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B~s(2-v ethyZ-S-thianaphtkenoy2)~~~o~un. Two grams (0.010 
mole) of 5-acetyl-2-methylthianaphthene was dissolved in a 
solution of 4 ml. of concentrated nitric acid and 15 ml. of 
glacial acetic acid. This solution was placed in a 50-ml. 
Erlenmeyer flask and the flask was stoppered. After only 3 
hr. a yellow solid began to precipitate. A t  the end of 6 
hr. the yellow material was collected on a filter. After air- 
drying thl. yellow solid weighed 1.3 g. and melted a t  162- 
164". Recrystallization of the material from a mixture of 
water, methanol, and tetrahydrofuran yielded yellow crys- 
tals which melted a t  166-167', (A,,, 336 mp; log E ,  4.01). 
The characteristic infrared bands are recorded in Table I. 

Sizal. C'alcd. for CllH7N02S: C, 60.82; H, 3.25; N, 6.44. 
Found: C. 60.80; H, 3.22; N, 6.36. 

Reactior of bis (S-thianaphthenoy2)f~ro~un with phenylhy- 
drazrne. One gram (0.0025 mole) of the furoxan was sus- 
pended in 5 ml. of phenylhydrazine in a small flask and 
heated on a steam bath until an exothermic reaction began. 
This was noted by the evolution of a gas. Immediately the 
flask was removed from the source of heat and was allowed 
to cool slomly to room temperature. The reaction mixture 
was then poured into a large volume of mater. After decant- 
ing the water layer, the residue was fractionally crystallized 
from 95% ethyl alcohol to yield two fractions, 0.20 g. which 
melted a t  233.5-235' and 0.50 g. which melted a t  192- 
193.5 O. 

The material melting a t  233.5-235'  vas yellov and ap- 
pears to be 3-(p-phenylhydraxine)-nitroso-(3-thianaph- 
theny1)isoxazole (111) which is analogous to the product ob- 
tained by Q u W  from the reaction of dibenzoylfuroxan with 
phenylhydrazine. 

Anal. Calcd. for C1?HI2NaO2S: C, 60.71; H, 3.60; N, 
16.66; S, 9.52. Found: C, 60.72; H, 3.38; N, 16.2; S, 9.10. 

The material melting at 192-193.5' was white and ap- 
pears to be 1-thianaphthenoyl-2-phenylhydrazine which is 
analogous t o  a second product Quists isolated from the reac- 
tion of dibenzoylfuroxan with phenylhydrazine. 

Anal. Calcd. for C15H12NZOS: C, 67.13; H, 4.51: N, 10.44. 
Found: C, 67.52; H, 4.59; S,  11.00, 10.80. 
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7-Thiabicyclo[2.2.1] heptane and G-thiabicyclo[3.1.1] heptane have been synthesized and their physical properties re- 
corded. 

The presence of thiabicyclo-octanes and -nonanes 
in the tar oil recovered from the acid used in re- 
fining Agha Jari kerosine1r2 suggested that thiabi- 
cyclohep1,anes might also be present. Since no 
compounds have been identified in straight-run 
distillates with rings containing fewer than five 
atoms the only thiabicycloheptanes considered 
mere I and I1 and the synthesis of these compounds 
was undertaken to  obtain their physical properties 
prior to examining the tar oil for their presence. 
This paper describes the preparation of I and its 
isomer, 6-thiabicyclo[3.l.l]heptane (VII), ob- 
tained in the course of the synthesis of I. 
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- 
(1) S. F Birch, T. V. Cullum, R. A. Dean, and R. L. 

Denyer, Ind. Eng. Chem., 47, 240 (1955). 
(2) S. F. Birch, T. V. Cullum, and R. A. Dean. Paper 

presented :tt a Symposium on Polycyclic Hydrocarbons, 
Divisions of Petroleum Chemistry and Organic Chemistry, 
130th Meeting of the American Chemical Society, Atlantic 
City, N. J., September 1956. 

One obvious route for the synthesis of I, in- 
volving the addition of sulfur dioxide to  1,3-cyclo- 
hexadiene followed by hydrogenation of the sulfoiie 
and reduction of the product with lithium alumi- 
num hydride (cf. 8-thiabicyclo[3.2.1]octane3), 
was found to be impractical as the initial addition 
product proved to be entirely polymeric. Ai1 at- 
tempt to obtain the sulfide hy reaction of sodiuni 
sulfide with the ditosylate of cyclohexane-l,4-diol 
was also unsuccessful. The method finally used was 
based upon the hydrolysis and concomitant cycli- 
zation of the chlorocyclohexyl thioacetntc J', 
prepared from 4-chlorocyclohexanol (111) as shown 
011 page 1027. 

Since the preparation entailed the addition of 
thioacetic acid to 4-chlorocyclohexene (IV) , besides 
the required 4-chlorothioacetate the isomeric 3- 
chlorothioacetate was also produced which resulted 
in 6-thiabicyclo[3.1. llheptane being formed as by- 
product. Separation of the two thiabicyclohep- 
tanes was, however, satisfactorily accomplished by 

( 3 )  S. F. Birch, R .  A. Dean, N. J. Hunter, and E; V. 
Whitehead, Part VI1 of this wries to he piihlished it1 the 
Journal. 
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fractional distillation in the presence of isopropyl- 
cyclohexane. 2-Naphthalenesulfonic acid was chosen 
for the dehydration of I11 since the work of V0gel,4 
Bousset and Kohler et aL6 indicated that this 
would give IV uncontaminated with isomeric 
chlorocyclohexenes. The reaction of thioacetic acid 
with IV was very erratic. On occasions only some 
25% reavtion occurred even when radical-forming 
compounds were present and/or the mixture was 
irradiated with light from tungsten-filament or 
ultraviokt lamps. On other occasions the mixture 
reacted spontaneously when the reactants were 
mixed and a theoretical yield was obtained. 
This spontaneous reaction frequently took place 
in the receiver when unreacted materials were re- 
covered by distillation from the product of an in- 
complete reaction. No explanation of the unpre- 
dictable course of this reaction has been obtained, 
but the most likely theory appears to be that an 
inhibitor can be formed by a side-reaction and that 
this, if formed in sufficient quantity, almost en- 
tirely stops the reaction, However, despite this, 
the final yield of thioacetates was 86%. Hydrolysis 
of the product gave a mixture of the two thiabicy- 
cloheptanes (I and VII), cyclohexenethiols, and 
some polymeric material. Since a Walderi inversion 
would be expected to occur a t  the cyclization stage3 
and the rulfides exist only in the cis form (cf. the 
thiabicyclo [3.2.1] octanes3), it is presumed that the 
sulfides were formed from the trans-thioacetates and 
the by-products mere mainly derived from the cis- 
thioacetates. 

Separation of the mixture of sulfides was at- 
tempted by crystallization. This was unsuccessful 
since both were solids and were present in roughly 
equal amounts, Fractional distillation was rejected 
because of the practical difficulties associated with 

- 

(4) A.  I .  Vogel, J .  Chem. S O C ,  1323 (1938). 
(5) A. Ilousset, Bid!. SOC. chhm , 6, 983 (1939). 
( 6 )  E P. Kohler, M. Tishler, H. Potter, and H. T. 

Thompson, J .41u. ( 'hcrn .  SOC, 61, 1057 (19.39). 

the distillation of solids with high melting points. 
Distillation in the presence of isopropylcyclo- 
hexane, however, proved completely successful in 
separating the two sulfides since the lower boiling 
component formed an azeotrope (this was pre- 
dicted from previous experience') while the higher 
boiling did not and remained in the residue. The 
azeotrope was not obtained free from the entrainer 
since the boiling points were very close but com- 
plete separation was obtained by continiung the 
distillation until a negligible amount of sulfide was 
present in the distillate. The sulfides were separated 
from the hydrocarbon by adsorption on silica gel 
and finally purified by crystallization from acetic 
acid. The properties of the two thiabicycloheptanes 
are recorded in Table I ;  the infrared spectra were 
obtained in the range 2-15p.* 

TABLE I 
PHYHCAL PROPERTIES OF THE SULFIDE:: 

Sulfide 

7-Thiabicyelo[2.2,1]- 127 5-125.5 164 7G5 1 517' 
heptane 

6-Thiabicyclo[3.1.1]- 93.5-95 5 175 775 1 519' 
heptane 

By proportion from the values of solutiolis in di-n-butyl 
sulfide. 

A t  this stage i t  was not known with certainty 
which of the two isomers had the structure of I 
although some indication had been obtained from 
the relative stabilities of the mercuric salt com- 
plexes. Attempts to separate the sulfides by crystal- 
lization and regeneration of the mercuric chloride 
derivatives of the mixture gave only an intractable 
plastic solid from which a small amount of mercap- 
tan-containing oil was obtained on regeneration; 
on the other hand, extraction of a pentane solution 
of the mixed sulfides with aqueous mercuric acetate 
solution followed by regeneration of the extract 
gave one sulfide only, identical with the lower 
boiling compound. Since theresidual aqueous liquors 
contained a mercapto alcohol it mas assumed that 
the higher boiling compound was the 6-thiabicyclo- 
[3.l.l]heptnne and that this formed unstable 
mercuric salt derivatives owing to  the sulfur atom 
being in a 4-membered ring (cf. thiacycl~butane~). 
The correctness of this assumption was shown when 
a small amount of a mixture of 6-thiabicyclo- 
[3.1. llheptane and 7-thiabicyclo [4.1.0] heptane 
(X) (cyclohexene sulfidelo) was prepared by the 

( 7 )  D. H. Desty and F. A .  Fidler, Ind. Eng. Chem., 43, 

(8) To be submitted to the API Research Project 44 for 

(9) E. Grischkevitsch-Trochimovski, J. Rztss. Phys. 

(10) E. E. van Tamelen, J .  Am. Chem. A'oc., 73, 3444 

905 (1951). 

inclusion in their catalog of spectral data. 

C'hem. SOC., 47, 880 (1916). 

(1951). 
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TABLE I1 
M E L T I N G  P O I N T S  AND .4NALYSES OF T H E  DERIVATIVES O F  T H E  S U L F I D E S  

,4nalyses 
Formula of M.P., "C.  Calcd. Found - 

Compound Derivative (Corrected) C H S C H S 
7-Thiabicyclo [2.2.1]- C6Hl&12HgS 186.5-187.5 dec. 18.7 2 . 6  8 , 3  18.6 2 . 7  8 . 4  

heptme CeHtoOi3 253-254' 49.3 6 .9  21.9 49.4 7 . 0  2 2 . 2  
C7H13IS 138-139 dec." 32.8 5.2 12.5 33.0 5 . 1  12.5 

49.3 6 . 9  21.9 49.5 6 . i  21.8 
heptane 

6-Thiabicyclo[3.1.1 I- CeH1,02S 171.5-172 5 

a Sealed tube. 

method shown below. The infrared spectrum of the 
mixture, which was semi-solid a t  room temperature, 
was obtained and comparison of this spectrum with 
those of the pure sulfides showed that the higher 
boiling sulfide was present to the extent of at least 
50% and that the lower boiling one could not be 
detected. 6-Thiabicyclo[3.1.1]heptane was ob- 

VI1 

+ - +  AcSH KOH 

Br 
VI11 

X 

served to decompose to some extent a t  its atmos- 
pheric boiling point with the formation of a white 
solid insoluble in the usual solvents. Further evi- 
dence of the instability of this sulfide was obtained 
when it was found that a sample which had been 
degassed and sealed under vacuum was partly con- 
verted into non-volatile material under the influence 
of daylight. The original sulfide gave a positive 
result in the acrylonitrile test for free radicals," 
indicating that in the absence of oxygen, which 
presumably normally acts as an inhibitor, 6- 
thiabicyclo[3.1. llheptane undergoes a light- 
initiated radical polymerization. Thiacyclobutane 
itself has been found to behave similarly in the ab- 
sence of oxygen12 but rough comparative tests with 
this compound showed that, although it was more 
effective in polymerizing acrylonitrile, it was not 
nearly so susceptible to self-polymerization as VII. 
6-Thiabicyclo [3.l.l]heptane is readily decom- 
posed by concentrated sulfuric acid, polymeric 

(11) J. H. Baxendale, M. G. Evans, and G. S. Park, 
Trans. Faraday SOC., 42, 155 (1946); cj. S. F. Birch, T. V. 
Cullum, and R. A. Dean, J. Inst. Pet., 39, 206 (1953). 

(12) W. E. Haines, G. L. Cook, and J. S. Ball, J .  Am. 
Chem. SOC., 78, 5213 (1956). 

material again being formed (cf. thiacy~lobutane'~). 
7-Thiabicyclo[2.2. llheptane was characterized 

by means of the usual derivatives. Xo further at- 
tempt was made to prepare the mercuric chloride 
complex of 6-thiabicyclo[3.1.1]heptane; with 
methyl iodide the sulfide gave only an oil but the 
sulfone was obtained by the usual method. The 
melting points and analyses of the derivatives are 
recorded in Table 11. 
7-Thiabicyclo[2.2.1]heptane has not so far 

been detected in those fractions of the tar oil in 
which, from its boiling point, it might be expected to 
occur. It is interesting to  note that Rossini and his 
eo-workers have recently that a hydro- 
carbon having this ring structure is probably 
present in the representative petroleum of A.P.I. 
Research Project 6. 

EXPERIMENTAL 

All melting points are corrected. All sublimations were 
carried out under reduced pressure. Microanalyses are by 
Dr. Ing. A. Schoeller, Kronach/Oberfranken, Bamberger- 
strasse 20, Germany. 

4-ChlorocycZohexanol (111) (b.p. 96-106"/10 mm., n*G 
1.4947) was obtained in average yield of 60% from 1,4- 
cyclohexanediol. 

4-ChZorocyclohexene (IV). 4-Chlorocyclohexanol (108 g.) 
and 2-naphthalenesulfonic acid (5 g.) were heated in an oil- 
bath a t  200-240' and the distillate was taken off through a 
short, glass-packed column. The organic layer was dried 
over calcium chloride and the fraction, b.p. 88-93 '/130 
mm., ny 1.4822 (48 g., 5170) was taken as 4-chlorocyclo- 
hexene, leaving a residue of polymeric material. 

Chlorocyclohexyl thioacetates (V and VI). ( a )  Portions (ea. 
0.2 mole) of 4-chlorocyclohexene were mixed with thioacetic 
acid (ca. 0.3 mole, b.p. 86-87.5'/763 mm., na: 1.4646- 
1.4648) and the mixtures were allowed to stand for various 
periods (2-20 hr.), under various conditions of temperature 
(20-90') and illumination (daylight, 100-matt tungsten- 
filament lamp, ultraviolet), and in one instance a trace of 
azobisisobutyronitrile was added as a radical source. Reac- 
tion was not vigorous under any of these conditions and only 
moderate yields (20-45Y0) of addition products (b.p. 106- 
112'/3 mm.) were obtained. Complementary amounts of 
unreacted materials were recovered as forerunnings, and 
these usually reacted spontaneously in the receiver giving 

(13) D. S. Tarbell and D. P. Harnish, Chem. Revs., 49, 
l(1951). 

(14) B. J. Mair, P. E. Eberly, Kun Li, and F. D. Rossini. 
Paper presented a t  the Symposium quoted in Ref. 2. 

(15) L. N. Owen and P. A. Robins, J .  C'hem. SOC., 320 
(1949). 

- 
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further quantities (20-70%) of the required addition prod- 
ucts, but sometimes the reaction went to completion only 
after a second recovery of unreacted materials. ( b )  4- 
Chlorocyclohexene (0.3 mole) was distilled under nitrogen 
(50 mm.) into an ice cooled flask and thioacetic acid (0.45 
mole) was distilled under nitrogen (50 mm.) into the same 
receiver. On removal of the ice, vigorous reaction occurred 
spontaneoiisly and it became necessary to cool the mixture 
to moderbte the reaction. The mixture was allowed to  
stand half an hour after the reaction appeared to have ceased 
and was then distilled giving 55 g. (98%) of thioacetate. 
In  a second preparation carried out under these conditions, 
reaction was not vigorow and only 60% of addition product 
was obtained initially. The recovered starting materials 
reacted spontaneously to give a further quantity of thio- 
acetate: total yield 91%. 

Redistiliation of the combined products from ( a )  and ( b )  
gave an 86% yield of the thioacetates, b.p. 98-102'/2 mm., 
n a i  1.5195. 

Preparalion of 7-thiabicyclo [2.l.l] heptane (I) and B-thia- 
bicyclo[S.l.l]heptane (VII). The thioacetate mixture (274 
9.) was added dropwise during 30 min. to refluxing aqueous 
ethanolic caustic potash (KOH, 770 g.; EtOH, 1925 ml.; 
H20, 1925 ml,), refluxing then being continued for 2 hr. 
The reaction mixture was distilled until thiol began to come 
over in appreciable quantities and the distillate was then 
diluted with water and extracted with n-pentane. The ex- 
tracts were shaken with iodine and 10% aqueous caustic 
potash until free from thiol, and sublimation of the solid 
left on ewporation, gave a mixture of 7-thiabicycl0[2.1.1]- 
heptane and 6-thiabicyclo[3.1.1]heptane (66 g., 41%) melt- 
ing at 105 -108'. Infrared spectroscopy showed the composi- 
tion to  be 42% and 58%. respectively. 

Further distillation of the aqueous residues from the thio- 
acetate hydrolyzate and extraction of the distillate with n- 
pentane gave 42 g. of material b.p. 30'/27 mm.-150"/3 
mm. Thcb alkali soluble portion (20 g.) of the fraction (25 
g )  b.p. ti2-64"/27 mm., had b.p. 78-79'/47 mm., nag 
1.5177. This was probably a mixture of cyclohexene thiols. 

Anal. Calcd. for C&S: C, 63.1; H, 8.8; S, 28.1. Found: 
C, 63.0; I€, 8.7; S, 27.8. 

2,4-Dinl trochlorobenzene derivative, m.p. 106-107" from 
ethanol. 

Anal. Calcd. for C I ~ H ~ ~ N ~ O ~ S :  C, 51.4; H, 4.2; S, 11.4; 
N, 10.1. Found: C, 51.9; H, 4.5; S, 11.3; N, 10.0. 

Separation of 7-thiabicyclo[2.1 .l]heptane ( I )  and 6'-thia- 
bicyclo[S.l .l]heptane (VII) by azeolropic distillatzon. A 
quantity ( 15.8 g.) of the mixture of the sulfides (m.p. 105- 
108') was dissolved in isopropylcyclohexane (600 ml., b.p. 
83"/81 mm., na: 1.4909; purified by percolation over silica 
gel) and this mixture was distilled a t  reduced pressure (81 
mm.) through a 40-plate, glass-packed column until several 
consecutive fractions of n': 14911, b.p. 82.8'/81 mm. were 
obtained (initial fractions had na: 1.4946=ca. 5% sulfide 
and b.p. :'9.5'/81 mm.). The distillate fractions were com- 
bined (total 400 ml.) and percolated over silica gel (170 g., 
28-200 mesh), using n-pentane (100 ml.) to  displace the 
isopropylcyclohexane, and ethanol to  elute the sulfide. The 
7-thiabicyclo[2.2.1]heptane was separated in the usual way 
and sublimed to give 5.5 g. (83% recovery based on that 
present ir the original mixture) of m.p. 123-126'. 6-Thia- 
bicyclo[3.l.l]heptane (7.0 g., 76y0 recovery), separated in 
the same manner from the distillation residue, was crystal- 
lized f r o a  glacial acetic acid to  a constant melting point of 
93.5-95.5 '. 

Anal. C!alcd. for C&S: C, 63.1; H 8.8; S, 28.1. Found: 
C, 62.7; II, 9.1; S, 28.2. 

Isolatioa of 7-thiabiqclo[d.l . l ]  heptane (I)  by mercuric ace- 
tate treatment. A solution of 0.4 g. of the mixture of sulfides 
in n-pentme ( 5  ml.) was extracted with four 5-ml. portions 
of aqueors mercuric acetate [Hg(OAc)o, 500 g.; HeO, 1500 
ml.; HOAc, 25 ml.]. The combined extracts were added to  
refluxing squeous sodium sulfide [30 ml. of 1 : 1 (w/w)/- 

Na2S4H20 : HzO] and the regenerated sulfide was sub- 
limed to give a solid (ca. 0.1 g.) melting a t  126-127'. Con- 
tinuous ether extraction of the aqueous sodium sulfide 
liquors for 16 hr. resulted in isolation of ca. 0.1 g. of an un- 
pleasant smelling mobile oil (nag 1.5256) the infrared spec- 
trum of which indicated i t  to  be a mercapto alcohol. 

A 7 d .  Calcd. for C6H120S: C, 54.5; H, 9.2; S, 24.2. Found: 
C, 54.8; H, 8.8; S, 23.8. 

A further quantity (11.4 g.) of 7-thiabicyclo[2.2.1]heptane 
was obtained by this treatment and purified to a constant 
melting point of 127.5-128.5' by crystallization of its mer- 
curic chloride complex (31 g.) followed by crystallization 
of the regenerated sulfide from glacial acetic acid. 

Anal. Calcd. for CBHloS: C, 63.1; H, 8.8; S, 28.1. Found: 
C, 63.3; H, 8.9; S, 27.8. 

Prepzration of VI1 and 7-thiabiqclo[4.l.O]heptane (X). 3- 
Bromocyclohexene (14.5 g., b.p. 75-79'/30 mm.), preparedI6 
in 51 yo yield from cyclohexene and A'-bromosuccinimide, 
was distilled in a nitrogen atmosphere under reduced pres- 
sure into an ice coaled flask containing thioacetic acid (8.5 
9.) similarly distilled under nitrogen. Since there was no 
apparent reaction on allowing the mixture to warm to room 
temperature it was allowed to  stand for several days, during 
which time there was slow evolution of hydrogen bromide, 
and i t  was then distilled under reduced pressure. The frac- 
tion (4.0 g., 19%) boiling over the range 72-100"/0.5 mm. 
(mostly at about 90"/0.5 mm.), n * i  1.539-1.543, was re- 
fluxed for 1 hr. with aqueous ethanolic caustic potash (KOH, 
20 g.; EtOH, 50 ml.; H20, 50 ml.). Distillation of the mate- 
rial obtained by n-pentane extraction of the aqueous eth- 
anolic distillate from the hydrolyzate gave 0.12 g. (6%) of 
an oil which gradually solidified. 

Properties of 6-thiabicyclo[J.l .I] heptane. A sample of 6- 
thiabicyclo[3.l.l]heptane which had been degassed and 
sealed under vacuum in a Pyrex U-tube was allowed to  stand 
in diffuse daylight for several hours. One limb of the tube 
was then cooled in liquid nitrogen and, while most of the 
solid readily sublimed into this limb, a portion was found to 
be comparatively nonvolatile. The limb containing the 6- 
thiabicyclo [3.1.1] heptane thus freshly sublimed was sealed 
off, while still maintaining the vacuum, and this was exposed 
to strong sunlight for 1 hr. At the end of this period the sul- 
fide had been converted almost entirely to an amorphous, 
opaque, nonvolatile solid. This on further standing in the dark, 
was transformed to a translucent material which appeared 
to be semisolid. A sample of thiacyclobutane similarly de- 
gassed and sealed was exposed to strong sunlight for several 
hours and to diffuse daylight for several days, but even then 
the sample readily distilled to  a liquid nitrogen-cooled por- 
tion of the tube, leaving only a small nonvolatile oily residue. 

Both &thiabicyclo[3,1,l]heptane and thiacyclobutane 
gave positive results in the acrylonitrile test" for radial 
formation. After a few hours in strong sunlight, a consider- 
able amount of white solid polymer had formed in the tube 
containing the nitrile to  which 6-thiabicyclo[3.l.l] heptane 
had been added: the nitrile which had been treated with 
thiacyclobutane was converted almost entirely to solid 
polymer over the same period. 

The sulfide was completely removed from a solution of 
6-thiabicyclo[3.1.1]heptane (0.19 g.) in n-pentane (2 ml.) by 
shaking with concentrated sulfuric acid (1 ml.) for about 10 
min. The acid layer assumed a yellow color and there was 
formation of sulfur dioxide. After standing for 2 hr., the acid 
layer was added dropwise to  a cooled solution of potassium 
hydroxide (2.5 g.) in ice water (10 ml.) covered by a layer 
of n-pentane (10 ml.). Only about 20% of the original sul- 
fide was recovered by evaporation of the n-pentane extracts. 

Derivatives of the suljdee. The mercuric chloride complex, 
methiodide, and sulfone of 7-thiabicyclo [2.2.1] heptane were 
prepared in the usual way. 9 n  attempt to  prepare the 
methiodide of 6-thiabicyclo[3.1.1] heptane gave an oil but 
a solid sulfone was obtained by the usual method. The melt- 
ing point and analysis of this sulfone is given in Table I1 
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together with the melting points and analyses of the 7-  
thiabicyclo[2.2.l]heptane derivatives. 
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The reactions of N-alkyl-4-pyridone-2,6-dicarboxylic acids and of the isomeric 4-alkoxypyridine-2,6-dicarboxylic acids 
with thionyl chloride are described. The latter yield the expected 4-alkoxypyridine-2,6-dicarboxylic acid chlorides while the 
former furnish mixtures of 4-chloropyridine-2,6-dicarboxylic acid dichloride and 4,6-dichloropicolinic acid chloride. Deriva- 
tives of the various acids are described and some of their physical constants are presented. Also included is the description 
of N-ethyl-4pyridone. 

I n  a recent publication2 we described the reaction 
of sodium ethoxide with diethyl 4-chloropyridine- 
2,6-dicarboxylate which gave diethyl 4-ethoxy- 
pyridine-2,6-dicarboxylate. On hydrolysis of this 
ester the corresponding acid (I) was obtained. 
Since its melting point did not agree with the one 
reported in the literature3 the isomer N-ethyl-4- 
pyridone-2,6-dicarboxylic acid (11) was prepared 
for comparison from 4-pyrone-2,6-dicarboxylic acid 
and ethylamine. Although the formation of the two 
acids presents in itself some evidence for their con- 
stitution, additional proof of structure seemed to be 
desirable. Their reaction with thionyl chloride was 
found to serve this purpose. However no conclusions 
can be drawn as to the structure of the acid pre- 
pared by the British authorsS since their work was 
not repeated. 

On treatment with thionyl chloride, the com- 
pound obtained by hydrolysis of diethyl 4-ethoxy- 
pyridine-2,6-dicarboxylate gave smoothly the cor- 
responding acid chloride (111) which could be con- 
verted to the original acid and to the amide and 
anilide. On the other hand, the isomer N-ethyl-4- 
pyridone-2,6-dicarboxylic acid (11) gave under 
comparable conditions a mixture of two products. 
In  addition to  the expectedP 4-chloropyridine-2,6- 
dicarboxylic acid dichloride (IV) 4,6-dichloropic- 
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olinic acid chloride (V) was isolated as the pre- 
dominant product. Both acid chlorides were char- 
acterized by hydrolysis to  the parent acids and by 
conversion to  several derivatives. 
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The literature describes several similar reactions 

in the pyridine series. It was observed that N -  
methyl-5-methoxy-4-pyridone-2-carboxylic acid re- 
acts with thionyl chloride to give 4,6-dichloro-5- 
methoxypicolinic acid ~h lo r ide .~  An earlier report,6 
however, indicates that the corresponding nor-acid, 
5-methoxy-4-pyridone-2-carboxylic acid furnishes 
4-chloro-5-methoxypicolinic acid chloride under 

(5) K. Heyns and G. Vogelsang, Ber., 87, 1377 (1954). 
(6) T. Yabuta, J .  Chem. Soc., 125,575 (1924). 


