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I. INTRODUCTION 

Diarylcarbinols of the type_!_ have been found to be valuable 

intermediates in the synthesis of a variety of polynuclear aromatic 

compounds. 

0 OH 
I II I 

Ri.. MgX + R-C-H --..R-C-R' 
I 

H 

1 

where R= 6~' 
and 

I 
where R = 00. 

Distillation 

6~1 

0 
ti 

R-C-R' + R-CH-R' 
2 

2 3 

eBr 
00'. 

The synthesis of these intermediate diarylcarbinols _!_, as well as the 

conversion of these compounds to the desired polynuclear aromatic 

compounds has been treated in detail in the work of previous investi-

gators. 1-6 On the other hand, the synthesis of the diarylcarbinols _!_ 

by means of the condensation of a Grignard reagent with an aldehyde 

did not always give the desired diarylcarbinol .!_. Instead, a mixture 
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of the corresponding ketone_?:. and diarylmethane 2_ were isolated upon 

. k f th t. . t 7 - 1 1 wor up o ese reac ·1on mix ures. The assumption was made that 

the abnormal products _?:.and 2_ were formed during the condensation of 

the Grignard reagents with the appropriate aldehydes. 

Because of the delicacy of the relationships between molecular 

structure and physiological activity, it is imperative that only pure 

compounds of known structure be used in these studies. Therefore, 

serious doubts were raised about the advisability of continuing the 

preparation of the intermediate diarylcarbinols _!_which were to be used 

in the synthesis of potentially important carcinogenic or carcinolytic 

polynuclear aromatic hydrocarbons by means of Grignard reagent-

aldehyde condensations. 

The necessity for the synthesis of the diarylcarbinols _!_was 

eventually bypassed by allowing Grignard reagents to couple with the 

appropriate ~-halomethyl substituted aromatic nuclei. 12 This reaction 

affords the desired diarylmethane 2_ directly. 

The fact that the condensation of a Grignard reagent with an 

aldehyde did not give th~ expected diarylcarbinol _!_ still remained, 

however. This fact aroused a great deal of interest from a mechanistic 

point of view. The purpose of this investigation was, therefore, the 

study of the mechanistic path by which the condensation of Grignard 

reagents with aromatic aldehydes might take place and the study of the 
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pyrolytic decomposition of an appropriate diarylcarbinol at high 

temperatures. 

The reaction which was specifically chosen for the investigation 

of Grignard reagent-aldehyde condensations was the reaction of the 

Grignard reagent of 2-bromonaphthalene with 2-chlorobenzaldehyde. 

The diarylcarbinol which was employed in the investigation of the 

pyrolytic decomposition of diarylcarbinols of type 1 was l-bromo-2-

(1-naphthyl)naphthylcarbinol. 

The mechanistic path by which the condensation of the Grignard 

reagent of 2-bromonaphthalene with 2-chlorobenzaldehyde proceeds, as 

well as the synthesis and the mechanism of the pyrolytic decomposition 

of l-bromo-2-( 1-naphthyl)naphthylcarbinol, will be discussed in detail 

in the following sections of this dissertation. 



- 16 -

II. HISTORICAL 

1) Decomposition of Diarylcarbinols 

A) High Temperature - No Catalyst 

In 1957, Light 7 made the observation that upon vacuum 

distillation of the crude oil obtained from the condensation of the 

Grignard reagents of 1- and 2-bromonaphthalene with 2-bromoben-

zaldehyde, the expected carbinois, l-bromophenyl-1-naphthylcarbinol 

( 4) and l-bromophenyl-2-naphthylcarbinol (5 ), were not isolated. 7 

Instead, he isolated two high boiling, viscous oils, the boiling points 

and elemental analyses of which were very close to that of the 

corresponding diarylmethane s §_ and !.....· The ketone s 8 and 9, the 

corresponding disproportionation products, were not isolated. 

The elemental analyses of the viscous oils for carbon, hydrogen, 

and bromine closely checked with the analytical data for the known 

diarylmethanes §_and!.....· Light concluded that the two compounds were 

most probably the diarylmethanes §_and 7, and that reduction possibly 

occurred either during the reaction of the Grignard reagents with the 

aldehyde .or subsequently during distillation. 

Delia 8 attempted to examine this anomalous G:rignard reagent-

aldehyde condensation more closely. He allowed the Grignard reagent 
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of 1-bromonaphthalene to condense with 2-bromobenzaldehyde. The 

crude oil isolated was subjected to the conditions of a vacuum 

· distillation. Upon examination of the infrared spectrum of the 

distillate, no hydroxyl function was observed. However, a ketonic 

function was found at 5. 98µ. A decision was made to study the products 

of the condensation of 2-bromobenzaldehyde with the Grignard reagent 

of 1-bromonaphthalene via infrared spectroscopy by measuring the 

intensity of the ketonic absorption at 5. 98µ. Following this procedure, 

Delia found that, in several reactions, the proportion of diarylmethane 

6 to ketone 8 was l :4. 

A sample of the ketone !?_was reduced with sodium hydroborate 

in boiling pyridine over a period of 48 hours. No loss of the hydroxyl 

absorption in the infrared spectra of several samples led Delia to 

postulate that the compound was thermally stable. Excess aldehyde 

present in the initial condensation of the Grignard reagent with the 

aldehyde, under the conditions of either normal or inverse addition, 

led him to believe that the presence of aldehyde did not influence the 

final ratio of products 2 and!?_ obtained after vacuum distillation of the 

crude oil isolated from the Grignard reagent-aldehyde condensation. 

Therefore, Delia concluded that the anomalous results observed in this 

reaction must arise either during or before hydrolysis of the complex. 

Pols s 9 attempted to study the condensation of the Grignard 
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reagent of 1-bromonaphthalene with 2-bromobenzaldehyde even more 

closely, with special reference to the hydrolysis of the alkoxide inter-

mediate formed during the initial reaction. He found that hydrolysis 

under acidic, basic or neutral conditions did not influence the course 

of the reaction. Vacuum distillation of the crude oil obtained after 

hydrolysis of the reaction medium led to the isolation of a viscous oil 

which showed no hydroxyl function in the infrared spectrum. However, 

the infrared spectrum of the oil did show the presence of ketone 8. The 

other component of the mixture was assumed to be the corresponding 

diarylmethane !:_. The ratio of the products !:_to~ was found to be 

directly opposite to that found by Delia 8 , that is, four parts of 

diarylmethane ~to one part of ketone~- Polss concluded that the 

abnormal products!:_ and~ must either be formed prior to hydrolysis or, 

if they are formed during hydrolysis, their formation is independent of 

the hydrolysis medium. 

There have also been other examples of anomalous Grignard 

reagent - aldehyde condensation reactions which have come to light in 

this Laboratory over the past few years. 10 Henson observed that the 

product of the reaction of the Grignard reagent of 1-bromonaphthalene 

with 1-bromo - 2-naphthaldehyde, after distillation of the crude product, 

13 could not be reduced, according to the procedure of Evans , by a 

mixture of red phosphorus and iodine to give the desired diarylmethane 
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11. The infrared spectrum of the distillate suggested that the inter-

mediate carbinol ~was not present. The composition of the distillate, 

by weight, was found to be a mixture of the corresponding ketone g 

and the diarylmethane .!._!. in a ratio of 1 :4. These results were found to 

9 parallel those of Pols s. 

CH~n 
fl 'Qr gf 'Br 

11 

HO ~o flcl Q 
rgr 'Br 

10 

l 
0 

~I' JdJ 
fl QT (QT 'Br 

12 

Greenwood 11 observed that the coupling of the Grignard reagent 

of 1-bromo - 3-chloronaphthalene with 2-bromobenzaldehyde, after 

vacuum distillation of the crude product, resulted in isolation of only 

a small percentage of the expected carbinol _!2. The majority of the 

distillate consisted of a mixture of the corresponding ketone 12. and 
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diarylmethane 1,i in a ratio of l :4. 

I 
I 

Mg Br 
HO 

CHO 00 \c 

©( + >- ©( 
Br Cl Br J Cl 

13 

+ 

Cl Cl 

14 15 

In 1865, Linnemann 14 observed that the distillation of benzhydrol 

proceeded with the loss of water to give a compound boiling at 315° 

(745 mm). Linnemann described this compound as benzhydrol ether. 

No decomposition of the benzhydrol ether at the boiling point was 

reported. 

Although Nef15 observed that the distillation of benzhydrol 
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proceeded well over 300° (metal bath temperature higher than 450°) 

with the loss of water, benzhydrol ether was not the only compound 

isolated. He found that benzophenone and diphenylmethane were both 

present in the distillate, along with benzhydrol ether. Moreover, the 

composition of the distillate could be completely changed by slowly 

distilling benzhydrol ether at atmospheric pres sure. In this case, no 

trace of benzhydrol ether was found; the distillate was found to contain 

a mixture of benzophenone and diphenylmethane exclusively. Tetra-

phenylethane and a red resin were found in the distillation pot. 

Nef15, 16 postulated that at 300° benzhydrol is dissociated into 

water and a diphenylmethylene radical, which reacts with any remaining 

benzhydrol to form benzhydrol ether: 

(a) 

(b) 

However, the diphenylene radicals would react further with any water 

present to form more benzhydrol. The benzhydrol would then undergo 

loss of atomic hydrogen to form benzophenone. The nascent hydrogen 

might then attack some of the diphenylene radicals, giving rise to 
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diphenylmethane. 

+ 2H· 

The formation of tetraphenylethane is explained by the combi-

nation of diphenylmethylene radicals to give tetraphenylethylene which 

is subsequently reduced by means of atomic hydrogen. 

. {e) 2H· 

-i 
Risinger 17 noted that the decomposition of benzhydrol in the 

presence of boric acid at 280-290° was complete after one hour. Three 

products, viz. benzophenone, diphenylmethane, and ~-tetraphenylethane, 

were isolated. No benzhydrol ether was isolated. On the other hand, 

decomposition of benzhydrol in the presence of boric acid at a lower 

temperature {140°) for two hours gave an 85% yield of benzhydrol ether. 

It was postulated that the pyrolytic route of the decomposition of the 
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benzhydrol involved the formation of a diphenylmethyl carbonium ion 

which subsequently attacked the benzhydrol present in the reaction mix-

·ture to form benzhydrol ether. The benzhydrol ether then decomposed 

to give the observed products. 

Goldthwaite 18 observed results which were similar to those of 

Nef15 on heating di-.J2.-bromobenzhydrol at 250° for five minutes under 

a stream of dry air. Crystals of di-..E.:bromobenzhydrol ether were 

isolated from the reaction mixture. 

While repeating this reaction, di-£-bromobenzhydrol was heated 

for forty minutes in a closed system. Water was removed from the 

system, and, upon distillation of the residue, E.-dibromobenzophenone 

and E,-dibromodiphenylmethane were isolated. The residues in the 

distillation pot yielded a high melting solid which was thought to be 

.E,-tetrabromotetraphenylethylene. 

Following the work carried out by Nef15• l6 and Goldthwaite, 18 

Bacon l 9 undertook a study of the decomposition reactions of the sodium 

salt of benzhydrol at high temperatures. The results obtained by Bacon19 

l .k h c . k 15,16,18 Th d .. were not uni e t ose OJ. previous wor ers. e ecompos1t1on 

of sodiUIU benzhydrol at 260 - 290° for four hours led to the isolation of 

benzene, benzoic acid, diphenylmethane, 2-tetraphenylethylene, 

g-tetraphenylethane and benzhydrol. No benzophenone was found in any 

of the decomposition studies. 
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Bacon l 9 was led to the postulation of the following mechanism 

based on the products isolated from the decomposition of sodium 

·benzhydrol: 

/ A. 2(C6H5)z CHONa z(c 6H 5)2c'\. + 2NaOH 

/ 
(C 6H5 )2C(ONa) 2 B. (C6H5)2C\_ + 2NaOH + 2H· 

/ c. (C6H5)2C'\. + Z!iJ· (C6H5)2CH2 

D. (C 6H5 )2C(ONa) 2 (C H ) C = 0 + 6 5 2 Na 20 

Bacon also postulated that, under the conditions of the experiment, 

the benzophenone first formed must be rapidly and completely converted 

to equal amounts of sodiurri benzoate and benzene. 

E. (C 6H ) C = 0 + NaOH 
5 2 

This postulation was borne out in fact by the thermal decom-

position of a sampie of benzophenone in the presence of sodiurri hydroxide. 

The thermal decomposition of phenyl l -naphthy1carbino120 with 

the loss of water and the formation of the corresponding symmetricai 

ether. When the ether was heated with an excess of sulfur, phenyl 1-

naphthyl ketone and phenyl 1-naphthylmethane were isolated. 
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B) Acid Catalyzed Decompositions of Alcohols 

The study of the decomposition of alcohols has by no means 

·been limited to high temperatures. Kauffmann and Pannwitz 21 

determined that several isomeric methoxy substituted triphenylcarbinols 

are rapidly reduced to the corresponding triphenylmethane derivatives 

when allowed to react with hydrochloric acid in the presence of ethanol. 

The ethanol is oxidized to acetaldehyde. Reduction of these same com-

pounds also occurs very readily if the carbinols are merely dissolved 

in hot formic acid. The formic acid is oxidized to carbonic acid. 

Schmidlin and Garcia-Banus 22 obtained similar results when 

triphenylmethyl chloride, tri-biphenylmethyl chloride or the respective 

carbinols were treated with ethanol in the presence of concentrated 

sulfuric acid. The corresponding triarylmethanes were isolated in 

good yield in all cases. In a similar manner, benzhydrol was found to 

rapidly and smoothly undergo reduction to diphenylmethane in the 

presence of ethanol and concentrated sulfuric acid. 

A study of the mechanism of the acid catalyzed dismutation of 

diarylcarbinols containing electron releasing substituents was carried 

out by Balfe (et al.). 23 It was discovered that the action of half-molar 

amounts of acetic acid, formic acid or trichloroacetic acid on di-,E-

methoxyphenylcarbinol led to the isolation of the corresponding 

symmetrical ether. In the latter case, if a higher proportion of 
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trichloroacetic acid was allowed to react with the carbinol, only 

di-.E,-methoxyphenyl ketone and di-.E,-methoxyphenylmethane, were 

·isolated. The authors suggested the following mechanism for the 

formation of the intermediate ether and the dismutation of the ether into 

the corresponding ketone and diarylmethane: 

_____ ArzCH + ArzCHOH 1 l 
+ 

ArzCH-0- CHArz + H20 
I 

H 

/ 
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+ 
B • ( l ) 2A r 2 CHO H ) Ar CH-O-CHAr 2 

2 I OH 

H 

+ ~ Ar 2CH-O-CHAr 2 

~ - CHR~+ 

i 
Ar 2C = 0 + H + 

The failure by Balfe (et al. )23 to effect dismutation with 

diphenylmethanol under the previously stated conditions led them to 

state that only those alcohols, in which mesomeric effects operate to 

increase the electron density at the secondary carbon atoms of the inter-

mediate f r 2CH-1-CHAr~ + ions, are able to undergo dismuta-

tion. However, Burton and Cheeseman24 obtained evidence to the 

contrary. They determined that diphenylmethanol reacts with .7 2% 

perchloric acid to give sym. -diphenylmethyl ether together with 
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benzophenone and diphenylmethane. Sym. - diphenylmethyl ether was 

found to undergo dismutation even more readily than the precursor 

alcohol, diphenylmethanol. It seemed that the acid catalyzed dismu-

tation of the carbinol might be occurring via the intermediate ether. 

If this were the case, then the mechanism postulated by Balfe (e·t .al. )23 

would have to be modified as follows: 

H+ 
Ar 2CHOH ---+-Ar 2cH + Ar2 CHOH>- Ar 2CH - 0 - CHAr 2 + H+ 

J 
+ 

-c,----- Ar CH - 0 - CH - Ar 
2 I 2 

H 

The conversion of the ether into diphenylmethane and benzophenone 

probably occurs by the weakening of one of the C - 0 linkages after 

addition of a proton to the oxygen. 

Bartlett and McColl um 25 disagreed with the proposed mechanisms 

of Balfe (e't al. )23 and Burton and Cheeseman24 concerning the dismu-

tation of diarylcarbinols under acidic conditions. In order to clarify 

the proposed mechanism that the hydrogen atom in the diarylmethane 

derivative did not come from the diaryloxonium ion (see mechanism B), 

_E-dimethoxydiphenyl carbinol was forced to undergo dismutation in the 



-30-

presence of trichlorodeuteroacetic acid. Analysis of the _E-dimethoxy-

phenylmethane, formed during dismutation of the parent carbinol, for 

the percent deuterium present showed that the compound isolated con-

tained only 0. 0 2% deuterium. Allowing for 50% exchange of the hydroxyl 

group hydrogen atoms of the alcohol with the trichlorodeuteroacetic acid, 

any proton-transfer mechanism would require that the methylene 

derivative contain between 0. 45% (one atom in 224) and 3. 12% (one atom 

in 3 2) of deuterium. Therefore, the hydrogen atom which is delivered 

to one of the alcohol molecules comes from the reductant molecule 

without any interchange with the acidic hydrogens of the solvent. The 

hydrogen atom is thus not transferred as a proton but as a hydride ion, 

and the mechanism suggested was the following: 
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The acid catalyzed dismutation of alcohols is by no means 

limited to diarylcarbinols. Kny-Jones and Ward 26 observed that 

xanthydrol was rapidly converted into xanthen and xanthone when brought 

into contact with boiling NI I 00 hydrochloric acid for only five minutes. 

Xanthydrol was also completely converted to xanthen and some 

xanthone after treatment with hot N / 20 ethanolic hydrogen chloride for 

one hour. Xanthydryl chloride rapidly decomposes in the presence of 

ethanol to form mainly xanthen, but also some xanthone. 

The postulation was advanced that the mechanistic route of the 

dismutation of xanthydryl chloride must have been through an inter-

mediate ether, although no such ether was isolated: 

16 + 

+ 

17 

v 
/C6 H4' 

o, .,./CH2 + CH3 CHO 
C6H4 

18 



-32-

The development and subsequent disappearance of a yellow-

green color in all the experiments involving hydrogen chloride suggested 

. the presence of ion !2_. 

The theory that ionization of xanthydryl chloride occurs to give 

xanthydryl carbonium ions and chloride ions as postulated above 26 is 

probably correct. However, in view of the experimental data accumu-

lated by Bartlett and Mc Collum 25 , the mechanistic path of the dismu-

tation of xanthydryl ethyl ether as postulated by Kny-Jones and Ward 26 

is totally incorrect. 

II. Thermal Decomposition of Ethers 

L . 14 . h f' . . d' h innemann was t e irst investigator to iscover t at 

benzhydrol decomposed above 300° with the loss of water to form a 

colorless oil which boiled at 315° (745 mm). However, he did not 

observe any decomposition of the ether at its boiling point. 

Ne£15 subsequently reihvestigated this reaction and postulated a 

mechanism for the decomposition of benzhydrol at high temperatures 

(see Sec. I, pp. 22 ). Goldthwaite 18 extended Nef 1 s work to the 

corresponding .E_-bromo system (see Sec. I.). She found that .E_-dibromo-

benzhydrol formed the corresponding ether when heated at 250°. The 

ethyl ethe·r of .E,-dibromobenzhydrol was also prepared, 27 and upon 

heating at 300° was found to decompose into ethanol, ethylene, 

p-dibromobenzophenone and .E,-dibromodiphenylmethane. 
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The thermal instability of a series of thioethers was investigated 

in great detail by Schonberg {et.a.l. ). 28 Although benzhydrol decomposes 

·at well over 300°, the sulfur containing thioether, dibenzhydryl 

thioether _!1 decomposes in only thirty seconds at 267° to form thio-

benzophenone 20 and diphenylmethane Q. 

©\/,IP 
d\H~ 

c = s + 

19 20 21 

In a similar manner, the decomposition of the dixanthydryl 

sulfides 22 proceeds even more Fapidly at much lower temperatures 

to give xanthione Q and xanthen ~ 

= s 

22 23 

+ 

18 
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Aromatic mercaptols of the type 24 and~ undergo decomposition, 

in all the cases studied, to the corresponding disulfides ~and thioke-

tones 27 and 28. 

24 26 27 

C H SAr' C6H4 / 6 4, / c( ;c=S 
I I 2 0 c + Ar -S-S-Ar 

"-c H / 'sAr' 6 4 C6H4 

25 28 26 

Furthermore, it was determined that the decomposition of 

di-E-tolyphenylmethyl tolyl sulfide ~proceeded rapidly and in good 

yield to give hexa-E-tolylphenylethane ~and diphenyl disulfide ~· 
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(CH3 c 6H4 )3 C-C (C 6H4 CH3 )3 

30 

+ 

26 

Norris and Young 29 were interested in the thermal decomposition 

of a series of triphenylmethyl alkyl ethers, with special attention being 

focused on the course of the reaction as a function of a change in the 

alkyl moeity. It was established that triphenylmethyl alkyl ethers pre-

pared from primary alcohols gave rise to aldehydes and triphenylmethane, 

and those others prepared from secondary alcohols gave rise to ketones 

and triphenylmethane. The order of ease of decomposition with tempera-

ture of the triphenylmethyl alkyl ethers as a function of the alkyl moeities 

is summarized in Table 1. 
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TABLE 1 

Products of Thermal 
Ethers Temperature c 0 Decomposition 

R in ROC(C 6H 5 )3 (C 6 H5 )3 CH and 

CH3 262 HCHO 

C2H5 242 CH3CHO 

CH3 (CH 2)3 239 CH3 (CH 2)2rno 

(CH3} 2CH CH 2 238 (CH3 )2CH CHO 

(CH3 }2CH(CH2}2 237 (CH3 )2CH CH 2CHO 

c 6H 5CH 2CH2 236 c 6H5CH 2CHO 

CH3CH 2CH 2 230 CH3CH 2CHO 

c 6H 5CH 2 226 c 6H 5 CHO 

(CH3 )2CH 220 CH3CO CH3 

CH3 CH 2(CH3 )CH 216 C 2H 5COCH3 
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III. DISCUSSION OF RESULTS 

A. Preparation of Starting Materials. 

The first step in this investigation was the preparation of a 

series of compounds which were to be used in the study of the condensa-

tion of Grignard reagents with aromatic aldehydes and in the study of 

the pyrolytic decomposition of diarylcarbinols at high temperatures. 

Essentially following the method of Scholl and Seer30 (Chart 1 ), 

2-bromophenyl 1-naphthyl ketone (~) and 2-chlorophenyl 1-naphthyl 

ketone (~]_) were prepared by means of the Friedel-Crafts acylation of 

naphthalene with the appropriate acid chlorides ~and E· The desired 

ketones, ~and~, were isolated in 62% yield and 72% yield respectively. 

The synthesis of 2-bromophenyl- l -naphthylcarbinol (~_) was accomplished 

in 54% yield by reduction of the precursor ketone ~with sodium hydroborate. 

The method employed for the synthesis of 2-chlorophenyl-1-naphthyl-

carbinol (34) essentially followed the reaction conditions established by 

Vingiello31 (Chart 1). The corresponding diarylmethane 22. was pre-

pared in 79% yield by reduction of 2-chlorophenyl 1-naphthyl ketone with a 

mixture of lithium aluminum hydride and aluminum chloride (Chart l ). 

The next step in the preparation of starting materials was the 

synthesis of 2-chlorophenyl 2-naphthyl ketone (~)and 2-chlorophenyl-

2-naphthylcarbinol (3 7). The preparation of 2-chlorophenyl 2-naphthyl 
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CHART I 

32 

0 Mg Br H 8 
II o6 __ , ~loo,:/( .... HO 0(1-H+ DO .... Vl__ ' 

34 
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ketone (l_§.} was accomplished in 16% yield when the cadmium reagent of 

2-bromonaphthalene was allowed to condense with 2-chlorobenzoyl 

·chloride (~)according to the procedure of Cason and Prout32 (Chart V). 

The yield of the desired ketone 22 was increased to 50% by substituting 

dry toluene for dry benzene as a solvent in this reaction. The synthesis 

of 2-chlorophenyl-2-naphthylcarbinol (l:?_} was then accomplished in 50% 

yield by reduction of the precursor ketone 22 with sodium hydroborate. 

Hensonl 0 was unsuccessful in his attempts to prepare 1-bromo-

2-(1-naphthyl)naphthylcarbinol (45) via the condensation of the Grignard 

reagent of 1-bromonaphthalene with l-bromo-2-naphthaldehyde (~1_). He 

also failed to obtain a correct elemental analysis for the carbon, hydro-

gen and bromine content of the white solid which was prepared by the 

reduction of the precursor ketone 44 with sodium hydroborate. This 

white solid was thought to be the desired diarylcarbinol 45. In light of 

10 the difficulties encountered by Henson, it was imperative to synthesize 

the desired diarylcarbinol 45 in an unequivocal manner. The outline of 

the steps required for this synthesis are shown in Charts II and III. 

Nuclear bromination of 2-methylnaphthalene (38) was effected in 83% 

yield, while the side chain bromination of l -bromo-2-methylnaphthalene 

(~1) was achieved in 74% yield. The yields of the compounds ~and~ 

very closely paralleled those reported in the literature. 33 The conversion 

of 1-bromo-2-bromomethylnaphthalene (40) to l-bromo-2-naphthaldehyde 
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(!!) was initially carried out in 62% yield by means of a Sommelet 

reaction using hexamethylene tetraamine. 34 However, the Somme let 

. reaction did not give consistent yields and in several cases it was found 

difficult to purify the product. Therefore, the procedure of Hass and 

Bender, 35 as adapted by Polss, 2 was used to prepare the desired 

aldehyde!!_ in consistent yields of 70-74% by allowing l-bromo-2-bromo-

methylnaphthalene (40) to react with a solution of sodium ethoxide and 

2-nitropropane in absolute ethanol. 

Following the procedure of Bergmann and Szmuszkovicz, 36 an 

84% yield of l-bromo-2-naphthoic acid (42) was obtained via the oxidation 

of l-bromo-2-naphthaldehyde (!!_)with potassium permanganate. The 

l-bromo-2-naphthoic acid (42) was then allowed to react with thionyl 

chloride to give a 79% yield of the desired acid chloride 43. 

The synthesis of l-bromo-2-: ( 1-naphthyl} ketone (44) from l-bromo-

2-naphthoyl chloride (43) was initially accomplished in only 37% yield 

by means of the inverse addition of the Grignard reagent of 1-bromo-

naphthalene to a solution of the acid chloride 43 in boiling toluene. In 

addition to the isolation of a cleaner product, a higher yield (50%) of the 

desired ketone 44 was obtained by means of the direct addition of the 

acid chloride 43 to the cadmium reagent of 1-bromonaphthalene. 

The conversion of l-bromo-2-(1-naphthyl) naphthyl ketone (44) to 

l-bromo-2-(l-naphthyl)naphthylcarbinol {45) was accomplished in 55% 
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yield by reducing the ketone 44 in pyridine solution with sodium hydro-

borate. It was also determined that this ketone 44 could be reduced 

smoothly and in comparable yields (50%} with·lithium aluminum hydride 

in tetrahydrofuran solution. The infrared spectrum of the diarylcarbinol 

45 was superimpossible with the infrared spectrum of the solid obtained 

by Henson. 1 O Moreover, the elemental chemical analyses for carbon, 

hydrogen and bromine agreed with the values calculated for these 

elements in the molecule. Additional evidence for the structure of the 

diarylcarbinol 45 was de sired. This support evidence was furnished by 

the nuclear magnetic resonance spectrum of the diarylcarbinol 45 which 

exhibited a complex set of signals representing the aromatic protons of 

the molecule in the area of 7. 22 ppm. In addition to the signals repre-

senting the aromatic protons, two doublets):C were found in the N. M. R. 

spectrum of the diarylcarbinol 45. One doublet appeared at 6. 70 and 

6. 79 ppm., while the second doublet was found at 3. 35 and 3. 42 ppm. 

The doublet representing the proton of the hydroxyl group was distin-

guished from that of the proton on the bridge carbon atom of the diaryl-

carbinol 45 by equilibrating a sample of the diarylcarbinol 45 in chloroform 

with deuterium oxide (99% D}. In this case, the doublet at 3.35 and 3.42 

ppm., respectively, disappeared. Therefore, the doublet at 3. 35 and 

;'< These two doublets appeared in the N. M. R. spectrum of the diaryl-
carbinol 45 only when carbon disulfide was used as a solvent. 
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3. 42 ppm., respectively, was assigned to the proton of the hydroxyl 

group in the diarylcarbinol 45. A second experiment, which was designed 

to distinguish the proton on the bridge carbon atom of the diarylcarbinol 

45 from that of the proton of the hydroxyl group, involved the reduction 

of the precursor ketone 44 with lithiwn alwninum deuteride {97% D). 

In this case, the doublet at 6. 70 and 6. 79 ppm. disappeared. The 

doublet at 6. 70 and 6. 79 ppm. was therefore assigned to the proton on the 

bridge carbon atom of the diarylcarbinol 45. Moreover, the hydroxyl 

function absorption bands in the 3400cm-l and 3600cm-l region of the 

infrared spectrwn of the original diarylcarbinol 45 were found to have 

diminished extensively upon equilibration of a sample of the diarylcarbinol 

45 with deuteriwn oxide (99% D) (Chart III). Two new absorption ba!lds 

in the 2450cm -l and 2650cm -l region, characteristic of an 0-D stretching 

frequency, 37 had now appeared. In a similar manner, the infrared 

spectrwn of the diarylcarbinol 47, prepared by means of the reduction 

of the precursor ketone 44 with lithiwn alwninum deuteride (Chart III) 

did not exhibit any C-H stretching frequency in the 2800cm - l region which 

would be characteristic of the C-H stretch of the hydrogen atom on the 

bridge carbon atom of the diarylcarbinol 45. Instead, a stretching 

frequency at 2400cm - l, characteristic of a C-D bond, 38 now appeared 

in the infrared spectrwn of the diarylcarbinol 47. The nature of the 

latter absorption band was confirmed by determining the infrared 
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spectrum of the diarylcarbinol 47 on a Perkin-Elmer 21 high resolution 

infrared spectrophotometer. The infrared spectra of the diarylcarbinols 

46 and 47 therefore appeared to have confirmed the assignments made to 

the protons of the hydroxyl group and the bridge carbon atom of the 

original diarylcarbinol 45 by means of nuclear magnetic resonance 

spectroscopy. 

The last phase in the preparation of starting materials included 

the synthesis of the diarylmethanes ~and 57, the ketones g and 2l• 
and the diarylcarbinols 54 and~· The compounds prepared were pre-

viously unknown in the literature and the syntheses of these compounds 

are illustrated in Chart IV. Following the method of Carpino, 3 9 

2-fluorobenzoic acid (~) was prepared in 66% yield by means of the 

oxidation of 2-fluorotoluene (49) with basic permanganate. This acid 

50 was then converted to 2-fluorobenzoyl chloride (~!) with thionyl 

chloride. The syntheses of 2-fluorophenyl 1-naphthyl ketone (~) and 

2-fluorophenyl 2-naphthyl ketone {53) then followed by allowing the 

cadmium reagents of 1- and 2-bromonaphthalene to condense with 

2-fluorobenzoyl chloride. The ketones 52 and 53 were then reduced to 

the respective diarylcarbinols 54 and~ with sodium hydroborate in 

yields of 55% and 79% respectively. On the other hand, reduction of 

these same ketones 52 and g with a mixture of lithium aluminum hydride 

and aluminum chloride afforded the corresponding diarylmethanes 2§. 
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and~ in yields of 95% and 85% respectively. 

B. Method of Analysis. 

After the preparation of the appropriate starting materials had 

been completed, a method for the analysis of the products of the conden-

sation of Grignard reagents with aldehydes was chosen. The use of an 

infrared spectrophotometer as a tool for the analysis of reaction mixtures 

in the past led to conflicting data. 8 • 9 The use of an ultraviolet spectro-

photometer was abandoned when it was discovered that the starting 

materials and products under investigation generally exhibited identical 

spectral patterns. However, gas chromatography had been shown to be 

a valuable tool for the analysis of high molecular weight compounds. Gas 

chromatography was therefore considered as a possible method of 

analysis which would readily lend itseli to a rapid and easy analysis of 

reaction products and starting materials. This method of analysis could 

also be readily adapted to quantitative measurements once a particular 

liquid phase or system of liquid phases and operating conditions had been 

selected. 

The selection of a proper liquid phase for the investigation of 

reaction mixtures required that a complete separation of the starting 

materials from the products be effected ur1der the conditions employed. 

A series of liquid phases such as SE-30, SE-52, SF-96, Dow 11, Dow 710 

and GE Versilube F-50 were found to be ineffective for the separation of 
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diarylcarbinols from the corresponding ketones under a wide variety of 

gas chromatographic conditions. The diarylmethanes however, were 

. completely separated from the diarylcarbinols and the corresponding 

ketones under these same conditions. The selection of Versamid 900, a 

polar liquid phase, proved to be an excellent choice of a liquid phase to 

effect the desired separations. However, difficulties were eventually 

encountered with this liquid phase. A significant difference in the pro-

perties of the Versamid 900 manufactured by several independent 

companies was discovered and this liquid phase was eventually 

discarded. 

The number of commercially available polar liquid phases stable 

at high temperatures was severely limited. Polar liquid phases such as 

Lexan polycarbonate resin, Rheoplex 400 polyester resin, DC LSX-3-0295 

(trifluoropropyl-methylvinyl copolymer) and Carbowax 20 M were found 

to be mediums in which the diarylmethanes, ketones and diarylcarbinols 

were too soluble. Therefore, an efficient elution of these compounds 

from the above liquid phases could not be effected. 

A relatively new liquid phase, listed commercially as FFAP, 

was found to possess the exact characteristics which were necessary to 

effect the desired separations. This liquid phase was then mainly used 

for the separation of l -bromo-2-(1-naphthyl)naphthylcarbinol (45) from 

1-bromo-2-(1-naphthyl) naphthyl ketone (44) and l-bromo-2-(1-naphthyl-

methyl)naphthalene (48). 
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The fact that some of the compounds under investigation were 

unstable at high temperatures prompted the investigation of the thermal 

. stability of these compounds under the conditions of preparative gas 

chromatography. The conditions thus encountered were far more severe 

than those which would be ordinarily encountered in analytical gas 

chromatography {see Experimental, pp.118). No decomposition of the 

compounds studied was found to be apparent in the injector port, on the 

columns employed, in the detector, or in the collector system. The 

infrared spectra and melting points of the solid compounds before and 

after subjection to the conditions of preparative gas chromatography 

were found to be identical. If no structural changes or decomposition 

of the compounds investigated had occurred under the conditions of 

preparative gas chromatography, it was thought that it would be safe to 

assume that no structural changes or decomposition of the compounds 

which were used in this investigation would occur under the conditions 

of analytical gas chromatography. Furthermore, it was decided that 

one could safely assume that there would be no structural changes or 

decomposition of similar types of compounds that were to be used at a 

later point in this investigation. The validity of the use of analytical 

gas chromatography as a tool for the analysis of reaction mixtures 

therefore seemed to be justified. 
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C. Investigation of the Condensation of Grignard Reagents 

with Aromatic Aldehydes 

Bradsher40 first reported the synthesis of 2-chlorophenyl-

2-naphthylcarbinol (~2) via the condensation of the Grignard reagent of 

2-bromonaphthalene with 2-chlorobenzaldehyde. Although no anomalies 

were reported in this reaction, Polss 9 and Ojakaar4 1 found that vacuum 

distillation of the product of this reaction did yield a small amount of 

the corresponding ketone, 2-chlorophenyl 2-naphthyl ketone (~_§). The 

decision was made to reinvestigate this particular reaction and to 

determine the extent to which 2-chlorophenyl 2-naphthyl ketone (~_§), if 

any, formed prior to the vacuum distillation of the product. The reaction 

of one equivalent of 2-chlorobenzaldehyde with one equivalent of the 

Grignard reagent of 2-bromonaphthalene was found to give only the 

expected diarylcarbinol, 2-chlorophenyl-2-naphthylcarbinol (~).' These 

results seemed to be in complete agreement with the work of Bradsher 40 

but in conflict with the work of Pols s 9 and Ojakaar. 41 The results of 

this experiment are illustrated in Chart V. 

A second experiment was devised in which the concentration of 

the Grignard reagent of 2-bromonaphthalene was determined by gas 

chromatography. Then two equivalents of 2-chlorobenzaldehyde were 

allowed to react with the Grignard reagent. The analysis of aliquots of 
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the reaction mixture over a 44 hour period via gas chromatography 

indicated that the ketone ~was formed almost immediately upon the 

addition of the 2-chlorobenzaldehyde to the Grignard reagent of 2-bromo-

naphthalene. Furthermore, the concentration of the ketone~ steadily 

increased until it was the only component remaining in the reaction 

mixture. The diarylcarbinol l.2_, originally present in high concentration 

at the beginning of the reaction, steadily decreased until its concentration 

had become zero at the end of 44 hours. The results of this experiment 

are plotted in Figure l and illustrated in Chart V. 

The results of this investigation are in complete agreement with 

h k f . . . 42, 43 M h 1144 45 b d h t e wor o previous investigators. ars a ' o serve t at an 

excess of aldehyde present in the reaction of a Grignard reagent with an 

aldehyde operates as an oxidizing agent. He found that the reaction 

occurring between one equivalent of the Grignard reagent of bromobenzene 

and two equivalents of benzaldehyde did not give the expected product, 

benzhydrol, but a mixture of benzyl alcohol, benzophenone and a small 

amount of material which he designated as sym. -tetraphenylethane. 

Bradsher46 used these facts to synthesize 2-phenylbenzophenone by 

allowing the Grignard reagent of 2-iodobiphenyl to react with an excess 

of benzaldehyde. The mechanism postulated for alkoxide oxidations in 

the presence of excess aldehyde involves a quasi six-membered ring 

(Chart VI). 
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Figure l.: Condensation of one equivalent of the Grignard 
reagent of 1-Bromonaphthalene with two 
equivalents of 2-Chlorobenzaldehyde. 
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The previous conflicting data of Polss 9 and Delia 8 may now be 

viewed in a new perspective. The isolation of four parts of 2-bromo-

. phenyl 1-naphthyl ketone (~) to one part of 2-(1-naphthylmethyl)bromo-

benzene (_~) from the reaction of the Grignard reagent of 1-bromo-

naphthalene with 2-bromobenzaldehyde may be explained by the fact that 

Delia 8 added a large excess of 2-bromobenzaldehyde to the reaction 

mixture. The point may apply in the case of the reaction of 2-chloro-

benzaldehyde with the Grignard reagent as carried out by Polss 9 and 

0 . k 41 Ja aar. . It was apparent that the reaction of 2-bromobenzaldehyde 

with the Grignard reagent of 1-bromonaphthalene to give 2-(1-naphthyl)-

methyl}bromobenzene (_§) and 2-bromophenyl 1-naphthyl ketone (~) in a 

ratio of four parts of the diarylmethane .§. to one part of the ketone ~ as· 

observed by Polss 9 must be occurring by means of an entirely different 

mechanism. This point will be discussed in a later section of this 

dissertation. 

Henson10 was not able to prepare l-bromo-2-(l-naphthyl)-

naphthylcarbinol (45) ~ the condensation of the Grignard reagent of 

1-bromonaphthalene with l-bromo-2-naphthaldehyde (!!)· This reaction 

was thus reinvestigated. An experiment was devised in which the con-

centration of the Grignard reagent of 1-bromonaphthalene was measured 

by means of gas chromatography. An equivalent amount of 1-bromo-2-

naphthaldehyde (!!) was then allowed to react with this Grignard reagent. 
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The analysis of the reaction mixture via gas chromatography showed 

that only the desired l-bromo-2-(1-naphthyl)naphthylcarbinol (45) had 

formed. The results of this experiment showed conclusively that the 

condensation of the Grignard reagent of 1-bromonaphthalene with 

1-bromo- 2-naphthaldehyde (.!];_) was not the reaction which was re sponsi-

ble for the formation of l -bromo-2-(1-naphthylmethyl)naphthalene (48) 

and l-bromo-2-(1-naphthyl} naphthyl ketone (44) in a weight ratio of 

four parts of 48 to one part of 44. This point will be amplified in a later 

section of this dissertation. 

D. Pyrolytic Decomposition of 1-Bromo-2-(l-naphthyl)naphthyl-

carbinol (45) 

8-10 The abnormal products which were observed to have been 

formed when the Grignard reagent of 1-bromonaphthalene was allowed to 

condense with either 2-bromobenzaldehyde or 1-bromo-2-naphthaldehyde 

(!!)must have been formed during the attempted purification of the 

products of these reactions. The crude products of these condensation 

reactions were always purified by means of vacuum distillation. This 

fact suggested that a sample of l -bromo-2-(1-naphthyl)naphthylcarbinol 

(45) be subjected to similar conditions. The distillate was analyzed by 

means of gas chromatography and was found to contain l -brorno-2-

(1-naphthylrnethyl)naphthalene (48) and l-bromo-2-(1-naphthyl) naphthyl 
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ketone (44) in a ratio of 1: l. 

A second experiment was devised in which the decrease in the 

. concentration of the diarylcarbinol 45, in conjunction with the increase 

in the concentrations of the diarylmethane 48 and ketone 44, could be 

conveniently followed by means of gas chromatography. The analysis 

of a series of reaction tubes containing small samples of the diaryl-

carbinol 45 that had been heated at 242° for varying lengths of time 

showed that a rapid decrease in the concentration of the diarylcarbinol 

45 had occurred. However, there was only a slight increase in the 

concentration of the diarylmethane 48 and ketone 44. No other compounds 

were detected during the analyses of these reaction mixtures. The 

results of this experiment are illustrated in Figure 2. 

The total mass of material in each of the reaction tubes, as 

analyzed by means of gas chromatography, did not equal the sum total 

of 50 mg which should have been present upon analysis of each of these 

samples. This fact suggested that the diarylcarbinol 45 did not de com-

pose via a hydride ion shift to give the diarylmethane 48 and ketone 44 

10 directly as postulated by Henson. On the contrary, the evidence 

suggested that the diarylcarbinol 45 was decomposing in some manner 

to first give an intermediate compound 58. The sudden increase in the 

concentrations of diarylmethane 48 and ketone 44 after a 480 minute 

period of heating suggested that this intermediate compound~ had then 
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Figure 2.: Decomposition of 1-Bromo-Z-(l-naphthyl)-
naphthylcarbinol (45) at 242°, 
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started to undergo decomposition to give the observed diarylmethane 

48 and ketone 44. The above reactions are illustrated in Chart VII. 

E. Isolation of sym. - l -Bromo-2- ( 1-naphthyl)naphthylmethyl 

Ether (58) from the Decomposition of 1-B romo- 2- ( 1-naphthyl)-

naphthylcarbinol (45) 

A solid, melting at 246-248°, was isolated from a sample of the 

diarylcarbinol 45 that had been heated at 242° for 120 minutes. The 

infrared spectrum of the solid corresponded very closely to that of the 

original diarylcarbinol 45. However, a hydroxyl stretching frequency in 

the region of 3400cm - l to 3600cm -l was absent from the infrared spectrum 

of the solid. -1 The absorption band at l 055cm was similar to the C-0 

stretch in the original diarylcarbinol 45. This absorption band might 

also be assigned as the symmetrical C-0 stretching frequency of an 

47 ether. Th . . f h b . h . . 47 e position o et er a sorpt1ons are not c aracteristic. 

Therefore, it was assumed that no really conclusive evidence could be 

obtained by means of infrared spectroscopy alone. 

The nuclear magnetic resonance spectrum of the solid indicated 

the complete lack of a hydroxyl proton resonance which should appear as 

a doublet at 3. 35 ppm. and 3. 42 ppm. in the original diarylcarbinol 45. 

Moreover, the doublet at 6. 70 ppm and 6. 79 ppm. which had been 

assigned to the proton of the bridge carbon atom in the original 
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diarylcarbinol 45, was absent in the N. M. R. spectrum of the solid. A 

singlet was now apparent further downfield at 6. 90 ppm. It was sus-

. pected that the solid, which was isolated from a sample of the diaryl-

carbinol 45 heated at high temperatures, was a high molecular weight 

ether. It was thought that the singlet which appeared at 6. 90 ppm. in 

the N. M. R. spectrum of the solid might be assigned to the hydrogen 

atoms of the two bridge carbon atoms in the ether. In order to confirm 

this reasoning, a sample of 1-bromo-2-(l-naphthyl)naphthylcarbinol-CD1 

(47) was heated at 244° for 1.3 hours. The N.M.R. spectrum of the 

solid which was isolated from this reaction (Chart VII) exhibited a com-

plete lack of a proton resonance at 6. 90 ppm. This information seemed 

to indicate that, if the solid which was isolated from the high temperature 

decomposition of the diarylcarbinol 45 was indeed a high molecular weight 

ether, the singlet appearing at 6. 90 ppm. might be validly assigned to the 

protons on the bridge carbon atoms of the ether. 

In an attempt to delineate the structure of the solid 58 which was 

isolated, the average molecular weight of the solid~ was determined 

by means of the Rast method48 and was found to be 677 g/mole. The 

calculated molecular weight of the solid~· was 708 g/mole. The 

average molecular weight as determined by the Rast method was there-

fore found to be in acceptable agreement with the calculated molecular 

weight. 
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The analytical chemical analyses for carbon, hydrogen and 

bromine in a sample of the solid~ were in close agreement with the 

calculated values for these elements in 58. The structure thus assigned 

to the solid 58 was that of the ether, sym. -l-bromo-2-(1-naphthyl)-

naphthylmethyl ether (~). 

It appeared that it would be possible to synthesize the inter-

mediate ether~ readily by carefully adjusting the temperature of the 

metal bath to 240-242° and by limiting the decomposition of the diaryl-

carbinol 45 to 1. 5-2 hours. Upon heating a sample of the diarylcarbinol 

45 in an evacuated, sealed tube at 242° for 1. 5 hours, the desired inter-

•'( 

inediate ether 58, as well as water'', was isolated from the reaction 

mixture. 

F. Preparation of sym. -l-Bromo-2-(1-naphthyl)naphthylmethyl 

Ether (.2.§.} .YiiLthe Acid Catalyzed Dehydration 

l -Bromo-2-(1-naphthyl}naphthylcarbinol (,12) 

The preparation of sym. - 1-bromo- 2-( 1-naphthyl}naphthylmethyl 

ether (~) was not limited to the pyrolytic decomposition of 1-bromo-

~:~ The water vapor which was released during the decomposition of the 
diarylcarbinol 45 cooled on the upper regions of the tube and was 
collected and subjected to analysis on an F&M Carbon, Hydrogen and 
Nitrogen Analyzer, Model 185, under conditions which had previously 
been standardized for the presence of carbon dioxide, water and nitro-
gen gas. 
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2-(l-naphthyl)naphthyl carbinol (45). The ether 58 was readily prepared 

by heating a sample of the diarylcarbinol 45 with one-half of a molar 

_ equivalent of trichloroacetic acid for 48 hours at 60°. A mixture melting 

point of the solid obtained from this reaction and an authentic sample of 

the ether~ was not depressed. Moreover, the infrared and nuclear 

magnetic spectra of the solid were superimpossible on the infrared and 

nuclear magnetic resonance spectra of an authentic sample of the ether 

58. These results were found to be in agreement with the work of Balfe 

(and co-workers 23) who observed that the symmetrical ether of 

E_-dimethoxydiphenylcarbinol was readily formed by allowing half-molar 

quantities of a series of different acids to react with E_-dimethoxy-

diphenylcarbinol at I 00°. The action of trichloroacetic acid on l-bromo-

2-(1-naphthyl)naphthylcarbinol (45) is illustrated in Chart VII. 

G. Pyrolytic Decomposition of sym. -l-Bromo-2-(l-naphthyl)-

o naphthylmethyl Ether (-2]_) at 240 

s-y:m. - l -Bromo-2-(1-naphthyl)naphthylmethyl ether (~) was 

found to decompose at a reasonable rate at 240°, and this temperature 

was then chosen for convenience in the study of the decrease in the 

concentration of this compound ~with time. 

The decrease in the concentration of the ether 58 could not be 

detected by means of gas chromatography due to the thermal !ability 
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and high molecular weight of the ether 58. Therefore, the decrease in 

the concentration of the ether 58 with time was determined by means of 

. an ultraviolet spectrophotometric procedure. The increase in the con-

centrations of the diarylmethane 48 and ketone 44 was determined by 

means of gas chromatography. 

Basically, the spectrophotometric procedure was conducted in 

three phases. Be examining the ultraviolet spectrum of sym. - l-bromo-

2-(l-naphthyl)naphthylmethyl ether (~~), it was observed that a strong 

absorption in the region of 287 mu was present. No other interfering 

absorptions were noted. Therefore, this wavelength was chosen for the 

analysis of the reaction mixtures. Next, the extinction coefficient of the 

ether 58 was determined at 287 mu. Finally, samples of the ether~ 

were heated at 240° and were then analyzed at definite time intervals. 

The loss in the concentration of the ether~ was determined by measuring 

the absorbance of the reaction mixtures. The absorbance values for the 

reaction mixtures are included in the Experimental. These same re-

action mixtures were also analyzed via gas chromatography in order to 

determine the concentration of the diarylmethane 48 and the ketone 44. 

These concentrations are also included in the Experimental. 

The determination of the extinction coefficient was made by 

plotting the absorbance values of the ether~ against varying concen-

trations of the ether 58 in chloroform solution. The solutions were found 

to obey Beer 1 s Law. 
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The extinction coefficient or molar absorbancy index is defined 

as follows: 

I 
-o = log I 

where: 

M 
cb 

aM :;: extinction coefficient. 

M = molecular weight. 

c = concentration in grams per l 000 ml of solution. 

b =length of absorbing layer of material lcm. 

I = intensity of the light entering the solution. 
0 

I = intensity of the light transmitted by the solution. 

As = absorbancy or optical density. 

Therefore, the extinction coefficient is equal to the slope of a 

plot of optical density versus the molar concentration (Figure 3.}. 

Corrections for the absorbance of the diarylmethane 48 and 

ketone 44 at 287 mu were made by subtracting the concentrations of 

these compounds 48 and 44, as determined by gas chromatography, from 

the total concentration of the reaction mixtures as determined in the 

ultraviolet spectrophotometric procedure. The concentration of the 

ether 58 alone in the reaction mixtures was then determined. 

If the two scattering points at 30 and 60 minutes are neglected, 

it can readily be seen (Figure 4.) that the concentration of the 
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Extinction coefficient for sym. -l -Bromo-2-(1-naphthyl)-
naphthylmethyl ether (58) at 287 mµ = slope = 3. 13 x 104 
1. mole cm- 1 -

~~----------?w',_.----~~a~· ~--~--~e~~~~~--~~--------
0 o. 5 i.o 1.5 2.0 

Concentration {l o-5M) 

Figure 3.: Determination of the extinction coefficient of 
sym. - l -Bromo-2-(1-naphthyl)naphthylmethyl 
ethei.-(~.~)· . 
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Figure 4.: Study of the decrease in concentration of sym. -l-
Bromo-2-(1-naphthyl)naphthylmethyl ether (58) 
-at 240°. -
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intermediate ether 58 remains essentially constant up to a maximum of 

300 minutes. It was at this time that a sharp decrease in the concen-

. tration of the ether 58 was observed. The decrease in the concentration 

of the ether~ is more clearly shown in Figure 5. where the corrections 

for the concentrations of the diarylmethane compound 48 and the ketone 

44 have been made. The data seemed to indicate that no other isolable 

intermediate was involved in the decomposition of the intermediate ether 

58 at 240°. 

An effort was made to determine the cause of the initially slow 

decomposition of the ether~ at 240°. A separate sample of the ether 

58 was heated at 240° under conditions which we re identical to those 

employed in the preceding phase of the investigation. After a 540 minute 

period of heating, the presence of hydrogen bromide gas in the sample 

tube was detected by allowing the gases in the tube to react with a 0. l M 

silver nitrate solution. 

H. Postulated Mechanism for the Initial Pyrolytic Decomposition of 

sym. -l-Bromo-2-(1-naphthyl)naphthylmethyl Ether (58) 

at 240° 

The experimental data suggested that very little decomposition 

of the ether~ to give the observed products 48 and 44 had occurred 

until a sufficient concentration of hydrogen bromide gas had been 
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Study of the decrease in concentrate of sym. -l -
Bromo-2-(1-naphthyl)naphthylmethyl ether (58) 
at 240°. Corrections made for the concentra= 
tions of the diarylmethane 48 and the Ketone 44. 
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generated in the reaction mixture. The mechanism of the formation of 

the hydrogen bromide gas is not completely understood. Some insight 

.into a possible, but only postulated, mechanism by which hydrogen 

bromide gas might be generated in this reaction may be gained by 

reference to the work of Oli.chi babin and Magidson. 4 9 These workers 

observed that prolonged heating of 1, 1 '-dinaphthylcarbinol in a mixture 

of hot glacial acetic acid, zinc chloride and concentrated hydrochloric 

acid resulted in the formation of 1, 2:7, 8- dibenzofluorene, tetra-1, l ', 

l, l '-naphthylethane and 1, l '-dinaphthylmethane. Tetra-1, 11 , 1, l ' -

naphthylethane was observed as the main product, while 1, 2:7, 8 ... dibenzo-

fluorene was observed as the secondary product. On the other hand, 

MagidsonSO observed that the prolonged heating of sym. -1, l '-dinaphthyl-

methyl ether resulted in the formation of 1, 2:7, 8-dibenzofluorene as the 

major product of the reaction. Similarly,. Franzen and Joschek51 observed 

that the decomposition of l, l '-dinaphthylcarbinol in the presence of 

phosphoric acid gave tetra-1, l ', 1, 1 1 -naphthylethylene and 1, 2:7, 8-di-

benzofluorene. 

The formation of 1, 2:7, 8-dibenzofluorene from 1, 1 '-dinaphthyl-

carbinol or the corresponding ether seemed to have occurred by means 

of the loss of two hydrogen atoms between the two beta -positions of the 

naphthalene rings. A similar situation might exist in the system currently 

under investigation. The loss of hydrogen bromide from sym. -l-bromo-

2-(1-naphthyl)naphthylmethyl ether (58) might occur in a similar manner 
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between the alpha-position of one naphthalene ring and the beta -position 

of the other ring (Chart VIII) to give the corresponding 1, 2: 5, 6-dibenzo-

fluorenyl-l-bromo-2-(1-naphthyl)naphthylmethyl ether (60) or the sym. -

l, 2: 5, 6-dibenzofluorenyl ether (_§_!_). The combined gas chromatographic-

ultraviolet spectrophotometric procedure employed for the detection of 

the decrease in the concentration of sym. - l -bromo-2-(1-naphthyl)-

naphthylmethyl ether (~~) would suggest that the two compounds 60 or g, 
if formed at all, would have been formed in only small concentrations 

initially. Furthermore, due to the high molecular weight of the 1, 2:5, 6-

dibenzofluorenyl-1-bromo- 2-( 1-naphthyl)naphthylmethyl ether (~Q) or 

sym. - 1, 2:5, 6-dibenzofluorenyl ether (.§.l_) the detection of these com-

pounds 60 or i!_ by means of gas chromatography would have required 

conditions which were far in excess of the rated temperature limit of the 

liquid phase employed. In consideration of the reactivity of fluorene and 

the dibenzofluorenes, 49 - 52 it would seem that the isolation of either 

sym. - 1, 2:5, 6-dibenzofluorenyl ether (i!_) or l, 2:5, 6-dibenzofluorenyl-

l-bromo-2-(1-naphthyl)naphthylmethyl (§,9_) from a reaction mixture 

would be precluded by the reactivity of the two compounds ~and i!_ in 

question. The postulation of the existence of 60 or.§.!_ should be regarded 

only as a possible explanation for the formation of hydrogen bromide gas 

by means of the degradation of the ether 58 at 240°. 
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I. Acceleration of the Decomposition of~ -1-B romo- 2-

(1-naphthyl)naphthylmethyl Ether (58) with Hydrogen 

Bromide Gas at 240° 

The formation and detection of an appreciable concentration of 

hydrogen bromide gas during the decomposition of the ether~ at 240° 

suggested an experiment in which the ether~ was heated under an 

atmosphere of hydrogen bromide gas at 240°. The purpose of the 

experiment was the determination of the influence of the hydrogen bromide 

gas on the course of the decomposition of the ether~· The analysis of 

these reaction mixtures via gas chromatography indicated that the 

decomposition of the ether 58 was initiated after only five minutes of 

heating under these conditions. The ratio of the diarylmethane 48 to the 

ketone 44 was 5:1. No other compounds were detected in these reaction 

mixtures. Moreover, the black coloration of the reaction mixtures pre-

vented an analysis of those reaction mixtures for the concentration of any 

remaining ether~ by means of the ultraviolet spectrophotometric method. 

The acceleration of the initial rate of the decomposition of the 

ether~ in the presence of hydrogen bromide gas may be attributed to 

the catalytic effect of the hydrogen bromide (Chart IX). 53 Burwell has 

compiled a review of the cleavage of ethers at elevated temperatures with 

hydrogen halides which supports this position. It would appear that the 

diarylcarbinol 45, formed by the cleavage of the ether~ with hydrogen 
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bromide gas, would react with the hydrogen bromide gas to give a 

second mole of the secondary bromide g. The validity of this postu-

lation was tested by allowing a solution of the diarylcarbinol 45 in 

carbon tetrachloride to react with a stream of hydrogen bromide gas. 

The desired secondary bromide ..§3_ was isolated in good yield. 

J. The Influence of 1-B romo- 2-(l -naphthyl)naphthylcarbinol (.12), 

l-Bromo-2-(1-naphthylmethyl)naphthalene {±§.) and 

1-B romo- 2-( 1-naphthyl) naphthyl Ketone (i1) on the Course of 

the Decomposition of ~· -1-Bromo- 2- (1-naphthyl)naphthylmethyl 

Ether (21i) at 240° 

The detection of a small amount of the diarylcarbinol 45 in a 

sample of the ether~ which was heated at 260° under vacuum for two 

hours suggested that the diarylcarbinol 45 might exhibit a catalytic 

influence on the decomposition of the ether~ at lower temperatures. 

Therefore, samples of the ether 58 were heated in the presence oi trace 

amounts of the diarylcarbinol 45 at 240°. However, the analysis of these 

reaction mixtures did not indicate that the diarylcarbinol 45 had exerted 

any catalytic influence on the decomposition of the ether~· None of the 

diarylcarbinol 45 was detected in any of the reaction mixtures, and it was 

therefore assumed that the diarylcarbinol 45 had reacted with itself to 

reform the intermediate ether 58. Moreover, it was also determined 
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that the addition of trace, or even larger than catalytic quantities, of 

either the diarylmethane 48 or the ketone 44 did not influence the 

decomposition of the ether 58. 

K. The Influence of Free Radical Initiators on the Course 

of the Decomposition of sym.-. l-Bromo-2-(1-naphthyl)naphthyl-

methyl Ether (58) at 240° 

Previous investigators had determined that the decomposition of 

15-17 . 19 . 18 benzhydrol, sodium benzhydrol, and E_-d1bromobenzhydrol led 

to the formation of small amounts of tetraphenylethane, tetraphenylethylene 

and E_-tetrabromtetraphenylethylene. These facts suggested that the 

decomposition of benzhydrol and E_-dibromobenzhydrol at high tempera-

tures was free radical in nature. The decomposition of sym. -1-bromo-

2-(1-naphthyl)naphthylmethyl ether (~) seemed to follow a similar 

pattern. The long induction period (seven hours) before the presence of 

any products was detected, the high temperatures required to bring about 

the decomposition of the ether~· and the lack of a solvent suggested that 

the decomposition of the ether 58 was free radical in nature. The validity 

of this postulation was tested by carrying out the decomposition of the 

ether~ in the presence of trace quantities of benzoyl peroxide. The 

decomposition of the ether 58 was accelerated by the addition of benzoyl 

peroxide. 
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More conclusive evidence for the free radical nature of the 

decomposition of the ether ~was obtained by the addition of trace 

. quantities of 2, 3-dichloro-5, 6-dicyanobenzoquinone (DDO) to the ether 

58 at 240°. It was found that DDO was a more effective initiating agent 

than benzoyl peroxide. Apparently, the benzoyl peroxide de composed too 

rapidly at 240° to sustain further radical propagation. Therefore, the 

apparent accelerating effect of the benzoyl peroxide was not as pro-

nounced as it might have been. On the other hand, DDQ has been found 

to be extremely efficient in the abstraction of hydrogen atoms and the 

formation of free radicals. 54 The abstraction of hydrogen atoms by 

quinones from systems which are capable of stabilizing the radical so 

~4 

produced apparently follows the route: RH 2 + Q _._RH· + QH· . :'.) 

This reaction would most probably be followed by the successive 

reaction: RH 2 + OH· -+-RH· + OH 2 . The merger of the two reactions 

would then take the form: 2RH 2 + Q _,.. 2RH + OH 2 . The apparently 

high thermal stability of DDQ, as well as the great affinity of this 

quinone for hydrogen atoms, may provide an explanation for the fact that 

the initial rate of the decomposition of the ether~ was enhanced to a 

larger extent with DDQ than with benzoyl peroxide. The overall decom-

position of the ether 58 was therefore thought to be free radical in nature 

in view of the results obtained in the foregoing experiments. 



-78-

L. The Influence of 1-B romo-2-( 1-naphthyl)naphthylmethyl 

Bromide (62) on the Course of the Decomposition of svm. -1-Bromo 

0 2-(1-naphthyl)naphthylmethyl Ether {.2§_) at 240 

The initial decomposition of the ether_?! at 240° to release hydro-

gen bromide gas and to give rise to the formation of the secondary bro-

mide g suggested that the secondary bromide g might influence the 

course of the decomposition of the ether_?!. The addition of catalytic 

quantities of the secondary bromide 62 to the ether 58 at 240° accelerated 

the decomposition of this compound (Figure 6. ). However, the course of 

the reaction of the secondary bromide 62 with the ether 58 was not 

immediately obvious. 

Goldthwaite 55 studied the decomposition of E_-dibromodiphenyl-

methyl bromide at 160-240°. The E_-dibromodiphenylmethyl bromide was 

found to rapidly decompose with the liberation of hydrogen bromide gas 

and the formation of E-tetrabromotetraphenylethylene. The mechanism 

of the decomposition of this compound therefore appeared to be free 

radical in nature. The reaction of a number of secondary aromatic 

halides with elemental silver at room temperature was apparently found 

to be free radical in nature. The action of elemental silver on 

dimesitylmethyl chloride produced tetramesitylethane and tetramesityle-

thylene. 56 The treatment of E_-dimethoxydiphenylmethyl chloride with 

elemental silver resulted in the isolation of p-tetramethoxytetraphenyle-

. 57 58 thane and the corresponding ethylene. Furthermore, Nauta and Mulder 
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Figure 6.: Accelerating effect of l-Bromo-2-(1-naphthyl)-
naphthylmethyl bromide (62) on the decomposition 
of sym. - l -Bromo-2-(1-naphthyl)naphthylmethyl 
ether (~) at 240°. 
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observed that benzhydryl chloride readily reacted with elemental silver 

to form tetraphenylethane. 

In the case of the reaction of the secondary bromide .§J:. with the 

ether 58, the assUITlption was made that the secondary bromide 62 

underwent homolysis to form the secondary free radical ..§2 (Chart IX) 

and a bromine atom. The acceleration of the decomposition of ether 

~in the presence of the secondary bromide .§J:. might then be attributed 

to an attack by the secondary free radical .§2 on the most labile hydrogen 

atoms of the ether~· that is, the benzylic hydrogen atoms of the ether 

58. This reaction would then lead to the formation of the diarylmethane 

48 and the ether free radical 64 (Chart X). The ether free radical 64, 

although stabilized to a certain extent by the naphthalene rings in the 

molecule, might then homolyze to give the ketone 44 and to regenerate 

the secondary free radical 63 (Chart X). 

M. Decomposition of l-Bromo-2-(1-naphthyl}naphthylmethyl 

0 
Bromide (Q..f} at 240 

The structural similarities between .E,-dibromodiphenylmethyl 

bromide and 1-bromo- 2-( 1-naphthyl)naphthylmethyl bromide (62) 

suggested an experiment to determine whether or not hydrogen bromide 

gas would be released upon heating the secondary bromide .§J:. at high 

temperature and whether or not it would be possible to isolate either 
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di-(!-bromo-2-(1-naphthyl)naphthy]ethane (~_?_)or di-[-bromo-2-

(1-naphthyl)naphthy] ethylene (_§.§.). The secondary bromide 62 was 

heated at 240° under a nitrogen atmosphere. The hydrogen bromide 

gas which was released was trapped by reaction with a 0. l M silver 

nitrate solution. 

The reactivity of the secondary bromide g suggested that a 

small amount of the ethane .§2 or ethylene 66 might have formed during 

the decomposition of the secondary bromide g (Chart XI). However, it 

was not possible to isolate any of the desired ethane .§2 or ethylene..§.§. 

from the tars which were formed during the decomposition of the 

secondary bromide 62. The experimental results suggested that the 

ethylene_§.§., once it had been formed, might have decomposed to the 

observed tars. In this respect, then, the secondary bromide g and the 

associated ethylene..§.§. might be considered to be a system which is more 

reactive than that which was studied by Goldthwaite. 55 

N. Vacuum Distillation of 1-Bromo- 2- (1-naphthyl)naphthylmethyl 

Bromide (Q.f) 

The vacuum distillation of the secondary bromide g did produce 

some interesting results. The diarylmethane 48 and the ketone 44 were 

isolated from this distillation. It has been experimentally demonstrated 

that the secondary bromide g decomposes at high temperatures with the 
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simultaneous release of hydrogen bromide gas. Hydrogen bromide gas 

has been shown to decompose into hydrogen and bromine atoms in the 

059-62 
·temperature range of 200-300 . Therefore, the formation of the 

diarylmethane 48 during the distillation of the secondary bromide 62 

might have occurred via the reaction of the secondary free radicals 63, 

produced by the homolysis of the secondary bromide 62, with the hydrogen 

bromide gas liberated during the decomposition of the secondary bromide 

62 (Chart XI). 

The formation of a small amount of the ketone 44 during the 

distillation of the secondary bromide 62 closely parallels the results of 

Goldthwaite55 who observed that the pas sage of a stream of dry air over 

a melt of .e-dibromodiphenylmethyl bromide containing :e._-tetrabromotetra-

phenylethylene resulted in the formation of E_-dibromobenzophenone. 

Franzen and Joschek51 also observed that the heating of a sample of 

tetra-1, l ', l, l '-naphthylethylene in the presence of oxygen gave l, l ' -

dinaphthyl ketone. The results of the present investigation do not prove, 

but only suggest, that some di- [-bromo-2-( 1-naphthyl}naphthy] ethylene 

(66) might have been formed during the distillation of the secondary 

bromide 62 (Chart XI). A possible explanation for the formation of the 

ketone 44 would be that some air might have inevitably entered the 

vacuum system and might then have oxidized some of the di-U-bromo-2-

(1-naphthyl)naphthy] ethylene (66) to the observed l -bromo-2-(l -naphthyl) 
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naphthyl ketone (44) (Chart XII). 

0. Postulated Mechanism of the High Temperature Decomposition of 

~ -l-Bromo-2-(l-naphthyl)naphthylmethyl Ether (58) 

The first step in the decomposition of the ether~ has been 

experimentally shown to be the release of hydrogen bromide gas. The 

mechanism which has been postulated for the formation of hydrogen 

bromide gas has been derived on the basis of the work of previous 

investigators. 4 9- 5 l No physical evidence has been obtained for the 

actual formation of either l, 2:5, 6-dibenzofluorenyl-l-bromo-2-

(1-naphthyl)naphthylmethyl ether (§.Q) or sym. -1, 2:5:6-dibenzofluorenyl 

ether (§_!) (Chart VIII). However, the formation of hydrogen bromide gas 

by ring closure between the alpha-position of one naphthalene ring and 

the beta-position of the other ring system seems to afford a logical 

explanation for the observed release of hydrogen bromide gas. 

The hydrogen bromide gas released by the decomposition of the 

ether 58 would be expected to cleave the ether~ into a mole of the 

secondary bromide 62 and a mole of the diarylcarbinol 45. This postu-

lation seems to be supported by the literature 53 as well as by the observa-

tion of a small, but significant, amount of the diarylcarbinol 45 in a 

sample of the ether 58 which had been heated for two hours at 260° 

(Chart IX). As the concentration of hydrogen bromide increased in the 
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reaction vessels, the diarylcarbinol 45 which had been formed by the 

initial cleavage of the ether~ was converted to the secondary bromide 

. 62 (Chart IX). This reaction has been demonstrated experimentally. 

The third step in the postulated mechanism might be the attack 

of the secondary free radicals ~· produced by the homolysis of the 

secondary bromide g, on the high concentration of the ether~ 

initially present in the reaction mixture. Some evidence for this reaction 

has been presented in the literature. 58 Nauta and Mulder observed that 

the reaction of benzhydryl chloride with elemental silver in the presence 

of oxygen led to the formation of benzhydrol ether, benzophenone and 

diphenylmethane. The products observed in this reaction suggest that 

the benzhydryl free radical, initially formed, might have attacked the 

labile benzylic hydrogen atoms of the benzhydrol ether. In a similar 

manner, the acceleration of the decomposition of ether~ by the addition 

of catalytic quantities of the secondary bromide 62 to the ether ~at 

high temperatures suggests that the secondary free radicals 63, produced 

by the homolysis of the secondary bromide g, attack the ether~ with 

the subsequent formation of the observed diarylmethane 48 and the ether 

free radical 64 {Chart X). The ether free radical 64 might then undergo 

homolysis to the observed ketone 44 and the secondary free radical .§2_. 

The secondary free radical .§2_ might then recycle in the system to reattack 

the ether 58. 
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As the concentration of the ether~ in the system decreases, one 

might expect that several consecutive reactions might occur. The first 

. of these reactions might be the coupling of two secondary free radicals 

~to form the ethane ..§2 (Chart XI). It would appear that there might be 

a sufficient concentration of free bromine atoms present in the system to 

attack the ethane ~and form the corresponding ethylene !l!:.. (Chart XI). 

The ethylene 2!:_ has not been physically separated from any of the 

reaction mixtures, but the isolation of a small amount of the ketone 44 

after the distillation of the secondary bromide g seems to suggest that 

the ethylene 2!:_ might have formed (Chart XII). Oxidation of compounds 

f th t 6 6 . d . h 1' 51 ' 5 5 o e ype _ is reporte in t e iterature. 

The isolation of the diarylmethane 48 during the distillation of the 

secondary bromide g suggested that the secondary free radicals ~ 

produced by the homolysis of the secondary bromide g might be reacting 

with free hydrogen atoms. The free hydrogen atoms might be produced 

by the decomposition of the hydrogen bromide gas 5 9-6Z present in the 

system (Chart XI). 

Some consideration should be given to the mechanistic role 

played by the free bromine atoms produced by the decomposition of the 

secondary bromide g 55 and the hydrogen bromide gas 59 - 62 present 

during the decomposition of the ether~· Huang and Lee63 , 64 have 

shown that a rapid attack of free bromine atoms on the benzylic hydrogens 
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of benzyl methyl ether and benzaldehyde dimethylacetal gave rise to the 

formation of hydrogen bromide gas and the corresponding free radicals 

of benzyl methyl ether and benzaldehyde dimethylacetal. It was also 

demonstrated that these free radicals homolyzed to give free methyl 

radicals and, in the case of benzyl methyl ether, benzaldehyde, and in 

the case of benzaldehyde dimethylacetal, methyl benzoate. An almost 

perfectly analogous situation is presented in the case of the attack of 

free bromine atoms on the benzylic hydrogen atoms of the ether~-

This reaction would lead to the formation of hydrogen bromide gas and 

the corresponding ether free radical 64 (Chart XII). The ether free 

radical 64 might then homolyze to form the ketone 44 and the secondary 

free radical 63 (Chart XII). The secondary free radical _§l might then 

recycle in the system. The decomposition of the ether~ would thus 

appear to be a cyclic process involving a series of consecutive reactions. 

P. Study of the Decomposition of 2.Y,ll.: -l-Bromo-2-{l-naphthyl)naphthyl-

0 0 0 methyl Ether Ui§.) at 240 , 260 and 300 under Vacuum and under 

Nitrogen 

No kinetic data was obtained from the study of the decomposition 

of the ether 58 at 240°, 260° and 300° either under vacuum or under nitro-

gen. However, some interesting conclusions can be drawn from these 

studies based on the postulated mechanism of the decomposition of the 

ether 58 in Sec. 0. The decomposition of the ether 58 was found to be 
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markedly affected by the presence of air. When the decomposition of 

the ether~ was carried out under a nitrogen atmosphere (Figures 7., 

8., 9.) the rate of the decomposition appeared to be faster than the 

rate of the decomposition when carried out under vacuum {Figures 10., 

11. , 12.). Moreover, when the decomposition of the ether ~ was 

carried out under a nitrogen atmosphere, the concentrations of the 

observed diarylmethane 48 and ketone 44 were found to be higher than 

those observed under a similar set of circumstances under vacuum. 

The experiments carried out with free radical initiators seemed to indi-

cate that the decomposition of the ether~ was free radical in nature. 

The decomposition of the other 58 under vacuum seemed to exemplify 

this point. The presence of a small amount of air in the sample tubes 

sealed under vacuum apparently inhibited the formation of as high a 

concentration of free radicals as were present in the samples sealed 

under a nitrogen atmosphere. The observation that the concentration of 

the ketone 44 fluctuated when the ether~ was allowed to decompose 

under vacuum suggested that some di-IJ-bromo- 2- (l -naphthyl)naphthy[) 

ethylene (§.§) might have formed in the reaction mixtures and was then 

oxidized to the observed ketone 44. 

The concentration of the diarylmethane 48 was almost always 

found to predominate over that of the ketone 44 when the decomposition 

of the ether 58 was carried out under vacuum or under nitrogen. This 
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fact suggested that the secondary free radicals .§2 which we re produced 

by the decomposition of the secondary bromide g were reacting with 

the hydrogen atoms produced by the decomposition of the hydrogen 

bromide gas 59-6 2 present in the system. This latter reaction might 

provide an explanation for unusual ratio of 2-(1-naphthylmethyl)bromo-

benzene (~)to 2-bromophenyl 1-naphthyl ketone (~) as observed by 

Polss 9 during the attempted purification, by vacuum distillation, of 

the product obtained from the condensation of the Grignard reagent of 

1-bromonaphthalene with 2-bromobenzaldehyde. Apparently Pols s 9 did 

prepare the desired carbinol, 2-bromophenyl-l -naphthylcarbinol (~). but 

the carbinol (~) decomposed during the vacuum distillation and underwent a 

series of reactions which were analogous to those which were observed with 

1-bromo- 2- ( 1-naphthyl)naphthylcarbinol ( 45) in the pre sent investigation. 

The end result 9 was the isolation of the diarylmethane ~and the ketone ~ 

in a ratio of 4:1. 

Q. Study of the Decomposition of 2-Fluorophenyl-l-naphthyl-

carbinol {54) and 2-Fluorophenyl-2-naphthylcarbinol (55) 

at 305° under Nitrogen Atmosphere 

Although only a cursory examination of the thermal stability of 

2-chlorophenyl-l-naphthylcarbinol (34) was made, it was apparent that 

the temperature required to bring about the thermal decomposition of this 

diarylcarbinol 34 was greater than 240° and closer to 260-270°. Therefore, 
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it was assumed that 2-fluorophenyl-1-naphthylcarbinol (54) and 2-fluoro-

phenyl-2-naphthylcarbinol (55) would decompose very slowly, if at all, 

. at 240- 270°. A brief study of the reactivity of these two diarylcarbinols 

54 and~ indicated that decomposition was occurring very slowly at 240° 

0 and at a steady, but still slow, pace at 275 . The original assumption 

therefore seemed to be justified. 

The decomposition of the two diarylcarbinols 54 and 55 was 

carried out at 305° under a nitrogen atmosphere in order to avoid the 

complicating effects of air present in the system. The analyses of the 

reaction mixtures for the decrease in the concentration of the diaryl-

carbinols 54 and~' and the increase in the concentration of the diaryl-

methanes 2.£. and 22_ and the ketones 2?:, and~' were accomplished by means 

of gas chromatography. The results of this investigation are shown in 

Figures 13 and 14. 

The initial decomposition of the two diarylcarbinols 54 and 55 led 

to the detection of a predominance of the respective ketones 52 and~ 

over that of the diarylmethanes ~and 22_. These facts might lead one to 

suspect that a loss of hydrogen from the diarylcarbinols 54 and _55 was 

occurring; the end result was a predominance in the concentration of the 

ketones 2?:, and~ over that of the corresponding diarylmethanes ~and~· 

It is also interesting to note that the respective intermediate ethers!::!_ 

and 68 (Chart XIII) were never isolated from the thermal decomposition 
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of the diarylcarbinols 54 and 22_. The evidence presented in the previous 

literature indicated that a number of diarylcarbinols underwent de com-

·position initially to form the corresponding intermediate ethers. More-

over, the results of the present investigation of the decomposition of 

1-bromo-2- ( 1 -naphthyl}naphthylcarbinol 45 cert a inly indicated that this 

diarylcarbinol 45 underwent decomposition initially to form a thermally 

unstable, but isolable, intermediate ether~· Therefore, it mi6ht be 

expected that 2-fluorophenyl- l -naphthylcarbinol 54 and 2-fl uorophenyl- 2-

naphthylcarbinol 22_ might follow the same path of decomposition to form 

the corresponding intermediate ethers !i!_ and..§..§_. However, Goldthwaite 55 

observed that it was possible to isolate only a few milligrams of E.-dibromo-

0 
benzhydrol ether by heating E_-dibromobenzhydrol at 250 because the 

decomposition point of the ether was found to be only a few degrees higher 

than that of the corresponding diarylcarbinol. This fact might then lead 

one to suspect that the intermediate ethers of 2-fluorophenyl-1-naphthyl-

carbinol !i!_ and 2-fluorophenyl-2-naphthylcarbinol 68, although possibly 

formed during the decomposition of the respective diarylcarbinols 54 and 

~, might, in actuality, be decomposing in the same temperature range 

which is necessary to bring about the formation of these compounds!::!_ 

and 68. In this case, neither of the ethers 67 or 68 would be isolated - -
via the thermal decomposition of the corresponding diarylcarbinols 54 or 

55. 
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There is not enough chemical evidence to state the actual nature 

and mechanistic path of the decomposition of the two intermediate ethers 

. 2]_ and~ definitively, and therefore these statements must remain in 

the realm of postulation and speculation. However, the evidence in the 

previous literature, 15 - 18 as well as the evidence accumulated from the 

study of the decomposition of sym. -l-bromo-2-(l -naphthyl)naphthylmethyl 

ether (58) in the present investigation, suggested that the decomposition 

of sym. -2-fluorophenyl 1-naphthylmethyl ether (67) and sym. -2-fluorophenyl 

2-naphthylmethyl ether (68) (Chart XIV), at the high temperature involved 

and in the absence of any sol vent, might be free radical in nature. The 

initial homolytic cleavage of either of the ethers~ or~ might give 

rise to the formation of a secondary free radicals 69 or 70 and a free - -
radical derived from the original diarylcarbinol _72 or~ (Charts XIV and 

XV). It might then be possible for the diarylcarbinol free radicals l.!_ or 

11:. to lose a hydrogen atom, with the subsequent formation of the 

corresponding ketone 52 or~· It might also be possible for the secon-

dary free radical ~ or ~to reattack the ethers 67 or 68 to form the 

corresponding ether free radicals 'J..l or 74, as well as the diarylmethanes 

2Q or 57. This reaction has been observed previously, 58 and there is a 

possibility that such a reaction might be occurring during the decomposi-

tion of sym. -l-bromo-2-(l-naphthyl)naphthylmethyl ether~· It would 

be feasible, then, for a homolytic cleavage of the ether free radicals 
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CHART XIV 
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CHART XV 

.R, / R' R RI 
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22. or 74 to take place, giving rise to the formation of the corresponding 

ketones 52 or 53 and the regeneration of the secondary free radicals 

69 or 70. The secondary free radicals 69 or ]..!2 might then react with 

the hydrogen atoms generated by the hom,olytic cleavage of the diaryl-

carbinol free radicals 71 or 7 2, thus regenerating the diarylmethane s 

56 or 57. It is also possible that the free hydrogen atoms in the system 

might react with the intermediate ether !i!_ or~· giving rise to the 

formation of the diarylcarbinols 54 or 55 and the regeneration of the 

secondary free radicals 2J.. or 70. The decomposition of the intermediate 

ethers g or~ would thus appear to occur via a cyclic process analogous 

to the decomposition of l -bromo-2-( 1-naphthyl)naphthylmethyl ether (~). 
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IV. EXPERIMENTAL 

General: 

The analytical gas chromatographic analyses were carried out on 

an Aerograph Hy Fi gas chromatograph, equipped with a hydrogen flame 

detection system and a Brown-Honeywell 1 millivolt full scale recorder. 

The columns employed wer~ 1/8 in. stainless steel, copper or aluminum 

packed columns. All column packings were prepared by making a slurry 

of the liquid phase and the solid support in a suitable sol vent. The solvent 

was then removed by fl.ash evaporation and the coated support was dried 

in an oven at 110°. Final screening produced the desired mesh size. 

Peak area was determined by the method of Cremer (area height x width 

at half height), and the composition of the mixtures was determined by 

measuring the ratio of the individual peaks or by reference to an internal 

standard and the sensitivity factors of individual compounds. 

The nuclear magnetic resonance spectra were recorded on a 

Varian A-60 spectrometer, and were obtained from dilute (30%) carbon 

disulfide or carbon tetrachloride solutions. Resonance positions were 

determined by precalibrated charts using ·tetra1nethylsilane as an 

internal standard. 

The infrared spectra were recorded on a Beckman IR-5 infrared 

spectrophotometer using 0. 1 mm matched sodium chloride cells. All 

spectra were run in carbon tetrachloride or benzene solution with 
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compensation for the solvent. All solid pellet spectra were run as 

0. 5% solid solutions of the sample in potassium bromide. 

Melting points were determined on a Thomas-Hoover capillary 

melting point apparatus and are corrected. Boiling points are uncorrected. 

Pressure is recorded in millimeters of mercury. 

The elemental analyses were carried out by Gailbraith 

Laboratories, Inc. , Knoxville 21, Tennessee. The elemental analyses 

marked with an asterisk (::e) were carried out on an F&M model 185 

Carbon-Hydrogen-Nitrogen Analyzer at Virginia Polytechnic Institute, 

Chemistry Department, in order to determine the percentage of carbon 

and hydrogen in a specific sample. The percentage of halogen in these 

samples was determined by Gailbraith Laboratories, Inc., Knoxville 21, 

Tennessee. 
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2-Chlorobenzoyl Chloride {lf.). 

A mixture of 157. g (1. 0 mole) of 2-chlorobenzoic acid and 

. 180. g (1. 5 moles) of thionyl chloride was gently heated in a 500. ml 

round bottom flask until the evolution of hydrogen chloride and sulfur 

dioxide gases had ceased. The mixture was then heated under reflux 

for 12 hr and the excess thionyl chloride was removed by distillation 

at atmospheric pressure. The crude product was then distilled under 

reduced pressure.· The product was collected as a colorless oil boiling 

at 106-107° (8.4 mm) (1it39 bp 119-120° [o ~ ); yield, 168. g (96%). 

2-Chlorophenyl 1-naphthyl Ketone ill). 

A mixture of 45. g (0. 26 mole) of 2-chlorobenzoyl chloride, 

33. g (0. 26 mole) of naphthalene and 6. 6. g (O. 026 mole) of iodine was 

heated under reflux for 2. 5 hr. The mixture was cooled to room tempera-

ture and dissolved in 100. ml of carbon tetrachloride. The carbon 

tetrachloride solution was washed thoroughly with 250. ml of a 20% 

sodium hydroxide solution. The basic layer was extracted once with 

benzene. The organic layers were combined and dried over anhydrous 

magnesium sulfate, concentrated and distilled under reduced pressure. 

The fraction distilling between 200-203° (0. 2 mm) was collected as a 

heavy yellow oil which solidified upon standing. The product was 

0 ( . 30 0) recrystallized from methanol as needles, mp 80-82 lit mp 82 ; 

yield, 50. g (7 2%). 
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2-(1-Naphthylmethyl)chlorobenzene (li). 

A suspension of 4. g (0. 10 mole) of lithium aluminum hydride 

in 10. ml of anhydrous ether was prepared in a 250. ml round bottom 

flask fitted with a reflux condenser and a magnetic stirrer. A, solution 

of 27. g (0. 20 mole) of aluminum chloride in 100. ml of anhydrous ether 

was then cautiously added dropwise to the stirred suspension of lithium 

aluminum hydride. Next, a solution of 15. g (0. 056 mole) of 2-chlorophenyl 

1-naphthyl ketone was added dropwise to the reducing medium. After the 

initially vigorous reaction had subsided, the mixture was heated under 

reflux for 30 min. The mixture was then cooled to room temperature, 

and the excess lithium aluminum hydride was destroyed with ethyl 

acetate. The reaction mixture was then poured into 200. ml of an iced 

20% sulfuric acid solution. After the dissolution of all of the inorganic 

salts was complete, the ether layer was separated from the aqueous layer, 

washed once with water and dried over anhydrous magnesium sulfate. 

The dry organic layer was concentrated and the crude product distilled 

under reduced pressure. The fraction distilling between 155-156° 

(0. 35 mm) (lit40 bp 189-192° [~ ) was collected as a light yellow 

oil; yield, 11. g (79%). 

2-Chlorophenyl-1-naphthylcarbinol C.11.). 

A Grignard reagent was prepared from 4. 8 g (0. 20g-atom) of 

magnesium turnings and 41. g (0. 20 mole) of 1-bromonaphthalene in 
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300. ml of anhydrous ethyl ether and 25. ml of anhydrous benzene. 

After the reaction was complete, a solution of 28. g (0. 20 mole) of 

. 2-chlorobenzaldehyde in 100. ml of anhydrous ethyl ether was added 

dropwise over a period of 2 hr. The mixture was heated under reflux 

for 45 min and then allowed to stir at room temperature for 26 hr. The 

yellow alkoxide complex was hydrolyzed by means of the addition of 

110. ml of a 10% hydrochloric acid solution. The organic layer was 

separated, washed with water and dried over anhydrous magnesium 

sulfate. The ether solution was concentrated, and the residual dark oil 

was distilled under reduced pressure. The product was collected as a 

viscous orange oil boiling at 195-97° (0. 02 mm). The oil was dissolved 

in a small volume of carbon tetrachloride. After chilling this solution 

in the refrigerator for several hours, crystallization of the product 

cornmenced. The crystals were collected and recrystallized from carbon 

tetrachloride, mp 95-6° (1it31 mp 96-97°); yield, 52. g (97%). 

2-B romophenyl 1-naphthyl Ketone (8). 

A mixture of 48. g (0. 25 mole) of 2-bromobenzoyl chloride, 

32. g (0. 25 mole) of naphthalene and 6. 4 g (0. 025 mole) of iodine was 

heated under reflux in a 250. ml round bottom flask fitted with a reflux 

condenser for 2. 5 hr. The mixture was then cooled to room temperature 

and dissolved in 150. ml of carbon tetrachloride. The carbon tetra-

chloride solution was washed with 250. ml of a 20% sodium hydroxide 
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solution. The basic layer was extracted once with benzene. The 

organic layers were combined and dried over anhydrous magnesium 

sulfate. The dry organic layer was filtered,. concentrated and distilled 

under reduced pressure. The product was collected as a viscous yellow 

oil boiling at 223-27° (1. 0 mm) (lit9 198-203° [Q. 55 mn2] ); yield:0 

48. g (62%). 

The oil was later crystallized as white needles from 95% 

etha~ol, mp 87-89° (lit. 6 5 89°). 

2-B romophenyl-1-naphthylcarbinol (4). 

A solution of 20. 0 g (0. 53 mole) of sodium hydroborate in 50. ml 

of water was added to a solution of 27. g (0. 087 mole) of 2-bromophenyl 

1-naphthyl ketone in 60. ml of pyridine in a 250. ml round bottom flask 

fitted with a reflux condenser. After the initially exothermic reaction 

had subsided, the mixture was heated under reflux for 48 hr. The 

mixture was then cooled to room temperature and poured into 430. ml of 

a 10% hydrochloric acid solution. The brown oil which precipitated was 

extracted with ether. The ether extract was washed with water, dried 

over anhydrous magnesium sulfate and concentrated. The crude product 

was distilled under reduced pressure and collected as a viscous orange 

oil boiling between 194-200° (0.4 mm) (lit. 66 179-180° l'Q:.05 mm]); 

yield, 15. g (54%). 

A sample of the diarylcarbinol was later crystallized from a dilute 

mixture of 95% ethanol and water as yellow needles, mp 82-85° (lit. 9 -
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0 81. 0-82. 5 ). 

2-Bromonaphthalene {75) . 

. A. To a 5-gal carboy fitted with a mechanical stirrer was added a 

mixture of 500. g (3. 5 moles) of 2-naphthylamine, 1650. ml of 37% 

hydrochloric acid solution and 5000. ml of water. Diazotization of the 

2-naphthylamine at 0-5° (temperature was held constant by the addition 

of crushed ice) was begun by the dropwise addition of a 20% solution of 

sodium nitrite. A cold solution of mercuric bromide, prepared by 

dissolving 570. g (2. 1 moles) of mercuric chloride in 1000. ml of 

water and treating the resulting solution with 830. g (8. 0 moles) of sodium 

bromide in 1500. ml of water, was then added to the solution of the 

diazonium salt. The yellow diazonium-mercuric bromide complex which 

precipitated was filtered by suction, washed thoroughly with water and 

then with acetone. The resulting cake was sucked as dry as possible, 

and then dried in the air for three days. 

The solid diazonium complex salt was mixed thoroughly with 

2. kg of sodium bromide and then decomposed portionwise at 150° in a 

3. 1 three neck flask fitted with a reflux condenser. When the decompo-

sition of the diazonium complex salt was complete, the flask was cooled 

to room temperature and the product extracted from the inorganic 

residue with hot benzene. The benzene solution was filtered and washed 

with three 200. ml portions of a 10% hydrochloric acid solution and three 
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200. ml portions of a l 0% sodium hydroxide solution. The benzene 

layer was then separated and dried over anhydrous magnesium sulfate . 

. Upon· concentration of the dry solution,. the residual oil was distilled 

under reduced pressure, and the fraction boiling between 134-5° 

(9. 8 mm) (lit. 67 103-104 ° [j. mrrd ) was collected as a pale yellow oil; 

yield, 363. g (50%). 

The slightly yellow 2-bromonaphthalene was dissolved in 1-liter 

of n-hexane and allowed to pass through a 3. 8 cm column packed with 

25. 4 cm of acid alumina. The column was eluted with an additional 3-1 

of n-hexane, and the solvent was removed in a flash evaporator. The 

pure product was dried in a vacuum desiccator overnight, mp 54-6 ° 

(lit. 68, 69 mp 55. 5-56. 0°); yield, 348. g (48%). 

B. To a 5-1 beaker was added 447. g (2 moles) of 2-amino-rnaphtha-

lenesulfonic acid and 80. g (2 moles) of sodium hydroxide in a total 

aqueous volume of 3600. ml. An aqueous solution of 138. g (2 moles) 

of sodium nitrite was then added and the rnixture was filtered. The 

filtrate was added dropwise to a 5-gal carboy containing 1-liter of 37% 

hydrobromic acid solution and 2. kg of crushed ice. The temperature 

of the mixture was maintained at 0-5° by the periodic addition of ice 

and by surrounding the carboy with a salt-ice mixture. Upon completion 

of the diazotization, the mixture was filtered by suction and the precipi-

tate was washed with 2-1 of ice water. 
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During the above diazotization, a suspension of cuprous bromide 

in hydrobromic acid was prepared by dissolving 1200. g (4. 8 moles) of 

. cupric sulfate pentahydrate, followed by 700. g (4. 8 moles) of sodium 

bromide, in 2-1 of warm water. To this mixture was added, with 

stirring, 302. g (2. 4 moles) of sodium sulfite during a 10 min period. 

Excess sodium sulfite was sometimes required to discharge the blue 

coloration. The mixture was cooled in a refrigerator, filtered by suction 

and the white precipitate suspended in 300. ml of 48% hydrobromic acid 

and 800. ml of water. 

The yellow precipitate of the diazonium salt was then added 

portionwise to the cuprous bromide suspended in the hydrobromic acid 

solution in a 5-gal carboy fitted with a mechanical stirrer. While being 

stirred vigorously, the mixture was allowed to warm slowly to room 

temperature and was then heated to 90-95° in a water bath. After the 

evolution of nitrogen gas (accompanied by a great deal of foaming) was 

complete, the hot mixture was filtered by suction. The filtrate was 

poured into a 4-1 beaker fitted with a mechanical stirrer and 480. g of 

potassium bromide was added. The resulting paste, after cooling to room 

temperature, was filtered by suction, washed with 1-liter of a 2.0% 

potassium bromide solution, and pressed as free of liquid as possible. 

The semi-dry 2.-bromonaphthalene-l-sulfonic acid was combined with 

800. ml of sulfuric acid and 800. g of crushed ice in a 3-1 three neck 

flask fitted with a mechanical stirrer and a reflux condenser. The 
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mixture was then heated under reflux for 15 hr. The mixture was 

allowed to cool to room temperature and the crude product was filtered 

. by suction. The filtrate was poured onto crushed ice and extracted with 

2-1 of benzene. The benzene extract was washed with water until neutral 

to litmus, concentrated, combined with the solid crude product from 

above and distilled under reduced pres sure. The fraction boiling between 

0 . 69 0 r::: ::1 145-6 (7. 6 mm) (lit. 122-7 ij. 5 IDIXl.J } was collected as a pale 

yellow oil which solidified upon standing; yield, 292. g (66%). 

The slightly yellow 2-bromonaphthalene was dissolved in 800. ml 

of n-hexane and allowed to pass through a 3. 8 cm column packed with 

25. 4 cm of acid alumina. The column was eluted with an additional 2-1 

of n-hexane, and the sol vent was removed in a flash evaporator. The 

pure product was dried in a vacuum desiccator overnight, mp 55-6° 

(lit. 6 9 55. 5-56. 0°}; yield, 288. g (65%). 

2-Chlorophenyl 2-naphthyl Ketone (36}. 

A Grignard reagent was prepared from 14. 0 g (0. 58 g-atom} of 

magnesium turnings and 116. g (0. 56 mole) of 2-bromonaphthalene in 

350. ml of anhydrous ethyl ether. After complete formation of the 

Grignard reagent, 51. 5 g (0. 28 mole} of anhydrous cadmium chloride 

was added in powdered form over a period of 10-15 min to the reaction 

mixture cooled in an ice bath. The mixture was then stirred and heated 

under reflux for 45 min. 
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Upon complete formation of the cadmium reagent, the ether was 

removed and replaced with 3 50. ml of dry benzene. A solution of 88. g 

. (0. 50 mole) of 2-chlorobenzoyl chloride in 250. ml of dry benzene was 

added over a period of 2 hr. The reaction mixture was stirred and heated 

under reflux for 17 hr, cooled to room temperature and hydrolyzed by 

pouring it onto a mixture of 37% hydrochloric acid and crushed ice. The 

benzene solution was separated, washed twice with equal portions of 

water and dried over anhydrous magnesium sulfate. The dried solution 

was filtered, concentrated and the residual oil was distilled under reduced 

pressure. The fraction boiling between 200-213° (0.15 mm) {lit. 41 -

220-223° U. 5 mm] ) was collected as a viscous orange oil; yield, 

67. g {50%). 

The product was later crystallized from 95% ethanol as white 

needles, mp, 59-60°. 

2-Chlo rophenyl- 2-na phthyl carbinol {]].). 

In a 250. ml round bottom flask fitted with a reflux condenser 

a solution of 12. 9 g (0. 34 mole) of sodium hydroborate in 60. ml of 

water was added slowly to a solution of 15. g (0. 056 mole) of 2-chloro-

phenyl 2-naphthyl ketone in 70. ml of pyridine. When the initially 

vigorous reaction had subsided, the mixture was heated under reflux for 

50 hr. The mixture was cooled to room temperature and poured into 

200. ml of a 20% hydrochloric add solution. The orange oil which 
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separated from the above solution was extracted with ether, and the 

ether extract washed with water and dried over anhydrous magnesium 

. sulfate. The dried solution was filtered, concentrated and the residual 

oil was distilled under reduced pressure. The product was collected as 

a viscous orange oil boiling at 185-190° (0. 5 mm) (lit. ?O 200-201° 

[l mm] ); yield, 8. g (50%). 

Investigation of the Stability of Compounds under the Conditions 

of High Temperature Gas Chromatography 

A 2. 0 g sample of the compound under investigation was weighed 

into a l 0. 00 ml volumetric flask, dissolved in a small volume of benzene 

and then diluted to the mark by the addition of more solvent. The final 

concentration of the solution was 200. mg/ml. A series of solutions pre-

pared in this manner were then investigated for the stability of the indivi-

dual compounds under the conditions of high temperature gas chroma-

tography, employing an Aerograph Autoprep, model A 700, equipped with 

a thermal conductivity detector. The infrared spectra and melting points 

of all the individual compounds, after subjection to the conditions of high 

temperature gas chromatography, were compared in detail to the infrared 

spectra and melting points of these same compounds before subjection to 

these conditions, and were identical in all cases. 

A. The high temperature gas chromatographic analysis of 2-chloro-

phenyl 1-naphthyl ketone was carried out on a 3' x 3/8 in Cu column, 
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containing 5% Versamid 900 on 80/ l 00 mesh Gas Chrom Z, sample 

volume: 200. ul, carrier gas (He) flow rate at 40 psig: 143. ml/min, 

. injector temperature: 325°, column temperature: 0 328 , detector 

temperature: 3 21°, collector temperature: 3 28°, filament current: 

200. ma, sensitivity: 8, retention volume: 47 l. 9 ml. 

B. The high temperature gas chromatographic analysis of 2-chloro-

phenyl-1-naphthylcarbinol was carried out on a 3' x 3 /8 in Cu column, 

packed with 5% Versamid 900 on 80/100 mesh Gas Chrom Z, sample 

volume: 100. ul, carrier gas (He) flow at 40 psig: 150. ml/min, injector 

temperature: 330°, column temperature: 0 255 , detector temperature: 

3 25°, collector temperature: . 330°, filament current: 200. ma, 

sensitivity: 8, retention volume: 549. ml. 

C. The high temperature gas chromatographic analysis of 2-(1-naphthyl-

methyl)chlorobenzene was carried out on a 3' x 3/8 in SS column, con-

taining 2. 5% SE-52 on 80/100 mesh Gas Crom Z, sample volume: 100. 

ul, carrier gas (He) flow at 40 psig: 150. ml/min, injector temperature: 

331°, column temperature: 212°, detector temperature: 3 2.8°, collector 

temperature: 32.0°, filament current: 2.00. ma, sensitivity: 4, retention 

volume: 990. ml. 

D. The high temperature gas chromatographic analysis of 2-bromo-

phenyl-1-naphthylcarbinol was carried out on a 3' x 3/8 in Cu column, 

containing 5% Versarnid 900 on 80/100 mesh Gas Chrom Z, sample 
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volume: 100. µl, carrier gas (He} flow at 40 psig: 150. ml/min, 

injector temperature: 329°, column temperature: 0 245 , detector 

. temperature: 338°, collector temperature: 335°, filament current: 

200. ma. sensitivity: 4, retention volume: 840. ml. 

Investigation of the Condensation of the Grignard Reagent 

of 2-Bromonaphthalene with 2-Chlorobenzaldehyde ili Gas 

Chromatography 

· . A. Determination of the Extent of Grignard Reagent Formation. 

l. Standard solutions of naphthalene and 2-bromonaphthalene 

were prepared by accurately weighing 100. mg of each of these com-

pounds in separate l. 00 ml volumetric flasks, dissolving the compounds 

in a small volume of benzene and diluting the resulting solutions to the 

mark with an additional portion of benzene. The final concentrations of 

the solutions were 100. mg/ml. 

2. The retention volUJne of each of the compounds was deter-

mined by means of gas chromatography under the following conditions: 

column, 3' x 1/8 in Al, containing 5% Apiezon Lon 80/100 mesh Gas 

Chrom Z, sample volume: 0. 3 µl, carrier gas (N 2) flow at 20 psig: 

50. ml/min, column temperature: 145°, detector temperature: 145°, 

sensitivity: {na~hthalene) 128 x 10 2, (2-bromonaphthalene) 32 x 10 2 , 

retention volume: (naphthalene) 120. ml, (2-bromonaphthalene) 530. ml. 
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3. The area under each of the components was determined by 

the method of Cremer (area= height x width at half height). 

4. The extent to which Grignard reagent formation had taken 

place was determined by withdrawing a 2. ml aliquot of the reaction 

mixture in a calibrated pipette and carefully hydrolyzing the sample with 

l 0. ml of a cold 5% sulfuric acid solution. The ether layer was then 

separated, dried over anhydrous magnesium sulfate and analyzed under 

the gas chromatographic conditions listed above. The area enclosed by 

the naphthalene peak was divided by the total area enclosed by the naphtha-

lene and 2-brornonaphthalene peaks to give the percentage of naphthalene 

pre sent and thus the extent to which the Grignard reagent had formed. 

B. Standardization of the Retention Volumes of 2-Chlorophenyl-

2-naphthylcarbinol (37) and 2-Chlorophenyl 2-naphthyl Ketone {l_Q_) 

on Versami.d 900. 

1. Standard solutions of 2-chlorophenyl 2-naphthyl ketone and 

2-chlorophenyl-2-naphthylcarbinol were prepared by carefully weighing 

50. mg of each of these compounds into a 1. 00 ml volumetric flask. A 

small volume of benzene was added to each flask, and the resulting 

solutions were diluted to the mark with benzene. The final concentrations 

of these solutions were 50. mg/ml. 

2. The retention volumes of 2-chlorophenyl 2-naphthyl ketone 
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and 2-chlorophenyl- 2-naphthylcarbinol were determined under the 

following conditions of gas chromatography: column, 3 1 x l / 8 in Cu, 

containing 5% versamid 900 on 80/100 mesh Gas Chrom Z, sample 

volume: 0. 3 µl, carrier gas (I-Ie} flow at 18 psig: 40. 4 ml/min, 

column temperature: 195°, detector temperature: 195°, sensitivity: 

4 x 10 2 , retention volume: (2-chlorophenyl 2-naphthyl ketone) 262. 6 

ml, (2-chlorophenyl- 2-naphthylcarbinol) 565. 6 ml. 

3. The areas enclosed by 2-chlorophenyl 2-naphthyl ketone and 

2-chlorophenyl-2-naphthylcarbinol we re determined by the method of 

Cremer (area= height x width at half height). 

4. The relative percentages of 2.-chlorophenyl 2.-naphthyl ketone 

and 2-chlorophenyl-2-naphthylcarbinol in a reaction mixture we re 

determined by dividing the area of the 2-chlorophenyl 2-naphthyl ketone 

(or 2-chlorophenyl-2-naphthylcarbinol) by the total area enclosed by the 

2.-chlorophenyl 2-naphthyl ketone and 2-chlorophenyl-2-naphthylcarbinol 

peaks. 

C. Investigation of the Condensation of One Equivalent of the 

Grignard Reagent of 2-Bromonaphthalene with One ~uivalen~ 

of 2.-Chloro'2enzaldehyde. 

A Grignard reagent was prepared from 1. 2. g (0. O~"g-atom) of 

magnesium turnings and 10. g (0. 05 mole) of 2-bromonaphthalene in 

110. ml of anhydrous ethyl ether and l. 5. ml of dry benzene. After the 
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reaction was complete, a 5. ml aliquot of the reaction mixture was 

withdrawn in a calibrated pipette, hydrolyzed with 15. ml of a 5% 

sulfuric acid solution, separated and dried over anhydrous magnesium 

sulfate. The extent of Grignard reagent formation was determined under 

the standard conditions of gas chromatography, and was found to be 

o. 042 mole (84%). 

A solution of 6. g (0. 042 mole) of 2-chlorobenzaldehyde in 50. 

ml of anhydrous ethyl ether was added to the Grignal:'d reagent as rapidly 

as possible. Samples (5. ml) of the reaction mixture were withdrawn 

·at given time intervals and hydrolyzed by addition to 15. ml of a cold 

5% sulfuric acid solution. The ether layer was separated, dried over 

anhydrous magnesium sulfate, and a 0. 3 µl sample analyzed under the 

standard conditions of gas chromatography. Only the expected diaryl-

carbinol was found to be present after a 24 hr reaction period. 

D. Investigation of the Reaction of One Equivalent of the Grignard 

Reagent of 2-Bromonaphthalene with Two Equivalents of 

2-Chlorobenzaldehyde. 

A Grignard reagent was prepared from l. 2 g {O. 05 g-atom) of 

magnesium turnings and 10. g (0.05 mole) of 2-bromonaphthalene in 

125. ml of anhydrous ethyl ether and 15. ml of dry benzene. After the 

reaction was complete, a 5. ml aliquot of the reaction mixture was with-

drawn· in a calibrated pipette, hydrolyzed with 15. ml of a 5% sulfuric 
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acid solution, separated and dried over anhydrous magnesium sulfate. 

The extent of Grignard reagent formation was determined under the 

standard conditions of gas chromatography, and was found to be 0. 045 

mole (90%). 

A solution of 12. g (0. 09 mole) of 2-chlorobenzaldehyde in 50. ml 

of anhydrous ethyl ether was then added as rapidly as possible to the 

Gri;:;n.ard reagent. Samples (5. ml) of the reaction mixture were with-

drawn in a calibrated pipette at given time intervals and hydrolyzed by 

addition to 15. ml of a cold 5% sulfuric acid solution. The ether layer 

was separated, dried over anhydrous magnesium sulfate and analyzed 

under the standard conditions of gas chromatography, for the relative 

proportions of 2-chlorophenyl 2-naphthyl ketone and 2-chlorophenyl-2.-

naphthylcarbinol present. For data, see Figure 1., p. 53. 

2-Fluo::.-obenzoic Acid (50). 

In a 2-1 round bottom. flask fitted with a reflux condenser and 

magnetic stirrer a mixture of 30. g (0. 27 mole) of 2-fluorotoluene, 

llJ. g (O. 75 mole) of potassium permanganate and 10. ml of a 10% 

potassiw-n hydroxide solution in a total aqueous volume of 1250. ml was 

stirred and heated under reflux for 22 hr. The mixture was filtered with 

suction while hot, and the filtrate was cooled to room te1npe rature and 

neutralized by the dropwise addition of concentrated hydrochloric acid. 

The product precipitated from the solution and was filtered with suction 
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and air-dried overnight. Concentration of the mother liquor afforded 

an additional crop of the product, mp 121. 5-124° (lit. 71 mp-124°); 

yield, 25. g (66%). 

2-Fluorobenzoyl Chloride (.21). 

A mixture of 19. g (0. 13 mole) of 2-fluorobenzoic acid and l 07. g 

(0. 90 mole) of thionyl chloride was gently heated in a 250. ml round 

bottom flask fitted with a reflux condenser until the evolution of hydrogen 

chloride and sulfur dioxide gases had ceased. The mixture was then 

heated under reflux for 12. 5 hr. The excess thionyl chloride was removed 

by distillation, and the crude product was distilled under reduced pres sure. 

The fraction boiling at 88-89° (9. 4 mm) (lit. 72 bp-85-86° [J.1 rn.nJ 

was collected as a colorless liquid; yield, 20. g (95%). 

2-Fluorophenyl 1-naphthyl Ketone (_g). 

A Grignard reagent was prepared from 4. 7 g (0. 20g-atom) of 

n-iagne sium turnings and 41. g (0. 20 mole) of 1-bromonaphthalene in 

30G. r.o.l of anhydrous ethyl ether. After complete formation of the 

Grignard reagent, 18. 0 g (0. l 0 mole) of anhydrous cadmium chloride in 

powdered form was added to the reaction mixture. The mixture was then 

stirred and heated under reflux for l. 5 hr. 

After complete formation of the cadlniurn reagent, the ether was 

removed by distillation and replaced with 300. ml of anhydrous toluene. 

A solution of 29. g (0. 19 mole) of 2-fluorobenzoyl chloride in 100. ml of 
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anhydrous toluene was then added ciropwise to the cadmium reagent. 

The reaction mixture was stirred and heated under reflux for 16. 5 

hr, cooled to room temperature and hydrolyzed by the addition of 

300. ml of a 20% sulfuric acid solution. The toluene layer was separated, 

washed once with water, and then dried over anhydrous magnesium 

sulfate. The dried solution was filtered, concentrated and the residual 

oil was distilled under reduced pressure. The product was collected as 

a yei'low-green oil boiling at 150-152° (0. 01 mm). The oil later solidified 

upon standing; yield, 31. g (7 4%). 

An analytical sample was prepared by recrystallizing the product 

from 95% ethanol; cubes, mp 59-60°. 

Anal. Calcd. for c 17 H 11 FO: C, 81.58: H, 4.43; F, 7.59. 

Found: C, 81.54;H, 4.29;F, 7.68. 

2.-Fluorophenyl 2-naphthyl Ketor.e (22_). 

A Grignard reagent was prepared from 3. 2 g (0. 13g-atom) of 

magnesium turnings and 27. g (0. 13 mole) of 2.-bromonaphthalene in 

300. ml of anhydrous ethyl ether. After the reaction was complete, 

12. 9 g (0. 07 mole) of anhydrous cadmium chloride in powdered form was 

added to the reaction mixture. The mixture was then stirred and heated 

under reflux for 1. 5 hr. 

After complete formation of the cadrnium reagent, the ether was 

removed by distillation and replaced by anhydrous toluene. A solution 
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of 19. g (0.12 mole) of 2-fluorobenzoyl chloride in 100. ml of dry 

toluene was added dropwide to the cadmium reagent. The reaction 

mixture was stirred and heated under reflux for 16 hr, cooled to room 

temperature and hydrolyzed by the addition of 200. ml of a 20% sulfuric 

acid solution. The toluene layer was separated, washed once with water 

and then dried over anhydrous magnesium' sulfate. The dried solution 

was filtered, concentrated and the residual oil distilled under reduced 

pressure. The product was collected as a yellow-green oil boiling at 

158-165° (0. 05 mm). Tituration of the oil with 95% ethanol enhanced 

crystallization of the product as white needles, mp 79-80°; yield, 16. g 

(53%). 

An analytical sample was prepared by recrystallizing the ketone 

from 95% ethanol; white needles, mp 80-81°. 

Anal. Calcd. for: C 17 H 11 FO: C, 81.58; H, 4.43; F, 7.59. 

Found: C, 81. 62; H, 4. 46; F, 7. 38 

2.- Fluorophenyl-1-naphthylcarbinol <.2.i). 

In a 250. ml round bottom flask fitted with a reflux condenser a 

solution of 13. 8 g (0. 36 mole) of sodium hydrol;>orate in 60. ml of water 

was slowly added to a solution of 15. g (0. 06 mole) of Z-fluorophenyl 

1-naph*yl ketone in 70. ml of pyridine*. When the initially vigorous 

reaction had subsided, the mixture was heated under reflux for 60 hr. 

The mixture was cooled to room temperature and poured into 200. ml 
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of a 20% hydrochloric acid solution. The pink oil which separated from 

the above solution solidified upon standing at room temperature. The 

solid was dissolved in ether and adsorbed on 50. g of basic alumina. 

The product was eluted from the alumina by continuous extraction in a 

Soxhlet extractor for 24 hr with n-hexane. Upon cooling the hexane 

solution to room temperature, white needles of the carbinol, mp 77-78°, 

crystallized from the solution; yield, 8. g (55%). 

An analytical sample was prepared by recrystallization of the 

carbinol from n-hexane; white needles, mp 78-79°. 

Anal. Calcd. for: c 17Hi3FO: C, 80. 93; H, 5. 19; F, 7. 53. 

Found: C, 80. 70; H, 5. 29; F, 7. 74. 

2-Fluorophenyl-2-naphthylcarbinol (55 ). 

In a 250. ml round bottom flask fitted with a reflux condenser 

a solution of 8. 3 g (0. 22 mole) of sodium hydroborate in 50. ml of 

water was added to a solution of 10. g (0. 04 mole) of 2-fluorophenyl 

2-naphthyl ketone in 30. ml of pyridine. After the initially vigorous 

reaction had subsided, the mixture was heated under reflux for 48 hr. 

The mixture was cooled to room temperature and poured into 200. ml 

of a 20% hydrochloric acid solution. The pink oil which separated from 

the above solution was separated, dissolved in ether and adsorbed on 

50. g of basic alumina. The product was eluted from the alumina by 

*Pyridine purified according to the.procedure of Fieser. 74 
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conti::iuous extraction in a Soxhlet extractor for 5 days with n-hexane. 

Upot1 cooling the hexane solution to roorn temperature, white needles 

oi the carbinol, mp 69-72°, crystallized from the solution; yield, 8. g 

(79%). 

An analytical sample was prepared by recrystallizing the carbinol 

- 0 from n-hexane; white needles, mp 68. j-69. 5 . 

Anal. Calcd. for: C H FO: 
1 7 13 

C, 80. 93; H, 5.19; F, 7. 53. 

Found: C, 81.11; I-I, 5. 26; F, 7.48. 

2- (1-Na ohthylmeth yl)fl uorobenzene (_2 6). 

A suspension of 1. 5 g (0. 04 mole) of lithimn alurninum hydride 

in 30. ml of anhydrous ethyl etner was prepared in a l 00. ml Morton 

flask fitted with a high speed stirrer and an efficient reflux condenser. 

A solution of 11. g (0. 08 mole) of aluminum chloride in 30. ml of 

anhydrous ethyl ether was cautiously added dropwise to the suspension 

of lithium alu..--ninum hydride. Next, a solution of 5. g (0. 02 mole) oi 

2-fluorophenyl 1-naphthyl ketone in 25. ml of anhydrous ethyl ether was 

added dropwise to the reducing medi·clm. After the initially vigorous 

reaction had subsid0d, the m.ixture was heated under reflux for l. 5 hr. 

The mixture was cooled to roor.n temperature ar.d the excess lithium 

aluminum hydride was destroyed with ethyl acetate. The reu.ction mixture 

was poured into 200. ml of a 20% sulfuric acid solution. After the 

dissolution of all of the inorganic salts was complete, the ether layer 

was separated from the aqueous layer, washed with water and dried over 
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anhydrous magnesium sulfate. The dried ether solution was filtered, 

concentrated, and the residual oil distilled uncle r reduced pres sure. 

The product was collected as a yellow-green oil boiling at 114-115° 

( 0 . 0 l mm} ; y i e 1 d, 5 . g ( 9 5 % } . 

An analytical sample was prepared by redistillation of the 

product, and the fraction boiling at 113. 5-114° (0. 01 mm) was collected 

as a colorless oil. 

Anal. Calcd. for: C 17 H 13 F: C, 86. 41; H, 5. 54; F, 8. 04. 

Found: C, 86. 53; H, 5. 81; F, 8. 32. 

2- ( 2-Na phthylmethyl )fl uorobenzene (21.). 

A suspension of 1. 5 g (0. 04 mole) of lithium aluminum hydride 

in 25. ml of anhydrous ethyl ether was prepared in a l 00. ml Morton 

flask fitted with a high speed stirrer and an efficient reflux condenser. 

A solution of 11. g (0.08 mole) of aluminum chloride in 25. ml of 

anhydrous ethyl ether was cautiously added dropwise to the stirred 

suspension of lithium alun-1.inum hydride. Next, 5. g (O. 02 mole) of 

2-fluorophenyl 2.-naphthyl ketone in 40. ml of anhydrous ethyl ether was 

added dropwise to the reducing rnedium. After the initially vigorous 

,.eaction had subsided, the r.nixture was heated under reflux for 1. 5 hr. 

The mixture was cooled to room temperature and the excess lithium 

aluminurr. hydride was destroyed with ethyl acetate. The reaction 

mixture was then poured into 200. ml of a 2.0% sulfuric acid solution. 
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When the dis solution of all of the inorganic salts was complete, the 

ether layer was separated from the aqueous layer, washed with water 

. and dried over anhydrous magnesium sulfate. The dried ether solution 

was filtered, concentrated, and the residual oil distilled under reduced 

pressure. The product was collected as a colorless oil boiling at 

119-127° (0. 01 mm); yield, 4. g (85%). 

An analytical sample was prepared by redistillation of the 

product and the fraction boiling at 120. 5-121° (0. 01 mm) was collected as 

a colorless oil. 

Anal. Calcd. for: c 17 H 13 F: C, 86. 41; H, 5. 54; F, 8. 04. 

Found: C, 86. 67; H, 5. 44; F, 8.13. 

l -Bromo-2-methylnaphthalene (3 9). 

To a solution of 142. g (1. 0 mole) of 2-methylnaphthalene in 250. 

ml of carbon tetrachloride contained in a 2-1 three neck round bottom 

flask fitted with a mechanical stirrer and an air condenser, was added a 

pinch of iron powder and a small amount of iodine. The resultant mixture 

was cooled to 0° in a salt-ice mixture and wrapped with a towel to exclude 

light. A solution of 160. g (1. 0 mole) of bromine in 250. ml of carbon 

tetrachloride was added to the reaction vessel over a 25 min period. The 

reaction mixture was then allowed to stir at 0° for 2 hr. Then, 250. ml 

of a 10% sodium hydroxide solution were added to the reaction mixture. 

The carbon tetrachloride layer was separated from the aqueous layer 
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and was washed once with 250. ml of a 10% sodium hydroxide solution 

and then once with water. The carbon tetrachloride layer was separated 

from the aqueous layer and was dried over anhydrous magnesium sulfate. 

The dried organic layer was filtered, concentrated, and the residual 

oil was distilled under reduced pressure. The product was collected as 

a colorless oil boiling at 102-105° (0. 5 mm) (lit. 82 bp 112-117° [j mm]); 

yield, 181. g (85%). 

1-Bromo- 2-bromomethylnaphthalene (1.Q). 

A solution of 184. g (0. 83 mole) of l-bromo-2-methylnaphthalene 

and 5. g of benzoyl peroxide dissolved in 800. ml of carbon tetrachloride 

was heated to reflux in a 2-1 three neck flask fitted with a mechanical 

stirrer and an efficient reflux condenser. To this heated solution a 

mixture of 148. g (0. 83 mole) of N-bromosuccinimide and 5. g of benzoyl 

peroxide was added as rapidly as possible. The mixture was then heated 

under reflux for two hours and filtered by suction while hot. The 

succinimide precipitate was washed thorough! y with hot benzene. The 

filtrate was concentrated and chilled in the refrigerato:c ove:tnight, giving 

183. g (74%) of l-bromo-2-bromomethylnaphthalene, mp 106-108° (lit. 33 

0 . 34 0 mp 103-105 ; lit. mp 107-108 ). 

l-Bromo-2-naphthaldehyde (±1). 

A. To a solution_ of 38. g (0.13 mole) of l-bromo-2-bromo-

methylnaphthalene in 100. ml of boiling acetic acid contained in a 500. ml 
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three neck round bottom flask, fitted with a mechanical stirrer and a 

reflux condenser, 20. g {O. 15 mole) of hexamethylenetetramine was 

added as rapidly as possible. The resultant solution was heated under 

reflux for 2 min, and then 100. ml of water were added. The reaction 

mixture was allowed to cool to room temperature; the product was 

collected and recrystallized from glacial acetic acid, giving 19. g {62%) 

of l-bromo-2-naphthaldehyde, mp 116-118° (lit. 34 117-118°}. 

B. In a 2-1 three neck round bottom flask fitted with a mechanical 

stirrer and reflux condenser 9. 0 g (0. 4g-atom) of metallic sodium was 

dissolved in 900. ml of absolute ethanol. After allowing this solution to 

cool to room temperature, a solution of 35.0 g {0.4 mole) of 2-nitropro-

pane in 50. ml of absolute ethanol was added to the sodhun ethoxide 

solution above, followed by the rapid addition of 118. 0 g (0. 4 mole) of 

l-bromo-2-bromomethylnaphthalene in powdered form. The mixture was 

then allowed to stand, with stirring, at room temperature for l 5 hr. The 

mixture was filtered by suction to remove the precipitated sodium bromide. 

The sodium bromide wa.s washed with 300. ml of hot benzene. The 

filtrates were combined and added to an additional 300. ml of benzene, 

washed twice with water and then dried over anhydrous :r:nagnesiurn 

sulfate. This dried solution was filtered, concentrated and mixed with a 

small volume of 95% ethanol. The product crystallized from this ethanol 

solution as yellow needles, and was collected by suction filtration, giving 
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60. 0 g of 1-bromo-2-naphthaldehyde. Concentration of the filtrate gave 

an additional 8. 6 g of product, making the total yield 69. g (74%); mp 

0 . 34 0 · 116-118 (ht. mp 117 -118 ) . 

1-Bromo-2-naphthoic Acid l1..f.). 

To a stirred solution of 84. g (0. 53 mole) of potassium perman-

ganate in 1500. ml of acetone and 360 ml of water was added a solution 

of 84. g (0. 36 mole) of l-bromo-2-naphthaldehyde in 900 ml of acetone, 

and the resulting mixture allowed to react at room temperature, with 

stirring, for 6 hr. The reaction mixture was filtered by suction and the 

manganese dioxide precipitate was washed thoroughly with hot acetone. 

The filtrate~ was concentrated to a low volume, and the residue was 

acidified with concentrated hydrochloric acid, giving 76. g (84%) of 

1-bromo-2-naphthoic acid, mp 170-175°. The product was recrystallized 

from a glacial acetic acid-water mixture, mp 185-187° (lit. 36 mp 186-

187°). 

1-Bromo-2-naphthoyl Chloride (fl). 

A solution of 12. g (0. 047 mole) of l-bromo-2-naphthoic acid in 

60. ml of thionyl chloride was heated under reflux for 6 hr. The excess 

thionyl chloride was then removed in a flash-evaporator, and the residual 

oil was distilled under reduced pres sure. The product was collected as a 

pale yellow oil boiling at 148-49° (0. 65 mm) (lit. 36 121-121. 3° []>. 25 mrU] ); 

yield, 10. g (79%). The distillate solidified upon cooling and was recrys-

tallized from a mixture of dry benzene and petroleum ether, mp 86-87°. 
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l-Bromo-2-(1-naphthyl) naphthyl Ketone (.4.4.). 

A. A Grignard reagent was prepared from 1. 4 g (0. 06g-atom) of 

magnesium turnings and 12. g (0. 06 mole) of 1-bromonaphthalene in 

100. ml of anhydrous ethyl ether. After the reaction was complete, the 

Grignard reagent was added dropwise (inverse addition) to a solution of 

16. g (0.06mole) of l-bromo-2-naphthoyl chloride in 300. ml of dry 

boiling toluene. The ether was stripped off immediately, and after the 

addition was complete, the temperature was allowed to rise to 105°, and 

the reaction mixture was then diluted with an additional 100. ml of dry 

toluene. The reaction mixture was allowed to stir and heat under reflux 

for 30 hr, and was then cooled to room temperature and hydrolyzed by 

the addition of 300. ml of a 10% hydrochloric acid solution. The toluene 

layer was separated and washed with 250. ml of a 10% sodium hydroxide 

solution, followed by 250. ml of water. The toluene layer was separated 

and dried over anhydrous magnesium sulfate. This dry solution was 

filtered, concentrated and adsorbed on 100. g of florisil. The product 

adsorbed on the florisil was poured onto the top of a 3. 8 cm column 

packed with 16. 6 cm of florisil. The product was eluted from the fio:dsil 

with a mixture of 10% benzene and 90% petroleum ether. Upon concen-

tration of the eluted fraction· containing the desired ketone, the l-bromo-

2-(1-naphthyl) naphthyl ketone was obtained as white platelets, mp 

120-126°; yield, 7.8 g (37%). The ketone was recrystallized from a 

mixture of 5% benzene and 95% ethanol as white platelets, mp 131-133° 
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(lit. 73 mp 132-133°). 

B. A Grignard reagent was prepared from 2. 2 g (0. 90g-atom) of 

.magnesium turnings and 18. 5 g (O. 09 mole) of 1-bromonaphthalene in 

100. ml of anhydrous ethyl ether. After the reaction was complete, 

8. 3 g (0. 05 mole) of anhydrous cadmium chloride in powdered form was 

added to the reaction mixture. The reaction mixture was then heated 

under reflux for 1 hr. 

After the formation of the cadmium reagent was complete, the 

ether was removed by distillation and replaced with dry toluene. A 

solution of 23. g (O. 09 mole) of l-bromo-2-naphthoyl chloride in llO. ml 

of dry toluene was then slowly added to the cadmium reagent. The 

reaction mixture was stirred and heated under reflux for 20 hr, cooled 

to room temperature, and hydrolyzed by the addition of 200. ml of a 

12% hydrochloric acid solution. The toluene layer was separated, washed 

with 250. ml of a 10% sodium hydroxide solution and then 250. ml of water. 

The toluene layer was separated and dried over anhydrous magnesium 

sulfate. The dried solution was filtered, concentrated and distilled under 

reduced pressure. The product was collected as a viscous red oil 

boiling at 250-260° (0. 15 mm) (lit. 83 bp 260- 270° [1 mm] }; yield, 16. g 

(50%}. 

The viscous· red oil was dissolved in a small amount of ether and 

chromatographed on a 3. 8 cm column packed with 18 cm of florisil. A 
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mixture of l 0% benzene and 90% petroleum ether was employed as the 

eluent. Upon concentration of the eluted fractions containing the desired 

ketone, the l-bromo-2-(1-naphthyl) naphthyl ketone was obtained as 

white platelets, mp 128-131°. The ketone was recrystallized from a 

mixture of 5% benzene and 95% ethanol as white platelets, mp 131-133° 

(lit. 7 3 mp 13 2- 13 3 °). 

l -Bromo-2- (1-naphthyl)naphthylcarbinol (12.). 

A. In a 100. ml round bottom flask fitted with a reflux condenser a 

solution of 2. 0 g (0. 053 mole) of sodium hydroborate in 20. ml of water 

was added to a solution of 2. 4 g (0. 0068 mole) of l -bromo-2-(1-naphthyl) 

naphthyl ketone in 30. ml of pyridine. The resulting mixture was heated 

under reflux for 48 hr. The mixture was cooled to room temperature, 

dissolved in 200. ml of ether and poured into 250. ml of a 20% sulfuric 

acid solution. This mixture was then stirred at room temperature for 

3 hr; the ether layer was separated, washed with water and dried over 

anhydrous magnesium sulfate. This dried solution was filtered, concen-

trated and the orange, solid residue was dissolved in carbon tetrachloride. 

The carbon tetrachloride solution was treated with Norit A, filtered and 

concentrated to a low volur . .-ie. Orange crystals of 1-bromo-2-(1-naphthyl) 

naphthylcarbinol separated from the solution and were collected, mp 

122.-12.8°; yield, 1.3 g (55%). 

An analytical sample was prepared by recrystallization of the 
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carbinol from carbon tetrachloride as yellow prisms, mp 129-130°. 

Anal. Calcd. for: c 21 H 15Br0: C, 69.43; H, 4.16; Br, 22.00 . 

. Found: C, 69. 45; H, 4. 39; Br, 22. 18. 

B. A suspension of 0. 53 g (0. 014 mole) of lithium. aluminum hydride 

in 150. ml of dry tetrahydrofuran (distilled from molecular sieves, type 

5A) was prepared in a 250. ml three neck round bottom flask fitted with 

a pres sure equalizing funnel, mechanical stirrer and reflux condenser. 

A solution of 10. 0 g (0. 028 mole) of 1-bromo-2-(l-naphthyl) naphthyl 

ketone in 7 5. ml of dry tetrahydrofuran was then added dropwise to the 

lithium aluminum hydride suspension. A constant stream of nitrogen 

gas was allowed to blanket the reaction mixture. After the initially 

exothermic reaction had subsided, the mixture was heated under reflux 

for 4 hr and was then cooled to room temperature. The excess lithium 

aluminum hydride was destroyed with ethyl acetate. Water was added to 

dissolve the inorganic residue. The reaction mixture was combined with 

200. ml of benzene, and the organic layer was separated, washed twice 

with water, and then dried over anhydrous magnesiun'l. sulfate. The 

dried solution was filtered, concentrated and the residual oil was 

chromatographed on a 3. 8 cm column packed with 19 cm of acid alum.ina. 

A mixture of 20% benzene and 80% petroleum. ether was employed as the 

eluent. After concentration of the fractions containing the desired carbinol, 

a yellow oil was obtained. This oil was then crystallized from carbon 
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tetrachloride as prisms, mp 127-28°. Recrystallization of the solid 

from carbon tetrachloride gave prisms, mp 129-130°; yield, 5. g (50%) . 

. C. A Grignard reagent was prepared from 6. 3 g (0. 26g-atom) of 

magnesium turnings and 52. g (0. 25 mole) of 1-bromonaphthalene in 

550. ml of anhydrous ethyl ether. A 2. ml aliquot of the reaction 

mixture was withdrawn from the reaction vessel in a calibrated pipette 

and was hydrolyzed by addition to 10. ml of a cold 5% sulfuric acid 

solution. The ether layer was separated, dried over a small amount of 

anhydrous magnesium sulfate and filtered. The extent of Grignard 

reagent formation was then determined by means of gas chromatography 

to be 0. 23 mole (90%). 

A solution of 51. g (0. 22 mole) of l-bromo-2-naphthaldehyde in 

550. ml of dry benzene was then added dropwise, with stirring, at room 

temperature to the Grignard reagent. When the addition of the aldehyde 

was complete, the reaction mixture was allowed to stir at room tempera-

ture for 24 hr. The mixture was then hydrolyzed by means of the drop-

wise addition of 300. ml of a 10% hydrochloric acid solution. The organic 

layer was separated, washed with water and dried over anhydrous 

magnesium sulfate. The dried solution was filtered, concentrated and 

the residual oil chromatographed on a 2. 5 cm column packed with 20. 3 

cm of florisil. A mixture of 20% benzene and 80% petroleum ether was 

employed as the eluent. Upon concentration of the fractions containing 
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the desired carbinol, cubical crystals of l-bromo-2-(l-naphthyl)-

naphthylcarbinol separated from the solution, mp 127. 5-129. 5°; 

·yield, 64. 0 g (80%). 

A 10. g sample of the carbinol was distilled under reduced 

pressure. No distillate was observed until the pot temperature had 

reached 301°. A viscous orange oil boiling at 280° (0. 5 mm) was 

collected; yield, 5. 8 g (58%). The distillate was dissolved in 25. ml of 

* acetone and analyzed via gas chromatography for the ratio of l-bromo-2-

(1-naphthylmethyl)naphthalene and l -bromo-2-( 1-naphthyl) naphthyl 

ketone. Analysis of the distillate indicated that 3. 3 g of l-bromo-2-

(1-naphthylmethyl)naphthalene and 2. 5 g of l-bromo-2-{l-naphthyl) 

naphthyl ketone were present. 

l -Bromo-2- (l -naphthyl)naphthylcarbinol-CD 1 fil). 

A suspension of 0. 53 g (0. 013 mole) of lithium aluminum 

deuteride** in 80. ml of dry tetrahydrofuran (distilled from molecular 

sieves, type SA) was prepared in a 250. ml three neck flask fitted with a 

pressure equalizing funnel, mechanical stirrer and reflux condenser. A 

*Gas chromatographic analysis for the ratio of l-bromo-2-(1-naphthyl-
methyl)naphthalene and 1-bromo- 2-(1-naphthyl) naphthyl ketone was 
carried out on al. 5 1 x 1/8 in. S.S. column, containing 2% FFAP on 80/100 
mesh Gas Chrom Z, sample volume: o. 3 µl, carrier gas {He) flow at 8 
psig: 50. ml/min, column temperature: 267°, detector temperature: 267°, 
sensitivity: 3 2 x 1 o2. 

*:~ Lithium aluminum deuteride was obtained from Metal Hydrides, 
Incorporated, 12-24 Congress Street, Beverly, Mass. 
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solution of 10. 0 g (0. 028 mole) of l-bromo-2..:(1-naphthyl) naphthyl 

ketone in 60. ml of dry tetrahydrofuran was then added dropwise to the 

. lithium aluminum deuteride suspension. A constant stream of nitrogen 

gas was allowed to blanket the reaction mixture. After the initially 

exothermic reaction had subsided, the mixture was heated under reflux 

for 5. 5 hr and then cooled to room temperature. The excess lithium 

aluminum deuteride was destroyed with ethyl acetate. Water was added 

to dissolve the inorganic residue. The reaction mixture was combined 

with 200. ml of benzene, washed twice with water, and then dried over 

anhydrous magnesium sulfate. The dried solution was filtered, concen-

trated and the residual oil chromatographed on a 3. 8 cm column packed 

with 16. 6 cm of acid alumina. A mixture of 25% carbon tetrachloride 

and 7 5% petroleum ether was employed as the eluent. After concentration 

of the eluted fractions containing the desired carbinol, a green oil was 

obtained. This oil was then crystallized from carbon tetrachloride as 

prisms, mp 127-28°; yield, 6. g (56%). 

l -Bromo-2- (1-naphthyl)naphthylcarbinol-OD 1 (.1.Q.). 

A solution of 6. g (0. 017 mole) of l-bromo-2-(1-naphthyl) naphthyl-

carbinol in 30. ml of chloroform was thoroughly equilibrated with 17. g 

(0. 83 mole) of deuterium oxide* by means of constant stirring of the 

mixture at room temperature for 20 hr. A slow stream of dry nitrogen 

gas was allowed to blanket the reaction mixture throughout the equilibration 

period. The chloroform layer was separated and dried over anhydrous 

*Deuterium oxide was obtained from Nuclear Research Chemicals, Inc., 
100 North Crystal Lake Drive, Orlando, Fla. 
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magnesium sulfate. This dried solution was filtered and concentrated 

to a low volume. Carbon tetrachloride was added to the residual oil, 

. and the solution was allowed to stand overnight. Cubical crystals of 

l-bromo-2-(l-naphthyl)naphthylcarbinol-OD 1 , mp l 22-124°, were 

collected. 

l -Bromo-2- (1-naphthylmethyl)naphthalene (48). 

A suspension of 0. 34 g (0. 090 mole) of lithium aluminum hydride 

in 15. ml of anhydrous ethyl ether was prepared in a 100. ml Morton 

flask fitted with a dropping funnel, high speed mechanical stirrer and 

efficient reflux condenser. A solution of 2. 4 g (0. 18 mole) of aluminum 

chloride in 20. ml of anhydrous ethyl ether was cautiously added dropwise 

to the stirred suspension of lithium aluminum hydride. Next, a solution 

of 5.4 g (0. 015 mole) of l-bromo-2-(1-naphthyl) naphthyl ketone in 25. 

ml of anhydrous ethyl ether was added dropwise to the reducing medium. 

After the initially exothermic reaction had subsided, the reaction mixture 

was stirred and heated under reflux for 2 hr. The reaction mixture was 

cooled to room temperature, and the excess lithium aluminum hydride 

was destroyed by the addition of ethyl acetate. The mixture was then 

cautiously poured into 100. ml of a 20% sulfuric acid solution. When the 

dissolution of all of the inorganic salts was complete, the ether layer was 

separated, washed twice with water and dried over anhydrous magnesium 

sulfate. This dried solution was filtered, concentrated, and the residual 
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oil chromatographed on a 3. 8 cm column packed with 16. 6 cm of basic 

alumina. Petroleum ether was employed as the eluent. Concentration 

. of the solvent gave white crystals of l-bromo-2-(1-naphthylmethyl)-

naphthalene, mp 95-96° (lit. 13 mp 96-97°); yield, 2. g (30%). 

1-B romo- 2- ( 1-naphthyl )naphthylmethyl Bromide (£~). 

A solution of 10. g (0. 028 mole) of l-bromo-2-(1-naphthyl)-

naphthylcarbinol in 145. ml of carbon tetrachloride was heated under 

reflux for 2 hr while a slow stream of an hydrous hydrogen bromide gas 

was allowed to pass through the solution. After 2 hr, the reaction 

mixture was cooled to room temperature, and a mixture of anhydrous 

magnesium sulfate and anhydrous sodium carbonate was added to the 

reaction mixture. The dried and neutralized carbon tetrachloride solu-

tion was filtered, concentrated and the residual oil was dissolved in a 

small volume of a mixture of carbon tetrachloride and n-hexane. The 

product, l -bromo-2-( 1-naphthyl)naphthylmethyl bromide, crystallized 

from the solution as white needles, mp 125. 5-136. 5°; yield, 8. g (69%). 

An analytical sample was prepared by recrystallization of the 

product from a mixture of carbon tetrachloride and n-hexane, mp 131-

1350.mp 131-135° (decomp). 

Anal. Calcd. for: c 21 H 14Br 2: C. 59. 18; H, 3. 31: Br, 37. 51. 

Found: C, 58. 85; H, 3. 10: Br. 37. 63. 
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Investigation of the Decomposition of l-Bromo-2-(1-naphthyl)-

naphthylcarbinol at 240°. 

General: 

A. Preparation of Standards 

A solution of four components to be utilized in the standardization 

of a gas chromatography colwnn employed in the analysis of reaction 

mixtures was prepared by weighing 15. mg of 2-bromophenyl 1-naphthyl 

ketone (internal standard), 50. mg of l-bromo-2-(1-naphthylmethyl)-

naphthalene, 50. mg of l-bromo-2-(1-naphthyl) naphthyl ketone and 50. 

mg of l-bromo-2-(1-naphthyl)naphthylcarbinol in a 1. 00 ml volumetric 

flask, dissolving the mixture in a small quantity of acetone, and diluting 

the solution to the mark with an additional volwne of acetone. The final 

concentration of the four components were: 

I) 2-bromophenyl 1-naphthyl ketone (internal standard): 15. mg/ml/ 

.2) l-bromo-2-(1-naphthylmethyl)naphthalene: 50. mg/ml. 

3) l-bromo-2-(l-naphthyl) naphthyl ketone: 50. mg/ml. 

4) 1-bromo-2-(1-naphthyl)naphthylcarbinol: 50. mg/ml. 

In addition to the solution prepared above, a separate solution of 

2-bromophenyl 1-naphthyl ketone (internal standard), containing 15. 

mg/ml of the internal standard, was prepared by weighing 15. mg of the 

internal standard into a 1. 00 ml volwnetric flask, dissolving it in a 

small volwne of acetone, and diluting this solution to the mark with an 
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The average area of ten injections of 2-bromophenyl 1-naphthyl 

ketone (internal standard) was determined under the following conditions: 

1. 5' x l /8" column, containing 2% FFAP on 80/ l 00 mesh Gas Chrom Z, 

sample volume: 0. 3 µl, carrier gas (He) flow at 8 psig: 50. ml/min, 

column temperature: 265°, detector temperature: 265°, sensitivity: 

32 x 102. Assuming that an average of 0. 3 µl, and therefore an average 

of 4. 5 µg of the internal standard was made upon each injection, the 

sensitivity factor of the internal standard was calculated. 

The next step in the standardization procedure was the calculation 

of the sensitivity factors of the three remaining components of the 

mixture. Samples of the standard mixture (sample volume determined 

by reference to the area of the internal standard) were injected four 

times under the conditions outlined above. The area of each component 

was calculated, and, knowing the sample volume of each injection, and 

thus the concentration of each component injected, the sensitivity factor 

(area/µg) of each component was determined. Finally, the average 

sensitivity factor (area/ µg) was calculated. The retention volumes, 

sensitivity increments on the gas chromatograph and the average sensi-

tivity factors for each of the components of the mixture are compiled 

in Table II:: 
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TABLE n· 

Reten'.;on Sensitivity Sensitivity 
Compound Volume Increment Factor 

2-B romophenyl 32 x 10 2 2 65 ml 1640. 6 mm /µg 
1-naphthyl ketone 

1-B romo-2-(l-naphthyl- 3 2 x l o2 2 
250 ml 2008. 3 mm /µg 

methyl)naphthalene 

1-B romo- 2- ( 1-naphthyl) 520 ml 16 x 10 2 2 1671. 8 mm /µg 
naphthyl ketone 

l-Bromo-2-(1-naphthyl)-
naphthylcarbinol 

870 ml 8 x 10 2 2 11 25. 6 mm / µg 

C. Analysis of Reaction Mixtures. 

The standard reaction vessels employed in this research were 

made by sealing one end of a 23. cm piece of pyrex glass tubing (inside 

diameter = 10. mm, outside diameter= 12. mm). A series of six 50. 0 

mg (0. 00014 mole) samples of l-bromo-2-(1-naphthyl)naphthylcarbinol 

were weighed into the standard reaction tubes, the tubes were evacuated 

to a pressure of approximately 1. mm and were then sealed. The tubes 

were immersed in a metal bath heated at 242° ± 1. 0° for specified lengths 

of time. At each time interval the tubes were removed from the metal 

bath and rapidly cooled to room temperature by immersion in a beaker 

of cold water. The tubes were then opened, the contents dissolved in a 

small volume of acetone and this solution was then transferred to a 1. 00 

ml volumetric flask into which a 15. mg sample of 2-bromophenyl 
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1-naphthyl ketone (internal stand<1.rd) had been weighed. The resulting 

solution was diluted to the mark with an appropriate amount of acetone . 

. The analysis ,;(each of the reaction mixtures was carried out under the 

standard conditions of gas chromatography. 

sym. -l-Bromo-2-(1-naphthyl)naphthylmethyl Ether (58). 

A. A 4. g (0. 011 mole) sample of l -bromo-2-(naphthyl)naphthyl-

carbinol was weighed into a 23. cm piece of pyrex glass tubing which 

had been sealed at one end. The tube was evacuated to approximately 

1. mm and then sealed. The tube was then immersed in a metal bath 

heated at 240° ± 1° for 1. 5 hr. As the carbinol melted, a vigorous 

bubbling took place in the melt and the loss of water was detected. The 

tube was then allowed to cool to room temperature and was opened. The 

dark mass in the bottom of the tube was dissolved in 150. ml of hot 

acetone and this solution was treated with Norit A, filtered and concen-

trated to a low volume. Methanol was added until a solid commenced 

to separate from the solution. The solution was then cooled to room 

temperature, filtered by suction and the product collected as a yellow 

crystalline solid, mp 228-238°; yield, 2. g (58%). 

An analytical sample was prepared by repeated recrystallizations 

of the product from a mixture of benzene and methanol as white platelets, 

mp 240-256° (decomp. ). 
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Anal. Calcd. for: c 42H 23Br 20: C, 71. 20; H, 3. 98; Br, 22. 56. 

Found: C, 71. 52; H, 3. 92; Br, 22. 29. 

B. A solution containing 5. g (0. 014 mole) of l-bromo-2-{l-naphthyl)-

naphthylcarbinol and 0. 7 g (0. 007 mole) of trichloroacetic acid in 50. ml 

of dry benzene was transferred to a 34. 5 cm piece of pyrex tubing (inside 

diameter = 18. mm, outside diameter= 20. mm) one end of which was 

sealed. The tube was then sealed and heated at 60° ± O. 5° in a constant 

temperature bath for 48 hr. After this period of time a small globule of 

water was observed to have formed in the bottom of the tube. The tube 

was then opened and the benzene solution washed with a 5% solution of 

sodium carbonate and then with several portions of water. The benzene 

layer was separated, dried over anhydrous magnesium sulfate, filtered 

and concentrated to a low volume. Methanol was added until a solid had 

commenced to separate from the solution. The solution was then allowed 

to cool to room temperature, and the product was collected by suction 

filtration as white platelets, mp 248-252°; yield, 4. g (74%). 

A mixture melting point of a sample of the product obtained from 

the above reaction with that of an authentic sample of sym. -l-bromo-2-

(1-naphthyl)naphthylmethyl ether showed no depression in the melting 

point. 

sym. -l-Bromo-2-{l-naphthyl)naphthylmethyl Ether-CD2 (1-2_). 

A 0. 5 g (0. 0014 mole) sample of l-bromo-2-{l-naphthyl)-

naphthylcarbinol-CD1 was weighed into a 17. cm piece of pyrex glass 
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tubing (inside diameter= 7. mm, outside diameter = 8. mm) which was 

sealed at one end. The tube was evacuated to approximately 1. mm and 

then sealed. Immersion of the sealed tube in a metal bath heated at 

244° ± 1° for 1. 3 hr produced a vigorous bubbling of the melt as water 

escaped from the reaction mixture. The tube was allowed to cool to 

room temperature and the contents of the tube were then dissolved in 

hot acetone. The acetone solution was treated with Norit A, filtered 

and concentrated to a low volt.une. Methanol was added to the solution 

until a solid commenced to separate from the solution. The product was 

filtered by suction and collected as a yellow crystalline solid, mp 226-

2450; yield, 395. mg (88%). 

The product was chromatographed on a 1. 2 cm column packed 

with 9. cm of acid alumina. A mixture of 10% benzene and 90% petroleum 

ether was employed as the eluent. The solvent was concentrated to a low 

volume and methanol was added to the cloud point. A white, crystalline 

solid separated from the solution, mp 230- 251°; yield, 181. mg. 

Investigation of the Decomposition of rn -1-B romo- 2- ( 1-naphthyl)-

naphthylmethyl Ether (2..§.) at High Temperatures. 

The reaction vessels used were made by sealing one end of a 23. 

cm piece of pyrex tubing (inside diameter= 10. mm, outside diameter= 

12. mm). A 75. mg {0. 00011 mole) sample of sym. -1-bromo-2-(1-naphthyl)-

naphthylmethyl ether was weighed into each of the tubes. The tubes we re 
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then sealed under two different sets of conditions: (1) the tubes were 

evacuated to a pressure of approximately 1. mm, and then sealed, 

.and (2) the tubes were alternately evacuated to a pressure of approxi-

mately 1. mm and then filled with dry nitrogen gas six times, the final 

sealing of the tubes being carried out with the system under an atmos-

phere of dry nitrogen gas at atmospheric pressure. 

The reaction vessels were then immersed in a metal bath and 

heated for specified periods of time at: (1) 240° ± 1°; (2) 260° .± 1. 5°; 

(3) 300° ± 2. 5°. The reaction mixtures were quenched by rapidly cooling 

the tubes to room temperature with the application of a stream of acetone 

to the outside of the tubes, followed by immersion in a beaker of cold 

water. The tubes were then opened, the contents dissolved in a small 

volume of acetone, and the resulting solution transferred to a 1. 00 ml 

volumetric flask into which a 15. mg sample of 2-bromophenyl 1-naphthyl 

ketone (internal standard) had previously been weighed. This solution 

was then diluted to the 1. 00 ml mark with an appropriate amount of 

acetone. 

The contents of each tube were analyzed via gas chromatography 

under the standard conditions. The decrease in the concentration of the 

sym. -l-bromo-2-(1-naphthyl)naphthylmethyl ether was not detected by 

means of gas chromatography. The analysis for the initial decrease in 

the concentration of sym. -l-bromo-2-(l-naphthyl)naphthylmethyl ether 
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was carried out by studying the initial decrease, with time, of the 

absorption of sym. -l -bromo-2-( 1-naphthyl)naphthylmethyl ether at 

287. mµ in a Hitachi-Perkin Elmer ultraviolet spectrophotometer. 

Determination of the Extinction Coefficient of~ - l -Bromo-2-

(1-naphthyl)naphthylmethyl Ether (2§.) at 287. mµ. 

An approximately 1. 00 x I0- 4M solution of l-bromo-2-

{l-naphthyl}naphthylmethyl ether was prepared by weighing 0. 00708. g 

(0. 00001 mole) of the ether into a clean, dry 100. ml volumetric flask, 

dissolving the solid in a small volume of purified chloroform75 and 

diluting this solution to the mark with an additional amount of chloroform. 

Solutions consisting of four other concentrations were prepared from the 

original solution according to the following scheme: 

1} Nine ml of the original solution diluted to 100. ml with purified 

chloroform. Concentration= 0. 9 x io- 5 M. 

2) Fifteen ml of the original solution diluted to 100. ml with purified 

chloroform. Concentration = l. 5 x lo- 5 M. 

3) Ten ml of the original solution diluted to 100. ml with purified 

chloroform. Concentration= 1. 0 x 10- 5 M. 

4} Twenty ml of the original solution diluted to 100. ml with purified 

chloroform. Concentration= 2. 0 x io- 5 M. 

The absorbance values for each of the solutions was measured on 
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a Hitachi-Perkin Elmer spectrophotometer. The resultant absorbance 

values at 287. mµ were plotted against concentration and were found to 

obey the Beer-Lambert Plot. The extinction coefficient was found to be 

4( -1) 3. 13 x l 0 l . mole cm . 

Analysis of Reaction Mixtures. 

The reaction vessels used were made by sealing one end of a 

23. cm piece of pyrex tubing (inside diameter= 10. mm, outside diameter= 

12. mm). A 75. mg (0. 00011 mole) sample of sym. -l-bromo-2-(l-naphthyl}-

naphthyli;nethyl ether was weighed into each of the tubes. The tubes were 

then alternately evacuated to a pressure of l. mm and filled with dry 

nitrogen gas six times. The final sealing of the tubes was carried out 

under an atmosphere of dry nitrogen gas at atmospheric pressure. The 

tubes were then immersed in a metal bath heated to 240° t 1° for 

specified periods of time. The tubes were removed from the metal bath 

and rapidly cooled to room temperature with the application of a stream 

of acetone to the outside of the tubes, followed by immersion in a beaker 

of cold water. The tubes were opened and the contents of the tubes were 

dissolved in a small volume of chloroform. These solutions were then 

transferred to l. 00 ml volumetric flasks and diluted to the mark with an 

appropriate amount of purified chloroform. 0. 5 ml samples were with-

drawn from each of the flasks with a calibrated pipette and transferred to 

small test tubes into which 7. 5 mg samples of 2-bromophenyl 1-naphthyl 

ketone (internal standard} had previously been weighed. Each of the 
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TABLE III 

Snectrophotornetric Dete::.·rr"i:"lai:ion of the Concentration of 

m:.m.., -l-Bromo-2-(1-naphthyl)naphthylmethyl Ether (.]Jl) at 240°. 

Time 
(Minutes) 

30 
60 
90 

120 
150 
180 
210 
240 
270 
300 
420 
540 

Absorbance 

0. 521 
0.548 
0. 539 
0.540 
0.540 
0. 539 
0.540 
o. 540 
0.539 
0. 539 
0.530 
0.530 

·wavelength 

287 mµ 
287 mµ 
287 mµ 
287 mµ 
287 mµ 
287 mµ 
287 mµ 
287 rtlf.J. 

287 mµ 
287 mµ 
287 mµ 
287 mµ 

Concentration 
(Millimoles/0. 5-ml) 

0.0665 
0.0701 
0.0681 
0.0681 
0.0681 
0.0681 
0.0681 
0.0681 
0.0681 
0.0681 
0.0678 
0.0678 

The concentration of the ether did not decrease significantly until 

the products, 1-bromo-Z'-(l-naphthylmethyl) naphthalene and 1-bromo-Z-

{l-naphthyl) naphthyl ketone, had begun to form. The concentrations of 

the products are listed in Table IV, and the concentrations of the ether, 

after correction for the absorbances of the products had been made, are 

graphically shown in Figure 5. , p. 69. 
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TABLE IV 

Gas Chromatographic Determination of the Concentrations of 

l-Bromo-2-(1-naphthylmethyl}naphthalene (~)and l-Bromo-

2-( l -naphthyl) naphthyl Ketone (.1..1) at 240°. 

Time 
(Minutes) 

30 
60 
90 

120 
150 
180 
210 
240 
270 
300 
420 
540 

Concentration of Diarylmethane 58 
(Millimole s / 0. 5-ml) 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0008 
0.0054 

Concentration of Ketone 
44 (Millimoles/O. 5-ml} 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0013 
0.0063 
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samples containing the internal standard were then subjected to 

analysis via gas chromatography under the standard conditions. 

The remaining O. 5 ml samples in the 1. 00 ml volumetric flasks 

were transferred to clean, dry 100. ml volumetric flasks and diluted to 

the mark with purified chloroform. A 0. 5 ml sample of each of these 

stock solutions was then transferred with a calibrated pipette to a 

clean, dry l 0. ml volumetric flask, and then diluted to the mark with 

purified chloroform. The final concentration of these solutions, as sum-

ing no loss in the concentration of the sym. -l-bromo-2-(1-naphthyl)-

-5 b naphthylmethyl ether, would have been 1. 78 x 10 M. A sorbance 

values for the reaction mixtures were measured with time and the 

initial decrease in the concentration of the ether calculated by means of 

the experimentally determined extinction coefficient. 

Study of the Decomposition of l -Bromo-2-(1-naphthylmethyl)-

naphthalene ~) and 1-B romo-2-(1-naphthyl) naphthyl Ketone (44). 

A series of 25.0 mg (0.000072mole) samples of l-bromo-2-

(1-naphthylmethyl)naphthalene and 25. 0 mg (0. 000069 mole) samples of 

1-bromo- 2-( 1-naphthyl} naphthyl ketone we re weighed into 23. cm glass 

tubes (inside diameter= 10. mm, outside diameter::: 12. mm}, one end 

of which had been sealed, and then sealed under a nitrogen atmosphere. 

The tubes were then immersed in a metal bath for specified lengths of 
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time in three temperature ranges: (1) 240° ± l 0 ; 260° ± l. 5°; and, 

300° ± 2. 5°. The samples were withdrawn from the metal bath and 

.rapidly cooled to room temperature with the application of a stream of 

acetone to the outside of the tubes, followed by immersion in a beaker 

of cold water. The tubes were opened and the contents of the tubes were 

dissolved in a small volume of acetone. This solution was then trans-

ferred to a 1. 00 ml volumetric flask into which a 15. mg sample of 

2-bromophenyl 1-naphthyl ketone (internal standard) had previously been 

weighed. These solutions were then diluted to the mark with an additional 

amount of acetone. Analysis of each of the samples was carried out by 

means of gas chromatography under the standard conditions. 

Effect of Radical Initiators on the Decomposition of sym. -

l-Bromo-2-(1-naphthyl)naphthylmethyl Ether {2§,) at 240°. 

A series of reaction vessels containing sym. - l -bromo-2-(1-naphthyl)-

naphthylmethyl ether and free radical initiating agents were prepared in 

the following manner: 

1) Mixtures of 50. mg (0. 0000075 mole) of the ether and 0. 5 mg 

(0. 0000002. mole) of 2, 3-dichloro-5, 6-dicyanobenzoquinone (DDQ) were 

weighed into 23. cm glass tubes (inside diameter = 10. mm, outside 

diameter = 12. mm), and the tubes were then sealed under a nitrogen 

atmosphere. 
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2) Mixtures of 50. mg (0. 0000075 mole) of the ether and a few crystals 

of benzoyl peroxide were weighed into 23. cm glass tubes (inside 

diameter = 10. mm, outside diameter = 12. mm), and the tubes were 

then sealed under a nitrogen atmosphere. 

The mixtures prepared above were immersed in a metal bath 

heated at 240° ! 1° for 5 and 10 min, respectively. The tubes were with-

drawn from the metal bath and rapidly cooled to room temperature. The 

tubes were opened and the contents of each tube dissolved in a small 

volume of acetone. These solutions were then transferred to 1. 00 ml 

volumetric flasks containing 15. mg of 2-bromophenyl 1-naphthyl ketone 

(internal standard). Analysis of each of the reaction mixtures was 

carried out under the standard conditions of gas chromatography. 

Decomposition of the ether was effected in both cases after only five 

minutes of heating. 

Effect of l-Bromo-2-( 1-naphthyl)naphthylcarbinol (~}, l-Bromo-

2-( l-naphthylmethyl)naphthaiene (48) and l-Bromo-2-(l-naphthyl) 

naphthyl Ketone (44) on the Decomposition of~· -l-Bromo-2-

( 1-naphthyl)naphthylmethyl Ether (_~~) at 240° 

A series of mixtures of sym. -i-bromo-2- (l-naphthyl} 

naphthylmethyl ether, l-bromo-2-(1-naphthylmethyl)naphthalene, l-

bromo-2-(1-naphthyl) naphthyl ketone, and l-bromo-2-(1-naphthyl)-

naphthylcarbinol were prepared according to the following scheme: 
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1) Mixtures of 75. mg (O. 00011 mole) of the ether and 13. mg 

(0. 000036 mole), 25. mg (0. 000072 mole), and 50. mg (0. 00015 mole) 

of l -bromo-2-( 1-naphthylmethyl)naphthalene were prepared in 23. cm 

glass tubes (inside diameter = 10. mm, outside diameter = 12. mm), 

and the tubes were sealed under a nitrogen atmosphere. 

2) Mixtures of 75. mg (O. 00011 mole) of the ether and 13. mg 

(0. 000035 mole), 25. mg (0. 000070 mole), and 50. mg (0. 00014 mole) 

of l-bromo-2-{l-naphthyl)naphthyl ketone were prepared in 23. cm 

glass tubes (inside diameter = 10. mm, outside diameter = 12. mm), 

and the tubes were then sealed under a nitrogen atmosphere. 

3) Mixture of 75. mg (0. 00011 mole) of the ether and 4. mg (0. 000002 

mole) of l -bromo-2-( 1-naphthyl)naphthylcarbinol was prepared in a 23. 

cm glass tube (inside diameter = l 0. mm, outside diameter = 12. mm), 

and the tube was then sealed under a nitrogen atmosphere. 

The mixtures prepared above were immersed in a metal bath 

heated at 240° ± 1° for specified lengths of time. The tubes were then 

withdrawn from the metal bath and cooled to room temperature. The 

tubes were opened and the contents dissolved in a small volume of 

acetone. These solutions were then transferred to 1. 00 ml volumetric 

fiasks containing 15. mg of 2-bromophenyl 1-naphthyl ketone (internal 

standard). The resulting solutions were diluted to the mark with an. 

additional amount of acetone. Analysis of the components of the reaction 
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mixtures was carried out by means of gas chromatography under the 

standard conditions. The addition of the diarylmethane, the ketone and 

the diarylcarbinol to the ether did not influence the decomposition of the 

ether in any way. 

Acceleration of the Decomposition of~· - l -Brorno-2-( 1-naphthyl)-

naphthylmethyl Ether (58) at 240° in the Presence of Anhydrous 

Hydrogen Bromide Gas 

Four 75. mg (0. 00011 mole) samples of sym. -l-bromo-2-

( 1-naphthyl)naphthylmethyl ether were weighed into 23. cm glass tubes 

(inside diameter = 10. mm, outside diameter = 12. mm) to which glass 

stopcocks were later fitted. These tubes were then alternately evacuated 

to approximately 1. mm and filled with dry nitrogen gas six times. 

Finally, the tubes were evacuated to a pres sure of approximately 1. mm, 

and then filled with an atmosphere of anhydrous hydrogen bromide gas. 

The stopcocks on the tubes were closed, and the tubes were immersed 

in a metal bath heated at 240° "!:: 1° for specified lengths of time. The 

tubes were withdrawn from the metal bath and rapidly cooled to room 

temperature. The tubes were opened and the contents dissolved 

in a small volume of acetone, These solutions were then trans-

£erred to l. 00 ml volumetric flasks containing 15. mg of 2-bromo-

phenyl 1-naphthyl ketone (internal standard). The resulting 
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solutions were diluted to the mark with an additional amount of acetone. 

Analysis of each of the reaction mixtures was carried out via gas 

chromatography under standard conditions. Decomposition of the ether 

was effected after five minutes of heating. 

Effect of l-Bromo-2-( 1-naphthyl)naphthylmethyl Bromide (g_) 

on the Decomposition of sym. -l-Bromo-2-( 1-naphthyl)naphthylmethyl 

Ether (58j at 240° 

Four 75. mg (0. 00011 mole) samples of sym. -l-bromo-2-

(l-naphthyi)naphthylmethyi ether were weighed into 23. cm glass tubes 

(inside diameter = 1 O. mm, outside diameter = 12. mm) containing 8. 5 

mg (0. 00002 mole) of l-bromo-2-(1-haphthyl)naphthylmethyl bromide. 

The tubes were then sealed under a nitrogen atmosphere and immersed 

in a metal bath heated at 240° t 1° for specified lengths of time. The 

tubes were then withdrawn from the metal bath and rapidly cooled to 

room temperature. The tubes were opened and the contents of each 

tube dissolved in a small volume of acetone. These solutions were 

transferred to l. 00 ml volumetric flasks containing 15. mg of 

2-bromophenyl 1-naphthyl ketone (internal standard). The resulting 

solutions were then diluted to the mark with acetone. Analysis of each 

of the reaction mixtures was carried out via gas chromatography under 

the standard conditions. For data, refer to Figure 6., p. 79. 
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Decomposition of 1-B romo- 2-(1-naphthyl)naphthylmethyl Bromide (Qf) 

at High Temperatures. 

A. A 6. g (0.014 mole) sample of l-bromo-2-(1-naphthyl)-

naphthylmethyl bromide was weighed into a 23. cm piece of pyrex glass 

tubing (inside diameter = 18. mm, outside diameter = 20. mm) which 

had been sealed at one end. The tube was immersed in a metal bath 

heated at 240° ± 1°, and a slow stream of nitrogen gas was allowed to 

blanket the reaction mixture. The presence of hydrogen bromide gas 

was detected by passing the exit gases through a 0. 1 M silver nitrate 

solution. After a 30 min heating period a large quantity of yellow silver 

bromide had precipitated from the silver bromide solution. The tube 

was heated for an additional 2 hr and then allowed to cool to room tempera-

ture. The black residue in the bottom of the tube was dissolved in ben-

zene, the benzene solution concentrated to a low vol\lllle and then 

chromatographed on a 6. 0 cm col\lllln packed with 36. cm of acid alumina. 

A mixture of 10% benzene and 90% petroleum ether was employed as the 

eluent. Concentration of the eluent gave only intractible tars. No 

identifiable material was isolated, and none of the original l-bromo-2-

{1-naphthyl)naphthylmethyl bromide was isolated. 

B. An 8. g {0. 018 mole) sample of l-bromo-2-{l-naphthyl)naphthyl-

methyl bromide was distilled under reduced pressure. A viscous yellow 
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oil, boiling at 240-250° (0. 05 mm) (pot temp. = 310°), was collected. 

The distillate was found to weigh 1. 5 g. The distillate was dissolved in 

. 5. ml of benzene and analyzed under the standard conditions of gas 

chromatography. The distillate was found to contain 1-bromo- 2-

(1-naphthylmethyl)naphthalene and 1-bromo- 2- (l -naphthyl) naphthyl 

ketone in the ratio of 9:1. The benzene solution of the distillate was 

concentrated to a low volmne and n-hexane was added. A white solid, 

mp 88-90°, crystallized from the solution. This solid was recrystallized 

from a mixture of benzene and n-hexane to give cubical crystals, mp 

94-95° (lit. 13 mp 96-97°), of l-bromo-2-(l-naphthylmethyl)naphthalene; 

yield, 1. 3 g (20%). 

Investigation of the Decomposition of 2-Fluorophenyl-l-naphthyl-

carbinol (.2.1,) and 2-Fluorophenyl-2-naphthylcarbinol (55) at 

High Temperature. 

A solution of four components to be utilized in the standardization 

of a gas chromatography cohunn employed in the analysis of reaction 

mixtures was prepared by weighing 15. mg of phenanthrene (internal 

standard), 25. mg of 2-(l -naphthylmethyl)fluorobenzene, 25. mg of 

2-fluorophenyl 1-naphthyl ketone and 2-fluorophenyl-l -naphthylcarbinol 

in a 1. 00 ml volwnetric flask, dissolving the mixture in a small volume 

of acetone, and diluting this solution to the mark with an additional amount 
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of acetone. This procedure was repeated for the 2-naphthyl series of 

compounds, that is, 2-(2-naphthylmethyl)fluorobenzene, 2-fluorophenyl 

. 2-naphthyl ketone and 2-fluorophenyl-2-naphthylcarbinol. The final 

concentration of the four components in the 1-naphthyl series was: 

1) Phenanthrene: 15. mg/ml. 

2) 2-(1-naphthylmethyl)fluorobenzene: 25. mg/ml. 

3) 2-Fluorophenyl 1-naphthyl ketone: 25. mg/ml. 

4) 2-fluorophenyl-l-naphthylcarbinol: 25. mg/ml. 

The final concentration of the four components in the 2-naphthyl 

series was: 

1) 2-(2-naphthylmethyl)fluorobenzene: 25. mg/ml. 

2) 2-Fluorophenyl 2-naphthyl ketone: 25. mg/ml. 

3) 2-Fluorophenyl-2-naphthylcarbinol: 25. mg/ml. 

4) Phenanthrene: 15. mg/ml. 

In addition to the solutions prepared above, a standard solution 

of phenanthrene (internal standard) was prepared by weighing 15. mg of 

phenanthrene in a 1. 00 ml volumetric flask, dissolving it in a small volume 

of acetone and diluting this solution to the mark with an additional amount 

of acetone. The final concentration of this solution was 15. mg/ml. 

B. Standardization Procedure 

The average area of ten injections of phenanthrene (internal 

standard) was determined under the following conditions: l. 5' x 1 /8 in 

column, containing 2% FFAP on 80/100 mesh Gas Chrom Z, sample 
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volume: 0. 3 µl, carrier gas (He) flow at 8 psig: 50. ml/min, column 

temperature: 209°, detector temperature: 209°, sensitivity: 2 64 x 10 . 

Assuming an average measure of 0. 3 µl, and therefore an average of 

4. 5 µg of the internal standard, was made upon each injection, the 

sensitivity factor (area/µg) of the internal standard was calculated. 

The next step in the standardization procedure was the calculation 

of the sensitivity factors of the six remaining components in the 1 - and 

2-naphthyl series of compounds. Samples of the standard mixtures of 

the compounds in the 1- and 2-naphthyl series were injected four times 

under the conditions outlined above. The sample volumes were deter-

mined by reference to the area of the internal standard. The area of 

each component was calculated, and, knowing the sample volume of 

each injection, and thus the concentration of each component injected, 

the sensitivity factor (area/ µg) of each component in the 1- and 2-naphthyl 

series was calculated. The retention volumes, sensitivity increments 

on the gas chromatograph and the average sensitivity factors for each of 

the components in the 1- and 2-naphthyl series of compounds are compiled 

in Table V: 
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TABLE V 

Retention Sensitivity Sensitivity 
Compound Volume Increment Factor 

Phenanthrene 62. ml 64 x 10 2 2833 mm 2/uµ 

2- ( l -naphthylmethyl)- 87. ml 
fluorobenzene 

64 x l o2 2350. 5 mm 2 /uµ 

2-Fluorophenyl 16 x 10 2 2 287. ml 2548. 4 mm /uµ 
1-naphthyl Ketone 

2-Fluorophenyl- 8 x 10 2 2 643. ml 2524. 7 mm /uµ 
1-naphthylcarbinol 

2-( 2-naphthylmethyl)- 64 x l o2 2 125. ml 3001. 3 mm /uµ 
fluorobenzene 

2- Fluorophenyl 
2-naphthyl Ketone 

219. ml 16 x 10 2 2 
3063. 9 mm /uµ 

2-Fluorophenyl- 2 2 
1100. ml 8 x 10 2683. 3 mm /uµ 

2-naphthylcarbinol 

C. Analysis of Reaction Mixtures 

Decomposition of 2-Fluorophenyl- l-naphthylcarbinol (2.±) 

at305°. 

Four 25. mg (0. 000099 mole} samples of 2-fluorophenyl·· 

1-naphthylcarbinol we re weighed in 23. cm pyrex glass tubes (inside 

diameter = l 0. mm, outside diameter = 12. mm) and sealed under a 
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nitrogen atmosphere. The tubes were then immersed in a metal bath 

heated at 305° ± 2. 5° for specified lengths of time. The tubes were 

. withdrawn from the metal bath and rapidly cooled to room temperature 

with the application of a stream of acetone to the outside of the tubes, 

followed by immersion in a beaker of cold water. The tubes were 

opened, and the contents of each tube were dissolved in a small volume 

of acetone. These solutions were then transferred to 1. 00 ml volumetric 

flasks containing 15. mg of phenanthrene (internal standard). Analysis 

of each of the reaction mixtures was carried out under the standard 

conditions of gas chromatography. For data, see Figure 13., p. 99. 

Decomposition of 2- Fluorophenyl- 2-naphthylcarbinol (.22.) 

of 305°. 

Four 25. mg (0. 000099 mole) samples of 2-fluorophenyl-

2-naphthylcarbinol were weighed in 23. cm pyrex glass tubes (inside 

diameter= 10. mm, outside diameter= 12. mm)andsealedundera 

nitrogen atmosphere. The tubes were then immersed in a metal bath 

heated at 305° ± 2. 5° for specified lengths of time. The tubes were 

withdrawn from the metal bath and rapidly cooled to room temperature 

with the application of a stream of acetone to the outside of the tubes, 

followed by immersion in a beaker of cold water. The tubes were 

opened, and the contents of each tube dissolved in a small volume of 

acetone. These solutions were then transferred to a 1. 00 ml volumetric 
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flask containing 15. mg of phenanthrene (internal standard). Analysis 

of each of the reaction mixtures was carried out under the standard 

conditions of gas chromatography. For data, refer to Figure 14., p. 100. 
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V. SUMMARY 

1. The condensation of Grignard reagents with aromatic alde-

hydes has been investigated, and the predominance of the corresponding 

ketones in these reactions has been determined to be due to the addition 

of excess aldehyde to the Grignard reagents. 

2. The condensation of the Grignard reagent of 1-bromonaphtha-

lene with l-bromo-2-naphthaldehyde (!_!_) led to the isolation of the desired 

diarylcarbinol 45. Reduction of ketone 44, infrared spectroscopy and 

elemental analysis provided evidence for the structure of 45. Supporting 

evidence for the structure of 45 was obtained via nuclear magnetic 

resonance. 

3. The thermal decomposition of 45 led to the isolation of a high 

molecular weight ether~· Ether ~was characterized by means of 

Rast molecular weight studies, infrared spectroscopy, nuclear magnetic 

resonance spectroscopy and elemental analysis. 

4. Ether~ has been found to decompose at high temperatures 

with the liberation of hydrogen bromide gas. A plausible mechanism has 

been advanced for the formation of hydrogen bromide gas via the 

degradation of~· 

5. The thermal decomposition of 58 has been shown to be free 

radical in nature and to be accelerated by the presence of hydrogen 

bromide gas and the secondary bromide g. 
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6. Diarylcarbinols 54 and 55 have been found to decompose at 

high temperatures to give the observed diarylmethanes, 56 and 22_, and 

·the ketones, 52 and 53. The corresponding ethers, 5:]_ and~· however, 

were not isolated. A plausible mechanism for the thermal decomposition 

of 54 and~ has been proposed. 

7. In connection with the present research, the following new 

compounds were prepared: 

a) l -Bromo-2-( 1-naphthyl)naphthylcarbinol (45 ). 

b) l-Bromo-2-(l-naphthyl)naphthylcarbinol-CD1 (47 ). 

c) l -Bromo-2-(l-naphthyl)naphthylmethyl Ether (58). 

d) 1-Bromo- 2-( 1-naphthyl)naphthylmethyl Ether-CD 2 (~}. 

e} 1-Bromo- 2-( 1-naphthyl)naphthylmethyl Bromide (62). 

f} 2-Fluorophenyl 1-naphthyl Ketone (52). 

g) 2-Fluorophenyl 2-naphthyl Ketone (53). 

h) 2-Fluorophenyl- l-naphthylcarbinol (54). 

i) 2-Fluorophenyl-2-naphthylcarbinol (55). 

j) 2-(l -naphthylmethyl)fluorobenzene (~). 

k) 2-(2-naphthylmethyl}fluorobenzene (57). 

The infrared and nuclear magnetic resonance spectra of these 

compounds are listed in the Appendix. 
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VI. APPENDIX 
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ABSTRACT 

The synthesis of a variety of polynuclear aromatic hydrocarbons 

by means of the condensation of Grignard reagents with aromatic alde-

hydes did not always lead to the isolation of the desired diarylcarbinols. 

The delicate relationship between molecular structure and physiological 

activity demanded that only pure compounds of known structure be used 

in studying the carcinogenic and/ or carcinolytic effects of these aromatic 

hydrocarbons. Therefore, the above method of synthesis was eventually 

by;-passed. But ~the apparently "abnormal" condensation of Grignard 

reagents with aromatic aldehydes and the thermal decomposition of 

diarylcarbinols at high temperatures generated a great deal of interest 

from the mechanistic point of view, and these reactions were studied in 

detail in this work. 

The previously unreported ketones, 2-fluorophenyl 1-naphthyl 

ketone (52) and 2-fluorophenyl 2-naphthyl keton~ (g), were prepared 

by the condensation of the cadmium reagents of 1- and 2-bromonaphthalene 

with 2-fluorobenzoyl chloride (2.!_). Reduction of these ketones, 52 and 

53, with a mixture of lithium aluminum hyciride and aluminum chloride 

afforded the cor;:oesponding diarylmethanes, 2-{l-naphthylmethyl)fluoro-

benzene (56) and 2-(2-naphthylmethyl)fluorobenzene (~2), respectively. 

Reduction of these same ketones, 52 and g, with sodium hydroborate 

afforded the corresponding diarylcarbinols, 2-fluorophenyl-1-naphthyl 

carbinol {54) and 2-fluorophenyl-2-naphthylcarbinol (~~), in good yield. 



The previously unreported l-bromo-2-(1-naphthyl)naphthyl-

carbinol (45) was prepared by reduction of 1-bromo- 2-(1-naphthyl) 

naphthyl ketone (44) with sodium hydroborate. This diarylcarbinol 45 

was also prepared via the reaction of the Grignard reagent of 1-bromo-

naphthalene with l-bromo-2-naphthaldehyde (±!)· The proof of structure 

of 45 was accomplished by studying the nuclear magnetic resonance and 

infrared spectra of 45 in conjunction with the nuclear magnetic resonance 

and infrared spectra of l-bromo-2-(l-naphthyl)naphthylcarbinol-OD1 

{46) and l-bromo-2-(l -naphthyl)naphthylcarbinol-CD1 (47 ). 

The reported "abnormal 11 reaction of the Grignard reagents was 

investigated. The reaction of one equivalent of the Grignard reagent of 

2-bromonaphthalene with one equivalent of 2-chlorobenzaldehyde gave the 

expected 2-chlorophenyl-2-naphthylcarbinol (~2)· The reaction of two 

equivalents of 2-chlorobenzaldehyde with one equivalent of the Grignard 

reagent of 2-bromonaphthalene gave 2-chlorophenyl 2-naphthyl ketone 

(36) by oxidation of the alkoxide complex formed by the initial condensation 

of the Grignard reagent with the aromatic aldehyde. 

The high temperature decomposition of diarylcarbinol 45 was 

found to lead to the formation of~ -l-bromo-2-(1-naphthyl)naphthyl-

methyl ether (58). The structure of 58 was confirmed by molecular 

weight studies, infrared and nuclear magnetic resonance spectra and 

elemental analyses. 



The decomposition of ether~ at 240° was found to proceed 

slowly with the liberation of hydrogen bromide gas. Free radical 

initiators and hydrogen bromide gas were found to accelerate the 

decomposition of 58 at 240°. A reasonable mechanism has been postu-

lated for the decomposition of 58 at 240°. 

The cleavage of ether~ in the presence of hydrogen bromide gas 

would give rise to the formation of a secondary bromide, 1-bromo-2-

(1-naphthyl)naphthylmethyl bromide (62). Homolysis of 62 would then 

give a bromine atom and a secondary free radical, 1-bromo-2-

(1-naphthyl)naphthylmethyl free radical (63 ). The attack of free radical 

63 on the benzylic hydrogen atoms of ether 58 is thought to be responsible 

for the formation of the diarylmethane, 1-bromo-2-(1-naphthylmethyl) 

naphthalene'(48) and 1-brome-2-(1-naphthyl)naphthylmethyl ether free 

radical (64). Homolysis of 64 would then regenerate the secondary free 

radical 63 and the ketone 44. 

The coupling of two secondary free radicals 63, with subsequent 

attack of bromine atoms on the system, might give rise to the formation 

of di-[l-bromo-2-(l-naphthyl}naphthyl] ethylene (66). The attack of 

hydrogen atoms on g might lead to the formation of diarylmethane 48. 

Oxidation of ethylene 66 might give rise to the isolation of ketone 44. 

Evidence for these two reactions has been furnished by the vacuum. dis-

tillation of secondary bromide 62. 



The attack of bromine atoms on the benzylic hydrogen atoms 

of ether 58 would give ether free radical 64 and hydrogen bromide gas. 

Homolysis of 64 would then give ketone 44 and secondary free radical 

63, The decomposition of~ would then appear to be cyclic in nature. 

The decomposition of diarylcarbinols 54 and~ was judged to 

be free radical in nature, involving the formation of the two ethers, 

sym. -2-fluorophenyl-l-naphthylmethyl ether (_§2.) and 2-fluorophenyl-

z.,;naphthylmethyl ether (~), which decompose in the same temperature 

range as 54 and~· Ethers 67 and 68 were not isolated. The 

decomposition of 67 and~ was postulated to be a series of homolytic 

cleavages,· giving rise to the formation of the diarylmethanes, 56 and 

57, and the ketones, 52 and 53. 
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