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ABSTRACT

THE REACTIONS OF ORGANOLITHIUM COMPOUNDS:

1. A NEW SYNTHETIC ROUTE TO THE THIOPHENE-

CARBOXALDEHYDES AND ACYLTHIOPHENES

II. THE SYNTHESIS OF FLUORINATED HETEROCYCLICS

WITH PERCHLORYL FLUORIDE

by David D. Taft

I.

In connection with an investigation of thiophenecarboxaldehydes

andacylthiophenes under Baeyer-Villiger reaction conditions, it was

necessary to prepare 2- and '3-thiophenecarboxaldehydes and numerous

Z— and 3-acylthiophenes. . 2-p-Thiophenecarboxaldehyde can be synthe-

sized in 45-88% yield by the formanilide reaction with thiophene and

phosphorus oxychloride followed by hydrolysis (1). However, the

experimental procedure uses expensive reagents andflinvolves a time-

.consuming steam distillation. The corresponding 3-aldehyde is

obtainable in only32% yield by the Sommelet reaction from 3-bromo-

methylthiophene (2). The Z-acylated derivatives are readily obtainable

through normal Friedal-Crafts reactions (3). vHowever, the 3-acylated

thiophenes are prepared with difficulty through the interaction of

3-thenoy1. chloride and the corresponding organocadmium derivatives (4).

A general method of synthesis for these thiophene derivatives

has now been developed. The reaction involves a nucleophilic displace-

ment by an organolithium compound on a ‘N,- N-disubstituted amide.

Thus, when-N, N-dimethylformamide is reacted with Z-thienyllithium,
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obtained by the direct meta-llation of thiophene with n-butyllithium,

a 61% yield of 2-thiophenecarboxaldehyde is obtained following

hydrolysis. Similarly, 3-thienyllithium from the halogen-metal inter-

conversion of 3-bromothiophene yielded 73% of 3-thiophenecarboxa1dehyde.

With the reaction between Z—thienyllithium and the corresponding

homologs of N, N-dimethylformamide, the following. Z-acetylated

derivativeswere prepared: :Z-acetylthi0phene 54%, Z-propanoylthiophene

52%, 2-(phenylacetyl)-thiophene 43%, Z—benzoylthioPhene 73%, and

'Z—thenoylthi0phene 63%. Analogously, 3-thienyllithium and the‘ N, N-di-

methylacyllamides gave the following 3-acy1ated derivatives: 3-acety1-

thioPhene 61%, 3-propanoy1thi0phene 38%, 3-isobutyry1thiophene 29%.

3-(phenylacety1)-thiophene 60%, 3-benzoylthiophene 61%, and 3-thenoy1-

thiophene 64%.

. In addition 2, S-thienyldilithium with N,- N~dimethylformamide

gave 32% of 2, 5-thiophenedicarboxaldehyde and with N, N-dimethyl-

acetamide 59% of 2, 5-diacety1thiophene.

- II.

- In connection with investigations of biologically important hetero-

cyclic- compounds, it was of interest to obtain [fluorinated derivatives

of thiophenes and thianaphthenes. One of the simplest fluoro hetero-

cyclics, Z-fluorothiophene, , has previously been reported as obtainable

inless than-10% yields, by the reaction of thiophene with antimony

pentafluoride in nitromethane as a reaction media (5). However, simple

fluorothianaphthalenes such as the 2- or 3-f1uoro derivatives have, as

yet, to be reported. - A convenient laboratory method has now been

developed for the synthesis of Z-fluoro-5-methy1thiophene, Z-fluoro-

thiophene, and Z-fluorothianaphthene by the exothermic reaction of
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gaseous perchloryl fluoride with the corresponding organolithium

heterocyclic compounds in anhydrous ether as a reaction solvent.

This simple procedure gave 44, 49 and 70% yields of these fluoro

heterocyclics, respectively. Vapor phase chromatography, infrared

spectra, nuclear magnetic resonance, and elemental analysis of

these products supports the assigned structures of these fluoroscom-

pounds.

The application of the fluorination procedure with perchloryl

fluoride to the lithium derivatives of arene hydrocarbons, such as

phenyllithium and l-naphthyllithium, and to the sodium salts of ethyl

cyanoacetate and benzonitrile yielded negligible amounts of the

corresponding fluoro derivative 3 .
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INTRODUCTION AND HIST ORICAL

I.

The study of the thienyllithiums and their subsequent reactions

is a relatively new field with respect to other investigations in the

chemistry of organolithium compounds. - Gilman first prepared

2-thienyllithium (l) by the direct metallation of thiophene with an

n-butyllithium-ether solution. The organolithium compound was then

converted to 2-thiophenecarboxylic acid in an 87% yield by carbonation

and hydrolysis. Gilman also observed that upon treatment with an

n-butyllithium-ether solution at 00 the 2-halogenated thiophenes

produced essentially quantitative yields of 2-thienyllithium (2).

However, the advantage of a quantitative yield in this method was off-

set by the inavailability of the halogenated thiophenes, all of which

are prepared fromvthe parent heterocyclic. The mechanism of the

metal-halogen conversion is well understood, whereas that of the

direct metallation is still open to question. One theory (3) asserts

that an organometallic ion-pair is formed from, a coordinate bond

between the metal cation and a pair of electrons on the sulfur atom.

The carban ion portion of the organometallic ion-pair attacks an

adjacent hydrogen atom, removing it as a proton. This proton removal

is facilitated by the coordinate bond between the metal cation and the

hetero atom which in turn weakens the ionic bond between the metal

and the carban ion and at the same time polarizes the adjacent carbon-

hydrogen bond. -In this way the mechanism is similar to a halogen-

metal interconversion (4) .



The other mechanism involves the initial coordination of the

cation with the heteroatom. The coordination is followed by an

electrophilic attack of the metal cation on the carbon atom from which

the hydrogen is to be removed (5).

 
 

Li-n- Bu Li

“ u m 3H + n-BuG

S L'

The preparation of 3-thieny11ithium can only be achieved by the

halogen-metal interconversion at extremely low temperatures (6).

. For example, 3-bromothiophene on treatment with n-butyllithium at -700

yielded 79% of 3-thieny11ithium as shown by carbonation and hydrolysis

to 3-thi0phenecarboxy1ic acid. The reaction must be conducted below

--650 to prevent the normal direct metallation at the 2 position, for if

3-bromothiophene is treated at room temperature with n-butyllithium,

.3-bromo-2-thieny11ithium and 2-thienyllithium are formed (7). The

latter product is formed by equilibration of 3-thieny11ithium with the

more favored 2-isomer. -In a similar manner, 3,4-dibromothiophene

on treatment at -700 with n-butyllithium gave 4-bromo-3-thieny11ithium.

.When the reaction is conducted at room temperature a mixture of

3-bromo-2-thieny1 and 3, 4-dibromo-2-thienyllithium is formed.

Also , 2, 3, 4, 5-tetrabromothiophene treated at 00 with excess n-butyl-

lithium gave 74% of the 3, 4-dibromo-2, 5-dicarboxylic acid upon

carbonation (8). Thus, the direct metallation proceeds at a much faster



rate at the 2-position than the halogen-metal interconversion at the

3-position. 4A similar dimetallation has been conducted on 2, 5-di-

iodothiophene with phenyllithium followed by carbonation to give 52%

of 2, 5-thiophenedicarboxy1ic acid (9). This simple conversion is in

marked contrast to the difficult preparation of o-phenyldilithium

obtained through the dimercuric chloride derivative (10).

Many of the reactions of the thienyllithium derivatives are

similar to those of the corresponding Grignard reagents. ,For example,

2-thienyllithium with an aldehyde gave a secondary alcohol (11), with

a ketone a tertiary alcohol (12), an ester a tertiary alcohol. (13).

Since the organolithium compounds are stronger as carban ion sources

than the corresponding Grignard reagents, coupling can be readily

effected: 2-thieny11ithium and 2-chloromethylthi0phene gave

di-2-thieny1-methane (l4). . When treated with dimethyl sulfate,

2-thienyllithium yielded 65% of 2-methylthiophene, aconvenient

synthetic procedure for this homolog. Alkylation is conducted on

2-thienyllithium with the various bromides to give 61% of 2-ethyl-

thiOphene, 47% of 2-n-butylthiophene, 46% of 2-n-octylthiophene and

62% of Z-benzylthiophene. When tetrahydrofuran is used as a solvent,

2-phenylthiophene can be obtained in 31% yield by the alkylation with

bromobenzene (15).

Another synthetically important reaction is the treatment of the

2- and 3-thienyllithium with sulfur followed by hydrolysis or reaction

with various alkyl halides to give excellent yields of the mercaptans

or thioethers (16).

.When the organolithium derivative is reacted with sulfur dioxide

with subsequent hydrolysis, a low yield of 2-thiophenesulfinic acid is

obtained (17). . Similarly the reaction between 2-thienyllithium and
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2, 2, 2', 2'-tetramethoxydiethy1disulfide yielded thienyldimethoxyethyl-

sulfide which on treatment with phosphoric acid gave bithiophene (18).

However, a simple conversion which has not been extensively

studied is the reaction of 2- and 3-thienyllithium with ‘N, N-dimethyl-

formamide to give the corresponding aldehydes (19). Generally, 2-

thiophenecarboxaldehyde is prepared in 45-88% yields by the N-methyl-

formanilide procedure (20). However, the procedure utilizes

expensive starting materials and requires a time consuming steam

distillation to effect complete hydrolysis of the intermediate complex.

The corresponding 3-aldehyde,. 3-thi0phenecarboxaldehyde, is most

easily obtained through the Sommelet reaction (21). .However, starting

with 3-bromomethy1thiophene the overall yield is only. 32%.

+ .-

CH Br .CHoCH N Br + CHO

s s s

The reaction between the organolithium compounds andN,N-dimethy1-

 

formamide should provide a better route to both of these aldehydes.

In addition, if instead of N, N-dimethylformamide, other N, N-dimethyl

substituted amides were utilized in the reaction with the thienyl-

lithiums, another possible route to the 2- and 3-acyl derivatives would

be opened. If the 2, 5-thieny1dilithium were utilized, a convenient route

to the 2, 5-dialdehyde and diacyl derivatives would be developed.

2)Nri,c1

L Li + HCN(CH3)3 H CHO

/»“ . z.5, s
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Li I! H Li + H N(CH3)2 OHC CHO

 

s s
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1)) ZlHCl \ u I H

Li Li + RCN(CH3)2 R-C C-R

s 5

Previous methods for the preparation of the Zbacyl derivatives

have relied on Friedels-Crafts procedures. Thiophene is reacted with

acylhalides in the presence of various metal catalysts (23), with acid

anhydrides and phosphoric acid (24), or with carboxylic acids and

phosphorus pentoxide (25). -Thus, the proposed procedure would not

provide a better method of synthesis. However, with the 3-acyl

derivative, the previous method of preparation has involved the use of

the unstable organocadmium derivatives which are obtained from the

corresponding Grignard reagents. By this method Campaigne and

-LeSuer were able to prepare 3-acetylthiophene in an 81% yield (22).

- g.

[I II 301 + (CH,),Cd ———-——> U R

sS

  

In addition other 3-acy1ated derivatives--3-benzoy1thiophene, 3-propionyl-

thiophene, 3-n-butyry1thiophene, 3(2-thenoyl)-thiophene, n-butyl-2-

thienylketone--have been prepared from the organocadmium derivative

(26). The proposed method would provide, therefore, a more efficient

and economical preparation of these compounds.



II.

In connection with investigations of biologically important hetero-

cyclic compounds, it was of interest to obtain fluorinated derivatives

of thiophenes and thianaphthenes. - One of the simplest fluoro hetero-

cyclics, 2-fluorothi0phene, has previously been reported as obtainable

in less than 10% yields, by the reaction of thiophene with antimony

pentafluoride in nitromethane as a reaction media (27). However, the

simple fluorothioanaphthenes such as the 2- or 3-fluoro derivatives

have, as yet, to be reported.

. With respect to the rather extensive work conducted with thienyl-

lithium derivatives, a possible synthesis using this versatile and

reactive intermediate is proposed. ~ The procedure would involve the

reaction between 2-thienyllithium and perchloryl fluoride, a colorless,

sweet smelling gas, (b.p. -46-48°) (28) to accomplish the direct

fluorination of the thiophene nucleus. Since perchloryl fluoride has

been commercially available for only a few years, and the published

research on thereactions of this reagent with organic compounds has

been very limited, it was felt a review of the reactions of perchloryl

fluoride-with organic molecules is desirable.

Inman-and Oesterling, the initial investigators in this area (29),

observed that perchloryl fluoride could be used in a Friedel-Crafts

reaction in the presence of aluminum chloride or bromide with benzene

to give perchlorylbenzene. .The following mechanism, analogous to a

Friedel-Crafts acylation, was proposed in which the benzene ring is

attacked by the electrophilic C103,e ion, available from the aluminum

chloride assisted heterolytic cleavage of the fluorine-chlorine bond.



\ / + C1o,+——-\ .C103+H+

+ .-

H + FAlCl3 ——J- AlCle + HC1

Since perchloryl fluoride and aluminum chloride did not react by them-

selves to form the complex, it was felt that the benzene must be present

as an acceptor for the C1039 ion. In its structure the C103 group has

retained the original symmetry of the perchloryl fluoride since in

strong alkaline solutions perchloryl aromatics are hydrolyzed rapidly

to phenol and chlorate ion by the nucleophilic replacement of the

perchloryl group by hydroxide ion. The perchloryl aromatics are stable

at room temperature, but may be detonated by vigorous shock or high

temperatures. The compounds exhibit strong Cl-O infrared absorption

between 8. 2 and 8.4 p, and are meta-orienting. -Additional work by

Oesterling (30) has shown the extremely high leaving ability of the

perchloryl group in a number of reactions.

The reaction between enol ethers and perchloryl fluoride to pro-

duce fluorinated ketones was first described by Nakanishi it a}. (31).

In the absence of acids the fluorine atom of perchloryl fluoride appeared

to be electrophilic and reacted with the negative center established at

the B-carbon atom by the unshared electrons of the alkoxy group.

For example, treatment of l-ethoxycyclohexene in pyridine with perchloryl

fluoride at 00 gave 2-fluorocyclohexanone. Similarly, in the steroid

series the respective 3-ethoxy-Az compounds treated with perchloryl

fluoride in pyridine produced 2-a-f1uorocholestan-3-one, 2-e-f1uoroan-

drostane-3, 17-dione, and 2-u-fluorodihydrotestosterone acetate in

yield of 75-90% as shown by optical rotatory dispersion and mm. r.

Analogously, these fluorinated steroids can be obtained by perchloryl

fluoride treatment of the corresponding steroid enamines (32).
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.Cholestane-3-one pyrrolidyl enamine was treated with perchloryl

fluoride in benzene and after the usual isolation procedure gave 2-o.-

fluorocholestan-3-one in 72% yield. . However, in contrast to enamines

which yielded .4, 4-difluoro-3-keto-A5-steroids, enol ethers of A423-

.keto- steroids are fluorinatedat position 6 (31). Thus, 3-ethoxy-3, 5-

cholestadiene with perchloryl fluoride gave the 6-[3-derivative.

 

Cszo

In a similar manner 2-alkoxalyl-A4-3-ketones with perchloryl fluoride

followed by :ealkoxalylation afforded 2-a-f1uoro-A4-3-aketones (32).

Cszoc--C| \ F“ x

The same reaction has been utilized by Kende (34) and Allinger (35)

in the preparation of 2-fluorocyclohexanone by treatment in pyridine

» at 00 of 2-hydroxymethylenecyclohexanone with perchloryl fluoride.

The most fruitful area of investigation has been the reaction of

perchloryl fluoride with strong organic bases. . This reaction initiated

the present investigation of the treatment of 2-thienyllithium with



perchloryl fluoride.

10

In the case of the sodium salts of active methylene

compounds, the reaction was found to introduce fluorine into the mole-

cule. .For example, when perchloryl fluoride is reacted with the

sodium salt of diethyl malonate, diethyl difluoromalonate is produced

in an almost quantitative yield.

/ COzCsz

. CHz

\ cozczH5

F cozczH5

 

1‘) NaOCzH5A \C/

2) C1031? /\

F C0,C.,H5

Only the difluorinated material is obtained, even though the reaction

obviously passes through the monofluoroderivative. - The monofluoro

compound is a stronger acid than diethyl malonate and, thus, competes

effectively for the available ethoxide ion, undergoing reaction with

perchloryl fluoride a second time to form the difluorinated compound

before additional monofluorocompound can be formed. In a similar

manner ethyl 2, 2-dif1uoroac etoacetate, ' 3, 3-dif1uoro-2, 4-pentandione,

and diethyl 2-fluoro-2-phenylmalonate can be obtained from the unsub-

stituted parent compounds by treatment with ethoxide ion and perchloryl

fluoride in yields of 59%, 77% and 93% respectively (36). The mechanism

for the reaction can be explained by two paths. If a direct heterolytic

cleavage of the perchloryl fluoride is assumed, the following sequence

can be postulated:

o

A-CH-B + ClO3F
O.

A-CH-B + F9

I

C103

..o

A-C -B + C103F

1L

 

 

 

C103

*[A-C'H-B] + F9

L o
A-CH-B + C103

I
F

F 9

etc' \ A-C::-B + 0103

F
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This series of steps would seem unlikely since the reaction is carried

out in the presence of a stronger base‘(ethoxide) thanfluoride, and

consequently, a competitive reaction should occur. »A more plausible

mechanism involves a single step concerted displacement passing

through one, or both of, two intermediates, the exact nature of which

has not as yet been established.

 

0

A-CH-B + ClO3F \

A ,F

\ x : A\

CH ' or CH---- F--- C103 ————->-

/ “J B/
B C103

A\ o

CH-F + C103

/
B

A A F
\

\CF 9 + ClO3F —°—t-°—'——> C/ + C10,G
.. / \

B/ B F

In the light of Inman's work, it was thought that the perchloryl fluoride

treatment of ethyl formamido- and) ethyl acetamidomalonate followed by

hydrolysis should yield the fluorinated amino acids. Instead these

compounds in the presence of ethoxide when treated with perchloryl

fluoride were oxidatively dimerized in 40 and 50% yields respectively.

The course of the reaction was shown by hydrolysis to .diamino- and

diacetamidosuccinic acid (37). The dimerization is thought to proceed

by initial perchloryl fluoride attack on the sodium salt of diethyl malonate

to give the perchloryl intermediate. The perchloryl group is then

displaced by another malonate anion to give the dimer.
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O/COzCsz

010, R'C\ 00 C H
. " 2 Z 5

R-C-Cozcsz + F9 COZCIH-‘L \ (R- .+ 010,

(5 03C3H5 C 02C2H5 Z

R = HC0NH-, .CH3CONH-

Schechter(38) has investigated the reaction between the sodium salts of

secondary nitro compounds with perchloryl fluoride in methanol at

0-100. The reaction gave the fluoronitro compounds (36-42%) and

by-products of ketones (32-55%) and vicinal dinitro compounds (1-7%)

obtained by oxidative coupling of the mononitronate ions:

 

 

I} o \ 11‘ 0
1§=N02 + C10,F a F-C-NOZ + C103

R

I} < e
A 9:0 + [HNOZ]+ HCIO3 + F

R

R

‘ - -

R 2 N02 +FG+C103G

R

 

R- -N02

Hence, sodium 2-propanenitronate plus excess perchloryl fluoride in

methanol yielded 2-f1uoro-2-nitropropane (36%), acetone (54%) and

2, 3-dimethy1-2, 3-dinitrobutane (6%). Also, sodium 2-butanenitronate

gave 2-fluoro-2-nitrobutane (38%), . 2-butanone (45%), and 3, 4-dimethyl-

3, 4-dinitrohexane (7%).

When perchloryl fluoride was reacted with the sodium salts of

primary nitro compounds in methanol at 00 or dimethylformamide at

20°, aldehydes were the main products. .Sodium l-propane nitronate

with excess perchloryl fluoride yielded pr0pionaldehyde (64%), 3,4-

dinitrohexane (0.5%), l-nitropropane (38% recovered), and l-fluoro-l-

nitropropane and 1, l-difluoro-1-nitropropane (3-5%). The mechanism

in these conversions is unknown, although it is suspected that the



fluoronitro compounds are obtained by nucleophilic attack of the nitronate

ion on perchloryl fluoride with concurrent displacement of the chlorate

ion. The'aldehydes or ketones and the vicinal dinitro compounds may

be formed from the following intermediates by thermal decomposition,

hydrolysis, or displacement by the nitronate ion respectively.

. o RR\ 111/00 R\ 9’0 \ INC;

/C=N\ C=N\ C\

R 015‘ R/ 0010, R / . 010,

Neeman and Osawa (39) have reacted perchloryl fluoride with a carbon

carbon double bond which is devoid of any activating species. Thus,

the 2, 3 double bond of indene undergoes bident attack by the fluorine and

oxygen of the perchloryl fluoride. In this way treatment of indene in a

dioxane-water solution with perchloryl fluoride gave five products:

2-indanone, cis- and trans-1, 2-dihydroxyindan,. 2-fluoroindanone, and

trans-Z-chloroindanol.

mm «on +
. .. 0H

3 : 4 :

m0H + “I“ + “Cl

. \A . '

0H 0. 0H

5 t 18 : 9

Also, 1, z-epoxyindan with perchloryl fluoride gave the first three

products, indicating a cdmmon intermediate parbonium ion for both

“0.

O

reactions:
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The fluoro compound, the major component, is formed by perchloryl

fluoride attack on the double bond to give an intermediate fluoro

chlorate which undergoes a concerted elimination of chlorous acid

in an oxidation step. The chlorous acid in turn can disproportionate

and add across the indene double bond to produce the chlorohydrin

product.

F

r.“ HI

{a owdl-o 0-c1-0 Hg

0 0 Hr? 90 U 3

S H,0

 

I o
- O. F + HC10,+ H,0

\\

0



RESULTS AND DISCUSSION

1.

The reaction between N, N-disubstituted amides and-organo-

lithium compounds was investigated as a possible synthetic route to

the various acylated and formylated derivatives in the thiophene

series (19). In order to include a thorough study it was decided to

observe the reactions of 2-thieny11ithium, 3-thieny11ithium, and

2, 5-thieny1dilithium with numerous N, N-disubstituted amides. The

amides chosen for the study were N, N-dimethylformamide, N, N-di-

methylacetamide, N, N-dimethylpropionamide, N, N-dimethylisobutyramide,

‘ N, N-dimethylbenzamide, . N, N- dimethyl-2-thiophenecarboxamide, and

N, N-dimethylphenylacetamide. . From an examination'of the reactions

between these materials, it was further hoped to obtain some qualitative

data concerning the mechanism.

The starting amides were readily available through simple con-

versions. Two of the amides--N, N-dimethylformamide and N, N-di-

methylacetamide--were obtained from EastmanKodak (White label) and

were purified just prior to use. The other amides were prepared by

the reaction of the corresponding acid chlorides with gaseous dimethyl

amine in ether under rapid stirring and cooling. [In this manner N, N-

dimethylpropionamide, N, N—dimethylisobutyramide, N, N-dimethyl-

benzamide, N, N-dimethyl-2-thiophenecarboxamide and N, N-dimethyl-

phenylacetamide were synthesized in yields of 61%, 57%, 67%, 63%,

and 58%, respectively, after purification by distillation under reduced

pressure.

A modified procedure was utilized for the preparation of one of

the reactive intermediates, 2-thienyllithium. An n-butyllithium-ether

solution (0. 1 mole) was obtained by the slow addition of n—butyl bromide

15
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into a suspension of lithium slivers suspended in anhydrous ethyl ether

at «10‘0 to 0° (40). To the deep purple solution was added an equimolar

amount of redistilled thiophene. rGilman-(l) stirred the solution at an

undesignated temperature for fifteen minutes and poured the reaction

mixture over a dry ice-ether, slurry. Hydrolysis gave 2-thiophene-

carboxylic acid in an 87% yield. However, .when this procedure was

repeated'low yields of the carboxylic acid were obtained. 1 It was evident

that the metallation reaction between the n-butyllithium and thiophene

was not occurring to any appreciable extent. Two methods were

developed to force the reaction to completion. The thiophene-ether

solution was added to the n-butyllithium at 0°, 'and the mixture was

allowed to warm to its reflux temperature to force the evolution of the

butane formed in the hydrogen-metal exchange. . In the alternate method

the thiophene-ether solution was added at room temperature, and the

flask was evacuated to purge off the butane and shift the equilibrium

to favor metallation of the thiophene. In the latter procedure the

exclusion of moisture was accomplished, with some difficulty, by using

a nitrogen atmosphere in equalizing the pressure in the reaction

system. The former method proved to be more convenient, since little,

if any, n-butyllithium decomposition occurred before its reaction with

the thiophene. 1 Both methods gave better than 90% yields of 2-thiophene-

carboxylic acid.

‘ The ‘3-thieny11ithium was prepared by the halogen-metal inter-

action between 3-bromothiophene and n-butyllithium dissolved in

anhydrous ether-solution at -70 to --80° (6). ~The 3-bromothiophene was

synthesized in a three step conversion beginning with the bromination of

thiophene with a twomolar quantity of bromine. The 2, 5-dibromothio-

phene was isolated from the other possible monobrominated materials

and treated with an equimolar amount of bromine. The crude 2, 3, 5-tri-

bromothiophene was refluxed with a suspension of zinc dust in
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acetic acid-(41). After aniexhaustive steam distillation a 42% yield of

3-bromothiophene was obtained. The other major component (31%)

was 2, 3 ~dibromothiophene .

 

 

' Br I! N Br I! ll Br ‘Zn ‘2 ——L—.h

Br Br A Br ‘ Br CH3COZH”.

. S S

U: Br + U Br _700 L I! II L1

S Br S * CH3CHzCHzCHzL1

S

 

'- Campaigne (9) has prepared 2, 5-thieny1dilithium by the metallation

with phenyllithium of 2, 5-diiodothiophene. AA better yield was realized

by the slow addition of 2, 5-diiodothiophene, dissolved in anhydrous ether,

tooa n-butyllithium- ether solution at room temperature. . After carbonation

and hydrolysis a 72% yield of 2, 5-thiophenedicarboxylic acid was obtained.

The starting material was prepared by a modification of Minnis's

procedure (42) by the treatment of thiophene dissolved in benzene with

a two molar excess of axmixture of orange mercuric oxide and iodine.

The formylation of'thiophene was conducted under a nitrogen

atmosphere. An equimolar amount of N, N-dimethylformamide was

added at ~25° to the rapidly stirred green 2-thienyllithium-ether solution,

forming a light yellow solid. The slurry, on warming to room tempera-

ture, was hydrolyzed with a saturated ammonium chloride solution.

The ammonium chloride solution was used instead of diluteacid as a

. precautionary measure against decomposition of the 2-thiophenecarboxal-

dehyde. . After a reduced pressure distillation-a 61% yield of the desired

product was obtained. The entire procedure from n-butyl bromide and

thiophene to the purified, formylated product required, on a 0. 2 mole

scale, just six hours. The time factor compared favorably to the 15

hour period required for the equivalent formylation with N-methyl-

formanilide and phosphorus oxychloride (20). Thus, this metallation
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method presented a more economical route to this synthetically important

aldehyde. - The formylation of 3-thienyllithium was performed below

-65° by the slow addition of pre-cooled N, N-dimethylformamide to the

brown 3-thienyllithium-ether solution. Product isolation in the usual

manner afforded 73% of 3-thiophenecarboxaldehyde, again, providing

an elegant method for obtaining this compound. .When this procedure

was extended to the diformylation of thi0phene by the addition of N, N-di-

methylformamide to 2, 5-thieny1dilithium, only a 32% yield of the

previously unknown 2, 5-thiophenedicarboxaldehyde was realized. The

structure was assigned on the basis of its elemental analysis and n.m.r.

spectrum».

Acetylation of the thiophene ring was carried out by this procedure

using the homolog of N, N-dimethylformamide. . Accordingly, N, N-di-

methylacetamide was added to an equimolar quantity of 2-thienyllithium

disSolved in anhydrous ether. -Acidification of the intermediate lithium

salt with dilute hydrochloric acid and distillation gave a 54% yield of

Z-acetylthiophene. Similarly, when the substituted acetamide was added

to an ether solution of 3-thienyllithium maintained below -650 and‘was

followed by dilute hydrochloric acid hydrolysis, 3-acetylthiophene was

obtained in a 61% yield. Diacetylation of the 2, 5-di1ithio derivative

produced 59% of 2, 5-diacety1thiophene, as shown in Table 1.

Obviously, this acetylation procedure provides a more efficient

method of synthesis of the 3-acety1thiophene which was prepared

previously by the reaction between dimethyl cadmium and the acid

chloride of 3-thiophenecarboxylic acid (22). Also, the diacetyl deriva-

tive was obtained previously in only trace amounts by the Friedel-Crafts

diacetylation of thi0phene in the presence of zinc chloride (23).

Of course, 2-acety1thiophene is readily obtained through numerous

Friedel-Crafts procedures (23, 24). Thus, the metallation reaction

provides an additional path to this common derivative.
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Other N, N-disubstituted amides were reacted with 2- and 3-

thienyllithium to obtain the corresponding acylthiophenes. The results

are summarized in Table II.

From Table II it can be observed that this experimental procedure

for the preparation of, 3-acety1ated derivatives provides a better route

to these derivatives than the method described by Campaigne (26).

. The structure assignment for many of these compounds was based

on a comparison to the physical properties of the previously prepared

materials. For the 2-acylated thiophenes, the infraredspectra were

taken and compared to publishedspectra or to spectra obtained from

the independent synthesis of the 2-acyl derivatives by Friedel-Crafts

methods (23, 24). .With the 3-acylthiophenes the infrared spectra showed

the expected carbonyl absorption. The n.m. r. spectra and integration

identified the position of attack in both- series as well as the ratio of

aromatic to aliphatic hydr.ogens(see Appendix). - On the basis of these

instrumental techniques, the need to prepare known and unknown

derivatives, e.g. , 2,4-dinitropheny1hydrazones, of these compounds

was considered unnecessary.

In addition, the preparation of the 2, 3-dilithio derivative of

thiophene was attempted. The starting material, 2, 3-dibromothiophene,

was prepared by the zinc debromination of 2, 3, 5-tribromothiophene

in acetic acid as previously described (41). The dibromo compound

was also prepared by the method of Steinkopf (43, 44) involving a three

step reaction: bromination of 2-th10phenecarboxylic acid to 2, 3-

dibromo-5-thiophenecarboxylic acid, conversion to the mercuric chloride

derivative, and subsequent acid-steam hydrolysis to yield 68% of

2, 3-dibromothiophene .
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The reaction between this compound and an n-butyllithium-ether

solution at -65°, followed by N, N-dimethylformamide treatment,

hydrolysis, and distillation afforded a white solid which was tentatively

assigned the structure, 2, 3gthiophenedicarboxaldehyde. This assign-

ment agreed with Ried's study (45) on the dilithio derivative of thianaphthene

readily obtained from 2, 3—dibromothianaphthene. However, the analysis

and n.m. r. spectra proved conclusively that the solid was instead

-3-bromo-2-thiophenecarboxaldehyde. (The n. m. r. spectra were inte-

grated showing the ratio of ring to aldehydic protons to be 2:1). The

conversion of the dibromocompound‘to3-bromo-2-thienyllithium either

sufficiently deactivated the 3-bromo position from further reaction, or

the energy barrier to produce two neighboring anionic carbon‘atoms was

too great to allow reaction at this low temperature. The latter explana-

tion is suspected since in thianaphthene this concentration of anionic

charge can be distributed into the benzene ring, whereas the thiophene

ring in this case must accommodate the total charge. - In contrast, the

facile conversion of 2, 5-diiodothiophene to 2, 5-thienyldilithium (9) is

explained by the easier cleavage of the carbon-iodine bond on the more

reaCtive 2 and 5 positions.

A mechanism for the reaction of the thienyllithiums, on the basis

of this study, is straightforward. Initially the organolithium component
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attacks the carbonyl group of the substituted amide to give the intermediate

lithium salt:

O-‘Li

:s S R

L.__> E ll 11) ‘+ LiN1CH312

' C-R

5

Upon hydrolysis with hydrochloric acid-elimination of lithio

  

dimethylamine occurs to yield the desired ketone, . lithium chloride,

1 and-dimethyl, amine hydrochloride. If it is assumed that the thienyl—

lithium reacts with a minimal amount of steric inteference with the

amide, then, ,themore electron withdrawing the R groupie, ,the higher

the yield of ketone and vice-versa so long as the reaction times are

equivalent. Thus, in the 3-acy1 series an increase in yield from

5R = iso-propyl (29%), ethyl (38%), ,methyl (61%),, benzyl (60%), phenyl

(60%), 2-thieny1 (64%) corresponds to the electronic effects of these

groups on the carbonyl Carbon'atom. .Similarly, ,with the 2-acyl series,

an increase in yield from 'R = ethyl (52%), . methyl (51%), 2-thienyl (63%),

phenyl (73%) corresponds to the expected electronic effects on the

proposed mechanism.

No correlation between the 2- and the 3-acyl thiophene yields

can be made, since the initial formation of the organolithium components

in the one case involved a direct metallation-(3) and in the other a

metal-halogen exchange (4) at positions quite different in reactivity.

'It is observed that the formylation reaction with. the 2- and. the

3-thienyllithium gave 64 and 73% of the corresponding aldehydes.

However, the reaction of the 2- and. the 3-thienyllithium with N, N-dimethyl-

'benzamide produced only. a 73 and a 61% yield of the corresponding

benzoylthiOphenes. The same was true for the 2-thenoy1thiophenes
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'(63 and. 64% respectively). . If the proposed mechanism is assumed... then

a slight steric factor is present, for larger yields of ketones should be

obtained since the aromatic groups exhibit a withdrawing effect on the

carbonyl carbon atom. The formyl group with the proton on the

carbonyl carbon has little, if any, electronic or steric effect.

The low yield of the diformyl derivative, 2, 5-thi0phenedicarb‘ox-

aldehyde is rationalized on the basis of the withdrawing effect of the

formyl group. Once, one formyl group is attached to the ring, it suf-

ficiently deactivates the anionic species so that attack on the substituted

amide occurs only to a slight extent.

II.

The treatment of Z-thienyllithium. with perchloryl fluoride was

investigated as a possible method of ring fluorination to yield bio-

logically important percursors. - A Z-thienyllithium-ether solution

prepared as previously. described was treated under various temperature

conditions with gaseous perchloryl fluoride. At a low temperature

(below ~500) the desired reaction was sluggish, . and the yields of

fluorinated product were low, whereas at refluxing temperatures severe

oxidation of the organic material occurred. The optimum condition for

the exothermic reaction was between 0 and 30°. .Once the 2-thieny1-

lithium solution was no longer alkaline, and the blue fluorescence

characteristic of the reaction had disappeared, the addition of fluori-

nation reagent was stopped. The reaction-mixture was hydrolyzed

witha saturated sodium carbonate solution to destroy traces of acid

formed from any excess perchloryl fluoride. Hydrolysis with hydro-

chloric acid caused a severe darkening and subsequent tarring of the

reaction mixture. . Distillation afforded a mixture of thiophene (12. 3%)

and 2-f1uorothiophene (87.4%), thus giving an overall yield of 48. 8% of
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the fluorinated product. - A sample of the major product was isolated

for infraredand elemental analysis by preparative gas chromatography

through a 30% silicone on Chromosorb column. Since the two com-

ponents of the mixture differed only slightly in their physical properties,

it was necessary to utilize a freshly packed column, as any contaminants

caused a coalescing of the peaks; . Even under optimumconditions, the

collected portion was rechromatographed at- least twice to obtain a

pure sample. The use of other percentages of silicon oil or fluorosil

on Chrom-osorb failed to improve the separations.

The fluorination reaction was applied to 5-methyl-2-thienyllithium

under the-same reaction. conditions to gain additional information onithe

reaction so that mechanistic interpretations could be made. The starting

material, 2-methy1thiophene, was prepared either by the alkylation of

2-thieny11ithium with methyl iodide or by the Wolff-Kischner reduction

of 2~thiophenecarboxaldehyde (20). Metallation with n-butyllithium gave

the green 5-methyl-2-thienyllithium-ether solution. Upon treatment in

a similar manner of this intermediate with perchloryl fluoride, followed

by the normal isolation procedure, a mixture of 2-methy1thiophene (9. 9%),

2-fluoro-5-methylthiophene (61. 9%), .(overall, 44%), and unidentified

side products was obtained.

[‘11 __,__. U U.Li CH,2)KOH CHO HCON(_CH3)2

2)NH, | I

S

 

CH,CH,CH,CH,Li

 f

. CH, Li CH, 1 1 F

S ' S
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A sample of the major product was isolated for analysis,. infrared, and

n.m. r. spectra by preparative gas chromatography as previously

described. . A comparison of the infrared spectra of Z-methyl and

Z-fluoro-S-methylthiophene showed a sharp C-F peak at 7. 6 u. The

n.m. r. conclusively showed ring fluorination. Integration gave the

correct ratio of methyl to ring hydrogens (3:2) for the assigned structure.

Further, the spectra exhibited additional splitting from the fluorine atom

(see Appendix).

-The reaction was extended to the thianaphthene system. Under

similar conditions 2-thianaphthenyllithium produced a 70% yield of

Z-fluorothianaphthene. Noounreacted thianaphthene was present in the

final distillate, as it either reacted immediately with the perchloryl

fluoride or was oxidized to unidentifiable side products. « Elemental

analysis, n.m.r. , and infrared spectra substantiated the structural

. assignment. Integration of the n.m. r. showed the correct ratio of

thiophene to benzene hydrogens (1:4). Derivatives of the fluorinated

thianaphthene wereprepared. - Bromination gave 3-bromo-2-f1uoro-

thianaphthene which was metallated with n-butyllithium followed by

carbonation to produce 55% of 2-fluoro—3-thianaphthenecarboxylic acid.

 

I 1) CngHzCHiCHz-Li , 1

F 2) C0,/H+

 

In order to gain insight into the nature of the reaction, 2-thienylc'é

sodium prepared from thiophene and sodium amalgam‘ (46) and Z-thienyl-

magnesium iodide obtained by the interaction of 2-iodothiophene and

magnesium (47) were treated with perchloryl fluoride. - In the former
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case 9% of 2-fluorothiophene and unreacted thiophene were detected.

- With the Grignard reagent no fluorinated product was observed, and

only decomposition occurred.

- In addition, l-naphthyllithium, prepared from 1-bromonaphthalene

and .lithiumlslivers in ether (48), was treated with perchlorylfluoride

under the normal reaction. conditions. - No reaction occurred-as shown

by vapor phase chromatography of the final distillate. . Only naphthalene

was obtained from the hydrolysis of the organolithium derivative.

.However, when-phenyllithium was treated with the fluorination reagent,

an 11% yield of perchlorylbenzene was obtained. - The compound was

identified by. comparison of its infraredspectrum to the known spectrum

of this material (29).

. vInman's procedure (36) for the fluorination of diethyl malonate

in the presence of sodium ethoxide was repeated, to obtain 60% of diethyl

a, indifluoromalonate and 6% of diethyl o-fluoromalonate. The lower

yield was in contrast to the quantitative yield previously reported.

Inman reported no monofluoro product in the reaction. However, the

n. m. r. showedan impurity substantially different from the e-hydrogens

of diethyl malonate, which was assigned to the monofluoro derivative.

A In reference to Inman' s work, the attempted fluorination of the

sodium salt of ethyl cyanoacetate with perchloryl fluoride gave after

. the normal isolation procedurea mixture of six components. The major

component (66%) was unreacted ethyl cyanoacetate. Attempts were made

to isolate two of the other components (11. 2%, 12. 1%), but vapor phase

chromatography utilizing 30% or 5% silicone on Chromosorb preparative

columns did not separate, effectively these components from the mixture.

Similarly the treatment of the sodium salt of phenylacetonitrile, obtained

from the acid-base equilibrium of sodamide on the parent compound,

with perchloryl fluoride and the subsequent product isolation yielded the

starting material and an unidentified side product in the ratio 8:1.
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Some indicationas to the mechanism of this fluorination reaction

can be attempted on the basis of these results. - With the lithium

derivatives of thiophene and thianaphthene, the electronegativityof the

sulfur ‘atom-delocalizes the carban ion charge yielding a stable anionic

system, whichmay react effectively with the slightly polar chlorine-

fluorine bond in the perchloryl fluoride, displacing the chlorate ion.

[I ”Li + F-C10, \ || ||F + LiClo,

. s S

 

Themore this charge is delocalized the higher’the yield of fluorinated

material under similar conditions of reaction. Thus, the increase in

yield of fluorinated material from the lithio derivatives of 2-methy1-

thi0phene to thiophene to thianaphthene is explained on the basis of

the delocalization of the intermediate anion.

The more stable the anion is, the more it should yield a fluorinated

product. This statement. is substantiated in Imnan's work on the

fluorination of diethyl malonate with perchloryl fluoride in the presence

of excess ethoxide (36) ion.

.Phenyl and l-naphthyllithium-carbon bonds are more covalent

with less, delocalization of the anionic charge, and apparently these

less stable anionic species are unable to activate the chlorine-fluorine

bond of perchloryl fluoride in the displacement reaction. To the limited

extent that reaction occurs, less discrimination, infavor of the fluorine,

is achieved in the displacement step. Experimental evidence for this

was found in this study by the observation that some perchlorylbenzene
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(11%) results from the reaction of phenyllithium and perchloryl

fluoride .

Gm+ F-Cio, \ @010, + LiF 



EXPERIMENTAL

I,

n- Butyllithium: : CH3CHZCHZCHzLi

The method of Gilman (49) was modified in this preparation.

A suspension of 1. 76 g. (0. 24 g. -atom) of lithium metal, cut into fine

slivers, and 50 ml. of anhydrous ethyl ether (previously stored over

sodium wire) was placed in, a 500 m1. three-necked flask which had

_ been flushed with a rapid flow of dry nitrogen for 20 minutes. The

flask was fitted with a mechanical stirrer, a dropping funnel, and an

Allihn condenser through which was suspended a ~35 to- +500 thermometer.

, The‘system was protected from moisture by a long rubber tube to which

was attached a six inch calcium chloride or drierite drying tube. In

other preparations, the reflux condenser, thermometer and drying tube

apparatus were replaced by a two-hole rubber stopper fitted with the

thermometer and a 6 mm. tubing which was connected with Tygon tubing

to a cold-trap immersed in a dry-ice methyl cellosolve bath. . To the

cold trap was attached a six foot length of rubber tubing fitted with a

calcium chloride drying tube. The latter system was flushed with

nitrogen before immer sing the cold trap and proved superior to the former

system in excluding moisture when the laboratory humidity exceeded 50%.

To. the-slowly. stirred suspension, cooled to -100 to -50 in a dry-ice

methyl cellosolve bath, was added dropwise a solution of 17. 5 g.

, (0.12 mole) n-butyl bromide ‘(Matheson,. Coleman, and Bell) dissolved in

25 ml. of anhydrous ether. . In five to 10 minutes the reaction mixture

became cloudy and bright spots appeared on the lithium. After initiation

. . 0 . .

of the reaction, the reaction temperature was held below -10 by immersion

30
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of the reaction flask in the dry ice-methyl cellosolve bath during the

addition of the remaining alkyl halide solution (20 minutes). The mixture

was stirred for an additional hour, maintaining its temperature below

-10°, or until only traces of unreacted lithium remained. The purple

butyllithium-ether complex was cooled to -300 and filtered through a

tygon tube, fitted with a wool plug in one end, directly into a nitrogen-

flushediflask and used immediately in the next reaction. This method of

separation of the butyllithium from the unreacted-lithiumchips could

also be effected by suspending a gauze net on a wire loop into the solu-

tion under rapid stirring. This latter method is preferred when the

laboratory humidity exceeded 50 %.

2-Thienyllithium u 1]— Li

~ S

, A solution of n-butyllithium, prepared as described above from

9 g... (1. 3 g. -atom) of lithium, , 82. 2 g- (0.6 mole) of n-butylbromide,

, and-400 m1. of anhydrous ethyl ether, was transferred to a one 1.

three-necked flask, fitted witha stirrer, a -50 to +350 thermometer

" (b'elowi'liquid level) suspended in an, Allihn condenser protected from

moisture. The reaction flask was thenprecooled to «~100 by immersion

in a dry ice-methyl cellosolve bath, and a solution containing 42 g. (0. 5

mole) thiophene dissolved in 130 m1. anhydrous ethyl ether was added

during a half hour to the stirred alkyllithium solution. Two. methods

of forcing the equilibrium metallation reaction to completion were

utilized. One involved evacuating the flask at 00 with a water aspirator

to purge off the butane. . Upon equalizing the pressure with dry nitrogen,

traces of moisture entered the system so that the second method was

preferred. In the latter procedure the reaction flask was heated to 200

in a water bath whereupon the evolution of butane became vigorous.

o . .
The bath temperature was allowed to rise to 30 until butane evolution
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had ceased. , The green 2-thienyllithium solution was cooled tow-10°,

stirred for an hour and used immediately in subsequent reactions.

2- Thiophenecarboxylic Acid [I II. COZH

1.5

A 2-thienyllithium-ether solution, one mole of aryllithium dis-

solved in one 1. of anhydrous ethyl ether was prepared as previously

described. » The 2-thienyllithium was cautiously. added to- a*rapid1y

stirred—slurry of dry ice suspended in anhydrous ether. A vigorous

reaction ensued, after which the mixture was allowed to warm to room

temperature. The yellow slurry was poured into a beaker containing 40

m1. of concentrated hydrochloric acid, 200 g. ice-and 300 ml. water.

The ether layer was separated, the aqueous residue was extracted

several times with ether, and the combined ethereal portions were

washed witha 120% sodium hydroxide solution. The alkaline extract

was boilediin the presence of activated charcoal, allowed to stand over-

night, and filtered. - The filtrate was acidified with concentrated hydro-

chloric acid to pH = 1 (Hydrion). The white solid was recovered by

filtration ona .Buchner funnel, washed with 50 ml. of cold water, and

dried to obtain 121 g. (0.94 mole, 94%) of crude 2-thiophenecarboxy1ic

acid. The crude acid was recrystallized from hot water, with activated

charcoal added, to obtain 106 g. (0. 83 mole, 83%) of a white crystalline

material (needles) melting at 129—1300. - Literature value, .m.p.

130° (50).

.2,5-D1bromoth10phene Br ll 1| Br

S

A 252 g. (3 moles) quantity of thiophene was placed in a two 1.

three-necked flask fitted with an addition funnel, a mechanical stirrer,

and an Allihn condenser. The flask was cooled to 0° by immersion in
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an ice bath, and bromine (960 g. , 6 moles) was added to the stirred

solution at sucha rate that hydrogen bromide evolution was not too

vigorous. After addition of the halogen the solution was stirred for

‘ 24 hours at room temperature as hydrogen bromide was evolved. The

heavy oil was *washed first with 500 m1. of water, then with two 500 ml.

portions of a 20% sodium hydroxide solution, and dried over calcium

chloride. The yellow oil was distilledig 21939. to yield 523 g. (2. 15

moles, 72%) of a colorless oil, b.p. 89-900 at 13 mm. , n25 = 1.6265.

D

, Literature value, b.p.. 21o.3° at 1 atm., n35 = 1.6288 (51).
D

1 1 Br

3- Bromothiophene

1 S

A 485 g. (2.0 moles) quantity of 2, 5-dibromothiophene was placed

in a one 1. three-necked flask fitted with a reflux condenser, an

addition funnel, and a mechanical stirrer. Bromine (332 g. , . 2. 08 -moles)

was addedduring an hour to the well- stirred 2, 5-dibromothiophene,

while chilling the reaction flask in an .ice bath. After the addition of

the halogenthe mixture was stirred at room temperature for 18 hours

as the hydrogen bromide was evolved. A solutioncontaining 120 g. of

potassium hydroxide dissolved in 250 ml. of methanol was added, and

the mixture was heated at its reflux temperature for three hours. The

heating was followed by exhaustive steamdistillation which required.

fifteen hours. , A yellow oil (615 g.) was separated from the distillate

and transferred to a three liter three-necked flask fitted with a reflux

condensor" and a mechanical. stirrer. To the oil were added 320 ml. of

glacial acetic acid, 1200 ml. of water, and 185 g... of zinc dust. The

addition of the zinc dust initiated an exothermic reaction which held the

reaction mixture at its reflux temperature for 30 minutes. It was

maintained at thistemperature for an additional 18 hours and then steam

distilled until all of the organic material had been removed. , The organic
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layer was separated, dried over calcium chloride, and distilled under

reduced pres sure to give twomajor fractions: identified as 3-bromo-

thiophene, (135 g. , 0. 83 mole, 41. 5%), b.p. 68. 5-69. Seat 33 mm. ,-

n22 = 1.5901, and 2, 3-dibromothiophene, (147 g. , 0.61 mole, 31%),

D

b. p. 93-950 at 15 mm., 113 = 1.6303. -Literature value for 3-brom0- -

thiophene, b.p..157-1580, n3 = 1.5860 (50). Literature value for

2,3-dibromothiophene, b.p. 212°, n3 = 1.6309 (50).

2- Thiophenealdehyde [I [l— CH0

5

A. n-butyllithium solution was prepared by the slow addition of

35 g. (0. 25 mole) of n-butyl bromide dissolved in 25 ml. of anhydrous

ethyl ether into a suspension of 3. 5 g. (0. 5 g. -atom) lithium chips in

75 m1. of anhydrous ether at -10 to -5°toa500 ml. flask, previously

flushed with nitrogen, fitted with a mechanical stirrer, arequ con-

denser, an addition funnel, a -35 toll-50° thermometer, and a Drierite ‘

tube. Into the n-butyllithium solution at -100 was added-a 21 g, (0. 25

' mole) amount of thiophenedissolved in 25 m1. of anhydrous ether. The

reaction mixture was allowed to warm to 300 in order to purge off the

butane. ~ The rapidly stirred reaction solution was then cooled to -25°

by immersion of the flask in-a dryice-methyl cellosolve solution, and

an 18. 25' (0. 25 mole) quantity of N,N-dimethy1formamide dissolved in

25 m1. of anhydrous ether was added during a 15 minute period.

A yellow-white solid formed immediately. The slurry was allowed to

warmto roomtemperature under stirring and was poured into a

saturated ammonium chloride solution. The ether layer was separated

the aqueous layer was extracted with 200 ml. of ether, and the combined

extracts were dried over anhydrous magnesium sulfate. The ether was

removed over a steam bath. The residue was distilled 2 vacuo to obtain

15.9 g. (0.153 mole, 61%) of 2-thiophenecarboxaldehyde, b. p. 78-800 at
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13 mm. rLiterature value, b.p. 66-670 at 4 mm, (20). The infrared

spectrum agreed with the reported spectrum witha carbonyl absorption

 

 

I I ’ CHO

. 3-Thiophenecarboxaldehyde

\8

To 50 ml. of a.. n-butyllithium-ether solution, cooled to -700

by. immersion of the reaction flask in a dry ice-methyl cellosolve bath,

1 was added during 15 minutes a 19. 6 g. (0.12 mole) quantity of 3-bromo-

thiophene dis solvedin 25 m1. of anhydrous ether. - The aryllithium

solution was stirred for 15 minutes, and N, N-dimethylformamide

(8. 75 g. , 0.12 mole) dissolved-in 25 ml. of anhydrous ether was added

while the reaction temperature was held below -70° by. cooling in a dry

ice-methyl cellosolve bath. . Distillation, after ammonium chloride

hydrolysis and the usual product isolation from the reaction mixture,

gave 9. 7 g... (0.081 mole, 73%) of 3-thiophenecarboxaldehyde, a colorless

liquid, b. p. 79--80o at 14 mm. , nzD° = l. 5865. Literature value, b.p.

72-7‘80 at 12 mm. , nzDOV = 1. 5860 (53). (Infrared carbonyl absorptionat

6. 06 u.)

- - II II 92 Acetylthiophene C-CH;

S

An 11 g. (0. 12 mole) quantity of thiophene dissolved in 25 *ml. of

anhydrous ether was added as previously described to 75 ml. of a

n-butyllithium-ether solutiona(0. 12 mole of alkyllithium). , N, N-dimethyl-

acetamide (10. 5 g. , 0. 12 mole) dissolved in 25 ml. of anhydrous ether

twas added'slowly during rapid stirring to the precooled (-10°) 2-thienyl-

lithium solution. The white slurry was allowed to warm to room

temperature and poured into a 1'0% hydrochloric acid solution. The

ether layer was separated, the aqueous layer was extracted with ether,

and the combined extracts were dried over anhydrous magnesium sulfate.
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The :ether was removed over a steam bath, and the residue distilled

_i_n vacuo to give 8.1 g. (o. 065 mole, 54%) of z-acetyithiophene, b.p.

76-770 at 4 mm. , n?‘0 = 1. 5665. Literature value, b.p. 770 at 4 mm. ,
D

113Do = l. 5666 (24). The infrared spectrum exhibited intense carbonyl

absorption at 6. 05 u.

I I I O

2-Propiony1thiophene I ‘C‘~CH2CH3

A 10 g.- (0.10 mole) quantity of N, N-dimethylpropionamide dis-I

solved in 25 ml. of anhydrous ether was added to a solution of 2-thieny1-

lithium (0.10 mole) dissolved in 100 ml. of anhydrous ether. Distillation

after the usual hydrolysis and product isolation gave 7. 3 g. of 2-propionyl-

thiophene (0. 052 mole, 52%), b.p. 73-780 at 2.5 mm. , n“ = 1. 5469.

D

-Literature value, b. p. 880 at 7 mm. , nzD° = l. 5531 (24). (Infrared carbonyl

absorption at 6. 04 u.)

l I O

2-(Pheny1ac etyl) -thiophene I I ('3-CH3‘©

S

An 8. 2 g. (0. 05 mole) quantity of N, N-dimethyl phenylacetamide

dissolved in 25 m1. of anhydrous ether was added to a solution of

2-thieny11ithium-(0. 10 mole) dissolved in 100 ml. of anhydrous ether.

Distillation after hydrolysis and product isolation gave 4. 3 g. (0.021

mole, ‘ 43%) of a light yellow oil, b.p. 150-155° at 2-3 mm., which

crystallized upon standing, m.p. 48-490. A Literature value, b.p. 1650

at 5 mm., m.p. 51° (54).

l I O

2-Benzoy1thiophene I I CO

8

A 17. 9 g. (0. 12 mole) quantity of N, N-dimethylbenzamide dissolved

in 25 ml. of anhydrous ether was added to a solution of 2-thienyllithium

(0. 12 mole) dissolved in 100 m1. of anhydrous ether. Distillation after
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hydrolysis and product isolation gave 16. 3 g. (0. 086 mole, 73%) of a

colorless oil, b. p. 122-1260 at 1-2 mm. , which crystallized upon

standing. -The solid on recrystallization from an ethanol-water mixture

gave 12.4 g». of white crystalline needles, m.p. 56°. . Literature values,

b. p.- 120-121° at 2 mm.,.m.p. 56.5-57° (25).

|| || .0 II II
Di-2-thieny1Ketone

. G

S S

The above procedure was modified using 12 g. of N,-N-dimethy1-

2-thiophenecarboxamide (0. 08 mole). .Dis-tillation of the hydrolyzed

product gave 9.8 g. (0.051 mole,63%) of a light yellow oil, b.p. 187-1910

at 10-11 mm. , which immediately crystallized on cooling. The solid

was recrystallized from ethanol to give light yellow needles, m.p.

87-880. Literature value, b.p. 189--190o at 10 mm. , m.p.. 88-890 (25).

The infrared spectrum exhibited strong carbonyl absorption at 6. 17 u.

9
C - CH3

3-‘Ac etylthiophene [I I]

S

1A 3—thienyllithium-ether solution, 0.12 mole of aryllithiumidis-

solved in 100 ml. of anhydrous ether, was prepared from the addition

of 19.6 g- (0. 12 mole) of 3-bromothiophene Ilissolved in 25 ml. of

anhydrous ether to 0. 12 mole of n-butyllithimn dissolved in 75 m1. of

anhydrous other at -70°. To the rapidly stiiired solution held below

-650 by immersion of the reaction flask in a dry ice-methyl cellosolve

bath was added a 10. 5 g. (0. 12. mole) quantity of N, N-dimethylacetamide

dissolved in 25 ml. of anhydrous ether. After the addition, the slurry

was stirred for 30 minutes and poured into a 10% solution of hydrochloric

acid. Product isolation from the reaction mixture and distillation

i2 w, b.p. 78-790 at 3 mm., gave 9.2 g. (0.073 mole, 61%) of

3-acety1thiophene, which solidified on cooling. The solid was



38

recrystallized from an ethanol-water mixture to give long, white,

prismatic needles, m.p. 56-570. . Literature values, b.p.. 208-2100

at 748 mm., m.p. 570 (22).

9
C-CH,CH,

3 - Pr opionylthiophene [I I]

S

A 10 g- (0. 10 mole) quantity of N, N-dimethylpropionamide dissolved

in 25 ml. of anhydrous ether was added to a solution of 3-thieny11ithium

(0.10 mole) dissolved in 100 m1. of anhydrous ether. Throughout the

addition of the amide the reaction temperature was held below -65°.

After the normal hydrolysis and product isolation, distillation .13 vacuo
 

yielded 5. 3 g. (0.038 mole, 38%) of a colorless oil, b. p. 83-860 at 5 mm. ,

r12]; = 1.5378. Literature value, b.p. 72-74° at 4 mm., n}; = 1.5471 (26).

. 0 /CH3

I I &-CH\

3-Isobutyrylthiophene [ ] CH3

S

An 11. 5 g. quantity of N, Nbdimethylisobutyramide dissolved in

25 ml. of anhydrous ether was combined with a solution of 3-thieny1-

lithium- (0. 10 mole) dissolved in 100 ml. of anhydrous ether in the

manner previously described. Distillation after the normal product

isolation gave 4.4 g. (0.029 mole, 29%) of a colorless oil, b. p. 85-890

at 5 m., n25 = 1.5283. Anal. calc'd. for C,H,oos: C, 62.30; H, 6.54;
D

S, 20.79. .Found: . C, 62.47; H, 6.67; S, 20.90. (Intense carbonyl

§-cn,©

U
' S

absorption at 6. 02 It.)

 3- (Phenylac etyl) -thiophene

A 16. 39 3. quantity of N, N-dimethylphenylacetamide (0.10 mole)

was added to 0. 10 mole of 3-thienyllithium in the usual manner.
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Hydrolysis, product isolation and distillation yielded 12. 1 g. .(0. 06 mole,

60%) of a light yellow oil which solidified on being set aside at room

temperature. The solid was recrystallized from an ethanol-water

mixture to give fine, white needles, m.p. 93.5-94.50. Anal. calcd.

for CIZHIOOSL C, 71.25; H, 4.98; S, 15.85. Found: C, 71.28; H, 5.17;

S, 15.72. Strong carbonyl absorption in the infrared occurred at 6. 08 (1.

3 - Benzoylthiophene l l

S

N, N-dimethylbenzamide (l4. 9 g. , 0. 10 mole) was combined with

0. 10 mole of 3-thieny11ithium in the prescribed manner. Distillation

after product isolation gave 11. 5 g. (0.06 mole, 61%) of a heavy, color-

less oil, b.p. 112-1200 at 0. 3 mm. , which solidified on being set aside

at room temperature. Its recrystallization from an ethanol-water

mixture yielded white plates (7. 5 g.), m.p. 60.5-62.50. Literature

values, b. p. 129-130° at 3 mm., m.p. 63-64° (55).

. . . [ l s
3-(2-Thenoy1)-thlophene (2-Thleny1-3-th1eny1 Ketone)

A 15. 5 g. (0. 09 mole) quantity of N, N-dimethyI-Z-thiophene-

carboxamide was added to 0. 10 mole of 3-thienyllithium, and the product

was isolated in the usual manner. Distillation in v3.22? gave 11. 2 g.

(0.058 mole, 64%) of a light yellow oil, b.p. 116-1l8° at 0. 35 mm.

The oil solidified on cooling and was recrystallized from an ethanol-

water mixture to yield 7. 8 g. of fine, pale yellow needles. Literature

values, b.p. 133-1360 at 2 mm. , m.p. 630 (26). It showed intense

carbonyl absorption in the infrared at 6. 19 u.
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 2-Thenoy1. Chloride I /|L—-COC1

5

During 30 minutes, 260 g- (2.2 moles) of thionyl chloride were

added to 56 g. (0.44 mole) of 2-thiophenecarboxy1ic acid contained in

a 500 ml. round bottom flask fitted witha reflux condenser. The re-

action solution was held at its reflux temperature for an hour by heating

on a steambath. The excess thionyl chloride was removed by distillation

at atmospheric pressure, and the residue was distilled _i_r_l_\_{_a_£:ll_o_ through

a 10 cm. Vigreux column to obtain 51 g. (0. 35 mole, 79%) of a colorless

liquid boiling at 720 (56). Literature value, b.p. 720 at 5 mm.

. N, N-Dimethylamides

N, N-dimethylformamide and N, N-dimethylacetamide were obtained

from Eastman Kodak and used after distillation. The additional; N, N-di-

methylamides used in this study were prepared from the corresponding

acid chlorides by reaction with dimethyl amine. A typical procedure is

described:

: N, N-Dimethylphenylac etamide

A236 g. quantity (0. 225 mole) of phenylacetyl chloride was mixed

with 200 ml. of anhydrous ethyl ether in a 500 ml. three-necked flask

fitted with a stirrer, a reflux condenser, a thermometer, and a gas

inlet tube. The mixture was cooled to 00 by immersion of the flask

in anice bath, and gaseous dimethyl amine was bubbled in at a moderate

rate. . Cooling was necessary to maintain the temperature of the

reaction mixture at its reflux temperature. After addition of the dimethyl

amine the solution was washed with water and then with a dilute hydro-

chloric acid solution. The ether layer was dried with anhydrous

magnesium sulfate, and the ether was removed over a steam bath.
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The residue was distilled to obtain 21 g, (0. 13 mole, 58%) of a colorless

oil which boiled at 118-1210 at 1—2 mm., The oil solidified on cooling to

a waxy solid, m.p. 41°. . Literature values, b.p. 1550 at 10 mm.,

m.p. 43.5° (57).

The‘N,N-dimethy1amides used in this investigation are listed

together with their boiling points, melting points, yields and literature

references:

N, N-Dimethylpropionamide: b.p. 174-1760 at 1 atm.; 61%;

Literature value, b.p. 81.5-820 at 26 mm. (58).

N, N-Dimethylisobutyramide: b.p. 74-750 at 13 mm.; 57%;

Literature value, b.p. 175-1760 at 745 mm. (59).

N, N-Dimethylbenzamide: b.p. 115° at 4-5 mm.; m.p. 44-46°;

67%; Literature value, m.p. 45-460 (60).

~N, N-Dimethyl-2-thiophenecarboxamide: b. p. 105-1060 at 0. 6 mm. ;

63%.

2,5-Diiodothiophene I II II I

S

The procedure of Minnis (42) was modified for this preparation.

To a vigorously stirred solution of thiophene (71 g. , 0. 84 mole) and

benzene (100 m1.) contained in a one 1. flask immersed in an ice bath

were added~300 g. of mercuric oxide (1.40 moles) and<436 g... of iodine

(1.76 g.~-at.), alternately, in small amounts during a period of 45

minutes. The mixture was allowed to warm to room temperature and

then vacuum filtered to remove the mercuric iodide. This was washed

with three 25 ml. portions of ether. The filtrate was shaken with a 5%

solution of sodium thiosulfate to remove any excess iodine, and then it

was dried over anhydrous sodium sulfate. The ether and benzene were

removed by distillation over a steam bath. . The residue was fractionally
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distilled in vacuo to yield 80 g. of 2-iodothi0phene (0. 38 mole, 46 70),

b. p. 6loat 5-6 mm. and 85 g. of 2,5-diiodothiophene (0.26 mole, 32%),

b.p. 77-780 at 0. 15 mm. , m.p. 39-40. 5°. 1 Literature values (see pre-

ceding reference), 2-iodothiophene, b.p. 65. 5-66.5o at 9 mm. (42);

2,5-diiodothiophene, m.p. 40-41° (61).

2, 5-Thlophenedlcarboxyllc ACld HOZC II (I ‘COZH

S

A 0. 11 mole quantity of n-butyllithium-ether solution (60 ml.) was

prepared as previously described. 2, 5-Diiodothiophene, 7 g. (0.021

mole), dissolved in 25 ml. of anhydrous ether was added dropwise to

the organolithium solution with rapid stirring at ~100. A precipitate of

lithium iodide formed immediately. After addition of the dihalothiophene

the reaction solution was stirred for 20 minutes. The 2, 5-thieny1-

dilithium was poured into a dry ice-ether slurry. After carbonation

the mixture was allowed to warm to room temperature, and a solution of

4 ml. of concentrated hydrochloric acid, 20 g. of ice and 30 ml. of water

was added. The ether layer was separated, the aqueous layer was

extracted twice with ether, and the combined extracts were washed three

times with a 15% sodium hydroxide solution. The alkaline solution was

boiled in the presence of activated charcoal, filtered, and acidified with

concentrated hydrochloric acid. The quantity of crude acid obtained was

2.56 g. (0.015 mole, 72%). The white solid was recrystallized from

boiling water to yield 2. 2 g. (61%) of 2, 5-thiophenedicarboxy1ic acid,

m.p. 355-357°. Literature value, m.p. 358-3590 (62).

2,5-Thlophenedlcarboxaldehyde OHC II !| CHO

S

A 10. 5 g. quantity (0.15 mole) of N, N-dimethylformamide

dissolved in 25 ml. of anhydrous ether was added, with stirring at 0°,
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to 0. 05 mole of 2, 5-thieny1dilithium dissolved in 100 ml. of anhydrous

ether. After addition of the amide the solution was stirred for 30

minutes and poured into a saturated ammonium chloride solution. The

ether layer was separated, the aqueous layer was extracted with ether,

and the combined ethereal extracts were dried over anhydrous mag-

nesium sulfate. The ether was removed over a steam bath leaving a

brown oil which solidified on cooling. The solid mass was recrystal-

lized from 95% ethanol to give 2. 2 g. (0. 016 mole, 32%) of light yellow

plates, m.p. 114-1160. A portion of the crystals was sublimed at

1000 at 1 atm. to give long white needles, m.p. ll6-116.5°. The infra-

red spectrum of this material agreed with the assigned structure, and

the n.m. r. spectrum gave the correct ratio of aldehydic to ring

protons (1:1). Anal. calcd. for CgI-hOzS: C, 51.41; H, 2.88; S, 22.87.

Found: C, 51.40; H, 2.85; 5, 22.71. (Infrared carbonyl absorption

at 6. 07 (1.)

2 , S-Diac etylthiophene E I I 9

CH3 C-CH3

(S

A 0. 15 mole quantity of n-butyllithium dissolved in 75 ml. of

anhydrous ether was prepared. A solution of 16.85 g. (0.05 mole) of

2, 5-diiodothiophene dissolved in 25 ml. of anhydrous ether was added

as previously described. To the slurry at -15° was added a 10. 5 g.

(0. 12 mole) quantity of N, N-dimethylacetamide dissolved in 25 ml. of

anhydrous ether. The product was hydrolyzed by pouring it into a dilute

(10%) hydrochloric acid solution. The aqueous layer was extracted with

ether, and the combined extracts were dried over anhydrous magnesium

sulfate. The ether was removed by evaporation over a steam bath.

-Recrystallization of the yellow residue from a mixture of ethyl acetate

and petroleum ether (30-600) gave 4.92 g. (0.029 mole, 59%) of pale
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yellow plates, m.p. , 169-1700. ~Literature value, m.p. 172-1730 (23).

Its infrared spectra agreed with the proposed structure.

2, 3-Dibromo-5-thiophenecarboxylic Acid Br I I

Br co,H

A 70 g. quantity of 2-thiophenecarboxy1ic acid (0. 55 mole) was

added slowly to 525 g. (3. 29 moles) of bromine contained in a 500 ml.

three-necked flask fitted with a stirrer and a reflux condenser. .Cooling

was required to prevent evaporation of bromine during the vigorous

evolution of the hydrogen bromide. The addition of the acid required

two hours. The reaction mixture was then stirred overnight after which

it was heated on a steam bath to remove excess bromine. Cautiously,

the solid mass was poured into a saturated ammonium carbonate solution

which destroyed all traces of bromine. Concentrated hydrochloric acid

was added to precipitate the crude acid. The solid product was re-

covered by filtration and recrystallized from ethanol in the presence

of activated charcoal to obtain a light brown crystalline material (146

g., 0.51 mole, 93%), m.p.. 225-227°. Literature value, m.p. 227-228o

- (63).

I I Br

2, 3-Dibromothiophene [ I Br

This compound was prepared according to the procedure of

Steinkopf (42). 2, 3-Dibromo-5-thiophenecarboxylic acid (115 g. , 0.4

mole), mercuric acetate (286 g. , 1.1:moles), and 1000 ml. of acetic

acid were mixed and heated with stirring for four hours in a 2 1. three-

necked flask fitted with a reflux condenser. The mixture was cooled and

filtered. ,The white mercuric acetate derivative was suspended in a

liter of 20% sodium chloride, contained in a two 1. flask fitted with a

reflux condenser and heated at the suspension's reflux temperature for



45

an hour. The reaction solution was then treated with 100 ml. of concen-1

trated hydrochloric acid and exhaustively steamdistilled at 100°. The

oily layer in the steam. distillate was extracted with several portions

of ether and dried over anhydrous magnesium sulfate. The ether was

removed over a steam bath. Distillation of the residue through a 10 cm.

Vigreux column gave 65. 7 g. (0. 27 mole, 68%) of 2, 3-dibromothiophene,

b.p. 93-950 at 15 mm. Literature value, b.p. 212-2130 at 1 atm. (50).

I Br

3-Bromo-2-thiophenecarboxaldehyde [I ICHO

'S

A n-butyllithium-ether solution, 0.1 mole of alkyl lithium ~=-

dissolved in 60 ml. of anhydrous ethyl ether, was prepared as previously

described. -A 12.57 g. (0.05 mole) quantity of 2, 3-dibromothiophene

dissolved in an equal volume of anhydrous ether was added

dropwise during a 30 minute period to the n-butyllithium solution held

below -65° by immersion of the reaction flask in a dry ice-methyl

cellosolve bath. After addition of the dibromothiophene the gray solution

was stirred for-30 minutes. ~A 7. 3 g. (0.1 mole) quantity of N,N-dimethyl-

formamide dissolved in an equal volume of anhydrous ether then was

added dropwise to the 3-bromo-2-thienyllithium solution maintained

below -65°. The white slurry, after stirring for 30 minutes, was poured

into a saturated ammonium chloride solution. Theether' layer was

separated, and dried over anhydrous magnesium. sulfate. The ether was

evaporated over a steambath. The residue was distilled to obtain 4.42

g.-(0.023 mole, 46%) of a yellow oil, b. p. 80-84°at 1 mm., n3 = 1.6243.

-Its infrared spectrum showed only a single carbonyl peak at 6.03 p.

The n.m.r. indicated only two aromatic hydrogens in an AB system

and only one aldehydic proton. Anal. ,calc. for C5H3BrOS: C, 31.44;

H, 1.59; S, 16.73; Br, 42.27. Found: C, 31.60; H, 1.62; S, 16.46;

Br, 41. 97.
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II.

2-Thiophenecarboxaldehyde [I I]— CH0

'5

Basically, the method of Campaigne and Archer (64) was employed

in the preparation of this material. ~A 252 g. (3. 0 moles) quantity of

thiophene and 276 g. (1.92 moles) of N, N-dimethylformamide were

placed in a liter three-necked flask fitted with an Allihn condenser

(protected by a calcium chloride tube), a mechanical stirrer, and a

dropping funnel. The well- stirred solution was cooled to 00 in an ice

bath, and 576 g. of (3. 72 moles) phosphorus oxychloride were added

during a 30 minute period. The reaction was initiated, as evidenced by

a vigorous refluxing action, by heating it on a steam bath. After the

initial reaction had subsided the mixture was heated for an additional

hour on a steam bath, during which a color change from yellow to brown

was observed in the reaction mixture. The solution was cooled and

slowly poured onto 3. 0 kg. of well- stirred cracked ice contained in a

fourliter beaker. The cold brown solution was neutralized to a pH of

5 (Hydrion paper) with a saturated solution of sodium acetate (using

approximately 1500 g. of salt), followed by exhaustive steam distillation

for eight hours. The organic layer was separated from the distillate,

and the aqueous layer was extracted with three 300 ml. portions of

ethyl ether. The combined organic extracts were washed with 100 m1.

of 10% sodium bicarbonate to a pH of 7 (Hydrion paper), dried over

anhydrous sodium sulfate. -After removal of the sulfate salt by filtration,

the ether was removed at atmospheric pressure over a steam bath.

The organic residue was distilled 2w using a 100 mm.Vigreux

column to obtain 276 g. (2.46 moles, 81%) of a colorless liquid boiling,

at 650 (4 mm). The liquid was stored in a brown bottle under refrigera-

tion to prevent decomposition. Literature values, b.p. 66-670 at 4 mm."

(65).
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2-Methy1thiophene [I l]— CH,

S

The experimental procedure of King and Nord (20) was followed to

obtain this compound. In a three liter three-necked flask fitted witha

thermometer (below liquidlevel), a 150 mm. Vigreux column, anda

simple distillation head were placed 276 g. (2.46 moles) of 2-thiophene-

aldehyde, 490 ml. (10 moles) of 85% hydrazine hydrate and 1775 m1. of

‘ ethylene glycol. The reaction solution was heatedat 130-165‘3 until

hydrazine and water ceased to distill (column temperature range 100-

140°). Approximately 80 ml. of oil were separated from the distillate

and returned to the flask. The solution was cooled to400, the Vigreux

column was replaced by an Allihn condenser, and 490 g. of potassium

hydroxide pellets were added, which caused theevolution of a small

amount of nitrogen. The mixture was cautiously heated to 100° where

the evolution of nitrogen became vigorous. Heating was discontinued

(and the evolution of nitrogen continued noticeably for two hours

(temperature 100-1450). The mixture was set aside overnight (12 hours)

after which it was heated to its reflux temperature for twohours. .The

reflux condenser was replaced by a 100 mm. Vigreux column and

simple distillation head, and the solution distilled until the still head

temperature reached 145° at atmospheric pressure. The distillate was

extracted with several portions of ethyl ether; these were combined,

washed twice with a 1:1 hydrochloric acidsolution, . and twice with water.

»After drying with anhydrous sodium sulfate, the solution was heated on

a steam bath to remove .the ether. The residue was distilled using'a

10 inch glass-helices packed column to obtain 177 g. (1.81 moles, 73%)

of colorless Z-methylthiOphene boiling at lll--112o (1 atm.). ‘Literature

value (20), b.p. 112-113° at latm.
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 '2-Methy1thiophene L J—CH3

« S

- A. n-butyllithium-ether solution, . 0. 6 mole of alkyllithium dis-

. solved in,350 ml. of anhydrous ethyl ether, was prepared as previously

described. oA 0. 5 molequantity of 2-thieny-llithium was prepared in the

prescribed manner by the addition of 42 g. (0. 5 mole) of redistilled

thiophene. . The aryllithium-ether solution was stirred under nitrogen

for'an hour at ~100, and then a solution of 32~ml./ (0. 71 g. , 0. 5 mole)

of methyl iodide dissolved in 100 m1. of anhydrous ethyl ether was added

dropwise to it during a 30 minute period, maintaining the reaction

> temperature at -10° by immersion of the reaction flask in a cooling

bath. The solution was allowed to warm to room temperature and

after heating at its reflux temperature for one hour was poured into

700 ml. of a crushed ice-ammonium chloride solution (20%). The ether

1- layer was separated, and the aqueous layer was extracted three times

with150 ml. portions of ether. The combined extracts were dried

over anhydrous magnesium sulfate, and the ether was removed over a

steambath at atmospheric pressure. The residue was distilled through

a 10 cm. Vigreux column to obtain 21. 5 g. (0. 22 mole, 44%) of a color-

less product boiling at 110-1110 (1 atm.). The product was. shown to

bepure by vapor phase chromatography. . Literature value, b.p. 1110

at 747 mm. (15).

2-Fluoro- 5-methy1thiophene CHng

.8

A n-butyllithium-ether solution, 1. 5 moles of alkyllithium dis-

solved in 500 ml. of anhydrous ethyl ether, was prepared as previously

described in a liter three-necked flask fitted with a stirrer, addition

funnel, ‘ Allihn condenser, and a -35 to +500 thermometer suspended by a



49

wire through the condenser. The apparatus was protected-from moisture

by a calcium chloride tube. A 98 g. (l. 0 mole) quantity of 2-methyl-

thiophene dissolved in an equal volume of anhydrous ethyl ether was

added dropwise during an hour to the alkyllithium- ether solution kept at

0_50 by immersion of the reaction flask in a dry'ice-methyl cellosolve

bath. If a gradual color change from purple to green, indicating the

formation of 5-methy1~2-thieny11ithium, did not appear in the reaction

'mixture, the flask was evacuated to remove butane forcing the metallation

equilibrium reaction to completion. The resultant organolithium-ether

solution was stirred under nitrogen for an hour at 0—50. Gaseous

perchloryl fluoride was then bubbled, at a moderate rate, through a

back-up trap and Tygon tubing connected to a 6 mm. tube immersed

below the liquid-level of the reaction solution. The addition was extremely

exothermic, the reaction temperature rising to the reflux temperature

of the solution (30-350) within 30 seconds. . When the fluorination

reaction had increased the temperatureas noted, the addition of fluori-

nation reagent was stopped, the reaction solution was cooled, and

further addition of perchloryl fluoride was continued. During the time

of reaction the solution changed froma green toa yellow solution, and

a precipitate of lithium chlorate formed. . In theabsence of light an

intense blue fluorescence could be observed throughout the solution.

The reaction was completed in two hours, as evidenced by the disappear-

ance of the blue fluorescence, a constant reaction temperature, the

acidity of the solution to litmus, and a severe darkening caused by

oxidation with theexcess perchloryl fluoride. Nitrogen was (passed

through the mixture under rapid stirring for an hour to remove excess

perchloryl fluoride. The mixture was then poured into .500 ml. of a

saturated sodium carbonate solution (sodium hydroxide causeda severe

darkening of the reaction phase). The precipitated inorganic salts

caused emulsion formation between the aqueous and organic phases which
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could not be dispersed. . Consequently, the ether layer was decanted,

the remaining emulsion filtered with a water aspirator through a Celite

filter pad, and the filtrate extracted with several portions of ether.

The combined extracts were washed with additional sodium carbonate

solution and again filtered. - The filtrate was washed twice with water,

dried over anhydrous magnesium sulfate, and heated on a steam bath

to remove the ether. The residue was distilled through a 28 inch

spiraled glass fractionating column, the fraction boiling uniformly from

102-1120 at 1 atm. being collected (74 g.). Vapor phase chromatography

analysis using a 30% silicone on 40 mesh Chromosorb column (6 ft. by

1/8 inch) in a Beckman Model GC-2 system, with 30 1b. carrier gas

pressure (helium) showed the distillate contained 69.1% of 2-fluoro-5-

methylthiophene, 9. 9% of 2-methy1thiophene (identified by retention

time of a pure sample), and unidentifiable side products, accounting

for an over-all yield of 51.9 g.- (0.45 mole,.44%) of 2-fluoro-5-methyl-

thiophene. -A sample of the major product, assigned the structure

2-fluoro-S-methylthiophene, was isolated for analysis, infrared, and

n.m.r. spectra by preparative gas chromatography utilizing a 30%

silicone on 40 mesh Chromosorb column (108 x 0.75 in.) in a Perkin-

‘Elmer Model 154 vapor fractometer. A Infrared analysis by comparison

of 2-fluoro-5-methyl and 2-methy1thiophene gave aC-F peak at 7. 6 It,

andn.m.r. gave the correct ratio (of methyl to ring hydrogens (3:2)

and showed additional splitting from the fluorine atom. Anal. calcd.

for‘CsHsSF: C, 51.70; H, 4.34; F, 16.36; S, 27.60. . Found: C, 51.99;

H, 4.58; F, 16. 34; S, 27. 55. , Strong infrared peaks at 3.5, 4.7, 6.5,

6.6, 6.9, 7.6, 8.2, 8.3, 8.4, 9.8 and 11.9 It.

-Perchloryl fluoride is a stable compound quite safe to handle.

It is, however, a powerful oxidizing agent, and all mixtures with

oxidizable substances should be considered potentially dangerous.

No difficulties were encountered in handling perchloryl fluoride

under the conditions of the present experiments. The details of

handling and safety of perchloryl fluoride have been fully described

in‘Booklet DC-1819,' "Perchloryl Fluoride, " Commercial Develop-

ment Department, Pennsalt Chemical Corp. , 3 Penn Center,

Philadelphia 2, Penn.
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2-Fluorothi0phene 1' IL F

S

An 84 g.- (1 mole) quantity of thiophene was added to 500 ml. . of

a n-butyllithium—ether solution (1. 5 moles). Into the 2-thienyllithium—

ether solution precooled to 0° by immersion of the reaction flask in a

dry ice-methyl cellosolve bath was cautiously bubbled perchloryl fluoride.

The addition of fluorination reagent was stopped when the temperature

reached 30°, the solution was cooled, and subsequent addition of

perchloryl fluoride was continued. -When the intense blue fluorescence

had disappeared, and the reaction was acid to litmus, the reaction was

stopped. . The product isolation was carried out in the manner previously

described in the preparation of 2-fluoro-5-methy1thiophene. Distillation

through a 28 inch spiraled glass fractionating column gave 56.9 g. of a

colorless liquid boiling in the range of 80-900 (760 mm. ). Vapor phase

chromatography through-a 20% silicone on 40 mesh Chromosorb column

using a Beclunan Model GC-Z vapor fractometer showed two major peaks,

thesmaller of which was shown to be thiOphene (12. 3%) by comparison to

the retention time of a pure sample. The larger peak was tentatively

assigned as that of 2-fluorothiophene (87.4%), thus giving an over-all

yield of 49. 6 g. (0. 53 mole, 48.8%) of fluorinated product. A sample

for analysis and infrared was isolated by preparative gas chromatography

in the manner previously described for 2-fluoro-5-methy1thiophene.

Anal._.calcd. for C4H35F: C, 47.04;»H, 2.96;'F,‘ 18.60. -Found: C, 47.23;

H,.3. 16; F, 18.23. n}; = 1.4896.

2-Fluorothianaphthene ' F

S

To a solution cooled in an ice bath and containing 0. 3 mole of

n-butyllithium dissolved in 100 ml. of anhydrous ether was added 26. 8

g... (0. 2 mole) of thianaphthene dissolved in 50 ml. of ether. In order
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to remove butane and force the metallation reaction to completion,

the system was evacuated while heating the reaction solution over a

steam bath. Upon removal of the ether the system was treated with

dry nitrogen to equalize the pressure, and additional anhydrous ether

was added. This procedure was repeated until the evolution of butane

was completed. The 2-thianaphthenyllithium-ether solution was

cooled to 0°, and perchloryl fluoride was bubbled slowly into the solu-

tion. -When the blue fluorescence had subsided, the addition of

fluorination agent was stopped. The reaction slurry was treated with

a saturated sodium carbonate solution, and the ether layer. was washed

twice with water. -The ether layer was separated, dried over anhydrous

magnesium sulfate, and the ether removed over a steam bath. .Distil-

lation of the residue through-a 20 cm. Vigreux column gave a liquid

product (21.3 g. , 70%) boiling at 93-940 ('25 mm.), r13 = 1.5910,

.m.p. 20-20.50. A sample for‘analysis, n.m. r. and infrared spectra

was isolated by preparative gas chromatography. -Nuc1ear magnetic

resonance spectrum showed thecorrect ratio of thiophene to benzene

hydrogens (1:4). Anal. calcd. for C3H55F: C, 63.16; H, 3.29; S, 21.05;

F, 12.50. .Found: C, 63.19; H, 3.51;.S, 21.20; F, 12.67.

Br

2-Fluoro— 3-bromothianaphthene F

S

A solution of 14. 9 g, (0. 093 mole) of bromine dissolved in 14. 0

ml. of anhydrous chloroform was added dropwise, at 250, during‘30

minute-s to a second solution prepared from 14.3 g., (0. 093 mole) of

2-fluorothianaphthene and 14. 5 g.- (0. 17 mole) of anhydrous sodium

acetate dissolved in 65 ml. of anhydrous chloroform and contained in a

300 ml. three-necked flask fitted with a stirrer, an additional funnel,

and a reflux condenser. (The orange-colored reaction solution was stirred

an additional hour, and 50 ml. of water was added to dissolve the inorganic
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material. The organic‘layer was separated, washed successively with

100 ml. of water, 50 m1. of 5% aqueous sodium hydroxide, 100 ml.

of water, 100 m1. of a saturated sodium chloride solution, and finally

with 100 m1. of water. The organic extract was dried over anhydrous

~magnesium sulfate, and the ether was removed over a steam bath.

The residuewas distilled using a 10 cm.Vigreux column toiobtain ’11. 0

g- (0.0475 mole, 51.5%) of a pale yellow 01]. boiling at'76-780 (1mm.),

m.p. 21-21.5°. -Ana1. calcd._for CsH4SFBr: c, 41.56; H, 1.73;-s, 13.85;

F, 8.23; Br, 34.63. .Found: c, 41.65; H,.1.86; 5, 13.78; F, 8.23, 8.26;

Br, 34. 27, , 34. 35.

COzH

. 2-Fluoro-3-thianaphthenecarboxylic Acid F

S

A 1.47 g. (0. 023 mole) quantity of n-butyllithium dissolved in13

m1. of anhydrous ether was prepared in a 50 ml. three-necked flask

fitted with an addition funnel, a reflux condenser, and a magnetic stirrer.

A solution of 5. 34 g. (0. 023 mole) of 3-bromo- 2-f1uorothianaphthene

dissolved in 5. 0 m1. of anhydrous ether was added during five minutes _

whilethetemperature was maintained below -70°. . The reaction mixture

was then poured rapidly over a dry ice-ether slurry whichwas then

allowed to warm to room temperature. The ether solution was extracted

with‘25 m1. of water followed by two 50 ml. portions of a 5% aqueous

sodium hydroxide solution. The aqueous extracts were combined,

boiled in the presence of activated charcoal, cooled, and acidified with

concentrated hydrochloric acid. The white precipitate which formed on

acidification was recovered by filtration and washed with water. 5It was

crystallized three times from a minimum of 95% ethanol to afford Z. 5 g.

(0.0127~mole,_55%) of fine white needles, m.p. 188-188.5°. Anal. calcd.

for C,H,ozsr;‘; C, 55.10; H,.2. 55; S, 16.33;:F, 9.69. .Found: C, 54.94;

H, 2.60;. S, 16.49; F, 9.48, 9.46.
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2 - Iodothiophene [I ”—1

S

This compound was prepared according to the method of Minnis

(42). To a vigorously stirred solution of 140 g. (1.67moles) of thiophene

and 200 ml. of benzene contained in a two liter two-necked flask cooled

to 00 by immersion in an ice-salt bath were added in small amounts

during a period of an hour 300 g.; (1.4moles) of orange mercuric oxide

and 436 g. (1.72 g. e-at.) of iodine. The orange mercuric oxide changed

to crimson mercuric iodide. . (The orange mercuric oxide was used

instead of the yellow oxide, but it caused a spontaneous, uncontrolled

reaction if added too quickly. 1 Nevertheless, the orange oxide gave a

better yield in all preparations). The reaction mixture was allowed to

warm to room temperature. The mercuric iodide was removed by

vacuum filtration and the precipitate was washed three times with

50 m1. portions of ether. The ether-benzene filtrate was shaken with

a 5% sodium thiosulfate solution to remove excess iodine and then dried

over 25 g. of calcium chloride. The ether. and benzene were removed

by distillation on a steam bath, and the residue was fractionally distilled

_i_r_1_ [2.21.3 through a 10 cm. Vigreux column. The fraction boiling from

72--77o at 13 mm. was collected as pure 2-iodothiophene 268 g. (1. 28

moles,77%). Literature value, b.p. 730 at 15 mm.- (60).

2-Thieny1magnesium 'Iodide [I I]._MgI

The general procedure of Steinkon (47) was used in this prepara-

tion. To a suspension of 7 g.- (0. 25 g..-atom) of magnesium shavings

(activated by washing with an iodine-ether solution and then adding four

to five drops of ethyl bromide) in 50 m1. of anhydrous ethyl ether con-

tained in a 500 m1. three-necked flask equipped with a stirrer, a dropping



58

funnel, and an Allihn condenser, was added at a rate sufficient tomain-

tain the reaction mixture at its reflux temperature, a solution containing

53 g.- (0. 25 mole) of 2-iodothi0phene dissolved in 150 m1. of anhydrous

ether. The reaction mixture was heated at its reflux temperature for

an additional hour and cooled to 0°. . Perchloryl fluoride was then

added at a rate which maintained the reaction temperature below 200..

- No blue fluorescence was observed. - The only noticeable change was a

severe darkening of the mixture to a black intractable mass. Upon re-

moval of the ether, the mixture solidified to an ether'insoluble mass.

Water“ and organic solvents had no effect upon the solid, and it was

assumed that the Grignard reagent had not reacted with the perchloryl

fluoride in the desired manner. ~0xidation withsubsequent decomposition

had probably occurred.

. Sodium 'Arnalgam

A suspension of 25 g. sodium (1. 1 g. -atom) in 60 m1. of toluene

was placed in a 500 m1.; Erlenmeyer flask. The sodium was melted over

a hot plate and 10 g. of mercury was added cautiously causing a vigorous

reaction. The toluene was decanted, and the amalgam was stored in a

wax-sealed bottle in a desiccator. The amalgam was pulverized with

:mortar and pestle in a dry box before using.

2-Thienylsodium [I "L Na

The organosodium derivative was prepared according to the method

of Schick and Hartough'(66). A cold mixture of 78 g. (0. 5 mole) of

bromobenzene dissolved in 300 m1. of anhydrous ethyl ether was added

dropwise during an hour to a cooled mixture (5-100) of 42 g. (0. 5 mole)

of thiophene and 25 g. of sodium amalgam sand,- (1. 09 g. -atom sodium

with 10 g.; (0.05 g.-atom) mercury), in 200 m1. of anhydrous ethyl ether
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ina liter three-necked flask fitted with a reflux condenser, a mechanical

stirrer, and an addition funnel. -A change in coloration from cloudy to

brown and finally to blue occurred. . After the addition of the arene

bromide was complete, the mixture was stirred for 30 minutes before

removing the ice bath. The mixture was allowed to warm gradually

to room temperature and then heated at its reflux temperature over a

steam bath for two hours. The 2-thienylsodium solution was cooled to

0° by immersion of the reaction flask in an ice bath, and gaseous

perchloryl fluoride was cautiously bubbled into it maintaining the re-

action temperature below 300. Upon completion; (one hour) the reaction

had a dark brown coloration, and no blue fluorescence had been observed

during the addition of the fluorination reagent. The excess perchloryl

fluoride was removed by bubbling nitrogen into the mixture for 30

minutes, after which 200 m1. of ether saturated with water was added

to destroy any unreacted sodium. The reaction mixture was poured

into 500 m1. of a saturated sodium carbonate solution, and the ether layer

was separated and dried over anhydrous magnesium sulfate. The ether

was removed over a steam bath. The liquid residue was distilled

through a 10 cm.- Vigreux column, the fraction (33 g.) boiling from 80-860

-(1 atm.) being collected. ~ Vapor phase chromatography analysis, utiliz-

ing a 30% silicone on 40 mesh Chromosorb column (6 ft. x 1/8 in.) in a

Beckman Model GC-2 instrument showed 87% of unreacted thiophene

and 9% 2-f1uorothiophene assigned by comparison to the retention time

of pure samples. ~ Thus, .3 g.. (0.03 mole, 5.8%) of 2-f1uorothiophene

was present. -The non-stoichiometry of the final distillate is duerprobably

to oxidation by perchloryl fluoride as a black solid residue remained in

the distillation flask.
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‘Z-Fluorothiophene [I I]— F

' A n-butyllithium-ether solution, prepared from 54.8 g. (0.4 mole)

of n-butyl bromide and 5. 6 g.- (0. 8 g. -atom) of lithium suspended in 120

m1. of anhydrous ether, was prepared as previously described. To this

stirredsolution 63 g- (0.3 mole) of 2-iodothiophene dissolved in~30 m1.

of anhydrous ether was added during 30 minutes, maintaining the reaction

temperature below 200 by immersion of the reaction flask in an ice bath.

8An immediate reaction was evident by the precipitation of white lithium

iodide and the change of coloration from purple to dark green. The

2-thienyllithium solution was stirred for three quarters of an hour.

.Perchloryl fluoride was cautiously bubbled into the solution maintaining

the temperature below 20°. When the solution was no longer; alkaline

(litmus paper), and the blue fluorescence had disappeared, the addition

was stopped. The dark brown solution was flushed witha rapidv stream

of nitrogen for 30 minutes to remove excess perchloryl fluoride. The

reaction mixture was then poured into a saturated sodium carbonate

solution, . forming an emulsion, which was treated as described previously.

The ethereal extract was washed with water, dried over anhydrous

magnesium sulfate, and the ether was removed over a steam bath.

The residue was distilled using a 28 inch spiral. glass column giving 20. 8

g. of a clear liquid, b.p. 60-870. ;A sample of this liquid was subjected

to vapor phase chromatography using a 20% silicone on Chromosorb

column; (6 ft x 1/8 in.) on a Beckman GC-2 instrument at 700 with a

carrier gas pressure of 30 1b.- (helium). Three peaks in the ratio of

3/8: 2 3/8: 7 2/8 were resolved and assigned by comparison to the

retention times of pure samples. - The small peak was shown to be due to

excess solvent, the second peak due to (23. 8%) pure thiophene, and the

large peak due to (72.7%) 2-fluorothiophene. Thus, 15. 2 g. (0.15 mole,

49.6%) of 2-fluorothiophene were present in the distillate.
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; Perchlorylbenzene ©4303

Into a 300 m1. three-necked flask fitted with a stirrer, . anaddition

tube, an Allihn condenser, anda calcium chloride drying tube was

placed a suspension of 1.4 g.- (0.2 g. -atom) of lithium slivers suspended

in 50 m1. of anhydrous ethyl ether. The suspension‘was cooled to -10‘3

by immersion of the flask in a dry ice-methyl cellosolve bath, and 17. 9

g.- (0. 1 mole) of bromobenzene dissolved in750 ml- of anhydrous ether

were added dr0pwise during 30 minutes. The solution turned cloudy and

eventually a dark gray with the formation of phenyllithium. Perchloryl,

fluoride was bubbled at a moderate rate into the reaction solution at 0‘3

causing. a highly exothermic reaction to occur. When-the reaction

temperature reached 20°, the addition of perchloryl fluoride was

. stopped, and; after the solution had cooled, subsequent gas addition con-

tinued... When the mixture was no longer alkaline, and the crackling: sound

had st0pped, perchloryl fluoride addition was stopped. The flask was

flushed with nitrogen (0. 5 hour) and the reaction mixture was poured

into a saturated sodium carbonate solution. The ether layer was

separated, washed with water, and dried over anhydrous magnesium

sulfate. After removal of the ether, vacuum distillation of the crude

product gave 1.8 g. (0.011 mole, 11%) of perchlorylbenzene, b.p. 78-790

(2 mm.) as identified by its infrared spectrum (29).

. TheAttempted Synthesis of l-Fluoronaphthalene

or 1 -Perchlorylnaphthalene

The method of Gilman; (47) was utilized to prepare 1-naphthyllithium.

Into a300 m1. three-necked flask fitted witha stirrer, an‘addition funnel

and an Allihncondenser’ with a calcium chloride drying tube was placed

a suspension of 1.52 g. (0. 2 g. -atom) of lithium slivers suspended in 60

m1. of anhydrous ethyl ether. - To this suspension was added, during an
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ho.ur,.a- solution of 20. 7 g. (0.1 mole) of l-bromonaphthalene dissolved

in 60 ml. of anhydrous ether. A change of coloration fromgray to

purple occurred. -After the addition of the arylbromide the solution

was stirred for-three quarters of an hour. -Perchloryl fluoride then

was bubbled into the reaction mixture at a moderate rate at 0°, the

reaction temperature not being allowed to rise above 30°. When the

solution had become dark brown and was noelonger alkaline, the fluori-

nation reagent addition was stopped. ; The system was flushed with -a

rapid stream of nitrogen and poured into a; saturated sodium carbonate

solution. The etherlayer was separated, the aqueous layer extracted

with two 100 ml. portions of ether, and the combined ethereal extracts

were dried overanhydrous magnesium sulfate. - The ether was removed

over asteambath, and the residue vacuum distilled, collecting the

fraction boiling from 85-1000 at 12 mm. Vapor phase chromatography

- as described in the previous procedure showed unreacted naphthalene

as the major product and trace amounts (less than 1%) of tentatively

assigned fluorinated and perchlorylated naphthalenes. ..

The Attempted Synthesis of 2-Perchlory1thiophene

The attempted synthesis was carried out by a modification of

Inman's procedure (29). ~Perchlory1 fluoride was bubbled through-a

well. stirred solution of 33 g. of anhydrous stannic chloride‘suspended in

‘250 g... (3.0moles) of thiophenemaintained at 10-200. The reaction

mixture immediately turned orange, then brown and finally black. Heat

of reaction was apparent, andsome cooling was required. Upon com-

pletion of the addition of the perchloryl fluoride the solution was flushed

of excess perchloryl fluoride by a rapid stream of nitrogen and then heated

on asteam, bath for 30*minutes. The black tarry residue was extracted

several times withether; theetherlayer was washed with water and

dried over anhydrous magnesium sulfate, and the ether was removed.
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Vapor phase chromatography showed only unreacted thiophene, . and

infrared analysis showed none of the peaks characteristic to the

perchloryl group in perchlorylbenzene.

The Attempted Fluorination of Ethyl Cyanoacetate

To a stirred solution of sodium ethoxide (1. 0 mole) dissolved in

500 m1. of absolute alcohol (previously distilled from sodium and ethyl

phthalate) was added a 56. 5 g. (0. 5 mole) quantity of ethyl cyanoacetate.

A white precipitate of the sodium. salt of ethyl cyanoacetate appeared

immediately. The solution was cooled to OC) and stirred for an hour.

1 Perchloryl fluoride was bubbled into the reaction mixture at a moderate

rate sufficient to maintain the reaction temperature below 20°. The

reaction was not highly exothermic, and the addition of perchloryl

fluoride was stOpped when the solution was no longer alkaline. -Nitrogen

was passed through the solution to remove any excess perchloryl

fluoride. The yellow solution was poured into three times its volume

of water and stirred to dissolve inorganic salts. The ether layer was

separated, and the aqueous solution was extracted with several portions

of ether. The combined extracts were washed with water, dried over

anhydrous‘magnesium sulfate, and the ether was removed over a steam

bath. The residue was distilled in 21229 to obtain 12. 6 g. of a colorless

liquid, b.p. 87--102o at 10 mm. A large amount of black residue remained

in the distilling flask. Vapor phase chromatography witha 30% silicone

on Chromosorb column (4 ft. x 1/8 in.) using a Perkin-Elmer vapor

fractometer showed five components to be present in the percentages of

6.2%, 2.6%, 66. 2%, 12.1%, 2.7% and 11.2%, from the fastest to slowest

retention time. The largest peak in 66. 2% yield was shown to be

unreacted ethyl cyanoacetate by comparison to the retention time of a pure

sample. The other components could not be resolved into their pure forms.
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The Reaction othenylacetonitrile with

Perchloryl Fluoride

A 300 ml. three-necked flask, fitted with a stirrer, a reflux

condenser, and an addition funnel was charged with 11 g.- (0. 26 mole)

of sodiumamide suspended in 50 ml. of anhydrous ethyl ether. «A 15 g.

amount (0. 13 mole) of phenylacetonitrile dissolved in 50 ml. of

anhydrous ether was added to the rapidly stirred amide suspension.

The reaction solution'was refluxed on a steam bath for one hour, causing

an evolution of ammonia and a change of coloration to a red-brown.

-Perchloryl fluoride was then cautiously bubbled into the reaction vessel

. at.0;-200. The exothermic reaction was stopped when the temperature

remained constant (one hour). The brown-mixture was slowly poured into

250 m1. of water to destroy any unreacted sodium amide. The ether

layer was separated, the aqueous layer was extracted twice with ether,

and the combined extracts were dried over anhydrous magnesium sulfate.

The ether was removed over a steam bath, and the residue was distilled

to obtain 12. 2 g. of a colorless distillate. Vapor phase chromatography

through a 30 inch 20% silicone on Chromosorb column under 10 lb.

carrier gas (helium) pressure showed two components in the ratio of

8:1. The major component was shown to be unreacted phenylacetonitrile

by comparison to the retention time of a pure sample. The minor

component was assigned the structure of the difluorinated material,

although it could not be successfully isolated.



APPENDIX

Thenuclear magnetic resonance spectra of the 2- andl3-substituted

thiophenes provided an unequivocal method of structure determination.

In the majority of the compounds considered, both aliphatic andaromatic

protons were present. .Because of the diamagnetic currents associated

with a closed loop of atomic centers, as in the w-electron system of

thiophene, the protons attached to the ring are deshieldedwith respect

to the applied field. Thus, they appear at lower field strengths inthe

spectra (67):

  
v; 1,

111811.
As a result the aliphatic hydrogens appearinguat a higher field do not

interfer with the aromatic protons. Structural assignments and inte-

gration are, therefore, straight-forward.

In a series of monosubstituted thiOphenes, Gronowitz (68) has shown

thearomatic proton frequencies to reside in therange of T = 1.66 to

Ti: 3.89, depending uponthe electronic effects of thesubstituent.

; If an electron withdrawing group is present on the 2-position, the-3-

and S-protons will be deshieldedby the substituents resonance effect

- and will appear'at lower-fields (‘C = 2. 2-2.4) than the 4-proton (T: 2.8-2. 9).

The-converse is also true. If an electron withdrawing substituent is

present at the 3-position, the 2-proton will experience a twofold effect:

the electronegative attraction of the sulfur atom and the resonance effect

of the substituent.
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As a result the proton will resonate at a-much-lowerfie1d'( 1‘ = 1. 6-1. 9).

The 4:- and Saprotons will experience equally the resonance and

electronegative effect, respectively, and appear at a slightlyflower

field (T =2. 2-2. 6). . Withan electron donating substituent at the

-3-position, the resonance effect together with the electronegativity of

the sulfur atom will initiate a "push-pull" flow of electrons through the

Zép‘osition. Consequently, the 2-protons will require a high field to

resonate '(T =3. 3-4.0). The 4-proton '( 12 =2:3-3. 4) being."."orthd" to

the substituent will. appear usually between the 2- and 5-protons

( T =2. 0-3. 1) on the spectrum.

- These generalizations provide anelegant method of determining

~ the position of attack on the thiophene ring without having to expand the

spectra to calculate the known coupling constants (this latter process

can betcomplicated with an ABX system but extremely difficult with

van‘ABC. system-~-e. g. --an electron donating group substituted-at the

3-position). The spectra of the 2- and 3-acety1 andpropionylthiophenes

and; 3-isobutyry1thi0phene are presented to illustrate the preceding dis-

cussion. 'It is noticed how the 2- and‘3-substituted derivatives are

easily distinguished from one another.

With a disubstituted thiophene the structure determination is

much easier since an A3 or AB system are usually-present. Therefore,

the coupling constants and resonance frequencies are readily determined.

1 Two of the compounds investigated exhibited unusual spectra which

deserve mention. .With 3-bromo-2-thiophenecarboxaldehyde a simple
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AB spectra system; was found with .145 = 5. 2 i 0.1 cps. The 5-proton

is assigned at a lower field T5 3 0. 7 than the 4-proton T4 3 1. 6,-

while the aldehydic proton appeared at T CH 1" -1. 7. The interesting

feature is the splitting of the aldehydic proton by the 4- and 5-protons:

J4-CH = 0.0 1; 0.1 cps Js-CH = 1.3 i 0.1 cps

~ The n.m. r. of 2-m eth ylthiophene consists of two areas of

resonance: 1 a complexABC spectrum in the aromatic region from

T; 3.4-3. 7 anda singlet attributed tothe aliphatic protons at

T3 7. 9. - However, when the 5-proton is replaced by a fluorine atom

to give '2-methy1-5-fluorothiophene,. some interesting. splitting occurs.

First, the aromatic protons appear upfield (T 3 3.8) in a more compact

AB system. A Obviously, the aromatic protons are shielded to a greater

extent by the fluorine atom activating the, inductive hyperconjugative

effect of the methyl group. The aliphatic proton region has shifted

downfield (T "3 7.6) because of the increased hyperconjugation which

deshields the methyl protons. More interesting is the severe splitting of

the'aliphatic protons into two doublets by the-fluorine and one of the

protons on carbon 3 or 4, or by the protons on carbon '3 and 4. < Two

coupling constants for this long range splitting can be found:

H
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Figure VI. - N.m. r. Spectra of the Aromatic Regions of 2- and 3-Acety1-

thiophenes. and 3-Isobutyry1thiophene taken at a Sweep ‘Width of

500 c. p. s.
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