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Abnct-The uwracuon of ethonycarbonyl tsortuocyanatc wth wmcarha?des or thlosemicarbazides produces 
I-crhoxycarhonyl-!-thioblureas or bithmureas. respccrwely. The former are cyclisabk IO !-clhox)carbonamido.? 
hydroxy-1.Wthiadiacole in acid. or IO !~H~-carbamo~l~3-h~-drox~-~-alkylthio~I.!.l~triaznlc~. and thence IO 
3-hydroxy-c-mercapto.I.!.bt~ok m alkaline media. The rmg-clowrc of UK I-crhoxycarbonylhilhiourcas 
proceeds wndarly atlordmg. under the Influence of acids. c-amino (or mcrcapto).~-cfhox)carhowmido-l.!.j. 
thndwoks. The action of alkali produces compounds dcri\cd from 3-hydrox~~~-mcrcap~o~l,~,~~n~zole; the 
Isolation. In a selected example. of ~hc !(H).phenylrhlocarbamoyl-denvative. elucidates the course of this reactron 
Hydra?mol)sis of I-cthox)car~~nylhil~iourca )wlds J.arnlno-3.hydra,lno.~.rncriaplo-I.~.Stnalolc 

Amongst the numerous syntheses of 1.3,4-thiadiazolcs 

and 1,2.4-triazoles from linear precursors incorporating 

the thiosemicarhazide structure.’ ’ those based on the 
cyclisation of thiobiurcas” I and bithioureas” ’ 2 

occupy a prominent position. We report. in this and the 

following paper. variants of these reactions involving 
novel ethoxycarbonyl derivatives of thiobiurcas and 
bithioureas (1, 2; R = Co0Et. R’ = H. Ph. KHZ. NHPh). 

The ethoxycarbonyl-group provides an additional reac- 

tive centrc which may participate in the cyclisation 
process. the possible course of which is correspondingl) 

diversified. 
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The immediate object of this work was the ex- 

amination, in representative examples. of the influence of 

the ethoxycarbonyl-group on the direction of the cy- 
clisation. and the correlation of the ohservations with 
comparable reactions. In a wider context, the work 

extends our study of linear adducts of hetero-cumulenes 
and urea-derivatives as precursors of heterocyclic com- 
pounds.” 

Thiobiurea deriratires. ‘Ihe interaction of equimolar 

quantities of ethoxycarbonyl isothiocyanatc” and semi- 
carbazides in dimethylformamide at room temperature 
afforded I ethoxycarbonyl - 2 - thiohiureas 3.4 in good 

yield. The formulation of the adducts. based on the 
known” superior reactivity of hydrazido- over amido- 
groups towards heterocumulcncs. agrees with their 
physical and chemical properties, especially their cy- 
clisation. Their IK spectra include peaks characteristic of 
their individual structural features; these arc discussed in 
conjunction with those of the corresponding bithiourcas 

13. 14 (see below). 
I-Ethoxycarbonyl-2-thiobiureas 3. 4 and their hi- 

thiourca analogues 13. 14 incorporate the 
NH.CS.NHNHK (:NH) X-system in their structure, and 
are therefore expected”“’ IO cyclise IO sahstituted 
1.3.6thiadia~olc\ in acidic. and to 1.2.4-triazolcs in 

alkaline media. Their observed ring-closures do indeed 

conform to this gcncral pattern. but present special 

features inherent in their particular structures. 
I-Ethoxycarbonylbphcnyl-2-thiobiurca 4 was 

smoothly converted (90%) into 2 - ethoxycarbonamido - 
5 - hydroxy - 1.3.4 - thiadiarole 5 by cold concentrdtcd 
sulphuric acid. but resisted the action of hydrochloric 
acid even on boiling. The parent adduct 3 was recovered 

after treatment with either acid. The predominating 

thiadiazolinone-structure SA of the cyclisation product” 
is shown by its IR spectrum, which lacks hydroxyl- 
absorption. but includes an intense peak attributable to a 

ringcarbonyl group (1650cm ‘). Its monoacctyl dcriva- 
live. prepared for further characterisation. is formulated 

as an h’-acyl-thiadiaz.olinonc (probably 6). in conformity 
with the retention of the ring-carbonyl peak in its 

spectrum (now at 1695 cm ‘). The carbethoxy-group (of 

5. 6) gave rise IO the usual high-intensity carbonyl- 
absorption at 172&174Ucm ‘. 

The action of alkali on I-ethoxycarbonyl-!-thiobiureas 

3,4 gave fair yields of 3 - hydroxy - 5 - mcrcapto - 1.2.4 - 
triazolc 8. The reaction ma) proceed hy one of IWO 

routes. involving different initial cyclisation processes. 

Elimination of the elements of ethanol (originating from 
the I-ethoxy-moiety and Cimino-hydrogen of 3 or 4) 
produces the intermediate Z(H)-carbamoyl- 1.2.6triazole 

7. which is converted into the observed product 8 on 
alkaline hydrolysis. Alternatively, initial loss of ammonia 

or amine (now involving the I-imino-hydrogen of 3 or 4). 

followed by hydrolysis, results in the same final product 
8. by way of the 4 - cthoxycarbonyl - 1.2.4 - triazolidine 

9. Evidence that the former mechanism is operative was 
obtained in the course of the attempted S-alkylation of 
the linear starting materials 3. 4. 

These were unaffected hy alkyl halides in neutral 
media (e.g. ethanol. acetone). a method effective for 
S-alkylating thioamides” and a wide range of thiourcido- 

compounds.“ S-Alkylation did occur in the prcsencc of 
an equivalent of sodium ethoxidc,“” hut was attended 

by ring-closure with loss of ethanol affording (hy either 
sequence 3+7+ I1 or 3+ IO+ II) good yields of 2(H) - 
carhamoyl - 3 - hydroxy - 5 - alkylthio - 1.2.4 - triazolcs 
(II: R = H. Ph; Alk = Me. CH:Ph). Their structure was 
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established by their spectral properties. and by the 
hydrolytic conversion by alkali of selected examples (11; 
R = H. Ph; Alk = CH,Ph) into the knowt?’ 3 - benzylthio - 
5 - hydroxy - 1.2.4 - triazok (12; Alk = CH:Ph). The 
existence as stable isolable entities of the 2(H) - carhamoyl 
- 1.2.4 - triazolcs I I (which are a further” structural variant 
of the interesting l(H)-acyl-1.2.~triazoles’?). pro\ ides cx- 
perimcntal support for the postulated function of 7 as 
intermediates in the formation of 8. 

Theoretically. I-ethoxycarbonyl-!-thiobiureas 3. 4 are 
cyclisable to 5- or 7-membered hetero-rings. with eli- 
mination of hydrogen sulphidc. water. ethanol. or amine. 
in at least I2 ways (not detailed here). The experiments 
show that IWO of these are favoured 3. 4+5 or Ull. 
.Wcchanistically, the reactions may be interpreted in 
terms of familiar nucleophilic processcs:‘0.‘9 the ob- 
servations imply that the centre of low electron density 
in 3, 4, a~ which intramokcular nuckophilic attack oc- 
curs. is the amide-carbon (C-5) in acid media JA, 4A. and 
the carbethoxycarbon in alkaline media 3B. 4B. The 
observed stability of 3 and 4 towards hydrochloric acid 
under conditions normally kading to 1,3,6thiadiazok 
formation”” is unexpected. especially since rhe very 
closely related I - imidoyl - 4 - ethoxycarbonyl - 3 - 
thiosemicarbarides (El(XX’.NH.CS.lriHNH.(~(:~H)R. 
derived from amidrazoncs) arc cycliscd to 1.3.4thia- 
diazoks without difficulty.” 

Rirhiourecr derirorices. Our study of ethoxycarbonyl- 
thiobiurcas was supplemented by parallel work dealing 
with their bithiourea analogues. I-Ethoxycarbonyl- 
bithiourea 13 and its 6-aryl-derivatives (14; Ar = Ph. 
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p-Tol. p-BrC,H,) were readily accessible (7585%) from 
cthoxycarbonyl isothiocyanate and the appropriate 
thioxmicarbazides. They precipitated lead sulphide from 
alkaline sodium plumbite. a reaction not given by their 
monothiobiurea analogucs 3. 4; the climinatcd sulphur is 
therefore likely to originate from their 5-thiocarbonyl- 

group. 
The structural features of both the cthoxycarbonyl- 

thiobiurcas 3.4 and bithioureas 13. 14, as well as those of 
their (thio)carbonohydrazidc analogues (see Part II. sub 
Joined). are clearly reflected in their IR spectra. The 
various modes of NH-vibration produce the usual bands 
between 3320 and 3150 cm ‘. The carbethoxy-group gives 
rise to strong ester-carbonyl peaks at 1715-20cm”: 
prominent broad absorptions at 122Ocm ’ and at 
1040-55 cm ’ are attributable IO asymmetric and symme- 
trical ester C-&C-vibration. but may pc)ssibly be also 
associated with contributions from the CS-group. and with 
N-C-S stretching vibration. respectively.” The con- 
siderable complexity of the I ZOO cm ‘bond favours such an 
interpretation. Strong peaks near I550 cm ’ assignable to 
C-N-H vibration“ are regarded as combination bands due 
to S-H-deformation and C-h’-stretching vibration.” The 
thiobiureas 3. 4 give rise IO an intense amide carbonyl 
absorption at 1660-1675 cm ‘. which is absent in the 
bithioureas. The IR spectrum of authentic I-ethoxycar- 
bonylthiosemicarbazide.” determined for comparison, 
included all the relevant characteristic peaks (see Ex- 
perimenlal). 

The cyclisation of ethoxycarbonylbithioureas 13. I4 
gave substituted 1.3.4thiadiazolcs in acid. and 1.2.4 
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triazoks in alkaline media. Of the eleven possibk modes 
of ring closure, three were observed under the conditions 
employed. The action of ethanolic hydrochloric acid 
converted the linear parent-compound 13 into 2 - ethoxy- 
carbonamido - 5 - mercapto - 1.3.4 - thiadiazok 18. but 
acetic anhydride gave Ihc corresponding S-amino-com- 
pound (as its acetylderivative, 15) involving loss of 
ammonia or hydrogen sulphidc. respectively. Hydro- 
chloric acid promoted the latter type of cyclisation of the 
baryl-substituted bithioureas 14. affording good yields of 
2 - arylamino - 5 ethoxycarbonamido - 1.3.4 - thia- 
diarolcs 16. The observations may be correlaIcd by Ihe 
usual intramolecular nucleophiiic attack, by the 2-Ihiono- 
sulphur on the C-5-centre, and simultaneous detachment 
therefrom of the RNH- or HSmoiety: the relation be- 
tween the acidic strength of the reagent. and the basic 
strength of the RNH-region (of 141 appears to determine. 
which of the two residues is removed preferentially. An 
alIernativc nucleophilic cyclisation mechanism (attack by 
S-5 on C-2) is in accord with the cyclisation 14+ 16. but 
nor with 144 18, and is therefore discounted. 
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2 - Erhoxycarbonamido - 5 - mercapto - 1.3.4 - Ihia- 
diazole 18” was charactcrised as the sulphone 19 by 
successive S-alkylation and oxidation. The structure of 
Ihe 5 - amino 2 - cthoxycarbonamido - 1.3.4 thia- 
dia-toles was confirmed by the synthesis of one example 
(16; Ar = Phi from the preformed ring-system. by the 
action of ethyl chloroformate on authentic” 2 - amino - 5 
- anihno - 1.3.4 - thiadiazole (17; Ar = Ph). In their 
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bchaviour on melting, the 2aminoheterocyclics 16 were 
almost indistinguishabk from their linear precursors 14. 
corresponding pairs of compounds melting with decom- 
position in the same high temperature range: the bi- 
thioureas are evidently cyclised pyrolytically and then 
show the m.ps of 16. 

For the examination of rhc alkaline cyclisaIion of 
Ihe bithiourea derivatives, the bphenyl-compound (14; 
R = Ph) proved particularly suitable. allowing the steps 
of the reaction IO be established. As in the thiobiurea 
series 3, 4, the reaction proceeded with loss of ethanol. 
but was of additional interesI in thal the primary in- 
Icrmcdiate was icolabk. Thus, brief treatment of I - 
ethoxycarbonyl - 6 - phenylbithiourea (14. R = Phi with 
boiling 2K sodium hydroxide gave 3 - hydroxy - 5 - 
mercapto - 2(H) - phenylthiocarbamoyl - 1.2.4 - triazole 
(20: R = Ph) as main product (5668%). togeIher with 
smaller quantities (3&W%) of di(3 - hydroxy - 1.2.4 - 
triarol - 5 - yl) disulphide 24. On more prolonged boiling, 
the proportion of the latter increased at ~hc expense of 
the former. The hydrolytic removal from 20 (R = Ph) of 
the phenylthiocarbamoyl-group was apparcnI from the 
isolation of NJ’-diphenylrhiourea. arising from phenyl 
isothiocyanate. when sodium carbonate was the cyclising 
agent. The disulphide 24 was the only product of the 
action of alkali on the parent bithiourea 13. II arises 
undoubtedly by air oxidation of the primarily formed 3 - 
hydroxy - 5 - mercapto - 1,2.4 - triazok 2.3, the alkaline 
hydrolysis product common to both the thiobiurea and 
bithiourea series. 

The disulphide 24 was identical with authentic ma- 
tcrial.“-W The formulation of the 2(H)-phenyl- 
thiocarbamoyltriazolc 20 was confirmed by the results of 
its more vigorous or prolonged alkaline hydrolysis, which 
gave 3 - hydroxy - 5 - mercapto - 1.2.4 - Iriazole 23, or its 
5-alkylthio-derivatives (22; Alk = PhCH?, 
OJK,H,CH,l in the presence of the appropriate be&l 
halide. IIS inIeracIion with an excess of methyl iodide 
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and sodium methoxide (3eqlts.j gave a trimethylated 
product formulated as 21. 

The action of boiling hydrazinc on Iethoxycarbonyl- 
bithiourea 13 gave 4 - amino - 3 - hydrazino - 5 - 
mercapto - 1.2.4 - triazok 25 in fair yield. The product 
was identical with authentic material” and was con- 
vertibk into a hcxa-acctyl and a mono-isopropylidene 
derivative, formulated as 26. 

4 - Amino - 3 - hydrarino - 5 - mercapto - 1.2.4 - 
triazole 25 arises as a by-product in the hydrazinolysis of 
a variety of thioureido-lcm and dithiocarbonic acid-“-” 
derivatives, as well as 1,3.4-thiadiazok? and other 
heterocyclic compounds;*” under appropriate con- 
ditions. it may become the main product.‘S.g.“u y) It is 
readily accessible by the action of hydrazine on 
thiourea.’ but was thus first obtained from thiocarbono- 
hydra&de.-” Its formulation. originally’ somewhat un- 
certain. was supported by degradation reactions,” and 
was firmly established by X-ray analysis,” the compound 
having assumed some importance as a sensitive colour 
reagent for aldehydes.“-” and as an indicator for the 
presence of thioureido-groups.” 

The mechanism of the formation of 25 from its various 
linear precursors calls for brief comment in connection 
with the present work. The production of 25 by the 
hydrazinolysis of thiocarbonohydrazide’..~-I‘ is suggested 
to involve the intermediate formation of tri- 
aminoguanidine. which would furnish 25 on condensation 
with unchanged reactant (see Scheme a). Dithiocarbonic 
acid derivatives (e.g. methyl dithiocarbazinate.” diethyl 
xanthate”“.“ may react similarly, having first been con- 

“A 

I I 
NH--NH, YH-SH: 

verted into thiocarbonohydrazide and thence tri- 
aminoguanidine. In these instances, the original dithio- 
carbonic acid derivative may, after partial hy- 
drazinolysis. participate in the final condensation: 
Scheme (b) illustrates one example of the numerous 
possibk sequences. 

This mechanism can be extended to the formation of 
2S from thiourea,“.P dithiourethanes,” or bithiourea,m if 
the replacement of imino- by hydrazinogroups’ is taken 
into consideration. Thus. the production of 25 from 
thiourea is explicable by the stages outlined in Scheme 
(c). Although it has previously” been accounted for by 
the sequence shown in Scheme (d). we believe an in- 
terpretation involving triaminoguanidine to be more ac- 
ceptabk: it may reasonably be doubted that thiourea is 
converted into thiocarbonohydrazide by the action of 
hydrazine, without its thiocarbonyl-sulphur being re- 
placed simultaneously or indeed preferentially. The fact 
that thiocarbonohydrazide yields the hydrazinotriazole 
25 directly on treatment with alkali aloneW does not 
invalidate the preferred mechanism (i.e. sequence c). The 
postulated role of triaminoguanidine in this and related 
reactions is supported by the knownW efficient synthesis 
of 25 from triaminoguanidine and dimethyl trithiocar- 
bonate. 

In the present reaction 13+25, the conversion of the 
CSSH,- to the C(:NNHJh’HNHr-grouping would fur- 
nish the intermediate 27. from which 25 can arise directly 
by cyclisation (Scheme e): the same overall effect would 
be achieved if one of the hydrarinolysis steps occurred 
at a later stage. The frequent production of 25. even as a 
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minor product. in preference to the formation of more 
obvious triazoles is an observation of some interest, 
which suggests further experimental work for its com- 
plete elucidation. 

m?ERlmAl. 

(/tntra/. In this and ~hc suhscqucnr paper. compounds arc 

named. for mdexmg purpoxs. as hydroxy- or mcrcapro-rhra. 
diacoles and triarolcs. although their true srrucurrcs approach 
0x0- or rhioxo.formr. 

IR spccua wcrc dercrmincd with a Umcam SP 200 msrrumcnr. 
using KRr discs. The following abbrcviarions are employed: vs. 
s. ms. m. u (for mrensrrlcs): d. douhkr; I. triplet. mull. mulrrpkr: 

sh. shoulder; hr. broad. 
The “plumbrre lexl” wa\ performed by rrealing a toluuon or 

suspension of the compound in 35 sodrum hydroxide with a fcu 
drops of 1% aqueou\ lead acctarc containing a lirrk acerrc acd. 
and hearing IO boiling. 

tight perrokum had bp. 6Q-8@ Pyndrnc war rhe pure an- 
hydrous grade 

EIhoxyrorbonyl irorhiocyanaft uas prepared in modcrarc yield 
by the mreracrion of porassrum rhiocyanarc and ethyl chlorofor- 
mare. using the procedure of I.amon.” 

77riobiuna dtrivari: ts 
I-Erhoxy~arhony/-!-rhi~~6iurto 3. (a) Prtpamfion. Finely pow- 

dered umrcarhazdc HCI (3.36~. 0.03 mok) drtrolved almosr 
cnurcly on bcmg srrncd rn dimcrhylformamide (YOml) ai room 

femp. Dropuisc addrron of erhoxycarhonyl isorhiocyanare 
(3.95 g. 0.03 mok) gave a pale-yellow liquid. whtch was MI aside 
ar room temp. for 72 h. rhen added IO ice-water (500 ml). The 
precipitate (co. 58) which appeared slowly. Rave on crys- 
lallisarion from EtOH (250 ml). felred needles of 3 m D. I(lhlW 
ftubl.) (3.45-4.2g. .X&V%). (Found: C. 29.2; H. 4.9. 4. 213 I. S. 
15.4. C,H,.S.O,S requires: C. 29.1: H. 4.RS: N. 27.2: S. I!.%). 

IR. 3470s (SH,); 3320s. 3220s. 30% (SH); 1720s fesrcr CO); 
1675s br (amide CO). 155%. 1540s (NHICS); I?!!, 1.245s (C-0- 

C. ?cS): 10% (C-0-C. lNCS); 1580s. IMm. 1195s hr. 77%. 
66Omcm ’ Plumhite rcsl negalise 

fb) .Yrohi/ir~ ro mintral arids .A suned soln of 3 m cont. 
sulphunc acrd fOOO3mok m gml). kept a~ room temp. for 4 h. 
then added IO ice.warer. gave rhc srarring marerial (66%) 3 was 
also recovered (6%) after bcmg rcffuxed in 50% erhanolic I.CS 

HCI for 2 h. 
fc) Atrion 01 o/~a/i A u)ln of 3 (I.03 g, O.OOS mole) in 3h’ 

SaOH f2Oml) was txrikd under r&x for 3Omm. then neu- 
rraliscd with 3S HCI /2Oml). The clear liquid was evaporated. 

and rhe residual crysralline solid extracted with Ming EWH; 
rhe extracrs slowly dcporrred a pak yellow granular solid 10.48 g) 
This drsrolved on bcmg suned mro 4N HCI (Zml); rhc while 

solid. which appeared on storage was colkcred ar 0”; II was 3 
hydroxy 5 mcrcapro . 1.2.4 - rriazok 8 m p. 203-205’ (subl.) 

fO.!R g. u19c). nlenrical (mrxcd m.p.. IR spectrum) with aurhcnric 

mar&al prepared from I-ethoxycarhonylthlosemicarba~idc-’” by 
the method of Amdi. Yilde and Tschenschcr’ (who give m.p. 
206O). 

Aurhcnrrc spcrmens had rhe following IR spccua: 

I-Ethoxycarbonylrhiosemicarbazide:” 34SOs (SH,); 3320s. 
3lWvr (SH); I7200 (ester CO); 1540s (NfUCN); 124% br (C-C& 
C. ?CS); lO3Om (C-&C. ‘NCS); Whn f?JCS): 2WOm. 1615~s. 
1500s. l2Mlm. 78Cw. i3Cw cm I 

3 . Hydroxy . 5 . mercapro . 1.2.4 . rriazok:’ 320&28OOs mulr 
(NH): 1710~s vbr (CO). 1210s (‘CS): IO?.(m /?SCS); 1540s hr. 
143&14OOm mull. 112Ow. 78Ss. 745s cm ‘. 

Sodium .Sah Thereof’ flrihydrarc): 350&3100( mull. I7OJvbr. 
1635s. 1495s. 143Om. I4OSm. ~2lOms. 106Sm. 99Om. 77&n. 75Om. 
69Omcm ‘_ 

fd) Afrtmprtd Smtrhylafion. Compound 3 (0.003 mole) was 
recovered (75%) afrcr irr solh in MeOH (40 mltM(cl (8 ml) was 
kepr a( room remp. for 2 h. and (hen cbaporared IO small bulk in a 
vacuum. 

Z(H). Carbamoyl 3 hydroxy . .( . mtrhybhio . 1.2.4. rriazolt 
(II. Alk = Me: R = H) A suspension of 3 rl.03g. 0.005 mole). in 

Md)H (30 ml) cleared on addrrion of a soln of sodium (0.1 I5 g. 
0.005 k atom) in MeOH (IO ml). ‘The liquid was rrearcd with MCI 

(7 I g. 0.05 mole) ar room temp.. scr aside for 3 h. vacuum- 

evaporated IO quarrer bulk, and added ro H:O. The needles 

(04Og. 46%) rhar separated slowly gave prisms of II (Alk = Me: 
R = H). m.p. l97-?oOe (from EIOHI. (Found: C. 27.6; H. 4.0; N. 
32.3; S. 18.2 C.H.N.0,. requires. C. 27.6: fl. 3.45: S, 32.2; S. 
184%). IR: 3400s (St(,); 32lWvbr OGH); 17%. 1730s d (amide 

CO). 1600. 1% d fC=N); 138&n. l307m. l!lOm. IMOm. 9%. 
975s. 745m. 7OOms. 6Wm cm ‘_ 

5 . Rtnzyhhto 2(H) . co&moy/ . 3 . hydmxy 1.2.4 . wk.-ok 
(II: Alk 7 CH,Ph; R = H). To a &red suspension of 3 1206g. 
0.01 mok) in ErOH f4Omlj-bcnryl chlorrdc (1.90~. 0015 mok) 

ar 5W. 3N SaOH (3 35 ml. 0.01 mok) was added dropwise. 
when rhe reacranr dissolved, and scdrum chloride began 10 dc- 

posit. Srirrinp at 60” was conrinucd for I h. and the cooled liquid 
added IO rcc-warcr (IW ml). The resinous deposit whrch hardened 

on storage ar (P. gave. on crysralluarion from EIOH-ltght 

pcrrokum (cu. 20 ml each). opaque minute prisms (I 55 g. 62%) 
of II r.411; = CH,Ph; R = H). m.p. 1%I!?. Wound: C. 47.8; H. 
4.3; N. 22 I; S. 12.5. C,&l,.S.O,S requires: C. 48.0; H. 4.0; ti. 

22.4; S. 12.8%). IR. 34OCh (Nf1,); 33% 32OOsbr. 3080sbr (SH); 
176s~ 17256 (amide CO); 159% fC=N); 74%. 700s //\I). I525ms. 
l.Mls hr. I.M.‘s. ll75m. ll4Um. Whs. ‘IOscm ’ 

A/k&w hydmlyrir. A soln of II (Alk = CH,Ph. R = H) (O.SOg. 

0.002 mole) in F.rOH (IO ml)-3S tiaOH (6 ml) was boiled under 
rctlux for I h. the EIOH removed rn a vacuum and rhc cooled 
cloudy hqurd acidified w)rh cont. HCI WTervescence). The rcsul- 

ring precipitare gate. on crytrallisaiion from EIOH (5 ml). pla. 
rckts (0.34 g. 82%) of 3 . bcnzylthto .C - hydroxy I .2.4 . rriacok 
12; (Alk - PhCH,). m.p. l82-l&o”. identical (mired m.p.. IR spcc- 

rrum) with aurhcnric marcrial prepared by the acfion of bcnzyl 
chlondc on I . crhoxycarbonyl 3 rhascmrcarhazide by the 
method of Fromm and Sehringm (who give m p IV). IR: 

3IJOms. 3OSOms (SH): 283Om (Alk); l7SOs (amide CO). 7Wm. 
’00s (\I). If#Om. 1%. YYOm d. f65svcm ’ 

I-Efhor~carbonylbphtnvl_!-rhiohiwta 4. (a) Prtpamrion. 

Thu was obtained like the parcnr compound 3 by ~hc use of 
6phenylxmicarbazide (4.53 g. 0.03 mole) (rime of rcacrion. 2 h). 
and formed needles or prisms, m.p. 184-186’ (from EtOH. co. 

250ml) /6.3S-7.28. 75-W%). (Found: C. 47.0; f(. 5.0: N. 20.5; S. 
10.8. C,,H,.S.O,S requires: C. 46 8; H. 1.0. S. 19.Y: S. I I 3%). 

IR: 3300s. 3230. 320&n d (h’H); 30%~. nos. 69% /Ar); 172th 
(csler CO); 1660s famrde WI; 1555s. IWs (NH/W); 12% 
12% br CC-CM. ‘XX). 105% (C-CX. ‘?GCS): l&Mm. 14.5Om. 

I3MLI3OOm (mulr). II%. 74Oscm ‘. Plumbrre IC~I negative. 
tb) Srohilir~ ro mintral acids The producr 4 was recovered 

(‘XT%). after being rcfluxcd m I : I aqueous crhanolic S fl(‘I for 
2h 

(c) Acrton of sulphuric artd. The reacranr 4 (0.56g. 0.002 mole) 
dissolved slowly in cont. H,SO. f! ml). giving a colourkss hquid. 

which was WI aside ar room temp. for 4 h. then stirred inro 
Ice-warcr. The gelalrnous prcciprrarc. and (he (major) part SE. 
panrmg from lhc fillrale on sponiancous parual evaporalron 
(total. 034g. 9ork) was 2 crhoxycarbonamido 5 hydroxy . 
1.3.4 . rhiadiazok 5. m.p and mixed m.p.” 262-264” (from 
ErOH). IR: 3320s. 32OOm. 3100m (SH): 300&n (Et); 17-a (crier 
CO). 1645~s (SHICS). 1605~s br (C=Sb. 124% br. 1065s (C-O- 
CL I_W5m. 1320s. 79Om. 7lOm. 670m cm ‘_ 

A soln of 5 (0.38 R. 0.002 mole) in acclic anhydride (4 g) was 
kcpr ar 100” for 2 h. rhen added IO Ice-waler The solidrfkd 011 
gave 2. trhoxycar6onamido .4. actryl 1.3.4 . rhmdiarolin 5 
ont (0. m.p. 175-176’ (64%. from EWH). (Found: C. 36.3. H. 
3 9; S. 18.4; S. 140. C-H.N,O.S requires: C. 36.4: H. 3.9; S. 
18.2; S. I3 85%). IR: 3300~s (NH): 2960. 282Om d (Alk); 1740s. 
1700~s (CO); 1615~s (C-N); 1230s br fmulr). 1065s fC-0-C); 
l!OOvs. 137Sms; IO!Os, 975s. 770s. 7%~. 670m cm ‘_ 

fd) Acfion oj o/go/i (as described for 3) gave 8 (36%). rdcn- 
fibed as before. 

5 Btnqlrhio 3 h)droxy 2(H) phtny/carbamo~/ . 12.4 - 
friazolt (II; Alk - CH,Ph; R = Ph) was oh(aincd from 4 like (he 
2(H)-carbamoyl-ana!oguc (R - H). formrng felred needles (56%). 
m.p. ?lb2l(P (from 2trhoxyerhanol. cu. 6Oml per g, recovery 
ecWe). (Found: C. 58.7; H. 4.25: N. 17.2: S. 9.4 C,.H,.N.O,S 



requires: C. 58 9; H. 4.3; N. 17.2; S. 9.8%). IR: 31,Dvs br (KH); 
2830~ (All;); 1760-1740~s vbr (amrde CO); 1605s (C=N); 755s. 
695s (Ar). 1565s. 1530s. I49Sm. 14C5m. 1315s. 1245s. 12&k. 
114Om. 975s. 725 cm ‘_ 

Alkaline hydrolysis of II (AIL = CH,Ph; R = Ph) gave (8X) 
I2 (All; - CH:Ph). m.p. 182-W (from ErOH) idcnlitkd as be- 
fore.= 

RirhioYno d0i~ofirrr 
I.t;fhor!c-urhon~lbrfhlourcu 1.3. (a) Yrtparafion. A runed soln 

of rhloscmicarbazide (2.73 g, 0.03 mole) m dime1hylformamide 
(50 ml) was rreated during 5 mm al room lemp. wlrh erhoxy- 
carbon)1 Isothiocyanate (3.9 g. 0.03 mole). 1hc yellow liquid set 

aside for I2 h. then stirred into tee-waler. Crystallisation of the 
pale-yellow precipitate from EtOH (ca. JOOml) gave lustrous 
felted needles (S-5.65 g. ‘IS-tl!‘iE) of 13 m.p. l79-181’. (Found: C. 
26 7; H. 4.6: S. 25.6: S. 2X 2. Calc. for (‘,H,.N.O,S, (‘. 27.0; H. 
4.5; S. 25.2; S. 28.8%). IR: 34_Wm (NH,); 334Mm. 3180s. 3OlOm 
(NH); 1735s (eslcr CO): 1540s br (NHICN); 1250. 1245s d; 1220s 
K-O-C; YS); IOSOms (C-M. ?SCS): 1615s. ISWl4RSs 
(muIrI. ll7.C~. 76Om. 74Orn. 670m cm ’ Plumhltc lest ~XXIIIX. I.ir.” 
m.p. 18&W’. 

(h) Acfion o/ acrfic anhydride. A soln of 13 (I.11 g, 0.005 
mok) in acetic anhydride I I? ml) was boikd under rellux for 2 h 
(initial cvolutron of H,S). The pale yellow solid was collected at 
room 1emp. Uil1ratc R. givmg silky needler (0.75 g. 65%) of 2 
arrfamido . ! rfhorycarbonamtdo . 1.3.4. fhiadiazolc (15). m.p. 
indefinite (darkens from 2W. shnnks at W, melted by co. M(p) 
(from ErOH). (Found: C. 36.5; H. 4.4; E;. 24.6; S. 14.1 

C,H,,N.O,S requires: C. 36.5; H. 4.35: S. 24.35; S. l3.W). IR: 
345Oms. 3230ms (E;H): 294Orns (Alk); 1720s fes~cr CO). 1670~11s 
(CO): l595-15% br (C=N;). 1240s. lO6Oms (C-CM); 2700~. 

1540s hr. 137!ms. 1320s br. 975~. 77Ow. fMwcm I. 
Filtrate F was stirred into H,O (60 ml). The solid lhat separated 

slowly was the diarrfyl-dctitaficr. forming prisms 10.27 g. 2095). 
m p lp61%0 (from ErOH) (Found: C. 40.1: H. 4.6: N. 20.45; S. 
11.8. C.H,,N.O.S requires: C. 39.7; H. 4.4: h’. 20.6; S. ll.KG) 
IR. 3IWms (NH): 2WL?WOms mult (Alk); 1755s. 1715. 1710s d 
tester CO); 1565s br (C=h’); 126&1240s br. 1095s (C-O-C). 
278Oms. IWm. 1370m. 132Orn. Mms. 770ms. 675~ cm ‘. 

(cl Acfion of hydrochlotic acid. The reactant 13 (I. I I g. 0.OO.C 
mok) dissolved gradually in boding 3N HCI (20ml)-EWH 
(35 ml). Aflcr 1 h. mot1 of IIK EtOH was removed from the 
colourless hqurd. u hich dcposncd 2 . c1hjrlcarbonamido . ! 
mercap1o . I .3.4 . thiadiazok 18 (0.87 g. 8% ). forming opaque 
prisms. m.p. !OS-207 (from H,(I). 1.11 m.p.” -X4-20? (Found: 

C. 29.6. H. 3.4; N. 20.9. Cak. for C,HYXc’O,Sz: C. 29.3; H. 3.4: h’. 
20X+). IR. 327Oms. 3050ms (NH); 286Oms (Et): 16% (esrcr 
CO); I!R5\ (C=S); 12451240s (C-0-c. ?CS): 1075s (C-O-C). 
IsOSm. MUhn. 146Sm. 1320s. IOIOm. 775. 760s d. 68Omcm ‘. 

On more prolonged r&ring (2 h) in 2s HCCEIOH I1 : I). Ig 

was isolated in 5-3 )icld. The fil~ra~c therefrom deposited more 
cryslalhnc material (m.p. 13lLl35”; 0.21-0.29g. l8-2.C55) which 
gave. on crystallisation from I@ petroleum. opaque needles of 2 
- ethoxycarbonamido 5 erhylrhio 1.3.4 - rhiadiarok. m.p. 
133-135’. (Found C. 3h.2; H. 4 :; N. Ii g. S. 264. C.H,,S,O,S, 

rcquircs: C’. 36.05; H. 4.7; $. IR.0: S. 27 5%). ldcntihed hy IIS IK 
spcc1rum (we tmmediarely below). 

2 Efhorvrarbonomidt 5 rfh~lfhio 1.3.4 fhtodta:o/r 

Compound I8 (0.51 g, 0.0025 mole). was dissolved in a soln of 
sodium tO.Otg g, 0 0025 g atom) m EfOH (25 ml) 1rea1cd with EtBr 
(I .6C g. 0 015 mole) and boded under rellux for I h TIK solvent u-as 
rcmobcd in a vacuum. and ~hc restdue extracted with 
boiling hght petroleum. The cx~rac~s deposited UK Srrhylfhio- 

compound (0.35 II. 6ost). m.p. 133-135’. IR: 32Wms (NH); 29Wm. 
29K&!&n (m;lr) (El): Ij2Os (ester CO); IMOms hr ((‘=N); 
I!Vk hr d. 107Ow K-GC): ?7OOm. 1325s. 10-45~. 8OOw. 770. 
7Khv d. 69Owcm ‘. 

Compound I8 wac recovered (tWX) aflcr t&g refluxed in 66% 
clhanohc 2N HCI for 6 h. 

Efhvlf5 . rfhox~carbonamido . 1.3.4 . fhiadituol . ! yI).Su/~ 
phone 19. A stirred solo of the foregoing Mhylrhrol (0.46g. 
0.002 mole) m glacial ~CCIIC acid (6 ml) was treated dropuiw a1 
40-W with 3@X hydrogen peroxide (1.36ml. 0012 mok). The 

soln was kept al 80’ for I.5 h. evaporated IO half bulk m a 
vacuum. and added IO H,O. The white precipitate gave I9 as 
nctdles (0.32g. 60%). m.p. 13J.L140’ (from EIOH-H,O. 2: I) 
(Found (‘. !I 6. H. 4 I. S. I5.R (‘.H,,S,O& requires: C. 31 7; 
H. 4.1:: S. IC.XSQ) IR .34Wms. 3lf&n (NH): 2920ms (El); 

172% (ester CO). I%& K-N): 132% br. 131% rh. 115% (SO,): 
123% hr. 107.(m K-O-C); 277Om. 1265m. I I!Oms. IWm. 1005m. 
no. 765, 76om I. 7x111s. 69s~ cm ‘. 

fd) Acfion o/ alkah A soln of I3 (I.1 I g. 0.005 mole) in 2S 
NaOH (2Oml) uas retluxcd for IOmin, neu1raliscd with COW. 
HCI (cvolu1ion of 14,s) and sacuum-cvaporarcd IO dryness. The 

residue was exrracrcd with BOH 0 x IO ml) and the combined 
extracts evaporalcd. The residue. crysdlised from acid&d H,O. 

gag fainlly yellow needles of di(3 - hydroxy - 1.2.4 - rnazol - 5 . 
)Iklisulphidc 24 m.p. !3!-2M; (0.3?g, 64%). nkn1ifkd by its IR 

spectrum (UC immediately below) 

IX3 . hydmx) . 1.2.4 . rriazol . 5 yl)disrlphidt 2.4. To a 
suspension of 23’ .D (I.lig. 0.01 mok) in EIOH (Mml) at 7V was 
added in onr portion 6% hydrogen peroxide (6.2 ml. 0.01 I mok) 
acidifkd with 3h’ HCI (6 drops). The yellow liquid was boded for 

C min. then reduced in volume under reduced pressure The 
resulting crystalline preclpnatc. collected a1 V (0.93 g. 8(m) gave 

fain1ly yellow needles of 24, m.p. 234-236’ (dccomp.) (from 
acidified boiling HJ). wyk recovery). 1.11. m p 246O.l’ 24!‘.” 
(Found: C. !O?; H. 195; S. 36.7: S. 26.9. Calc. for C.H,N.O,S,: 

C. 20.7; H. 1.7. N. 36.2; S. 27.6%). IR: 3160m. 303Om (NH); 
I7oRvs. 1695~s d (amide (‘0); 1045ms (“KC.5); 2g2Orn. 27%. 
I508w. I435ms. 1335~. I!OCw. IMhv. 98%. 825ms hr. 78Oms. 

745ms. 720111.665~ cm ‘_ 

(e) Acfion o/ Hydrazinr A \oln of 13 IZ.?!g. 0.01 mok) in 
hydrazjne hydrak (I5 ml) was boiled under redux for 2 h. dis- 
1dkd IO small hulk (co 6ml). added IO Kc-water (2Oml) and 

ncutraliscd with gkclal acetic acid (lOmU (cvolulion of H,S). 
The grey precipilalc (m.p. 2lC216’. 0.66g. 45%) was 4 - amino . 
3 - hydr;uino . 5 . mcrcaplo . 12.4 tnaxole 2S. (Found: C. 16.9: 
H. 4.2; N. .%.8; S. 21.4. Cak. for C,H,NS: C. 16.4; H. 4.1; N. 
57.S: S. 21.9%). IR: 3270-X10\ br. 292Om (NH); 1645s. MtOs 

K=N); 1510s. 142Om. l33!m d. IIS%. 1O9Os.980.9Kkd. 850~ br. 
IilOw hr. 705m. 65Smcm ‘. II was dcnrlcal with aulhenlic 25 
prepared (75%) by the melhod of SIOIIC and Rowks” (who give 

m.p. 228’ decomp.). 
fJ~~p,pmp~/id~nnr-dm’rafi~c U. On being boikd (3 h) under redux 

in acetone (500 ml)-F.tOH (IO mlt3N acetic acid (2 drops). 25 

(0.15 g. 0.001 mole) dissolved slowly. The liquid was evaporared 
IO small bulk: rhc scpara1cd \ohd gabc prisms (0.15 g. go%) of 26. 
m.p. 204-206’ (from acetone-EtOHL IFound: C. 32.7; H. 4.9; N. 
45.3. C,H,.N.S requires: (‘. 32.3; H. 5.4; N. 45.255). IR: 314Oms. 
295Om (NH); 1640s. l6lOm sh K=S): 1490s. 13101~1. lO8Sm. 

IOSOm. 9SSw hr. W7Sw. 715~ hr. 69%~ cm ‘. 

Hrxaac*y/-d~n’rafi~r. A soln of 25 (O.ISg. 0.001 mole) in 
acetlc anhydride (5 ml) was bilcd under rcllux for I h. then 
s1irred into H,O (25 ml). The white solid (m.p. 14&145”. 0.15 g. 

M) gave prisms of the dtrkafitr. m.p. 147-149” (from EtOH). 
(Found: C. 42 2: H. 4.6; S. 21.0. S. X.0. C,.H,.N.O.S requires: C. 

42.2; H. 4 5; N. 21.1: S. 8.0%). IR: 3OWJw (NH); 2WOw (Me); 
1755~s. 17-m hr (acyl CO); 16lOms (C=N); 144&142Sm br. 

l375-IMSms br. l350& l!Wl!Mk. l!lXk, 103Sm. 7lOm. 69Sm. 
65Om cm ‘. Authcnlic &‘- gate lhc \&me derlvalivc (Y%). 

3 Rtnzylfhio . .( hvdrory I(H) (S. bm.-yl)irofhioca~amoyl 

. 1.2.4 . rriazolr 
A stIrred suspension of I3 (I I I g, O.OOC mole) in EIOH 

(.M ml)-bcnzyl chloride (0 76 g. 0 006 mokl was treated dropwtsc 
with 35 NaOH (4ml. 0012 mole) and kept al 60” for I h. The 
soln was stirred into Ice-water and UI aside al (P. when the 
resinous turbidity \oldilicd. (‘ryrtallisarnm from EIOH-ligh1 
petroleum gave I~W rubrfirufrd 1.2.4.fnozok as a micro- 
cry\tallmc opaque poudcr II l6g. 654). m p. I!K-IW. (Found. 
C. 57.0; H. 4.4; N. 15.75, S. 18.0. C,,H,,E.OS: requires: C. 57.3. 
H. 45; N. 157: S. igorj,) IR. 325Om. M~Om (NH): 295&n d 
(AIL); 1740-1730s hr. li?&l7lOms sh (CO/C=h’); 74Om. 695s 
(Ar). 154Om. 13%. 965ms. Wm. 7%. :l!mcm ’ 

I Efhoxycarbon~f 6 . phmylbifhiourca (14. R = Ph) was 

ohlamed like 13 from Cphcn~I.3.rh~semicarhaude (S.Og. 0.03 
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