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IN'fRODUCTION 

A glance at the contents of an elementary organic 

chemistry textbook reveals that the entire course 

embraces three areas: namely, aliphatic, aromatic and 

heterocyclic. Aliphatic chemistry lays down the 

fundamental ideas, discussing some important, simple, 

functional groups. Aromatic chemistry emphasizes the 

special yet more natural way of the arrangement of 

carbon atoms, the circular array of the carbon atoms, 

that is, the ring system. Modern physics tells us that 

circular motion is universal. Linear translation 

is only a short segment of an extremely long arc. 

Submolecular particles behave in the same manner. They 

tend to sit in round table and play a ring dance. 

Nature exhibits this property in benzene. 

It is now accepted that aromaticity has nothing to 

do with the odor of the compounds. Based on the 

presentation by G. M. Badger (1), this author 

summarizes the characteristics of aromatic compounds 

in the followinr; topics: (1) plane configuration, 

(2) conjugation of double and single bonds, 

( 3) sextet of 'I( electrons, ( 4) ring system, and 

(5) high resonance energy. 
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Heterocyclic chemistry deals with the behavior of 

the simple functional groups when they are part of the 

ring and when they are both part of and adjacent to the 

ring. Heterocyclic chemistry is a natural outgrowth 

and logical extension of the previous two fields. It 

packages the scattered pieces in one consolidated fonn, 

as one sees the elephant as a whole, not the trunk, feet, 

or the nose. Approximately one third of the compounds 

cited by Beilstein, and more than one half of natural 

products are heterocycles. I1any of them contain the 

polynuclear aromatic ring system. Here again, we 

emphasize the fact that aromaticity is not limited to 

carbocyclic, but includes heterocyclic as well. It is 

the earnest desire of this author to add his personal 

endeavor to this tremendously wealthy fortune of human 

knowledge, by bringing the two wide areas, aromatic and 

heterocyclic, together under one single roo£. Again, 

no attempts are made to sacrifice the truth by making 

a sharp distinction between aromatic and heterocyclic. 

The particular heterocycle chosen to bridge this gap is 

thiophene, in vie,.., of its close similarity to benzene. 

Besides theoretical interest, the polynuclear aromatic 

compounds show their effects as (1) fuel additive, 
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(2) neutron moderator, (3) carcinogen, and (4) 

carcinolyst. It is not surprising that a considerable 

amount of research work has been done in recent years in 

this field. Out of all these works, C. I~. Bradsher' s 

method to synthesize meso-substitutsd anthracene and 

1,2-benzanthracenes deserves special consideration (2). 

The series of reactions of the classical Bradsher 

process is shown in Chart I. This series of reactions 

has wide applicability. Theoretically, A, Band C can 

be any ring, substituted or unsubstituted, as long as 

the electronic and steric factors permit. Ring B has 

been 1- or 2-naphthyl (3,4); ring Chas been phenyl (2), 

2-, 3- or 4-pyridyl (5), 1- or 2-naphthyl (6), and 

substituted phenyl groups (7,8). 
The purpose of this dissertation is to replace 

ring B with 2,3-dimethylphenyl, or thiophene; also 

ring C with 2- or J-thiophene. It will be interesting 

to see the effectiveness of this extension and the 

interpretation of the experimental results 

electronically, and sterically fro;r1 the modern aspect 

of organic chemistry. In case the conventional methods 

of preparing the intermediates fail, some new reactions 

are planned to accomplish the final goal. 
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(a) CHART I 

I 

cx:2v CuCN 0:::Yj 
II III 

c?(H2,(1 
~ 

C=NH•HCl 

x~~xl 
• 

xl = 2-CH3, x = J-CH3, IVa xl = x = H ' xl = 2-CH3, x = 5-CH3, IVb xl = 2-CH3, 
xl = 2-CH3, x = 6-CH3, !Ve xl = 2-CH3, 
xl = 3-CH.3, x = 5-CH3, IVd 

)IgBr 
~ "' 1 

X ~X 

(::yll2l~ 
""./ CO ""-

xlc)_xl 
~ 

IVe 
x = 5-CH3, IVi'" 
x = 6-CH3, IVg 
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CHART I (Continued) 

c~x>~ 
x~x1 

x1 = X = H V ' xl = 2-CH3, X = 3-CHJ, Va 

(d) All rings are aromatic unless otherwise indicated. 
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HISTORICAL 
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HIS1 1 :JRICAL 

It is well kno\m that Victor lii:eyer discovered 

thiophone in 1882 as the result of an embarrassing 

failure in a lecture experiment (9). He was performing 

von Baeyer's indophenine test for "benzene". This test 

consists of heating a mixture of isatin, concentrated 

sulfuric acid and "benzene'' fro:n coal tar. The failure 

was en.used by Sand..'ileyer, Victor Meyer's assistant who 

prepared benzene fro::1 the drJ distillation of calcium 

benzoate. Victor Meyer i::n::nediately reasoned that it was 

the iopurities in the "coal tar benzene" responsible for 

tho indophcnine test. After painstaking_,work, he finally 
... 

found that the "impurities" in "coal tar benzene" was a 

sulfur-containing compound C4H4S. Its ring structure 

was established by a ring-closure synthesis from 

succinaldehyde and phosphorus pentasulfide. Meyer 

named this new compound "thiophene" to denote that it 

was a sulfur-containing compound giving derivatives 

analogous to those of the phenyl series (10). 

Historically, the development of thiophene chemistry 

can be divided into three periods: (1) 1882-1888, this 

might well be called Meyer's period, ended up with Meyer's 

book, 11Thiophen gruppe"; (2) 1918-1941, this might well 
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be called Steinkopf's period, ended up with his book, 

"Die chemie des Thiophens"; and (3) 1941 up to date. 

The present period of accelerated research, contributed 

by so many investigators, does not belong to any single 

authority. 

As mentioned in the Introduction, this dissertation 

is devoted to the extension of Bradsher's process by 

replacing ring Band ring C by 2,3-dimethylphenyl, 

2-thienyl, and 3-thienyl groups, respectively. The 

fonnation of c-c bond involving thiophene ring is usually 

acco~plished through a Grignard reagent. Halogenation of 

thiophene was the first chemical reaction of thiophene to 

be reported by Victor Meyer. In"act, tfie empirical 

formula c4H4s for thiophene was obtained by deduction 

that a dibromo-derivative c4H2Br2s was obtained after 

bromination of thiophene. Later, when pure analytical 

sample of thiophene was available, analysis confinned 

this deduction. Meyer's classical preparation of 

2-bromothiophene consist,s in adding bromine (mole per 

mole) to thiophene. The yield has been improved by using 

glacial acetic acid as solvent. 2-Bromothiophene has 

also been prepared by other methods: (a) the reaction 

between N-bromoacetamide on thiophene in acetone 
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at -5°C, yield 52% (11); (b) cyanogen bromide, heated 

wi ·th thiophene at 45- 50 ° C, yield 4 5;; ( 12) ; and ( c) 

refluxing thiophene with N-bromosuccinimide (11), 
yield 77%. The surface similarity between thiophene 

and benzene lets che,nists compare the bromination of 

thiophene \\rith that of benzene. Benzene and bromine 

are syr~uetrical molecules. The six positions of 

benzene are all equal. \'Then these two symmetrical 

molecules are brought together, the mutual interaction 

between them would be very waak. Ko bromination can be 

expected. Now, a f'ew crystals of aluminmn chloride are 

introduced, the outermost sextet electronic state of 

aluminum builds up a strong attractive force for more 

electrons to complete its outermost octet. Under this 

field influence, the covalent linkage between two 

identical atoms of molecular bromine is disturbed, 

heterolytic cleavage results in the formation of two 

oppositely charged ions, bromonium ion Br+ and bromide 

ion Br-. The bromoniu.~ ion is the brominating agent. 

It is attracted by the :;f-electrons of the benzene 

system. Before the introduction of any catalyst such 

as AlCl3, the six electrons move around the ring rapidly, 

accounting for the fact that benzene is stable and 
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symmetrical. Under the approaching force of the bromonium 

ion, or rather indirectly under the perturbing force of 

the AlCl3, localization of ·11 electrons occurs. This can 

be pictured as follows: 

(J: 
The electrostatic attraction brings this and Br+ together 

with the formation of bromobenzene. This same picture 

~~uld apply equally well to the bromination of thiophene 

except that the sulfur atom in thiophene system modified 

its chemical reactivity to a great extent. It is now 

generally recognized that the influence of sulfur atom 

on the thiophene system is extremely significant. Lauer 

has determined the relative rates of bromination of 

thiophene and benzene in glacial acetic acid and found 

that the reaction rate increases with increasing dielec-

tric constant of the solvent and that thiophene is 

brominated about 20,000 times faster than benzene, when 

using acetic acid as a solvent (13). 
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J-Bromothiophene was prepared in an indirect and 

lengthy way (14). The sequence of reactions leading to 

the final product, 3-bromothiophone, is shown as follows: 

Mg 

Br .... , -y 
B~,,'-COOH 

B~j-Hg-COOCH3 NaCl 
Br-, 8/ -Hg-COOCH.3 ---~ 

Br--r----rHg-Cl 
Br-y·-Hg-Cl 

HCl 

Starting from thiophene, 2-bromothiophene was obtained 

by any of the conventional methods. 2-Thienyl-magnesium 

bromide was formed readily and carbonated by solid carbon 

dioxide to give 95% yield of 2-thiophenecarboxylic acid. 

The promptness of bromination and Grignard reagent 

formation was due to the high reactivity of the 2,5 

positions in the thiophene system. Bromination of 

2-thiophenecarboxylic acid gave 90% yield of 
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4,5-dibromo-2-thiophenecarboxylic acid (15). The 

decarboxylation reaction, or the removal of CO2, was 

accomplished first by mercuration with mercuric acetate. 

The mercuriacetate derivative was boiled with an excess 

of sodium chloride, and then treated vdth concentrated 

hydrochloric acid. The yield of 2,3-dibromothiophene 

was 87~;. 3-Bromothiophene was obtained in 72~; yield 

from 2,3-dibromothiophene by "Grignard degradationn, a 

term coined by Steinkopf. The reaction was invented by 

Gattermann (16), and extensively applied by Steinkopf to 

remove the halogen atoms one by one from a polyhalo-

thiophene molecule. It consists of the formation of a 

Grignard reagent of the polyhalo compound, treatment of 

the Grignard reagent with water to give a product which 

contains one less halogen atom. The positions most 

easily affected are the 2,5. The degradation reaction 

can be greatly enhanced by adding small amounts of 

ethylbrornide (the mole ratio of the dibromo-compound to 

ethylbromide was 2 to 1.3). This was probably a 

transmetalation between the Grignard reagents (17). 

Starting from thiophene, the whole series took eight 

steps. With the com.~ercial availability of 

2-bromothiophene, it still requires seven steps. It 
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is almost prohibitive in terms of the time required and 

the cost of chemicals. In 1952, c. D. Hurd and K. L. 
Kreuz modified the above procedure and claimed a better 

yield (18). The fundamental idea and the main steps are 

still the same. In 1953, c. D. Hurd and H.J. Anderson 

reported the vapor phase bromination of thiophena 

at 750°0. He admitted, "The yield of 3-bromothiophene 

at most was 16%. The best yield was obtained at the 

maximum practicable rate of flow. It appears tm.t while 

3-bromothiophene can be prepared by this r.1ethod, the 

longer method is still the preferred onen (19). 
One more point obscures the situation. Hartough 

made two contradictory statements in the same book. 

On page 205, ho said, trJ-Bromothiophene does not undergo 

Grignard formation with magnesium in ether" (20). On 

page 443, he said, "The reactivity of 3-substituted 

halothiophenes is enhanced by the addition of molecular 

amounts of methyl iodide, methyl bromide, or ethyl 

bromide. Under these conditions, 3-bromothiophene 

reacts smoothly with magn0siu..11.n On pago 214, ha said) 

trln contrast to 3-bromothiophene, 3-iodothiophene forms 

the Grignard in high yields. n Recently, 1'1 ord reported 

the preparation of J-thienyl-magnesiUJ11-bromide by using 



-21-

the cntrainmGnt technique (21). In view of the 

uncertainty of the Grignard formation of 3-bromothiophene, 

and the tedious steps of its synthesis, the plan of 

preparing 3-bromothiophene was discarded in favor of 

3-iodothiophene even though Ford's report was favorable 

and a few steps had already been started. 

By replacing ring Bin Chart I with thiophene, a 

thiophanthrene derivative would be formed. 

CXP 
6 

The parent compound, thiophanthrene, was prepared by 

the reduction of 3-hydroxythiophanthrene (22). The name 

thiophanthrene was first coined by Scholl and Seer (23). 

They assigned this name to a hypothetical ring system 

contained in a large molecule which they encountered in 

their dye synthesis. Actually, the name naphtho-(2,3-b)-

thiophene is more reasonable and gives more information 

about its structure. However, since the trivial name 

thiophanthrene is more well known, and since Chemical 
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Abstracts still uses it, it was decided to use this name 

throughout this dissertation. Furthermore, it is much 

simpler to incorporate the term thiophanthrene in a large 

ring system in its nomenclature, as we are intereoted now, 

than to use the term naphtho-(2,3,b-)-thiophene. The 

numbering of the system is according to that appearing in 

Ring Index. 

8 9 1 

i(V~; 
5 4 

Fortunately, Chemical Abstracts follows the same r~le. 

Unfortunately, the number does not indicate the special 

reactivity of the two meso-positions. For exa~ple, 

oxidation of thiophanthrene with chromic acid.yields 

4,9-thiophanthraquinone. 

If the rule of numbering in the anthracene system were 

followed, it would be called 8,9-thiophanthraquinone. 
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4,9-Thiophanthraquinine gave 4,9-diphenylthiophanthrene 

when allm,;ed to react with phenylmagnesitL11 bromide. All 

attempts to prepare thiophanthrene by the reduction of 

4,9-thiophanthraquinone were unsuccessful (24). No 

reactions of thiophanthrene have been reported. The only 

alkylthiophanthrenes reported in the literature have been 

made by means of the Elbs reaction (25). 

9-Methyl-3-hydroxylthiophanthrene has been prepared 

by building a thiophene ring to the naphthalene ring: 

AlCl3 

Other 9-substituted derivatives made by this method are 

the chloro and bromo derivatives (26). 

Replacing ring Bin Chart I with 1-naphthyl ring 

was accomplished by Bradsher himself (3). Since the 

10-phenyl-l,2-benzanthracene showed carcinolytic 

activity, it seemed interesting to replace ring C in 
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the 1,2 benzanthracene system by a thiophene ring to see 

its effect on the physiological activity of the molecule, 

either carcinogenic or carcinolytic or inactive. 

In the preparation of 9-dimethylphenyl-anthracenes, 

E. c. Krammer (27) has been able to prepare all five 

isomeric hydrocarbons by using the sealed tube technique 

except the 2',6'-isomer. The necessity for more severe 

condition such as the sealed tube technique in standard 

acid cyclization can be easily explained by ortho effect. 

The unique failure of the 2',6'-isomer finds no 

satisfactory explanation except we simply say that two 

adjacent ·ortho groups offer anomalous ortho effect. No 

attempt was made to investigate the individual 

influences as listed by Remick, namely, (a) steric 

hindrance, (b) steric strain, {c) chelation and 

(d) the field effect (28). Right now, the synthetic 

success of the right compound is of first importance. 
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DISCUSSION OF RESULTS 
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DISCUSSION OF RESULTS 

1. Pre0aration of Starting Uaterials 

A. 2-Benzy;lbenzonitrile ~III). Before July 27, 195$, 

the cla.ssical Bradsher method (2) was the only procedure 

used to make the chloro compound (II) (Chart I), since the 

Friedel-Crafts reaction using o-chlorobenzyl chloride and 

benzene at 0°C and using cata~ytic amounts of anhydrous 

aluminum chloride failed (29). 
Phenylmagnesium bromide was allowed to react with 

o-chlorobenzaldehyde to give o-chlorobenzohydrol {I) in 

83% yield. The hydrol was reduced to o-chlorodiphenyl-

methane (II) in 76% yield, by tha use of red phosphorus 

and iodine, in glacial acetic acid. Although the yields 

of I and II i·mre good, the overall yield of II t1as 

beloi,r 605t Some investigator3 report better yields (30) 

but the high price of iodine and the lengthy procedure 

are the big setbacks of the classical method. 

On July 27, 1958, while ·working on the benzylation 

of thiophene, this author found that the expected 

2-(2'-chlorobenzyl)-thiophene can be obtained in 

72% yield by a cross-condensation reaction between 

o-chlorobenzylchloride and 2-thienyl.magnesium-bromide. 
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It was immediately extended to the preparation of the 

chloro-compound (II}. 

II 

Phenylmagnesium bromide and o-chlorobenzylchloride were 

mixej. together in equimolar quantities in tho other-

benzene solution. The condensation reuction was 

exothermic, '£he heat evolved during the reaction was 

sufficient to cause the self-sustaining boiling of the 

ether-benzene mixture at 55-60°C for an hour or so. 

Sometimes, the reaction was so vigorous that an ice-

water bath had to be supplied in order to maintain s~ooth 

refluxing at 55-60°C. Heating under reflux for several 

hours of the same mixture in anhydrous ethyl ether 

solution was not wann enough to start the reaction. In 

freshman chemistry, we learnei that at room temperature, 

hydrogen and oxygen do not react with each other 

regardless of how long they stay together. However, when 

a mixture of the two gases approximating their coi.1bined 

proportions is ignited, the reaction proceeds with 



-28-

explosive violence. Apparently, the energy supplied by 

boiling ethyl ether (35°C) was not enough to reach the 

activation energy hill of the condensation reaction. Once 

this barrier was overcome, th8 heat of reaction manifested 

its influence by keeping the reaction go by itself for a 

while. 

The yield ol' o-chlorodiphenylmethane was 505i, 
slightly lower than the classical two step reaction. 

However, it is preferred t() the conventional method in 

terms of time required, chemicals cost, cleanliness of 

reaction and labor exhausted. 

o-Benzylbenzonitrile (III) was obtained in 82% yield 

by heating at 250°C a heterogeneous mixture of the chloro 

compound (II), cuprous cyanide, anhydrous pyridine, and a 
catalyst amount of anhydrous cupric sulfate. Three 

important papers discussing the so-called Rosenmund-von 

Braun synthesis appeared in the literature (31,32,33). A 

certain modification of the conventional method was made 

in this dissertation. When the pyridine was distilled 

off, it was found that the optimum amount was about half 

of the amount added. Too much would lower the reacting 

temperature, too little would destroy the complex-

comp,:mnd between copper and pyridine. While a heating 



mantle was equally Good in sor:ie cases, a metal bath was 

preferred. By usin:; the metal bath, an optimu..11 amount of 

pyridine was distilled away automatically without any 

special effort to dispel it. After reaction, the 

separation of the nitrile from the unpromising looking 

product was easily and smoothly carried out first under 

an aspirator, then under a vacuum pump by using a 

Claisen head and a metal bath instead of' the conventional 

von Braun head and free flame. 

D. 2- ( l' -Naphthylmethvl )-benzoni trilo (VII) • r.rhere 

are two conventional methods for preparing this compound. 

'rhe first one was introduced by Bradsher (3}. ( Chart II). 

The overall yield of the chloro compound (VI) ,1as 

60;; without separating the hydrol. The dioadvantages 

of this sequence of reactions are the same as those in 

preparing o-chlorodiphenylmcthane {II). 

The second. method was introduced by A. Borkovec (34): 

(''(GHz-Cl vc1 + co Zn 
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CHART II 

H 
('y'C=O 
,/-c1. 

' / 

f'J 
CuCN , c·'-.~H2'( y 

/-CN './• 

VI VII 
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Borkovec's method is a Friedel-Crafts reaction 

between o-chlorobenzyl chloride and naphthalene using 

zinc dust as the catalyst. Polybenzylation was 

unavoidable. Vingiello and Borkovec reported that 

polybenzylation can be suppressed by adding the high-

boiling products to subsequent runs along with the 

recovered naphthalenes (35). The two isomers of the 

chloro compound cannot be separated conveniently. 

Vingiello and Borkovec ran a von Braun reaction on this 

mixture and isolated the 2-(1'-naphthylmethyl)-benzo-

nitrile (VII} in 57~{, yield. 

After the cross-condensation reaction was successfully 

applied to the preparation of o-chlorodiphenylmethane (II), 

the natural logic is to try the new method to the 

preparation of 1-(2 1 -chlorobenzyl)-naphthalene (VI). The 

procedure was essentially the same as that in o-chloro-

diphenylmethane (II}, and the yield was 50%. 

Again, the slightly lower yield was well compensated 

for by the neatness and ease of the reaction, purity of the 

product, and the short period of the reaction. 
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C. 2-(2',3'-Dimethylbenzyl)-benzonitrile. By 

replacing ring B with 2,3-dimethylbenzylphenyl group, the 

classical Bradsher method is shown in Chart III. The 

Grignard formation of l-bromo-2,3-dimethylbenzene was not 

as easy as in the case of phenylmagnesium bromide. This 

was not unexpected •. Theoretically, the unknown factor, 

collectively known as ortho effects of the 2,J-dimethyl 

group play a leading ro~e in the sluggishness of the 

Grignard formation. Furthermore, the bromo compound 

obtained from the complicated diazotization reaction 

always contained some impurities which poison the Grignard 

reagent. The carbinol (VIII) was obtained in 50% yield 

from the condensation of the Grignard reagent and 

o-chlorobenzaldehyde. This carbinol was reduced to 

2-chloro-2',3'-dimethyldiphenylmethane in 92% yield by 

the use of red phosphorus and iodine. The chloro 

compound (IX) was converted to the corresponding nitrile 

(X) in 65~; yield by the Rosenmund-von Braun reaction 

using cuprous cyanide to supply the cyano group, cupric 

sulphate acted as the catalyst and anhydrous pyridine as 

the complexing agent and solvent. The investigation of 

this series of compounds was undertaken approximately 

three years before the discovery of the cross-
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CHART III 

VIII 

X 

x1 = x = H, XI 
xl = 2-CH3, x = 4-CH3, XIb 
x1 = 2-CH3, x = 6-CH3, XIc 
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CHART III (Continued) 

l 
X = X = H, XII 

1 x = 2-CHJ, x = 4-CHJ, XIIa 
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condensation reaction. The cross-condensation reaction 

should be applied equally well in this series. 

Unfortunately, time did not allow this plan to be carried 

out. 

D. 2-Bromothiophene. This compound was very easily 

made in 60% yield by adding an acetic acid solution of 

bromine dropwise to an acetic acid solution of thiophene, 

at 5-10°C. In the halogenation of thiophene, in fact, in 

almost all substitution reactions, the entering group 

always comes to replace the 2,5 positions instead of the 

3,4 positions, and for the removal, the same is true. 

The purpose of preparing 2-bromothiophene is to replace 

ring B and ring C in Chart I. Before a final decision-

was made to prepare 3-iodothiophene in replacing ring C 

with 3-thienyl group, a reasonable amount of 2-thiophene-

carboxylic acid was made through the carbonation of 

2-thienylmagnesium bromide in an attempt to follow the 

lengthy sequence to lead to 3-bromothiophene •. 

2-Thiophenecarboxylic acid was obtained in 95% yield 

(36,37,38). The work was stopped at this stage yielding 

the right of way to 3-iodothiophene. 
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E. J-Iodothiophene. This compound has been 

prepared in good yield (62%) by Rinkes (39) and 

Steinkopf (40). Direct iodination always results in 

2-iodothiophene or 2,5-diiodothiophene, because the 2,5 

positions are more reactive than the 3,4 positions. 

Therefore, 3-iodothiophene, like 3-bromothiophene, was 

prepared in an indirect way. By iodinating thiophene 

with an excessive amount of iodine in the presence of 

mercuric oxide and glacial acetic acid, tetraiodo-

thiophene was prepared in 69~ yield first. Without the 

presence of mercuric oxide, the hydrogen iodide which 

would be formed in the reaction was such a powerful 

reducing agent that the reaction would be reversed. This 

is in contrast to the iodination of benzene in which a 
• much stronger oxidizing agent than mercuric oxide, such 

as nitric acid, and a high temperature are necessary. 

The tetraiodothiophene so isolated was reduced with 

aluminu.~ amalgam to J-iodothiophene in 57% yield. The 

sequence of reactions is shown as follows: 



HgO 

CH3COOH 

Al Hg 
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CH3COOHg',- ...-HgCOOCH3 

CH3 COOHg-'._~-HgCOOCH3 

+ 

Apparently, the first step was mercuration, but it is not 

necessary to isolate the intermediate, tetraacetoxy-

mercurithiophene. The formation of tetraacetoxymercuri-

thiophene was quantitative, historically, it was the first 

quantitative test for thiophene. Mercuration was highly 

exothermic; the heat evolved was enough to cause acetic 

acid to boil. 

There is a serious mistake in Hartough's "Thiophene 

and Derivatives", page 501 (20). Hartough modified 

Steinkopf's method in the preparation of tetraiodo-

thiophene. He recommended that mercuric oxide, thiophene 

and glacial acetic acid be mixed together and heated 

quickly to reflux. The formation of the white crystal, 

tetraacetoxymercurithiophene, was instantaneous; if the 

required quantities of the three reagents, mercuric 

oxide, thiophene and acetic acid were mixed together 

all at once, they formed a rock-like cake at the bottom 

of the reacting flask. No mechanical stirring was 
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possible. The further reaction between iodine was 

blocked. Heating a rock-like semisolid mass to boiling 

was not only impracticable but also dangerous. The 

deco:nposition of thiophene was unavoidable. Therefore, 

Hartough' s directions v,ere modified by ;nixing acetic 

acid and thiophenc in a three neck round bottou 

flask. Hercuric oxide was added portionuise ·with 

vigorous shaking to avoid caking at the bottom of the 

flask. After the addition of mercuric oxide was completed, 

a white homogeneous milky suspension 1-;as formed. Iodine, 

like mercuric oxide, w.:i.s added portionwise through a 

straight Liebig condenser to avoid loss of iodine due to 

sublin1ation. As iodination 1.,ras progressing, acetic acid 

was released, the mechanical stirring of the mixture ·was 

made much easier than before. After iodination, the 

contents of the flask were poured into a beaker, while 

it was still hot to avoid caking in tho reaction flask. 

'fhis is. a further modifi_cation of Hartough' s method. 

According to Hartough's directions, "After the last 

portion of the iodine has been introduced, the mixture 

is cooled and the contents of the reaction flask are 

diluted with water." Following these directions, it was 

a tremendous job to get the caked contents out of the 

reaction flask. 
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As mentioned before, the reduction of tetraiodo-

thiophene was accomplished by aluminu..rn amalgam. 

Aluminun and mercury form a galvanic cell. Aluminum 

discharges H+, and the free hydrogen gas evolves at t·he 

surface of mercury. The insoluble aluminum hydroxide 

does not form layers and the fresh aluminum which is 

always available immediately alloys w~th mercury. This 

is probably the basic principle of amalgamation. The 

actual procedure used in this work was that first 

recommended by Thiele and Buhner (41), with some slight 

modifications (42). It was found that granular aluminum 

should be used. The aluminum powder which floated on 

the surface of the solution made the chemical processing 

extremely difficult. Since the aluminu..rn runalgam should 

be used while it is freshly made and wet, it is rather 

difficult to determine its correct weight. It was found 

that if aluminu.11 granules were 12% more than equal 

weight of the tetraiodothiophene to be reduced it was 

enough to remove all the iodines out of the molecule 

except the 3-iodo group. Frequently, insufficient 

aluminum amalgam caused incomplete reduction. 

3,4-Diiodothiophene, sometimes even 2,3,4- and 2,J,5-

triiodothiophenes were isolated besides the expected 
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main product 3-iodothiophene. There was no trouble in 

separating them from 3-iodothiophene, but it was 

desirable to reduce them.to the expected stage 

3-iodothiophene. The conventional aluminum amalgam 

reduction was tried on them and satisfactory result was 

obtained. This was a new attempt; no similar expsri!'!lent 

was done before in the literature. Fortunately, 3-iodo-

thiophene was obtained in 65~ yield from 3,4-diiodo-

tniophene with aluminu.~ amalgam. 

F. l-Bromo-2,3-dimethylbenzene. This compound had 

been prepared previously Dy Borkovec (34) and Kramer (27) 

in 30% yield. It was found that the yield could be 

increased t~ 47% if a three-neck round bottom flask were 

used and the ·whole mixture was vigorously stirred during 

the whole period of reaction. The l-amino-2,3-dimethyl-

benzcne is com.~ercially.available in its HCl salt form. 

The amine can be easily freed in 95;; yield by warming 

the hydrochloride salt with a little more than 

equivalent a.mount of sodium hydroxide solution. In order 

to replace the amino group by bromine, it is necessary 

to make hydrobromic acid salt of the amine first. The 

salt would react with nitrous acid as follows: 
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+ + 

-Br Br 

The compound formed is called the "diazoniwn bromide." 

The required HI'102 comes froin the following reaction: 

NaN02 + HBr NaBr + HNOz 

The liberation of nitrous acid from sodium nitrite and 

the formation of the "diazonium bromide" require two 

equivalents of acid. In actual practice, the amount of 

HBr must be 2.5 to 3 equivalents in order to prevent the 

combination of the diazoniwn bromide with undiazotized 

amine to form "diazoamino" compound. The above process 

5.s known as "diazotization". Throughout the whole 

process the temperature of the solution must·be below 

5°C, otherwise the diazoniu.11 salt may be partially 

hydrolyz8d to the corresponding phenol: 

+ 

Br 



'The remainder  of  the  reaction  is  Gattermann' s 

modification  of  Sandmeyer's  reaction  by  allowing  the 

diazoniu~n salt to  react 1:1i th  HBr  in  the  presence of 

finely  divided  copper  or  copper  turnings.  The  reaction 

mixture  usually  represents  a  most  unpromising  looking 

product  for  it  invariably  contains  a  considerable a~ount 

of  tars  in  addition  to  a  large  number  of  different 

inorganic  products.  The  desired  product  l-bromo-2,3-

dimethylbenzene  is  volatile  with  steam  and  can  be 

separated  by  steam  distillation.  Some organic  by-product 

such  as  phenol  which  passes  over  to  the  distillate  can 

be  removed  by  virtue  of  its  solubility  in  concentrated 

sulfuric  acid  and  alkali. 

G.  1-Bromo-J,5-dimethylbenzene.  This  compound  was 

first  made  by E. Fisher  and  A.  Windaus (43), according  to 

the  following  sequence  of  reactions: 

Br 

CH3~~~~---?> CH3--(__~~~ 

Br 
I 

-(" . 

~~ CH3 }-cH3 .. 
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Using a procedure analoec,us to one described by 

L. Bigelow (44), Kramer made this compound in 6150 yield. 

l-Bromo-2-amino-3, 5-dir.1ethylbenzene was diazotized and 

reduced subsequently with ethanol. Theoretically, the 

diazonium salt reacts with ethanol in tv,ro ways 

simultaneously, 

In this special case, the ortho position to the diazonium 

group was occupied by bromine, reduc·tion, or replace:nent 

of the diazogroup, by hydrogen, took place predominantly. 
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2. Preparation of 2-(2'-Thicnyl)-benzonitrile. A 

General Discussion of the Cross-condensation Reaction 

IJetween a Grie;nard Reagent a.nd o-Chlorobenzyl-

chlo;r;:ide (and the Unsubstituted Benzvlchloride). 

By replacing ring B in Chart I ~-ii th the 2-thienyl 

group, the classical Bradsher method can be shown in 

Chart IV. The addition of 2-thienylmagnesium bromide 

to the carbonyl group of the aldehyde proceeded smoothly. 

The adduct formed immediately and the carbinol was freed 

from the complex in the usual manner. Difficulty was 

encountered when the concentrated solution was distilled. 

The mixture turned to dark tars. The distillation 

resulted in decomposition of the mixture with the 

evolution of white smoke. 

A hydroxy group always imparts instability to the 

thiophene ring whether it is attached to the nucleus or 

the side chain. Since the discovery of thiophene, all 

attempts to obtain hydroxy derivatives of thiophene were 

unsuccessful. Only within the last 10 to 15 years have a 

few of them been obtained and only in low yields. This 

is the reason that the carbinol cannot be isolated in 

its free state. Hence, the carbinol solution was 

concentrated and reduced directly without isolating the 
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CHART IV 

~(CHO -~ ('-,/~ 1HOH1/S~ ~~~ 
~/-Cl + ~4g;Er 'V'-V 

s (YH2,{j rYJ/'igBr 0/ CH2,.,,_( '1 CuCN 
'Cl •- "-.~N 

XIII XIV 

(X::2,(! (YV') vx--A . 
~) () 

xv XVI 
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free carbinol. The reduced solution was treated in the 

usual way, but distillation of the concentrated solution 

resulted in decomposition with white smoke exactly in the 

same manner as in the distillation of the carbinol. 

2-(2'-Chlorobenzyl)-thiophene (XIII) might be 

successfully prepared by reducing the benzoylated 

compound ( 45) : 

+ 

Wolff-Kishner 

Q ---. ('yc°')/1\. 
v,c1 .-1 

The above method, like the classical Bradsher 

method, involves two steps. The benzoylated compound 

has not been previously prepared. Polybenzoylation is 

likely to accompany the monobenzoylation. In view of 

these facts, the benzoylation method was discarded in 

favor of the benzylation reaction. In this way, 

compound XIII can be obtained in one step even though 

polybenzylation is still inevitable. 
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Q 
Friedel-

_c_r_a_rt_s __ ct:~ 
+ XIII 

XIIIa 

Aluminum chloride, the most useful Friedel~Crafts 

catalyst in the benzene system, did not work in this 

special case. Polymerization of the thiophene was the 

only result. 

2-(2'-Chlorobenzyl)-thiophene (XIII) was obtained in 

$% yield when thiophene, o-chlorobenzylchloride and zinc 
chloride were mixed in equal molar ratio in petroleum 

ether (b.p. 40-60°C) and heated under reflux for 12 hours. 

When working out the product, unreacted o-chlorobenzyl-

chloride was recovered in 805& yield. This indicated that 

the benzylation reaction went on in the expected 

direction, but the condition was not strong enough to 

give acceptable yields. Stronger condition mla achieved 

by changing the molar ratio of thiophene to o-chloro-

benzylchloride from 1:1 to 2:1. The excessive amount of 
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thiophene used functioned as a higher boiling point 

solvent in addition to avoiding polybenzylation. This 

raised the yield from 8% to 20%. Further improvement in 

yield was sought by using a high boiling point petroleum 

ether (80-100°C) as solvent and mixing the three reagents 

still in an equal molar ratio. The expected compound 

(XIII} was obtained in 13. 5~& yield and 2, 5 .. di- ( 2' -

chlorobenzyl)-thiophene (XIIIa) was obtained in 24% 

yield. Obviously, higher temperature and the equal molar 

ratio favored polybenzylation at the sacrifice of the 

expected reaction of monobenzylation. The limitation 

of the Friedel-Crafts synthesis in preparing 2-(2'-

chlorobenzyl)-thiophene (XIII) prompted an investigation 

of other methods. 

According to Tiffeneau (46}, allylbenzene was 

obtained from phenylmagnesium bromide and allyl bromide. 

The benzyl system is generally analogized to the allylic 

system. This close similarity inspired this author to 

think of a cross-condensation reaction between o-chloro-

benzylchloride and 2-thienylmagnesium bromide: 

/yCHzCl 
Vc1 + 

XIII 
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Resonance between the two entirely equivalent structures, 

A and B, stabilizes the allylic system to a great extent. 

[ CH2 = CH - CH2 + ]t-( ~) [ + CH2 - CH= CH2] 

A B 

This stabilized allylic carbonium ion is strongly 

attracted to the carbanion of the Grignard reagent. The 

affinity between MgBr+ and Cl- drives the reaction further 

to the right-hand side. The insolubility of magnesium 

halides in anhydrous organic solvent is expected to give 

the right-hand forward reaction one more favorable 

factor. These ideas were crystallized out in an actual 

experiment in that 2-thienylmagnesium bromide and 

o-chlorobenzylchloride were mixed in equimolar 

quantities, and heated under reflux for three to six 

hours. 2-(2'-Chlorobenzyl)-thiophene (XIII) was obtained 

in a reproducible yield of 72%. The condensation 

re·action as a whole was exothermic but the activation 

energy hill was not approachable by heating the mixture 

in an anhydrous ethyl ether solution. Quantitative 

recovery of the reactants was observed when ethyl ether 

was used as the solvent. Only by replacing ether with 

anhydrous benzene (vapor temperature 60°0) the expected 

result was obtained. 
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The reaction has a wide applicability. In contrast 

with the Fricdel-Cr.:lfts reaction, it gives an unequivocal 

product with no risk of polybenzylation. While in this 

special case, the conventional Bradsher method failed, 

the new route of cross-condensation reaction was the only 

choice. Even in other cases where both types of 

reactions work equally well, the new route is still 

preferred in terms of time required, chemical costs and 

labor involved. 

'.'Jhile this investigation of the cross-condensation 

reaction was going on, a review of the literature 

revealed that Gilman and Jones performed the same type 

of reaction but with different results (47). 
In a study of the possible interchange of radicals 

' . 
on heating a mixture of R1X and RJ.\fgX Gilman and Jones 

concluded that no such interchange of radicals occurred. 

In other words, the reaction represented by equation 2 

did not go. 

RX+ Mg ----RMgX 1 

2 

The method used was to carbonate the Rlx and RMgX mixture 

subsequent to refluxing in an ether-toluene mixture for a 
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few hours. While he did not rule out the cross-condensa-

tion reaction, namely: 

but, in heating 0.25 mole of phenyl magnesium bromide 

with 0.15 mole of benzyl chloride in an ether-toluene 

mixture for three hours, at 60°0, he reported that 10.6 g. 

(34.7%) of benzoic acid was obtained. Gilman's experiment 

was repeated in this laboratory. Diphenylmethane was 

isolated in more than 90% yield. This is in contrast 

to that reported by Gilman and Jones. In order to 

strengthen the certainty of these experiments, the 

diphenylmethane isolated was oxidized to benzophenone 

which, in turn, was converted to the oxime with 

hydroxyamine. The physical constants of these checked 

with the values reported in the literature very nicely. 

The cross-condensation between a Grignard reagent 

and an organic halide is sometimes called the 

"unsymmetrical Wurtz reaction," since in early days the 

"Wurtz products" always accompanied Grignard reagent 

formation. 

RX+ RMgX 
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Kharasch treated the reaction as a special case of 

solvolysis in which the Grignard reagent plays the role 

usually assigned to a polar solvent. Both ionic and free 

radical mechanisms were proposed to account for the 

reaction, but there is still no definite conclusion 

(48 ,49). 

In 1945, G. Vavon (50) reported that the reaction 

between benzyl bromide and phenylmagnesiwn bromide gives 

results which vary with the previous treatment of the 

magnesium compound. From different experiments he 
performed, ho concluded that the formation of diphenyl-

methane necessitates a preliminary change in the 

structure of the complex magnesitL~ compound. 

Replacing ethyl ether with butyl ether he obtained 

37% yield of diphenylmethane, and replacing ether with 

xylene he obtained 45;~ yield of diphenylmethane. These 

results were exactly in contrast with that obtained by 

this author. As mentioned earlier, raoro than 90~; of 

diphenylmethane was obtained in the reaction between 

phenylmar;nesiu.~ bromide and benzylchloride, by replacing 

ether with benzene. This author also found that in the 

reaction between 1-naphthylmagnesium bromide and 

o-chlorobenzylchloride, replacing ethyl ether with 
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benzene gave a much better yield (50%) of 2-chlorophenyl-

l-naphthylmethane than with xylene. Presently, a specific 

topic of the cross-condensation reaction is undertaken in 

this laboratory by J. Sheridan. 

2-(2'-Chlorobenzyl)-thiophene prepared by the cross-

condens9.tion method was converted to the corresponding 

nitrile in 58% yield by the conventional von Draun 

reaction. 

A few precautions must be observed in order to obtain 

satisf~ctory yield of tho expected nitrile (see discussion 

of results, 1-A). Eopecially the contents filled in the 

reacting round botto:.n flask must stand in a level slightly. 

higher than tho outside heating mantle or metal bath. 

\Jhen o-chlorodiphenyl.,nGthane (II), or 2-chlorophenyl-

1 '-naphthylmethane (VI) was converted to the corrasponding 

nitrile, the lower level of the contents inside the flask 

did not cause much trouble. Decomposition im;necliatcly 

took place if tho lower level contents wera 2-(2'-chloro-

benzyle)-thiopheno. 2-(2'-Chlorobenzyl)-thiophene (XIII) 

is much less stable than (II) and (VI) • Che,nically, 

thiophenc is less stable than benzene. Consequently, 

thiophene imparts unstability to the molecule where it 

participates as a member. Both the chloro-compound and 



-54-

the cyano-compound are colorless oils with beautiful 

fluorescence when radiated with ultraviolet lieht. The 

colorless oil becomes colored after standing overnight. 

A satisfactory, colorless analytical sample was obtained 

only after five or six distillations. In going from the 

starting material (the chlorocompound XIII, for instance) 

to the end product, stability increases stepwise. 

4-Phenylanthracene (XVI) is the most stable. Only one 

crystallization of the crude product gave beautiful 

analytical data. The coordination of the sulfur atom 

is dependent on the availability of its free electrons. 

As the molecule becomes larger and larger or in e;oing 

from nonresonating system to resonating system, the 

electron density around the sulfur atom becomes less and 

less. In the cyclized product, resonance is the 

greatest, so the compound is the most stable. 
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). Prenaration of Ketimines er their Salts 

In Bradsher';,, first two papers introducing the 

synthetic route leadins to anthracene and 1,2-benz-

anthracone derivatives (2,J} the ketimines or their salts 

were not isolate4. It was at Virginia Polytechnic 

Institute that .a systematic identification of' the 
. .· 

keti:=iines as their HCl salts.were made anci·reported 

(6,27,34). This was accomplished by allowing the 
appropriate Grignard reagent to react with the· 

appropriate nitrile followed by decomposition of the 

adduct with an equivalent a:nount of a:mnoniun1 chloride 

solution. Tho free imine waa converted to the salt by 

either concentrated HCl or dry HCl gas. ( 51_). ~lowever, it 

was rep~rted that it was difficult to prepar~ the 

analytical sa:aples. · For this reason, it seemed unwise 

to attempt to isolate the ketimines or their salts in 

this ·work~ Only when continuing Kr.11:er' s work, the 

three isomeric ketimine salts [2',3' (IVa), 2 1 ,6 1 (IVc), 

and 3',5' (IVd}, which wero previously prepared by 

Kramer in 70~;, 741;, and 3 51; yields, respectively] were 

separated in lOOi;, 100;;, and 50~~ yields, respecti valy. 

2 t, 5' -Ketimine ( IVb) was prop!lred (without improve.roont 

of yield) simply for r:iaking a better yiald or the 

correspondin.3 ketone. Also, 2-(2',J'-dimethylbenzyl)-
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phonyl-2,6-dir:iethylphcnyl-ketimine HCl (XIa) was 

· prepared in JO~ yield in order t~ m~kG tha corresponding 

ketone in a clear-cut "::ay. 

Followin::; th~ exile p:t.ttJm of reactions of Chart I, 

the reaction between 2-(l'-naphthylmethyl)-!)onzonitrile 

(XII) and 2-thienylmagnesium brol!lide can be shY,'.'n in 

Chart V. 

It was not necessary, as reported by .Fuson and 

Snyder (52), to use four m,lar quantities of Gri;nurd 

to on~ or the nitrile. Eorkovec reportel that even a 

ratio of 1.5:1 gave satisfactory results (34). ~,:olar 

quantitios of l.J of 2-thienylm:.ignesium bromide to l of 

the nltrile (VII) were allouej to react, giving 77;; 

yield of the free imine (XVII). After the adduct 

bet·.-1een tho Grignard rear;cnt and the nitrilc was 

docomposed and hydrolyzed 1vith an excess of 25;; sulfuric 

acid and orgQilic solvent by haatinb unJer reflux for 44 

hours, there was only a trace a:nount of the solid 

dissolvad. The crystals isolated from the organic 

solvcmt gave a melting point of 100°C. 'l'he insoluble 

reaidue was divided into two parts. 'l1he first part was 

further treated with 40,; sulfuric acid and toluene by 

heatinc the t~ixture under reflux for 50 hours. Again, 

only a trace u~ount went into solution in the organic 
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CHART V 

r--, , --- o:CH=~NH(, . + •,~-MgBr "' > 

Ir ·-· 
VII XVII 

XVIII 
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solvent from which the same crystals with a melting point 

of 100°0 were isolated. The second part was heated under 

reflux with 10% sodium hydroxide for one to three hours, 

all the solid had gone into solution. The same crystals 

with a melting point of 100°C were isolated. At this time, 

these crystals were thought to be the ketone. Assuming 

this is true, the yield from the 10% sodium hydroxide 

treatment was quantitative. It was further deduced that 

the hydrogen sulfate salt of the ketimine (XVII) had a 

peculiar property of being hydrolyzed more easily by 

alkaline solution than acid solution. The crystals with 

a melting point of 100°C were sent out for analysis. The 

data came back as follows: 

Anal. Calcd. for c22a17os: c, 80.45; H, 4.91; s, 9.76 
Found: C, 81.10; H, 5,55; S, 10.06 

The analysis was not too bad; it was only+ 0.65% off 

for carbon, and this was thought to be due to minute 

amounts of impurities. A second reaction between the 

Grignard reagent and the nitrile (VII) was performed. 

The adduct was decomposed carefully with an exactly 

equivalent amount of ammonium chloride solution to avoid 
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any appreciable hydrolysis. The crystals isolated were 

found to be identical uith the hypothetical ketone with 

a melting point of 100°C. It was immediately surmised 

that these crystals were not the ketone but the free 

imine. The same analytical data checked beautifully for 

all the elements requested when recalculated for the free 

imine. The quantitative yield of the hypothetical ketone 

from sodium hydroxide treatment did not come from alkaline 

hydrolysis. Sodium hydroxide only removed the equivalent 

amount of sulfuric acid from the insoluble residue of the 

imine salt. The molecular weight of the ketone is 

328.41~ and that of the free imine is 327.426. This 

closeness contributed one factor in drawing the wrong 

conclusion that the free imine (m.p. 100°C) was the 

hypothetical ketone. Furthermore, the crystals with a 

melting point of 100°0 were treated with acid and base 

in a back and forth manner. In each way, quantitative 

recovery of the salt and the free imine was observed. 

Finally, a complete analysis for the calculated free 

imine was sent out again. 

!!1§1!. Calcd. for c22n17Ns: 
C, 80.69; H, 5.23; N, 4.28; S, 9.80 

Found: C, 80.46; H, 5.24; N, 4.04; S, 9.95 
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This time, all the analytical data requested checked very 

beautifully. The presence of nitrogen in the compound 

with a melting point of 100°0 definitely established the 

fact that it is the ketimine and not the ketone. 

In hydrolyzing 2-(1-naphthylmethyl)-2',6'-dimethyl, 

diphenyl-ketimine hydrochloride (A) with 40% sulfuric 

acid, similarly Borkovec (6,34) obtained the free imine 

{B) which at first was mistaken as the corresponding 

ketone {C). 

A B 
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Culbertson (51) suggested four factors which 

might influence tho sensitiveness of ketimines toward 

hydrolysis: (1) a ketimina-enamine tautomerism and/or 

resonance, (2) steric hindrance (ortho effect), 

(3) the reL~tivo negativity of the radicals attached 

to the carbimino group, and (4) strength of the free 

ketimines as bases. Based on the above presentation, 

Borkovec (6,34) mentioned only the first two factors. 

He interpreted his results only in terms of steric 

hindrance (ortho effect) since only hyperconjugation 

can contribute to the katimine-enamine tautomerism 

and/or resonance, in compound B. 

Borkovec was justified to draw such a conclusion because 

he successfully hydrolyzed compound B to compound C by 

using the sealed tube technique, which was known to be a 

drastic means to overcome the steric effects. All the 

other five isomeric ketirnines salts were hydrolyzed 
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normally. Later, Kramer (27) successfully hydrolyzed 

2',6'-climethylphenyl-2-benzylphenyl ketimine hydro-

chloride (D} to the corresponding ketone (E). by using 

the sane technique. 

D 

/'-._/H2~ rv\ 1v 
lo 

CH3, /".~H3 
lvL 

E 

Considering 2-(1-naphthylmethyl)-phenyl, 2-thienyl-

ketimine (XVII) neither a tautomeric nor a steric factor 

is possible. An interpretation must be sought in factors 

(3) and (4). At first, it was thought that the sulfur 

atom in the thiophene might enhance the electron density 

of the carbimino group, or increase the basicity of it, 

eventually influencing the rate of hydrolysis. If this 

were true, a compariuon of the following two structures, 
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XVII, F 

would predict that compound F would also be formed from the 

decomposition of the adduct formed between·2-thienyl-

magnesiu.11 bromide and 2-cyanodiphenylmethane ( III) and 

resist all the nor.nal ways of hydrolysis. (No sealed tube 

technique was tried on compound XVII, not only because no 

steric factor is involved, but also because it was feared 

that the thiophene ring would not ~urvive such treatment.) 

However, after decomposition (with an equivalent am~unt of, 

a.,unonium chloride solution) of the adduct formed between 

2-thienyl magnesiu:n bromide and 2-cyanodiphenylmethane 

(III) an attempt to isolate the free imine (F} ended with 

the corresponding ketone (XIX). Compound F does not 

exist; or at least its existence was so short in duration 

time that it was not possible to isolate it. Or, in other 

words, it was so unstable that it was hydrolyzed easily, 

to the corresponding ketone {XIX) simply during the 
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decomposition of the adduct with equivalent amount of 

ammoniu.i11 chloride solution. The solution containing the 

decomposed adduct resisted all the normal ways of salt 

fonnation. The reason is obvious now, after the non-

existence of the free imine (F} was knmm. At this time, 

a contrast of the following structuras is more. 

in·terestin3. 

F XVII, 

XIX G 



-65-

Compound Fis hypothetical, but compound XIX is real; 

compound XVII is real anJ stubboraly resists hydrolysis, 

but corapound G is hypothetical. This phenomenon is 

peculiar. At the present moment, there is no satisfactory 

interpretation. 



-66-

4. PreEaration of Ketones 

Thera are nine ketones studied in this research. 

2-Benzylbenzophenone (IVe) has been previously prepared 

by Bradsher (2) in 82;; yield. The repetition here is 

simply to cyclize it to 9-phenylanthracena (V) and study 

its oxidation. 2',5'-DimGthyl,2-benzylbenzophenone was 

prepared b.f Kramer ( 27) in 50;& yield. Tha yield has been 

increased to 98% in this research. 2•,6•-Dimathylbenzo-

phenone was prepared also by Kra~er {27) in using the 

sealed tube technique to overcome th~ stcric hindrance, 

but the an-3.lysis was not acceptable. Satisfactory data 

were accomplished by this author. 

All the other six ketones were made by this author. 

2-(2',3 1-Dimethylbenzyl)-bcnzophenone (XI) and 2-(2',3'-

dimethylbenzyl)-2", li-"-dimethylbenzophenone {XIb) were 

prepared by the conventional ~ethod in 93% and JO% yields, 

respectively. 2-(2 1 ,3'-Dimethylbenzyl)-2",6"-dimethyl-

benzophenone (Xlc) was· prepared by th3 sealed tube 

technique in 80)& yield. 

In replacing ring C in IV with the 2-thienyl or 

3-thienyl group, the corresponding reactions are shown in 

Chart VI. 
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CHART VI 

XIX 

xx 

+ 

XXI 

XXII 



-68-

A molar ratio of 1.5 to 1 of 2-thienylmagnesium 

bromide to 2-cyanodiphenylmethane was allowed to react, 

giving fairly good yields (70-90%) of 2'-thienyl,2-

benzylbenzophenone by simply decomposing the adduct with 

ammonium chloride solution without any appreciable 

hydrolysis of the free !mine (hypothetical), as already 

mentioned. It is interesting to notice that the yield 

of 2-(2'-thienylmethyl)-benzophene (XV) depends on the 

time of hydrolysis of the corresponding decomposed adduct 

solution, even though the solution resists salt 

formation. Twenty-four hours hydrolysis gave 48% yield 

of the ketone, 42 hours hydrolysis gave 90% yield. This 

is in contrast with the case of 2'-thienyl-2-benzyl-

benzophenone (XIX). 

3'-Thienyl-2-benzylbenzophenone (XXI) was prepared 

in 58% yield in a special way. It deserves a little 

detailed discussion. The inertness of 3-iodothiophene to 

Grignard reagent fonnation was interpreted by Steinkopf 

as due to the strong C-I bond (53). This difficulty was 

overcome by the entrainment technique, or continuous 

activation, first introduced by Grignard himself (54) and 

immediately extended all over the whole world. The 

preparation procedures reported vary somewhat in detail, 
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but Kharasch (55) recommended the description by Mann and 

Watson (56) a.s being fairly representative. However, the 

portionwise addition of a mixture of 3-iodothiophene and 

ethyl bromide to boiling ether solution of ethyl bromide 

containing an excessive amount of magnesiu.~, as suggested 

by Mann and Watson, failed. to start the reaction. By 

trial and error, this author finally succeeded in making 

3-thienylmae;nesium iodide by the following pre>cedure, 

3-Iodothiophene was mixed with ma3:nesium (equal to the 

total molar quantities of ethyl bromide and 3-iodo-

thiophene) , and heated to boiling ·with ether. Ethyl 

bromide was equal in weight with 3-iodothiophene and 

was divided into two equal parts. The first part was 

added to the boiling solution all at once (not portion-

wise); the reaction started immediately because of the 

volcanic explosive power of the ethyl magnesium bromide 

formation. After refluxing about half an hour, the 

reaction began to slow do~m; the second half of ethyl 

bromide ·was added all at once to drive the reaction to 

completion. This was the critical point of the whole 

process in preparing 3-thienyl-2-benzylbenzophenone. 

Nitrile (III) was added in an excessive a'.:lount aeainst 

the total molar quantities of ethyl bromide and 3-iodo-

thiophene. This is not only because 3-iodothiophene is 
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quite expensive but also because if less nitrile were 

used some 3-iodothiophene would remain unreacted. 

Fortunately, there was no difficulty in separating the 

two individual ketones, 3-thienyl ketone (XXI) and 

o-benzylpropiophenone. Theoretically, Grignard (57) 
attributed the over-all effect of the presence of the 

au.."'{iliary halide (nentra.iner") as a continuous cleansing 

of the surface of magnesium. 
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5. Cyclization 

Cyclization is the last stage of the whole series of 

reactions leading to the polycyclic aromatic compounds. 

All the previous steps are only the preparatory work for 

this step. It is true that submolecular particles or 

groups tend to arrange themselves in circles but in 

practice this tendency is hindered or prevented by some 

factors .such as steric or electronic. Considerations 

from the steric or electronic points of view will help to 

predict whether the expected cyclization will go or not. 

On the other hand, successful synthesis will give a 

picture of the electronic or steric interactions. 

Bradsher first coined the term "cyclodehydration° to 

designate "the type of cyclization in which the elements 

of water are eliminated from a compound with the 

establishment of a new aromatic ring" (58,59). 
Both Borkovec (6,34) and Kramer (27) made systematic 

identifications of the ketimine salts and their 

corresponding ketones. It is justified for them to put 

their cyclization under the title cyclodehydration even 

though occasionally they used the ketimine salts as the 

starting materials. In this dissertation, however, 

2-(1 1 -naphthylmethyl)-phenyl-2'thienyl ketimina (XVII) 
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showed such a peculiar property that it resisted hydrolysis 

to the corresponding ketone. Up to date, the ketone is 

still unknoi.·m. The ketimine (XVII} was cyclized with the 

standard acid in almost quantitative. yield. (99i~} to 

10-(2'-thienyl)-l,2-benzanthracene (XVIII). It is not 

appropriate to classify this cyclization with the other 

eight identified ketones, under the headline "cyclode-

hydration" before the mechanism of this spec~al cyclization 

can bo established. For the time being, this author 

suge;ests to call it "cyclodeamination. 11 Besides the above 

peculiar ketimine, there are eight k0tones studied in this 

research. They will be discussed as follows: 

A. 9-(2'-Thienyl)-anthracene (XX). Three catalysts 

were used in obtaining this compound from the correspond-

ing ketone {XIX). 

(1) Via the Standard Acid. A yield of 65% was 
obtained under the normal pressure cyclization. It 

was a clear-cut reaction. 

(2) Via Phosphorus Pentaoxide. This catalyst 

gave a slightly better yield (71%) of 9-(2 1 -thienyl)-

anthracene than the standard acid mixture, but the 

purity of the cyclized product was not as good as 

usual; it required chromatographic purification. 
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(J) Via Phenyl Acid Phosphate. This is a 

mixture of mono- and dihydrogen phosphate esters 

containing varying amounts of polyphosphates. Both 

yield (10%) and purity of the cyclized product are 

not promising enough to warrant any further 

recommendation. 

B. 9-(3'-Thienyl)-anthracene (XXII). This compound 

was obtained in so~; yield by the standard acid mixture 

under nonnal pressure. Under the same condition, the 

2-isomer was obtained only in 65% yieid. Comparison of 

the two corresponding ketones may shed some light on this 

difference in yield. 

XIX XXI 

In 2-thienyl-2-benzylbenzophenone, the electron 

displacement starting from the sulfur atom put.ting a 

negative charge at the carbonyl group should occur more 

easily due to the more extended conjugation that occurs 
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in it, than in the 3-isomor. Also, Schomaker and Pauling 

(60) have pointed out that the smaller charge separation 

in the 2-isomers would favor this structure over the 

3-isomer. This small difference in yields between the two 

isomers might be caused by a decrease in the effective 

positive character of the central carbon atom in the 

2-isomer which was not equally compensated by the 

increased concentration of the conjugate acid. 

C. 10-{2-Thienyl)-l,2-benzanthracene (XVIII). As 
mentioned earlier, the yield of this compound was 

quantitative. This result was not unexpected, as 

Vingiollo, Van Oot, and Hanabass (S) pointed out in their 

study on the mechanism of aromatic cyclodehydration that 

cyclization should proceed more readily into a naphthyl 

ring than into a phenyl ring. 

D. 4-Phenyl-thiophanthrene (XVI) • \vhen 2- ( 2-

thienylmethyl) -benzophenone was cyclized, theoretically, 

there are three possible ways of closine the ring: 
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./ ' 

Tho first way includes.the attack of the carbonium 

ion on the sulfur atom. Shomaker and Pauling gave the 
following resonating structures ( 60) : · 

I• 

6 
+ 

These three structures would favor the attack on the 

sulfur atom. But Schomaker and Pauling have calculated 
that their contributions were only 10%, since in these 
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three structures, more than eight electrons are present 

in the outer shell of the sulfur atom. Furthermore, if 

these resonating structures occur to some extent, the 

entering substituents at the sulfur atom would lead to 

either rearrangement or rupture of the ring and accounting 

for usual ring rupture of thiophene with strong acids 

and oxidizing agents. In the metalation of thiophene, 

potassium causes complete scission, indicating an 

attaclli~ent of the potassium to the sulfur atom. Review 

of literature shows that sulfur precipitates adjacent 

ring formation, such as (61): 

but its strtJ.cture was not definitely established. In this 

special case, it is not likely that ring closure will be 

effected by attacking the sulfur atom of the thiophene 

ring. The second route was equally improbable, since it 

requires the establishment of a seven-member-ring 

condensed with a thiophene ring. This will put the 

molecule in a very bad shape as far as the geometry of the 

molecule is concerned. Review of literature shows that 

sulfur did precipitate seven-member-ring formation, but 
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not ·with a thiophene ring in the intact form. The third 
route results in the forr:iation of a thiophanthronc system. 

Both the parent syste;i1 and the polycyclic system are kno"m 

to be stable. ?he formation of the thiophanthY~na system 

requires the cyclization at the 3-posit;ion of the 

thiopheno ring. This needs further explan3.tion und more 

data ·t;o SU:!)port it. 'i'he directive influence of tho sulfur 

ato;,1 in the condensed or substituted syste:;w is different 

fro!!l that in the non-condensed or unsubstituted systGm. 

In thiophene, the 2-po3ition is preferentially activated, 

'lfrhile in thion:J.phthene, th~ 3-position is activated. In 

2-(2-thienylmethyl}-benzophenone, the ortho benzyl group 

directs the entering group to tho 3-position in addition 

to the smaller fraction of contribution of the following 

resonance structure: 

LJCi . 
c; 

This co~bined tendency would facilitate 3-position 

substitution. The following examples will support the 

above interpretation of 3-position ring closure. 

(62) 
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In view of the above, it is most probable that 

cyclization proceeded according to the third route, 

namely, the formation of a thiophanthrene system, 

/V°H~ )3" 'y/"V~ Vco !_I-~~~ 

6 6 
93% yield of the cyclized product further supports that 

thiophanthrene was the only product, otherwise it would 

be a mixture. 

(63) 

(64) 

(65) 
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Oxidation of 4-phenylthiophanthrene would lead to 
. . 
4,9-thiophanthraquinone 

which would be a definite proof of the original cyclized 

product, but the reaction w~s not attempted because of the . . . 

failure of the oxidation of 9-phenyl-anthraccne to the 

corresponding anthraquinone. 

Recently, W. Carruthers and J. R. Crowder (66)·reported 

that thiophanthrene gives a similar ultraviolet 

absorption spectrum to that of anthracena. This might 

be used to prove the structure of the cyclized product. 

For the time being, it seems reasonable to assign the 

structure of 4-phenyl-thioanthrene to the cyclized 

product of 2-(2-thienylmethyl)-benzophenone. 
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E. 9-Phenylanthracene (V). This was obtained in 

87% yield by the standard acid mixture. 

F. l,2-Dimethyl,10-phenylanthracene (XII). This 

compound was made in two different ways: 

(1) Via the Standard Acid. Reflux of the 

corresponding ketone with the standard acid mixture 

gave quantitative yield of this hydrocarbon. This 

high yield was not W1expected. Vingiello and 

Van Oot (27) had already proved that the electron 

. density t·,as highly increased by the methyl group 

para to the position where the carboniwn ion should 

attack. 

(2) Via Alumina. The purity of :the compound 

was greatly increased. One extraction with 

petroleum ether from the alumina mixture gave 

excellent analytical sample. The yield was 33%. 

G. 9-(2',3'-Dimethyl)-phenylanthracene (Va). This 

compound had been previously prepared by Kramer (27) in 

20% yield, using the sealed tube technique. Repetition 

of Kramer's work was to make enough sample for oxidation. 

No improvement of yield was gained. 



-$1-

H. l,2-Dimethyl,10-(2',4'-dimethyl)-uhenyl-

anthracene (XIIa). This compound was made in 32% yield 

by the standard acid mixture under nonnal pressure. 

I. Attempted Cyclization of 2',6'-Dimethyl 

2-benzylbenzophenone (IV~). This ketone had been 

cyclized by Kramer with the standard acid in sealed tube 

without success. Continuing Kramer's work in a different 

direction, it was thought that alumina might be able to 

overcome the terrific steric hindrance. The result was 

negative; only unreacted ketone and tars were isolated. 

The £act that alumina succeeded in the 1,2-benzanthracene 

series but £ailed in the anthracene series might be 

explained by the same principle, that is, cyclization 

should proceed more readily into a naphthyl ring than 

into a phenyl ring (8). 

J. Attempted Cyclization of 2-(2',3'-Dimethyl-

benzyl-2",6"-dimethylbenzophenone (XIc). Three different 

ways of cyclization, alumina, phenyl acid phosphate, and 

standard acid mixture were tried on this ketone; all 

ended in failure. Only the unreacted ketone and 

unidentifiable tars were isolated. Obviously, the 
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enhanced electron density caused by the two methyl groups 

was not enough to overcome the steric hindrance caused by 

the two ortho groups. 
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6. Oxidation 

A. Oxidation of Ketones and Ketimine. The oxida-

tion of monoketones to diketones was first introduced by 

Kasey (67) and extended by Spangler (29,30). When 

21-thienyl-2-benzylbenzophenone (XIX) was first prepared, 

tremendous difficulties were experienced in preparing the 

analytical sample. Finally, it was decided to oxidize it 

to the corresponding diketone. The original Kasey method 

in using concentrated sulfuric acid and sodium dichromate 

was too strong to be used, since 2'-thienyl-2-benzyl-

benzophenone (XIX) containing the thiophena ring which, 

as mentioned before, usually imparts instability to the 

molecule. Following Whitmore and Pedlow's direction (68), 
Spangler modified Kasey's method by employing chromic 

anhydride in acetic acid. Spangler's modified method 

was used. The yield was poor (7%) but the purpose in 

preparing the satisfactory crystalline analytical samples 

was achieved. Similarly, a satisfactory analysis for 

1-benzoyl 2-(2'-thienyl)-benzene (XV) was not obtained. 

The monoketone was oxidized and the diketone obtained 

was found to be identical with that from the oxidation 

of 2'-thienyl-2-benzylbenzophenone (XXIII). This can 

be sho~m as follows: 
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XIX 

XXIII 

xv 

Subsequently, 2 1 -thienyl 2-benzylbenzophenone (XIX) was 

analyzed satisfactorily. This indirectly supports that 

1-benzoyl 2-(2 1-thienyl)-benzene (XV) was the right 

compound. 
Kasey's method was too strong and Spangler's method 

was too weak to effect oxidation of 3'-thienyl 2-benzyl-

benzophenone (XXI). An intermediate condition was 

obtained by using 25% sulfuric acid, glacial acetic acid 

and sodium dichromate. The result was surprising; 

anthraquinone w~s obtained in 10% yield besides a small 

fraction of a crystal with a melting point of 100-125°C. 
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The crystal with a melting point of 100-125°0 might be 

the expected diketone. If more starting material is 

available in the future, more work is worthwhile to spend 

on this unknown crystal. The formation of anthraquinone 

indicates that the monoketone cyclized first and then 

split off the thiophene ring. 

Apparently, the 3-thienyl group is more susceptible to 

oxidation than the 2 1-thienyl group and phenyl group. 

2-(1'-Naphthylmethyl)-phenyl-2"-thienyl-ketimine 

(XVII) was also oxidized to complete the work. It is not 

surprising to find that only unreacted ketimine and some 

unidentifiable crystal were isolated, since oxidation of 

the amino and imino group always gives complicated 

products. 

B. Hydrocarbons. The oxidation of various anthracene 

and derivatives has often been employed to establish their 

structures. The oxidation occurs at the 9,10-positions 

resulting in the formation of the corresponding 
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anthraquinone. Kramer prepared 9-(2' ,:,•_-dimethyl) 

phenylanthracene and this author prepared 1,2-dimethyl, 

10-phenyl-anthracene. They were isomers. If they can be 

successfully oxidized, the structures of the original 

hydrocarbon can be ascertained by identifying the 

corresponding anthraquinones which are known compounds. 

This is shown as follows: 

Va 

XII 

H J 

9-Phenylanthracene ·(V)'was used as a model compound to 

find the optimum conditions of oxidation. 
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A series of five experiments were. done on this 

co~pound (V), using sodium dichromate as the oxidizing 

agent; the conditions varied from mild to vigorous. The 

results are as follows: 

~:o ((;() 
J'OH 

0 0 
V XXIV nv 

The expected anthraquinone has never been obtained. ·when 

9-phenylanthracene (V) was heated in a water bath of 

55-60°0 for 15 minutes, 10-phenylanthrone (XXIV) was 

obtained in quantitative yield. This proves that the 

meso position ·was susceptible to oxidation. Further 

heating (the total heating period was one hour) at the 

same temperature, gave 10-phenyl-10-hydroxyanthrone 

(XXV) in quantitativa yield. Further oxidations by 
varying the conditions progressively from refluxing for 

20 minutes up to the glass bomb heating at 145°C for 

15 hours always gave the same product (XXV) in over 90% 

yield. This is not surprising, since compound (XXV) is 
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a tertiary alcohol which is well known to resist 

oxidation. The phensrl group attached to the 10-position 

was stabilized by the tertiary alcohol system. The removal 

of the phenyl group cannot be accomplished without damage 

to the whole molecule. Likewise, oxidation of 9-(2',3'-

dimethyl)-phanyl-anthracene gave an unidentifiable 

product {it might be the tertiary alcohol, but no 

identification work was dona on it), instead of the 

expected anthraquinone. Based on Newalis' work {69), it 

was thought that (70) l,2-dimethyl-10-phenylanthracene 

might be successfully oxidized by first reducing it to the 

corresponding dihydro-compo~nd (XXVI). 

XXVI 

I I I > 

Reduction was carried out satisfactorily but oxidation 

gave only the unreacted dihydro-compound and some tars. 



-89-

EXPERIMENTAL 
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EXPERIMSNTAL 

o-Chlorobenzohydrol (I). 
A Grignard reagent was prepared from 37 g. (1.54 

mole) of magnesium, 242 g. (1.54 mole, 168 ml.) of 

bromobenzene, 400 ml. of anhydrous ether and a few 

crystals of iodine as activator. After all the magnesium 

had gone into solution, the mixture was heated under 

reflux with stirring for one hour. The reacting flask 

was immersed in ice-water. A solution of 109 g. (0.7~ 

mole, 98 ml.) of o-chlorobenzaldehyde in 100 ml. or 

anhydrous ethyl ether was added dropwise. The addition 

was completed within threa hours. The flask was cooled 

again and the contents were decomposed with saturated 

arnmoniu.~ chloride solution. The clear, pale yellow 

ethereal solution was decanted and the cake was extracted 

wi~h ether. The combined solution was washed, dried and 

concentrated. The fraction distilling at 163-170°0 

(5 nun.) weighed 140 g. (83%). [Lit. (2), 163-176°C, 

5 mm.). 

(a) All melting points were taken on a Fisher-Johns 
melting points block calibrated with known compounds. 

(b} All analyses were carried out by the Geller 
Laboratories, Bardonia, New York, N. Y. 
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o-Chloro-diphenylmethane (II). 

A. A mixture of 130 g. (0.6 mole) of o-chloro-

benzohydrol, 23 g. of iodine, 23 g. of red phosphorus and 
1350 ml. of glacial acetic acid was heated under reflux 

and with stirring for 30 hours. After cooling, the solution 

was filtered, and neutralized with a solution of 1200 g. of 

sodium carbonate in 3600 ml. of water, o-chlorodiphenyl-

methane was separated as oil. The whole heterogeneous 

mixture appeared red in color. The mixture was extracted 

with isopropyl ether. The ether extract was decolorized 

with 10% sodium hydroxide solution, washed, dried, and 

concentrated. The fraction distilling at 139-144°0 

(5 mm.) weighed 97 g. (76%). [Lit. (2), 138-142°C 

at 5 mm.] 

B. A Grignard reagent was prepared from 3.24 g. 

(0.135 mole) of magnesium, 21.2 g. (0.135 mole, 14 ml.) 

of bromobenzene and 100 ml. of anhydrous ethyl ether in 

a 250 ml. three neck round bottom flask. After the 

Grignard reagent was made, two-thirds of the ether was 
removed by distilling, and a solution of 21.7 g. {0.135 

mole, 17 ml.) in 75 ml. of anhydrous benzene was added 

to the reacting flask as fast as the exothermal reaction 

would pennit. The distillation of the solvent was 
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continued until the vapor temperature was 55°0. The 

whole mixture was heated under reflux f'or 12 hours. It 
was then cooled and poured into ice-water. The organic 

layer was separated, and the aqueous layer was extracted 

twice ,.-:ith benzene. The two solutions wera combined, 

washed, dried, concentrated, and the residue fractionated 

under vacuurn. The portion boiling at 126-130°0 (1.5 m.:n.) 

was identified as the expected o-chlorodiphenylmethane. 

Yield 13 g. (501;). [Lit. (2); 138-142°0 at 5 mm.] 

o-Benz¥lbenzonitrile {III). 
A mixture of 134 g. (0.61 mole) or o-chlorodiphenyl-

methane, 64 g. or cuprous cyanide, 50 ml. or anhydrous 

pyridine, and 2 g. or anhydrous cupric sulfate were 

heated together in a 500 ml. round bottom flask with an 

air-condenser which was equipped with a two-way reflux 

condenser to carry away the excess pyridine by carefully 
adjusting the stopcock. In about an hour, the temperature 

of the metal bath had reached 250°C. This temperature 

was maintained for 30 hours. During this period, one-half 

of the amount of pyridine was evaporated. This 

heterogeneous mixture was distilled first by aspirator 

to eliminate the remaining pyridine and then by vacuum 

pump using the common Claisen head fitted with a 
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wide-caliber capillary tube. The fraction distilled at 

160-165°C (5 mm.). Yield 96 g. (82 1t). [Lit. (2), 

146-154°C at 2 mm.] 

2-Chloro-2,3-dimethyldiphenylcarbinol (VIII). 
A Grignard reagent was prepared from 15 g. (0.62 mole) 

of magnesium turnings and 115 g. (0.62 mole) of 1-bromo-

2,3-dimethylbenzene, in 600 ml. of anhydrous ether using a 

crystal of iodine as an initiator. After all the halide 

had been added, the solution was heated under reflux for 

three hours, and cooled to room temperature. A solution 

·· .. of 130 g. (0.9 mole, 104 ml.) of o-chlorobenzaldehyde in 

300 ml. of anhydrous ether was added dropwise. At the 

end of the addition, the adduct appeared as a white 

precipitate in the flask. 'rhe mixture was heated under 

reflux for three hours. The complex was decomposed with 

16 5 ml. of 207; a'lllllonium chloride using an ice bath to 

control the temperature of the reaction. The 

ethereal solution was decanted from the solid residue 

which was extracted twice ~nth fresh ether. The 

combined extract was dried over calcium chloride, the 

ether was removed by distillation and the residue was 

distilled at 2 m.~. The fraction distilling at 177-182°0 
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weighed 48 g. (50%). The viscous, colorless oil was 

crystallized upon standing (m.p. 49-50°C). 

Anal. Calcd. for c1;H1;0Cl: C, 73.15; 
Found: C, 73.3$; 

H, 6.12 
H, 5.72 

2-Chloro-2,3-dimethyldiphanylmethane (IX). 
A slurry of 70 g. of the corresponding carbinol 

(VIII) (0.28 mole), 15 g. of iodine, 15 g. of red 

phosphorus and 700 ml. of glacial acetic acid were heated 

under reflux with mechanical stirring for 30 hours. 

After the solution was cooled, the phosphorus was 

filtered. It was neutralized with sodium carbonate and 

extracted with isopropyl ether. The combined extracts 

were washed with 1or; sodium hydroxide, water, dried, and 

concentrated. The residue was crystallized immediately, 

weighed 65 g. (92%) (m.p. 56-57°C). 

~. Calcd. for c15H1;Cl: C, 78.08; H, 6.56 

Found: c, 78.00; H, 6.33 

2-(2,3-Dimethylbenzvl)-benzonitrile (X). 

A mixture of 70 g. (O.J mole) of 2-chloro-2,3-

dimethyldiphenylmethane, 35 g. of cuprous cyanide, 1 g. 

of anhydrous cupric sulfate and 140 ml. of anhydrous 
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pyridine was heated together in a JOO ml. round bottom 

flask in a metal bath with an air-cooled condenser 

equipped with a two-way reflux condenser to carry away 

the excess pyridine by carefully adjusting the stopcock. 

In about an hour, the temperature of the metal bath had 

reached 250°C. This temperature was maintained for JO 
hours. The heterogeneous mixture was distilled first by 

an aspirator to eliminate the remaining pyridine (it was 

about one-half the original amount) and then by vacuum 

pump at 3 mm. using the common Claisen head fitted with a 

wide-caliber capillary tube. The fraction distilling at 

158-165°C (3 mm.) weighed 43 g. (65%). The oil solidified 

almost immediately. 

!lli!!• Calcd. for C16H15N: C, 86.84; H, 6.83 
Found: c, 86.78; H, 6.87 

2-Chlorophenyl-1-naphthylmethane (VI). 
A Grignard reagent was prepared from 30 g. (1.25 mole) 

of magnesium, 248 g. (1.20 mole, 168 ml.) of 1-bromo-

naphthalene and 900 ml. of anhydrous ethyl ether in a two 

liter three neck round bottom flask. After the Grignard 

reagent was made, two-thirds of the ether was distilled 

off, a solution of 194 g. (1.20 mole, 166 ml.) of 
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o-chlorobenzylchloride in 500 ml. of anhydrous benzene 

was added as fast as the exothermal reaction would permit. 

The whole mixture was refluxed for six hours. It was then 

cooled and poured into ice-water. The organic layer was 

separated and the aqueous _layer was extracted twice with 

benzene. The two solutions were combined, dried over 

calcium chloride, concentrated, and the residue 

fractionated under vacuum. The portion, b.p. 189-195°0 

(2 mm.) weighed 150 g. (50%). [Lit. {J), 189-192°0 

(2 mm.).] 

2-(1-Naphthylmethvl)-benzonitrile (VII). 

A mixture of 128 g. (0.5 mole) of 2-chlorophenyl-1-

naphthyl methane {VI), 56 g. (0.62 mole) of cuprous 

cyanide and 65 ml. of anhydrous cupric sulfate was heated 

together in a 500 ml. round bottom flask in a metal bath 

with an.air-cooled condenser equipped with a two-way 

reflux condenser to carry away the excess pyridine by 

carefully adjusting the stopcock. In about half an hour, 

the mixture boiled very vigorously. The stopcock leading 

to the receiver was opened and 20 ml. of pyridine was 

allowed to distill off. The temperature of the metal 

bath was maintained at 250°C for 32 hours. The 

heterogeneous mixture was distilled first by aspirator 
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to get rid of the remaining pyridine and then by the 

vacuum pump at 2 mm. using a Claisen head fitted with a. 

wide-caliber capillary tube. The fraction distilling at 

205-210°C weighed 100 g. (83%). [Lit. (3), 216-217°C 

(3 mm.).] 

2-Bromothiophene. 

A one l. three-neck round bottom flask containing a 

solution of 25 g. (0.3 mole) of thiophene in 125 ml. of 

glacial acetic acid was equipped with a mechanical stirrer, 

a reflux condenser, a feeding funnel and immersed in an 

ice-water bath. A solution of 47 g. (0.29 mole, 16 ml.) 
of bromine in 250 ml. of glacial acetic acid was added to 

the reaction flask dropwise with stirring. After addition, 

the stirrin3 was continued for five hours, and the 

solution was light brown. The reaction was stopped by 

adding 500 ml. of water to the mixture~ The brominated 

thiophene was extracted with isopropyl ether. This 

extract was washed with 10~ sodium hydroxide and water, 

to remove the acetic acid, dried and evaporated. The 
residue was distilled under water pump, b.p. 56°0, ·yield 

30 g. (60%) (b.p. at atmospheric pressure, 145-147°C). 
(Lit. (71), b.p. 158-162°C.] 
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2-Thionhenecarboxylic Acid. 

A Grignard reagent was prepared from 6 g. (0.25 mole) 

of magnesium, 40 g. (0.25 mole, 24 ml.) of 2-bromo-

thiophene, 150 ml. of anhydrous ether and a few crystals 

of iodine as starter. The Grignard reagent was very easy 

to make. The solution of the Grignard reagent was poured 

slowly with vigorous shaking and stirring onto a one-

liter dry beaker containing an excessive amount of solid 

carbon dioxide. The adduct set up like a jelly stiff 

mass. The reaction was completed in a cor:iparatively 

short time. All the unreacted carbon dioxide evaporated 

at the end of the reaction. A mixture of 150 g. of ice, 

100 ml. of ,·rater, JO ml. of concentrated hydrochloric acid 

was poured onto the jelly-like adduct with vigorous 

stirring. The adduct was decomposed, the solid dissolved, 

and there was a separation of two layers. The organic 

layer was separated, the aqueous layer was extracted with 

isopropyl ether. The two organic solutions were combined, 

washed, and extracted with a solution of 35 g. of sodium 

bicarbonate in 500 ml. of water. The sodiurn salt of the 

thiophene-2-carboxylic acid was dissolved in the alkaline 

solution. The free acid was precipitated out by 

acidifying the alkaline solution with 50 ml. of 
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concentrated hydrochloric acid. 

m.p. 1J0°C, yield JO g. (95%). 
130°C.J 

Tetraiodothiophene. 

Recrystallization gave 

[Lit. (72), m.p. 129-

Twenty-one g. (0.25 mole, 19.7 ml.) of thiophene was 

dissolved in 425 ml. of glacial acetic acid in a two-liter 

three neck round bottom flask, fitted with a mechanical 

stirrer and a straight Liebig condenser. Three hundred 

and twenty-five g. (1.5 mole) of red mercuric oxide was 

added portionwise to avoid caking at the bottom by 

stirring and shaking. During the addition, a great amount 

of heat evolved and the whole mixture turned milky white. 

After the addition of the mercuric oxide was completed, 

the whole mixture was heated so that the hetergeneous 

mixture was about to boil (there was no actual reflux 

as mentioned in Hartough's book [20) since most of the 

glacial acetic acid was tied up in the formation of tetra-

acetoxymercurithiophene). Two hundred, fifty-seven and 

one-half g. of iodine was added portionwise through the 

top of the Liebig condenser. As the iodination was going 

on, acetic acid was released, and the refluxing and 

stirring were made much easier than before. After the 

last portion of iodine was added, the whole contents of 
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the flask were poured out into a three liter beaker. One 

liter of cold water was added slowly with vigorous 

stirring to break the lumps. The insoluble product was 

filtered and washed twice with water. The solid ,tas 

digested with carbon disulfide and recrystallized from 

dioxane, m.p. 200-201°C, yield 100 g. (69%). [Lit. (40), 

m.p. 198•199°0.J 

3-Iodothiophene. 

A. Reduction of tetraiodothiophene 

One hundred ml. of lOJ~ sodium hydroxide was 

poured into a beaker contnining 45 g. of granulated 

aluminum. As soon as hydn:,gen gas started to evolve 

freely, the sodium hydroxide solution was decanted and 

washed with water. One hundred ml. of 1% mercuric 

chloride solution was added to the beaker, and allowed to 

react with the aluminu.-n for 20-30 seconds. The aqueous 

layer was decanted and the solid residue was washed with 

water, ethanol and ether. This was the aluminum a~algam 

and was ready to be used now. 

Forty g. (0.068 mole) of tetraiodothiophene, 150 ml. 

of ethyl ether, 100 ml. of ethanol, and 5 ml. of water 

were r.tlxed in a one-liter three neck round bottom flask 
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fitted with a mechanical stirrer and a reflux condenser. 

The above freshly made aluminum amalgam was added to 

the flask portionwise with stirring. The reaction was 

exothermic and accompanied by a vigorous evolution. of 

hydrogen gas. Tetraiodothiophene dissolved gradually. 

After the completion of the addition of t~1e aluminum 

amalgam, the heat of reaction was sufficient to keep the 

mixture self-refluxing for a while until mercury droplet 

was seen at the bottom of' the flask. 'rhe refluxing was 

continued by heating for another three hours. The liquid 

mixture was decanted ani the solid residue was washed 

once with water, and twice with ether. The water 

washings were combined with the liquid mixture and 

diluted with more water until the total volume was about 

two liters. At this point, the heavy oil separated out 

at the bottom. The oil was.separated and combined with 

the ether washings. The liquid mixture after the 

separation of the heavy oil, was distilled until b.p. 

was 7$°C. The liquid residue was extracted with ether, 

and the ethereal solution was combined with the above 

heavy oil and ether washings. By doing this the steam 

distillation as suggested by Hartough was omitted. The 

combined organic solution thus obtained was washed, dried, 
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concentratod and distilled under v~cuu.~. 3-Iodo-

thiophene distilling at 80°C (12 I~J.) weighed 8 g. 

(57J;). [Lit. (40), 77°C at 12 mm.] 

B. Reduction of 3,4-diiodothio2hena 

A mixture of 60 g. (0.18 mole) of 3,4-diiodo-

thiophene, 60 g. of freshly made aluminum amalgam, 350 ml. 

of ether, 225 ml. of ethanol was heated under reflux for 

three hours. The liquid mixture was decanted. The 

procedure after this was exactly the same as in the above 

reduction of tetraiodothiophene. 3-Iodothiophene 

distilling at 80°C (12 mm.) weighed 23 z. (65~;'o). 

l-Bromo-2 1 3-dimethxlbenzene. 

Co.m.~ercial l-amino-2,3-dimethylbenzene hydrochloride 

was treated with 2$ g. of sodium hydroxide (dissolved in 

120 ml. of water), and the free xylidine was extracted 

with isopropyl ether. After removing the ether, it was 

further purified by yacuwn distillation, b.p. 84°C at 

3 mm., yield 72 g. (94%). 
To a two-liter three neck round bottom flask 

containing 210 ml. (l.8 mole) of hydrobromic acid 

(47-49~), 72 g. (0.6 mole) of l-amino-2,3-dimethyl-

benzcne was added dropwise. The crystals formed, were 
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crushed by stirring to avoid caking at tha bottom. The 

flask was fitted with an ice-salt water bath to keep the 

temperature around 0°C. A solution of 49 g. (0.7 mole) 

of sodium nitrite in 90 ml. of water was added to the 

mixture in such a rate th:3.t no loss of nitrous acid and 

no decomposition were observed. The time of such addition 

was 30 minutes. After diazotization, 7 g. of copper 

uowder was added along with 280 ml. of water and the 

mixture was allowed to warm until the evolution of 

nitrogen ceased. The whole mixture was refluxed for JO 

minutes, and steam distilled until yellovr crystals appeared 

at the condenser to block distillation (phenols). It was 

separated, dissolved in isopropyl ether, treated with 10% 

sodium hydroxide solution, concentrated sulfuric acid, 

water, and dried over calcium chloride. The solvent was 

removed and the concentrated residue was distilled under 

vacuum. The bromoxylene distilled over at 66-67°0 
(3 mm.), yield 52 g. (47%). [Lit. (73), b.p. 210-213°C, 

at normal pres~ure.J 

l-Bromo-3 8 5-dimethylbenzene. 

To a two-liter three neck round bottom flask 

containing 276 ml. of 95% ethanol and 69 ml. of· 

concentrated sulfuric acid, 85 g. (0.43 mole) of 
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l-bromo-2-amino-3,5-dimethylbenzene was added slowly with 

vigorous stirring to avoid caki~g at the bottom of the 

flask. Th::.? flask was immersed in an ice-water bath to 

keep the temperature around 0°C. A solution of 51 g. 

(0.74 mole) of sodium nitrite in 90 ml. of water was added 

to the flask i11 such a rato thn t no loss of nitrous acid 

and no deco:nposition were observed. The time of such 

addition was 90 minutes, and the stirring was continued 

for 20 minutes. Twelve g. of copper powder was added and 

the r.tlxture was allowed to warm until the evolution of 

nitro:-:;cn ceased, and stea1-:i distilled. It was separated, 

dissolved. in isopropyl ether, treated with lO;b sodium 

hydroxide :'3olution, water, concentrated sulfuric acid, and 

dried over calcium chloride. The solvent was removed and 

the residue was distilled under vacuum. The bromoxylene 

distilled at 75-76°C (5 mm.). Yield 48 g. (61~~). [Lit. 

(27), b.p. 75-76°C (5 mm.).] 

Attempted S2:nthesis of o-chloroohenxl-2-thienyl carbinol. 

A Grignard reagent was prepared fron 6.48 g. (0.27 

mole) of magnesiUI:1, 44 g. (0.27 mole) of 2-bromothiophene 

and 250 ml. of anhydrous ether. After the Grignard 

reagent was formed, a solution of 21 g. (0.15 mole, 16 

ml.) of o-chlorobenzaldehyde in 25 ml. of anhydrous ether 
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was added dropwise. The condensation adduct was visible 

as white precipitate. After the addition was completed, 

the heterogeneous mixture was heated under reflux with 

stirring for one hour. Then, it was cooled, decomposed 

with 50 ml. of 20;;; ammonium chloride solution. The 

ethereal solution was decanted, and the solid cake was 

extracted with fresh ether. 'rhe combined solution was 

washed, dried and concentrated. The whole solution turned 

a dark jelly mass. Attempts to distill it under vacuum 

resulted in decomposition. The decomposed gas ruined the 

vacuum system, the pressure gauge stopped to function, and 

the whole system was a mess. 

Attempted synthesis of 2-(2-chlorobenzyl)-thiophene (XIII). 

A. A Grignard reagent was prepared from J.24 g. of 

magnesium, 22 g. (0.135 mole, 13.5 ml.) of 2-bromothiophene 

and 125 ml. of anhydrous ether. A solution of 40 g. (O.J 
mole, 30 ml.} of o-chlorobenzaldehyde in 100 ml. of 

anhydrous ether, was added dropwise. The adduct was 

decomposed with 3 5 ml. of 20}~ ammonium chloride solution. 

The concentrated hydro! solution was reduced immediately and 

directly.without isolation of the hydrol to avoid polymeriza-

tion. It was mixed with 6 g. of phosphorus, 6 g. of iodine, 

250 ml. of glacial acetic acid and heated under reflux 
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with stirring for 28 hours. After cooling, polymerized 

resin was left in the reacting flask along with the 

unreacted phosphorus, causing the filtration operation 

to be impracticable. The decanted upper dark red solution 

was neutralized, and extracted with isopropyl ether. The 

distillation of the isopropyl ether solution was 

impossible because of decomposition. 

B. A Grignard reagent was prepared from 3.24 g. 

(0.135 mole) of magnesium, 22 g. (0.135 mole) of 2-bromo-

thiophene, 100 ml. of anhydrous ether and a few crystals 

of iodine as activator. After the Grignard reagent was 

made, a solution of 21.7 g. (0.135 mole, 17 ml.) of 

o-chlorobenzylchloride in 100 ml. of anhydrous ether was 

added dropwise. The mixture was heated under reflux for 

two hours. After cooling, 250 ml. of water was added to 

the reaction flask. The ethereal solution was separated, 

. washed, dried, and concentrated. Twenty g. (almost 

quantitative) of the unreacted o-chlorobenzylchloride 

was isolated as the only product. 

2-(2-Chlorobenzyl)-thiophene (XIII). 

A. Twenty-one g. of thiophene ·(0.25 mole), 34 g. 

(0.25 mole) of zinc chloride, 42 g. (0.25 mole, 34 ml.) 

of o-chlorobenzylchloride, 150 ml. or dry petroleum 
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ether were mixed in a 500 ml. three neck round bottom flask 

fitted with a mechanical stirrer, a refluxing condenser 

which, in turn, was fitted with a calcium drying tube 

leading to a 500 ml. beaker with an inverted funnel to 

catch the evolving hydrogen chloride gas. The whole 

mixture was refluxed for 12. hours. A small amount of 

hydrochloric acid was observed to evolve out and being 

caught by the beaker; zinc chloride caked together at the 

bottom. The reaction was stopped by pouring carefully 

the entire contents into a one-liter beaker half-filled 

with ice-water. The organic layer was separated and 

dried over calcium chloride. The petroleum ether was 

distilled off, and the remaining solution was distilled 

under vacuum. Thirty-four g. of unreacted o-chloro-

benzylchloride was recivered, b.p. 78°0 at 6 mm., yield 

80%. The remaining portion (XIII} was distilled at 

113•ll4°C (1 mm.). Colorless oil with strong blue 

fluorescence resulted. Yield 4 g. (8%). 

B. Forty-two g. (0.5 mole) of thiophene, 42 g. (0.25 

mole, 35 ml.) of o-chlorobenzylchloride, 34 g. (0.25 mole) 

of zinc chloride were mixed in a 250 ml. three neck 

round bottom flask fitted with a mechanical stirrer, a 

refluxing condenser which was, in turn, fitted with a 

drying tube leading to a 500 ml. beaker half-filled with 
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sodium hydroxide (10%). It was refluxed for 10 minutes. 

Zinc chloride was caked together and turned yellow. The 

reaction was stopped by pouring the whole mixture into 

ice-water. The organic layer was separated and dried 

over calcium chloride. After vacuum distillation, the 

fraction with a b.p. of 78°C at 6 mm. was found to be the 

unreacted o-chlorobenzylchloride. Yield 10 g. (24%). · The 

second fraction with b.p. 113-ll4°C at 1 mm. was the 

expected 2-(2-chlorobenzyl)-thiophene. Yield 9 g. (20%).· 

c. A Grignard reagent was prepared from 36 g. (0.22 

mole, 22 ml.) of 2~bromothiophene, 5.28 g. (0.22 mole) of 

magnesium, and 200 ml. of dry ether in a 500 ml. three 

neck round bottom flask fitted with a mechanical stirrer, 

a refluxing condenser, and a feeding separatory funnel. 

After the Grignard reagent was made, the ether was 

removed by distillation, a solution of 36 g. (0.22 mole, 

28 ml.) of o-chlorobenzylchloride in 100 ml. of dry 

benzene was added to the round bottom flask through the 

feeding funnel rather fast. The distillation of the 

solvent was continued until the vapor temperature was 

60°C. The whole mixture was heated under reflux and 

stirred for seven hours. It was then cooled and the 

whole mixture was poured into ice-water. The organic 
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layer was separated and the aqueous layer was extracted 

twice with benzene. The two solutions were combined, 

dried over calcium chloride, concentrated, and the residue 

fractionated under vacuum. The colorless oil with strong 

blue fluorescence, weighed 33 g. (72%), b.p. 113-114°C 

(1 m.m.). The analytical sample was made by redistilling 

the sample six times. 

Anal. Calcd. for c11H9C1S: 

c, 63.30; H, 4.34; Cl, 16.99; s, 15.36 

Found: c, 62.73; H, 4.09; Cl, 17.43; s, 15.63 

21 2-Di-,2-chlorobenzill-thionhene iXIIIa}. 

Twenty-one g. (0.25 mole, 20 ml.) of thiophene, 42 g. 

(0.25 mole, 34 ml.) of o-chlorobenzylchloride, 34 g. 

(0.25 mole) of zinc chloride and 60 ml. ($0-100°0) of dry 

petroleum ether were mixed in a 250 ml. three neck round 

bottom flask fitted with a mechanical stirrer, a refluxing 

condenser which, in turn, was fitted with a drying tube 

leading to a 500 ml. beaker by an inverted funnel half 

filled with water. The flask was heated under reflux for 

eight hours. It was then cooled and poured onto ice-

water. The organic layer was separated, washed, dried, 

and concentrated. The residue was distilled under vacuum. 
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Two fractions were separated. The first was identified 

as the 2-(2-chlorobenzyl)-thiophene, b.p. 113-ll4°C at 

1 mm. Yield 7 g. (14%). The second fraction was assumed 

to be the 2,5-di-{2-chlorobenzyl)-thiophene, b.p. 

190-192°C at 5 r.un., pale yellowish oil uith strong blue 

fluorescence, yield 10 g. (24%). 

Anal. Calcd. for c18a14c12S: 
c, 64.S6; H, 4. 23; Cl, 21.29; s ' 9.62 

Found: c, 63.98; H, 4.05; Cl, 21.99; s, 9.98 

2-(2-Thienvl)-benzonitrile (XIV). 

A mixture of 30 g. (0.14 mole) of 2-(2-chlorobenzyl}-

thiophene, 15 g. of cuprous cyanide, 15 ml. of anhydrous 

pyridine, and a few crystals of anhydrous cupric sulfate 

were heated toeether in a 100 ml. round bottom flask in a 
metal bath with an air-cooled condenser equipped with a 

two-way reflux condenser to carry away the excess pyridine 

by carefully adjusting the stopcock. In about an hour, 

the temperature of the metal bath had reached 250°C. 

This temperature was maintained for 25 hours. The 

heterogeneous mixture was distilled first by aspirator 

to get rid of the remaining pyridine, and then by the 

vacuum pump at 5 mm. using the common Claisen head fitted 



-111-

with a wide caliber capillary tube. The fraction 

distilling at 175-17$ 0 0 weighed 16 g. (58~). The 

analytical sample was made by redistilling five times 

at 122-123°0 (0.5 mm.). 

~. Calcd. for o12H9Ns: 

Di2henylmethane. 

C, 72.32; H, 4.55; N, 7.03; S, 16.09 

O, 72.10; II, 4.67; N, 6.90; S, 15.76 

A. A Grienard reagent was prepared from 6.48 g. 

(0.27 mole) of magnesium, 42.4 g. (0.27 mole, 2S ml.) 
of bromobenzene, and 200 ml. of anhydrous ether. After 

the Grignard reagent was prepared, two-thirds of the 

ether was distilled off. A solution of 34.29 g. of benzyl-

chloride (0.27 mole, 33 ml.) in 200 ml. of anhydrous 

benzene was added as fast as the exothermal reaction 

would permit. The mixture was heated under reflux for 

six hours. The whole flask was clouded with white 

precipitate. The cooled mixture was treated with ice-

water to dissolve the inorganic salts. The organic layer 

was washed, dried, concentrated and fractionated. The 

fraction distilling at 90°0 (2.5 mi~.), 260°0 (normal 

pressure), 120°0 (10 mm.) (m.p. 25°C), weighed 40 g. 

(90%). [Lit. (74), b.p. 120°c (10 mm.), m.p. 26-27°C.] 
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B. The procedure was exactly the same as in A, 

except that the molar ratio of phenylmagnesiumbromide 

and benzylchloride was 15:25. The yield was 92%. 
c. This was an exact repetition of Gilman and Jones' 

experiment. All the procedure was the same as in B except 

that the solution of benzylchloride was in toluene rather 

than benzene in order to copy Henry Oilman's experiment. 

The yield was 92%. 

Benzophenone. 

A solution of 5 ~l. of diphenylmethane (the sample 

made above) in 10 ml. of glacial acetic acid, and a 

solution of 4.5 g. of crystalline chromic anhydride in 

5 ml. of water and 30 ml. of glacial acetic acid were 

mixed in a round bottom flask. The heat that developed 

was subsided by allowing the mixture stand for half an 

hour. Then it was heated in a steam bath for one hour. 

The whole mixture was poured into 100 ml. of water. 

The oiled-out product resisted crystallization. It was 

distilled-under· vacuum, b.p. 120°C (2.5 m.~.), yield 3 g. 

( 55j~) • It solidified on standing in a refrigerator~ 

m.p. 2J°C, labile form. [Lit. (74), m.p. 26°0.] 
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Benzophenoneoxime. 

A solution of 5 g. of the above made b::mzophenone 

sample in 50 ml. of ethanol, and a solu'Gion of 5 g. of 

hydroxyamine hydrogenchloride in 15 ml. of water were 

mixed in a 250 ml. three neck round bottom flask. To this, 

a solution of 10 g. of sodium hydroxide in 15 ml. of water 

was added. The whole mixture was heated with a water bath 

for an hour with stirring. The product was poured into 200 

r.11. of water, and neutralized with dilute sulfuric acid. 

The benzophenoneoxime crystallized out in a quantitative 

yield, r.1.p. 142°C. [Lit. (75), m.p. 141-142°0.] 

2-(1-Naphthylmethyl)-phenyl-2-thienylketimine (XVII}. 

A Grignard reagent was prepared from 6 g. (0.25 mole) 

of magnesium, a solution of 40 g. (0.25 mole, 24 ml.) of 

2-bromothiophene in 150 ml. of dry ether in a 500 ml. 

three neck round bottom flask fitted with a mechanical 

stirrer, a reflux condenser, and a feeding separat?ry 

funnel. After the completion of the Grignard reagent 

formation, two-thirds of the ether was removed by 

distillation, and a solution of 48.6 g. (0.2 mole) of 

2-(1-naphthylmethyl)-benzonitrile in lOC ml. of dry 

benzene was added rapidly from the feeding funnel. The 

solvent was further distilled until the vapor temperature 
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was 70°0 and the solution became cloudy yellow. The 

yellow milky substance was the adduct. It was refluxed 

for 24 hours, cooled to'room temperature, decomposed 

with 50 ml. of 20% solution of ammoniu.~ chloride. The 

organic solution was decanted, and the solid residue was 

extracted twice with benzene, washed with water, and dried 

over calcium chloride. When most of the benzene was 

distilled it crystallized out rather rapidly, yield 50 g. 

( 777h), m.p. 99-100°0. 

Anal. Calcd. for C22H17NS: -
c, 80.69; H, 5.23; N , 4.28; s, 9.80 

Found: c, S0.46; H, 5.24; N, 4.04; s, 9.95 

2-(2',3'-Dimethylbenzyl)-2.6-dimethyl-phenyl-ketimine-

hydrochloride (XIa). 

A Grignard reagent was prepared from 5 g. (0.22 mole) 

of magnesium, 50 g. (0.22 mole) of 2-iodo-l,J-dimethyl-
benzene in 300 ml. of anhydrous ethyl ether. After the 

Grignard reagent was made, two-thirds of the solvent was 

rem~ved by distillation. A solution of 16 g. (0.074 mole) 

of the nitrile (X) in 250 ml. of anhydrous benzene was 

added to the reacting flask rather fast. The mixture was 

heated under reflux for 24 hours, decomposed with 22 ml. 
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of 20% ammonium chloride solution, an4 filtered. The 

s_olid residue was extracted twice with benzene. The 

combined benzene solution was washed, dried, concentrated 

and mixed with ethyl ether. Addition or 20 ml. of 

concentrated hydrochloric acid caused the ketimine to 

crystallize immediately from the ethereal solution. Yield 

21 g. (80%), m.p. ltW°C (decomposed). 

2,3-Dimethylphenyl-2-benzylphenyl ketimine hydrochloride 

(Iva). 
A Grignard reagent was prepared from 4 g. (0.16 

mole) of magnesium, 30 g. (0.16 mole) of l-bromo-2,3-

dimethylbenzene, 150 ml. of anhydrous ether and a few 
crystals as initiator. The Grignard reagent was sluggish 

to start but once started, it went on to completion 
(the indicator was the disappearance of magnesium) 

very smoothly. Two-thirds of the ether was removed by 

distillation •. A solution of 17 g. (0.088 mole) of 
2-cyanodiphenylmethane in 200 ml. of toluene was added 

all at once. The mixture was heated under reflux for 

20 hours, cooled, and decomposed with 25 ml. of 20% 

ammonium chloride. The organic solution was decanted, 

and the solid residue was extracted ·with fresh benzene. 

The combined solution was precipitated by adding 20 ml. 
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of concentrated hydrochloric acid. Yield 29 g. (100%), 

m.p. 195-200°0. 

2.5-Dimethylphenyl-2-benzylRhenyl ketimine hydrochloride 

(!Vb}. 

A Grignard reagent was prepared from 29 g. (0.16 mole, 

23 cl.) of l-bromo-2,5-dimethylbenzene, J.8 g. (0.16 mole). 

of magnesium, 150 ml. of anhydrous ether and a crystal of 

iodine. After all the magnesium had reacted completely, 

two-thirds of the ether was distilled off and 10 g. {0.05 

mole) of 2-cyanodiphenylmethane in. 100 ml. of anhydrous 

benzene was added to ·the reacting flask rather fast. The 

solution was heated under reflux for 24 hours, cooled and 

decomposed ~tlth 13 ml. of 20% ammonium chloride solution. 

The cake was washed with fresh benzene. The two organic 

solutions were combined, washed, and dried. The ketimine 

was precipitated by adding 20 ml. of concentrated hydro-

chloric acid. ~ield 12.8 g. (74~;}, m.p. l80-185°C. 

2.6-Dimethylnhenyl-2-benzylphenyl ketimine hydrochloride 

(IVc). 
A Grignard reagent was prepared from J.9 g. 

{0.16 mole) of magnesium, 35.8 g. (0.16 mole, 25 ml.) 
of 2-iodo-1,3-dimethylbcnzene and 150 ml. of anhydrous. 

ether. After all the magnesium had reacted, two-thirds 
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of the ether was distilled off, a solution of 15 g. (o.og 
mole) of 2-cya.nodiphenylmethana in 100 ml. of anhydrous 

benzene was added rather fast. The mixture was heated 

under reflux for 12 hours, cooled, and decomposed with 

22 ml. of 201~ ammonium chloride. The organic solution 

was ssparated. The cake was extracted with fresh benzene. 

The two organic solutions were .combined, washed and dried. 

The ketimine salt was precipitated with 20 ml. of 

concentrated hydrochloric acid as white crystals, m.p., 

. l80-1£!4°C, with decomposition. Yie°Id 26.g g. (100%). 

[Kramer's 11. s. thesis yield, 20 g. (74%), miscalculated 

(84~&), page 39.] . 

3, 2-Dimothyl-2-benzylphenyl-ketimine hydrochloride ( 111d). 

A Grignard reagent was prepared from 2.8 g. {0.116 
mole) of magnesium, 21.5 g. (0.116 mole) of l-bromo-3,5-

dimethylbenzene, 150 ml. of anhydrous ether and a crystal 

of iodine. After all the magnesiu."l had reacted, two-

thirds of the ether was distilled off. To this, was 

added with stirring 15 g. (o.og mole) of 2-cyanodiphenyl-

methune in 100 ml. of anhydrous toluene. The mixture was 

heated under reflux for nine hours, cooled and decomposed 

with 16' ml. of 207& ammonitun chloride solution. The cake 
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was washed with fresh benzene. The two organic solutions 

were combined, washed, dried and the organic solvent 

replaced with anhydrous ether, and the ketimine salt was 

precipitated with hydrogen chloride gas, yield 14 g. 

(5011). [Kramer's M. s. Thesis, yield 9 g. (35%), page 

46a.J Melting point 200-205°C with decomposition. 

2-Thienyl-2-benzylbenzophenone (XIXl. 
A. A Grignard reagent was prepared from 6 g. (0.25 

mole)of magnesium and a solution of 40 g. (0.25 mole, 24 

ml.) of 2-bromothiophene in 150 ml. of anhydrous ethyl 

ether in a 500 ml. three neck round bottom flask fitted 

with a mechanical stirrer, a reflux condenser and a 

feeding separatory funnel. After completion of the 

Grignard reagent fonnation, two-thirds of the ether was 

removed by distillation, and 33 g. (0.16 mole) of 

2-cyanodiphenylmethane dissolved in 100 ml. of anhydrous 

benzene was added to the reacting flask through the reeding 

funnel as rapidly as the exothermal reaction would. permit. 

The solvent was distilled further until the vapor 

temperature was 60°C, and the mixture became cloudy white~ 

Heating under reflux was continued for five hours, and 

the mixture was decomposed with 50 ml. of 20% ammonium 
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chloride. After washing the benzene solution with water 

and drying it over calciu.~ chloride, the filtered benzene 

solution was treated with 40 ml. of concentrated 

hydrochloric acid. No katimine salt could be crystallized 

out. The whole mixture was refluxed with 500 ml. of .25% 

H2so4 for another 15 hours. The solution was cooled to 

room temperature, washed with water, dried, concentrated 

and the residue distilled under vacuum giving 30 g. (70%) 
of viscous oil which distilled at 192°0 (0.5 mm.). The 

· oil was crystallized from ethanol melting at 43-44°0. 

Anal. Oalcd. for o18n11., OS: 

C, 77.66; H, 5.07; S, 11.52 
Found: O, 77.53; H, 4.97; S, 11.52 

B. A Grignard reagent was prepared from 7.2 g. 

(O.J mole} of magnesium and a. solution of 50 g. (0.3 

mole, 30 ml.) of 2-bromothiophene in 250 ml. of anhydrous 

ethyl ether in a 500 ml. three neck round bottom flask 

fitted with a mechanical stirrer, a reflux condenser and 

a feeding separatory funnel. After the completion of the 

Grignard reagent formation, two-thirds of the ether was 

removed by distillation and 47 g. (0.24 mole) of 

2-cyanodiphenylmethana dissolved in 100 ml. of anhydrous 
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benzene was added to the reacting flask as rapidly as 

the exothennal reaction would permit. The solvent was 

distilled further until the vapor temperature was 60°0, 

and the mixture became cloudy. Heating.under reflux and 

stirring was continued for 18 hours. The mixture was 

decomposed with 65 ml. of 20% ammonium chloride. The 

organic layer was decanted and the solid residue was 

extracted twice with benzene. The combined solution was 

washed, dried and concentrated, and the residue was 

distilled under vacuum giving 59 g. (88%) of viscous oil 

exactly identical with the above. 

3-Thienyl-2-benzylbenzoEhenone (XXI). 
A mixture of 12 g. (0.06 mole) of 3-iodithiophene, 

).84 g. (0.16 mole) of magnesium, 150 ml. of anhydrous 

ethyl ether and a few crystals of iodine were heated in 

a 500 ml. three neck round bottom flask fitted with a 

mechanical stirrer, a refluxing condenser and a feeding 

separatory funnel. As soon as the mixture started to 

boil, 7 g. (0.07 mole, 5 ml.) of anhydrous ethyl bromide 

was poured into the flask all at once. The reaction 

started immediately and it was so vigorous that an ice-

water bath was supplied to the flask to adjust to smooth 

refluxing. An hour later, another portion of 5 g. (0.046 
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mole, 3 ml.) of anhydrous ethyl bromide was poured into 
the mixture all at once, By doing this, the last trace 

of magnesiu.~ disappeared. A solution of 41 g. (0.2 mole) 

of 2-cyanodiphenylmethane in 100 ml. of anhydrous benzene 

was added rather rapidly through the feeding funnel. The 

solvent was distilled off until the vapor temperature was 

55°0. The reacting solution was heated under reflux for 

lg hours and decomposed with 45 ml. of 20% amonium 

chloride solution. The whole mixture was refluxed with 

20 ml. of.concentrated hydrochloric acid and 25 ml. of 

.water for 24 hours. The solution was cooled to room 

temperature, washed with water, dried, concentrated and 

the residue fractionated under reduced pressure. Three 

fractions were isolated: 

(a) 140-150°C at 2 mm., yield 14 g., the 

unreacted nitrile 

(b) 160-170°0 at 1 mm., yield 20 g., ethyl 

ketone, 77% 
(c) 180-185°C at 0.5 mm., yield 9 g., J-thienyl 

ketone, 10 g., 58%. 

The analytical sample \tas made by redistilling three 

times under reduced pressure. 
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Calcd. for C1sH140S: 
Found: 

c, 77.66; 

c, 77.15; 

2-(2-Thienvl.methyl)-benzonhenone (XV). 

H, 5 .07; 

H, 4.97; 
s, 11.52 

s, 10.58 

A Grignard reagent was prepared from 4.4 g. (0.18 

mole) of magnesium, 28 g. (0.18 mole, 1g ml.) of bromo-

benzene and 150 ml. of anhydrous ethyl ether in a 500 ml. 

three neck round bottom flask equipped with a mechanical 

stirrer, a reflux condenser, and a feeding separatory 

funnel. After the completion of the Grignard reagent 

formation, two-thirds of the ether was distilled off and 

a solution of 12 g. (0,06 mole) of 2-(2-cyanobenzyl)-

thiophene in 150 ml. of anhydrous ether was added to the 

reacting flask as fast as the exothermal reaction would 

permit. The solvent was removed further until the vapor 

temperature \tas 65°c. Heating under reflux was continued 

for 20 hours and the mixture was decomposed with 16 ml, 

of 20% ammonium chloride. The ·whole mixture was refluxed 

with 400 ml. of sulfuric acid (25% by weight) for 42 

hours. '£he solution was cooled to room temperature, 

washed with water, dried, concentrated, and the residue 

distilled under vacuum giving 15 g. (90%) of viscous oil 

with beautiful greenish fluorescence at 183-184°0 (0.5 

mm.)• 
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~. C~lcd. for c18H14SO: 

Found: 

2-Benzylbenzophenone (!Ve). 

c, 77.66; 
c, 78.52; 

H, 5.07; 
H, 4.86; 

s, 11. 52 

s, 11.31 

A Grignard reagent was prepared from 9 g. (0.375 

mole) of magnesium, 60 g. (0.375 mole, 42 ml.) of 

bromobenzene, 400 ml. of anhydrous ether.and a few 

crystals of iodine as activator. After the Grignard 

reagent was made, two-thirds of the ether was distilled 

off and a solution of 24 g. (0.124 mole) of 2-cyanodi-

phenylmethane in 400 ml. of anhydrous benzene was added 

as fast as the exothermal reaction would permit. The 

whole mixture was refluxed for lg hours, then cooled and 

decomposed with 36 ml. of 20% ammonium chloride. The 

organic layer was decanted and the residue was extracted 

with fresh benzene. The combined org.'illic solution 

measured as 1000 ml. was mixed with 400 ml. of 2N 

hydrochloric acid solution and heated under reflux for 

20 hours. At first, the imine salt crystallized out in_ 

small flakes and at the end of reflux, all the solid had 

gone into solution. The organic layer was separated, 

washed, dried, and concentrated. The fraction distilled 
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at 195-196 °C ( l nun. ) , and weighed 26 g. ( so5;) • [Lit. ( 2) , 

b.p. 199-200°0 (3 mm.).] 

2-(2,3-Dirnethylbenzyl)-benzophenone (XI). 

A Grignard reagent was prepared from 3.7 ·g. (0.15 
mole) of magnesium, 24 g. (0.15 mole) of bromobenzene 

and 100 ml. of anhydrous ethyl ether in a 500 ml. three 

neck round bottom flask fitted i~ith a mechanical stirrer, 

a reflux condenser, and a feeding separatory funnel. 

After the completion of the Grignard reagent formation, 

two-thirds of the ether was distilled off, and 12.5 g. 

(5.7 rnole} of 2-cyano-2,3-dimethyldiphenylmethane 

dissolved in 100 ml. of anhydrous benzene was added to 

the reacting flask as fast as the exothermal reaction 

would permit. Heating under reflux was continued for 12 

hours. The mixture was decomposed with 15 ml. of 20% 

ammonium chloride. The whole mixture was refluxed with 

100 ml. of benzene, and 250 ml. of hydrochloric acid 

(2N) for 24 hours. At first, the imine salt crystallized 

out in small flakes. At the end of the reflux, all the 

solid had gone into solution. The mixture was cooled to 

rooru temperature, separated, washed twice with water, 

dried, and concentrated, yielding 15.5 g. (93%) of white 
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crystals, m.p. 105-106°0. The analytical sample was 

prepared from ethanol. 

Anal. Calcd. for C22H2oo: C, 87.96; H, 6.71 
Found: C, 88.18; H, 6.91 

2-(2 1 3-Dimothylbenzyl)-2,4-diCTcthylbenzophcnone (XIb). 

A Grignard reagent was made from 2.5 g. (0.1 mole) 

of magnesium, 25 g. (O.l mole, 17 ml.) of l-iodo-2,4-

dimethylbenzene, 150 ml. of anhydrous ether and a crystal 

of iodine as initiator. After the Grignard reagent was 

made, two-thirds of the ether was distilled off and a 

solution of 8 g. (0.037 mole) of 2-(2,J-dimethyl)-benzyl-

benzonitrile in 100 ml. of anhydrous benzene was added 

all at once, since the reaction was not exothermic. The 

solution was heated under reflux for 24 hours, cooled, 

and decomposed with 10 ml. of 20% anunonium chloride 

solution. The clear organic solution was decanted and 

the cake was extracted with fresh benzene. The two 

organic solutions were combined, mixed with 250 ml. of 

25% sulfuric acid, heated under reflux and stirring for 

24 hours. The organic layer was separated, washed, dried 

and concentrated. The residue distilled at 230-235°C 

(2 mm.) and was assumed to be the expected ketone. 
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Yield 4 g. (Jo,;). This lot1 yield vms due to the sm:lll 

amount of sample. No microdistilling flask was available 

while the experiment was being perfonned. 

2-(2',3'-Dimethylbenzyl)-2,6-dimethylbenzoEhenone (XIc). 
A mixture of 12 g. (0.033 mole) of the corresponding 

ketimine hydrochloride and 53 ml. of 42% H2S04 was sealed 

in a Carius tube and heated in an oven at 170°C for 20 

hours. After cooling, the sealed tube was opened and 

the crude crystal, 2-(2,J-dimethylbenzyl)-2,6-dimethyl-

benzophenone floating on the surface of the acid was 

filtered. The acid solution was extracted with benzene. 

The benzene solution was washed, dried, and concentrated. 

It was crystallized immediately. The total weight of the 

two crystals was 8 g. (80%). Recrystallization from 

ethanol gave m.p. 107-108°C. This appears to be another 

case of polymorphism. Longer heating favors the more 

stable fonn (130-131°C). The more stable form was 

strongly fluorescent, while the less stable one 1rras not. 

This is an interesting fact. Two different forms of the 

same compound shm·,r different spectrum properties. 
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~. Calcd. for c22H24o: c, $7.76; H, 7.37 
Found: c, 87.54; H, 7.$3 

2,5-Dimathyl-2-benzylbenzophenone (IVf}. 
A mixture of 4 g. (0.119 mole) of the corresponding 

ketimine salt, 80 ml. of benzene, and 100 ml. of 25% 

sulfuric acid was heated under reflux for 32 hours. After 

cooling, the organic layer was separated, and the aqueous 

layer was extracted with fresh benzene. The two were 

co~bined, washed, dried, and concentrated. Tho crystals 

from the syrup weighed 3.5 g. (93%), m.p. 71-72°C. 

[Kramer's H. s. thesis out of 2 g. (0.0059 mole) 

miscalculated as 0.01 mole.] Yield 1 g. (50%) 

miscalculated as 56%. [Lit. (27), m.p. 71.5-72.0°0.) 

2,6-Dimethyl-2-benzylbenzophenone (IVg). 
A mixture of 16 g. (0.047$ mole) of 2,6-dirnethyl-

phenyl-2-benzylphenyl ketimine hydrochloride, 70 ml. of 

42% (by weight) of sulfuric acid was sealed in a Carius 

tube and heated in an oven at 180°0 for 12 hours. After 

cooling, the acid mixture was extracted with benzene. The 

benzene extract was washed with 10% sodium hydroxide 

solution, water, dried over calcium chloride and 

concentrated. The residue fractionated at 20J°C (2 mm.) 
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and was crystallized fror:.1 ethanol, m.p. 62-63 °C. Yield 

9.6 g. (675~). 

Anal. Calcd. for C2zH2oO: c, 87.96; H, 6.71 -
Found: c, 87.86; H, 6.74 

Kramer: c, 8$.54; H, 6.76 

2-(2,3-Dimethylbenzoyl)-benzoic acid. 

A Grignard reagent was prepared from 10 g. (0.054 
mole) of l-bromo-2,J-dimethylbenzene, l.J g. (0.054 mole) 

of magnesium, 50 ml. of anhydrous ether and a few crystals 

of iodine as initiator. The solution of the Grignard 

reagent was filtered to remove the trace amount of 

unreac.ted magnesium in an extremely· moisture-free 

condition. The clear Grignard solution was added dropwise 

to a boiling solution of 7 g. (0.047 mole) of phthalic 

anhydride in 100 ml. of anhydrous benzene. The reflux 

was continued £or two hours. The suspension was cooled 

and decomposed with a solution of 5 ml. of concentrated 

sulfuric acid in 50 ml. of water. There was a separation 

of two layers. The organic layer (upper) was separated, 

and the lower aqueous layer was extracted with isopropyl 

ether. The two organic solutions were combined, ,1ashed 

and extracted with a solution of 10 g. of sodium 
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carbonate in 200 ml. of water. The keto acid was 

precipitated by adding 20 ml. of concentrated HCl. 

Yield 8.5 g. (70%). Recrystallization from benzene-

hexane mixture gave the m.p. 127-129°0. [Lit. (73), 
m.p. 126-127°c.J 

Attemrted Sy;nthesis of 2-(2,3-Dimethylbenzyl)-benzoi~ 

acid. -
A. A mixture of 3.5 g. or 2-(2,3-dimathylbenzoyl)-

benzoic acid, 50 ml. of 2N sodium hydroxide, and 3.5 g. 

of zinc dust was heated under reflux for 47 hours, 45 ml. 

more alkali being added.in three portions. After cooling, 

the solution was filtered to remove the unreacted residue. 

The filtrate was acidified with 50 ml. of concentrated HCl. 

The precipitated acid weighed 1.5 g. Recrystallization 

from methanol gave m.p. 129°C., the unreacted keto acid. 

[Lit. (76), m.p. 177.2-177.8°C.] 
B. A mixture of 4 g. of the keto-acid (0.066 mole), 

0.57 g. of red phosphorus (0.019 mole), 0.57 g. of 
iodine, and 50 ml. of glacial acetic acid was heated 

under reflux for 24 hours. Arter removing the residua 

phosphorus by filtering, the acid crystallized out from 

the solution immediately, m.p. 130°C, the unreacted keto-

acid. 
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9-( 2-Thienyl)-~nthracene (XX). 

a. Via standard acid. 

A mixture of 34 g. (0.122 mole} of 2-benz.yl-2-

thienyl bcnzophenone {XIX), 1200 ml. of glacial acetic 

acid and 600 nl. of 43;& hydrobromic acid was heated under 

reflux for l;-4 hours in a three liter throe necl{ round 

bottom flask, fitted i'fith a mechanical stirrer and a 

refluxin; condenser. After cooling to room tempe:r.:1.ture, 

the acid solution i'JUS diluted with water. '11h0 ·,d1ole 

mixt,uro i·ms coolGd in the refrigerator overnight. The 

crude crystal \'ras filtered and wash.ad with ·water and 

ethanol. Yield 20 g. (65%}, m.p. 113-114°0. 

Anal. Calcd. for c18H12s: C, BJ.OJ; H, 4.64 
Found: c, 83.38; H, 4.81 

B. Via nhosnhorus nentaoxide. 

A mixture of 1 g. (0.0036 mole) of the corres-

ponding ketone, 10 g. of phosphorus pentaoxide, and 

200 ml. of dry bcn~ene was heated under reflux in a 

500 ml. thre8 neck round bottom flask fitted with a 

mechanical stirrer and a reflux condenser, for 12 hours. 

After cooling to room te:nperature, the whole mixture 

was poured into ice-water. The two layers were 

separated, and the aqueous layer was extracted with 
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benzene and combined with the benzene layer. The combined 

solution was washed with water and dried over calcium 

chloride, and finally concentrated. It crystallized 

out, yield 0.1 g. By further concentration, the syrup 

resisted crystallization, so it was chromatographed 

(a column 15 m."Il. x 400 m."l. pac.!rnd with 80-100 mesh 

alu.'!lina was used), yield 0.5 g.; the total was o.6 g. 

( 71~1;) • 

C. Via phenyl acid Ehosphate. 

Two g. (0.007 mole) of the corresponding ketone, 

and 10 g. of phenyl acid phosphate were heated at a 

temperature of 1so•c for three hours. After cooling, the 

whole mixture was poured into ice-water and extracted 

with benzene. The extract w-as washed, dried and 

concentrated, 11he syrup ,1as put on an alumina colwnn, 

and eluted with 2 1. petroleum ether. Concentration of 

the .fluorescent percolate yielded 0.2 g. (11~;) of the 

ex?ected product, m.p. 113-114°0. 

Molecular conroounds with 2, 4, 7-trini tr,:,fluorenone. 

9-(2-Thienyl)-anthracene and trinitrofluorenone {77,78). 
In two separate erlenmeyer flasks, 0.05 g. of 

9-(2-thienyl)-anthracene and 0.05 g. of trinitrofluorenone 
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were dissolved in hot Gthanol and mixed together \mile 

they were still boiling. The solution immediately turned 

a dark pink, and small pink crystals precipitated out as 

the solution cool0d. ·rne molecular compound was filtered 

and recrystallized fro~ ethanol, yield 0.07 g., m.p. 166°0. 

9-(3-Thienyl)-anthracene (XXII). 

A mixture of 2. 5 g. ( 0 .009 mole) of 2-benzyl J-thienyl 

benzo phenone ( XXI} , 50 ml. of HBr { 43l) , :;md 100 ml. of 

glacial acetic acid was refluxed in u 250 ml.three neck 

round bottom flask fitted with a mechanical stirrer, D.nd 

a refluxing condenser, for 38 hours •. After cooling to 

room temperature, the crystal was filtered. Yield 0.5 g. 

The acid solution was neutralized with sodium hyd.roxide, 

and extracted with benzene, washed, dried, and 

concentrated, yielding l g. of crysta.ls. The total yield 

was 1.5 g. (80>~). The analytical sample was made by 

crystallizing the crude product twice fror.1. ethanol, pale 

yellow crystals, m.p. l2J-124°C. 

Anal. Calcd. for C1~fl12S: C, 83.03; H, 4.64 

Found: C, 82. 82 ; H, 4. 81 
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J,0-(2-Thienyl)-1,2-bcnzanthracene lXVIIIl. 
A mixture of 2 g. (0.006 mole) of 2-(1-naphthyl-

nethyl)-phenyl-2-thienyl ketimine, 40 ml. of HBr (48%), 
and 80 ml. of glacial acetic acid was refluxed in a 250 

ml. three neck round bottom flask fitted with a 

mechanical stirrer, and a refluxing condenser, for 44 
hours. After cooling to room temperature the acid 

solution was diluted with water. The whole mixture was 

cooled in the refrigerator overnight. The crude cryntal 

was filtered and washed with water and ethanol, yield 

1. 98 g. ( 99)0) • The analytical sample was made by 

recrystallizing the crude product thrice from ethanol, 

yellowish crystal~ m.p. l59-160°C. 

Anal. Calcd. for c22H14s: C, 85.12; H, 4.55; S, 10.33 

Found: C, 85.04; H, 4.44; s, 10.19 

4-Phenyl-thiophanthrene (XVI). 

A mixture of 2 g. (0.007 mole) of 2-(2-thienylmethyl)-

benzophenone, 50 ml. of 48% HBr, and 100 ml. of glacial 

acetic acid was refluxed in a 250 ml. three neck round 

bottom flask fitted with a mechanical stirrer and a reflux 

condenser, for 24 hours. The acid solution was cooled 

in the refrigerator overnight. The crystal was filtered, 
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weighed 1.7 g. (93%), m.p. 124-125°C. The analytical 
sample was made by recrystallizing twice from ethanol. 

Anal. Calcd. for C1gH12S: C, SJ.OJ; H, 4.64; S, 12.33 

Found: c, $2.62; H, 4.66; s, 13.00 

9-Phenyl-anthracene (V). 
Five g. (0.0183 mole) of o-benzylbenzophenone, 100 

ml. of 48% hydrobromic acid, and 200 ml. of glacial acetic 

acid was heated under reflux for 27 hours. The acid 

mixture was cooled and diluted with water, and the crystal 

was filtered. Yield 4 g. (87%). Recrystallizations from 

ethanol gave m.p. 153-154°C. [Lit. (2), m.p. 153-155°C.] 

l,2-Dimethyl,10-phenylanthracene (XII). 
A. A mixture of 0.5 g. (0.0016 mole) of 2-(2,3-

dimethylbenzyl)-benzophenone, 20 ml. of glacial acetic 
acid, and 10 ml. of 48% hydrobromic acid was heated under 
reflux for 12 hours. After cooling to room temperature, 

the crystal was filtered and washed with water and 

ethanol, yielding 0.47 g. (100%). Recrystallization 

twice with ethanol gave the pale yellowish crystalline 

analytical sample, m.p. 159-160°C. 
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.illlil• Calcd. for C22H1g: c, 93. 57; H, 6.43 

Found: c, 93.41; H, 6.48 

B. A mixture of 2 g. (0.0067 mole) of 2-(2,J-

dimethylbenzyl}-benzophenone, and 50 g. of alumina was 

heated at 270°G under vacuum for three hours. Tha 

alumina was then extracted with petroleum ether. 

Concentration of the bl\le fluorescent solution yielded 

1.5 g. (83%) of the expected hydrocarbon, m.p. 159-160°0 
without recrystallization. 

9-{2,3-Dimethyl)-phenylanthracena (Va). 
A mixture of 10 g. (0.003 cola) of 2,3-dimethyl-

phenyl-2-benzylphenyl ketimine hydrochloride, 30 ml. 

of 4th~ hydrobromic acid, and 60 ml. of glacial acetic 
acid was sealed in a Carius tube and heated at 172°C 

for nine hours. After cooling, the sealed tube was 

opened, and the acid mixture was neutralized and 

extracted with fresh benzene. The benzene extract was 
washed, concentrated and chromatographed. One fraction, 

percolated by petroleum. ether, weighed 1 g. (12%), m.p. 

179-180°0. [Lit. (27), m.p. 179-180°0.J 
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.l.2-Dimethyl,10-(2',4'-dimethyl)-phenylanthracene (XIIa). 

A mixture of 1 g. (0.003 mole) of 2,4-dimethyl-2-

(2',3'-dimethyl) benzyl benzophenone, 20 ml. of 48% 
hydrobromic acid, and lrO ml. of glacial acetic acid 

was heated under reflux and stirring for 72 hours. The 

acid mixture was diluted with water, extracted with 

petroleu.~ ether, and concentrated. The syrup was 

chromatographed. One band eluted by petroleum ether 

~ras crystallized as white crystals with blue fluorescence, 

m.p. 139-140°C, yield 3 g. (32%). 

~. Calcd. for c24H22: C, 92.g6; H, 7.14 
Found: C, 92.14; H, 7.97 

AttemRted Cyclization of 2-(2,3-dimeth¥lbenzyl)-2,6-

qtmetbyl benzQnhenone CXIc). 
A. Via alumina. 

A mixture of 1 g. (0.003 mole) of 2-(2,3-
dimethylbenzyl}-2,6-dimethyl benzophenono and 50 g. of 

alumina was heated at 250°C for three hours under reduced 

pressure (0.2 mm.), and then chromatographed. Only 0.5 g. 

of unreacted ketone was isolated, the rest were red tars. 

B. Via phenyl acid phosphate. 

A mixture of 1.5 g. (0.0045 mole) of the ketone, 

9 g. of phenyl acid phosphate was heated with a heating 
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mantle at 160°C for two hours. During heating, the 

whole system melted. 'After heating, it was poured into 

an excessive amount of water. The crystal separated, 

1.5 g. was found to be the unreacted ketone. 

C. Via standard acid 

A mixture of 5 g. {0.015 mole) of the ketone, 

25 ml. of 48% hydrobromic acid, and 50 ml. of glacial 

acetic acid was sealed in a Carius tube and heated at 

175°C for 65 hours. After cooling, the sealed tube was 

opened and the acid mixture was extracted with benzene. 

The benzene extract was washed, concentrated, and 

chromatographed. Two unidentifiable crystals were 

isolated in trace amount, one m.p. 75°C, the other 

m.p. 175°C. Besides this, 0.53 g. of the unreacted 

ketone was isolated; the remainder were tars. 

Attempted Cyclization of 2,6-dimethyl-2-benzyl-

benzophenone (IVg). 
A mixture of 17 g. of 2,6-dimethyl-2-benzyl- · 

benzophenone and 120 g. of alumina was heated at 250°C 
for three hours ·under vacuum, and then extracted with 

petroleum ether. Only 4 g. of the unreacted ketone was 

isolated. The rest were unidentifiable tars. 
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2-Den~oyl-2-thienyl benzophenone (XXIII}. 
To a solution of 2.78 g. (0.01 mole) of 2-benzyl-2-

thi.enyl benzophenone in 15 ml. of glacial acetic acid was 

added a s:,lution of 2.5 g. (0.025 mole) of chromic 

trioxide in 6 t.11. of water and 6 ml. of glacial acetic 

acid. This mixture was heated under reflux for 48 hours, 

and poured onto an excessive amount of ice-water. The 

mixture was left standing overnight, after which the gummy 

substance which had separated was filtered from the 

greenish solution, and ·washed free of chromic ions. 

Recrystallization from ethanol yielded 0.2 g. (7%), 

m.p. 135-136°C. 

~. Calcd. for C1aH1202S: C, 73.94; H, 4.14 

Found: C, 73.69; H, 4.24 

A mixture of 1 g. (0.0036 mole) of l-benzoyl-2-

(2'-thienyl)-benzene, 1 g. of sodium dichromate and 20 

ml. of glacial acetic acid was heated to effect solution 

in a 250 ml. three neck round bottom flask. After the 

solution cooled, 2 ml. of concentrated sulfuric acid was 

added dropwise. 'rhe mixture was heated under reflux for 

30 minutes, and poured into an excessive amount of ice-

water. After standing overnight, the gummy substance 
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was filtered and washed, yield 1 g. (100%), m.p.· 115°c. 

Recrystallization three times from ethanol raised the 

m.p. to 135-136°C. 

Oxidation of 3-thienyl-2-benzyl benzophenone (XXI). 

A mixture of 2.78 g. (0.01 mole) of 3-thienyl-2-

benzyl benzophenone, 10 g. of sodium dichromate, 50 ml. 

of sulfuric acid (25~; by weight), and 50 ral. of glacial 

acetic acid was heated under reflux for eight hours in 

a three neck round bottom flask fitted with a mechanical 

stirrer and a reflux condenser, and immersed in a metal 

bath in such a depth to avoid superheating. After 

cooling, the whole mixture was poured into an excessive 

amount of ice-water an<i allowad to stand overni 0ht. The 

gummy substance separated at the bo'titom of the beaker 

and was filtered and fractionated. One fraction, m.p. 

264.-286°C {subl.) ca. 0.2 g. (107;) was identified as 

anthraquinone. Another fraction, m.p. 100-125°C was 

not sufficient to be identified, owing to the extremely 

lengthy and tedious procedure in obtaining 3-thienyl-2-

benzyl benzophenone. 
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Oxidation of 2-thienyl-2-(1-naphthylmethyl)-phenyl 

ketimine (XVII}. 

To a solution of 10 g. (O.OJ mole} of 2-thienyl-2-

(1-naphthylmethyl)-phenyl ketimine in 40 ml. of glacial 

acetic acid ·was added a solution of 10 g. chromium 

trioxide in 32 ml. of glacial a.catic acid and 20 ml. of 

water. The whole mixture was heated under reflux for 48 

hours with stirring. After cooling, the mixture was 

poured into a beaker containing an excessive amount of 

ice-water. The gummy substance separated at the bottom 

of the beaker and was filtered and fractionated. One 

fraction, m.p. 100°C, 4 g. (40%) was identified as the 

unreacted ketimine. Another fraction, m.p. 220°0, 3 g., 

yellowish crystals, was unidentifiable. 

10-Phenvlanthrone (XXIVl. 
To a solution of 0.5 g. (0.002 mole) of 9-phenyl 

anthracene dissolved in 100 ml. of glacial acetic acid, 

was added a solution of 2 g. of sodium dichromate 

dissolved in 50 ml. of water, in a 250 ml. three neck 

round bottom flask. The mixture was heated with stirring 

in a water bath (temperature 55-60°0) for 15 minutes. 

The whole mixture was cooled and an excessive amount 
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of water was added t() it. It was immediately 

precipitated out, as white crystals, yield 0.54 g. 

(100%). Recrystallization from ethanol gave m.p. 146°c. 
[Lit. (79), m.p. 146°C.J 

10-Phenyl-10-hydrov~nthrone (XXV}~ 

A. A solution of 0.5 g. (0.002 mole) of 9-phenyl-

anthrancene dissolved in 100 ml. of glacial acetic acid 

and 2 g. of sodium dichromate dissolved in 50 ml. of 

water was mixed in a 250 ml. three neck round bottom 

flask and heated with stirring in a water bath 

(temperature 55-60°C), for one hour. The whole mixture 

was cooled and an excessive amount of water ·was added to 

it. It was im.~ediately precipitated out as white crystals, 

yield 0.57 g. (100~~). Recrystallization from ethanol 

gave m.p. 214°C. [Lit. (80), m.p. 212-213°C.J 

B. A solution of 1 g. (0.004 mole) of 9-phenyl-

anthracene dissolved in 50 ml. of boiling glacial acetic 

acid and 2 g. of sodium dichromate dissolved in 25 ml. 

of 50% acetic acid was mixed in a 250 ml. three neck 

round bottom flask and heated under reflux with stirring 

for 20 minutes. The whole mixture was cooled and an 

excessive amount of water was added to it. It was 
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immediately precipitated out as white crystals, yield 

1.14 g. (100~). Recrystallization from ethanol gave 

m.p. 213 °C. 

c. A mixture of 0.5 g. (0,002 mole) of 9-phenyl-

anthracene, 2 g, of sodium dichromate, 50 ml. of glacial 

acetic acid and 30 ml. of water \'las sealed in a Carius 

tube and heated in an oven at 120°C for two hours. A~er 

cooling, the acid mixture was diluted ·with an excessive 

amount of water and the crystal filtered and 

recrystallized, m.p. 213°c, yield 0,4$ g. (90%). 
D. A mixture of 0.5 g. of 9-phenylanthrancene, 50 

ml. of glacial acetic acid, 2 g. of sodiu.11 dichromate 

and 30 ml, of water was sealed in a Curius tube and heated 

in an oven at 145°C for 15 hours. After cooling, the 

acid mixture was diluted with an excessive amount of ~ater 

and the crystal filtered and recrystallized, m,p. 21J°C, 

· yield o. 5 g. ( 92%). 

E. A mixture of 0.5 g. (0.002 mole) of 9-phenyl-

anthracene, 2 g. of sodiUL1 dichromate, and $0 ml. of 

glacial acetic acid was mixed and sealed in a Carius tube 

and heated in an oven at 185°C for ten hours. The 

precipitation of the acid mixture by dilution with water 
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gave only a red unidentifiable solid, m.p. 65-70°C, 

yield 0.45 g. 

Oxidation of l,2-dimethyl-10-phenylanthracene (XII}. 

· A mb~ture of 0.5 g. (0.0017 mole) of l,2-dimethyl-10-

phenylanthracene, 1 g. of sodiu..~ dichromate and 50 ml. of 

glacial acetic acid was heated under reflux for eight 

hours. After cooling, the mixture was diluted with an 

excessive amount.of water, and the crystal filtered and 

recrystallized, m.p. 100°C, yield 0.4 g. The expected 

1,2-dioethylanthraquinone melted at 156°0. [Lit.· (81), 

m.p. 156°0.] 

Oxidation of 9-(2~3-dimethyl)-phenylanthracene (Va). 

A mixture of 0.5 g. of 9-(2,J-dimethyl)-phenyl-

anthracene, lg. of sodium dichromate, 49 ml. of glacial 

acetic acid, and 12 ml. of water was mixed and heated 

under reflux with stirring for £ive hours. After cooling, 

the mixture was diluted with an excessive a.11ount of water, 

the crystal filtered and recrystallized, yield 0.2 g., 

m.p. 229-230°0. The expected anthraquinone melted 

at 280°C. 
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1,2-Dimethyl-9,10-dihydro-9-phenvlanthracene {XXVI). 
A. A mixture of 1 g. (0.0035 mole) of 2-(2,3-

dimethylbenzyl)-benzophenone, 6 ml. of hydriodic acid 

(47-50%), and 50 ml. of glacial acetic acid were heated 

under reflux for 50 hours. After cooling, the mixture 

was diluted with an excessive amryunt of water and stored 

in a refrigerator overnight. The strong blue fluorescent 

white crystal was filtered and recrystallized from 

ethanol, yield 0.7 g. (70%), m.p. 100°C. This compound 

was also prepared in the following way. 

B. A mixture of 1 g. (0.0035 mole) of l,2-dimethyl-

10-phenylanthracene, 6 ml. of hydriodic acid, and 60 ml. 

of glacial acetic acid was heated·under reflux in a three 

neck round bottom flask fitted with a mechanical stirrer 

and a reflux condenser, for 20 hours.' No crystal came 

out as a result of simply cooling in the refrigerator 

overnieht. White crystals with strong blue fluorescence 

immediately precipitated out after diluting the solution 

with an excessive amount of water. The precipitation 

was completed by storing overnight in the refrigerator. 

Yield l g. (100%), m.p. 100°c. 

~. Calcd. for C22H20: C, 92.91; H, 7.09 
Found: c, 92.Jl; H, 7.13 
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Oxidation of l,2-dirnethyl-9,10-dihydro-9-phenylanthracene 

(XXVI). 

A solution of 0.5 g. (0.0018 mole}, of the l,2-

dimethyl-9,10-dihydro-9-phenylanthracene, 0.5 g. or 
selenium dioxide and 30 ml. of nitrobenzene was heated 

under reflux for 30 minutes. On cooling, the selenium 

was separated and filtered. The nitrobenzene was 

removed by vacuum distillation. The residue was tar. 

Uo expected 1,2-dimethyl-anthraquinone was isolated 

except a trace of unreacted l,2-dimethyl-9,10-dihydro-9-

phenylanthracene. 
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SUMMARY 
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SUNII/IARY 

1. The extension of Bradsher's process to the 
thiophene ring systems has been accomplished. 

2. In Bradsher's original process, the carbinol 

obtained from the reaction between o-chlorobenzaldehyde 

and the appropriate Grignard reagent has to be reduced 

to the corresponding methylene compound. A new route in 

obtaining the methylene compound in one step by a cross-

condensation reaction between o-chlorobenzylchloride 

and the appropriate Grignard reagent, has been utilized. 

3. 2-Thienyl-2-benzylbenzophenone has been 

successfully cyclized to 9-(2-thienyl)-anthracene by 

phosphorus pentaoxide. 

4. Two isomeric monoketones, 2-thienyl-2-benzyl-

benzophenone and 2-(2'-thienylmethyl)-benzophenone, have 

been successfully oxidized to the identical diketone, 

2-benzoyl-2 1 -thienylbenzophenone. 

5. Entrainment technique has been successfully 

used in the preparation of 3-thienyl-2-benzylbenzophenone. 

6. Hartough's modification of Steinkopf's method has 

been further modified to prepare tetraiodothiophene. 
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7. Hartough's reduction of tetraiodothiophene to 

3-iodothiophene has been modified by omitting the steam 

distillation step. 

s. 3,4-Diiodothiophene has been successfully 

reduced by aluminum amalgam to J-iodothiophena. 

9. 1-Bromo-2,3-dimathylbenzene has been prepared 

in 47% yield by diazotization of l-amino-2,3-dimethyl-

benzene. 

10. 9-Phenylanthracene has been oxidized to 

10-phenyl-10-hydroxylanthrone which resists further 

oxidation to anthraquinone. 

11. A total of twenty compounds not previously 

reported in the literature have been synthesized. 
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RECOl'.iMENDATIONS FOR FUTURE WORK 
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RECOMMENDATIONS FOR FUTURE WORK 

1. Application of Bradsher's synthetic route to 

2,5-di-(2-chlorobenzyl)-thiophene would lead to a 

derivative of dinaphtho-[2,3,2',3']-thiophene. 

2. Hydrolysis of 2-(1-naphthylmethyl)-phenyl-2-

thienyl-ketimine to its corresponding ketone should be 

undertaken. 

3. Further study of the oxidation of the monoketone, 

for example, 2-thienyl-2-benzylbenzophenone, to increase 

the yield of the corresponding diketone should be 

attempted, since it provides a means to prepare the 

isobenzofuran derivative. 
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YJ 
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() 
4. The following sequence of reactions would be a 

possible way to accomplish the preparation of 9-(2,6-

dimcthylphenyl)-anthracene. 

) H3 
~CHOH"-r(~ 
1~Br CH3v 

Mg 

~HO 

1vBr 
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reaction 
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ABSORPTION MAXIMA 

{VJavelengths in mr) 

Compound No. IVg XIc XII XIIa xx 

220 220 250 222 222 

250 250 258 240 

332 

348 

366 

IVg: 2',6'-Dimethyl-2-benzylbenzophenone 

XIc: 2' ,6'-Dimethyl-2-(2,3-dimethyl)-be.nzylbenzophenone 

XII: l,2-Dimethyl-10-phenylanthracene 

XIIa: l,2-Dimethyl-10-(2,4-dimethylphenyl)-anthracene 

XX: 9-(2-Thienyl}-anthracene 
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ABSTRACT 

THE PREPAfU'rrm; OF PQLYNUCLEAR COMPOUNDS 

CONTAINING THE THIOPHBNE RING SYST&,1 

The process of C. K. Bradsher for preparing meso-

substituted anthracene and 1,2-benzanthracene derivatives 

has been widely extended. The purpose of this research 

was to extend this process to the thiophene series, in 

addition to continuing some work on the 9-(dimethyl)-

phenylanthracene series and some newly developed 

l,2-dimethyl-10-phenyl)-anthracene series. 2'-Thienyl-

2-benzylbenzophenone was prepared and cyclized to 

9-(2-thienyl}-anthracene by the conventional methods in 

good yields. 3'-Thienyl-2-benzylbenzophenone was prepared 

in a different way, indirect and tedious. Thiophene was 

iodinated to tetraiodothiophene and tetraiodothiophene 

was reduced with aluminum-amalgam to 3-iodothiophene. 

3-Thienylmagnesiumiodide was prepared by the entrainment 

technique and condensed with 2-cyanodiphenylmethane to 

3'-thienyl-2-benzylbenzophenone. This ketone was cyclized 

to 9-(3'-thienyl)-anthracene by the standard acid mixture. 

2-(1-Naphthylmethyl)-phenyl-2-thienylketimine formed 

from the condensation between 2-(1'-naphthylmethyl)-

benzonitrile and 2-thienylmagnesiumbromide resisted 



hydrolysis to the corresponding ketone but cyclized 

quantitatively to 10-(2-thienyl)-l,2-benzanthracene. 

Following the classical Bradsher process, the 

reaction between 2-thienylmagnesiumbromide and o-chloro-

benzaldehyde was unsuccessful because the hydrol formed 

was so reactive that it polymerized rapidly and ended 

up with tars. A cross-condensation reaction between 

2-thienylmagnssium bromide and o-chlorobenzylchloride was 

utilized to give the expected 2-(2'-chlorobenzyl)-

thiophene in one step. This new procedure has been widely 

extended to the other series. It is preferred to. the 

conventional Bradsher process and the Friedel-Crafts 

method in terms of time, chemicals, and unequivocal 

products formed. 

2-(2'-Chlorobenzyl)-thiophene so formed by the new 

procedure was converted by von Braun reaction to the 

corresponding nitrile and the nitrile was allowed to react 

with phenylmagnesiumbromida to give 2-(2-thienylmethyl)~ 

benzophenone. The above ketone was cyclized almost 

quantitatively to 4-phenyl-thiophanthrene. 

The thiophene-containing ketones prepared in this 

research are verJ viscous oils. In order to have 

crystalline derivatives for identification purposes 



these ketones were oxidized to the corresponding diketones. 

2-Thienyl-2-benzylbenzophenone and 2-(2'-thienylmethyl)-

benzophenone gave the identical diketone, 2-benzoyl-2'-

thienyl-benzophenone. 3 1-Thienyl-2-benzylbenzophenone was 

oxidized to anthraquinone by using 25% sulfuric .acid, 

acetic acid and sodium dichromate. The formation of 

anthraquinone indicates that the monoketone cyclized first 

and then split off the thiophene ring. Apparently, the 

3-thienyl group is more susceptible to oxidation than the 

21 -thienyl group. 

A study of the oxidation of anthracene derivatives 

for structure proof was made using 9-phenylanthracene as 

a model compound. It was oxidized to 10-phenyl-10-hydroxy-

anthrone which resisted further oxidation to anthraquinone. 

It is obvious that the tertiary alcohol system stabilized 

the phenyl ring. 

In continuing the work on the 9-(dimethyl)-phenyl-

anthracene series, the yields of three ketimine salts 

and one ketone were improved. Satisfactory analytical 

data was obtained for 2 1 ,6 1 -dimethyl-2-benzylbenzophenone. 

In an attempt to overcome the steric effects offered by 

2,6-ortho groups, 2-(2',3'-dimethylbenzyl)-benzonitrile 

was prepared. The starting material for this series, 



l-bromo-2,3-dL~ethylbenzene has been prepared in 47% yield 
by diazotization in comparison with the previous yield 

of 30%. 
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