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~-CarbonohydraAc and ~tr thwanalquc undergo di-addition wth crlwxywbunyl rsothrocyanare. The 
rcactlon rermmate\ at the morwaddtrron rlspe when one uf the hydrarmc moicrrcr of the rthlokarhonohydraride 
I\ blocked The rcwlring 6.(\uh~riruted)amlno~Iethox)carhon)I-thiohiureas and hrthlourcas arc cychwd IO the 
appropriate I-ctho~~~bonamrdo-1.3.6thladla7olc~ by acids. and IO mercaptol.?.4_tr~arolcs by allalis. 

In conjunction with our study of addition-cyclisations of 

ethoxycarbonyl isothiocyanate with compounds in- 
corporating the hydradne structure.! ’ we have examined 
the behaviour of (thiohcarbonohydrarides (1. X = 0. S) 
and therr substitution products in thi\ general reaction. 

H,NNH.C.NHNH, YNHNH.C,NHNH: 

‘I 
X k 

YNHSH.C.NHNHY 

k 
3 

X = 0 or S. 

Several addition reactions of hetcrocumulenes to car- 

bonohydrazide and its sulphur-analogue have previously 
been explored. According to the nature of the addendum 
and the prevailing conditions. mono- or di-adducts arc 

produced. which may be isolable or may cyclise spon- 

taneously to heterocyclic products. It is difficult to ac- 
count consistently for these differences on the basis of 

the information at present available. Cyanic‘ - or thiocy- 
anic acid’.“ are added to (thio)carbonohydrazide 1 in 

stages. yielding successively mono (2; Y = CONHI, 
CSNH:) and diadducts (3; Y = CONH:. CSNH3. Isocy- 
anate” and isothiocyanate esters” yield diadducts (3; 

Y = RNHCO. RNHCS). even when an excess of 
(thiohzarbonohydrazidc is employed. Distinct mono- and 
di-addition is observed in the case of aroyl isothiocy- 

anates.” Adducts derived from carbodiimides’.“.” cy- 

clise spontaneously to substituted 1,2.4-triazoles under 
the conditions of their formation. Exclusive monoad- 
dition is the rule when the hetcrocumulene reacts with 
(thiojcarbonohydrazidc having one of its hydrazino- 

moieties blocked by a suitable substituent.” ” 
The linear adducts thus obtained may be regarded 

either as substituted (thio)carbonohydrazides or 
tthio)biurcas. and be named accordingly. We adopt the 
latter nomenclature IO emphasise the unity of the ma- 
terial described in this and the foregoing’ paper. 

73iubiurcu Lkricofires. Ethoxycarbonyl isothiocy- 
anate reacted readily with carbonohydrazide 1 in di- 
methyl sulphoxide at room temperature, or in dimethyl- 

formamide at W-loo” to produce the symmetrical diad- 

duct, 1 - cthoxycarbonyl - 6 - (W - ethoxycarbonylthio - 
ureidohhiobiurea 5 (go%). Monoaddition affording 4 (or 
cyclisation products arising therefrom) was not ob- 

served: the use of equimolar quantities of the reactants, 

or an excess of carbonohydradde, also gave 5. albeit in 
diminished yields. The thiobiurea 5 was resistant to 

cyclisation by acid reagents, being unaffected by the 
action of concentrated sulphuric acid at room tem- 
perature; it differs, in this respect, from the related 

monoadducts (9, 13. see below). The action of alkali 
gave, apart from carbon dioxide. moderate yields of bis(3 

- hydroxy - 1.2.4 triazol - 5 - yl) disulphide 7” .’ as the 

sole product. 3 - Hydroxy - 5 - mercapto - 1.2.4 - triazole 
6, which is undoubtedly the primary product, is visu- 
alised IO originate from the starting material 5 by loss of 

ethanol. involving the formation and hydrolysis of in- 
termediates such as 6X or 6Y. An alternative mechanism 

proceeding via 62 is excluded for reasons already given 
in the case of the analogous biureas derived from 

(thio)semicarbarides.’ i.e. because of the demonstrated 
formation, in suitable examples. of intermediates of type 

6X (see 29, below, and Ref. I: 11. 20). 
With I-benzylidene- 8 or I-phenylcarbonohydrazide 

12. ethoxycarbonyl isothiocyanatc underwent smooth 

monoaddition. affording Menzylidencammo (or anilinoj 
1 - ethoxycarbonyl . 2 - thiobiurea 9. 13 in 8590% 

yield. Like the diadduct 5. these are acidic, being soluble 
in dilute sodium hydroxide. and reprccipitated by acid. 

They are readily alkylated at their sulphur functron, as 
illustrated by the conversion of 9 into the S-methyl or 

S-benzyl-derivatives (10; Alk = Me. CHzPh). 
Though stable towards dilute mineral acids. the ad- 

ducts 9, 13 were cyclised by concentrated sulphuric acid 

at room temp. to 2-ethoxycarbonamido - 5 - hydroxy - 
1.3.4 - thiadiazole 11 with loss of the appropriate sub 
stituted hydradne. Polyphosphoric acid at I20-I3tP eff- 
ected the same cyclisation of 13, but completely cleaved 
the benzylidcnc-analogue 9, yielding dibenzylidenehy- 
drazine (14,640/c) as the only isolable product. Except for 
the severe conditions required, the reaction is a variant 
of the usual acidic cyclisation of comparable linear struc- 
tures“ to substrtuted 1,3,4_thiadiazoles and is explicable 
by the same general mechanism.’ 2 - Ethoxycarbonamido 
- .( - hydroxy - 1.3.4 thiadrazole II was not a suitable 
precursor for the production of the parent amine; its 
ethoxycarbonamido-grouping proved resistant to 
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hydrolysis by alkalis, which readily converts phenoxy- 
carbonamido-hetcrocycles info the free bases 
(Ph~.NHHet + H:NHet).‘~ 

The action of alkalis on the monoadducts follows the 
established cyclisation pattern in furnishing 1,2.4-tri- 
azoles by the elimination of ethanol and simultaneous 
hydrolysis: thus S-benzyl 6 - ~~ylidene~ino - 1 - 
ethoxycarbonyf - Z - thiobiurea (IO, Alk = PhCH:) gave 3 
- benzylthio - 5 - hydroxy - l.2,4 - uiazole (IS. Alk = 
CH?Ph)’ in 80% yield. Although the expected 3 - hy- 
droxy - S - mercaplo - IL4 - triazole 6 escaped isolation 
when the parent adducts 9, 13 were treated with alkali, 
the formation of the hydrolytic cleavage products was 
apparent from the production of dibenzylidenehydrazine 
(14. 76%) from 9, and of phenylhydrazinc (43%. as 
picrate) from 13. Organic bases (including hydrazinc 
hydrate, phenylhydr~ine, and aniline), failed to effect 
cyclisation IO 1,2,4&axoles. causing extensive decom- 
position in each case It is recalled that analogous ad- 
ducts 16” of carbonohydrazides and aroyl isothiocy- 
anates similarly afford 3 - aryl - 5 - mercapto - 1,2,4 - 
triazoles 18 in alkaline media, as do l-substituted daroyl 

ArCO.NHCSNHNHCO.NHNHX 
16 \ N-N 

AI< >SH 

ArCO.NHG+NHNHC(:Z)Y 1 Ii 
I7 I8 

- 3 - thiosemicarbazides 17 derived from amino- 
guamdines’* (II; Z = NH, Y = NH:, NHR). di- 
~in~idines’* (17; 2 = NH, Y = NHNH,) and 
ethoxycarbonylhydrazinc’P (17; Z = 0, Y = OEr). all of 
which yield the same product 18. 

Biflrioureu derivofices. Parallel work using thiocar- 
bonohydrazides was concerned with the production and 
cyclisation of comparable bithiourcas. It revealed closer 
analogies between the oxygen and sulphur series than 
have been observed in related structures.” 

The interaction of ethoxycarbonyl isothiocyanate with 
the parent ~~~n~hydr~ide 19 resulted, as in the 
case of its oxygen analogue 1, in rapid diaddition, but 
was accompanied. in this instance. by ring-closure with 
loss of hydrogen sulphide. The same reaction occurred 
invariably under a variety of conditions, but required 
careful control to afford reasonable yields. If vicinai 
diaddition (ret below), and the possible formation of a 
tetrazine system, are discounted. the cyclisation product 
may have one of three possible sfructures 21, 21A. 218. 
Of these, 2IA may reasonably be rejected, since 4 - 
ethoxycarbonyl - i.Z.4 - triaroles are not formed in any 
of the comparable cyclisation processes. Structure 21 is 
favoured on the grounds of analogy, but requires final 
confirmation. 

I-Substiturcd thi~~nohydr~des 22, 25 gave ex- 
cellent yields of the linear monoadducts 23. 26, which 
were stable and readily isolated. In this respect. they 
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N-N 
EIOOC NH$NHNH< >SH 
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i-OoEt 
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resemble their analogucs derived from thiosemicar- 
baaides,’ and substituted bithioureas in general,” but 
differ from the closely related bisthioamidcs of type 32. 
which tend IO decompose spontaneously with loss of 
hydrogen sulphide.” The IR spectra of both the thio- 
biurea- 5. 9, 13 and bithiourea derivatives 23, 26 display 
characteristic bands attributable to their chief structural 
features: the assignments follow closely those of the 
analogous (thio)scmicarbazidc derivatives.’ In ac- 
cordance with their thioamide-structure. the substituted 
bithioureas 23.26 are acidic. Both their sulphur functions 
may be alkylated by the standard methods. as shown by 
the ready production of a di-S-benzyl-derivative 24 from 
23. 

K (‘,NHNH (’ 
II II 
s s 

32 

N-N 
EWX+JH(( >SH 

N 

~IHCSNH umt 
2IB 

a product formulated as the IH-thiohydra~ido - 1.2.4 - 
triazole 29. Both the acidic and alkaline cyclisations are 
thought IO occur by the mechanisms proposed for such 
processes involving the corresponding (thio)scmicar- 
bazide derivatives (see Ref. I: 3A. 4A+S: 3B. 4B+7). 
The triazole 29 was remarkably stable towards acids. and 
unlike comparable IH - (thio)amido - 12.4 - triaroles,’ 
was practically unaffected by more prolonged treatment 
with alkali. However, hydrolytic removal of its IH- 
substituent did occur on S-alkylation in alkali: the action 
of p-nitrobenzyl chloride in ethanolic sodium hydroxide 
(on 29) gave moderate yields of 30 (Alk = p- 
NO:C,HCHz). confirming at the same time the structure 
assigned to 29. The action of dimethyl sulphate (on 29) 

R’ R - Alk. Ar. 
R’ - R. NH,. NHNH,. NHNHCSR. 

N-N c. II,NyNHNH.j; NH, -* N-N 

H,N< >YH: H:N< )-\SH 
S s s 

E 
34 33 3s 

Bithiourca 33 is cyclised IO 2,s - diamino 1.3.4 - 
thiadiazole 34 by acids, and IO 3 - amino - 5 - mercapto - 
1.2.4 - triazolc 35 by alkalis, with loss of hydrogen 
sulphide in each case.!‘.” The ring-closure of the bi- 
thiourea derivative 26 proceeded differently. In acid me- 
dia. 26 eliminated phcnylhydrazine, affording excellent 
yields of 2 - ethoxycarbonamido - 5 - mercapto - 1.3.4 - 
thiadiazole 27.‘.” further characterised by its conversion 
into functional derivatives (28; X = Me. AC. COPh) by 
S-alkylation and acylation. Ring-closure of 26 by alkali 
or sodium carbonate occurred with loss of ethanol giving 

gave a trimethyl-derivative, which, because of the likeli- 
hood of preferred S-alkylation. and the persistence in its 

IK spectrum of a band assignable IO a ringcarbonyl 
group, is formulated as 31. 

The present work provides data for correlating the 
interactions of cthoxycarbonyl isothiocyanatc with 
hydrazine dertvativcs’ ’ and for comparing them with 
allied addition-cyclisations“ in a wider context. Addition 
of the hetcrocumulene occurs at a hydrazino-group in 
preference IO an amidino- or (thio)amido-group. as 
shown by the behaviour of amidrazones’ and tthio)sc- 

N-S 

H:NNH$ NHNH, + i:r(WW‘ Sff f; SHNH (’ NHSH 5 NH (‘tX)f:l - 
II 

ti100<‘ Sfl (‘ SHVff< 
s 

>)NWOof:, 

s 
It 

\ 4 s s 

I9 2m 21 

H-tiNH (’ SIIS-4‘fff’h - I:I(XX’ NII (’ NHNH.(’ NHN-C’lfPh * EI(HK Sfl (‘-S S--(’ NflNd’HPh 
!’ II I 

\ s s k411 S.\lL 
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H&NH I; NHSliPh * f:l(XX’ SH (1 SHSH (:-StfSHPh .-- * S-S 
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micarbaddcs’ in this group of reactions. In undergoing 
immediate symmetrical diaddition with (thiokarbono- 
hydrazidc. ethoxycarbonyl isothiocyanate resembles 
istithiokyanate esters” ” rather than the more closely 
related aroyl isothiocyanates.” Vicinol diaddilion (at ad- 
jacent nitrogen atoms of the same hydrazinc-group) is 
known IO occur when carbodiimides react with 
(thio)carbonohydrazidcs.e-:: (thio)scmicarbazidcs.“ or 
(di)aminoguanidines.“-‘” resulting in 3.5.dianilino-5- 
phenyl 1.2.4 - tria?Ac in all cases; thiobenzoylation of 
(rhio)carbonohydraride:‘ yields 2.5 - diphenyl - 1.3.4 - 
thiadiazolc by a comparable pathway. That such vicinal 
diaddition does not occur in the present reactions is 
shown by the absence of its presumed products (5A or 

SB. formed consecutively), and by the failure of the 
diadduct 5 IO react additively with a third molecule of 
cthoxycarbonyl isothiocyanatc (compare ref. 25). These 
differences may be ascribed IO changes in the electron 
availability at the penultimate nitrogen of the hydrazinc- 
group: its depletion by the electron-withdrawing 
cthoxycarbonyl-group. or enhancement by an adjacent 
guanidino-residue (arising in the carbodiimide-addition) 
influences rhe power of this centre of attacking the 
isothiocyanate-carbon nucleophilically. 

“y-c (‘X.?JHNH: 

I:rO(X’~NH C C~NH~COOEI 
II II 
s s 

SA 

N-N 
EIWKNH<S>NHCOOEI 

SB 

The course of the alkaline ringclosure common IO 

thiobiureaderivatives that incorporate an ethoxycar- 
hlnyl-group (5. 10, t6, and Par1 I’: 10, 14) merits brief 
comment. Cyclisation involving the usual loss of 
hydrogen sulphide (or H:X) would convert compounds 
of type 36 into 38 or 39. but occurs in fact with 
elimination of ethanol and the formation of IH - 
(thio)amido 1.2.4 - triazoles 37. The resemblencc of this 
cyclisation and that of comparable aroyl icothiocyanale- 
adducts” ” (e.g. 16. 17-+ 18) is apparent. but the former 
is of added interest. in that the IH-substituted 1.2.4 
lriazoles 37 are in some cases sufficiently stable 10 be 

EKMWNH~C~NHNH~~~NHH 

! X 

x=o.s 
W = H. Ph. NHPh. N=CHPh _ 

isolated. We have previously considered a possible ex- 
planation for the preferred direction of this lypc of 
cyclisation;” as the bchaviour of an increasing number 
of structural variants is elucidated, the task of account- 
ing for all the observations by one unifying interpretation 
becomes more difficult. 

EWERlMUTN. 

For general procedures. remarks and ahhrcriarions. see forc- 
gomg paper.’ 

Thiobiurca dctirariwr 

I Ehor~carbond 6 (U crhorycarhonylrhiounido) . 2 . 
rhiubiurra (1.S . Bis(rrhorycarhony/fhioca~amoy/lcar- 

bunohydra:idr) 5. (a) Prrpararion. A stirred soln of I (O.Wg. 
0.01 mole) m dlmcth)l sulphoxide (3Oml) was treated dropwise 
wlrh cthoxycarbonyl isothiocyanare (2.62 g. 0.02 mole) during 
5 min (remp rise IO c-a 40% tbc clear liqutd stirred for 3 h. U~cn 
added IU icc.water. ‘The precipitate (m.p. IYY-200’. 2.6%2.8g. 
?WWc. pure h\ IR) gave. on zrystallisaGun from boilmg 
pyridine (3 ml pc; g, r&very 75%). whlrc opaque microcrystal- 
line 5. m P 20W06c (Found: C. 30.9; H. 4.7; N. 24.6; S. 18.3. 
Calc. for <..H,.S.O&: (‘. .30.7. H. 4.5: N. 3.9: S. Ifl.?ck) 1R: 
3300s. 3?Xhn (NH). l72(h (ester CO). 1675s (amtie CO); I!SJ. 
IWs d (SHICN). 1264% (TS); 1210. 1200s hr (C-U-CL 104% 
(CW: TCS): 1375m5. IVOms. ll7Ow. 770m cm ’ I.il * m.p. 
2OY’ (decompl 

TIIC use of a 0.Y molar proportion of ethoxycarbonyl iso- 
thtocyanatc in the foregomg procedure also gave 5 (86%. baud 
on ~hc isothrocyanarc). as did rhe interaction of cquimolar quan- 
tities of the reactants (0.005 mok each) in d~mcrhylformamide 
(5 ml) al YO-IOU’ for I h (32%). 

The compound was almost insoluble m the usual orgaruc 
solvents. it dissolved m cold 3S KaOH and was rtprecipitatcd 
hy acids. II gave a IW~IIVC “plumhlre ICSI”. 115 attempted 
S-hcnrylation under standard condirlons gave only 3 . bcnzylthw, 
5 hydrox) 1.2.4. trialok. m.p. l82-IW.’ ” in very low~yield 
(b) .4cfion o/ Iodium hydrvridc. A solution of 5 (0.002 mok) 

in 3N SaOH (15 ml) was hoikd under rcllux for 30 mm. then 
acidified MTcrvescence of CO,). The needles 10.08g. 18%) se- 
parading on prolonged s~oragc were dt(3 hydroxy . 1.2.4 rriazol 

C yl) disulphidc. identrcal (mixed m p. and IR spectrum) with 
aurhenlic malerval.’ I’.” 

(c) The diadduct 5 was recovered (90%) after its soln in 
dImethyl sulphoxidc (O.OO!molc in IOml) was treated uith 
ethoxycarhonyl isothiocyanate (0.002 mok). kcpl aI room rcmp 
(3 h). and stirred into H,O 

6 . Aniline I rrhoryrarbonyl . 2 . rhiobiuna 13. (a) 
Prrparafion. A slured soln of 12 (3 32 g. 0.02 mok) in dimerhyl- 
formamde (5Oml) was rrcalcd dropwise at room temp. with 
cthox>cartwnyl t\othiocyanatc (2.62 g, 0.02 mole). lhc (warm) 
liquid SCI aside for 1 h. then added IO ice-waler. ‘I’hc finely 
divided prectplratc coagulated on hemp stirred and gave. on 

X 
II 

Pnm N-N--C. NH R 
- HS<,x 

0 
ii 
37 
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crystallisation from EIOH (30 ml) lustrous platelets (4.45-4.85 g. 

7542%) of 13. m.p. I?!-li4’ (Found: C. 43 9; H. 5.0; N. 23.3; S. 

10.2 C,,H,,S,O,S requires. C. 44.4; H. 5.1: N. 23.6; S. IO 8%) 
IR: 331&32SOs br (NH); 3060. 3OOOw. 770s. 67.5-670s (Ar); 1725s 

(ester CO); 1690-1680s br (amide CO); IYJO-1520s br (NHICN); 

1255s (‘CS): 1200-l 190s (C-M); 1045s K-O-C; WZS); 1605s. 
148%. 138Oms. 13lOmx. 71Sm cm ‘. Solubk m 2N h’aOH on \I@ 
warming. and reprectpiratcd by dilute HCI 

(b) Srabiliry to hydrochJotic acid. A soln of I3 (I g) in EIOH 

(I2 m&con-c. HCI (4 ml). when refluxed for 30 min. dlstilkd to 
smaller bulk. and diluted with H,O. gave the startmg material 
(75%). .Ihc use of 3N HCI (6 ml) m this procedure (5 h bollmp) 

also gave unchanged reactant (43%). 
(c) Acfion of sulphuric acid. Powdered I3 (0.6g. 0.002mok) 

was stirred into COW HaSO. (5 ml). the pale-yellow soln set aside 
at room temp. for 3 h. then stlncd RIO Ice-water (75 ml). The 

white precipitate was 2-c~boxycarbonamido . 5 hydrony . 1.3.4 - 
~hkdiazolc 11. forming prisms (64%). m.p. 262-264’ (from 
EIOH). idcntlcal with authentK maknal (mixed m.p..” IR’) 

(d) Acrion of polyphosphotic acid. Powdered 13 (0.005 molt) 

was added IO polyphosphoric acid GOg). and ~hc dark brown 
liauid keot at I20- 140” for 30 min. The cooled liauid was stirred 
inio H,d. giving a prcclpiratc of II. m.p. 2%&Q? (from ErOH) 

08%). 
(c) A&n of sodium hydroxide. A soln of I3 (l.Sg. 

0.005 mole) in 3% N&H (IOml) was rcfluxcd for 3Omin. The 
separated oily globules redissolved on aciddicatton with cone 

HCl. The (filtered) lyuid which deposited nolhmg on storage. 
was treated with O.OSM p&c acid. and gave phcnylhydr;vinc 
plcratc. m.p. l47-l4Q’ (from EIOH) (43%) (Fwnd: C. 43.0; H. 
3.8. Cak. for C.H.N,. C+H,N,O;: C. 42.7; H. 3.3%). Lt. m.p. 

ISI-IV.“ 
6. Bcn:ylidcneamino . I - crhoxycarbonyl 2. thiobiurea 9. (a) 

Pnpamtion. This was obtained from 8 (3.56g. 0.02 mole) like the 
banilino.analogue 13. and formed. after crystalhration from 

acetone Wml per g, recovery 75%) or EtOH Wlml per g. 
recovery 70%). pnsmalic needles Wal. 5.4g. 76%) of solvared 9. 
m.p. 184-185’. (Found: C. 4i.25; H. 5.4; N. 21.7. S. 9.5. 
C,:H,,N,O,S. C,H,OH requires: C. 47.3; H. 5.9; N. 19.7; S. 
9.0%). Dtsolvation al I WI2 mms for several hours gave opaque 

needles, m.p. 184-185’. (Found: C. 46.2; H. 4.9; N. 22.35; S. 10.2. 
C,,H,,N,O,S requires: C. 46.6; H. 4.85; N. 22.65; S. 10.4%); IR: 
3320s. 3250s (NH); 3OlOm. 76Oms. 69Sms (Ar): 1725s (ester CO): 

1690s (amide CO): lWk-l4SSm mulr. (NHICN); I!JS-1225ms d 
(UK. ?CS): IOSSs (C-&C. ?NCS); 1710s. 137Om. 132Sm. 
IBOm. 1195s. 960w cm ‘_ Soluble in 2N NaOH on thght warm. 

mg. and reprccrpitatcd by dilute HCI. 
(b) Acrion of mintral acids. ‘The thiobnuca 9 was recovered 

(65%) when its solution in ethan&zonc. HCI (4: I: Mml per g) 
was boiled under r&n for 30min. Treatment of 9 with cont. 
H&O. as descnbcd for the foregoing baruhno-analogue I3 gave 

Il. m.p. 262-264”. in 84% yield. 
‘Ihc actmn of polyphorphoric acid under the standard con- 

ditions (see above) gave only (64%) dibcnzyl~dcnchydra.zinc. m.p. 
90-91’ (from EtOH). Lit.” m.p. 93’. identified by its IR spcc. 

trum.” 
(c) Acfion of alkali. A soln of 9 (0.7Og. 0.002mok) in 3h’ 

NaOH (15 ml) was renured for 30 mm. the (temporarily orange) 
liquid depositing oily globules (cdour of benzaldehydc). ACI- 
dification and storage gave yellow cryrUne dlbcn- 

rylidcnehydrazmc (O.l6g, 76%) denti!% as in @. above). 
(d) SMcthvl-den’roricu 10 (Alk 2 Me). TIK thmbiurca 9 (l.S4g. 

0.005 mole) dissolved in a Ioln of Na (0 I15 g. O.oOSg atom) m 
MeOH @ml). on being warmed. and was treated with Mel 
(14.2 g. 0.1 mole) The liquid was boded under rcflux for 30 mm. 

evaporated IO quarter volume in a vacuum, ami diluted with 
kwater The r&ulting preccpitate gave 10 (Alk 7 Me). as prisms 
(0.90~. 56%). m.o. 137-139’ (from MeOH. ISml) (Found: C. 
47.8;H. 5.6; N. il.5. C,,H,-N,O,S requires: C. 48.3; H. 5.3; N. 
21.7%). IR: 32lBns. 3lC0ms (NH); 297Oms (Alk); 1705--16% 
(mult) (ester CO. amide CO): ISSO-ISOSs (mult) (NHICN); 
12%~ CC=); 10SSms GO-C. ?NCS); i50, 745ms. 68Sms 
(Ark 1%. ll2Oms. 94th~ cm ‘. 

k) S-Benzyl-deticorire 10 (AIL = PhCHJ. A stirred suspcn- 

sion of 9 (0.71 g. 0.002mok) in EIOH (I?rnl~nzyl chloride 

(0.28g. 0.0022 mole) was treated ar co. W with 3% NaOH 

(0.73 ml. 0.0022 mole) and stirring at 50-W continued for 4S min. 
The temporarily ckar liquid soon deposIted white solid; addition 

IO ice-w&r g&e a wh& precipitate (O.%g. 70%) of IO (Alk = 

PhCH,), forming prisms, m.p. 172-176” (from EIOH). (Found: C. 
S7.8; H. 5.4; N. 18.1. C,.H,,N,O,S requires C. 57.1; H. S.3; N. 
17.5%). IR: 32% (NH); 29ti (Alk); 17%~ (ester CO); 1695s 

(amide CO): ISSOms br INHICK); 1235s KG0 KY&n (C-@ 
C; ?NCS);.775-7% 1: 69Sms (Ar); l&m. IS2Om. 147Sms. 

138Ow d. IMOm cm ‘. 
IO (AIL = CH,Ph) (0.8 8. 0.002 mole) dissolved slowly (M min) 

on bcmg boded under reflun in ROH (IS m&3N NaOH (3.3 ml) 
for 2 h. Half of the solvent was removed in a vacuum: dilution of 
the residual liquid with Hz0 gave a precipitate (0.32 g. 80%) of IS 
(Alk = CH,Ph). m.p. 181-183; (from EIOH-H,O). identified by 

its IR spectrum. 

Birhioureo derirarires 
I . (5 . Erhoxycorbonylomino . 1.3.4 - rhiadiazol 2 yl) 4 

crhoxycarhonylrhiosnicorbozidc 21. A stirred suspension of 19 

(2. I g. 0.02 mole) in dimethylformamide (SO ml) was treated drop- 
wise at room temp. with ethonycarbonyl isothiocyanatc (5.248. 
0.04 mole) during S-6 min. The ckar lylud (temp. rise to 4W was 

kept al room temp. for 3 h. then stirred into ice-water (400 ml). 
Thc prcclpirate gave, on crystallisatmn from acetone-EtOH (1: I. 
cu. Wml). opaque prisms (4.3-S.Og. 65-W%) of 21. m.p. l88- 

1W (dccomp.) (Found: C. 31.7; H. 4.25: N. 24.6; S. 18.8. 
C.H,.S.O,S: requlrcs C. 32.3; H. 4.2. N. 25.15; S. 19.2%). IR: 
3250s d. 3zooS (NH); 3OCOm (IQ); 1725s (ester CO); 124~1210s 

muIt (C-O-C. ?CS); 1050s (CW. ?NCS): 1540. 1530s d. 1485. 
l480( d. YISw. 8SSw. 7?Sm. 72Ow. 67% cm ‘. There was a 

sign&ant dflcrcncc in Ihe IR spcc~ra of the crude and recrys- 
ralliscd material: cychsauon may be complcvd only in the crys- 
talh\armn proce\t ‘The compound 15 wluhlc m I.!K sodium 

hydroxdc and reprecipitakd by aclds. 
FAscnllally the same results were obtained when the reaction 

was performed m dirrtcrhyl sulphonidc at room temp. or IO@ 
(rhu\ starting with a so/n of 19). bum the product was less 
uniform, apt to be contaminated with tulphur. and yields acre 

lower and variable. 
The product 21 was rccovcrcd (64%) after treatment with an 

excess of methyl ioddc m boding sodium methoxidc (I equll.) 
for OS h. 

I-Anilinodefhoxycarbonylbirhiouna 26. (a) Prepararion. This 
was obtained by the usual procedure from 2S (3.M 8. 0.02 mole) 
as a white preclpltate (m.p. 168-17~; 5.4 g; 85%) which gave 
lusrrou\ hladcx of 26. m p 172-174’ (from acetone-IWH) 

tfound- for a spcctmcn dncd at IIV!! mm- C. 42 7: Il. 4 YS; h’. 
21.~5; S. 20.1. C,,H,,N,OJ, requues C. 42.2; H. 4.8; N. 22.4; S. 

20.4S‘Z). IR: 33lOm. 3200s (NH): Moolv. 775s. 68Sms (Ar): 1720s 
(ester CO): ISSGl4SOs (complex mult) (NHKN); 1240-1225s br 
(Ca. ?CS); 1050s (C-O-C. ?NCS); 1605s. 137Sm. 1190s br. 

109Sm. 91%. 755s cm ‘. 
(b) Acrion o/ hydrochloric orid. To a rcfluning soln of # 

(3.15 g. 0.01 mole) In EIOH (IO0 ml). cont. HCI (20 ml) was added 

dropwise. followed by HIO (IOml). The pale yellow liquid was 
boiled for I.5 h (evolution of Ha). then distilled IO small volume. 
Gving crystalline (1.45-1.6Sg; 70-W%) 2 . cthorycarbonamldo 
5 mcrcapto - 1.3.4 - rhiadia?ole 27. m.p. 2tM-M6e (from H,O). 
(Found: C. 29 1:. H. 3 25. S. 20 7 CJlc for (‘,H.K,O:S:: (‘. 
29.3; H. 3.4; N. 20.5%). further identified by its IR spectrum. 

2 Erhoxycorbonnmtdo . 5 merhylrhio 1.3.4 rhiodiozole 
(2% X = MC) A soln of 27 (0.21 g. 0.001 mole) in OIT of Na 
(0.001 g atom) in McOH (5 ml) was treated with Me1 (2 ml). 
boded for Mmin. distilled 10 half bulk and added IO H,O. The 
preclprtate gave 28 (X - Me) as nccdks. (O.IEg. 80%). m.p. 
ISE-IW (from CHCl,-baht pctrolcumj. Wound: C. 33.0; H. 4.4; 
N. 18.8; S. 28.9. Calc. to; C&.N,O,S>: C. 32.9; H. 4.1; N. 19.2; 
S. 29.2%). IR: 3lWw. 3070~ (NH): 292Om (Alk). Ii&. l715m sh 
(ester CO); 159%ISwh v br K=N): 1260s. 1070. IOSSm d (CJ& 
(‘1: 2’7:crU. IJWs. llloU. 800~. 77Om. 6W.b cm ’ 1.11 *rn p (for 
a specimen synthesised by the condensation of EU’KX~C(:NOH) 
Cl and NH:NHCSWc) 163-165”. 
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2 Efhoxycorbonomido . C ocrtylfhto . I .3.4 . rhiodio:olr (28. 
X = AC). oblained (45%) by the action of acelic anhydride a1 IO@’ 

(2hl on 27, formed needkr. m.p. ISI-ISP (from benzene). 
(Found: C. 34.4; H. 4.5; N. 16.9. CyH.N,O,S, requires C. 34.0; H. 
3.6; N. 17.m). IR: 313Om. 30% (NH); 29@m (Alkl; 17SSms. 

1720s les~cr. ace~yl CD); 1610s (GM; 123&IZIOs br. lO8Sm 
(C-cu’); 150&n. 137(kns. 126Om. l0lSm. 98Om. 84Sm. 77Om. 

71&n. 69Ow cm ‘. 
2 Uhoxycarbonamido - 5 - bennroyfthio . 13.4 - thiodiazole 

(28; X -COPh). A soln of 27 (0.002mdcl in pyridine (Emit 
Irkthylaminc (2 ml). treakd wIIh bcnzoyl chloride (0.0025 mokl. 
was kcpr a1 SO” for I h. then added IO ice-corkz. HCl (IO ml). The 

solidified gum gave pale yellow mdks (0.38g. 62%) of 1 
(X * COPh). m.p. l&-16? (from EIOH). (Found: for a specimen 
kept a1 ll(P/4mm for 6h): C. 46.3: H. 3.85; S. 13.8; S. 21.2. 

C,:HI,N,O,S, requires C. 46.6: H. 3.6; N. 13.6: S. 20.798). IR: 
3175~. 3075~ (NH); 292Sm IEll: 1720s. l67Ss tesler. acvl CO): 

lS8Om br (GNl; 1255s (C-&Cl; 77Om. 69Qms (Ar); ‘272Sw; 
1455~. 133Om br. I23Sm. IMSs. 9lIh cm ‘. 

3 Hydroxy . 5 - merropto . Z(H) . ani/inorhiocarfmtnoyI . 
1.2.4. ttiazde 29. (al Prepamtion. A sdn of 26 (3.13 g. 0.01 mok) 
in 3N NaOH (60 ml) was boiled under reflux for 30 min. coded. 

and acdifkd with cone HCl. The while precipimk 1m.p. MO- 
l4t”. 2.ls2.4~. 80-9096) gave on cryslallisaIion from McOH 

(25 ml per g) or from EIOH-H,O (50 + 0.5 ml per g). plarekrs 
(I.&1.92g. 60-72%) of 29. m.p. 142-143. (Found: C. 40.4: H. 

3.65; N. 26.2; S. 24.1. C;H.N,OS, requires C. a.45 H. 3.4; N. 
26.2; S. 24.m). IR: 3270s br (NH); 1735~s (CO); l6lOm (C=N); 

l28Ss I?CS); 76or. 690s (Ar); 1505s br. l42O-14OOm mulr.. 1360s. 
I I80m. 98&n. 8OSm. 66or cm ‘. 

The use of 3N Na.CO, also gave 29 in somcwhar dimmirhcd 
yields (64%). 

Ibl Sfabifify lo acid. 29 10.002 mokl was recovered (90%) after 
iIs boiling soln in EtOH (IO ml) was treated dropwiw with cont. 
HCI (3 ml) and rcfluxcd for 1 h. 

(cl Srabifiry IO &r/i. 29 (0.002 mole) was recovered 1% and 
70% respectively) (by acidification) after (a) its sdn in 3N NaOH 
II5 ml) was boikd for I h. (b) its solo III 0.3N m eIhanolic 
NaOH was bolkd for I h. 

Id) .H*hyfufion. A soln of 29 (0.54 g, 0.002 mole) in 3N NaOH 
IlOml. 0.03 mole) was \haken wuh dimerhyl rulpha~e Il.Ogl 
The prccipitakd brown gum solidiIkd very slowly on being 

occasionally nirred with waler. CrysIallisaIron from EIOH (3 ml) 

gave 8a1 prisms (0.24g. UIW) of 31. m.p. 138-139’. (Found: C. 
46.75; H. 4.9; N. 22.9; S. 20.6. M’, mass-spcctromeuically 309. 

C,:H,,N,O& requires: C. 46.6; H. 4.85 N. 22.65; S. 20.7%. M’. 

309). IR: 34SOm. 326Om (NH). 292@w (Me); 1704~s (CO); 1603s 
(GN): 755s. 7tis (Arl; 1525s. ISOOm. 1450. 1440s d. 1380s. 

12SSs. 1130s. 9SSm. 7%m. 6SSm cm ‘. 
(cl Aclion of p-nitmbmryl rhfotidt. A suspension of 29 

(0.54 g, 0.002 mole) in EIOH (25 ml) was trea1r.d with p-nitrobert- 

zyl chloride (0.77 g. 0.0027 mok); IO Ihe stirred suspcnslon a1 45’. 
3N NaOH (I.5 ml. 0.@345 mdc) was added dropwise The yellow 
sdn was stirred at S@@.P for 30 min. reduced IO one-Third bulk, 

dduted wIIh H,O. and acid&d with 3N HCI. when the finely 
divided precipilak coagulaIcd (O.&lg, pure by IR). II was crys- 

lallixd wiIh some ditficulry from CHCl,-light pclrokum. rhea 
EIOH-H,O. giving pale-yellow microcryslallirk IO.24 g, 48%) 30 
(Alk = p-NO&H.CH,). identical wiIh authentk rnatenal der- 

c&cd immediately below. 
3 . H)droxv . 5 . p - nitrobn:yhhio . 12.4 . 1ri42ok. W 

(Alk = p-SO,<.H.CH,l. A soln of eIhox)carbonylIhiortmi- 
carbazide” (0.82 g. 0.005 mok) in N-NaOH II2 ml. 0.012mokl 
was vealed wuh p-ni~robcnzyl chloride (1.03 g. 0.006 mokl. and 
the liquid boikd under reflux for IO min. The brown soln co&n- 
ing a IiIUe oil was cooled and acidifird wiIh 3N HCI; ~hc resuhing 
orccIoilaIe Rave. afrcr cryslallisauon (see above). pale-yellow 
& (Alk = p:NO.C.H.CH:j. m.p. ?lO-21” (l.Og, 80%). (Found: 
C. 43.0: H. 3.5: N. 21.4: S. 12.2. CH.N.O,S requites: C. 42.9; H. 
3.2; N. 22.2; S. 12.7%). IR: u4oms br. 318& 3@lOms (NH); 
28.a (ilk): l72Ovs br (amide CO); l60Sm (C-N); 1525s. 1350s 
(N(X); 780m. 70Sms (Arl; I I IOm. 98&n. 86Sm cm ‘. The method 

is that given by Fromm ZDd N&ring” for preparing the 5. 

bcnzylIh&naloguc. 

I-&ruyfidmeaminob~hoxycarbonylbirhiourta 23 was ob 

~aincd from 22 (3.88 g. 0.02 mokl by the gcncral procedure. as a 
finely divided precipitlte. Crys~allisaIicm from acetone-EIOH 

(co. 25 and 5 ml per g) slowly gave massive prismatic needks 
(4.85-S.Sg. 7585%) of 2.3. m.p. 191-192”. (Found: C. 44.55 H. 

4.8; N. 21.2; S. 19.7. C,,H,,N,OS, requires; C. 44.3: H. 4.6; N. 
21.5: S. 19.7%). IR: 3150s (NH); 3oooms. 77Oms. 69Omr (At); 
1720s (ester CO); 1535s br tNH/CNl; l22(h br (C&C. 7CSl; 
104oms (Ca. ?NCS); 1480-14&B I. I3lIOm. ll9Oms. 7SSms. 

715~ cm ‘. 
IXbn-yl dtriratire U. The bilhimtrea 2.3 (l.Og, 0.003 mole). 

suspended in sbrred EtOH (15mll-bcruyl chloride Il.Og, 
0.00s mole) a1 w, dissolved on addilion of 3N NaOH (2.7 ml. 

0.008 mole). but white solid qumkly reappeared from Ihe brighI 
yellow sdn. AfIer IOmins’ continued sdrring a1 40”. the whole 
was added IO H,O (108 ml). The emulsion deposited a pale-yellow 
precipitate which gave prismalic columns (0.91 8; 60%) of U. 

m.p. lS>lSY (from acetone-EIOH). (Found: C. 62.3; H. 5.2; N. 
13.8; S. 12.8. C&.N&S, requites: C. 61.8; H. 5.35; N. 13.9; S. 
12.7%). IR: 33%~. 33ooms (NH): 29SOw. m (Alkl; 17355 
(csIer CO); IS&r (NH/CN); IzooS (Cal; 1070s CC=. 
?NCS); iSSm. 69Oms (Ar); 1460s. 1395~. 710s cm ‘. 
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