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CHAPTER 1
INTRODUCTION

The concept of isosterism as expounded by Erlenmeyer and Leo1
includes the proposal that the thiophene ring is an isostere of benzene,
Thus the synthesis and testing of thiophene analogs of biologically active
compounds containing benzene rings is of great interest. Much work has
been done along these lines as can be seen from the reviews of Blicke, 2
Campaigne, 3 Martin-Smith and Reid4 and Bellenghi and Wittgens. > The
classes of compounds studied include pressor amines, amino acid antago-
nists, antibiotics, antihistamines, anticholinergics, estrogens, analgesics,
CNS depressants, and insecticides.

It is difficult to generalize on the results of these studies, because
the thienyl compounds have varied from no pharmacological activity to
greater activity than the phenyl prototypes. Further, while Martin-Smith
and Rei.d4 generalize that the thienyl compounds are usually of greater
tczicity than the phenyl compounds, there are several cases, notably in
compounds prepared by Steinkopf and Ohse, 6 and Warren and co-workers7
where toxicity is lower. Thus we are still unable to predict the overall
effects of substituting isosteres for each other in biologically active com-

pounds.



In spite of the fact that many classes of drugs include compounds
containing the aniline moiety, the aminothiophene moiety occurs in only

one analog studied, a weakly active sulfonamide. 8 Not one compound

] . . ) ! .
contained the [}NH(I:- moiely isosteric to the @—NHC— moilety
s |

found in so many biologically active compounds.

This lack undoubtedly arises from the fact 2- and 3-aminothiophenes
are unstable compounds and are difficult to incorporate using methods
involving reaction of the free amine. Furthermore, the synthesis and
purification of 2- or 3-aminothiophene are tedious and give low yields.

The problems of preparation and purification of the aminothiophenes
are well documented. The instability of 2-aminotiophene when exposed to
air was reported by Steinkopf. 9 The decomposition of 2-aminothiophene
under an inert atmosphere was reported by Hoffman and Gronowitz. !

Steinkopf and Hopner11 reported the successful isolation of
3-aminothiophene as the hydrochloride stannic chloride double salt in
1933, but they were unable to isolate the free base. Hoffman and
Gronowit:z10 prepared a cyclohexane solution of 3-aminothiophene and
found that it also quickly decomposed even under an inert atmosphere.

They, too, were unable to isolate the free base. Campaigne and Moirxroe12
also prepared a solution of 3-aminothiophene and used this for preparation
of a number of derivatives. Like previous workers, they were unsuccessful
in isolating the free base. The purification of 3-aminothiophene was
accomplished by 1966, at which time Brunett13 reported it from these

laboratories. This isolation was accomplished using preparatory gas-liquid



chromatography but a very low yield was obtained, possibly due to
problems with the collector system of the chromatograph used.
. 14

Over twenty years ago Hartough™ = wrote,

Despite the potential importance of the aminothiophenes in

pharmaceuticals and dyestuffs, only a few investigators

have been active in this field. Perhaps potential investi-

gators have been discouraged by earlier literature. The

tendency of these compounds to decompose in air is well

recognized.
This still rings true today. In addition, we now know that the aminothio-
phenes are unstable under inert atmosphere. Nonetheless, some deriva-
tives of these compounds have been prepared in the intervening years.
This thesis reports the preparation of more related compounds.

In addition to extending the use of the Curtius rearrangement for
such preparations, the synthesis and purification of the thienyl
isothiocyanates has been accomplished, and a number of derivatives
prepared. Attempted synthesis of the thienyl isothiocyanates by the
classical method, reaction of the free amine with thiophosgene, has
undoubtedly been discouraged by two facts: first, the instability of the
aminothiophenes, as documented above; second, the lability of amino-
thiophene derivatives in acidic solution (one product of this reaction is HCIl).

The first problem has now been circumvented by use of a recently
developed method which effects conversion of the isocyanate to the isothio-
cyanate. The second problem remains, as discussed later.

Synthesis of the thienyl isothiocyanates opens up new areas for

isosteric replacements by thiophene in biologically active compounds by



4

permitting synthesis of thienylthioureas, thienylthionecarbamates, and

thienyldithiocarbamates,



CHAPTER 11
PURPOSE OF THIS INVESTIGATION

The purpose of this investigation was to exploit further the Curtius
rearrangement for preparation of 2- and 3-thienyl isocyanate in order
to expand our knowledge of the amine and alcohol derivatives, and to
expand the known reactions of these isocyanates by finding appropriate
conditions for reactions with mercaptans to form thiolcarbamates,

In addition to this, the heretofore unknown 2- and 3-thienyl
isothiocyanates were to be synthesized and characterized. Although two
possible routes for these syntheses were considered, as outlined in the
discussion, the method reported by Ottmann and Hooks15 in 1966 was
used. This method involved pyrolysis of S-| N-(thienyl)carbamc:;yl] -0, O'-
diethyl dithiophosphate, an intermediate readily prepared By addition of
O, O'-diethyl hydrogen dithiophosphate to the appropriate thienyl isocyanate.

The study was to be completed by development of methods for the
preparation of thioureas, thionecarbamates and dithiocarbamates by reaction
of the isothiocyanates with amines, alcohols, and mercaptans., These
reactions were to be done with reagents having both primary and tertiary
alkyl groups in order to insure that appropriate methods could be developed
in each case. It is our hope that these methods will enable future workers

to synthesize desired biologically active compounds without the necessity



6
of developing alternative synthetic methods. All compounds were to be
characterized by mp or bp, ir and nmr spectra, and elemental

analyses to insure that the named compounds were obtained.



CHAPTER 111
DISCUSSION

The preparations of the thienylureas and thienylcarbamates from
the thienyl isocyanates are extensions of the work of Brunett13 and
Sulliva.nl6 to obtain and characterize previously unknown compounds,

The necessary 3-thenoic acid was prepared by the method of
Gronowitz17 rather than the longer method employed previously. The
method used involved metalation of 3-bromothiophene with n-butyl lithium
at -70°, followed by reaction with dry ice and then acidification to
3-thenoic acid.

Reaction of 3-thenoic acid with thionyl chloride at reflux gave |
3-thenoyl chloride, which was reacted with sodium azide to give 3-thenoyl
azide. Curtius rearrangement of the 3-thenoyl azide yielded 3-thienyl
isocyanate which wa; used for synthesis of the desired derivatives. This
reaction sequence is shown in Chart I,

The preparation of 2-thienyl isocyanate was done in the same
manner except that commercially available 2-thenoic acid was the starting
point.

It was found to be convenient to prepare the desired isocyanate in
multigram quantities in inert solvent, purify it by distillation, and theﬁ

allow this to react with the appropriate amine, alcohol, or mercaptan in



Br COH
n-butyl Li \ 1.CO
@ u-'zo° > @ Hé "Cl U
S

CHART 1

dry inert solvent to obtain the desired compounds. In addition to the
obvious advantage of requiring less equipment for the Curtius rearrange-
ment (i.e., one setup instead of several) this yielded purer crude products
than the methods previously employed which involved reaction of the
isocyanate with the desired reagent in the flask in which the Curtius
rearrangement was carried out. Distillation effected removal of the
deeply colored impurities which always appeared shortly after the Curtius
rearrangement was begun., Thus one distillation obviated the necessity
for several recrystallizations on each of several compounds to be prepared.
The N-(2-thienyl)ureas were prepared by adding excess amine to
2-thienyl isocyanate slowly and then agitating the reaction mixture for
15-60 minutes. The reaction was done in inert solvents under anhydrous
conditions,
The alkyl N-(2-thienyljcarbamates were similarly prepared except

that triethylamine catalyst was used and the reaction was refluxed for
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10-60 minutes after the addition was complete. The use of the
triethylamine catalyst was based on the study of the kinetics of phenyl
lsocyanate reaction with mercaptans reported by Dyer and Glenn, 18 It
was adopted for use with the carbamates when it was found that this
produced a much lighter colored crude product.

The preparation of the alkyl N-(2-thienyl)thiolcarbamates was
similar to the alkyl N-(2-thienyl) carbamates except that stirring at
room temperature replaced the refluxing.

The derivatives of 2-thienyl isocyanate prepared are shown in

Chart IL,
0
@N=C=O —RNH; O—NHgNHR
S
ROH
RSH
Et;N

0
v @NHQOR
S
/ \ ﬁ R= CH,CH,CH,
Q""HCSR and c(<:|-|3)3

CHART 11
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The nmr spectra of these compounds were taken and are reported
here with the peaks assigned insofar as that is possible. Assignment of
the aromatic protons was accomplished by comparison of the observed
: . . 19,20
coupling constants with the published values for these constants,

(J J = 1.6%+0.3Hz, J =2.7+0.4Hz, J = 3.8 % 0.3 Hz,

2,4 3,5 2,5 3,4

and J4’ 5 = 5.4 £ 0.6 Hz) in those cases where identifiable doublets of
doublets were obtained. In several cases very narrow complex multiplets
were obtained for the aromatic protons and precise assignments for each
proton could not be made.

For N-(2-thienyl)urea and its substituted homologs a doublet
integrating for two protons and a triplet integrating for one proton was
observed in the aromatic region. As stated by Brunett;, 13 such a pattern
does not allow assignment of the protons on the basis of the coupling con-
stant(s) observed. These protons were tentatively assigned by analogy
to N-(Z-thienyl)thiourea for which each doublet of doublets is assignable,
and the 3-H is farther upfield than the 4-H and 5-H. This same pattern
holds true for the substituted N-(2-thienyl)thioureas, although they were
observed in acetone-d6 and CDC13, as opposed to DMSO-d6 for the others.

The spectrum obtained for N-(2-thienyl)urea shows broad singlets
at & 6.09 for the NH‘2 and at §9.63 for the N-H. The aromatic region
shows a triplet of one proton at § 6.56 and a doublet of two protens at
6. 87, with the coupling constant 2.6 + 0.2 Hz. As indicated above the

upfield proton is tentatively assigned as 3-H while the lower field protons

are assigned as 4-H and 5-H.
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The same pattern is observed in the spectrum of N-n-propyl-N'-
(2-thienyl)urea except that the 3-H triplet is now observed at & 6. 43
and the 4-H, 5-H doublet at 6§ 6.77. As for N-(2-thienyl)urea the
coupling constant is 2.6 £ 0.2 Hz. The aliphatic NH is observed as a
pobrly resolved triplet at & 6.18 and the aromatic NH as a broad singlet
at & 9.33. The aliphatic protons are observed as follows: & 0.85, the
methyl protons as a triplet; & 1.43, the interior methylene as a sextet;
and & 3.16, the N-methylene as a quartet.

In the aromatic region of the nmr spectrum of N-t-butyl-N*'-(2-
thienyl)urea (Figure 9) this pattern is again observed. In this case the
3-H is a triplet at & 6.38 and the 4-H, 5-H doublet is at 6 6.74. Again
the coupling constant is 2.6 + 0.2 Hz, For this compound the aliphatic NH
is a broad singlet at § 5.99 and the aromatic NH a broad singlet at § 9. 12.
The methyl groups are observed as a singlet at 6 1.31.

The nmr spectrum of n-propyl N-(2-thienyl)carbamate in a.cetone-d6
is an example of a case where one aromatic proton gives the expected
doublet of doublets but the other two are so close in chemical shift that
the other peaks may not be exactly assigned. The 3-H is observed as a
doublet of doublets at & 6.70 with the apparent J = 3.1 Hz, and

3,4
J3 53 1.9 Hz, However, the 4-H and 5-H appear as a multiplet from §
6.77-6.97. The NH is observed as a broad band at 6 9.35. The aliphatic
protons are observed as follows: & 0.93, a triplet for the methyl group;

§ 1.66, a sextet for the interior methylene; and & 4.13, a triplet for the

O-methylene.
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Not surprisingly a similar spectrum was obtained for t-butyl
N-(2-thienyl)carbamate in acetone-dé. Now the 3-H is observed as a

doublet of doublets at § 6.74 with apparent J = 3,1 Hz and J3 2.0

3,4 V5
Hz and the 4-H, 5-H multiplet is from §6.80-6.97. The NH is a
broad'band at 6§ 9.33. The aliphatic protons are observed at § 1. 50.

. Unlike the alkyl N-(2-thienyl)carbamates, the alkyl N-(2-thienyl)-
thiolcarbamates yielded well resolved spectra in which each aromatic
proton is assignable. For n-propyl N-(2-thienyl)thiolcarbamate in
acetone-dé, the 3-H is observed at & 6.78, the 4-H at § 6.89, and the
5-H at 6 7.01. In each case a doublet of doublets is obtained. The
coupling constants are 13’4 = 3.4 Hz, J3’ 5= 1.é Hz, J4, 5= 5.2 Hz.
The NH is observed as a broad band centered on & 10.30. The aliphatic
protons are observed as follows: & 0.98, the methyl protons as the
expected triplet; 6 1.68, the interior methylene as a sextet; § 2.99,
the S-methylene as a triplet.

Similarly for t-butyl N-(2-thienyl)thiolcarbamate in acetone-dé,

the 3-H is observed as a doublet of doublets at § 6. 78; the 4-H is a
doublet of doublets at § 6.90; and the 5-H is a doublet of doublets at §

7.08. The observed coupling constants are: J =3.4Hz, J 1.7

3,4 3.5
Hz, J4 5 = 5.2 Hz. The NH is a broad band at § 10.00. The aliphatic
protons are observed as a singlet at & 1. 54.
The next step in preparation of derivatives of 2-aminothiophene

involved the synthesis of 2-thienyl isothiocyanate. Up to this time, no

thienyl isothiocyanates have been reported in the literature. Classically,
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isothiocyanates are prepared by reaction of the appropriate amine with
thiophosgene. As documented above 2-aminothiophene is not stable in
either the purifiedvform or in solution, Therefore, to avoid the problems
inherent in handling such an unstable compound, we considered two alterna-
tive approaches to the synthesis of 2- (and 3-) thienyl isothiocyanate.

One approach considered was the possibility of a Curtius rearrange-
ment of thio-2-thenoyl azide which theoretically could be prepared by the

route outlined in Chart III.

45\5 Br n-butyl Li QU ;ﬁf& .

S S + N~ S
/ \ I SQCl,, @_ I, Na* N; @gN
S S S 3

CHART III

This possibility was abandoned when a review of the literature
showed that analogous work with thiobenzoyl azigle had been unsuccessful.
Bacchetti and AlemagnaZI reported that reaction of thiobenzoyl chloride
with sodium azide gave 5-phenyl-1, 2, 3, 4-thiatriazole and that heating

this decomposed it to benzonitrile, nitrogen, and sulfur. Jensen and
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Pedersen22 confirmed this and obtained similar results for substituted
phenyl compounds.

Smith and Kgnney23 showed that the concentration of open-chain
azide in these compounds must be very low for they failed to undergo
several-reactions»characteristic of azides, including reaction with
Grignard reagents. They also showed that reaction of aromatic 1, 2, 3, 4-
thiatriazoles with concentrated sulfuric acid gave nitriles, nitxjogen, and
sulfur,

That aromatic isothiocyanates could be prepared from the triazole
intermediate was shown by Kirmse24 who used a photochemical reaction.
However, he obtained only 5-10% isothiocyanate and much of the rest of
the starting material went to nitrile, nitrogen and sulfur. Therefore thié'
was not considered to be practical for our purposes.

The other procedure considered was the one reported by Ottman
and Hooksls in 1966. Their method involves reaction of the isocyanate
with O, O'-diethyl hydrogen dithiophosphate at room temperature to form
an adduct which can be pyrolyzed to give the desired isothiocyanate plus
varicus partially ;asterified thiophospnoric acids. Their work with trans-
forming various alkyl and aryl isocyanates to the corresponding isothio-
cyanates via this route indicated that good yields might be expected. This,
however, was not to be the case with the preparation of 2- or 3-thienyl
isothiocyanate, apparently because the acidic byprodﬁcts cause decompo-
sition of the iminothiophene moiety. Yields of approximately 11% of

2-thienyl isothiocyanate were obtained.
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It was necessary to modify the procedure of Ottmann and Hooks15
to obtain even this low yield. First, it was necessary to dissolve the
2-thienyl ;socyanate in carbon tetrachloride before adding the O, O'-
diethyl hydrogen dithiophosphate in order to keep the reaction mixture
from solidifying before addition was complete. 'They report mixing the
neat reactants. Second, it was necessary to distill the isothiocyanate
as it was formed in order to remove it from the acidic medium of the
pyrolysis, They pyrolyzed for two hours, decanted the upper layer,
extracted with ice water, dried and then distilled.

In the case of the thienyl isothiocyanates the crude distillate
decomposed badly when redistillation was attempted. This was caused
by substituted thiophosphoric acids which distilled at about the same
temperature as the desired product. This problem was overcome by
chromatography of the crude distillate on silica gel 60 (EM Laboratories
70-230 mesh) with elutioﬁ by carbon tetrachloride. The desired
isothiocyanate came through close behind the solvent front while most
of the byproducts stayed at the origin. The chromatographed product
was stable to vacuum distillation,

The preparation of S-[ N-(2-thienyl) carbamoyl] -0, O'-diethyl
dithiophosphate was accomplished by reacting 2-thienyl isocyanate in
carbon tetrachloride with.O, O'-diethyl hydrogen dithiophosphate. The
product obtained gave the following nmr in CDC].3 (Figure 10): & 1. 38,

a triplet of six protons representing the methyl group; 6 4.27 two
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overlapping quartets of four protons; § 6.73-7.00, a complex multiplet
for the three aromatic protons; and & 9. 50, a broad band for the NH
proton,

The pyrolysis of the S-[ N-(2-thienyl)carbameyl] -O, O'-diethyl
dithiophosphate was accomplished by heating the neat crystalline material
to 145-155° with an oil bath while the pressure in the system was main-
tained at approximately 20 mm Hg. This allowed distillation of the
2-thienyl isothiocyanate soon after it was formed, the necessity for
which was pointed out above. Further purification by chromatography
followed by distillation gave a sample whovse elemental analysis was
unsatisfactory. It was necessary to purify this material by preparative
gas chromatography in order to obtain pure 2-thienyl isothiocyanate.
i‘he material employed for synthesis was not further purified, however.,

Several modifications of this procedure were tried with varying
degrees of success. All attempts to achieve the pyrolysis in solvents
were unsuccessful, as determined by absence of the -NCS peak in the ir
spectrum of the reaction mixture.

A lower yield of 2-thienyl isothiocyanate was obtained when a
heating mantel was substituted for the oil bath with other conditions as
above. Heating the S-[N-(2-thienyl)carbamoyl] -0, O'-diethyl dithiophos-
phate to 140° for 5 minutes at one atmosphere pressure, followed by
cooling and lew pressure distillation of the thienyl isothiocyanate also

gave a decreased yield.
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The nmr spectrum of 2-thienyl isothiocyanate in CCl4 (Figure 11)
shows a complex multiplet § 6.63-7.01 for the three aromatic protons.

The N-(2-thienyl)thioureas were prepared by reactions analogous
to those used for the N-(2-thienyl)ureas. The need for anhydrous condi-
tions was rendered unnecessary by the fact that isothiocyanates are much
less reactive than isocyanates. Whereas the latter will react with traces
of moisture to produce sym-disubstituted ureas the former may be steam
distilled without significant decomposition.

This comparative unreactivity of the isothiocyanates is also apparent
in the problems encountered in preparation of the thionecarbamates. It
was possible to prepare n-propyl N-(2-thienyl)thionecarbamate by refluxing
a solution of 2-thienyl isothiocyanate and n-propyl alcohol in n-heptane
as was done for the preparation of n-propyl N-(2-thienyl)carbamate but
it was necessary to increase the reflux time to 18 hours.

Attempts to prepare t-butyl N-phenylthionecarbamate in this
manner failed, even when the dibutyltin diacetate catalyst of Saunders
and 1-"r’1sch25 or triethylamine catalyst was used. The use of 10 mole %
sodium t-butoxide in t-butyl alcohol was also unsuccessful. Use of
equimolar quantities of phenyl isothiocyanate and sodium t-butoxide in
t-butyl alcohol‘gave a 34% vyield of t-butyl N-phenylthionecarbamate.
This was eventually modified to equimolar quantities of potassium
t-butoxide and phenyl isothiocyanate in dried tetrahydrofuran, which gave
an 88% yield. The latter method was eventually used for t-butyl N-(2-

thienyl)thionecarbamate but the yield was 49%.
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This method was also used to prepare 'E-propyl N-phenyl-
dithiocarbamate from phenyl isothiocyanate and lithium n-propyl
mercaptide, yielding a mixture of the desired dithiocarbamate and a
compound beiieved to be s_y_rﬂ-diphenylthiourea.. This method was not
employed for the preparation of n-propyl N-(2-thienyl)dithiocarbamate |
as two more successful alternative methods were developed.

Reaction of 5 mole % lithium E—propylmercaptide with phenyl
isothiocyanate and excess n-propyl mercaptan in n-heptane by stirring
for one week at room temperature in the dark gave a high yield of n-propyl
N-phenyldithiocarbamate without a noticeable amount of sym-diphenyl-
thiourea, This method was used for preparation of n-propyl N-(2-
thienyl) dithi?carbamate.

The other successful preparation of n-propyl N-phenyldithio-
carbamate was accomplished by reacting sodium metal with n-propyl
r;aercaptan a.ndladding phenyl isothiocyanate to the refluxing slurry. The
reaction was then refluxed for 5 more minutes and stirred at room
temperature for 18 hours, giving an 88% yield. Since the reaction condi-
tions of the previous method were milder it was chosen for the preparation
of n-propyl N-(2-thienyl)dithiocarbamate.

An attempt to prepare t-butyl N-phenyldithiocarbamate by the
method used for _t.-blityl N-(2-thienyl)thionecarbamate yielded a mixture
of the desired product and sym-diphenylthiourea. Use of the method
employed for preparation of n-propyl N-(2-thienyl)dithiocarbamate yielded

practically no reaction,
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Attempts to modify this latter system by using equimolar quantities
of lithium _E-bdtylmercaptide and phenyl isothiocyanate in benzene and
in 9:1 n-heptane:THF yielded no reaction in the latter case and < 5%
of the desired product in fhe former case.

The successful preparation of t-butyl N-phenyldithiocarbamate
was accomplished by reacting equimolar quantities of lithium
t-butylmercaptide and phenyl isothiocyanate in t-butyl mercaptan. These
were refluxed for 5 minutes and stirred at room temperature for 2 hours.
This method was used for preparation of t-butyl N-(2-thienyl)dithio-
carbamate,

The reactions used for preparation of the derivatives of 2-thienyl
isothiocyanate are shown in Chart IV,

The nmr spectra of these compounds were recorded and are
reported here with peak assignments.

The nmr spectrum of N-(2-thienyl)thiourea in DMSO-d has

6
three doublets of doublets for the aromatic protons, the 3-H at § 6. 72,
the 4-H at § 6.98, and the 5-H proton at § 7.04. The observed coupling
= 3. s =1, s = 5. . he NH
constants are .]'3’4 3.5Hz J3’5 1.7 Hz J4,5 5.4 Hz. The 2
peak is a broad singlet at § 7.45, and the NH proton a broad singlet at

610, 45,
The spectrum of N-n-propyl-N'-(2-thienyl)thiourea in acetone-d6
(Figure 12) is similar except for the addition of the aliphatic protons,

In this case the aromatic doublets of doublets are observed at § 6. 73 for

3-H, 66.82 for 4-H, and & 7.03 for the 5-H, The observed coupling
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constants are: J3~’4 = 3.7 Hz, 33’5 = 1.7 Hz, J4’5 = 5,3 Hz, The
aliphatic NH peak is at approximately & 7.22 (obscured by 5-H) and
the aromatic NH at § 9.27. The aliphatic protons are observed at: &
0. 88, a triplet for the methyl group; & 1.59, a sextet for the interior
methylene, and & 3.52, a quartet for the N-methylene,

In order to avoid the downfield shift of the NH's caused by hydrogen

bonding with deuterioacetone, this spectrum was rerun in CDCl3 (Figure
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13). This allowed a definite determination of the position of the aliphatic

NH peak. In this solvent the 3-H proton appears as a multiplet centered

on & 6.78, the 4-H proton as a multiplet (apparently a doublet of doublets)

at & 6.90, and the 5-H proton as two doublets at & 7.15. The coupling
constants could not be obtained from this spectrum. The aliphatic NH
is a broad band centered on & 6.23 and the aromatic NH a broad singlet
at § 8.27. The methyl and interior methylene peaks are in the same

positions as in the acetone-d, spectrum but the N-methylene is now a

6
poorly resolved triplet at & 3.58.

It was also necessary to run the spectrum of N-t-butyl-N'-(2-

thienyl)thiourea in both acetone-d

6

the position of each peak and the coupling constants. In ac:etone-d6 the

and CDC]3 to definitely determine

3-H proton is seen at § 6.72, the 4-H at & 6.87, and the 5-H at §
7.03. For each proton a doublet of doublets is observed. The coupling
constants are: J3’4 = 3.4 Hz, J3’5 = 1.6 Hz, J4’5 = 5.3 Hz. The
aliphatic NH is obscured by the 3-H and 4-H protons to the point that
its center cannot be approximated. The aromatic NH is a broad band
at & 9.17. The methyl protons are observed as a singlet at & 1, 53.

In CDC].3 the 3-H and 4-H protons are observed as a complex
multiplet, & 6.78-7.03, the 5-H proton a doublet of doublets at & 7.19.
The coupling constants could not be measured. The aliphatic NH is a

broad band at § 6.22, while the aromatic NH is now a broad band at &

8.05. The methyl protons are seen as a singlet at § 1. 51.
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The spectrum of n-propyl N-(2-thienyl)thionecarbamate in CDCI3
showed the three aromatic protons as a complex multiplet § 6.70-7.03.
The NH is seen as a broad band at & 9.99. The aliphatic protons are
obsgrved as 2 triplet for the methyl protons at § 1.02, a sextet for
the interior methylene at § 1. 83, and a triplet for the O-methylevne at
6 4.19.

The spectrum of t-butyl N-(2-thienyl)thionecarbamate in acetone-
d6 is similar except for the obvious difference in the aliphatic region.

. For this compound the aromatic protons appear as a complex multiplet §
6.80-7.08. The NH is observed as a broad band at § 10.57, and the
methyl protons as a siﬁglet at & 1.77.

The spectrum for n-propyl N-(2-thienyl)dithiocarbamate in CCI4
(Figure 14) also shows the aromatic protons as a complex multiplet, in
this case 6 6.78-7.04. The NH is observed as a broad band § 9, 23.
The aliphatic proton peaks are: & 0.98, a triplet for the methyl group;

6 1.69 a sextet for the interior methylene; and & 3.20 a triplet for
the S-methylene.

As has been the case for the last three compounds the aromatic
protons of t-butyl N-(2-thienyl)dithiocarbamate give a complex multiplet,
in this instance & 6.80-7.01. The NH is observed as a broad band at
6 9.17. The methyl protons appear as a singlet at & 1.63. This
spectrum was run in CCl4.
The preparation of 3-thienyl isocyanate has been described

above (p. 8).
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The preparations of the N-alkyl-N'-(3-thienyl)ureas and alkyl
N-(3-thienyl)thiolcarbamates were done by the same methods as the
corresponding Z-thienyl compounds. The alkyl N-(3-thienyl)carbamates
were prepared by a similar method, the difference being that no
triethylamine catalyst was used.

The nmr spectra of these compounds were recorded and are
reported here with the peak assignments,

The spectrum of N-n-propyl-N'-(3-thienyl)thiourea was observed
in DMSO-dé. The aromatic protons are seen as doublets of doublets
with the 4-H at & 7.00, the 2-H at & 7.22, and the 5-H at § 7.35. The

observed coupling constants are J = 1.6 Hz, J = 3.2 Hz, and

2’4 2’ 5
J = 5.0 Hz. The aliphatic NH gives a triplet at § 6. 10 and the

4,5
aromatic NH a broad singlet at & 8.66. The aliphatic protons are
observed as follows: § 0.87, a triplet for the methyl protons; & 1.45,
a sextet for the interior methylene; and & 3.21, a quartet for the
N-methylene.

The nmr spectrum of N-t-butyl-N'-(3-thienyl)thiourea has a
similar aromatic region. The 4-H peaks are centered about & 6. 88;
the 2-H peaks, § 7.13; and the 5-H, § 7.30. The observed coupling
constants in thié instance are J2’4 =1.5Hz, J = 3.2 Hz, and

2,5

J4 5= 5.0 Hz. The aliphatic NH is a broad singlet at § 5.51 and the

aromatic NH a broad singlet at § 8.43. The methyl proton peak is a

singlet at & 1.30.
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The assignment of the aromatic proton peaks in the nmr spectrum
(acetone-dé) of n-propyl N-(3-thienyl)carbamate (Figure 15) is done by
analogy with the assignments of Brunetl13 who determined his assignments
by deuterating neopentyl N-methyl-N-(3-thienyl)carbamate in the 2
position to show that the upfield triplet represents the 2-H proton,

The aromatic protons of n-propyl N-(3-thienyl)carbamate are
thus assigned as follows: the triplet of one proton at & 7.12 is the 2-H,
while the doublet at & 7.31 which integrates for two protons is the 4-H
and 5-H. The apparent coupling constant is 3,5 % 0.2 Hz, The NH
appears as a broad band at § 8.87. The aliphatic protons are assigned
as follows: &0.92, atriplet for the methyl protons; & 1.63, a sextet
for the interior methylene; and & 4.08, a triplet for the O-methylene.

Although t-butyl N-(3-thienyl)carbamate was reported by Bru.netr;,l3

the nmr spectrum in acetone-d, is reported here with the corresponding

6
values for Brunett's spectrum in CDC13 in parentheses. The 2-H is a
triplet at & 7.13 (6.91) and the 4-H and 5-H a doublet at § 7. 31 (7. 13).
The NH is observed as a broad band & 8.63 (6.91) and the methyl protons
a singlet at & 1.48 (1.52). Thus, while the major change is seen in the
position of the NH due to the increased hydrogen bonding in acetone, there
are some slight changes in the positions of the other peaks.
The nmr spectrum of n-propyl N-(3-thienyl)thiolcarbamate in

acet:one-d6 (Figure 16) shows the aromatic protons as doublets of doublets.

The 4-H is seenat § 7.13, the 5-H at § 7.33, and the 2-H at § 7.49.

The coupling constants are J = 1.4 Hz, J

2,4 = 3.1 Hz, and

2,5
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J4’ 5 = 5.0 Hz. The NH peak is a broad band at & 9.56. The aliphatic
protons are observed as follows: §0.97, a triplet for the methyl group;
6 1.65, a sextet for the interior methylene; and 6§ 2.94, a triplet for
the S-methylene.

The nmr spectrum of t-butyl N-(3-thienyl)thiolcarbamate in
acet:oné.-d6 shows similar values for the aromatic protons, which again
appear as doublets of doublets. In this case the 4-H is at § 7.12, the -
5-H at & 7.31, and the 2-H at § 7.50. The observed coupling conétants
are J2’4 = 1.4 Hz, JZ,S = 3.3 Hz, and J4’5 = 5.1 Hz, The NH is
observed as a broad band at § 9.38, and the methyl protons as a singlet
at 6 1, 52.

The S-[N-(3-thienyl)carbamoyl] -0, O'-diethyl dithiophosphate
was prepared in a2 manner similar to that used for preparation of the
corresponding 2-thienyl compound. In this case 3-thenoyl azide was
rearranged to 3-thienyl isocyanate by refluxing in carbon tetrachloride,
part of the solvent was removed by distillation, and O, O'-diethyl hydrogen
dithiophosphate was added to the cooled solution of 3-thienyl isocyanate.

The nmr spectrum of this compound in CDCl3 showed the
aromatic protons as doublets of doublets, with the 4-H at § 7. 03, the
5-H at § 7.25, andthe 2-H at & 7.44. The observed coupling constants
are J2’4 = 1.5 Hg, JZ,S = 3.2 Hz, and J4’5 = 5.2 Hz. The NH is
a broad band at § 9.07. The methyl protons appear as a singlet integrating

for six protons at & 1.39, and the methylenes as a doublet -of quartets at

& 5.97.
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The preparation of 3-thienyl isothiocyanate was the same as the
preparation of 2-thienyl isothiocyanate except that the pyrolysis was
performed at a lower temperature. The nmr spectrum in CCl_} (Figure
17) showed the aromatic protons as three doublets of doublets, with the
4-H at & 6.87, the 2-H at 6§ 7.02, and the 5-H at & 7.20. The observed
coupling constants are J2’4 = 1.4 Hz, JZ,S = 3.1 Hz, J4,5 = 4.8 Hz.

The preparations of the 3-thienylthioureas were done differently
than the preparations of the 2-thienylthioureas. In an early attempt to
prove that 3-thienyl isothiocyanate was really being formed in the
pyrolysis reaction, the reaction was heated to 120-130° for two hours,
cooled to room temperature and 10 ml of concentrated aqueous ammonia
added. After the reaction mixture had stood overnight, ether was added,
causing precipitation of a low yield of N-(3-thienyl)thiourea. Later
preparation of this compound in a manner similar to N-(2-thienyl)thiourea
gave a somewhat better yield. In no case has a high yield of an unsubsti-
tuted thienylthiourea been obtained. The yields could probably be improved
by using the method used for preparationof 2-thienylthiourea and increasing
reaction times to several hours.

The preparations of the N-alkyi-N'-(3-thienyl)thioureas differ
from the preparations of the corresponding 2-thienyl compounds in that
no solvent was used. Neat alkylamine was added to neat 3-thienyl
isothiocyanate, followed by refluxing for a few minutes. This is definitely

a less satisfactory method than the one employing solvent, both from the

standpoint of yield and the standpoint of purity of the crude product
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obtained. Indeed, preparation of N-i—propyl-N'-(Z-thienyl)thiourea by
this method yielded a tarry mass which resisted purification to the point
that it was discarded and fresh material prepared using the solvent method.

The preparation of n-propyl N-(3-thienyl)thionecarbamate was
similar to the preparation of the 2-thienyl compound. The difference
was that no solvent was used in this case. The use of solvent seems
desirable in view of the greater yield obtained.

The preparationof t-butyl N-(3-thienyl)thionecarbamate was the
same as the preparationof t-butyl N-(2-thienyl)thionecarbamate.

The synthesis of n-propyl N-(3-thienyl)dithiocarbamate was done
by a method very similar to that used for preparatioﬁ of t-butyl N-(2-
thienyl)thionecarbamate. The reflux time was reduced to 5 minutes but
the reaction was then stirred for 18 hours at room temperature, This
gave only a 13% vyield and should be avoided in the future as the room
temperature synthesis in heptane used for n-propyl N-(2-thienyl)-
dithiocarbamate employs much milder conditions and will give an improved
yield if the detrimental and unnecessary purification steps are avoided.

The synthesis of t-butyl N-(3-thienyl)dithiocarbamate was done by

the same method as the corresponding 2-thienyl compound.
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The nmr spectra of th compounds were observed and are
reported here with the peak assignments.
The spectrum of N-(3-thienyl)thiourea in DMSO-d6 showed three

sets of doublets of doublets for the aromatic region, with the 4-H at §

7. 20, the 5-H at & 7.65, and the 2-H at 6 7.71. The observed coupling



constants are 12’4 = 1.5 Hz, JZ,S = 3.2 Hz, J4’5 = 5.0 Hz. The
NH2 peak is a broad singlet at & 7.47 and the NH peak is a broad
singlet at 6 10,03,

The spectrum of N-n-propyl-N'-(3-thienyl)thiourea in'acetone-d6
shows the aromatic region very similar to that of the last spectrum. In
| this case the pairs of doublets appear as follows: the 4-H at & 7.08,
the 5-H at & 7.38, and the 2-H at § 7.52. The observed coupling
constants are J2’4 = 1.5 Hz, J2,5 = 3.2 Hz, and J4’5 = 5.2 Hz.
The aliphatic NH is a broad band under the aromatic peaks at approxi- -
mately & 7.2. The aromatic NH is a broad band at § 8.93. The
aliphatic protons are observed at & 0. 88, a triplet for the methyl group;
at & 1.61, a sextet for the interior methylene; and at § 3. 55, a quartet
for the N-methylene group.

The spectrum of N-t-butyl-N'-(3-thienyl)thiourea in DMSO-d6 is
also similar to the above except for the obvious difference in the aliphatic
region. As for the previous two compounds the aromatic protons appear
as doublets of doublets. In this case the 4-H is at & 7.07, the 5-H is
at & 7.38, and the 2-H is at 6 7.67. The observed coupling constants
are J2’4 = 1.4 Hz, JZ,S = 3.2 Hz, and J'4’5 = 5.2 Hz. In this case
the aliphatic NH is a broad singlet at & 7.23. and the aromatic NH is
a broad singlet at & 9.48. The methyl protons are seen at § 1.47 as a
singlet.

In the 37° spectra of the alkyl N-(3-thienyl)thionecarbamates and

dithiocarbamates the 2-H proton is not well resolved, appearing as a
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broad band. It was thought that this may be caused by partially hindered
rotation of the C=S allowing us to observe a series of peaks for this
proton, with this series of peaks showing up as a poorly resolved broad
band. It was desired to obtain low temperature spectra for these com-

pounds but this has not been possible because of equipment breakdown.
These will be obtained at a later date. In some cases some of the other
peaks are also poorly resolved and these are noted with the assignments
below,

The spectrum of n-propyl N-(3-thienyl)thionecarbamate in
acetone-d6 (Figure 18) shows the 4-H and 5-H protons as a poorly
resolved multiplet from § 7.17-7.47, and the 2-H as a broad band
centered on & 8.12. The NH gives a broad band at § 10.27. The
aliphatic protons appear as a triplet at & 0.98 for the methyl group,

a sextet at & 1.80 for the interior methylene, and a partially resolved
triplet at & 4.52 for the O-methylene.

The spectrum of t-butyl N-(3-thienyl)thionecarbamate in acetone—d6
(Figure 19) is similar except for the aliphatic region. In this case the
4-H and 5-H protons appear as a poorly resolved multiplet & 6.93-7. 43,
and the 2-H as an extremely broad band centered at approximately § 8.0.
The NH is seen as a broad band at & 10.00. The methyl protons give a
singlet at & 1. 73.

In each of these spectra the peak assigned to the 2-H proton does

not integrate to the equivalent of one full proton, yet the total area of the

peaks assigned to the aromatic protons is equivalent to three protons
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when compared to the area of the aliphatic proton peaks. This indicates
that some part of the 2-H peak appears with the 4-H and 5-H multiplet,
even though the centers of these are separated by over 1§ unit in each
case. This is not the case in the spectra of the alkyl N-(3-thienyl)dithio-
carbamates reported below, where the integration of the band assigned
to the 2-H equals one proton.

The spectrum of n-propyl N-(3-thienyl)dithiocarbamate in
acei:one-d6 shows the 4-H and 5-H protons as a multiplet at § 7.26-7. 47
and the 2-H as a broad band at § 8.23. The NH is seen as a broad
band at & 10.78. The aliphatic protons appear as follows: & 0.98, a
triplet for the methyl protons; & 1.70, a sextet for the interior methylene;
and & 3.28, a triplet for the S-methylene.

The spectrum of t-butyl N-(3-thienyl)dithiocarbamate in CC}L4
(Figure 20) shows the aromatic protons as two doublets of doublets and
a broad band, allowing the coupling constants to be measured. In this
case tﬁe 4-H apéears at & 7.02; the 5-H at § 7.21 and the 2-H as
an unresolved band at & 7.83. The apparent coupling constants are
J2’4 = 1.4 Hz, J2’5= 3.2 Hz, and J4’5 = 5.2 Hz. The NH appears
as a broad band at § 8.95 and the methyl protons as a singlet at § 1.63.

In each case the integration of the assigned peaks has been as
expected for the named compound except in the cases of the alkyl N-(3-
thienyl)thionecarbamates already cited above. As previously mentioned
for these cases the total area for the three aromatic protons is consistent

when compared with the other peaks in the spectra.
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The observed coupling constants are generally in agreement with
the published values cited above (p. 10, in .those cases where coupling
constants are obtainable. The values of J4’ 5 obtained (4.8-5.4 Hz)
are all within the published value of 5.4 % 0.6 Hz. The observed values
of J3’ 5 and JZ, 4 (1.4-1.8 Hz) likewise fall within the published
value, 1.6 £ 0.3 Hz.

The observed values of JZ, 5 (3.1-3.3 £ 0.2 Hz) are close to
the published value (2.7 + 0.4 Hz), but most are just beyond the high
end of this range. In view of the fact that the literature value was deter-
mined from 3-substituted thiophenes other than 3-aminothiophenes and
that all ten compounds for which JZ, 5 has been determined in this study

have values of 3.2 * 0.2 Hz, this range should be accepted for deriva-

tives of 3-aminothiophene.

A similar situation is observed for .]'3’ 4 except that in this case
the observed values (3.4-3.7 Hz) fall at the low end of the scale of
published values (3.8 £ 0.3 Hz). In light of this it seems reasonable
to amend this value to 3.8 + 0.4 Hz.

The possibility of O to S and S to O alkyl migrations in the
thione- and thiolcarbamates has been considered. That these are not
occurring can be seen from the following data. The chemical shifts of
the X-methylene group protons in compounds containing the moiety,
-NHC(O)SCHZ-, have values of & 2.94 and & 2.99. For the X-methylene

group in compounds containing the moiety, -NHC(S)OCHZ- the chemical

shift values observed are & 4.52 and & 4.39. This is consistent with
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the well known fact that oxygen exerts a greater deshielding effect on
the protons attached to adjacent carbon atoms than does sulfur.

That this effect is partly due to the adjacent oxygen or sulfur and
not just the change from carbonyl to thiocarbonyl may be seen from the
. data of Tables I and II. Thus for similar compounds where the only
‘change is from.a carbonyl to a thiocarbonyl changes in chemical shift
of 0.26 - 0.46 & are observed. The thiocarbonyl compounds appear
further downfield, This is much smaller than the differences noted
above for the change from thiol to thione carbamates.

The analogous effects for like compounds containing a t-butyl
group are smaller, making a similar analysis difficult. However, the
combination of effects causes the methyl protons of the thiolcarbamates
to be observed upfield from those of the thionecarbamates, The observed
values are & 1.52 and & 1.54 for the thiolcarbamates and & 1.73 and
6 1.77 for the thionecarbamates.

The conclusion that alkyl migrations are not occurring is con-
firmed by the ir spectral data. Compounds assigned structures con-
taining the moiety -NHC(O)SR show a characteristic carbonyl absorption
in the range 1632-1645 cm-1 while those with the moiety -NHC(S)OR
show no absorption in this area below 1573 cm-l, which peak is present
in both types of compounds.

The elemental analyses of all new compounds were determined by
A. Bernhardt Laboratories, Elsbach iiber Engelskirchen, West Germany.

The values determined for each element agree with the theoretical values



33

within # 0.3% with three exceptions, Because it was not possible to
recrystallize N-t-butyl-N'-(2-thienyl)thiourea without effecting decompo-
sition, this compound was prepared from freshly distilled 2-thienyl
isothiocyanate aﬁd t-butylamine in carbon tetrachloride as reported in
the experimental sect}on and the elemental analysis determiﬁed on the
first crop of crude product obtained. The C, ﬁ, and S analyses fall
within £ 0.3% of the theoretical value but the H analysis is 0.37%
below the expected value., If the mode of decomposition is loss of
isobutylene, yielding N-(2-thienyl)thiourea, as we believe it to be, then
this low value for hydrogen is not surprising. The decomposition is not
noted by coloration of the product as is so often the case with these com-
pounds, rather it was first noted by the fact that gas appeared to be evolved
when the compound melted, and was confirmed by the observation that the
ratio of the integration of the methyl peak to the integration of the aromatic
peaks decreases with the successive recrystallizations of the product.
The ratio of the integration of the aromatic peaks: methyl peak in the
sample sent for analysis was 24.5; 72.5 (i.e., 0.338 instead of the
theoretical 0.333), which is within the limits we normally accepted before
sending a compound for analysis. It was therefore concluded that the
named compound was prepared but not brought to a state of high purity.

Another compound for which elemental analyses deviated from
theoretical valtJ;es by more than 0.3% was S-[ N-(3-thienyl)carbamoyl] -
o, O'-d'iethyl dithiophosphate. In this case the hydrogen analysis found

was 0.35% higher than the theoretical value, and the sulfur analysis
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was low by 0.32%. In view of the small deviations, the lack of
extraneous peaks in the nmr, and the fact that this compouﬁd was suc-
cessfully used for the preparationof 3-thienyl isothiocyanate by the method
of Ottman and Hooks13 we felt that no further proof was necessary.

The third compound for which a satisfactory elemental analysis
was not obtained was t-butyl N-(3-thienyl)dithiocarbamate. In this case
- the analysis obtained on material chromatographed and recrystallized
from petroleum ether (bp 30-60°) (see experimental chapter) gave these
results: % C, 48.26; H, 5.62; N, 5.94; and S, 40.34. The calculated
values are: % C, 46.71; H, 5.60; N, 6.05; S, 41.57. The experi-
mentai values are close to those that may be calculated for a sample
impure with approximately 3% pet ether. The sample had been dried
under low vacuum for 24 hours prior to submission for analysis.

A second sample for elemental analysis was prepared by
rechromatography of the recrystallized material. This sample gave the
following analysis: % C, 45.11; H, 5.35; N, 6.30; and S, 42.23,
with a 1.‘10% residue. The residue is probably silica gel, in spite of
the fact that the chromatography fractions were reduced to small volume
and filtered through sintered glass. These analyses are close enough to
the desired values to let us conclude that t-butyl N-{3-thienyl)dithio.
carbamate has been synthesized but not purified to the extent necessary
to obtain a conclusive elemental analysis.

On the basis of the data discussed in this chapter it is concluded

that the named compounds have been prepared.



CHAPTER IV
EXPERIMENTAL

The reported melting points were determined on a Fisher-Johns
melting point apparatus and are uncorrected. The nmr spectra were
recorded on ; Varian T-60 spectrometer except in those cases where it
was necessary to use the Varian A-60 to obtain the aromatic coupling
constants. Such cases are noted in the text. Chemical shifts are reported
as delta values from internal TMS standard. The aromatic coupling
constants were determined from expanded spectra and are accurate to
+ 0.2 Hz, but the aliphatic and NH coupling constants were measured
from 500 Hz sweep width spectra and are only accurate to £ 0.5 Hz.
The ir spectra were recorded on a Beckman IR-5A spectrophotometer,
with ;:alibration by a known peak of polystyrene. The elemental analyses
were performed by A. Bernhardt, Elsbach iiber Engelskirchen, West
Germany.

Dry-packed columns were used for column chromatogréphy. The
reactions which were run under anhydrous conditions were protected from

water by a drying tube containing anhydrous calcium sulfate.
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Model Preparations With Phenyl Isothiocyanate

Great difficulty was encountered in four of the series of compounds-
_ reported here. The preparation of the thienyl isothiocyanates was com-
plicated by the fact that the synthesis used gives acidic byproducts which
cause decomposition of the aminothiophene moiety to tar. Becausé the
aminobenzene moiety does not exhibit this acid lability it was not useful

to attempt developinental work using the preparation of phenyl isothio-
cyanate from S-(N-phenylcarbamoyl)-O, O'-diethyl dithiophosphate as a
model. This work was therefore done on the appropriate thienyl com-
pounds as reported below.

However, it was expedient to study the preparation of t-butyl
N-phenylthionecarbamate, n-propyl N-phenyldithiocarbamate, and t-butyl -
N-phenyldithiocarbamate as models for the corresponding thienyl com-
pounds. These model syntheses are reported here in the hope that this

may save others fruitless repetition of this work.

Model preparations of t-butyl N-phenylthionecarbamate

a. The use of dibutyltixi diacetate as a catalyst for this reaction
was adapted from the report by Saunders and Frisch.

A solution of phenyl isothiocyanate (3.4 g, 25 mmol), dried t-butyl
alcohol (3.8 g, 50 mmol) and 0.6 ml dibutyltin diacetate was refluxed
for 3 hours, followed by removal of part of the t-butyl alcohol by distilla-

tion, Ir spectra opserved at 1, 2, and 3 hours showed no evidence of
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disappearance of the isothiocyanate peak and no product could be isolated
from the reaction mixture.

b. The use of triethylamine catalyst was adapted from the work
of Dyer and G].enn18 who developed the use of this catalyst for the reaction
of thiols with phenyl isocyanate.

A solution of phenyl isothiocyanate (3.4 g, 25 mmol), dried
t-butyl alcohol (3.8 g, 50 mmol), and 0.2 g triethylamine wés refluxed
in p-xylene. An additional 0.2 g triethylamine was added at 36, 62, 90
and 140 hours. Evaporation of aliquots withdrawn from the reaction at
36 and 160 hours yielded only viscous brown oil. Because it was feared
that the thienyl compounds would not survive such reaction conditions as
well as the phenyl compound, no extensive attempt was made to isolate
product from this reaction and another method was sought.

c. The method of Orndorff and I~’(i.chrr10r1d26 was modified by the
use of dibutyltin diacetate as adapted from the report of Saunders and
Frisch. 25

A solution of phenyl isothiocyanate (3.4 g, 25 mmol) dried
t-butyl alcohol (3.8 g, 50 mmol) and 0.6 ml dibutyltin diacetate in 50
ml p-xylene was refluxed under anhydrous conditions. Evaporation of a
5 ml aliquot withdrawn after 36 hours yielded a small amount of
crystalline material. Evaporation of a 50 ml aliquot withdrawn after
160 hours yielded 60 mg of crystalline material.

The refiuxing was terminated after 162 hours and the reaction

liquor evaporated to 1/5 its original volume. When the residue was
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cooled in ice a crystalline precipitate formed. This precipitate (657 mg)
was collected, mp 98.0-100.0°, After 1 recrystallization from toluene
the mp was 99.0-101.0° (lit mp 86. 5°28). The nmr spectrum indicates
that the desired t-butyl N-phenylthionecarbamate is present but impure
with some substance having aromatic protons. This may very well be
sym-diphenylthiourea, a side product mentioned by Orndorff and
Richmond. 26 No attempt was made to purify further the desired product
because of the low yield obtained.

d. The method of Roshdestwenski27 was modified.

A solution of phenyl isothiocyanate (3.4 g, 25 mmol) and sodium
t-butoxide (24 mg, 2.5 mmol) in 26 ml of dried t-butyl alcohol was
refluxed for 30 minutes followed by stirring at room temperature over-
night. The reaction mixture was then acidified with 0.1 N HCI, the
precipitated NaCl removed by filtration, and the volume of the excess
alcohol reduced by vacuum distillation. Cooling the residue in ice gave
a low yield of sym-diphenylthiourea, mp 147.0-148.0 (lit mp 154°28).

e. The method of Bost and Anch:ews29 was used.

lA solution of sodium t-butoxide (240 mg, 25 mmol) in dried
t-butyl alcohol (51.0 g, 0.69 mol) was brought to reflux under anhydrous
conditions and phenyl isothiocyanate (3.4 g, 25 mmol) added dropwise.
When the addition was complete heating was discontinued and the reaction
mixture stirred for 45 minutes. The reaction mixture was then poured

into 50 mls of ice water and acidified to pH3 with 6N HCIl. After cooling

in ice the precipitate was collected and recrystallized from ligroine
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(bp 63-75°), vyielding 1.77 g (34%) of t-butyl N-phenylthionecarbamate
as white needles, mp 96.0-98.0°. The nmr spectrum is appropriate
for the compound.

f. The method of Bost and Am.irews29 was modified.

The reaction was carried out as in e, except that the refluxing
was omitted and acidification was stopped at pH5. This yielded 1.02 g
(19%) of crude t-butyl N-phenylthionecarbamate, mp 97.0-98.0° (dec),
and 0.9 g sym-diphenylthiourea, mp 154.0-157.0°.

g. Further modification of the method of Bost and Andrews29 was
attempted.

In this reaction the sodium t-butoxide was added to the stirred
phenyl isothiocyanate, followed»‘r-:y addition of cold water and acidification
to pHI, but this gave only 0.75 g of crude product, mp 87.0-90.0°,
Extrac'tién of the aqueous reaction liquor with CHCI3 yielded sym-
diphenylthiourea.

h. Method g was repeated except that acidification was stopped
at pH7. The yield of crude product was 1.34 g, mp 87.0-92.0°. Again

sym-diphenylthiourea was isolated by extraction of the reaction liquor with

1 L]
CHC 3

i. Another modification of the method of Bost and Andrews29 was
used.
Sodium t-butoxide was prepared by refluxing 25 mg atom of

sodium metal in 11 g dried t-butyl alcohol. Heating was discontinued

and phenyl isothiocyanate (3.4 g, 25 mmol) was added dropwise to the
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hot alcohol solution. The reaction mixture was stirred for 5 minutes
after the addition was complete and then was poured into 50 ml of ice
water. This yielded 3.81 g of crude t-butyl N-phenylthionecarbamate,
mp 88.0-90.0°. Acidification of the aqueous filtrate to pH7 yielded an
additional 0,44 g of product, mp 86.0-88.0°. The total crude yield was
therefore 81‘70 .

Two attempts to prepare t-butyl N-(2-thienyl)thionecarbamate by
this method were unsuccessful, as the solid material isolated resisted
numerous attempts at purification.

jo An attempt was made to replace the t-butyl alcohol with
tetrahydrofuran in which potassium t-butoxide is more soluble than in
t-butyl alcohol, 30

A solution of phenyl isothiocyanate (1.0 g, 7.1 mmol) and
potassium t-butoxide (90 mg, 7.1 mmol) in 50 ml of sodium-dried
tetrahydrofuran was refluxed for 1.5 hours, 14 mmol water was added
and refluxing continued for 30 minutes. Cooling yielded a precipitate
of KOH which removed by filtration. The filtrate was added to 50 ml
water and extracted with ether. Evaporation of the dried ether solution
yielded 1.3 g (88%) of crude t-butyl N-phenylthionecarbamate, mp
90.0-93.0°.

Acidification of the aqueous layer with 6N HCIl until no further
cloudiness occurred, followed by e;ctraction with ether, and drying and
evaporation of the ether solution, yielded 0.1 g of yellow oil with a few

crystals. This was mostly phenyl isothiocyanate.
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This reaction, slightly modified, was eventually used for the
preparation of the t-butyl N-thienylthionecarbamtes.

k. In an attempt to find even milder conditions for the preparation
of these compounds, the following reaction, analogous to the successful
preparation of n-propyl N-(2-thienyl)dithiocarbamate, was tried.

A solution of phenyl isothiocyanate (3.4 g, 25 mmol)v potassium
t-butoxide (90 mg, 8 mmol) and 4 g dried t-butanol in 250 ml dried
E—héptane was stirrea under anhydrous conditions at room temperature
for one week.

The reaction mixture was then acidified by adding 0.13 ml of 6N
ﬁCl in 50 ml of water., This was stirred for 15 minutes, by which time
the cloudy organic layer had cleared. Ether was added to insure that the
product remained in solution and the layers separated. The organic layer
was washed with water, dried, and evaporated, yielding an oil which was

shown to be unreacted phenyl isothiocyanate.

Model preparations of n-propyl N-phenyldithiocarbamate

a. The dibutyltin diacetate catalyst of Saunders and ‘Frischzs was
tried.

A solution of phenyl isothiocyanate (3.4 g, 25 mmol),
n-propylmercaptan (4.5 g, 50 mmol) and 0.6 ml dibutyltin diacetate
was refluxed ‘under anhydrous conditions for 7.5 hours and then allowed

to stand overnight. Cooling in ice caused solidification of the entire
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reaction mixture. Collection and washing with n-heptane yielded 4.09 g
(78%) of crude n-propyl N-phenyldithiocarbamate, mp 70.0-71. 0° (lit
mp 66-67°2 ).

b. The method of Roshdest;wenbski27 was employed.

Sodium n-propylmercaptide was prepared by refluxing 25 mg
atom sodium metal in 16.7 g n-propyl mercaptan under anhydrous
conditions. 'i‘o this slurry was added phenyl isothiocyanate (3.4 g,

25 mmol) and refluxing was continued for 5 minutes. The reaction
mixture was th’en stirred at room temperature for 18 hours. The
resultant gelatinous mixture was treated with 75 ml 0.1 N HCI and
then neutralized with 6N HCl. The aqueous reaction mixture was then
extracted with CHC13. The dried CHC13 extracts were evaporated to
approximately 4 ml volume, cooled in ice and the precipitate collected,
yielding 4.61 g (88%) n-propyl N-phenyldithiocarbamate, mp 71.5-73.0°
(Lit mp 66-67°). 2"

c. An attempt was made tc use the method which had been success-
ful in the preparation of t-butyl N-phenylthionecarbamate.

A slurry of lithium n-propylmercaptide (2.1 g, 25 mmol) and
phenyl isothiocyanate (3.4 g, 25 mmol) in 15 ml sodium-dried tetra-
hydrofuran was refluxed for 1 hour and then stirred at room temperature
for 1 hour. The reaction mixture was then treated with 50 ml ice water
and was neutralized with 6N HCL - Extraction with CHC13, . followed by

drying and evaporation of the organic extract yielded 3.43 g of crystalline

material. Part of this melted 68.5-70.5° and is believed to be n-propyl
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N-phenyldithiocarbamate; the rest melted ca 140° and is believed to be
sym-diphenylthiourea, No attempt was made to separate and quantitate
the two compounds as the earlier reactions appeared to be more useful.

d. An attempt was made to find milder reaction conditions.

A solution of phenyl isothiocyanate (3.4 g, 25 mmol), lithium
n-propylmercaptide (102 mg, 1.2 mmol) and n-propyl mercaptan (8.4 g,
110 mmol) in 250 ml n-heptane was stirred at room temperature for 1
week under anh;rdrous conditions, Aliquots were withdrawn and worked
up in the manner that the entire reaction mixture was worked up at the
end of the week. The nm.r spectra of the material from these aliquots
was used to determine the extent to which the reaction had gone to com-
pletion as measured by the relative integration of the methyl and aromatic
proton peaks. Thus it was determined that the reaction was 47% complete
at 16 hr, 57% at 40 hr, and 77% at 112 hr.

When the week of stirring was completed, 3 ml 6N HCIl in 50 ml
water was added and stirring continued for 15 minutes. The layers were
separated and the organic layer washed twice with water. The organic
solution was dried over calcium sulfate and then evaporated to dryness,
yielding a crystalline product, mp 62-67°, with no unmelted residue.
This was recrystalli.zed once from petroleum ether (bp 30-60°), yielding
980 mg n-propyl N-phenyldithiocarbamate, mp 75-77° (rapid heating).
Evaporation of the pet ether mother liquor yielded 280 mg of oil, which

was shown to be mainly phenyl isothiocyanate.
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The remainder of the product was shown to have stayed with
calcium sulfate used in drying the heptane solution. Héwever, it was
not possible tc quantitate the yield as most of‘ the drying agent had been

discarded by the time this was discovered.

Model preparations of t-butyl N-phenyldithiocarbamate

a. Use of the dibutylthin diacetate catalyst of Saunders and I:“risch‘?'5

was attempted.

A solution of phenyl isothiocyanate (3.4 g, 25 mmol), t-butylmer-
captan (5.6 g, 50 mmol) and 0.6 ml dibutyltin diacetate was refluxed
for 14.5 hours. The ir spectrum of the crude reaction mixture was
observed at 1.75, 5, 8 and 11.5 hours, but showed no evidence of
disappearance of the -N=C=S peak at 4.5-5.5p. No solid product was
isolated from the reaction mixture.

b. This procedure is adapted from the method of Dyer and Gl.etm18
for the reaction of phenyl isocyanate with mercaptans.

A solution of phenyl isothiocyanate (3.4 g, 25 mmol), t-butyl
. mercaptan (5.6 g, 50 mmol) and 0.2 g triethylamine in 50 ml dried
p-xylene was refluxed under anhydrous conditions for 160 hours.
'Triethylam'me (0.2 g) was added to the reaction mixture at 36, 62, 90
and 140 hours. Aliquots withdrawn at 36 and 160 hours yielded only
tarry oil and no further attempt at workup was made pending an attempt

to find milder conditions more suitable for the thienyl compounds.
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c. The method of Roshdestwcnskiz7 was modified in this procedure,.

A slurry of sodium t-butylmercaptide was prepared by reacting
’25 mg atom sodium metal \yith 27.0 g t-butyl mercaptan. After 29 hours
of refluxing, reaction of the sodium was not complete but gas evolution
had stopped so approximately 3 of phenyl isothiocyanate (3.4 g, 25 mmol)
'was.added, yielding renewed gas evolution. The rest of the phenyl
isothiocyanate was added at irregular intervals over the ne# 32 hours.
The sodium apparently had all reacted after 77 hours (total) reflux
time and heating was terminated.

The cooled reaction mixture was treated with 50 ml cold water
and the resultant mixture neutralized with 6N HCL. The neutralized

mixture was extracted with CHClI Evaporation of the dried CHCI

3 3

extract yielded 3.02 g (54%) of crude t-butyl N-phenylidithiocarbamate,
mp 98.0-101. 0° (lit mp 103-104.5°°0),

d. The method used for the successful preparatioﬁ of t-butyl
N-phenylthionecarbamate was tried.

To a stirred solution of lithium E—butylmercaptide (2.4 g, 25 mmol)
and t-butyl mercaptan (5.0 g, 45 mmol) in 15 ml sodium-dried tetra-
hydrofuran was added dropwise 25 mmol phenyl isothiocyanate under
anhydrous conditions. The reaction mixture was refluxed for 5 minutes
and then stirred at room temperature for 17 hours. The reaction mixture

was then treated with 50 m! cold water, neutralized with 6N HCIl, and

extracted with CHC13.
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The dried CHCI3 extracts were evaporated to dryness, yielding
an oil which crystallized when cooled in the refrigerator. This gave
4.28 g (74%) of crude product, mp 85-105° with some unmelted
residue which was assumed to be sym-diphenylthiourea.

e. An attempt to employ the method which was used for the
successful preparation of n-propyl N-phenyldithiocarbamate was made.

A solution of phenyl isothiocyanate (3.4 g, 25 mmol) lithium
t-butylmercaptide (4145 mg, 1.2 mmol) and 8.0 g t-butyl mercaptan
in 250 ml dried n-heptane was stirred at room temperature for 1 week.
The reaction mixture was then acidified with 0.2 ml 6N HCl in 25 ml
water and stirring was continued for 15 minutes. The phases were
separated, ether was added to the heptane layer to insure that the product
stayed in solution, and the organic solution washed with water. Evapora-
tion of the dried organic solution yielded an oil which nmr showed to be
substantiall?r all phenyl isothiocyanate.

f. An attempt was made to combine methods d and e in order
to obtain reaction but avoid synthesis of sym-diphenylthiourea.

A solution of phenyl isothiocyanate (1.0 g, 7.4 mmol) lithium
t-butylmercaptide (709 mg, 7.4 mmol) and 25 ml dried tetrahydrofuran
in 225 ml n-heptane was refluxed for 24 hours. The reaction mixture '
was then cooléd to room temperature, 1.2 ml 6N HCl in 50 ml water
added, and stirring continued for 20 minutes.

The organic and aqueous layers were separated, ether was added

to the organic layer to insure that the product stayed in solution and the
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organic layer washed with water. Evaporation of the dried organic solution
yielded an oil which ir and nmr spectra showed to be phenyl isothio-
cvanate,

g. The method'of Carpino, Terry and Crowl.ey31 was modified
for this procedure.

To a stirred solution of phenyl isothiocyanate (1.0 g, 7.4 mmol)
in 8 ml sodium-dried benzene was added lithium t-butylmercaptide
(7.09 mg, 7.4 mmol). The slurry was refluxed for 5 minutes and then
stirred at room temperature for 5.5 hours under anhydrous conditions.

The benzene was evaporated to dryness and the resultant solid
washed witﬁ 0.1 N HCIL. This yielded an oil which was dissolved in ether
and separated from the aqueous layer. The ether solution was dried and
evaporated yielding oil and crystals which were separated. The nmr
spectrum shows the oil to be phenyl isothiocyanate and the crystals to
be sy_rm-dipheqylthiourea, mp 157-159°. As measured by the integration
of the nmr peak for the methyl group, less than 5% of the desired
product was obtained.

h. Another modification of Roshdestwenski 21 was tried,

A slurry of phenyl isothiocyanate (4.0 g, 7.4 mmol) and lithium
t-butylmercaptide (709 mg, 7.4 mmol) in 10 ml t-butyl mercaptan was
refluxed for 5 minutes and then stirred at room temperature for 2 hours
under anhydrous conditions. The excess mercaptan was then evaporated

under a stream of nitrogen.
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The resultant pasty residue was treated with 0.4 N HC! yielding
an oil which was dissolved in ether, The aqueous layer was extracted
with ether. The combined extracts were evaporated and drvied under
vacuum. This gave crystals which spectral data indicates are mostly
t-butyl N-phenyldithiocarbamate with some unreacted phenyl isothiocyanate.
The crystals after washing with cold petroleum ether (bp 30-60°) melted

100-103° (rapid heating).

2-Thenoyl Chloride

The procedure of Jones and Hl.u'd32 was used for this preparation.

A solution of 2-thenoic acid (4100 g, 0.78 mol) in thionyl chloride
(278 g, 2.3 mol) was refluxed under anhydrous conditions for 2 hours.
The reflux condenser was replace;’l by distillation apparatus and the
excess thionyl chloride removed by distillation, still under anhydrous
conditions. The 2-thenoyl chloride was then distilled at 190-205°,

yielding 109 g (95%).

2-Thenoyl Azide

This synthesis was done according to the general method
. .. 33
described by Smith.
Solutions of 2-thenoyl chloride (109 g, 0.74 mol) in 800 ml
acetone and sodium azide (192.5 g, 2.96 mol) in 800 ml distilled
water were cooled to approximately 0°. The acid chloride was then added

slowly to the stirred azide solution while the temperature was maintained
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near 0°. After the addition had been completed, stirring and cooling
were continued f.or 45 minutes., The reaction mixture was then allowed
to warm to room temperature.

The aqueous and acetone layers were then separated and the aqueous
layer extracted with ether. The combined organic solution was evaporated
‘until only a small pool of water remained. The water was decanted and
the crystalline product dissolved in anhydrous ether and dried over
calcium sulfate. Evaporation of the ether yielded 100 g (88%) of
Z;thenoyl azide, mp 34-36° (lit mp 37°34).

The thenoyl azides may explode if they are heated while dry,

caution must be exercised in their storage and use.

2-Thienyl Isocyanate

The method of Curtius and Thysson34 was modified to allow
purification of the product.

A solution of 2-thenoyl azide (100 g, 0.65 mol) in 500 ml CCl4
was refluxed under anhydrous conditions for 27 hours. The reflux
condenser was then replaced with a distillation apparatus and the CCl4
distilled under énhydrous conditions. The pressure in the system was
then reduced to 7 mm Hg and the 2-thienyl isocyanate distilled at 55-65°,
yielding 64.7 g (80%) as a colorless liquid.

‘This reaction was run several times and 16 hours is actually

sufficient reflux time in CC14. Longer reflux times were used, as in the



50
case reported here, when this was more convenient. The reflux time may

be reduced to {1 hour if toluene is used as the reaction solvent,

N-(2-thienyl)urea

The method of Jones and Mason35 was used.

Anhydrous ammonia was bubbled through a solution of 2-thienyl
isocyanate (0.5 g, 4 mmol) in 10 ml of dried n-heptane for 1 hour.
The resultant precipitate was collected and recrystailized once from
acetone-toluene with decolorization by acid-washed Norit A charcoal,

yielding 540 mg (94%) of N-(2-thienyl)urea as white plates, mp 148.0-

149.0° (Lit mp 144-146°°0),

Nmr (DMSO-dé) (A-60): & 6.09 (br s, 2, NHZ): 6.56 (t, 1, 3-H),

6.87 (d, 2, 4-H 5-H), 9.63 (br s, 1, NH); apparent J = 2.6

3,4 = 73,5
Hz.

Anal, calcd for C5H6NZOS: C, 42.24; H, 4.25. Found: C,

42.38; H, 4.34.

N-n-propyl-N'-(2-thienyl)urea

The method of Sah and Maa'7 was modified for this synthesis,

To a vigorously stirred solution of n-propylamine (1.5 g, 25 mmol)
in 4 ml n-heptane was added dropwise a solution of 2-thienyl isocyanate
(1.0 g, 8 mmol) in 3 ml n-heptane under anhydrous conditions. Stirring

was continued for 15 minutes after the addition was complete.
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This gave a precipitate which was collected and recrystallized 4
times from acetone-water with one decolorization by Norit A charcoal,
yielding 1.39 g (94%) of N-n-propyl-N'-(2-thienyljurea as white
needles, mp 144.0-145.0°,
| Nmr (DMSO-dé): 6 0.85 (t, 3, CH3), 1,43 (sextet, 2, CCHZC),
3.06 (q, 2, NCHZ), 6.18 (t, 1, RNH), 6.43 (t, 1, 3-H), 6.77 (d, 2,
4-H 5-H), 9.33 (br s, 1, ArNH); apparent J =7J = 2.6 Hz,

3,4 73,5

J J = 6.7 Hz, J = 6.0 Hz,
-G ’
CI'-I2 H3 CHZ’ CH2 NH, CH2

Anal, calcd for C8H12NOZS: C, 52.14; H, 6.57; N, 15.21; O,

8.68; S, 17.40. Found: C, 52.12; H, 6.37; N, 15.13; O, 8.83; S, 17.39.

= 7.5 Hz,

N-t-Butyl-N*-(2-thienyl)urea

The method of Sah and Ma37 was modified for this synthesis.

A solution of 2-thienyl isocyanate (1.0 g, 8 mmol) in 3 ml E—heptarie
was added dropwise to stirred t-butylamine (1.8 g, 25 mmol) under
anhydrous conditions. Stirring was continued for 15 minutes after the
addition was complete.

The precipitate was collected and recrystallized 3 times from
acetone-water with one decolorization by Norit A charcoal, yielding
‘ 1.39 g (88%) of N-t-butyl-N'-(2-thienyljurea as white needles, mp
199. 562@0. 0°.

Nmr (DMSO-dé):
6.38 (t, 1, 3-H), 6.74 (d, 2, 4-H 5-H), 9.12 (br s, 1, ArNH);

6 1.31 (S, 9, CH3): 5.99 (br s, 1, RNH),

apparent J = 2.6 Hz (Figure 9).

3,4 = 3,5
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Anal., caicd for C9H14NZOS: C, 54,51; H, 7.12; N, 14.13;
O, 8.07; S, 16.17. Found: C, 54.41; H, 6.99; N, 14.02; O, 8.08;

S, 16.34.

n-Propyl N-(2-thienyl)carbamate

The procedure of Baker and Gaunt38 was used.

To a stirred solution of dried n-propyl alcohol (1.5 g, 25 mmol)
in 4 ml é—heptane containing 1% (v/v) triethylamine was added slowly
a solution of 2-thienyl isocyanate (1.0 g, 8 mmol) in 3 ml n-heptane.
After the addition was complete the reaction mixture was heated at reflux
for 1 hour under anhydrous conditions.

When cooling failed to produce a crystalline precipitate, approxi-
mately half of the solvent and excess alcohol was evaporated, yielding
an oil which crystallized when cooled in ice. The precipitate was collected
and recrystallized once from acetone-water with decoliorization by acid-
washed Norit A charcoal,. and once from ligroine (63-75°), yielding
1.4 g (94%) of n-propyl N-(2-thienyl)carbamate as white needles, mp
53.0-53.5°,

Nmr (acetone-d6) (A-60): & 0.93 (t, 3, CH3), 1. 66 (sextet, 2,
CCHZC), 4,13 (t, 2, OCHZ)' 6.70 (g, 1, 3-H), 6.77-6.97 (m, 2, 4-H
5-H), 9.35 (br band, 1, NH); 13’4 =3.1 Hz, J3’5 = 1.9 He,
JCHZ,CH3 JCHZ;CHZ = 6.5 Hz,

- Anal. caled for CoH, NO,S: C, 51.87; H, 5.99; N, 7.56; O, 17.27;

= 7.5 Hz,

S, 17.31. Found: C, 51.95; H, 5.98; N,7.62; O, 17.12; S, 17.31.
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This reaction was also carried out as described above except that
no triethylamine catalyst was used. This gave an 86% vyield of crude

n-propyl N-(2-thienyl)carbamate, but this was much darker than the

crude product obtained with the use of catalyst.

t-Butyl N-(2-thienyl)carbamate

The method of Baker and Gaunt38 was used.

To a stirred solution of dried t-butyl alcohol (1.9 g, 25 mmol)
in 4 ml n-heptane containing 1% (v/v) triethylamine was added drop-
wise a soiution of 2-thienyl isocyanate (1.0 g, 8 mmol) in 3 ml n-heptane.
After the addition was complete the reaction mixture was refluxed for 10
minutes. The addition and refluxing were carried out under anhydrous
conditions. This gave a crystalline precipitate which was collected
and recrystallized once from acetone-water with decolorization by acid-
washed Norit A charcoal, yielding 1.29 g (81%) of E—but‘yl N-(2-
thignyl)ca;bamate as white needles, mp 153.0-153.5°.

)y 6.74 (a, 1, 3-H),

Nmr (acetone-dé) (A-60): & 1.50 (s, 9, CH3

6.80-6.97 (m, 2, 4-H 5-H), 9.33 (br band, 1, NH); J3 4= 3.1 Hz,

13’5 = 2.0 Hz.

Anal, calcd for C9H13

16.06; S, 16.09. Found: C, 54.33; H, 6.53; N, 7.10; O, 16.14; S, 16.15.

NOZS: C, 54.24; H, 6.57; N, 7.03; O,



54

n-Propyl N-(2-thienyl)thiolcarbamate

The method of Dyer and Glenn1_8 for preparation of alkyl
N-phenylthiolcarbamates was used.

To a stirred solution of n-propyl mercaptan (1.9 g, 25 mmol)
in 4 ml n-heptane containing 1% (v/v) triethylamine was added drop-
wise a solution of 2-thienyl isocyanate (1.0 g, 8 mmol) in 3 ml n-heptane.
The addition was done under anhydrous conditions, When the addition was
complete the reaction mixture was stirred for one hour.

The crystalline precipitate was collected and recrystallized once
from acetone-water, yielding 1.43 g (89%) of n-propyl N-(2-thienyl)-
thiolcarbamate as white needles, mp 107.0-107.5°.

Nmr (acetone-d()) (A-60): & 0.98 (t, 3, CH)), 1.68 (sextet, 2,

3
CCHZC), 2.99 (¢, 2, SCHZ), 6.78 (q, 1, 3-H), 6.89 (q, 1, 4-H), 7.01

(g, 1, 5-H), 10.30 (br band, 1, NH); J, = 3.4 Hz, J, 5 = 1.8 Hz,
J4’5 = 5.2 Hz, JCHZ,CH3 = 7.5 Hz, JCHz’CHZ = 7.0 Hz.
Anal, calcd for CBHHNOSZ: C, 47.73; H, 5.51; N, 6.96; O,

7.95; S, 31.86. Found: C, 47.66; H, 5.41; N, 7.10; O, 7.93; S, 31.73.

The ir spectrum is reproduced as Figure 1.

t-Butyl N-(2-thienyl)thiolcarbamate

The method of Dyer and Glenn18 for preparation of alkyl

N-phenylthiolcarbamates was used.
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To a stirred solution of t-butyl mercaptan (3.1 g, 33 mmol) in
4 ml n-heptane contairing 1% (v/v) triethyl isocyanate (1.3 g, 10.4
mmol) in 3 ml n-heptane. When the addition was complete the reaction
mixture was stirred for 1 hour. The addition and stirring were done
under anhydrous conditions, |

The precipitate was collected and recrystallized once from
aceténé-water and once from ligroine (bp 63-75°), yielding 1.98 g (89%)

of t-butyl N-(2-thienyl)thiolcarbamate as white needles, mp 159.0-160.0°

{dec).

Nmr (acetone-dé): 6 1.54 (s, 9, CH3), 6.78 (g, 1, 3-H), 6.90
(g, 1, 4-H), 7.08 (q, 1, 5-H), 10.00 (br band, 1, NH); Jy 4 = 3.4Hz,
J3’5 = 1.7 Hz, J4,5 = 5.2 Haz.

Anal. calcd for C9H13NOSZ: C, 50.20; H, 6.08; N, 6.51, O,

7.43; S, 29.78. Found: C, 50.05; H, 5.96; N, 6.62; O, 7.45; S, 29.91.

S-[ N-(2-thienyljcarbamoyl] - O, O'-diethyl Dithiophosphate

This compound was prepared by the procedure of Ottman and

Hooks. 15

A solution of 2-thenoyl azide (8.0 g, 52 mmol) in 50 ml CC).4
was refluxed under anhydrous conditions for 17 hours. The reflux con-
denser was then replaced by a fractional distillation apparatus aqd approxi-
mately half of the CC14 was removed by distillation. The residual
solution was cooled to room temperature, and while the temperature of

the stirred reaction mixture was maintained below 40°, 9.20 g of
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o, O‘-diei:hyl» hydrogen dithiophosphate was added dropwise. A few
minutes after the addition was complete stirring was discontinued and
the reaction mixture was cooled in the refrigerator. The crystalline
product was collected yielding 15.5 g (90%) of crude S-[N-(2-thienyl)-
carbamoyl] -O, O'-diethyl dithiophosphate. A portion of this material
was recrystallized from n-heptane, in which the product is nearly
insoluble (approx. 0.5 g/200 ml) at the recrystallization temperature
of 60°. The colored impurities did not dissolve and were removed by
filtration. After 2 recrystallizations the product melted 103.5-104.5°
(dec). The crystals are white needles.

Nmr (CDC13): 6 1.38 (t, 6, CH3), 4,27 (octet, 4, CHZ)

6.73-7.00 (m, 3, ArH), 9.50 (br band, 1, NH); J = 7.5 Hz,

CHZ,CH3

. 39 .
JPOCHZ = 9.5 Hz (lit value range 6.5-10.0 Hz™ ") (Figure 10).

Anal. calcd for C9H14NO3PS3: C, 34.71; H, 4.53; N, 4, 50;
P, 9.95; S, 30.89. Found: C, 34.83; H, 4.58; N, 4.54; P, 10.16; S,
30. 64.

This reaction was initially attempted by adding neat 2-thienyl
iso;:yanate dropwise to neat O, O'-diethyl hydrogen dithiophosphate.
This proved to be unsatisfactory as the reaction mixture became warm
and solidified when approximately one third of the isocyanate had been
added. This problem was overcome by using solvent as in the procedure
above.

The recrystallization could be accomplished from either toluene

or n-heptane. The colored impurities were insoluble in n-heptane and
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could convenieqtly be removed by filtration, Recrystallization from
toluene yielded white crystals only if the solution was decolorized with
aﬁid-washed charcoal, Use of commercial charcoal yielded a dark green
solution on removal of the charcoal and much of this color remained with
the crystals. It is thought that the green color is the result of formation
of chelates of the product with metal ions in the charcoal.

It was not possible to recrystallize this product at the boiling point
of the solvents used. No decomposition was detected when the recrystalli-
zation was carried out at 60°, but at 70° noticeable decomposition
occurred.

The mp of thvis compound was also observed at 105.0-106. 0° .
and 107.0-108.5° with decomposition in each case. A note was made
at the time that the decomposition point depended on the rate of heating,
but the nature of the dependence was not noted.

This reaction was repeated several times for the sole purpose of
pyrolysis of the product to 2-.thienyl isothiocyanate. It was found to be
convenient to prepare S-[N-(2-thienyl)carbamoyl] -0, O'-diethyl
dithiophosphate for t‘his purpose by reaction of distilled 2-thienyl
isocyanate with purified d, O'-diethy! hydrogen dithiophosphate, followed
by evaporation of the CCI4 and pyrolysis in the same flask, The O, O'-
diethyl hydrogen dithibphosphate was purified by the method of Bacon

and LeSuer. 40
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2-Thienyl Isothiocyanate

A modification of the method of Ottman and Hooks15 was used
for this preparation.

Crude S-[N-(2-thienyl)carbamoyl] -O, O'-diethyl dithiophosphate
(319 g, 1.03 mol) was pyrolyzed in a 2-liter. flask equipped for vacuum
distillation. The pressure in the system was reduced ar;d stabilized at
approximately 20 mm Hg. The flask was then heated to and maintained
at 150 £ 5° by a preheated oil bath, When the pressure increased to
more than 100 mm Hg the heating bath was removed and the reaction
was cooled in a tap water bath until the pressure returned to the desired
level, Crude product distilled at 108-114°, 7 mm Hg. The nmr
spectrum indicated that it is less than 50% of the desired product, much
of the remainder being various phosphates and thiophosphates.

The crude product was then chromatographed, in six approximately
equal batches, on dry-packed 1.5 kg silica gel 60 (EM Laboratories,

70-23C mesh) columns. Elution with CCl  brings the isothiocyanate

4
through close behind the solvent front. The various phosphates seem
to stay at the origin under these conditions and it has been possible to
reuse these columns for as many as three runs, and they could possibly
be used for more.

The partially purified product from the columns (21 g) was

rechromatographed on a fresh column (1.5 kg) and was then distilled at

44°, 0.4 mm Hg, yielding 15.8 g (11%) of 2-thienyl isothiocyanate as

as a pale yellow oil.
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An elemgntal analysis sample prepared in this wa';r failed to give
a proper elemental analysis, so another sample was prepared by prepara-
tive gas chromatography on a Hewlett Packard 5750 Prep GC, using a
12 ft x 3in. 10% QF-lcolumn, carrier flowrate 80 cc/min., and
an oven temperature of 150°., This gave a retention time of 10 min.

Nmr (CC14): 6.63-7.01 (m, 3H, ArH) (Figure 11).

Anal. caled for C5H3NSZ: C, 42.53; H, 2.14 ; N, 9.92; S,
45.41, Found: C, 42.50; H, 2.11; N, 9.75; S, '45.49.

| The ir spectrum is reproduced as Figure 2.

This pyrolysis was attempted in CHCIL_, toluene, trichloroethylene,

3
and 2, 6-lutidine, but in each case the ir spectrum of the reaction mix-
ture showed no indication of formation of the isothiocyanate. In the case
of CHCI3, the slightly darkened crystalline starting material was
recoverable, in the other cases only tar resulted.

The above procedure was modified by use of a heating mant1¢ in
place of the oil bath, but this resulted in reduction of the crude yield by
approximately one third, A similar reduction in yield resulted when the
reaction was ﬁeated in a 140° oil bath at one atmosphere pressure for
5 minutes, followed by cooling and low pressure distillation of the
2-thienyl isothiocyanate,

When the pyrolysis was attempted on material that had been stored
in the refrigerator under nitrogen for a period of months and was dark

brown colored but still apparently crystalline, it was not possible to isolate

any 2-thienyl isothiocyanate.
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N-(2-thienyl)thiourea

The method of Otterbacher and Whitmore 41 was modified for
this synthesis, |

Anhydrous ammonia was bubbled through a solution of 2-thienyl
'isothiécyanate (0. >5 gs 3.5 mmol) in 10 ml dried n-heptane for 1 hour.
This yielded a crystalline precipitate which was collected and recrystallized
once from water with decolorization by acid-washed Norit A charcoal,
yielding 294 mg (53%) of N-(2-thienyl)thiourea as white plates, mp
186.0-186.5°.

Nmr (DMSO-d6) (A-60): 66.72 (g, 1, 3-H), 6.89 (q, 1, 4-H),
7.04 {q, 1, 5-H), 7.45 (br s, 2, NHZ)' 10.45 (br s, 1, NH);

J = 3.5 Hz, J

3,4 = 1.7 Hz, J = 5.4 Hz.

3,5 4,5

Anal. ca.lcd for CSHéNZSZ: C, 37. 95, H’ 3. 82; N’ 17. 71; S,

40.52. Found: C, 38.13;H, 3.87; N, 17.85; S, 40.37.

N-n-Propyl-N'-(2-thienyl)thiourea

The method of Otterbacher and Whitmore41 was modified for
this synthesis,

To a stirred solution of 2-thienyl isothiocyanate (0.4 g, 2.8 mmol)
in 10 ml CC}.4 was added n-propylamine (0.7 g, 12 mmol) and stirring

was continued for 20 minutes. The solvent and excess amine were

partially evaporated yielding a crystalline precipitate, which was
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recrystallized once from CCl4-pet ether (bp 30-60°). This gave 480
mg (85%) of N-n-propyl-N'-(2-thienyljthiourea as white plates, mp
100.0-100. 5°.
Nmr (CDCL): & 0.88 (t, 3, CH,), 1.59 (sextet, 2, CCH,C), 3.58
(t, 2, NCHZ)', 6.23 (br band, 1, RNH), 6.78 (m, 1, 3-H), 6.90 (m, 1,
4-H), 7.15 (g, 1, 5-H), 8.27 (br s, 1, ArNH), (Figure 13).

Nmr (acetone-d,) (A-60); & 0.88 (t, 3, CH3), 1. 59 (sextet, 2,

6)
CCH,C), 3.52 (g, 2, NCH,), 6.73 (q, 1, 3-H), 6.82 (q, 1, 4-H),

7.03 (q, 1, 5-H), ca. 7.22 (partially obscured by the 5-H) (br band,

1, RNH), 9.27 (br s, 1, ArNH); J3 4 = 3.7 Hz, J3 . = 1.7 Hz,
J4,5 = 5.3 Hz, JCHZ,CH3 = 7.5 Hz, JCHZ’CHZ = 6.4 Hz (Figure 12).
Anal, calcd for C H N S : C, 47.96; H, 6.04; N, 13.99;

8§12 2°2°
S, 32.01. Found: C, 48.16; H, 5.95; N, 13.91; S, 31.87.

The ir spectrum is reproduced as Figure 3.

An attempt to prepare N-n-propyl-N'-(2-thienyl)thiourea by
refluxing 2-thienyl isothiocyanate (500 mg, 35 mmol) in n-propylamine
(7.2 g, 120 mmol) for 30 minutes, followed by evaporation of‘the
excess amine, yielded a tarry mass which resisted attempts at
recrystallization from acetone, toluene, and toluene-ligroine. Chroma-
tography on silica gel 60 (EM Laboratories, 70-230 mesh) with elution

by CHCI1, did purify the product to the extent that yellow crystals were

3

obtained, but the method reported above is definitely to be preferred.
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N-t-Butyl-N'-(2-thienyl)thiourea

The method of Otterbacher and Whitmore41 was modified in ghis
procedure.’

To a stirred solution of 2-thienyl isothiocyanate (0.4 g, 2.8 mmol)
in 20 ml CC14 was added dropwise t-butylamine {0.7 g, 9.5 mmol).
The reaction mixture was stirred for 30 minutes after the addition was
complete. The precipitate was collected and dried yielding 280 mgs
(47%) of N-t-butyl-N'-(2-thienyl)thiourea, mp 162.0-162.5° (dec).
Partial evaporation of the reaction liquor ylelded an additional 200 mg,
mp 157.5-158. 5°. Evaporaﬁing the reaction liquor to dryness yielded
another 115 mg, mp 156.0-157.0°. Since this compound had previously
been shown to decbmpose during recrystallization no purification was
attempted.

Nmr (CDCL,): & 1.51 (s, 9, CH,), 6.22 (br band, 1, RNH),
6.78-7.03 (m, >2, 3-H 4-H), 7.19 (q, 1, 5-H) 8.05 (br band, 1, ArNH).

Nmr (acetone-dé) (A-60): & 1.53 (s, 9, CH3), 6.72 {q, 1, 3-H),
6.87 (q, 1, 4-H), 7.03 (q, 1, 5-H), 9.17 (br band, 1, ArNH), the RNH
is obscured by the 3-H and 4-H; J = 3.4 Hz, J = 1.6 Hz,

3,4 3,5

J4'5 = 5.3 Hz.

Anal, calcd for C9H14NZSZ: C, 50.43; H, 6.58; N, 13.07; S,

29.92. Found: C, 50.67; H, 6.21; N, 13.08; S, 29.91.
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n-Propyl N-(2 -thienyl)thionecarbamate

The method of Bost and Andrews29 was modified for this synthesis.

A solution of 2-thienyl isothiocyanate (420 mg, 3.0 mmol) and
dried n-propyl alcohol (1.6 g, 27 mmol) in 15 ml n-heptane was
refluxed for 18 h‘ours. The reaction liquor was partially evaporated,
yielding 485 mg (80%) of E—propyl N-(2-thienyl)thionecarbamate, mp
46.0-48. 5°, Part of this material was vacuum sublimed (37-43°, 0.3-
0.6 mm Hg) yielding white needle crystals, mp 48.0-48.5°. |

Nmr (CDC13): 6 1.02 (t, 3, CH3), 1. 83 (sextet, 2, CCHZC),
4.35 &, 2, OCHZ), 6.70-7.03 (m, 3, ArH), 9.99 (br band, 1, NH);

= = . H .
JCHZ,CH3 7.5 Hz, J 6.5 Hz

Anal. caled for CSHHNOSZ: C, 47.73; H, 5.51; N, 6.96; O,

' 7.95: S, 31.86. Found: C, 47.66; H, 5.56; N, 7.03; O, 8.03; S, 32.00.

t-Butyl N-(2-thienyl)thionecarbamate

The method used for the successful preparation of t-butyl
N-phenylthionecarbamate was employed.

To a stirred slurry of potassium t-butoxide (895 mg, 7.1 mmol)
in sodium-dried tetrahydrofuran was added 2-thienyl isothiocyanate
(1.0 g, 7.1 mmol). The reaction was refluxed for 1 hour under anhydrous
conditions, 0.25 ml water was added and refluxing was continued for 15
minutes, The reaction mixture was then cooled to room temperature and

1 ml of 6N HCl was added followed by stirring for 5 minutes.
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The precipitate of KCl was filtered out. The THF solution was
evaporated to a few ml volume and 35 ml of distilled water was added,
yielding an oil which crystallized on standing.

This crude product was collected and recrystallized once from
petroleum ether (bp 30-60°) yielding 760 mg (49%) of t-butyl N-(2-
thienyl)thionecarbamate as light brown crystals, mp 95-96° (dec). A
portion of this was sublimed (60 + 5°, 0.2 mm Hg) yielding very small
white crystals, mp 92.5-93.5° (dec).

Nmr (acetone-d6): 6 1.77 (s, 9, CH3), 6.80-7.08 (m, 3, ArH),
10. 57 (br band, 1, NH).

Anal, calcd for C9H13NOSZ: C, 50.29; H, 6.08; N, 6.51; O,

7.43; S 29.78. Found: C, 50.12; H, 6.13; N, 6.41; O, 1. 58; S,

29. 69.

n-Propyl N-(2-thienyl)dithiocarbamate

The method used for the successful preparation of 3;propyl
N-phenyldithiocarbamate was modified for this synthesis,

A solution of lithium n-propylmercaptide (29 mg, 0.35 mmol),
n-propyl mercaptan (4.2 g, 55 mmol) and 2-thienyl isothiocyanate (1.0
g, 7.1 .mmol) in 65 ml of sodium-dried n-heptane was stirred at room
temperature under anhydrous conditions for one week in a foil-covered
flask. HCI (0.05 ml, 6N) in 15 ml distilled water was then added and

stirring was continued for 15 minutes.
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The heptane layer was separated from the aqueous layer and was
washed twice with distilled water. Ether was added to the heptane solu-
tion to insure that the product did not precipitate during the drying process
and this solution was dried over calcium sulfate.

Evaporation of the ether and heptane to dryness yielded an oil
which would crystallize in a dry ice-acetone bath but remelted below
room temperature. The oil was then distilled in a.microdistillation
apparatus (cold finger type) yielding a yellow oil which was shown by
nmr and ir spectra to consist of the desired product and 2-thienyl
isothiocyanate.

The distillate was chromatographed on silica gel 60 (EM Lab-
oratories, 70-230 mesh) with elution by CC14. The nmr épectra of
the chromatographed fractions showed that stopcock grease had been
. mixed with the product in this procedure., The fractions obtained were
therefore recombined and again chromatographed as before except.that
Teflon stopcocks were used in order to avoid use of stopcock grease.

This procedure yielded n-propyl N-(2-thienyl)dithiocarbazinate
which was shown by nmr and ir spectra to contain neither 2-thienyl
isothiocyanate nor stopcock grease. Part of this was again distilled
with the same unfortunate results as with the previous distillation, indi-
cating that the Z-thienyl isothiocyanate obtained from the previous
distillation was not entirely from unreacted starting material.

 All of the p-propyl N-(2-thienyl)dithiocarbamate was again

chromatographed on 50 gm of silica gel 60 (EM Laboratories, 70-230
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mesh) with elution by carbon tetrachloride. The product in carbon
tetrachloride solutioq was filtered through sintered glass and the solvent
removed by evaporation. This yielded 673 mgs (44%) of n-propyl
N-(2-thienyl)dithiocarbamate as a viscous yellow oil. This was dried
under low vacuum for 36 hours., Attempts to get the product to
crystallize failed and the material submitted for analysis was the oil.

The yield of the named product can undoubtedly be increased by
omitting the distillations and the chromatography they necessitate.

Nmr (CCl4): 6 0.98 (t, 3, CH3), 1.69 (sextet, 2, CCHZC),
3.20 (t, 2, SCHZ), 6.78-7.04 (m, 3, ArH), 9.23 (br band, 1, NH);
Teu,,cu, = 7% HE don cn

Anal, calcd for C_H lNS3: C, 44.20; H, 5.10; N, 6.44; S,

81
44,25, Found: C, 44.12; H, 5.20; N, 6.61; S, 44.23.

= 7.0 Hz (Figure 14).

t-Butyl-N-(2 ~-thienyl)dithiocarbamate

A modification of the method of Roshdestwenski27 is employed
for this synthesis.

To a stirred slurry of lithium t-butylmercaptide (682 mg, 7.1
mmol) in 10 ml t-butyl mercaptan was added 2-thienyl isothiocyanate
(1.0 g, 7.1 mmol). The reaction mixture was refluxed for 5 minutes
and then stirred at room temperature in a foil covered flask for 20 hours
under anhydrous conditions, The mercaptan was ev;porated under a

stream of nitrogen and the pasty residue neutralized with 0.1 N HCL
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The resultant oil was extracted with ether and the extract dried over
anhydrous sodium sulfate, Evaporation of the ether gave a crystalline
product.

The crude product was chromatographed on a drypacked 40 g
silica: gel 60 (EM Laboratories, 70-230 mesh) column with elution
by CC14. This effectively separates unreacted 2-thienyl isothiocyanate,
which comes with the solvent front, from the product which comes a
little iater. The chromatographed product was recrystallized from
petroleum ether (bp 30-60°) with decolorization by acid-washed Norit A
charcoal, yielding 1.42 g (86%) of t-butyl N-(2-thienyl)dithiocarbamate
as yellow needles, mp 87.5-88.5° (dec).

Nmr (CC14): 6 1.63 (s, 9, CH3), 6.80-7.01 (m, 3, ArH), 9.17
(br band, 1, NH).

Anal. caled for C H NS : C, 46.71; H, 5.66; N, 6.05; S,

913 3
41.57. Found: C, 46.82; H, 5.56; N, 6.06; S, 41.72.

3-Thenoic Acid

The method of Gronowitz17 was used.

A solution of 3-bromothiophene (16.1 g, 99 mmol) in 50 ml
anhydrous ether was cooled to -70° in a dry ice-acetone bath. A
solution of n-butyl lithium in n-hexane and under an atmosphere of
nitrogen was similarly cooled. The 3-bromothiophene was thevn added

to the stirred n-butyl lithium solution in a2 siow stream while the
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temperature was maintained at -70°. Stirring was continued for 10
minutes after the addition was complete.

The reaction mixture was then poured on a slurry of dry ice in
ether in a 3-1. beaker and this was allowed to stand at room temperature
overnight. Water was then added and the reaction mixture was heated
for approximately 5 minutes on a steam bath.

The layers were separated and the ether layer was extracted with
5% sodium hydroxide solutvion. The combined aqueous layers were
then acidified with 6N HCIl, precipitating crude 3-thenoic acid which was
recrystallized once from water, yielding 7.0 g (56%).

When this reaction was run using 1 mole of 3-bromothiophene,
2, 3-thiophenedicarboxylic acid, mp 284.0-286.5° (lit. mp 270°42),

was also isolated in approximately 2% vyield.

3-Thenoyl Chloride

As for 2-thenoyl chloride, the method of Jones and Hurd3'2 was
used.

A solution of 3-thenoic acid (6.2 g, 48 mmol) in thionyl chloride
(41.0 g 340 mmol) was refluxed under anhydrous conditions for 2 hours.
The reaction mixture was cooled and the excess tHionyl chloride removed
on a rotary evaporator using benzene as co-distillant. The crystalline
residue was recrystallized twice from CCl4, yielding 4.0 g (57%) of

3-thenoyl chloride, mp 51-53° (lit mp 51-52’,43 53-54°,44 52-52°10).
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It was found that the crude 3-thenoyl chloride could be used for
3-thenoyl azide preparation if great care was taken to insure that the
last traces of thionyl chloride were removed. When this was done much

higher yields of 3-thenoyl chloride were obtained. (> 90%).

" 3-Thenoyl Azide

As for 2-thenoyl azide the method of Smith"?'3 was employed.

Solutions of 3-thenoyl chloride (4.0 g, 27 mmol) in 32 ml
acetone and sodium azide (8.0 g, 120 mmol) in 32 ml distilled water
were cooled to approximately 0°. The acid chloride solution was then
added siowly to the azide solution while the temperature was maintained
near 0°., The .reaction mixture was then allowed to warm slowly to room
temperature,

The acetone and aqueous layers were separated and the aqueous
layer was extracted with ether. The acetone-ether solution was evaporated
until only a small amount of water remained. This was decanted off, the
oily azide dissolved ;m anhydrous ether, and dried over calcium sulfate.
Evaporation of the ether yielded 4.0 g (96%) of 3-thenoy! azide as a
pale yellow oil.

It was noted that the crude oil was crystalline at low temperature.

- The observed mp was 13-16° on one observation, and 14.5-16.5° on
another. These observations were done on the entire 4 g of crude product;
a narrower range could undoubtedly be observed if a smaller amount of

purified 3-thenoyl azide were used.
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It was found that the acetone-ether solution could be dried directly
with a very large amount of calcium sulfate, but that the yield was reduced
to 88%.
The thencyl azides may explode if they are heated while dry and

caution must be exercised regarding their storage and use.

3-Thienyl Isocyanate

The method of Curtius and Thysson34 is used for this preparation
except that it has been modified to allow purification of the product.

A solution of 3-thenoyl azide (10.1 g, 67 mmol) in 60 ml CCl4
was refluxed under anhydrous conditions for 17 hours., The reflux
condenser was then replaced by distillation apparatus and the CCl4
removed by distillation at atmospheric pressure under anhydrous condi-

ticns. The 3-thienyl isocyanate was then distilled, yielding 6.0 g (72%)

as a colorless liquid, bp 74-79° at 20 mm Hg.

N-n-Propyl-N'-(3-thienyl)urea

The procedure of Sah and Ma?’7 was modified for this synthesis.
To a stirred solution of 3-thienyl isocyanate (1.0 g, 8 mmol)
in 10 ml CCl4 was added dropwise n-propylamine (1.5 g, 25 mmol).
Stirring was continued for 1 hour after the addition was complete. No
precipitate had formed, so the reaction was refluxed for 1 hour. Cooling
vielded no precipitate, so the reaction mixture was evaporated to dryness.

This yielded a solid residue.
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The residue was recrystallized 3 times from acetone-water,
with one decolorization by acid-washed Norit A charcoal, yielding 426
mg (29%) of N-n-propyl-N'-(3-thienyl)urea as white needles, mp
132.5-133.0°.

Nmr (DMSO-d,): & 0.87 (t, 3, CH3), 1. 45 (sextet, 2, CCHZC),

6)'
3.21 (a, 2, NCH,), 6.10 (t, 1, RNH), 7.00 (q, 1, 4-H), 7.22 (q, L,

2-H), 7.35 (q, 1, 5-H), 8.66 (brs, 1, ArNH); JZ 4= 1.6 Hz, J =

2,5
3.2 Hz, J4,5 = 5.0 Hz, JCH CH = 7.5 Hz, JCH ,CH = 6.6 Hz,
2 3 2 2
JNH,CHZ = 5,5 Haz.
Anal, calecd for CBHIZNZOS: C, 52.14; H, 6.57; N, 15.21; O,

8.68; S, 17.40, Found: C, 52.29; H, 6.43; N, 15.17; O, 8.76; S,
17.41.

The ir spectrum is reproduced as Figure 4.

N-t-Butyl-N'-(3-thienyl)urea

The procedure of Sah and Ma37 was modified in this procedure.
To a stirred solution of 3-thienyl isocyanate (1.0 g, 8 mmol) in
10 ml CC].4 was added slowly t-butylamine (1.8 g, 25 mmol). The
precipitate which formed immediately was collected and regrystallized
3 times from acetone-water with one decolorization by acid-washed Norit
A charcoal. This yielded 702 mg (43%) of N-t-butyl-N'-(3-thienyl)-

urea as white needles, mp 205.0-205, 5°.
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Nmr (DMSO-d ): & 1.30 (s, 9, CH,), 5.51 (br s, 1, RNH),
6.88 (q, 1, 4-H), 7.13 (q, 1, 2-H), 7.30 (q, 1, 5-H), 8.43 (br s, 1,
ArNH); J. = 1.5Hz, J_ _=3.2Hz, J _ = 5.0 Haz.

2,4 2,5 4,5

Anal. caled for CgHMNZOS: C, 54.51; H, 7.12; N, 14.13;
O, 8.07; S, 16.17. Found: C, 54.73; H, 6.95; N, 14.02; O, 8.12;

S, 16.22.

n-Propyl N-(3-thienyl)carbamate

The procedure of Baker and Gaunt38 was modified for this synthesis.

To a stirred solution of 3-thienyl isocyanate (1.0 g, 8 mmol) in
10 ml of CC14 was slowly added dried n-propyl alcohol (1.5 g, 25 mmol).
After the addition was complete the reaction was refluxed for 1 hour and
the CCI4 and excess alcohol evaporated, yielding a solid residue. The
residue was recrystallized 3 times from acetone-water, with one
decolorization by acid-washed Norit A charcoal, yielding 674 mg (46%)
of n-propyl N-(3-thienyl)carbamate as white needles, mp 80.0-82.0°.

Nmr (acetone-dé): 6 0.92 (t, 3, CH3), 1.63 (sextet, 2, CCHZC),

4.08 (t, 2, OCHZ), 7.12 (t, 1, 2-H), 7.31 (d, 2, 4-H 5-H), 8.87 (br

band, 1, NH); apparent J2’4 = J2,5 = 3.5 Hz, JCHz’CHg. = 7.5 Hz,
JCHZ’CHZ = 6.5 Hz (Figure 15).
Anal. calcd for CSHllNOZS: C, 51.87; H, 5.99; N, 7.56; O,

17.27; S, 17.31. Found: C, 51.87; H, 6.03; N, 7.52; O, 17.27; S,
17.38.

The ir spectrum is reproduced as Figure 5.
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t-Butyl N-(3-thienyl)carbamate

The procedure of Baker and Gaunt38 was modified in this procedure.
To a stirred solution of 3-thienyl isocyanate (1.0 g, 8 mmol)
in 10 ml CC14 was added slowly t-butyl alcohol (1.9 g, 25 mmol). The
reaction was refluxed for 1 hour and the CC14 and excess alcohol then
evaporated yielding a crystalline residue. This residue was recrystallized
5 tin"xes from acetone-water with one decolorization by acid-washed
Norit A charcoal, yielding 812 mg (51%) of t-butyl N-(3-thienyl)-
carbamate as white needles, mp 144.5-145,0° (lit 139.5-140.5°). 13
Nmr (acetone-dé): 61.48 (s, 9, CH3), 7.13 (t, 1, 2-H), 7.31
(d, 2, 4-H 5-H), 8.63 (br band, 1, NH); apparent J | =J = 3.5 Hz,

2,4 2,5

Anal. calcd for C9H13NOZS: C, 54.24; H, 6.57; N, 7.03; O,
16.06; S, 16.09. Found: C, 54.31; H, 6.50; N, 7.17; O, 16.22; S,

15.96.

n-Propyl N-«(3-thienyl)thiolcarbamate

The method of Dyer and Glenn18 was used.

To a stirred solution of n-propyl mercaptan (1.9 g, 25 mmol)
in 15 ml E-heptane containing 1% (v/v) triethylamine was added dropwise
a solution of 3-thienyl isocyanate (1.0 g, 8 mmol) in 15 ml n-heptane
under anhydrous conditions., Stirring was continued for 1 hour after the

addition was completed. The precipitate was collected and recrystallized
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once from petroleﬁm ether, yielding 1.61 g (88%) of n-propyl
N-(3-thienyl)thiolcarbamate as white needles, mp 99. 5-100, 0°,
Nmr (acetone-d6): 5 0.97 (t, 3, CH3), 1.65 (sextet, 2, CCHZC),
2.94 (t, 2, SCHZ)' 7.13 (q, 1, 4-H), 7.33 (q, 1, 5-H), 7.49 (q, 1,

-H), 9, br band, 1, NH); J = 1.4 Hz, J = 3,1 Hz, =
2-H), 9.56 (br band, ) 2.4 1 z 2.5 3.1 zJ4,5

CH,,CH, = 7.5 Hgz, JCHZ'CHZ = 7.5Hz (Figure 16).

Anal, calcd for CSHHNOSZ: C, 47.73;H, 5.51; N, 6.96; O,

7.95; S, 31.86. Found: C, 47.65; H, 5.42; N, 6.97; O, 7.90; S, 32.00.

5.0 Hz, J

t-Butyl N-(3-thienyl)thiolcarbamate

The method of Dyer and Glenn18 was used.

To a stirred solution of t-butyl mercaptan (2.3 g, 25 mmol) in
15 ml n-heptane containing 1% (v/v) triethylamine was added dropwise
a solution of 3-thienyl isocyanate (1.0 g, 8 mmol) in 15 ml n-heptane
under anﬁydrous conditions. Stirring was continued for 1 hour after the
addition was complete. The crystalline precipitate was collected and
recrystallized once from petroleum ether (bp 30-60°), yielding 1.45 g
(84%) of t-butyl N-(3-thienyl)thiolcarbamate as white needles, mp 136. 5-
137.0°.

| Nmr (acetone-dé): 5 1.52 (s, 9, CH3), 7.12 (q, 1, 4-H), 7.31

(qs 1, 5-H), 7.50 (q, 1, 2-H), 9.38 (br band, 1, NH); .]'2’4 = 1.4 Hz,
J = 3.3 Hz, J = 5.1 Haz.

2,5 4,5

Anal, Calcd for C9H13NOSZ: C, 50.20; H, 6.08; N, 6.51; O, 7.43;

S, 29.78. Found: C, 50.14; H, 6.00, N, 6.63; O, 7.38; S, 29.79.
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S-[ N-(3-Thienyl)carbamoyl] -O, O'-diethyl Dithiophosphate

The isocyanate was prepared by the method of Curtius and
Thysson;34 the named product by the method of Ottman and Hooks. 15

A solution of 3-thenoyl azide (24.1 g, 0.16 rﬁmol) in 150 ml
of CCl4 was refluxed under anhydrous conditions for 18 hours. The
reflux condenser was then replaced by a distillation apparatus and

approximately half of the CCl, was removed by distillation under

4
anhydroﬁs conditions.

The residual solution was cooled to room temperature and O, O'-
diethyl hydrogen dithiophosphate (27.6 g, 0.15 mmol) was added drop-
wise while the reaction was stirred and maintained below 35° by cooling
in a tap water bath. The product crystallized out on standing overnight
in the refrigerator.

The crystalline' product was collected and recrystallized 3 times
from n-heptane with 1 decolorization by acid-washed Norit A charcoal,
yielding 35.0 g (76%) of S-[N-(3-thienyl)carbamoyl] -0, O'-diethyl
dithiophosphate, mp 83.5-85.0°,

Nmr (CDC13): 6 1.39 (t, 6, CH3), 5.97 (octet, 4, CHZ)' 7.03

(g, 1, 4-H), 7.25 (q, 1, 5-H), 7.44 (q, 1, 2-H), 9.07 (br band, 1, NH);

J2'4= lost’ Jz,s = 302Hz’ J4’5= SOZHZ, JCHZ,CH3 = 7.2HZ,
. 39
- raline wangoe A -
‘TPOCHZ = 10 Hz (lit value range 6.5-10.0 Hz"’).
Anal, calcd for C9H14NO3S3P: C, 34.71; H, 4.53, N, 4.50; S,

30.89; P, 9.95. Found: C, 34.80; H, 4.88; N, 4.65; S, 30.57; P, 9.93.
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3-Thieny!l Isothiocyanate

The method of Ottman and Hooks15 was used, modified to allow
distillation of the product as it is produced in the pyrolysis rather than
extracting after the reaction has run its course. This is necessary
because of the lability of the aminothiophene moeity in the acid medium
of the by-products of this reaction.

In a low pressure distillation apparatus was placed S-[N-(3-
thienyl)carbamoyl] -O, O'-diethyl dithiophosphate (15 g, 48 mmol) and
2. 5 ml of diethyl phthalate, The pressure in the system was reduced to
18 mm Hg and the pyrolysis flask immersed in an oil bath preheated to
135°, The oil bath was maintained at 135-140° until distillation stopped
and was then raised slowly to 220° while the pressure was maintained
at 18-20 mm Hg. The crude distillate was then fractionally redistilled,
104-110° at 15 mm Hg. It is dangerous and unnecessary to heat the
pyrolysis to 220°, maintaining the initial temperaturek is adequate for
distillation.

Since this did not give a pure product, the material was
chromatographed on 50 g of silica gel 60 (EM Laboratories, 70-230
mesh) with elution by cyclohexane/chloroform, 10:1. The partially
bpurified chromatographed material was then distilled on a Nester-Faust
Teflon spinning band column yielding a yellow oil, bp 98-99° (uncorrected
still head reading) at 15 mm Hg. There were still some very small

extraneous peaks in the nmr spectrum but the product was submitted for

elemental analysis, giving the results below.
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The 98-99° fraction used for elemental analysis plus two smaller
fractions of nearly equal purity from the spinning band distillation totaled
2.28 g (34%) of neabrly pure 3-thienyl isothiocyanate.
Nmr (CCI4): & 6.87 (q, 1, 4-H), 7. 0;2 (¢, 1, 2-H), 7.20 (q,

1, 5-H); J = 1,4 Hz, J = 3.1 Hz, J = 4.8 Hz (Figure 17).

2,4 2,5 4,5
Anal, caled for C H3NSZ: C, 42.53; H, 2.14; N, 9.92; S,

5
45,41, Found: C, 42.67; H, 2.00; N, 10.05; S, 45.27.

The ir spectrum is reproduced as Figure 6.

The refractive index was observed as 1.6771 at 25°.

Later repetition of this synthesis showed that the diethyl éhthalate,
which was added in an attempt to distill all of the product from the reactior;
pot, is unnecessary as the higher boiling byproducts serve this function.
The crude distillate from the pyrolysis is readily purified by chroma-
tography on silica gel 60 ;nith elution by CC14, as was reported above
for the preparation of 2-thienyl isothiogyanate. This avoids the necessity
for redistilling the product in the presence of the acidic byproducts, thus
avoiding decomposition and allowing higher yields to be obtained.

As was the case for the preparation of 2-thienyl isothiocyanate,
it was not possible to obtain 3-thienyl isothiocyanate from S-[N-(3-

thienyl)carbamoyl] -O, O'-diethyl di.thibphosphate which had been stored

for several months and had become highly colored.



78

N-(3-Thienyl)thiourea

The method of Otterbacher and Whitmore41 was modified for this
synthesis.

Crystalline S-[N-(3-thienyl)carbamoyl] -0, O'-diethyl
dithiophosphate (1.3 g, 4.2 mmol) was heated in a 120-130° oil bath
‘for 2 hours in a flask equipped with an air-cooled reflux condensor.

The crude pyrolysis mixture was allowed to cool to room témperature
and then 10 ml concentratéd aqueous ammonia was added. This mixture
was stirred for 5 hours and then was allowed to stand overnight. The
reaction mixtufe was still very alkaline (pH 10) at that time,

Additior; of 30 mls ether caused formation of a precipitate which
wé.s collected and recrystallized twice from water with 1 decolorization
by acid-washed Norit A charcoal, yielding 74 mg (11%) of N-(3-
thienyl)thiourea as white plates, mp 192.0-193.0°. Further extraction
of the reaction liquor with ether followed by evaporation of the ether
yielded less than 5 mg of additional material.

Nmr (DMSO;d6) (A-60): & 7.20 (q, 1, 4-H), 7.47 (br s, 2,
NHZ)’ 7.65 (g, 1, 5-H), 7.71 (g, 1, 2-H), 10.03 (br s, 1, NH);

J = 1.5 Hz, J = 3,2 Hz, J = 5.0 Hz.

2,4 2,5 4,5
Anal, c‘alcd for C5H6NZSZ: C, 37.95; H, 3.82; N, 17.71; S,

40.52. Found: C, 37.94; H, 3.93; N, 17.62; S, 40.67.
This preparation was also carried out by bubbling anhydrous

ammonia through a solution of 3-thienyl isothiocyanate (397 mg, 2.8
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mmol) in CC 14. This yielded an immediate precipitate which was
collected. Evaporation of the reaction liquor yielded an oil, which was
shown by ir to be unreacted 3-thienyl isothio;yanate. The oil was then
reacted with concentratéd aqueous ammonia by heating for 10 minutes.
This yielded more precipitate, which was collected. The combined pre-
cipitates were recrystallized 3 times from water with one decolorization
by acid-washed Norit A charcoal, yielding 153 mg (35%) of N-(3-

thienyl)thiourea as white plates, mp 191.0-192. 5°,

N-n-Propyl-N'-(3-thienyl)thiourea

The method of Otterbacher and Wn'u:more41 was modified for this
synthesis.

To stirred 3-thienyl isothiocyanate (510 mg, 3.6 mmol) was
added n-propylamine (1.67 g, 28 mmol). The reaction mixture was
refluxed for 5 minutes and then stirred while it cooled to room tempera-
ture. Addition of 10 ml cold water, followed by cooling in ice yielded
an oil which was extracted from the aqueous layer with CHCl3. The
combined extracts were dried over calcium sulfate.

Evaporation of the CHCl3 yielded a crystalline product which was
recrystallized 4 times from toluene-ligroine (63-75°), yielding 150 mg
(21%) of N-B_-pr0pyl-N';(3-t‘hienyl)thiourea as white needles, mp 54.0-
55.0°.

Nmr (acetone-d 60.88 (t, 3, CH

o) 3

3.55 (q, 2, NCHZ), 7.08 (g, 1, 4-H), ca. 7.2 (br band, 1, RNH), 7.38

1.61 (sextet, 2, CCHZC),
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(@, 1, 5-H), 7.52 (q, 1, 2-H), 8.93 (br band, 1, ArNH); JZ 4 = 1.5
?

Hz, JZ,S = 3.2 Hz, J4'5 = 5.2 Hz, JCHZ.CH3 = 7.2 Hz, JCHZ’CHZ

6.7 Hz,
Anal, calcd for CSHIZNZSZ: C, 47.96; H, 6.04; N, 13.99; S,

32.01. Found: C, 47.82; H, 5.95; N, 13.84; S, 32.02.

N-t-Butyl-N'-(3-thienyl)thiourea

The method of Otterbacher and Whit:mo::e41 was modified in this
procedure.

To stirred 3-thienyl isothiocyanate (500 mg, 35 mmol) was
added quickly t-butylamine (7.0 g, 95 mmol). The reaction mixture
was refluxed for 30 minutes, followed by evaporation of the excess
amine. Attempts to recrystallize the residue from water, and from
acetone-water did not effect color removal and after one recrystallization
from each of these solvents the product was recrystallized twice from
toluene with one decolorization by acid-washed Norit A charcoal., This
yielded 351 mg (47%) of N-t-butyl-N'-(3-thienyl)thiourea as white
needles, mp 161.0-161.5°.

Nmr (DMSO-db): 6§ 1.47 (s, 9, CH3), 7.07 (q, 1, 4-H), 7.23
(br s, 1, RNH), 7.38 (q, 1, 5-H), 7.67 (q, 1, 2-H), 9.48 (br s, 1,

ArNH); J 1.4 Hz, J = 3,2 Hz, J = 5,2 Hz,

2,4~ 2,5 4,5

Anal, caled for CH N S : C, 50.43; H, 6.58; N, 13.07; S,
nal. caled for P ZSZ 50.43; H, 6.58 13 7

290 92. Found: C’ 50. 55; Hl 6. 52; N’ 130 05; S, 290 70'
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It is very possible that this synthesis could be improved by running
it in CCl4 at room temperature, as was done in the preparation of
N-t-butyl-N'-(2-thienyl)thiourea. Another solvent which could work as
well or better might be E_-heptané.
In contrast to N-t-butyl-N'-(2-thienyl)thiourea this compound is

stable to recrystallization.

n-Propyl N-(3-thienyl)thionecarbamate

The procedure of Bost and Andrews29 is used.

A solution of 3-thienyl isothiocyanate (505 mg, 3.6 mmol) in 4 g
dried n-propyl alcohol was refluxed for 17 hrs under anhydrous condi-
tions, Addition of 25 ml ice water to the cooled reaction mixture pre-
cipitated the crude product. This crude precipitate was recrystalli%ed
4 times from ligroine (bp 63-75°) yielding 400 mg (57%) of n-propyl
N'-(3-thienyl)thionecarbamate as white needles, mp 67. 5-68. 0°.

Nmr (acetone-dé): 6 0.98 (t, 3, CH3), 1. 80 (sextet, 2, CCHZC),
4,52 (t, 2, OCHZ) (poorly resolved), 7.17-7.47 (m, 2, 4-H 5-H)
(poorly resolved), 8.12 (br band, 1, 2-H), 10.27 (br band, 1, NH);

J = 7.5 Hz, J was not determinable due to poor

CHZ, CH3 CHZ. CH2

resolution of the OCHZ peak (Figure 18).
Anal, calcd for CSHHNOSZ: C, 47.73 ; H, 5.51; N, 6.96; O,
7.95; S, 31.86. Found: C, 47.74; H, 5.29; N, 7.15; O, 7.80; S, 31.92.

The ir spectrum is reproduc‘ed as Figure 7.
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t-Butyl N-(3-thienyl)thionecarbamate

The method used in the successful preparation to t-butyl
N-phenyl thionecarbamate was employed.

To a stirred slurry of potassium t-butoxide (895 mg, 7.1 mmol)
in 50 ml spdi.u.m-dried tétrahydrofuran was added 3-thienyl isothiocyanate
(1.0 g, 7.1 mmol). The reaction was refluxed under anhydrods conditions
for 1 hour, 0.25 ml distilled water was added and refluxing was con-
tinued for 15 minutes. The reaction mixture was cooled to room tem-
perature and 1.1 ml 6N HCl added with vigorous stirring.

The precipitated KCl was removed by filtraﬁon and the filtrate
evaporated to small volume under a stream of nitrogen. To the residual
filtrate was added 35 ml distilled water yielding an oil which crystallized
on standing.

The precipitate was collected and then was dissolved in 200 ml
ether insofar as this was possible at room temperature. The insoluble
material was removed by filtration and the ether solution was dried over
sodium sulfate, Evaporation of the ether to dryness gave a straw colored
residue which was extracted in a Soxhlet apparatus for 48 hours with
petroleum ether (bp 30-60°). The residue from evaporatign of the
Soxhlet solven't<was recrystallized 3 times from petroleum ether (bp 30-
60°), yielding 320 mg (21%) of t-butyl N-(3-thienylthionecarbamate

as white needles, mp 109.0-110.0° (dec with gas evolution).
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Nens (acetone-d,): § 1.73 (s, 9 CH,), 6.93-7.43 (m, 2, 4-H
5-H), ca 8.0 (extremely broad band, 1, 2-H), 10.00 (br band, 1,
NH) (Figure 19). 
Anal, caled for C H _NOS_: C, 50.20; H, 6.08; N, 6.51; O,

‘ 913 2
7.43; S, 29.78. Found: C, 50.28; H, 5.93; N, 6.66; O, 7.40.

n-Propyl N-(3-thienyl)dithiocarbamate

The method used in the successful preparations of t-butyl
N-phenylthione carbamate and E-propyl N-phenyldithiocarbamate was
employed.

To a stirred slurry of lithium n-propylmercaptide (344 mg, 4.2
mmol) and n-propyl mercaptan (640 mg, 8.4 mmol) in 2 mls sodium-
dried tetrahydrofuran was added 3-thienyl isothiocyanate (606 mg, 4 2
mmol). The reaction mixture was refluxed for 5 minutes and then
stirred at room temperature for 18 hours under anhydrous conditions.
To the reaction mixture was then added 10 ml cold distilled water and
the resultant tv.vo-phase system was neutralized with 6N HCL, This was
then extracted with CHC 13 and the extract dried over calc'uim sulfate,

Evaporation of the CHC 13 yielded a solid residue which was
recrystallized 6 tin'aes from ligroine (63-75%) with one decolorization
by acid-washed Norit A charcoal, yielding 115 mg (13%) of n-propyl
N-(3-thienyl)dithiocarbamate as white needles, mp 46.5-47.0°.

Nmr (acetone-db): 5 0.98 (t, 3, CHS)’ 1. 70 (sextet, 2, CCHZC),

3.28 (t, 2, SCH.), 7.26-7.47 (m, 2, 4-H 5-H), 8.23 (br band,

2)’
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= 7. 5 Hz’ J =
H ’ ’
C 2 CH3 CH2 CH2

1, 2-H), 10.78 (br band, 1, NH); J
7.5 Hz,

Anal, calcd for C8H11N53: C, 44.20; H, 5.10; N, 6.44; S,
44.25. Found: C, 44.14; H, 4.98; N, 6.57; S, 44.29.

The ir spectrum is reproduced as Figure 8.

This synthesis could undoubtedly be improved by using a room

temperature synthesis in n-heptane as was done for n-propyl N-(2-

thienyl)dithiocérba:nate.

t-Butyl N-(3-thienyl)dithiocarbamate

A modification of the method of Roshdestwenskiz'?. was used in
this procedure.

To a stirred slurry of lithium t-butylmercaptide (341 mg, 3.5
mmol) in 10 ml t-butyl mercaptan was added 3-thienyl isothiocyahate
(500 mg, 3.5 mmol)., The reaction mixture was refluxed for 5 minutes
and then stirred at room temperature for 24 hours under anhydrous
conditions. The mercaptan was then evaporated under a stream of
nitrogen and the resultant solid neutralized with 0.1 N HCl. This
yielded a solid which was dissolved in ether and dried over sodium sulfate,
Evanoration of the ether solution to dryness yielded a solid which was
chromatographed on a dry-packed column of silica gel 60 (EM Labora-
tories, 70-230 mesh) with el.utioﬁ by CCl4. The product recovered
from the chromatography column was recrystallized 3 times from

petroleum ether (bp 30-60°) with one decolorization by acid-washed
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Norit A charcoal, yielding 688 mg (84%) of t-butyl N-(3-thienyl)-
dithiocarbamate as pale yellow needles, mp 88.5-89.5° (dec).
Nmr (C¢14): 6 1.63 (s, 9, CH3), 7.02 (q, 1, 4-H), 7.21

{q, i, 5-H), 7.83 (brband, 1, 2-H), 8.95 (br band, 1, NH); apparent

J2,4 1.4 Hz, J2’5=3.2 Hz, J4’5=5.2 Hz (Figure 20).

Anal, calcd for C9H13NS3: C, 46.71; H, 5.66; N, 6.05; S,
41.57, Found: C, 48.26; H, 5.62; N, 5.94; S, 40.34.

Two more recrystallizations from petroleum ether (bp 30-60°)
yielded prodﬁct whose nmr spectrum in CCl4 indicated the presence
of a small amount of hydrocarbon, even after drying under low vacuum
for one week,

All of the product on hand was then rechromatographed on silica

gel 60 (EM Laboratories, 70-230 mesh) with elution by CCl, the

4
fractions containing the product evaporated to small volume, and the
residual solution filtered through sintered glass. Evaporation of the
remainder of the solvent and drying under low vacuum for several days
 yielded a crystalline product for which the nmr Speqtrum showed no
extraneous peaks. The elemental analysis of this sample gave the
following results: %C, 45.11; H, 5.35; N, 6.30; S5, 42.23, with a
1.10% residue, probably silica gel.

From these results we conclude that t-butyl N-(3-'thienyl)-

dithiocarbamate has been synthesized but not brought to a high state of

purity,
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Liden and Sandstrom ~ have recently reported that the ortho
protons in N-arylthionecarbamates and N-aryldithiocarbamates are
observed as a broad band in 24°C nmr spectra. This is analogous to
the effect that has been observed for the 2-H in the 37° nmr spectra
of N-(3-thienyl)thionecarbamates and N-(3-thienyl)dithiocarbamates.
They attribute this effect to hindered internal rotation about the N-C(X)

band.,
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Figure 1. Ir Spectrum of n-Propyl N-(2-Thienyl)thiolcarbamate,
KBr Pellet.

0
O-Nugscuzcnzcu,

Figure 2. Ir Spectrum of 2-Thienyl Isothiocyanate, Liquid Film.

Figure 3, Ir Spectrum of N-n-Propyl-N'-(2-thienyl)thiourea,

KDBr Peliet.

S
I
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Figure 4. Ir Spectrum of N-n-Propyl-N'-(3-thienyl)urea,
KBr Pellet,

NHﬁNHCH,CHzcm
/ \S I
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Figure 5.

Figure 6.

Figure 7,

Figure 8.
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Ir Spectrum of n-Propyl N-(3-Thienyl)carbamate,
KBr Pellet.

@NH‘EOCH,CH&H,,
S |

Ir Spectrum of 3-Thieny! Isothiocyanate, Liquid Film,

Ir Spectrum of n-Propyl N-(3-Thienyl)thionecarbamate,
KBr Pellet,

NHCOCH,CH,CH,
! s \S i

Ir Spectrum of n-Propyl N-(3-Thienyl)dithiocarbamate,
KBr Pellet.
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Figure 9, Nmr Spectrum of N-t-Butyl-N'-(2-thienyljurea in

DMSO-d6 at 37°.

0
O—NH(@NHC(CH;;):’

Figure 10. Nmr Spectrum of S-[ N-(2-Thienyl)carbamoyl] -0, O'-
diethyl Dithiophosphate in CDCI3 at 37°.
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Figure 11. Nmr Spectrum of 2-Thienyl Isothiocyanate in CCl4
at 37°,

Figure 12. Nmr Spectrum of N-n-Propyl-N'-(2-thienyl)thiourea
in Acetone—d6 at 37°.
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Figure 13. Nmr Spectrum of N-n-Propyl-N'-(2-thienyl)thiourea

in CDCl3 at  37°.

S
I
O—NHCNHCHZCH&H,

Figure 14. Nmr Spectrum of n-Propyl N-(2-Thienyl)dithiocarbamate
in CC'Jl4 at 37°.
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Figure 15, Nmr Spectrum of n-Propyl N-(3-Thienyl)carbamate
in A(;et:one-d6 at 37°.

NHCOCH,CH,CH,
[ ] \S 1

Figure 16. Nmr Spectrum of n-Propyl N-(3-Thienyl)thiolcarbamate

in Acetone-d6 at 37°,

NHCSCH,CH,CH,
[ s Yl
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Figure 17. Nmr Spectrum of 3-Thienyl Isothiocyanate in CCl4
at 37°,

/ \ N=C=S

S

Figure 18.. Nmr Spectrum of n-Propyl N-(3-Thienyl)thionecarbamate

in Ac:etone-d6 at 37°.

NHCOCH,CH,CH,
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Figure 19. Nmr Spectrum of t-Butyl N-(3-Thienyllthionecarbamate

in Acetone-db at 37°.

NHCOC(CH;)S
[ s\S -

Figure 20. Nmr Spectrum of t-Butyl N-(3-Thienyl)dithiocarbamate
in CCl4 at 37°.
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