3-Hydroxy- and 3-Alkoxythiophenes 

3-Hydroxythiophene was prepared by Hurd and I~euz 

(11) 

from 3-thieny1 m.agnesiuiL. bror:ûde by oxidation with mo1ecular 

oxygen in the presence of isopropy1magnesium bromide (5). 
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Since this compound is even less stable than 2-hydroxy

thiophene, it could not be purified by Hurd and Kreuz. 

Later Ford and Lackay (18) repeated the same reaction and 

got pure 3-hydroxythiophene by two distillations. These 

authors confirmed the instability or the compound, re

porting that it developed a reddish tinge and a disagree

able odour witbin a day, and finally resinified. 

The infrared absorption spectrum or 3-hydroxythiophene 

in liq_uid film suggests that approximately equal amounts 

of bonded bydroxyl and unsaturated carbonyl groups are 

present. The absorption characteristic of an unsaturated 

carbonyl group clearly establishes the presence of the 

tautomeric 2, 3-dihydro-3-oxotbiophene (XXII) in the liQuid 

(13) 

and in solutions. The changes in the relative intensities 

of the carbonyl and hydroxyl bands suggests a shifting of 

equilibrium in favour of the oxo-form with increasing 

dilution, though a difference between the transition 

moments ror the free and the bydrogen-bonded carbonyl 
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group could also be responsible for this effedt. The corn-

pound is therefore best considered as a tautorüeric mixture 

of :XXI and XXII. However, the strength of the hydroxyl 

band in the spectrum of the liquid film, and the adour, 

sugcest the pure 3-hydroxythiophene must be phenolic to a 

corr.parable extent. 

There is thus a marked contrast between 2-hydroxythio-

phene, which probably exists largely in a keto form, and 3-

hydroxythiophene which, though also tautomeric, is never-

theless noticeably phenolic. 

3-Iv.ethoxythiophene (XXIII} was prepared by a co:pper

catalyzed Williamson snythesis (eq. 14) (19). 

01-Br--~ Na, KI, CuO, CH30H 

refluxing lOO hrs. 
(14) 

XXIII 

3-J?.-Butoxythiophene (:ccrv} was prepared by the reaction 

of 3-thienylli thium and t-butyl perbenzoate {ac;_. 15) (20). 

0 
Il 

o-Br _n_-_'J_4_r_r9_r __ i_:_
0

_:Fb_· _-_-_c:_-_o_, c_B_u_t-"-~ 
( 15) 

s 
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Baumann am Fromm (21) prepared 5-pheny1-3-hydroxy

thiophene from 5-pheny1-l, 2-dithiacyc1openten-3-one (~G'CV"), 

obtained by the action of sulfur on ethy1 cinnamate (eQ. 16). 

~----:3!>-'C6H50s 0 
s 

This compound (XXV), when treated with chloroacetic acid in 

the presence of sodium sulfide, followed by treatrr ... ent with 

acetic anhydride - sodium acetate, gives the acetate ester 

of 5-phenyl-3-hydroxytbiophene (:C:.NI). 

n ° ClCHoCOCH 
c

6
H

5
- B --'-'---.,;;.. 

3
/- Na

2
S 

X' CV 
H - C C-C-COCH dil. NaOH 

(16) 

Il Il 
3 

C6H5C, /J-J:I 
----····~ (17) 

s 
~CCVI 

The tautomeric nature of this hydroxythiophene was 

-first noted by Friedlander and Kielbasinski (22}, who were 

able to obtain 2-isonitroso-5-phenyl-4-tbiolen-3-one (:G~I) 

by the action of ni trous a cid on i t. ( eq_. 18). 



OH 

c H5D 
6 s 
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5-Pheny1-3-hydroxythiophene was oxidized to an indigoid 

(18) 

dye (XXVIII) by potassium ferricyanide, and was conversed 

~~ (1!-0H .. K3Fe (GN) 6 
C6r""5 s 

0 

j_c H 
6 5 

(19) 

~QITIII 

-OH 

C6H50 (20} 

into 2-pheny1-3·s 5, 5-tri bromo-4-keto-4, 5-dihydrothiophene 

(XXIX) by bromine in cold acetic acid. 

3, 4-Dihydroxy- and 3, 4-Dialkoxythiophenes 

3, 4-Dihydroxythiophene (:cc.n:) is obtained in ne arly 

ç_uanti tative yield by decarboxylation of 3 ,4-dihydroxy-2 ,5-

thiophene-dicarboxylic acid in refluxing pyridine. The 

synthesis of 3,4-dihydroxy-2,5-thiophenedicarboxy1ic acid 

is accomplished by the reaction of diethy1 thiodig1ycol1ate 

(23, 24) with methyl oxalate (eq. 21): 
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0=0-0lt.e 
+ l 

O=C-01W:e 

HOo-OH 
. ~tOOC -COü.::;t 

+ 
EO(J-OH 

2CO.., 
.::::. 

TŒI 

'<'" Py r id ine. 

reflux 

s 

j acid 

HO-n -OH 

HOOC' / -COCH 
s 

(21) 

3 ,4-Dihydroxythiophene (::::z:xr) is found to ba so reactive 

towards oxygen that it can be isolated only in the form of 

the dibenzoate (23). 

3,4-Dimethoxythiophene was prepared by the reaction 

of diazomethane with 3,4-dihydroxythiophene (25} or 

alternatively by nlethylation of the dihydroxydicarboxylic 

ester ]JCC followed by the hydrolysis of the ester and de

carboxylation (26). 
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Karrer and Kehrer (2?) have prepared 3,4-dihydroxy-2-

thiophene propionic acid (XA.{II). 

+ 
COCC2H

5 
abs. c

2
H

5
0H .• 

1 
--~~-->~ 

Na 
Br-CH-CH CH2COOC H

5 2 2 

1! 
HO -OH 

fJ -CH2CH., COOH 
s .... 

Hûo-OH 02 > 

10üCII 

f 

COOC H5 2 

CH COO'H:t 
1 2 1 

CH2 CHCH CH200~t ~ / 2 
s 

l lltONa 

COOC E
5 

1 2 
CH -c 0 
1 1 

CH
2 

CHCH2CH COOEt 
\. / 2 s 

(22) 

The 3,4-dihydroxy-2-thiophene propionic acid gives a 

blue-green col or ;,vi th di lute ferric chloride. It vllill not 

react wi th hydroxylaro.ine as a l<::etone, and. it seerns to exist 

solely in the dihydroxy form. 

I>:etalation of Thiouhenes 

The metalation of an aromatic compound has been found 

to take place preferentially at a position ortho to a 
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substituent havin.s an unshared electron :pair, independently 

whether the substituent is ortho, :para, or Eeta directine 

in electrophilic arometic substitution. This is best 

accounted for by assumine that the reaction involves an 

initial coordination of the me tallic a tom of the me tala ting 

agent with the unshared electron pair of the substituent or 

in the case of heterocyclic aromatic compounds with the 

unshared electron pair of the heterocyclic atom. The sub-

sequent reaction is best explained by the Roberts and Curtin 

(28), mechanism as follows: 

Y:Li 

Cr 
Hartout;h and Schick (29) reported the metalation of 

thiophene and 2-halothiophenes with sodiUL~ œnalgam to make 

2-thienylsodium (:.G;:a:II) and 5-halo-2-thienylsodium (XXXIV). 

Subsequent carbonati on and acidulation yielded the 2-thio-

phene carboxylic acid and 5-halo-2-thiopbenecarboxylic 

acids, ~espectively. The alkylthiophenes (30) do not 

metalate directly with sodium. However, metalation was 
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Dl HCl, H20 
~S -COüNa 0-CCOH 

0 _N_a_( _or_N_' ru_H_g----=)----~ 
-Cl 

,:;) 
0 C02 nJ HCl 

Na Cl >KaOOC~ j -Cl 
1 

,:;) s 
HOOC-0-Cl 

s 

(23) 

accomplished via the transmetalation reaction by interaction 

of an alkylthiophene, l!letallic sodium, and an alkyl or aryl 

halide in a neutral solvent (eQ. 24, eç. 25). 

I\a(NaEg) 
R'Z R'Na (24) 

( 25) 

Schick and Hartough (30) did not observe the fo~uation 

of isomers in the metalation of 2-methyl-thiophene. However, 

the pre sene e of about l~b of a 3-isomer vwuld not have be en 

detected by the methcd s us ed. It ap:;,.ears, therefore, tha t 

a typical ortho-para-directing group in the 2-position, 

which would orient to the 3-and 5-positions, coupled with 

the tendency of the sulfur atom to orient to the 5-position, 
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gives a directine factor of at least lOO to 1 in favor of 

the 5-position over the 3-position. 

In 1949 Gilman and Shirley (31) reported the metalation 

of thiophene by organoli thium c om:pounds. 111he thiophene was 

treated with _g-butyllithium in ether solution form.ing 2-

thienylli thium in 87% yield, as shmvn by conversion of the 

2-thienyllithium to 2-thiophene carboxylic acid by treatment 

with solid carbon dioxide. 

Gronowitz ~al. (32) have shown that the metalation 

of 2-alkylthiophenes with _g-butyllithium takes :place ex

clusively at the 5-position, like the metalation of 2-

methoxythio:phene (V; cf. p. 7,7). 

Hartough and Schick (30) reported that 3-methylthiophene 

metalated (with sodium) exclusively in the 5-position. No 

trace of 3-methyl-2-thiophenecarboxylic acid could be àe

tected. Since the yield of 4-methyl-2-thiophene carboxylic 

acid was 42%, it is possible that the existence of a small 

percentage of 3-methyl-2-thiophenecarboxylic acid could not 

be detected by the methods used. Gronowitz (33) suggested 

that the metalation in the 5-position was to be expected if 

the reaction was formulated as a nucleophilic attack of the 

butyl carbanion on hydrogen. 



H-C C 

Il/ çil 
H-O"' ··/CH s .. 

' 
' 

- ! t c
4

H9- Li 
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_.,.___cH 
3 

The inductive affect of the methyl group deactivates 

the whole thiophene nucleus towards nucleophilic attacked 

by ~aking all the hydrosens less acidic. ~~e 5-(meta) 

position was, however, affected to a lasser extent than the 

2-{ortho) position, and thus the butyl carbanion attacked 

the most acidic hydrogen in the position meta to the methyl 

group. 

It vvas found in a compati tive experiment in which 

thiophene ani 3-methylthiophene were metalated with in

sufflaient an:ount of ~-butyllithium, by analysis of the 

infrared absorption spectrum, that the acid mixture obtained 

after carbonation consisted of about ?57b 2-thiophenecarboxy-

lic acid and 25% 3-methyl-5-thiophenecarboxylic acid. This 

indicates that thiophene was metalated faster and bence was more 

acidic than 3-methylthiophene. 

Siee (34) first produced evidence that ~-butyllithium 

me tala tes 3-methyl thiophene in the 5-posi ti on. 4-I~~ethyl-2-
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thienyllithium was prepared from butyllithium and 3-methyl

thiophene. The 4-:methyl-2-thienyllithium reacted with 

dimethyl-formamide in ether to obtain 4-methyl-2-thenaldehyde. 

T'nis aldehyde (:i::::C0l) was converted upon oxidation by silver 

CHO 
) • HCON ( CH3 ) 2 
-LJ. 

s 
(26) 

-COCB: 

oxide to the known 4-methyl-2-thiophenecarboxylic acid 

(:cr..xvr). The yield was ôl%. The hydrazone of 4-methyl-2-

thenaldehyde decomposed at 1200 in a solution of potassium 

hydroxide in ethylene glycol to give 2, 4-dimethylthiophene 

{:XXXVII). 

le "'H 1:ili2hHz 

s ~0 

:C.GITII 
{2?) 



94 

In 1954 Gronowitz (33) also reported that ,g-buty

llithium metalates 3-methylthiophene in the 5-position. 

The carbonation of this reaction mixture gave 4-methyl-2-

thiophenec.arboxylic acid in 68/b yield;.. 

However, more recently Ramanathan and Levine (35} 

reported that 3-methylthiophene on metalation with ,!!

butylli thium or phenylli thium ani th en carbonati on gave 4-

methylthiophene-2-carboxylic acid (61-68%}, and 3-methyl

thiophene-2-carboxylic acid (19%}, while phenylsodium led 

to 4-methylthiophene-2-carboxylic acid (58%} and 3-methyl

thiophene-2 ,5-dicarboxylic ac id (ll>b}. Hence, metalation 

does not take place exclusively in the 5-position of 3-

methylthiophene (cf. ref. (30}, (33}, and (34}}. It 

ap:_ears that since phenylsodium is probably a stronger base 

than the lithium reagents, i t is able to dimetalate 3-

methyl thiophene to some extent. 

Similarly, Gronowitz (32) et al. recently reported 

that the metalation of 3-methylthiophene gave a mixture con

taining ca. 855-~ of the 3 ,5-and 15% of 2 ,3-isomer. The 

,g-butyllithium was added to 3-methylthiophene and refluxed 

for half an hour. The reaction mixture was then added to 

N, N-dimethyl forma.rnide, to give a mixture of aldehydes 

(eç;_. 28), (cf. ref. 34). 
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(28) 

+ 

N1:R-spectral analysis showed the mixture to consis t of 83±3~-~ 

of 3-methyl-5-thiophenealdehyde and 17±3% of 3-methyl-2-

thiophene aldehyde. 
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Reaction of 1V:.ethyl t-Butyl Feroxide vvith 2-Thienylli thium 

n-Butyllithium reagent (36), prepared from 0.2 mole of 

Q-butyl bromide, was added with slight cooling to 0.2 mole 

of thiophene (2) and the mixture stirred and refluxed for 

six hours. The resulting 2-thienyllithium was cooled in an 

ice water bath to 20°0, and from a pre-cooled dropping funnel 

was added methyl-t-butyl peroxide (0.15 mole) diluted. with 

30 ml. anhydrous ether, with stirring under a nitrogen 

atmosphere. The reaction mixture was allowed to v~arm up 

slanly and refluxed for three hours. The reaction mixture 

was then decomposed with ice water and extracted with ether. 

The ether layer was dried. The ether was removed and the 

remaining liQuid was fractionally disti1led using a spinning

band column. Tne fraction boiling at 7ô0/65mm. was collected 

and weighed 6.16g. (Yield 36.0%). On the basis of its 

refractive index (n~4 1.5243), and its infrared spectrum 

( y 0014 cm-1 : 3050 (w) 3010 (m) 2950 {m), 2850 (w), 1750 (w), 1550 
~x. ' ' 

(1n), 1475 (v.s.), 1430 (v.s.), 1370 (m), 1340 (m), 1225 

{v.s.), 1200 (v.s.), 1155 (v.s.), 1080 (v.s.}, 1040 (s), 

1000 (s), 840 (s)) the compound was identified as 2-methoxy

thiophene. (lit. (8) b .p. 74 °-75° /50Illlü., n~5 1. 5261; the 

infrared spectrum showed a band in the 0-0-C region (1155 cm-1 )). 
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Reaction of Dimethyl Feroxide with 2-Thienyllithium 

Reagent ,U-butylli thium prepared fron:;. 0.1 mole of n

butyl bromide, was added with slight cooling to 0.1 mole 

of thiophene. The mixture was refluxed for six hours. T'ne 

resulting 2-thienyllithium was reacted with 0.08 mole of 

dimethyl peroxide in ether solution (at -10°C}. The reaction 

mixture was allovved to warm up slowly and left at room 

temperature overnight. The separation and identification 

of the products were the sani.e as before. Yield of 2-Lethoxy

thiophene was 3.5 g. (38)'s). Gael. for c~6so : c, 52.ô47b; 

H 5 r->6''' ' •;::;, jo. Found: c, 53.02%; H, 5.25%. 

Reaction of l~ethyl t-Butyl Peroxide with 

5-Kethoxy-2-'lbienylli thium 

2-Lethoxythiophene (0.054 mole} was added with stirring 

to a solution of n-butyl lithium (50 ml. ether solution con-

taining 0.06 mole ,U-butyl lithium). <Jhen the addition was 

cotri.pleted, the z:tixture was ref'luxed f'or 40 more ntinutes. To 

the resulting 5-methoxy-2-thienyllithium was added slowly, 

from a dropping funnel, methyl t-butyl perox:ide {0.05 mole) 

diluted with ? ml. anhydrous ether. iman addition was com-

pleted the mixture was refluxed for 12 hours. 'lbe reaction 

mixture was poured into ice-water and extracted with ether. 

The ether extra ct was dried. 'l'be ether vvas removed and the 
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re111ainin.g liç:uid was fractianally distil1ed usine; a spinning

band co1urr.:n. The fraction boiling at 104°-105° /35mra was 2, 

5-dimethoxy thiophene and weighed 3.16 g. (yield 44.0/5); 

n24 1.5168, d
4
21 1.1639. y cc14 cm-1: 3020 (w), 2950 (m), 

D max. 
2840 (w), 2000 {v.w.), 70 (m), 1475 (s), 1440 {w), 1340 (m), 

1220-1235 (v.s.bd.), 1150 (s), 1050 {m), 980-1000 (s.bd.}, 

J:l'ounâ.: 

Reaction of 1\:ethyl t-Butyl_ Feroxide wi th 2-Lethyl-5-

thieny1litbium 

2-l..etbylthiophene (0.05 n:o1e) was added with stirring 

to a solution of E-butyl1ithium (30 nù. ether solution con

t&inin.::; 0. 06 mole n-butylli thium). The E:.bcture was ref1uxed 

for five hours. To the 2-methy1-5-thienyllithium thus pre-

pared ~as adâ.ed s1mv1y, from a drop~in8 fun~e1, ~ethyl !-

butyl peroxide {0.05 mole) diluted vvi th 7 ml. anhydrous 

ether. ~ne reaction was refluxed for three hours. 

solution was left at room terJ.]!erature overnie;ht. The 

reaction 1dxture was :poured into ice-vmter and e:x:tracted 

wi th ether. 'l"11e e r layer was clried ·Ni th siun2 sul-

fa te. The ether was rem.oved and the ren~ainine; liquid was 

fractionally distil1ed using a s:pinning-band colurnn. The 

fraction boillng at 70-71° j25Lii~. {lit. ( 8) b. p. 51-52° /lOrund 
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".vas collected and weighed 2 .~""7s. (yie1d 37 .o;~~). It ';vas 

identified as 2-methyl-5-n~ethoxythio::.;hene on the basis of 

its refractive index, n24 1.5171 (lit. {11) n25 1.5216) 
D D 

and its infrared spectrum ( V ~_gi~ cm-1: 3000 (m), 2950 

(s), 2820 (m), 2000 (v.w.), 1560 (m), 1495 (m), 1450 (s), 

1430 (v.s.), 1340 (k), 1200-1235 (v.s.bd.), 1150 (s), 1140 

{s), 1050 {v.s.), 1000 (s), 960 {w), 700 (v.w.)). Cale. 

for C6H
8

SC: G, 56.25/~; H, 6.251;; 3, 25.0;:,;. Found: C, 

56.59%; H, 6.33%; S, 24.6%. 

Reaction of Kethyl t-Butyl Peroxide with 2-Bthyl-5-

tbieny_lli thium 

2-;i;thyltbiophene (0.08 mole) was added witlJ stirring to 

a solution of n-butyl1itbium {60 rnl. ether solution conte..in

ing 0.09 m.ole ,!!-butyllithium). The mixture was refluxed for 

five hours. To the resulti 2-ethyl-5-thienyllithium was 

added slowly, from a dror;lling f'unnel, n:ethyl t-butyl peroxide 

(C.OE: mole} diluted with 9 rrû. anhydrous ether. The reaction 

mixture vms refluxed at 35°0 for 16 hours. The reaction 

mixture was poured into ice-water and extracted with ether. 

The ether extract was dried. The ether was removed and the 

remaining lic;..uid was fractionally dj_stilled us ing the 

spinning-band colurnn. 1ne fraction boiling at 82.5°-83° /20mm. 

vve..s 2-etbyl-5-methoxythio_phene and weighed 7 .88g. (yield 
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69.2%), ~3 
1.5121, d!3 1.046?,?\ !~~:octane 250 ~ (E 6890). 

y CCl4: 3020 (m), 29?5 {s), 2840 (s), 2?40 (m), 1510 (s), max. 
1465 (s), 1438 (s), 1380 (w), 1350 (w), 1320 (w), 1225 (s), 

1205 (v.s.), 1150 (s), 1060 (m), 1025 (s), 1000 (sh), 940 

(w) • Cale for r·• rr 0"' • 0 59 15c! • .,..,. • v ? .... ..~.1 0 û • v , • · ;o, n, ?.04%; s, 22.53%. 

Wound· C 5·9 ca~. ~ 6 ood• 
-" • ) • J V 10 ' .u. 1 • • · iC J 

Reaction of 1:ethyl t-Butyl Peroxide wi th 3-l\.ethyl

thienyllithium 

3-~ethylthiophene {0.05 mole) was added pitb stirring 

to a solution of Q-butyl lithium {30 ml. ether solution con

taining 0.06 mole ,!1-butylli thium). rrhe mixture was ref"luxed 

for five hours. To the resulting mixture of n:rethyl thienyl

li thiums ?vas added slowly, from a dropi·ing funnel, m.ethyl

t-butyl peroxide (0.05 mole) diluted with ? ml. anhydrous 

ether. The color turned yellow while the mixture was re-

flu:ced for three hours. T'ne solution was left at room 

terLpera ture overnight. T'ne reaction mixture was poured 

into ice-v:ater and extracted wi th ether. The ether layer 

was dried with magnesium sulfate, the solvant removed and 

the reJaaining liq_uid frE.ctionally distilled us ing the spinning

band colu:mn. The fraction boiling at ?4°-?5°/25rrilll. was 

collected and wei 1.80g. (yie1d 28%). n24 1.5161, 
~ iso-octane ,) CCl4 1 D 
'' rrnx. 237~ (€ 5840) Y max. cm- : 3000 (m}, 2950 
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{s), 2860 {m), 2830 (m), 2000 (v.w.)) 1560 (m)) 1490 (v.s.), 

1450 (v.s.), 1430 (v.s.), 13?5 (s), 13?0 (m), 1220 (v.s.), 

11?5 (m), 1150 (m), 1130 (v.s.), 1080 (m), 1000-1025 (s.bd.), 

945 (w), 940 (m), 840 (m), 695 (s). Cale. for c6H8so: c, 
56.25%; Found: C, 56,53%; H, 6.56%; 

From i ts :N1.R s:pectrum, this material was identified as 

a mixture of 3-metbyl-2-methoxy thiophene and 4-methyl-2-

methoxy thiopbene. (ratio 1:2.6} Separation by Beckman Gas 

Ghron:atogre.ph I.~odel GC2A (colurrm packed wi th polyethylene 

glycol (20%) on chromosorb W.) resulted in the two fractions 

in the ratio of 1 : 2. 

Attempted Preparation of 2,5-Dimethoxy-3-Thienyllithium 

2,5-Dimethoxy thiophene (1.40g. or 0.01 mole) was added 

witb stirring to a solution of n-butyllithium (16 ml. ether 

solution oontaining 0.015 mole _!!-butylli thium). The mixture 

was reflu::ced at 35°0 for 16 hours. The contents of the :ttask 

were poured into a slurry of dry ice in ether and the mixture 

was poured into ice water. The aqueous layer were acidified 

witn 6N HCl and extracted by ether. Ether layer dried and 

evaporated. The thick l:iack oily substance was obtained ard 

weighed 1.20g. It was chromatoeraphed on alumina. A brown 

oil was recovered 0.36g. It was identified as slightly 
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impure 2,5-dimethoxy thiophene from its inf're.red spectrum. 

Diels-Alder Reaction 

Using the method of Diels and Alder {3?), neither thio

phene nor 2-methoxy thiophene vvould react wi th maleic 

anhydride to form an adduct. 
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Ri.i!SULTS AND DISCUSSION 

Preparation of 2-l.ethoxythiophenes 

The reaction of 2-thienyllithium with methyl-,l-butyl 

peroxida gave a 36% y ield of 2-methoxythiophana. Wh ile 

with dimethyl peroxide it gava a 38% yiald. Obviously the 

use of the highly dangerous dimethyl peroxide offers no 

sienificant advantage, and so all further experiuents were 

dona witt the methyl t-butyl peroxide. 

The yields obtained by this reaction compare very 
. ~ 

badly wi th those obtained by Siee (80~~ for overall reaction 

in two steps from thiophene (8)), but the reaction has the 

great advantage of being effectively carried out in one step, 

since 2-thienyllithium is allowed to react without isolation. 

It can therefore be considered the most convenj.ent n:ethod 

for preparing «-methoxythiophenes. 

1~.etalation of 2-methylthio:phene {known to take place 

at the 5-position: p. 9~), followed by treatr1.ent with 

methyl t-butyl paroxide gave 2-methyl-5-methoxy-thiophene 

in 37~~~ yiald. Similarly, 2-ethyl thi ophene gave 2-ethyl-5-

mettoxythio:phene in 69/b yield, and 2-methoxythiophena gave 

2,5-dimethoxythiophene in 44% yield. The two latter compounds 

are new. 



104 

Ketalation of 3-methylthiophene is known to give 4-

methyl-2-thienyl1ithium and 3-methy1-2-thieny1lithium in a 

ratio of about 4:1 (pp. 81, 94). In the present work it 

was found that the metalation product reaated with methyl 

t-butyl peroxide to give a 2850 yie1d of material analysine 

as a methylmethoxythiophene, but shovm by 1-:l•..R spectroscopy 

to be a mixture of two compounds. These are undoubted1y 

4-n::ethyl-2-methoxythiophene and (in sm.a11er amount) 3-

methyl-2-r!:ethoxythiophene. The spectral properties of the 

mixture are discussed in the next section. 

The various a-methoxythiophenes were colourless 

liq_uids, T.vhich changed to a yellowish col or after standing 

overnight in the ica box. All were unstable, developing 

a dark brownish tinge and a disagreeable adour within two 

weeks and finally resinifying, even when kept sealed under 

nitrogen at 0°C. 

Introduction of a methoxyl group into benzene causes 

a slight exaltation of the molecular refraction constant 

[R].:P, the experj_mental value exceeding the calculated value 

by 0.54 (O.K. Ingold, op. oit., p. 12?) introduction of one 

and two methoxyls into thiophene causes no e:x:~ltation {il 

in Table IV), which, hovJever, is observed when a methoxyl 

is introduced into the 5-position of 2-all~ylthiophenes. It 
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is difficult to account for this behaviour, though part of 

the variability may cone from the fact that the densities 

and refractive indexes from which the observed [R] values 
D 

were calculated '.Vere not deterrdned at 20°, the standard 

temperature for the atoruic and bond constants used for ob

taining the calculated LR]D of Table IV. 

T.&BLE IV 

Lolecular refraction constants [R] of thiophenes 
D 

Compound ObJerved Cale. a 
[R D [R]D 

Thiophene 24.?9b (24.?9) 

2-Lethoxythiophene 31.04° 31.0? 

2-J,~ethoxy-5-n:ethyl thiophene 36.39° 35.71 

2-Lethoxy-5-ethy1thiophene 40.71d 40.35 

2,5-Dimethoxythiophene 3?.4ld 3?.35 

-0.03 

+0.68 

f0.36 

+0.06 

acalc. from constants of Eisenlobr, given in C.I:. Ingo1d, 
Structure and kechanism in Organic Chemistry, Bell, London, 
1953, p. 121, taking [RJn of thiopbene as 24.?9. 

b[R]n Cale. according to data in ref. (39a). 

c [ .. ] c ( ) H D ale. according to date in ref. 8 • 

d[R]D Cale. according to data in this thesis. 
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~~nen the two d positions of thiophene are blocked, as 

in 2,5-dimethoxythiophene, it was thought that metalation 

·Nould take place at the 3-position, vvhich should be activated 

by the presence of the neighbouring 2-rcethoxyl group. In 

fact, no reaction took place. Presumably the mesomeric 

electron relea.se illustrated in XJ:KVIII makes the acidity 

.. OC<:VIII 

of the hydrogen at the 3-position too sno...all for it to be 

removeù by a g-butyl carbanion (cf. p. 89). 

Spectral Studies of ti-r,:ethoxythiophenes 

The infrared, ultraviolet, and nuclear wagnetic resonance 

spectra of the alkoxy thiophenes }Jrepared. in -cHe CC>'.:rse ot: 

this work have been studied and correlateù. with their structures. 

Certain arapirical relationships between spectra and structure 

have been found 'Nhich may prove useful in the eluPidation of 

structures and characterization of nev1 compounds. 

{a) Infrared Absorption S;pectr_a. 

The infrared spectra of thiophene and a number of its 

derivatives have been reported in the literature (38,39b,40). 

However, very little is known about the infrared absorptions 

of alkoxy thiophenes. Tne infrared spectra of the alkoxy 
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thiophenes :prepared in the present studies were e:x:amined 

using a J?erkin-:J:lrner Lodel 21 double-beam recording 

spectrophotorueter eq_uip:ped with a rock-so.lt prism. Such a 

prism is not expected to have a high resolving :Power (41) 

in the region 4000-2000 cm. -l, and furthern;.ore, the relative 

intensi ti es of bands vüll be low ( 41). However, all the 

mono-and disubstituted alkoxy thio:phenes examined showed a 

relatively weak band bet~een 3060-3020 cm.-1 {see Table V). 

This is probably the =C-H stretching vibration (38). The 

intensity of the 3125 cm.-1 band of thiophene decreased with 

increasing substitution on the t'!l.iophene nucleus as expected. 

Yeglectinc some relatively weak bands bet·Neen 2000 

cm.-1 and 16?0 cru.-1 ~hich are probably overtone and corn-

bination tone vibrations, thiophenes generally absorb in 
-1 

t:he re~:ion 1600-1400 c11. -. ·taddington et al. {42) assigned 

the bands in the re3ion 1600-1400 cm.-1 to a ring stretching 

(mode :ccax and XL) apparent1y largely controlled by the 

carbon-carbon double bands. 

XL 

(Arrows indicate direction of motion in plane) Ring 

stretohing modes 1DCITX and XL are i1lustrated above. 
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Characteristic IX -lJ.koxy ThiOIJhenes 

Freq.uencies 



Ti • .BLii: V 

Charac ris tic t(-;,..]_koxy Thiophenes Frec1uencies 

.c - H In-plane C-0-C Ring H Out-
of-

Compound Stretching Ring Stretching :Jeform.ation Stretching Breathint; plane 

[1Le 3050 (w) 1550{m) 14?5(v.s.) 1225(v.s.) 1C80(v.s.) 1155 (v .s.) lOOO(s) 840(s) 
1430{v.s.) 1200(v.s.) 1040(v.s.) 

s 

r-eo Orl..e 
3060 (w) 15'70(m) 14?5(s) 1235- 1050(m) ll~iO ( s) 1000- '7CO(m) 

1525(m} 1440(m) 1220(v.s.bci.) 980 (s'bd.) 

3 

.J1 3060 (w) l560(m) 1450(s) 1235- l050(v.s.) 1150(s) lOOO(s) 960(w) 
1430(v.s.) 1200(v.s. bd.) 1140(s) 

Le , _e 
s 

1.eD~t 
3020 (w) 1560(w) 1465(s) 1225(s} l060{m) 1150(s) lOOO{sh) 940 (w) 

1510(m) 1438(s) 1205(v.s.) 1025(s) 

s 

Lenr1:e + 3050 (w) l560(m) 1490(v.s.) 1220(v.s.) 1080(m) 1150(Iri.) 1000(s) 940(w) 
1450(v.s.) 1025(s) 1130 (v .s.) 

-"sl o:: .. l430(v.s.) 



Infrared ..d..bsor}:rtion Speotra of 

2,5-Dimethoxythiophene (Fig.A) 

and 2--Ethyl-5-Lethoxythiophene (Fig.B) 
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11he hydrogen in-plane deforLation frequencies ap:pear 

between 1235 cm.-1 to 1200 cm.-1 and 1080 cm.-1 to 1025 cm.-1 

(see Table V), according to Hartough {38). 

d -1 -1 . A ban that appeared between 1000 cm. to980 cm. ~n 

all the compounds e:x:amined may be attributed to the ring 

breathing frec:uency (38) (n:ode :CLI). 

Absorption bet·:Jeen 960 cm. -1 and ?00 cm. -1 has been 

correlated with the C-E out-of-plane deforr;~ation vibration 

(38). 

In 1 the all:oxy thiophenes (Table V}, the -C-0-C-

vibration fre~uencies corresponded to a very strong band 

at 1130 to 1155 cm.-1 • This is the region in which many 

al~sl ethers absorb, although usually aromatic ethers 

absorb at higher wavenumbers (43). In general the vi-

brations of the C-0-C systen c&nnot be expected to differ 

very greatly from analo.r:;ous vibrations of C-C-C systen ... s 

since the masses of the atom and force constants of the 

bands are comparable; the fundamental vibrations of ethers 

accordingly fall into the same frequency ranges as those of 

aliphatic hydrocarbons (44), and the distinction of ether 

from C-C bands can be difficult. In the absence of symmetry 

restrictions,. however, the dipole moment changes ac company-

ing the vibrations in which oxygen atocs are involved are 
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considerably greater than those where only saturated carbon 

atom.s participate. Skeletal vibrations involving oxygen 

atoms may therefore be expected to give more intense in

f'rared bands and the characterization of ether linlcages de

pends very largely on the identification of such high 

intensity bands among other skeletal vibrations. However, 

in the present case thiophene bas no band in the region 

between 1130 to 1155 cm.-1, so that the assignraent of the 

strong bands at 1130 to 1155 cm.-1 to the -C-0-C- vibration 

can be made with confidence. 

(b) Ultraviolet Absorption Spectra 

Changes in electronic spectra due to individual groups 

are modified by interaction with other groups present in 

the sarr~e molecule. Such interaction raay be of three kinds, 

vibrational, electronic, or steric. Vibrational interaction 

causes no profound chanees in the ultraviolet light absorp

tion properties, except for alterations in the vibrational 

fine-structure or in the shape of the band envelope. 

~lectronic interaction, on the other hand, can result in 

marked changes in transition energy and in large wavelength

displace~ents of the bands. Such interaction is particularly 

strong in the case of adjacent groups containing highly 

polarizable re- or n- electrons, and the classical term 
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"conjugation" is given to such interaction. Tbe term 

"chromo::phoretr is gi ven to unsaturated groups such as C= C 

and C- 0 (Tt:- electron groups), while the t erm "auxochrome" ... -
is given to such groups as -NR3 and -OR (n- electron groups). 

It is assumed that a molecule can absorb certain 

characteristic ç_uanta of light energy which rai se i t to 

some electronically excited state. Absorption of light 

therefore brings about tr~nsition of the molecule from its 

ground state to an electronically excited state, and the 

difference in energy of these two states will determine 

the freq_uency of light absorbed. T'ne n1ore nearly the 

energy of the first excited state corresponds to the energy 

of the ground state, the longer is the wavelength of light 

absorption. Conjugation ( n- rc conjugation or Tt - n 

conjugation) generally results in closing u::p of ground and 

excited electronic levels, i.e., a decrease in transition 

energy, and so results in a band displacement to longer 

wavelength, (bathochomic shift). If, on the other hand, 

resonance stabilizes the ground state more than it stabilizes 

the exci ted state, the difference bet~,veen the two states 

increases and a shift towards shorter wavelength (hy::pso

chrozuic shift) takes place. Steric interaction affects 

light absorption by influencing the stabilization of the 
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molecule in the ground or excited states. If steric factors 

interfere with resonance stabilization of the exci ted state, 

the energy difference between the two states increased and a 

hypsochromic shift occurs. 1rhe ultraviolet absorption data 

obtained in the course of this ·work are listed in Table VI. 

iJ.l san.ples were exru.r-ined in solution in absolute alcohol 

and iao-octane at suitable concentrations for precise trans-

~ission n~asure~ents in a cell 1 cm. thick. Spectra were 

obtained usi.c.g a Bech.'11lan DK-1 Recording Spectrophotometer 

which recorded absorbance (i.e., o:ptical density) from which 

the molecular extinction coefficient in liters/mole-cm. was 

calculated in the usual rranner ( 45). 

Resonance within the thiophene ring gives rise to an 

ultraviolet absorption spectrum with a broad maximum (in 

ethanol) near 230 m,i", E max. 7070 (46). Priee and 

·:ralsh (47) conclude that the spectrum obtained is due to 

the excitation of a ~-electron from the conjugated double-

bond electrons. Hence, thiophene might be considered as a 

chromo ph ore. HO\vever, only a very small bathchrom.ic shift 

is observed ·.vhen alkyl groups are substi tuted (affect of 
., • ,.L • ) 

nyperconJUg&~lon (48}. Thus 2-methylthiophene has a .r;~axin.~.um 

of absor1)tion ( 46) at 232 ny ( E Iüax. 7410) (in ethanol). 
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T.A.BLU: VI 

Ultraviolet absorption of thiophenes 

Compound 

Thiophene 

2-Methylthiophene 

n 

3-l..ethyl thiophene 

2-l~ethoxythiophene 

fT 

2-t:ethyl-5-methoxythiophene 

2-Ethyl-5-methoxythiophene 

2 ,5-Dimethoxythiophene 

l.ixture of 4-methyl-2-

methoxythiophene and 3-methyl-

2-n~ethoxythi ophene 

I 

I 

I 

F 

p 

I 

I 

*·· ~ =ethanol, I = iso octane, P = pentane. 

~Present study. 

230 

231 

232 

234 

235 

244 

241 

249 

249 

250 

255 

234 

23? 

?070 

?0?0 

?410 

7940 

4780 

5380 

4300 

6350 

5000 

6890 

5660 

5010 

5840 

ref. 

46 

49 

46 

50 

51 

f 
8 

8 
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In the present work the affect of substituting methoxyl 

group in the 2-position of thiophene was studied (Table VI). 

The methoxyl group is considered as an auxochrome and as 

such is expected to cause a bathochromic shift when attached 

directly to an aroms.tic system (52, 53). The bathochrond.c 

affect of the 2-methoxyl group may be explained on the 

basis of capability of such a group to conjugate (~-n

conjugation {54) with diane system of the thiophene nucleus 

as shown below ( f orms XLIII and Ja..IV) • 

("(,.) 

...,<;..._-:0~ Ço \ÏcF.
3 

'lE-'(-~~ JJ ~6H3 
XLIII XLIV 

The greater bathochromic shift in ethanol would then 

be expected because the more polarizable solvent should 

lo-tver slightly the energy of the e:cci ted state made up 

mainly of XLIII and XLIV by solute-solvant interaction 

( 55a). 

It is difficult, however, to write plausible formulae 

(usine the symbolism of resonance theory) for the excited 

states of 2-alkyl-5-methoxythiophenes and of 2 ,5-dirnethoxy

thiophene which account for the additional bathochromic 
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shift produced by introducing a 5-alkyl- or 5-methoxyl 

group into 2-methoxythiophene. It is still more difficul t 

to account for the strong hypsochromic shift produced by 

introducing a methyl group into the 3- and 4-positions 

(in the ratio of 1:2 in the mixture) of 2-methoxythiophene. 

11hese compounds obviously warrant n~ore study, but in the 

meantime it can be said that it appears that the ultra

violet absorption spectrum allows one to differentiate be

tween unsubsti tuted 2-alkoxythiophenes, those :!:1avin,s alkyl 

substituents the 5-position, and those having alkyl 

groups at the 3- or 4-positions. 

(c) Nuclear Ivzgnetic Resonance Spectra 

The rueasurement of the nuclear n.agneti c resonance 

ctra of ors&nic molecules has recently proverl a powerful 

n~ethod for deterr::.ininc structure ( 55b, 56,57, 58). 'l'he 

nuclei of certain at oms behave as if they vve re spinning, 

and generate a r.1agnetic field., ·.rhen a compound containing 

such nuclei is placed in a rna3netic pole 3ap, and subjected 

to the radiofreçuency field of an ~cillator, absorption of 

radiofrequency (rf} energy (resonance) occurs at particular 

combinations of the oscillator freç_uency and the magnetic 

field strength, and an rf signal is picked up by a detecter. 
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For organic molecules, the resonance most generally 

r:1easured thLt of the various protons in the molecule. 

These 'IVill resonate at difr'erent ap}üieà. flelüs bGc<..use of 

the different degrees to which they are screened by their 

va.lency electrons. Protons from <Vhich the electrons are 

most reruoved by indue ti ve, mesorueric, etc. , affects resonate 

at the 1owest elds. The difference in the field necessary 

for res onan ce of two different protons is tern!e d the 

"Chenica1 shi • 

r.rhe che11ica1 shH't ( d} is direct1y proportiona1 to the 

rJs.c;net:l c e , and can be converted to the usua1 unit 

( t · 11' ' b "' · · d · ' th 1 f t· e par s 1)er rLJ. J.on = I·l'·L· J y UlVl ll1f::: oy e vc. ue o n 

ectra from I~onosubsti tuted benzenes are not 

readily subjected to a comiùete analysis and accurate 

c::uanti tative data are rarely obtained {59, 60). .n.S long 

as cor:~rùetely reso1ved :Nl . .l"{-spectra of wonosubsti tuted ben-

zenes cannat be obtained, it is difficult to rel~te proton 

cher:J.ical to ether substituent effects in benzene. 

The substituted furans and thiophenes cive spectre. which 

are ruore easily interpreted, and sone Nldi studies of th ese 

types of con.;.pounds :i::a. ve be en undertaken ( 60,61, 62,63, 64,65) • 

'11he discussion of substituent affects should evidently be 
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based on the chemical shifts for the unsubstituted com-

pounds, but in case of thiOIJhene this wa.s ini tially not 

possible be cause i ts l'J...R spectrum is extremely complica ted. 

Hoffman and Gronowitz have studied the Nl.:..R spectrmn of thio-

phene ( 63) and they found the shift of the (J -hydrogens to 

the d -hydrogens in the thiophene is 1.25 p.p.m. the (3 -

protons beine at hiBher magnetic fieJd (increased shielding). 

In furan and pyrrole ( 61) the resonances of the eX- and (1-

hydrogens are wall separated &nd the shifts are 1. 05 p. p.ul. 

and 0.65 p.p.rr~. respectively. 

The resonance of the tX -hydrogens in furan (66) and in 

thiophene at lower aprlied field indicates that the electron

attre..ctinç~ hetero atom unshields the d-hydrogens n<ore than 

the f3 -hydrogens {Table VII). This general affect is modi

fied by substituents (60,64,65}. 

The methoxyl grou? is of the (-I, +1:) type, i.e., it 

is inductive eleatron-attractin3 but conjugativeàlectron-

donating. The followins valence forms have been assurued 

( 6'7) to con tri bute to the structure of 2-methoxythiophene 

(p. 116) : 

nrr :a..rrr .. a.rv 
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The resonances of all three protons occur at higher 

field than in thiophene, giving evidence of the shielüing 

(60) (electron-donating) effect of the substituent. 1~e 

largest shift to higher field is obtained for position 5, 

where through the conjugative effect the relative electron-

density is highest. In position 3, the conjugative affect 

is counteracted by the inductive electron-attracting affect, 

and resonance occurs at son~ewha t lower field. The e1'fect 

of bath the inductive and conjugative effect is small in 

position 4, and accordingly the proton resonance is only 

slightly displaced. 

In the 3-m.ethoxythiophene ( 60, ô7), the resonance 

structures like XLVII and XLVIII are of small importance 

t+) <+) C+) 

[JOCH3 [JOCH3 L-j =OCH n=OCH3 3 
{,--} ~ .h 

s s s s 
L-) 

nv ~{LVI XLVII :CL VIII 

cortpared wi th XLV and llVI, as they have decets around the 

sulfur as well as C = S double bonds. In other terms the 

mesomeric effect affects position 2 but not 4. Tnis is 
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Tb.BLE VII 

Protons af tbiophenes (~values) 

Com:pound Substituent Ring .Froton Other 

Rl' R2' R3' R4 H2' H3, H P." 
4' 

.... 
5 

1. ThiopheneiE H H H u 2.81 2.96 2.96 2.81 ... ... 

2. 2-Ket Ke H H H 3.54 3.40 3.34 

3. 3-l~c~eH H H Ee H 3.40 3.26 3.01 

4. 2-0lLe iE Oli..e H H H 3.89 3.41 4.14 

5. 2-0JLe, 3-Ke~ Oke H l~e E 3.54 3.94 r.:e . 7.99 . 
Ol>':e: 6.30 

6. 2-0!V:e, 4-r,:e~ m.~e H H nee 3.49 4.00 1ie : 7.92 
m.:e: 6.35 

7. 2-0Ke, 5-l,:e~t 011~6 :r._e H H 4.19 3.71 lv~e . 7 .• 58 . 
Ot.:..e: 6.36 

8. 2-0ke, 5 ''t~ -c.. m.~e .d;t Ii H 4.25 3.88 01...e: 6.42 

~t 
CH3 :8.84 
(triplet) 
CHfi :7.37 
(q artet) 

9. 2-0ke, 5-01le~ m.~e OKe H H 4.47 4.4? 01.-e: 6.69 

10. 3-0l.Ce* H H 01~e H 3.92 3.34 3.06 

Xref. (60,68) 
tc.f. ref. {69} 
fc.f. ref. (60,68) 
~This the sis 
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FIGURE 2 

Nuclear 1~gnetic Resonance Spectra of 

2,5-Dimethoxythiophene (Fig. A) 

and 2-ethyl-5-methoxythiophene (Fig. B) 
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FIGURE 3 

Nuclear lCagnetic Resonance Spectr:um 

of mixture of 

4-J\!~ethyl-2-methoxythiophene and 

3-methyl-2-methoxythiophene 
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completely verified by the N1:R-spectra of these compounds. 

The shift for hydrogen 2{the "real" ortho position) in 3-

r;:ethoxythio:phene is larger an th at of hydrogen 5 and hydroeen 

4. The shii't for the 2-hydrogen is th us so laree that al

though in thiophene the tl -resonance appears at the lowest 

applied field, it is here shifted to higher field than 

hydrogen 4. Gronowi tz { 40) found th at the low field shift 

of the n:ethyl group resonance in 2-ruethyl thiophene is in 

agree1::ent wi th the great electron-attracting 1)roperty of 2-

thienyl over that of 3-thienyl. 

The spectra of 5-r::.ethyl-2-nlethoxythiophene ( 69) and 5-

ethyl-2-methoxythiOIJhene show the affect of the electron

releasine 2-Ketl!oxyl group in shifti:ne the peak of 3-hydrogen 

to higher field than the affect of the 5-n"ethyl group and 5-

ethyl group to the 4-hydrogen. In the spectrum of 2,5-

dimethoxythiophene, the spectrum shovJs one peak due to the 

ring protons and one peak due to the methoxyl groups. As 

expected, the peaks of the ring protons are sbifted to much 

higher field. 

The product from the n.1.etalation of 3-n~ethylthiophene, 

follovved by reaction wi th me thyl t-butyl peroxide, would be 

expected to be a rrdxture of 4-methyl-2-methoxythiophene 



125 

(XLI~ and a lasser amount of 3-methy1-2•methoxythiophene (L); 

in fact, gas chrorùatography indicates (from relative areas 

of peaks) the ratio to be about 2:1. This is consistent with 

the m.Jt-spectrum which shows two peaks centred at about 6.35 ï:", 

for methoxyl, whose areas have a ratio of about 2:1. The 

same is true for methyl (1:"?.92},?(-hydrogen (-ç 4.00) and (3-

hydrogen (1; 3.54). For reasons given earlier {p. 120), the 

C{ -hydrogen of 4-methyl-2-methoxythiophene v<Jould be expected 

to be more shielded than that of 3-methyl-2-methoxythiophene, 

and this agrees with the spectrum which shans the larger peak 

H-

11
-Ee 

r,:eo~ } -H 
s 

XLI~( 

L.e

0
-H 

0 
s 

L 

at higher field. It is likely that the t5 -proton peak 

at higher field is also to be assigned to the proton of 

XLIX. Chemical shifts assigned to the separate compounds 

XLIX and L on the basis of these considerations are shovm in 

Table VII. 
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.Sun:r!lary -':Jld ClairrLs to Orisinal Researq_l'! 

1. 'The reactions of four dialkyl :peroxides (dirn.ethyl :pero:cide, 

Lethyl-_i-butyl peroxide, diethyl })erox:ide &.nd di-t-butyl 

ro:;:ide} wi th ::/heny i thi Ul:l and phenylmae;nesi urü bromide 

·:1ere studied. Thenylli thium reacted ·:Ji th all four :per

oxicles, al though reaction vvi th di-t-butyl peroxide wc:.~s 

sluc,.::)r.h; l'henylr:,agnesiun~ bromide was less reactive. 

Good yield.s of anlsole could be obtained froL tbe re-

action of 11henylli tbium th nethyl _i-butyl I)ero:;;:ide, 

which is a relatively safe roxicle to ndle. 

2. The yields of phenols f'rorr1 tl:.e oxidation of aryllithiu.m 

com:pouncls vtith molecular <T.J.:yc.;en were not irnproved by the 

presence of butylli tlliurn. Better yiélds '"'ere obtained 

'.vhen the oxidation was effected with t-butyl hydro

l'eroxide. 2-Lethoxy-1-naphthol ·,vas 11re:rured in this way 

for the first time. 

3. ...;.tterr,.yJts to I're:pare 2-hydl·o:x:yfurc.n é..:.l1d 2-methyl-5-hydroxy

fur.an throuch the oxidation of tf -furyllj.thiuw, gave 

only intractable, hi~h boilinc tars. 

4. The u.se of rhenylr.ta:..:;nesium chloride or iodide in Tlace 

of phenyl~agnesiurr bromide in reaction with dibenzoyl 

:peroxide gave lo·.ver yields of phenyl ben2oate. 



5. The treatru.ent of dibenzoyl reroxide with alurninu:w chloride 

cs.ve I>henyl benzoate &nd carbon dio:;dde. The yields of 

these two cor;:pounds l'lere founcl not to vary greatly with 

ten;.pers.ture. 

6. T:.11e atter1'Pt to obtain a mixed aroyl sulphonyl peroxide 

by the reaction of sodium perbenzoate vvith r.c_ethe..ne sul

phonyl chloride, gave benzoyl peroxide, benzoic acid and 

phenol. The r::echanisn•. of the ree.ction is discussed. 

7. 2-I.:ethoxythiophene vvas obtaine d by treatine; thiopb ene 

wi th _Q-butylli tlüum to sive 2-thienylli t!Jium, fbllowed 

by reaction of the latter wi th n~,ethyl 1-butyl peroxide. 

By the same route 2-methyl-5-methoxythiophene, 2-etbyl-5-

IIleth ox:ythiophene, and 2, 5-dimethoxythiophene (the latter 

tvJO new compounds) were prepared; v;~hile startine from 3-

n~ethylthiOl1hene a mixture of 4-metbyl-2-lr..etboxythiorhene 

and 3-Eethyl-2-Eetho:x:ythiophene was obtained. 

C.. The inf're.red, ultraviolet and n.m.r. Sl)ectra of the tt

metl:oxythiophenes were studied and dis cussed. 


