
OX THE PREPATCA'I'JON O F  THIOPHENE. 

BY rJ. H. FHIEDBCRG, PH. D. 

Pursuing the investigation in regard to the formation of anthra- 
quinone from thiophenalciehyde' it  was found that  thiophene .:auld 
be prepared a t  about one-fifth of the price of the imported article 
(nearly forty dollars per pound), and it was therefore made in 
the laboratory. 

Although the preparation of thiophene is not new2, nor especially 
difficult, it may be useful to others to have a description of the 
method in detail. 

The preparation of thiophene involves the use of sodium suc- 
cinate and phosphorus trisulphide. Thiophene is produced when 
these two substances are jointly subjected to destructive distilla- 
tion. 

Sodiui,?. Succiiiate.-Succiiiic acid is more easily obtainable than 
its salts. In each case 450 grms. of succinic acid (about one pound) 
were dissolved in a litre of boiling distilled water. The acid used 
was the intermediate one of th8 three kinds offered in the market, 
called '( pure." It was clean, white and of very nearly the correct 
melting point, between 175" C. and 185" C. It is sufficiently pure 
for our purpose. The gently boiling solution was very gradually 
saturated with the so-called dry sodium carbonate. This latter 
is no t  dry, nor pure, but losee, when fused, 31.66 per cent., 
which loss is due to water and also to carbon dioxide, bicarbonate 
being present. I t  does not contain ammonium salts, as proved by 
Nessler's test. 600 grms. of such sodium carbonate, finely 
powdered, were used. 

After neutralization, the liquid was allowed to stand over night. 
About 800 grms. of well formed, colorless crystals of sodium SUC- 
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cinnte were obtairiecl the following morning. ‘L’lie rnotlier liquor 
was poiired off :tiid evapor:itccl 011 the  wvater bath. stirring towards 
tlie end of the process. T h e  rcsultiiig mass w:is more yellow than 
the  crystals first obt:tineil. ‘Tlic c~~yst i t ls  were allowed to drain i i i  

;L large funiiel 011 ;t tuft  of glass wool? it small cylinder of wrapping 
paper being inserted in the tube of tliu l’iiiinel. T3otli crops were 
then dried in a steam oven. ‘l.‘lie crystids offer iio difficulty i n  
drying, b u t  the evaporated inass must be pu t  iiito R dish,  beeituse 
i t  liquifies partly during tlic first hours of drying. Aftcr two days 
treatment in this way all of thesalt was spregtd upon filter paper and 
put  into a drying oven kept constantly at  about 110’’ (’. Continu- 
ing this treatment for a week. the six mols. of water, with which 
sodium succinate crystallizes, were finally, expelled. The mass 
does not powder very easily and spreads an irritating dust. I t  is 
passed tlirongli a sixty mesh sieve arid kept i i i  well-stoppered 
hot tlcs. 

PhospIimws 15,isziZirJhide.--’l’his mixture, which, as :I clehydrat- 
ing agent we owe t o  KckulC. was prcpared in the following man- 
ner. Absolutdj-  d r y  red phosphoriis. anti dry wnshed flowers 
of sulphur were most intimately mixed in the proportion of 62 I-’ 
to  96 St first on  a large sheet of paper with a broad spatula, crush- 
ing  evcry small l ump  of phospliorus which might remain, then in 
n mortar. Since 1 pre- 
pared 24 kilos. of i t  in a very short time, with little loss of mate- 
rial, I n i l 1  give the mode of procedure. 

Take two sound I3erlin porcelain crucibles, 2 in. deep, 34 ill. 

upper  and lt in. lower diameter, with corers. P u t  cach into an  
iron ring on it tripod. so that the ring clasps the crucible at  about 
two-thirds of its height. Work undcr  :L good hood to carry off va- 
pors. With a porcelain spatula, nearly as broad as t h e  mouth of 
the crncible, p u t  as much DS the  spatula will comfortably liolcl into 
the crucible. A 
slight explosion is liearil, ii fAirit flame becomes visible througli 
t h e  translucent crucible and white vapors are forced out at  the 
edge of t he  cover. Iieinove the  burrier; it is unne~essary to heat 
the crucible further. The next charge is added as scloii a8 no 
spoiit:tiicous oombustion occurs on lifting the  cover of the  crucible. 

The mixture lias to  be fused together. 

Cover and heat gently wi th  a Bunsen burner. 
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Gradually and in small portions, as indicated, the crucibles are 
filled, finally almost to  the edge, with the quietly flowing molten 
mass. The covers must not be bpened unnecessarily. The crucibles 
are  allowed to cool. When quite cool they are tilted over a clean 
piece of paper and a gentle tap brings out the cone. The mass is 
crystalline i n  part, waxy and of a dark grayish yellow. It is 
broken into large pieces and these are a t  once transferred to quite 
dry, wide salt-mouthed bottles and the stoppers Me sealed with 
paraffine. 

The loss of material by burning, if the process is carried out as 
above, is slight, being between six and eight per cent. I obtained, 
for instance, from a charge consisting of 124 grfis. of phosphorus 
and 192 grms. of sulphur, 298 grms. of the so-called phosphorus 
trisulphide, thus having lost but 18 grms. The average charge 
for t w o  crucibles of the size mentioned is a little greater. Most of 
the loss involved occurs a t  the beginning 6f the operation, when 
the  crucibles are then only partly filled and air is more abundant 
within them than afterwards. 

Thiophene.‘--The process of destructive distillation of sodium 
succinate with phosphorus trisulphide was carried out in a tubu- 
lated, two litre retort, higher than broad, connected with a Lie- 
big’s condenser, four feet long. A smaller cooler may do as well 
or even a well cooled flask, into which the neck of the retort 
reaches, might serve, but a long condensing tube retains more of 
a semi-solid yellow substance, which is also formed in this process, 
and thus the distillate obtained is purer. 

Kot more than about 155 grms. of sodium snccinate are weighed 
out  and mixed intimately with the double quantity, viz., 310 
grms. of well crushed phosphorus trisulphide. The powdering of 
the trisulphide is facilitated by adding a little of the dry succinate 
powder from the start. The mixture is run, by means of a wide 
funnel, into the retort, which it, nearly half fills. The bottom of 
the  retort rests free in a ring, zuithowt either wire gauze or iron 
plate underneath it. 

1 J. Am. Chem. SOC., 12, 29, footnote. 



IZy meaiis of the full flame of a broad round biirner a uriifomi 
heat is applied. The mass $0011 begins t o  assume :L dark brown 
color in spots. The  biiixer is removed :md the waction con- 
tinues. T h e  mass swells :t little, vapors wliicli contaiii iiiucli 

hydrogen sn l~~ l i ide  are given off, SO tlmt most perfect ventilation is 
necessary during the process. Soon the I I C L ‘ ~  of the  rctort and 
thc condenser tube beconic lined with Sellow drops, condensing 
in the cooler 50 :L half solid subst;uice, wIiiIc a n  aIJnnilant flow of 
:ti1 almost colorless liquid fills the recciviiig f1:isk. After some 
time (generally i n  abont ten  minutes) the  distil1:itc r i im less 
briskly. Tlien the  heat under t h e  rrtort is renewcd, uii t i l  the 
tlropping becomes so slow as  to make fortlier work uripmfit- 

The distillate, which lias a golden ~-eIliom color, is a t  once ru- 
distilled from a water bath, yielding tin easy flowing, almost color- 
less oil, sti!l slightly impure from presence of 11, 9. 

1 remark here, that  it is more profitable / l o t  to  distill such a 
small qiiantity as we obtain from 155 arms.  of sodium succinate, 
!jut ro rcpeat t3e process, just described, four times with little o r  
110 interruption with new qualit,ities of mixture, in new retorts 
and then t o  redistill tlin united crnde distillates. All this can 
I E  done in two hours. 

T h e  redistilled oil is then shaken with dilute alkali, which turns  
browi ,  while the oil (which, :wxrcliiig to  the  strength of t he  
aikrtli used, floats upoi l  i t  or sinks below it) assumes its purer, 
c~~1orlc:ss :tppearance. 
s y p l i ~ i i  or  hy a separating funnel, this latter being better for 
vigorous shaking and subsequent washing of the oil. The  thio- 
pht~nv obtained, beiug but  slightly opalescent from water retained 
i n  it, is fiitered through :I small, dry, fluted filter into a flask wi t l i  
gocd stopper. 1 Some long, thiii strips of clean sodium, showing 
mc>t:illio lustre, tire pu t  into the thiophene and the  liquicl is 
allowcd t o  stand with tlic metal ovt’r night. 'rim the thiophene 

1 .\ iircvioris shaking with c~nlc i~ml  chloride is not necessa~y ,  nor is i t  
:L(Ivi~xble, In cine instance,  when 1 tried to dry tho oil \villi a little 
~ i i l i ~ l .  very p~rrc? Ca (Ye, a fain!Iy rose colored solid W:LS formed at the  vs- 
~ I ~ . ~ I I S C  of the oil, and I l int1  to clissolve i n  Jvatev and (!istill again. 

2LIJle. 

The two liquids are separated, either by 

.. .. ~ ~ ... ~ ~. .  .~ ~ -- .-.. 
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is distilled from the sodium on a water bath. It is thus perfectly 
pure. 

From nearly 610 grms. of sodium succinate and 1,200 grms. of 
phosphorus trisulphide, treated in the manner described above, I 
9btained 150 grms. of pure thiophene. This is the obtainable 
yield, i t  is almost fifty per cent. of that  indicated theoretically : 

C, H, 0, Na2=1B2. 

The sodium assumes the color of “old gold.” 

C4H4 8 = 81. 
At first I worked with quantities of sodium succinate up  to 200 

grms. and more at  a time. I also purified each raw distillate as 
soon as obtained, but got only 100 grms. of pure thiophene from 
600 grms. of succinate. Most of this discrepancy I have to at- 
tribute to the visible loss by adhesion of drops of oil to the wash 
liquids and in the distilling flasks ; some of it, of course, also to  
the large qnantities used for destructive distillation. I therefore 
recommend most strongly to use the figures given in my di- 
rections. 

The yellow substance, semi-solid in the cooler (some of it had 
also run down into the receiver), was allowed to drop slowly into 
a dish. I t  continued for days to give off H, S, and when put  
into iz tube, closed by a cork, was puffed LIP towards the latter ; 
i t  gradually became harder, however. The black, uniformly 
caked mass in the original retort can be used to advantage for 
the preparation of hydrogen sulphide, this latter being developed 
from it by the addition of water. If, after the development of 
H, S, the mass is filtered, leached with water and the extracts 
filtered, the liquids evaporated to almost a syrup (which process 
gives rise t o  a new evolution of H, S), then put  over a dessicntor, 
white crystalline crusts begin to deposit and more H, S is given 
off. With reagents it answers 
neither to the  phosphoric acid, nor to the sodium sulphide tests,’ 
but acts in general as a strongly reducing substance, indicative of 
plhosphorous acid. The following reactions, which were performed 
with it, speak for themselves : 

The liquid is of acid reaction. 

l J. Am. Chem., SOC., 12, 29; foot note. 



+lTeeutrnZ lend ncetnte : IVhite ppt., not changed on boiling. 
il7knli~iiesol. of l e d  acetate: White ppt., not changed on boiling. 
A c e t i c  r / c i d  sol. qf [end cicefnte: White ppt.,  not changed o n  

Silrer  uitrnfc : Tellow ppt . ,  turning brown and ultimatcly black 

;Ilercz/ric ch lo~ ide  : White ppt., heavy gray on boiling. 
; I ~ e ~ ~ c z ~ r o z ~ s  ?d i*n te  : White, browii, finally black p1)t. 
c'11pric sziZyJinte : Green ppt.,  on  Loiling reduced to red oxide 

dv,nmnictcnl so/. cf C'u ,SO, : H u e  ppt.,  green on boiling. 
Aiiiitionincnl sol .  qf -4g S O ,  : Brown ppt., then black and re- 

duced to silver. 
d17327i20131'1iun niolybdnte : No precipitate, the liquid turned blue, 

indicating reduction to molybdic oxide. The  same reaction took 
place when the liquid tested was previously neutralized with Na, 

boi 1 il l  g. 

on boiling. 

and even t o  metallic copper. 

CO 8 .  

l jnr iuw chloride : KO precipitate. 
Ferric c h h i d e  : Acid arid neutral, white ppt., unchauged 011 

iVayiiesiuni szdpliate (after K H, C1 and Pi H, 0 H): white ppt. 

,4riinionincnl Ammonizsna molqbdate: also reduced to  clear blue 

Platiuic cliloride: nothing, cold, on heating the  liquid turned 

h i  1 i ng. 

cold or boiling. 

I iqnid. 

mahogany brown and a black precipitate formed. 
iiin iodide: no ppt., no coloration, cold or hot. 

Iodic rtcirl: abundant reduction to iodine. 
PotusR iu i )~  pei.nznngaizate (neutral) : strongly reduced, first 

with simple decoloration. On adding more, until distinctly red 
and then boiling, chocolate brown precipitate. 

Sodiz i  )i i  hydrate (saturated sol.) : black ppt. 
A\-iti,ic ncid (colic.) : Flocks of sulphur separate on boiling. The 

Coiic. >I2 SO, or H CZ produced opalescence and evolution of 

K h e n  t h e  original salt solution mas evaporated to  dryness in a 
porcelain crucible, spontaneously inflammable hydrogen phos- 

liquid filtered off did ?Lot give a ppt. with ammonium molybdate. 

11, s. 
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phide was erolved in abundance. Finally the mass turned black 
and fused t o  a black, translucent glass. A t  the end of a platinum 
wire in a Bunsen flame (outer or inher) the glass swelled and gave 
a clear colorless bead. This, dissolved in water, did not yield a 
ppt. with molybdate solution. 

I cannot decide, as yet, whether the liquid giving the above 
tests is the solution of a uniform salt, or whether i t  contains sev- 
eral salts, and if so, what may be the nature of these. It is very 
apparent, however, that  phosphorous acid, or phosphites, or both, 
are present in it. The formation of these is easily explained, if 
we consider the substances present in the retort in which destruc- 
tive distillation o€ sodium succinate with P, S, was taking place, 
after the formation of thiophene had begun. The probability 
that a phosphoric acid, containing sulphur for some of its oxygen 
atoms, may have formed, is also indicated. 

This salt mixture, which donbtless retains some sodium sulphide, 
invites future study. (J. Am. Chem. SOC. 12, 29, footnote.) 

On redistilling the first crude oil from the waterbath, a consid- 
erable nmouiit of an oil, non-volatile a t  steam heat, remained, 
together with a yellow solid snbstrnce. This oil, of peculiar odor, 
faintly itmber colored, did not permit of fractional distillatign a t  
once. I t  amounted to about 25 c. c. At 87" C. it began to boil and 
gave some distillate, evidently containing thiophene. The tem- 
perature rose soon to  95' arid then more rapidly to 120" C. Then 
suddenly a l u g e  amount of gas was given off. This effervescence 
subsided and gave way to a quiet flow of the liquid, which mean- 
while had assumed a dark brown color. Finally, and almost in- 
stantaneously, the temperature rose to  220" C. and the mass was 
driven up  into the neck of the retort. The distillate was treated 
several times with solution of alkali, then washed, dried with a 
pinch of fused sodium chloride, filtered, shaken with metallic 
sodium and distilled from the same. I fractioned out of it six 
C. c. of an oil which gave the indophenin reaction and boiled at  86" 
to 00" c. 

In regard to the properties of thiophene I refer to my paper 
on anthraqninone1. In  addition, it may be remarked that  the 

-- 
J. Am. Chem. S O ~ . ,  le, 26 et seq. 



specific gravity of thiophenet :tt "3 ' C. is 1.062. I!or this aiid other 
particu1:~rs see ( '  Die Thioplien Gruppe."l 

T h e  two most, characteristic rewtions of ttiioplielie being the  in- 
dol~l ie~i in  rind thc I~1icii:tiitlirarlniiione reactions, cnrc slionltl bt. 
t:tkcri to iisc pure isatin :tiid pure ~ ihe i i : t i i t l i r~ tqui~io~i~ .  

Tlie brown commercitti isatin is nut fit to i ~ c :  used for ttie ~ L W -  

posc. I t  is very simply purified l)y dissolving in ;t solution of 
potassium hydrate and tlieii carefully adding Iiytlrocliloric acid, 
drop by drop. A leather-brow precipitate is formed, which is f i l -  
tered a t  once. !L'lie filtrate, 011 addition of a litttlc more I1 CI. 
yields i~ bright brick-red or vermilion prccipitato of purc isatin. 
A drop of tliioplicne is riiiscti with teii c. 12. of ~ii irc l~e i izo l .  Tbi.!/ 
little isatin is introduccd into tliis mis turc  :t i id tlirln conc:. 11, S 0, 
is slowly 1'1111 into tlic siime, sliakiiig the test tu0c :ill tlic time. 
' P h r  mixture assuniiv ii tleep oolor, more green t l i u n  bine. Oil 
addition of water, intloplieiiin is precipitated in dark I ~ l n e  flocks. 
'l ' l icw arc soluble with rn;iriiie-bluc color in cliloroform, tlic solu- 
tion showing its t int  also by gaslight. 

'1'hc pliciianthrac~uiuoiic is obtained from commei.cia1 plienan- 
tllrenc, wliicli caii Le Louglit ciiiitr: pure and of the correct melt- 
ing p i n t ,  !)!)' (.:. 

grins. of suc,li l)lienarithrene are  oxidized in n mixture of : 

30 grins. potnssium disoliromate, 
lf-) '' (:one. IT, S 04, 
54 " water, 

accord iiig t,o Fittig anti  Vstcrmeyer2. 

water. 
miwliably pretty tufts of gold broiizc lListre3. 

These authors recommend 
taliizatioii from cc~iial volumes of glncial acetic acid and 
The pl ie i~ i~ i i  throqninoiie t'lius obtained crystallizes in re- 

Collcge of tlic ( l i ty  of Sew Y c i r l i .  April 3, ld90 .  

' Pages "0 ct sal. 
Ann. Chern. (Lirsbig), 106, 361 ; *et: also 196, 38. 

,i For thc reaction bt%t\vveen thiopiiene and plieiinntlirarliiiiione, see J. 
Ani. Chern. SOC., 19, 30. 


