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Abstract: The reactron of hydrazine with sunably substituted isoureas gives 
tetraazabrcyclo[3.3.O]octanes. The products obtained in this reaction are extremely susceptible to 
the nature of the substrate and the reaction condrtrons, but a suitable combination of these can 
usually be found in order to form the bicyclooctane. In cases where the brcyckc system is not 
formed 1,2,4-triazoles are usually obtained but, occasionally, the imidazolone IS the reaction 
product. A mechanistic sequence IS proposed based on the variation and interconversion of the 
products formed in these latter reactions The preference for addition of methylhydrazine at the 
substituted nitrogen IS signrfrcantly reduced by the introduction of stenc factors 

Tnazoles have found considerable importance as components of therapeutically Important 

compounds, including vrrazole192B3 and a number of potential antidepressants4 the triazole 

nucleus resembling the pyrimrdine nng of the natural pyrimidine systems. Webb and coworkers 

have prepared a potent H2 antagomst usrng a tnazole synthesis which they developed from the 

reaction of diphenyl cyanocarbommrdate with amines and hydrazmes.5,6 Our Interest In the 

alternative modes of cyclisation of the initial reactlon products of diphenyl cyanocarbonimidate 

with ammoacid derivatives’ caused us to examine thus reaction We were partrcularly mtngued as 

to whether cyclrsation onto an ester funchon to give the lmrdazole would be competitrve with 

cycksatron onto the cyanolmine to give the triazole, and if, with suitably chosen nucleophiles, 

bicycllc systems incorporating the tnazole ring could be prepared 

Results and Discussion 

It was known from the work of Webb and co-workers 5S6 that the reaction of denvatrves of 

drphenyl cyanocarbommrdate (1) with hydrazme gave tnazoles by reaction of the cyanoimine 

group. The first route we envisaged was to follow therr method by reacting 1 with hydrazmes and 

then replacing the remaining phenoxy group with an amine. 

Dedicated to Professor Charles Rees on the occasion of h/s 651” bu-thday. 
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Treatment of 1 with hydrazine gave 3-amino-5phenoxy-s-tnazole (2a) In 59.5% yield and 

simrlar treatment of 1 with methylhydrazrne gave 2b in 63% yield. The orientation of the 

substituents in 2b is based on n.0.e experiments on the 1H NMR spectra,e irradiation at the 

position of the methyl signal showing an enhancement of the 0-phenyl resonance, whereas 

irradiation of the NH2 signal showed no enhancement of the methyl signal. This is consistent with 

the substituted nitrogen of the hydrazine being most nucleophrlic.Treatment of 1 wrth 

phenylhydrazine gave 2c again in 63% yield, but the orientation of the substituent could not be 

determined. Attempts to replace the phenoxy group in 2a with an amine by treatment in propan-2- 

01 at room temperature or under reflux were unsuccessful and an alternative pathway to brcyclrc 

systems was investigated. 

OH 

NCN A 

II 
+ RNHNH;, - 

PhO OPh 

R 

1 2aR=H 

bR=Me 

Reactron of 1 with an o-aminoester 3 should give the monosubstituted compounds 4 

which, on treatment with hydrazrne should give N-cyanoguanidines that could, in principle, cyclise 

twice (Scheme 1). 

Scheme 1 

NCN 
1 + H2N(CH2),C02Me - 

PhO KN+O,Me H,NNH, 

H 

3a-c, n = 1 - 3 4 

(or ring closures In reverse order) 

The ester 4a, obtained from reaction of 1 with methyl glycine (3a), was treated with 

hydrazrne in propan-2-01 at reflux when the tnazole 5a was obtained in 97% yield The reaction 
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has proceeded as expected, the triazole ring presumably forming first, but the second cyclisation 

has not occurred. 

Similarly, the treatment of 4b and 4c with hydrazine also gave only the monocyclic 

products 5b and 5c respectively. Compound 5c may not have been expected to cyclise further as 

thus requrres formation of a 7-membered ring, g but the failure to form the 5 and 6-membered rings 

in 5a and 5b suggests that the nitrogen In the triazole ring is less nucleophilic than the amines 

used prevrously. 

H2N 

NCN r 
H,NNH, 

PhO KN+COzMe - 

HN, ‘N 
NA N @i?CO,Me 

R R 

4an=l,R=H 

bn=2,R=H 

cn=3,R=Me 

5an=l,R=H 

bn=2,R=H 

cn=3,R=Me 

Turning to the the reaction of the derivative 6a, prepared from 1 and the benzyl ester of 

phenylalanine, Indicated, however, that this was not the sole influence on the reaction. Treatment 

of 6a with hydrazrne In propan-2-01 at reflux gave the bicyclic product 7a in 67% yield The 

spectral properties of 7a clearly illustrate the loss of both the phenoxy and benzyl groups from the 

precursor 6a. 

NCN R’ 

PhOKNAC0zR2 A, ~~~~:.,I * 
H 

6a, R1 = Rz = CH2Ph 

b, RI= CH$02Me, R2 = Me 

7a, Rl = CH2Ph 

b, Rt = CH2C02Me 

Similarly, 6b, obtained from 1 and dimethyl aspartate, on treatment with hydrazme in 

propan-2-01 at 60 oC gave 7b In 73% yield. In this case, if the reaction was carried at reflux, some 

ester exchange occurred and a mixture of the methyl and 2-propyl esters was formed 

Presumably with both 6a and 6b the conformatron required for ring closure IS less 

drsfavoured than tn the case of 5a and 5b because of the substrtuent Rt The question as to which 

ring forms first IS not clear, and It might be considered that these double cyclrsatrons are observed 

because the rate of closure to the imidazole IS increased so that this ring IS formed first and the 

tnazole second, whereas in the previous systems the triazole ring IS formed first and this precludes 
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the formation of the imidazole ring. Subsequent experiments suggested, however, that the process 

IS more complex than this. 

Scheme 2 

H,N w 
N’NaNH 

)r( 
0 Et 

11 

f-W% t 
propan-2-01 

0 Et 

*n-I-o11 MeOH 

NCN F! 

PhOK N AC02R1 
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?FN 
HsNNH,, 

* H2NN 
K 

NH 
propan-2-01 

k-( 
0 R 

8a, R = Me, ~1 = Me 

b. R = Et, Rl = Me 

c, R = Et, R’ = CH2Ph 

lOa, R = Me 

b. R = Et 

9a, R = Me, Rl = Me 

b, R = Et, Rl = Me 

c, R = Et, R’ = CH2Ph 

Treatment of 8a, prepared from 1 and L-alanme methyl ester, with hydrazme in propan-2-01 

at reflux gave the tnazole 9a (71 5%), apparently reproducmg the behavlour of the nonsubstrtuted 

derivative 4a Treatment of 8b, prepared from 1 and methyl 2-aminobutanoate, gave a 9.1 mtxture 

of 9b and 11, from which 9b could be Isolated In 70% yield (Scheme 2) When the reactions were 

carried out at 0 OC. however, the rmldazoles 10a and 10b were obtained In 77% and 85% yields, 

respectively In further expenments. after lob had been formed at 0 OC, the reaction mixtures 
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were heated to reflux and monitored by TLC. The imidazolone slowly decreased in concentration 

with time and new compounds were observed. After 5h, the reaction mixtures showed the 

imidazolone was no longer present and the IH NMR spectrum of the product showed that it was a 

mixture of 9b and Il. Thus, although propan-2-01 is in vast excess it does not appear to react with 

IOb and in none of these or the subsequently described reactions did we observe ester 

exchange, although we have observed such exchange in closely related systems. 

These reactions are clearly delicately balanced and we therefore prepared 8c, supposing 

that the leaving propensities of the benzyl group might encourage the formation of Il. Treatment 

of 8c with hydrazine in boiling propan-2-01 gave a 1:1.2 mixture of 9c and II, which was 

transformed into a 1:9 mixture, from which 11 could be isolated in 71% yield, when the reaction 

was carried out at 25 oC. 

Fmally, further insight Into the reactlon came from exammatlon of the transformations 

of the imidazolone 10b Treatment of IOb with hydrazine and methanol in propan-2-01 at 80 oC 

gave the bicyclic tetraazaoctane 11 whereas a similar treatment without hydrazine gave the urea 

12. Each of these reactions, and that in which the reaction mixture containing IOb is converted to 

9c, differ in the components dissolved in the propan-2-01 and it IS this difference that presumably 

results in the different transformations that occur. The reaction mixture from 8b contains a mole 

equivalent of phenol and 0 2 moles of hydrazme and IS presumably acldlc, whereas the direct 

reaction from IOb contarns a mole equivalent of hydrazme and IS basic while the reactlon mixture 

leading to 12 IS approximately neutral. The simplest coherent reaction scheme would be that In 

which the primary reaction IS to form the imidazolone which can then nng close to the bicyclic 

tetraazaoctane The bicyck tetraazaoctane 11 was heated to reflux In benzyl alcohol and in 

propan-2-01 containing methanol, 11 being recovered unchanged in both experiments. It thus 

appears that in these examples the monocyclic triazole arises from ring opening of the 

imidazolone and reclosure to the thermodynamically more stable tnazole ring system. 

Treatment of 6a with methylhydrazme gave two products, neither of them bicyck. One 

compound was the expected triazole 13a while the other was identified as the isomer 14 in which 

the nonsubstituted nitrogen of methylhydrazme has acted as the mltlal nucleophile. The structures 

of 13a and 14 were determined by n 0.e experiments. lrradlatlon of the Me group protons in 13a 

caused enhancement of the NH, CH2 and aromatic protons whereas irradiation of the Me group in 

14 gave only enhancement of the NH2 protons. These observations were supported by other 

n.0.e expenments irradiating the NH resonance signals. Treatment of 8b with methylhydrazine 

gave only the triazole 13b 

MeNHNH, 
6a,8b - 

13a, R = RI = PhCH2 

b, R = Me, Rl = Et 

14, R = R’ = PhCH2 





1,2,4-Triazoles and 1,2,4,6-tetraazabicyclo[3.3.OMctanes 171 

Preparation of 3-Amino-5-phenoxy-s-triazole (2a) 

A solutlon of diihenyl N-cyanocatbommidate (1) (0.5Og, 2 1 mmol) and hydrazine (0 08g. 2 5 mmol) in propan- (15 

mL) was heated to reflux for 3 h. The volume of solution was reduced to half by evaporation under vacua and cooled to 

4 OC The resultmg precipitate was removed by fiitratlon as 2a, 0 229, 59 5%,mp 128 -130 OC, MS, m/e 176. 175. 146. 

134,119,104,9l,77,1HNMR,6,1149(bs,1H),735-731(m,2H),711-707(m,3H),609(bs.3H),13CNMR,6, 

163 6, 156 1, 129.4. 123.4, 118.4, IR, 3437, 3149, 3100, 2923, 2801, 1651. 1590, 1547, 1403, 1213 cm-’ 

CsHsN40 requires 176.0698. Found: 176 0704. 

Preparatlon of 3-Amino-l-methyl-Sphenoxy-s-trlazole (2b) 

A solution of l(0 509, 2.1 mmol) and N-methylhydrazme (0 13g, 2.8 mmol) in propan-2-01 (15 mL) was stirred at AT for 

2 h The solvent was removed under vacua and the residue chromatographed on silica, eluting with CHCl3. 2% 

methanol Product fractions were collected, reduced to small volume , cyclohexane added until the solution clouded and 

the mixture than cooled to 4 OC when precipitation occurred The crystallme precipitate was removed by filtration as 2b. 

0229, 63%, mp109 - llOOC,MS, m/e191, 190, 189, 119, 113,91,77; 1H NMR, 6,743-741 (m, 2H), 739-720(m, 

3H), 5 23 (bs, 2H), 3 47 (s, 3H). 13C NMR, 6, 159 7, 154 6, 1540, 129.7, 125.1, 119 2, 32 9; IR, 3369, 3321, 3198, 

2923,1641, 1580, 1516, 1482, 1412, 1394, 1219 cm-l 

CgH1cN40 req~res C, 56 54, H, 5 26, N, 29 97 Found C, 56 73, H, 5 13, N, 26 88 

Preparation of (2~) 

A solution of 1 (0 30 g. 1 26 mmol) and phenylhydrazine (0 10 g. 1 51 mmol) in propan-2-01 (10 mL) was heated to reflux 

for 6 h The solution was cooled and the resultmg precipitate removed as 2c, 0 209, 63%. mp 165 - 167 OC. MS. m/e 

253,252,235, 134, 119, 105,91, 77, ‘H NMR, 6,7 50 - 745 (m, 4H), 7 40 -7 30 (m, 2H), 7.23 - 7 10 (m, 2H), 662 (bs, 

W). 13C NMR. 163 65, 154 65,154 a, 137 a, 129 5,129 4,126 7,124 1,122 5,119 I, Et, 3362,3119,1641,1562, 

1465, 1427, 1391 cm-1 

C14H12N40 requires 252 1011 Found 252 1021 

Preparation of Methyl 2-(3.amino-(5amino-s-trlarole)ethanoate (5a) and Methyl 3-(3-amlno- 

(5-amino-s-trlazole)propionate (5b) 

A Solution Of 4a (0 25 g, 1 07 mmol) and hydrazine (0 0409, 1 25 mmol) In propan-2-01 (20 mL) was heated to reflux ior 

8 h The solution was then reduced to half volume under vacua, cooled to 4 OC and the resulting precipitate collected by 

flltrahon The precipitate was washed with ether and dned to give 5a (0.145 g 97%), mp 162 - 163 oC, MS, m/e, 172, 

171, 139, 131, 119 112, ‘H NMR, 6, 1075 (bs, IH), 565 (b, 2H), 376 (d, 2H, J = 60 Hz), 359 (s, 3H). 13C NMR, 6, 

172 1, 161 7, 156 1. 51 4,443, IR. 3406,3339, 3308, 3094, 1724, 1654, 1571,1397, 1225 cm-l 

CdWk02 requires C, 35 08, H, 5 26. N. 40 94 Found C, 34 90, H, 5.29, N, 42 46 

Compound 6b was prepared from 4b (0 42 g, 1 70 mmol) in the same manner (0 29g,93% ), mp 135 - 137OC. MS, m/e 

186, 185, 153, 126, 112, 99. ‘H NMR, 6, 10 70 (bs, lH), 5 40 (b, 2H), 3 57 (s, 3H), 3 33 (dd, 2H, J = 6 96, 6 80 Hz), 

2 52 (t, 2H, J = 6 80 Hz), 13C NMR, 6, 172 2, 161 9, 158 5,51 3,38 8, 34 05. IR, 3443,3370, 3223,3174, 1718, 1608, 

1565, 1443, 1375, 1216 cm-’ 

Cd-Wk,O~ rewres C, 33 92, H, 5 94, N, 37 64 Found C, 39 06, H, 599, N, 37 91 
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Preparation of Methyl 4-(3-methylamino-(bamlno-s-trlazole)butanoate (5~) 

A solution of 4c (0.82 g, 2.98 mmol) and hydrazme (0.11 g, 3 43 mmol) in propan-2-01 (30 mL) was heated to reflux for 

7 h Cyclohexane was then added until the solution lust became cloudy and the mixture was then kept at 15 OC for 8 h 

The precipitated crystalline matenal was collected by flItration, washed with ether and dned as !5c, 0.8Og, 94% , mp 78 - 

78 OC; MS m/e 214,213, 181, 153, 140, 128, 113, ‘H NMR, 6, 10 83 (bs, lH), 5.48 (bs, 2H), 3 58 (s. 3H), 3 58 (t,2H, J 

= 7 1 Hz), 2 75 (s, 3H), 2.25, t, 2H, J = 7.6 Hz), 1 72 (dd, 2H, J = 7 1, 7.6 Hz); 13C NMR. 6, 173.2. 161.2, 157 4, 51 3, 

49.5, 35.5, 30.8, 22.15; IR 3406, 3327, 3158, 2947, 1721, 1654, 1605, 1562, 1507, 1438, 1409, 1210 cm-’ 

CsHlsN502 requires C, 45.07; H, 7 04, N, 32.88 Found. C, 45 28; H, 7 19; N, 32.93 

PrePat’atlOn of 3-Amlno-7-benzyl-l,2,4,6-tetraazablcyclo[3.3.OJoctan-8-one (7a) 

A solution of 8a (0.28 g, 0.65 mmol) and hydrazme ( 0 025g, 0.78 mmol) in propan-2-01 (20 mL) was stirred at 40 OC for 

1 h. The solution was cooled to 4 OC and the precipitate collected by filtration and dned as 7a, 0 lOOg, 67%, mp 152 - 

154°C;MS fTVe230,229,202.170,142,110,99,91.77, ‘HNMR,& 10.69(bs, lH),9.04(bs, lH), 726-722 (m,4H), 

716-714(m,1H),4.17-411(m,3H),289(dd,lH,J=137and47Hz),279(dd,1H,J=13.7and9.2Hz);13CNMR, 

6, 172 1, 161 0, 156.0. 138 6. 129 2, 128.0, 126 1, 56 7, 389, IR, 3314, 2972, 2923, 1641, 1534, 1449 cm-’ 

Cl 1 I-Ill NsO requires 229.0964 Found 229 0975 

Preparation of 3-Amino-7-methylcarboxymethyl-l ,2,4,8-tetraazabicyclo[3.3.0]octan-8-one (7b) 

A solution of 6b (0 30 g, 0 98 mmol) and hydrazine (0 039 g, 1 22 mmol) in propan-2-01 (20 mL) was heated to reflux for 

2 h The volume of the solution was then reduced to one half by evaporation under vacua and ether was then added 

until the solution became cloudy On coolmg to 4 OC the product precipitated from solution and was collected by filtration. 

washed with ether and dried as 7b. 0 09Og,43%, mp 117 - 119 OC, MS m/e 212,211, 184. 152, 124, 110; ‘H NMR, 6, 

10 78 (bs, lH), 5 55 (bs. 2H), 4.46 -4.27 (m, lH), 3.56 (s, 3H), 2 82 - 2 73 (m. 2H), 13C NMR, 6, 173 1, 170 9, 159 9, 

156 5, 51 9, 51 1.36 5. IR. 3449, 3370,3290, 1736, 1565, 1423. 1216 cm-l 

C7HgNs03 requires 211 0705 Found 211 0700 

Preparation of N-cyano-N’-(l-methoxycarbonylethyl)-O-phenylisourea (8a) 

Tnethylamme (0 86 g, 8 85 mmol) was added to a stlrred suspension of S-alanme-methyl ester (1 Og, 7 17 mol) and 

diphenyl cyanocarbonimidate (1 71 g, 7 17 mmol) in propan-2-01 (40 mL) and the resultmg solution heated to reflux for 

3 h The solvent was removed by evaporation under vacua and the resrdue dissolved in CHCl3 ( 30 mL) and washed 

with saturated sodlum bicarbonate solution (2 x 20mL) The organic layer was dned (MgS04) and the solvent removed 

under vacua The residue was dissolved in propan-2-01 (20 mL) and cooled to 4 OC for 4h. The resutlng crystalline 

product was collected by filtration to give 8a , 1 0 g, 56%, mp 108-110 OC. MS m/e 188,153.126,118, 1H NMR, 6, 7 45 

7 02 (m, 5H), 5 70 (bs, IH), 4 53 (m, lH), 3 78 (bs, 3H), 1 55 (bd. 3H), 1 42 (bs, 3H), 13C NMR, 6, 171 6.163 1, 150 8, 

1muL.13~5_13ir7.1267, 121.119n_ii4EL.52_9_~?17fi_1R.14,1121~9_177~,1~~_~m~l 

C12H13N303 requires C, 58 20. H. 5 26, N. 17 00 Found C, 58 42, H, 5 26, N, 16 84 

Preparation of N-cyano-N’-(l-methoxycarbonytpropyl)-O-phenyllsourea (8b) 

Dlphenyl cyanocarbonimidate (0 94 g, 3 93 mmol) was added to a solution of methyl P-amtnobutanoate (prepared from 

the hydrochlonde with tnethylamme) (0 46 g, 3 93 mmol) in propan-2-01 (20 mL) and the mixture stirred at RT for 8h The 

resulting white precipitate was removed by filtration and a second crop collected by reducing the solvent volume as 8b, 

2 log. 62%. MS m/e 261.202, 140,94,1H NMR, 6,7 47 -7 04 (m, 5H), 6 67 (bs, lH), 4 46 (m, lH), 3 79 (s, 3H), 3 73 (s. 
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3H), 2 04-l 70 (m, 2H). 1.04 (1, 3H). 0.82 (I. 3H). . 13C NMR, 6, 171 0, 163.2. 150.8. 130.7. 129 6, 127.8, 126.8, 122.0. 

121 2, 114.4, 113.7, 56.7, 56.6, 52.9, 52.8, 25.3, 24.6. 9.9, 9.1; IR 3443, 2200, 1730, 1645 cm-l. 

kH15N303 requires 262 1191; C, 59 77; H, 5.75. N, 16.09 Found 262.1189, c, 60 01, H, 5.71. N, 15 99. 

Preparation of N-cyano-N’-(l-benzyloxycarbonyIpropyl)-O-phenyIlsourea (SC) 

Benzyl P-ammobutanoate (1.54 g, 7.98 mmol) was added to 1 (1.89 g, 7.98 mmol) in propan-2-01 (40 mL) and the 

resutilng solution stlrred at FIT for 3H The solvent was removed by evaporation under vacua and the residue cooled to 

4 ‘C for 12 h The precipitated product was removed by flltration, washed with ether and dried to give 6c, 2.10 g (78%), 

mp 95-6OC. MS m/8 337.214, 145,Sl. IH NMR, 6, -2OOC. 747 - 708 (m, 8H), 690 (d, 2H). 5.21 (s) 5.15 (d, J = 

11 60 Hz), 5 10 (d, J = 11.60), 4 50 - 4.23 (m), 2.04 - 1.85 (m), 1.73 - 1 69 (m), 1.02 (t, J = 7.20 Hz), 0.75 (t, J = 7 20 Hz), 

‘3C NMR. 6, -20 OC, 170.75, 170.6, 161 163.2, 2, 150 129 128 128 4, 149.5, 134.7, 134.35. 130.7, 129.95, 5. 7, 8, 

1285. 1283 12785..127.5_ 12746 126-4 .lZ?_O_ 123 O_ lm_e+ 114.~13i.7; G.4 r;fiq.=&~~~~7~7~.& 1q15 

9.0: IR 3180.3045, 2195,1635 cm-’ 

ClgHlgN303 requires 337 1426 Found 337 1437 

Preparation of Methyl 2-(5-amlno(3-amlno-s-trlazole)proplonate (Sa) 

A solution of 8a (0 140 g. 0 57 mmOl) and hydrazine (0.023 g, 0.70 mmol) In propan-2-ol (6 mL) was heated to reflux for 

20 mm Cyclohexane Was added and the mixture cooled lo 4O C when precipitation OCWrr8d The precipitate was 

collected by filtration, washed and dned as Sa, 0 0759, 71 5%, mp 189 - 191 OC, MS, m/e 166, 126,‘~ NMR, 6, 10 73 

(bs, 1H), 5 84 (bs, IH), 5 53 (bs, 2H), 4 01 (m, IH), 3 57 (s, 3H), 1 27 (d. 3H. J = 7 6 HZ), ‘3C NMR, 6, 175 05, 160 0. 

157 3,50 8.50 7, 18 1. IR 3437, 3350,3284,3088, 1724, 1654, 1635, 1568, 1544, 1397, 125 cm-1 

Cr$+2N502 requires 188 0991 Found 186 0996 

Preparation of 3-Amlno-2-cyanolmlno-5-methyltetrahyUrolmidazol-4-one (loa) 

A SOlutlOn of 8a (0 23 9. 0 93 mmol) and hydrazme (0 OSg, 1 25 mmol) In propan-2-01 (5 mL) was stlrred at room 

temperature for 3 h A preclpltate formed which, at the end of this period, was collected by flltrahon, washed with ether 

and dried as lOa, 0 llOg, 77%, mp 155 - 157 OC. MS m/e 154,153,125,110,94,69,1H NMR, 6,s 55 (bs, lH), 4 87 (s, 

2H), 4 22 (q, lH, J = 7 2 Hz), 1 27 (d, 3H, J = Hz). 13C NMR,& 17325, 161 7, 1155,525, 523, 1635, IR3333,3295, 

3174, 2189, 1767, 1663, 1480 cm-’ 

C&NSO requires 153 0651, C, 39 22, H, 4 58. N, 45 7, Found 153 0658, C, 39 54, H, 4 85, N, 44 35 

Preparation of Methyl 2-(5-amino-(3-amino-s-trlaroIe)butanoate (Sb) 

A solution of 8b (0 28 g, 1 07 mmol) and hydrazlne (0 040 g, 1 25 mmol) In propan-2-01 (20 mL)was heated lo reflux for 

3 5 h The volume Of Solvent was reduced lo half under vacua, ether was added and the mixture cooled to 4 OC The 

resulting precipitate was collected by filtrat!on and washed with ether as Sb, 0 1509, 70%. mp 169 - 171 OC: MS m/e 

200, 19% 170, 140, ‘H NMR, 6, 10.71 (bs, lH), 5 65 (bs, 2H), 3 91 - 3 89 (m, lH), 3 57 (s. (m. 3H), 1 70 -1 8 2H), (1, 089 

3H, J = 7 6 Hz), 13C NMR, 6, 172 45, 159 5, 154 0, 54 49 9, 3, 23 0, 8 IR 5, 3425, 3345, 3278, 3088, 1721, 1651, 

1568, 1219 cm-1 

C7H13N502 requires 199 1069 Found 199 1076 
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Preparation of 3-Amino-bcyanoimino-5-ethyttetra~ydroImIdarol-4-one (lob) 

A solution of 8b (0.22g, 0.84 mmol) and hydrazine (0.035 g. 1 .lO mmol) in propan-2-01 (7 mL) was stirred at RT for 75 

min. The resulting precipitate was collected by filtration, washed with ether and dried as lob, O.l2Og, 85%. mp 137 - 

139OC: MS m/e 168, 167, 140, 139, 124, 110; ‘H NMR. 6, 9.67 (bs, lH), 4.94 (s. 2H). 4.18 (I, 1H. J = 5.8 Hz), 1.77 - 

1.61 (m, 2H), 0.84 (t, 3H, J = 7.5 Hz), . 13C NMR, 6, 172.6, 162.0, 115.5,57.2, 28.6, 6.4; IR 3413, 3162, 3045, 2167. 

CsH~oN50 (M +H) requires 168.0885. Found 166.0692. 

Preparation of 3-amlno-7-ethyl-l,2,4,6-telraazablcyclo[3.3.O]oclan-8-one (11) 

Hydrazine (0.11 g. 3.56 mmol) was added to a solution of 8c (1 .OOg, 2.97 mmol) in propan-2-01 (40 mL) and the resulting 

solution was stirred at 25 OC for 2h. The volume was reduced to one haif by evaporation under vacua and the resulting 

solution cooled to - 10 OC for 2h. The precipitated solid was collected by filtration, washed with ether and recrystallised 

from a large volume of propan-2-01 to give 11, 0.359 (71%), mp 200-202 OC; ‘H NMR. 6. 8.95 (bs, 1H). 5.50 (bs, 2H). 

3.79 (m, IH), 1.66-1.46 (m, 2H, ), 0.83 (t, 3H, J = 7.6 Hz); 13C NMR, 6, 172.4, 56.6, 26.0, 10.35; IR 3394, 1620, 1596. 

1546 cm-l. 

C6HgN50 requires 167.0661. Found 167.0607. 

Treatment of 8b with hydrazlne at dlfferent temperatures. 

Hydrazine (0.06 g, 1.9 mmol) and 8b (0.409, 1.53 mmol) were dissolved in propan-2-01 (10 mL) and stirred at room 

temperature, monitoring the reaction at intervals by TLC. After 6h the TLC showed the absence of 8b and the presence 

of phenol and lob. The reaction mixture was now heated to reflux for 2 h during which time TLC showed the 

disappearance of lob and the appearance of a new spot of lower Rf. The mixture was cooled to room temperature and 

then to 4 OC when the product began to crystallize. Removal of the solvent and examination of the ‘H NMR spectrum 

showed it to be a mixture of 9b and 11. 

Preparation of 3-amlno-2-ureldo-5-e~hyltetrehydrolmldarol-4-one (12) 

A solution of lob (0.089 g, 0.53 mmol) and methanol (0.2 mL, 4.94 mmol) in propan-2-01 (10 mL) was heated to reflux for 

6 h. The volume was reduced to one half by evaporation under vacua and the resulting solution cooled to -10 OC for 6 h. 

The resulting precipitate was collected by filtration, washed with ether and dried to give 12. 0.09 g (91%), mp 215- 

217OC; MS nue 185. 167, 139,96; ‘H NMR, 6, 6.59 (bs. lH), 6.17 (bs, 2H), 4.33 (dt, lH. J = 5.5 and 1.6 Hz), 3.40 (bs, 

lH), 1.64 -I,77 (m, 1H). 1.70 _ 1.59 (m, IH), 0.67 (1, 3H, J = 7.2 Hz); t3C NMR, S, 170.6, 165.5, 163.7, 24.3, 6.9; IR 

3339, 1739, 1653, 1565 cm-l, 

C& 1N502 requires 165.0913. Found: 165.0916. 

Reaction of 6a with Methylhydrazine 

A solution of 6a (0.36 g, 0.95 mmol) and N-methylhydrazine (0.046 g, 1.14 mmol) in propan-2-01 was heated to reflux for 

6 h. The solvent was removed by evaporation and the residue chromatographed on silica, eluting with CHCl3, 5% 

MeOH, to give 13a as an oil, O.llOg, 32%; MS, m/e 352, 351, 260, 216,91: ‘H NMR. 6. 7.34 -7.17 (m, 6H), 6.99 -6.97 

(m,2H), 5.13(d, lH, J= 12.1 Hz),5.06(d, lH, J= 12.1 Hz),4.76(d,lH),4.74-4.69(m. lH),3.75(bs,2H).3.23(~,3H). 

3.16 (dd, lH, J = 5.6, 13.8 Hz), 3.09 (dd, lH, J = 5.68 , 13.6 Hz); 13C NMR 172.5, 159.7, 153.1, 135.6, 134.9, 129.2, 

128.4, 126.3, 67.1, 57.1, 37.6, 31.4; IR 3400,2976. 1733, 1617, 1546, 1495, 1416, 1271, 1166 cm-‘. 

ClgH2tN502 requires 351.1695. Found: 351.1671. 



1,2,4-Triazoles and 1,2,4;6-tetraazabicyclo[3.3.O]octanes 175 

and 14.0 12Og, 35%. mp 124 - 126 ‘%, MS, m/e 352,351.260,216,91; ‘H NMR, 6.7.30 - 7 05 (m. IOH), 5 07 (d. IH. 

J= 12.4Hz).5.05(d, IH, 12.4Hz),470 (bs,2H),454 (m, lH).325(~.3H),3.lO(dd, IH. J=6 1. 13.1 Hz),3.06(dd, IH, 

J = 64, 13 1 Hz), 13C NMA, 6, 173,2. 159.6, 153.6, 1363, 135.5, 129.3, 129.2, 126.3, 126.15, 126 I, 126.7, 66.55, 

569,364.326; IR, 3406.3167, 1721, 1635, 1599, 1544, 1519, 1179cm- 

ClgHzlN502 requires 351.1695 Found. 351 1676 

Preparation of Methyl 2-(5-amlno-(3-amlno-l-methyl-a-trlarole)butanoate (13b) 

A SOlutlOn of 6b (0 26 g, 1 .O mmol) and N-methylhydrazine (0.059 g, 1.2 mrnol) In propan-2-ol (20 mL) was heated to 

reflux for 6 h After removal of the solvent the residue was chromatographed on silica, elutmg with CHCl3, 10% methanol 

togivellbasano1l,Ol55g,73%;MS#e 214,2l3.154.1HNMR,6.475(d,1H),432(dd,J=64,69,62Hz).391 

(bs, 2H), 3 69 (s. 3H), 3.37 (s, 3H). 1 92 I 63 (m, 1H). 1 78 -1 67 (m, IH), 0 91 (t,3H. J = 7 6 Hz), 13C NMR, 6, 174 I. 

159 6, 153 7, 57 5,52 3, 32 6, 25.7,9.6, IR 3363, 2960, 1733, 1608, 1543, 1424, 1204 cm-’ 

CsHf5N502 requires 214 1304 found 214 1305 

Preparatlon of Methyl 4-(5-methylamlno-(3-amlno-l-methyl-s-trlazole)butanoate (16) and Methyl 

4-(3-methylamlno-(5-amlno-l-methyl-s-trlazole)butanoate (17) 

A solution of the isourea 15 (1 16g, 4 22 mmol) and methylhydrazlne (0 309, 6 52 mrnol) in propan-2-01 (30 mL) was 

heated to reflux for 6 h The solvent was removed by evaporation under reduced pressure and the residue 

chromatographed on slllca, eluting with CHCl3 1% MeOH 10 give 16 ( 0 359. 1 54 mmol) and 17 (0 309, 1 32 mmol) 

Each product was recrystalllsed from CHCl3 cyclohexane for analytical purposes 

16, mp 112 - 114 ‘X, MS, m/e 227, 196. 154, 140,lH NMR, 6, CHCl3,4 99 (bs, 2H, NH2), 3.43 (s, 3H), 3 28 (1,2H, J = 

7 25Hz), 2 86 (s, 3H)2 32 (1, 2H, J = 7 4Hz), 1 87 (m, 2H, J = 7 25, 74 Hz), 13C NMR. 6. 174 05, 182 5, 153 7, 51 5, 

49 8, 35 5, 32 9, 31.3, 22.65, IR 3406, 3125. 1733, 1663, 1608, 1454 cm-l 

CgHf7N502 requires 227 1382 Found 227 1319 

17. mp 78 - 80 OC. MS, m/e, 227, 196, 154, 140. ‘H NMR, 6, CHCl3, 3.86 (bs, 2H, NH2), 3 64 (s, OCHs), 3.49 (s, 3H), 

3 10 (1.2H. J = 7 2 Hz), 2 32 (1. 2H, J = 7 3Hz), 1 87 (m, 2H, J = 7 3,7 2Hz). 13C NMR, 6, 173 4, 159 9,158 65,53 4, 

51 6, 396,346, 31 1, 227, IR. 3333, 3186, 1733, 1635, 1586, 1541 cm-’ 

CgH17N502 requires 227 1382, C. 47 56, H, 7 54. N, 30 82 Found 227 1382, C, 47 53. H. 7 50. N, 30 84 
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