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T H E work described in this paper was undertaken with the 
object of investigating the behavior of some tertiary halides 
towards alcoholic solutions of potassium thiocyanate. Up to the 
present time no tertiary alkyl halide has been found to give an iso-
thiocyanate or mustard oil. This property has only been observed 
in the case of the primary allyl halides and the secondary diphenyl-
methyl bromide. In fact this subject has hitherto received little 
attention. Of the three tertiary halides that have been examined 
triphenylmethyl bromide and tf-bromisobutyric ethyl ester gave 
normal* thiocyanates while tricarbethoxymethane failed to react.1 

The tertiary halides which we now discuss comprise all the 
possible compounds formed by substituting the positive group 
methyl, and the negative radicals, phenyl and carbethoxyl, 
—CCOC2H-, for hydrogen in methyl bromide.2 There are ten 
combinations to be considered; and among these, it will be noticed, 
are the above three tertiary forms that have already been exam
ined : 

I. BrC(CH3), VI. BrCCH,(C02C,H5)2 

II. BrC(CHJ2C6H5 VII. BrC.CH3.C6H3.C02CH3 

III . BrCCH3(C6H5), VIII . BrC(C02C2H5)3 

IV. BrC(C6H5), IX. BrCC6H5(CO2C2H5), 
V. BrC(CH3)2C02C2H5 X. ClC(C6H5),CO2C2H5 

The investigation has shown that six of these compounds give 
normal thiocyanates, while the remaining four give neither normal 
or isothiocyanates. 

Tertiary butyl bromide (I) reacted smoothly with alcoholic 
1 Since the above was written Crocker has found that picryl chloride gives an isothio-

cyanate. Jour. Chem. Soc. (London), 81, 436 (1902). 
2 In one case (VII) the methyl ester was used and in another (X) the chloride in

stead of the bromide was employed ; experience has shown that the bromides react more 
readily than the chlorides. 
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potassium thiocyanate, and the product was shown to be a normal 
thiocyanate by combining it with thioacetic acid, whereupon acetyl 
dithioisobutyl urethane, CH3CONHCSSC4H9, was obtained. 

I'-Bromisopropyl benzene ( I I ) , i'-brom-i,i-diphenylethane, 
( I I I ) , I'-bromhydratropicrnethyl ester (VII) , and tricarbethoxy-
methyl bromide (VIII) reacted readily with, or were decomposed 
by, potassium thiocyanate, and a bright yellow, amorphous precipi
tate separated which had the properties of the so-called pseudo-
cyanogen sulphide. These bromides therefore act like free bro
mine on potassium thiocyanate. The behavior of tricarbethoxy-
methyl bromide, in reacting immediately in the cold, is in strong 
contrast to that of the chloride, which showed little tendency to 
react even on heating for a number of hours. 

Triphenylmethyl bromide ( IV) , as previously stated, gave a 
normal thiocyanate. In this case the rhodanide formed thiol esters 
with thioacetic and thiobenzoic acids. 

«-Broniisobutyric ethyl ester (V) also gave a normal thio
cyanate. This was shown by boiling the product with hydro
chloric acid, whereupon w-yU-diketo-ZS-dimethyltetrahydrothiazolej 
was obtained. 

Methylbrommalonic ester (VI) readily reacted with potassium 
thiocyanate, while ethyl chlormalonic ester remained unaltered 
even when heated with potassium thiocyanate to i4o°-i45° for a 
number of hours. When the product, in the case of methylbrom
malonic ester was warmed with thioacetic acid, a thick oil was 
obtained which, on dissolving in alkali and precipitating with 
hydrochloric acid, gave a-keto-M sulpho-/3-methylthiazolidine, 
the so-called ar-rhodaninpropionic acid.2 The structure of this is 
represented by formula XI. That the rhodanide is a normal thio
cyanate is shown by the fact that the reaction took place as 
follows: 
CHsCONHCSSCCH3(C02C2H5)2 + NaOH + H2O = 

C4H5ONS2 + CH3COONa -f CO2 + 2C2H5OH. 
C H 1 C H - S C 6 H 5 CH-S 

'!I I ! 
CO CS CO CS 
\ / \ / 
NH NH 
X l . XI l . 

1 Am. Cketn.y., 24, '8 {1900). 
2 Berlinerblau: Ber. d. chem, Ges., 19, 125. 
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Bromphenylmalonic ester (IX) reacted smoothly with potassium 
thiocyanate, and the product with thioacetic acid and alkali be
haved in a similar manner, inasmuch as a-keto-yu-sulpho-/?-
phenylthiazolidine (XII) was obtained. 

Diphenylchlorethyl acetate (X) gave the first and only 
rhodanide that has failed to react with thio acids. It reacted, 
however, with aniline, yielding triphenylpseudothiohydantom 
(XIII ) . On warming the latter with alcoholic hydrochloric acid, 
«-/*-diketo-/3-diphenyl tetrahydrothiazole was obtained \XIV) . 

(C6H1O2C-S ( C ( i H , ) 2 C - S 
I i I 

CO C = NC1-H. —» CO CO 
\ / \ / 

NH NH 
XIII . XIV. 

The behavior of this hydantoin with hydrochloric acid differs 
from that of the pseudothiohydanto'in from phenylthiocyan-
ethyl acetate,1 inasmuch as the latter, under certain conditions, 
gives up ammonia and not aniline on boiling with hydrochloric 
acid; generally, however, a mixture is obtained. The behavior of 
phenylpseudothiohydantoin with hydrochloric acid has been sup
posed to show that the compound has the structure represented by 
formula XVII. 

We have found that this long-known phenylpseudothiohydan
toin which, according to Meyer,2 Liebermann,3 and Dixon,4 gives 
«,y"-diketo-N-phenyltetrahydrothioazole (' 'phenylsenfoelglyco-
Hd"), formula XXI, with hydrochloric acid, also gives OC,JX-

diketotetrahydrothiazole (XX). It follows from this that the 
reaction with hydrochloric acid can not be used to decide the struc
ture of these thiohydantoins. Both of the theoretically possible 
isomeric phenylpseudothiohydantoins, (XYII) and (XYIH) . for 
example, can give phenylthiohydantoic acid (XIX), and this can 
be decomposed into the two tetrahydrothiazoles that are actually 
obtained: 

1 Am. Chum. J., 2 6 , 353 (1901). 
2 Ber. d.chem. Ges., 14, 1661 ([SSi). 
3 Ann. Cfiem. (Iyiebig). 2 0 7 , 129 ( I 8 8 I , ! . 
V - Chem. Soc. (IyOndon), 7 1 , 620 (1S9-J. 
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C H 2 - S 
I j 

CO C = NH 

^ / \ NC6H5 ^ 
XVII . 

C H 2 - S 
I 

CO C = 
/ \ / 

' NH 
XVIII . 

H O C O C H 2 S C ( N H ) N H C 6 H 5 

XIX. 

C H 2 - S / 

CO CO 
\ / 

NH 
XX. 

\ C H 2 - S 

CO CO 
\ / 

NC6H5 
XXI . 

Dixon found that the hydantoin in question gave «-keto-//-sul-
photetrahydrothiazole ("rhodanininsaure"), formula, XXII below, 
when heated with carbon disulphide, and he therefore assigned to 
the compound the structure represented above by formula XVIII. 
This is undoubtedly correct since by the action of benzyl chloride 
and alkali, a benzyl derivative is obtained from this hydantoin, 
which is identical with that from benzylphenylthiourea, 
C6H5(C6H5CH2)NCSXH,, ethylchloracetate and alkali. This 
benzvl derivative must have the structure represented by formula 
XXII I : 

C H 2 - S C H 2 - S 
1 I I I C H 

CO CS CO C — N < n H n w 
\ y \// CH2C6H5 . 

NH N 
XXII . XXII I . 

EXPERIMENTAL PART. 

I.—Tertiary Butyl Bromide (CHs):.CBr, and Potassium Thio-
cyanate.—The bromide was made by the union of isobutylene and 
hydrogen bromide. The purified material reacted immediately 
when warmed with an alcoholic solution of potassium thiocyanate, 
and potassium bromide separated. The product was an oil which 
possessed a strong, pungent odor. It could not be distilled under 
reduced pressure without decomposition and therefore, for 
analysis, it was simply washed and dried in a desiccator over sul-
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phuric acid. A nitrogen determination then gave: 
Calculated for 

C5H11NS. Found. 
Xitrogen 12.17 12.48 

Tertiary Butyl Rhodanide and Thioacetic Acid.—Eight grams 
of the rhodanide and 6 grams of thioacetic acid were heated on 
the water-bath in benzene for eight hours. On cooling, a white 
flocculent precipitate separated. This crystallized from benzene 
in scales or plates, and did not melt at 2600. It was extremely 
soluble in alcohol, contained nitrogen but no sulphur, and was 
soluble in a solution of sodium hydroxide. A sufficient amount of 
this was not obtained for identification. Two determinations 
gave 10.88 and 11.01 per cent, nitrogen. The oil that remained, 
after evaporating the benzene, solidified on cooling; it was dis
solved in dilute sodium hydroxide and the solution shaken with 
ether. From the alkaline solution acetic acid precipitated a bright 
yellow body which, on crystallizing from petroleum ether, melted 
at I i2°- i i3° . Its solubility in sodium hydroxide, its yellow color 
and the following nitrogen determination show that this material 
is tertiary butylacctyldithiocarbamate, CHXONHCS.SC(CH,,) :,. 

Calculated For 
C7H1-OXS..., Found. 

Nitrogen 7.33 7.32 
II.—I'-Bromisopropyl Benzene, C0H0CBr(CH.,,).., and Potas

sium Thiocyanate.—Isopropvl benzene was prepared from normal 
propyl chloride and benzene by means of the Friedel-Crafts re
action. The material used boiled at I52°-I54° at ordinary pres
sure. Eight grams of the hydrocarbon were brominated at 1150-
1200 with the calculated quantity of bromine. The product was 
washed thoroughly with a solution of sodium carbonate, extracted 
with ether, and dried in a vacuum. It was impossible to purify 
this new bromide by distilling under diminished pressure since an 
attempt at 16 mm. resulted in rapid decomposition taking place at 
about 1350, with evolution of hydrogen bromide. A bromine 
determination agreed with the calculated, probably as closely as 
could be expected. 

Calculated for 
CoHi1Br. Found. 

Bromine 40.20 38.10 

This bromide immediately reacted with potassium thiocyanate 
in warm alcohol, and a fine yellow powder separated. The latter 
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possessed all the properties of pseudocyanogen sulphide. The 
material remaining in the alcoholic solution proved to be an oil 
but not enough of this was obtained to establish any definite boil
ing-point. 

III.—i',i'-Diphenyl-i'-Bromethane, (C6H-J2C BrC H s, and 
Potassium Thiocyanate.—Diphenylethane was prepared from 
ethylidine chloride (from paraldehyde and phosphorus penta-
chloride) and benzene by means of the Friedel and Crafts reaction. 
It was found that this hydrocarbon could not be brominated in the 
usual manner for the preparation of other halogen derivatives of 
benzene in the side-chain, owing to the ease with which the bro
mide loses hydrogen bromide. After several unsuccessful attempts 
it was found that a product consisting essentially of the desired 
bromide could be prepared by brominating the hydrocarbon at 
IOO°-IO5°. The product, washed with sodium carbonate and 
water and dried in a vacuum desiccator, gave the following result 
on analysis: 

Calculated for 
C]4H13Br. Found. 

Bromine 30.6 24.37 

When a product thus prepared was distilled at 10 mm. pressure, 
it rapidly decomposed with evolution of hydrogen bromide. On 
continuing the distillation, it practically all boiled at i55°-i65°. 
Diphenylethylene boils at 1620 at 15 mm. pressure, according to 
Anschiitz.1 The crude bromide reacted at once with potassium 
thiocyanate in alcohol, pseudocyanogen sulphide separated, and an 
oil was obtained that boiled at I 5 0 ° - I 6 2 ° at 11 mm. pressure. 
(Diphenylethylene ?) 

IV.—The Action of Triphenylmethyl Bromide on Potassium 
Thiocyanate, which resulted in the formation of a normal thio
cyanate, was described in our second paper.2 

V.—Ethyl- a -Bromisobutyric Ester Gave Ethylnormalthiocyan-
isobutyrate,3 as shown in this laboratory by Mr. Le B. Gray. The 
thiocyanate reacts normally with thiobenzoic acid, and benzoyldi-
thioethyl-ot-isobutyrate carbonate, 

CeH5CONHCS.SC(CH3)2C02C2H : i, 

is formed. This separates from a mixture of benzene and petro-
1 Ann. Chem, (!,iebig), 335, 159. 
2 Loc. cit. 
3 Loc. cit. 
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leum ether in the form of yellow prisms, which melt at 113D-114°. 
It is extremely soluble in alcohol. 

Calcu la t ed for 
C 1 1 H K O 3 N S - . . . F o u n d . 

Nitrogen 4.50 4.37 

VL—Brommethylmahnic Ethyl Ester, C'H\C'Br(CO,,CM-J2, 
and Potassium Thiocyanate.—!Methylmalonic ester wasbrominated 
at 65 0 ; the product practically all boiled at I i2°- i i8° at 14 mm. 
pressure. A bromine determination in a portion of this boiling at 
1140 gave 3[.6 per cent, while the calculated is 31.62 per cent, bro
mine. 

When this bromide was mixed in alcohol with potassium thio
cyanate it immediately began to react. The mixture was warmed 
for about a half hour, on the steam-bath, and then water precipi
tated an oil possessing a strong penetrating odor. It all boiled at 
I39°-I42° at 9 mm. pressure; a portion boiling at 1400 was 
analyzed with the following result: 

Calcu la ted for 
C 1 H ^ O 4 N S . F o u n d . 

Nitrogen 6.06 6.15 

Five grams of this rhodanide, 2 grams of thioacetic acid and 10 
cc. of benzene were heated on the water-bath for twelve hours. 
After evaporating the benzene, an oil was obtained which would 
not solidify in a freezing-mixture. The oil dissolved in a dilute 
solution of sodium hydroxide and was not precipitated 
with carbon dioxide; dilute acetic acid, on the other 
hand, precipitated a yellow solid which was purified by crystal
lizing from alcohol and benzene. It then formed plates which 
melted at 124° and showed no effervescence when heated to 
175°. Nitrogen determinations agreed with the calculated for 
a-keto-pL-sulpho-fi-methylthiazolidine: 

Calcu la t ed for F o u n d . 
C 4 HsONS. . I. I I . 

Nitrogen 9.52 9.28 9.58 

In fact this compound is identical with the so-called 
"a-rhodaninpropionsaure" of Berlmerblau1 which was obtained 
from chlorpropionic acid and ammonium thiocyanate. Berliner-
blau gives the melting-point at 1230. 
VII.—a-BromhydratropicmethylEster,CHsCBr (CM5)CO2CH3, 

and Potassium Thiocyanate.—Although the preparation of hydra-
1 Bei. d. chew, 6 > J . . 19, 125. 
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tropicmethyl ester, by the method which we adopted, includes ten 
stages, nevertheless the brom-derivative can be more easily ob
tained, in quantity, by the following procedure than by the method 
which involves the preparation of atrolactinic acid. On the other 
hand, a purer product is undoubtedly obtained by the action of 
hydrogen bromide on atrolactinic acid.1 

Starting with benzyl chloride we prepared the cyanide, phenyl-
acetic acid, the ethyl ester, and from the latter phenyloxalacetic-
ethyl ester2 which gave phenylmalonic ester. Eighty grams of 
this were prepared boiling at i5Q.5°-i6o° at 12 mm. pressure. 
This was methylated3 and 60 grams of phenylmethylmalonic 
ester resulted, which boiled at 12 mm. pressure at precisely 
the same point as the unaltered material. On saponifying 
this, 21 grams of methylphenylmalonic acid were obtained, melt
ing at I55°-I56°. When this was heated and the resulting hydra-
tropic acid was esterified, 13 grams of methyl ester were obtained, 
which boiled at 2i8°-22i° at ordinary pressure Neure4 gives the 
boiling-point of this ester at 221 °. The bromination of this was 
conducted in an oil-bath at 150°. The dark-colored product was 
washed with water and sodium carbonate and an attempt was 
made to purify a portion by distilling under diminished pressure, 
whereupon it was found that the oil underwent decomposition, 
giving off hydrogen bromide. The washed product was therefore 
warmed directly with an alcoholic solution of potassium thiocy-
anate (through an oversight no portion of the oil was reserved for 
analysis). The products of the reaction consisted of pseudo-
cyanogen sulphide and an oil. The latter, since it was not a 
rhodanide, was not examined. 

VIII.—Tricarbethoxymethyl Bromide, CBr(CO2C2H5),, and 
Potassium Thiocyanate.—Tricarbethoxymethane was easily bromi-
nated on the water-bath and the product boiled, for the most part, 
at I 6 2 ° - I 6 3 ° at 16 mm. pressure. The colorless oil thus obtained 
was analyzed with the following result. 

Calculated for 
Ci0H16O8Br. Found. 

Bromine 25.7 25.5 

When this bromide was warmed in alcohol with potassium thio-
1 Fi t t igand Kast: Ann. Chem. (I,iebig), ao6, 28 (1881). 
2 Wislicenus: Ber. d. chem. Ges., »7, 1093. 
3 Wislicenus and Goldstein: Ibid., a8 , 815. 
4 Ann. Chem. (Liebig), 350, 152. 
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cyanate, it reacted at once and pscudocyanogen sulphide separated. 
On adding- water to the alcoholic solution an oil was obtained. 
This was distilled at 10 mm. pressure and although there was no 
apparent dccompositon, during the distillation, it started to boil at 
about 141° and continued up to 177°. The bromide therefore 
reacts with potassium thiocyanate with decomposition. 

IX.—Phcnylbrommalonicethyl Ester, C0H,C.Br(CO.,C.,H.).,, 
and Potassium Thiocyanate.—This bromide was obtained by 
brominating phenylmalonicethyl ester at 140°-150". Tt formed a 
colorless oil which was found to boil at K)2° at 20 mm. pressure 
and, from another preparation, at 1 ~7 = -i81c at 11 mm. pressure. 
A bromine determination in the first case gave: 

Calculated for 
C13Hi5O4Br. Found. 

Bromine 25.38 24.98 

When this bromide was treated with potassium thiocyanate an 
oil was obtained which could not be purified by distilling under 
diminished pressure. At 20 mm. rapid decomposition took place 
at about 200°. The oil, after washing with water and drying, was 
analyzed with the following result: 

Calculated for 
C 1 4 HK 1 O 4 NS. Found. 

Nitrogen 4.77 5.37 

The nitrogen determination agrees, perhaps as well as could be 
expected, for a non-rectified oil, with the calculated for thiocyau-
phenylmalonicethyl ester, C6HnC(SCN)(CO2C2H5), . 

Ten grams of this rhodanicle and 3 grams of thioacetic acid 
were heated in benzene for twenty-four hours, whereupon, on 
evaporating the benzene, an oil was obtained which refused to 
solidify. It was dissolved in cold dilute sodium hydrate and, after 
standing, was precipitated with dilute hydrochloric acid. This 
treatment gave a yellow solid, which, 011 crystallizing from alco
hol, formed yellow prisms and melted at i^S'-i^f without 
effervescence. A nitrogen determination agreed with the calcu
lated for a-keto-n-sulpho-fi-phenylthiazolidine: 

Calculated for 
Cr1H7ON-S-J. Found. 

Nitrogen 6.69 6.51 

Thiocyanmethylmalonic ester and thiocyanphenylmalonic ester 
therefore behave in an analogous manner with thioacetic acid and 
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alkali. The reaction proves that these rhodanides are normal 
thiocyanates. 

X.—Diphenylchloraceticethyl Ester, (C0H^)2CCLCO2C2H5, 
and Potassium Thiocyanate.—The chlorester was made by treat
ing benzilic acid with phosphorus pentachloride and then pouring 
the acid chloride into cold alcohol.1 

When this chloride was warmed in alcoholic solution with 
potassium thiocyanate for about five hours the reaction was com
plete. On evaporating, an oil was obtained which had a most 
remarkable behavior on heating. On attempting to distil under 
reduced pressure no signs of decomposition could be observed, 
but no matter at what rate the distillation was conducted it frothed 
over in one continuous stream, and no fractionation could be 
accomplished. A nitrogen determination was therefore made in 
a sample of crude product that was washed and dried over sul
phuric acid. 

Calculated for 
C17H15OsNS. Found. 

Nitrogen 4.7 4.2 

This rhodanide is distinguished from all others that have been 
examined by the fact that it does not react with thioacetic or thio-
benzoic acids, on warming in benzene for the usual length of time 
(two to twenty-four hours). 

The oil, recovered from the treatment with thiobenzoic acid, 
was heated with aniline on the steam-bath for from five to six 
hours. On washing the product with dilute hydrochloric acid and 
crystallizing from alcohol, colorless prisms were obtained which 
melted at 250°. This, on analysis, gave the following result 
which agrees with the calculated for triphenylpseudothiohydan-
toin. 

Calculated for 
C2iHiG0NjS. Found. 

Nitrogen 8.(3 8.14 

When this substance was dissolved in alcohol and warmed for a 
short time with concentrated hydrochloric acid, a product was ob
tained which crystallized from dilute alcohol in colorless prisms 
and melted at i44°-i45°. An examination of the acid solution 
showed that aniline had been removed by this treatment and the 

1 Bickel: Ber. d. chem. GiS., 32, 1537. 
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crystalline material gave results agreeing with the calculated for 
a-iA-diketo-fi-diphenyltetrahydrothiazole: 

Calculated for 
C1JHnO2NS. Found. 

Nitrogen 5.20 5.24 

In our second paper on thiocyanates it was shown that ethyl 
phenylthiocyanacetate reacts with aniline, giving a compound that 
was considered to be diphenylpseudothiohydanto'in. We now 
find that ethylphenylchloracetate and phenylthiourea give the same 
compounds. This proves that these compounds are pseudothio-
hydantoins. On boiling the compound from phenylthiourea with 
30 per cent, hydrochloric acid a compound was obtained that 
crystallized from alcohol in needles and melted at I73°-I74°. A 
nitrogen determination agreed with the calculated for a-n-diketo-
fi-phenyl-'S-phenyltetrahydrothwazole: 

Calculated for 
ClsH,,OoNS. Found. 

Nitrogen 5.20 5.44 

Bewzylphenylpseiidothiohydaiito'in.—This was obtained by 
warming 5.5 grams of phenylpseudothiohydanto'in, 6.5 grams of 
sodium dissolved in 55 cc. of alcohol and 20 cc. of water, and 3.6 
grams of benzyl chloride, until the mixture no longer gave an alka
line reaction. When the alcohol was evaporated, the residue 
taken up in ether and shaken with alkali, and the product crystal
lized from alcohol, beautiful, colorless, transparent, square tables 
were obtained which melted at I24°-I25°. 

The same compound was obtained by warming 4 grams of un-
symmetrical benzylphenylthiourea and 3 grams of ethyl chlor-
acetate, in alcoholic solution, for a number of hours. The alcohol 
was then evaporated and the residue treated with alkali. On 
crystallizing from alcohol, square tables melting at I24°-I25° re
sulted and when mixed with the above preparation the melting-
point was not altered. 

Dixon prepared this benzylphenylpseudothiohydantoin, by a 
different method. He states that it melts at Ii8°-H9° (corr.). 

N E W HAVEN, CONN., 
April S, 1902. 


