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Abstract: Nl- and NB-derivatives of 3-nltro-1,2,4-trlazole (3-NTR) 
were SubJected to the non-biological evaluatron methods involving 
biomimetlc, chemical, and spectroscopic procedures for the radio- 
sensitizing potential. Consequently, the Nl-derivatives of 3-NTR 
were suggested to be more promising radiosensltizers to hypoxlc 
cells in vlvo than the NZ-derivatives. 

In order to develop new biologically active agents, it should be very 

important to establish the sultable evaluation methods for the desired 

blologlcal activity. In the preliminary research for drug dlscovery, the an 

vitro evaluation can provide useful and suggestive information for the directlon 

of the subsequent II? viva evaluation and it JS certainly economic far screening 

of biologically active compounds from various test samples. However, we often 

encounter the undesired cases where there 1s no mutual relatlonship between the 

1n vitro data and the in viva data. In these cases, the metabolic pathway 

and/or the pharmacokinetics of the in vitro active compounds will be carefully 

investigated using animals. Recently, we are interested rn the establishment 

of non-blologlcal evaluation methods which would be useful for the dlscrlml- 

nation between the in vitro active (or inactlvef compounds and the rn vrvo 

inactive (or active) 0r1es.l~ We wish to report, herein. dramatical differences 

of chemical behavior and spectroscopic phenomena between Nl-substituted 

derivatives la-f of 3-n1I.ro-l,2,4-tr1azole (3-N'I‘R) and N2-substituted ones 2a-f 

of 3-NTR. based on their biomimetic, chemical. and spectroscop:c evaluations. 

These data should be efficient for understandlng of the radlosensitizing 

t This paper IS dedicated to Professor Yu Wang on the occasion of his 80th 

birthday. 
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f nsr cad of 2-nltrolmldazolcs hnvlng pot.cnt rad I osens i t 1% 1 ng abl 11 ty to 

hypox L v cancer ce 1 I s 111 Lhc? rndlothcrapy but exhibil.,ng serious ncurotoxiclty 

Lo 1.!1(: cancer pat 1cnt.s.d ml, ch attention IS pald Loward O-NT11 dcrivntlves which 

can bc: c?xpcct.ed as less ncurc>toxlc radioscnsi t i zers. - 5 Recent 1 y . rcgloisomcric 

dcrlvaL,ves of 3-Wf1. la-f and 2a-f. wcrc synthesized from the corresponding 

a Icohol s 3 and 4, respect1voly, ns hopeful rad1osor~sIr.1zation agents.6 The 3 - 

WI< N2-df?rIvaL,“t!s (N2-dcrlvs) 2a-f proved Lo show stronger radlosPnslLlzlng 

abi I lty to hypoxlc cells in vitro (Chinese hamster V70 ccl Is under lrt-adlarlon 

with 60 CO Y -rays) than mlsonldazolc (5) and Lhc 3-.VTH Nl-dcrlvativcs (Kl- 

d(xrlvs) la--f. 6 fkWcvor, In Lho In v*vo assay (S(:(ZKl carcinoma ccl 1s inoculated 

L 111 0 (::<ll/flc? mo,,sc under 1rr:tdiation with 10 YV X-rays of a I lllc?ilr RC~!~!IernLor), 

r;ltl LC:S(!IIS 11. 1%a1. lc,n ef ff?c:t 01’ Lhc?sc? 3-h’Tf< N2-dcr IVS onto the c:ilrc:i nomn ccl Is was 
shown to bc: lc’ss than thnl. of’ the 3-NTR Kl-dcr,“s. 6 The stronj’cr > rRdlOSCI1Sltl- 
zatlon cffc:ct of the K2-dcrivs onto the I~I VI tro t>,ygoxlc crl Is can bc rnt~onal- 

1 zctl 111 terms o!‘ Lhc PI ecLron afI‘lni ty c:xprcssc?d as the one-clcct ron reducL1on 

poLcnt1aIs [See Ir RRd f/2 (V) value In ‘f‘nble I I. The N2-der lvs having higher 

(! I C(‘L ran il1‘ 1‘ 1 II I ty 1 II compar L son WlLh the correspond I np > Nl -tierivs must. bc 

stront:cr rad i osens I 1. L mrs. On Khc other halld, I 1. was sprculatcd th;lt sLrong 

ox L d I 7. i ng ablllty of the K2-derlvs might d i snppear by react ion with t. hc 

rc>duc’ I rrp > subs tnnccs such as nor,-prot.c III Sff compounds and/or enzymes 1 Il”” 1 v 1 ng 

tiADI1 or KADPII 111 Ihe I i v I ng sys tcm. ‘l‘hlJS, Nl - anti N2-dcr IVS of :l-N’I‘R wore? 

:iuhjccLcd t. o Lh(? norI-hIoIo~:cc;ll cvalunt ,011 met hods (hiom1mcL1c, them 1 ca I and 

spcctroscop1c ones), iI1 c,rdcr Lo rat.lonal ~ze rcm;lrknhly d I ff’ctrtnt aspect on Lhc 

r;lti Ioscns I t 1 zat. ion 1.0 l~ypox I c cc I Is 1 n vI f I.0 or 111 v I vo. 

OH 

Me 0 2a-f Me 
1 a-f 3 

a.X=-N>Nz b:X= -“--Nz 

C. x = -NnO d X= 
\ 

-!-ND 

5 

e X=- II 
-OH 

f X= -N-OH -N 
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Table I. Reduction Potential of Nl- and NP-Derivatives 
of 3-NTR 

Nl-derivs 
@ted 

112 

(V) 

N2-derlvs 
ERed 

l/2 

CV) 

la -1.050 

lb -1.030 

lc -1.060 

Id -1.060 

le -1.090 

11 -1.065 

3 -1.120 

2a -0.840 

2b -0 760 

2c -0.780 

2d -0.785 

2e -0.775 

21 -0 785 

4@ -0 800 

misonidazole 5 -1.040 
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Scheme I 

89% recovery 

of2c 

L-lyslne (10 eq.) 

2c 

8 
71% recovery I\ glutathione 9 (5 eq.) 

of 2c 4 I \ c 

WCIQd2 (1 eq.1 
CH,CN, reflux, 3 h 

0.1 M phosphate 

buffer (pH 7.40) 

r t. 7 24 h : 83% 

HSYCOZH 

NH, (10 eq.) 

L-cysteine 
lc t 93% recovery of 1 c R = -CO.N- 

0.1 M phosphate UP 

buffer (pH 7.40) 

r.t.. 25 h 

R’ = L-cysterne or glutathlone 

residue 

R= -CO.Nn 
\p 

Figure 1. A plausible pathway for thiol substitution reaction 

11 + 
Me 0 
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than addition to le. Thiol (R’SH) may much more readily attack the remarkably 

electron-deficient C3 atom caused by minus inductive (-If effect of NOr group 

and double minus mesomeric C-M) effects in the conjugated bis-imine system A 

than the C3 atom in system R (Figure 2). This anionic mechanism (Figure 1) is 

supported by the electron density distribution (A and 

from the slmplc Hcickel LCAO-MO calculation.11 

iir- 
6-N + 

\ . 

R in Figure 31 obtalned 

A B 

Figure 2. Inductive and mesomeric effects on the C3 atom 

1 556 nl .560 

1 1.404 
1.229 A 

A B 

Figure 3. Electron density distribution 

Chemical Evaluation. In order to inspcc!t the rcactivlty of the Nl-der~vs 

and the NP-der~vs toward riuclcophiles. the folIowIng tests were carrlcd out. 

First of all, <alcohol 4 was kept 111 I&O In t.hc presence of Et,lN (1 mol cqulv) 

monitoring the rcactlon with ’ II-NMR spectroscop 1 c method. We recognized easy 

intramolecular addition-cl tmlnat,ion reaction formIng an oxazolidtne derlvatlve 

12. S imu i taneous formation of t r 1 c thy 1 arnmon I urn nitrite (13) was strongly 

suggested from the observat 10,) of lower magnetic field shift of the ethyl 

protons signals of Et:,N in proportion to the formation of 12. Compound 12 was 

preparatlvcly obtained by treatment of 4 w11.h E 1. ‘ N 1 n 1120 (3 h, 90% ylcld) or 

in CDCI .I (3 d. 86% y~elti) (Scheme 11 1. S irnl lar Et. 1 N- t.rflat.mc:nt. of 2c: i n I), 0 

gave a hydrolysis product 15 in 41% yield elimlnatlng the NO, group. HOWCZVf?r* 

the Nl-dcrlvs 3 and tc, on treatment with Et,N in DiO or in D,O-acetone 12 : l), 

gave C5-H deuteriated products, 14 (cu. 85% of D-content. checked by 100 Mliz ‘fi- 

NMR analysis) and 16 (ca. 76% of D-content.) In 95% yield. respectively. 
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Scheme II Et,N 90% 

r.t., 2 d 
02N. 

Et,N k” 

3 _ N.,>, 

40 
r.t., 3 h 

I, 

OH 

14 
Me 

95% 

2c 
Et,N 

‘=20 
r t., 22 h 

15 41% 

OzN, 

EtzN )i-” 

lc 
D20-acetone 

~ N.NkD 

(2 : 1) L OR 

r.t.1 3 h 16 1 95% 
Me 

E&H .iO, 1 
13 

Et,N+H’iOz 1 
13 

R= -CONA \p 
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Surprisingly, any dcutorlat.ed product of 12 and 15 has never been obta I nod 

despltc the renc!tlons for the long t.lme (3 d and 22 h). Therefore. deuterlatlon 

of (X5-H stems to hc difficult even in the c a s c 0 f NO? -surviving sys tern,, 

compounds 4 and 2c themselves. 

Compound 2~: was al lowed to react w1t.h some nuclcophiles such as MeONa, 

sod lum n-hcpt,anoat.e, n-propnnethiol with Et:,N. n-progylamine with Et.:,N. and Cl- 

(Scheme Ill ) . Thf? c!orrcspond~rlg suhstltlJt ion products 17-21 were formed, whereas 

s lrnl lar treatment. of Ic with YeONa or n-propnnethiol resulted in 91% or 94% 

recovery of the s t.a rl. 1 nF: compound. It is notahlo that lc IS remarkably stable 

even toward such a st.rong nucleophl Ic as MeO- anion. 

Thus. we demonstrated that N2-suhstitutcd 3-nltro-1. 2. 4-triazoles 22 can 

hc us~,L‘uI as n synt.hc!t. 1 (‘:I I ! y rqu I vii I cnt. synt.hrl:l. C3 -cat. ion 23 wh I ch shou I d bn 

cfflclcntly ava~ lable for the rc?act.lon with nuclnophi les 1.0 give the 24 type 

compounds ( f; i gure 4 ) This methodology should promise to develop new triazole 

analogs 25 of prosta~landins. l2 

W Nu 

k --N 2, 
&‘LNI’) = ,y 

+/=” “Nu” )=N 
NNI’) - &tN”) 

22 23 24 25 

“Nu” = nucleophrle x = s, 0; 

R = H, alkyl, aromatics 

Figure 4. Synthetically equivalent 22 to cation 23 

From the rea<:t ions dcscr 1 hcd a bovc. WF! WCl-C “C?I-Y much interested i n 

ovaluatlon of tIlc aclrl1t.y of E-H of the Nl-dcrlvs and C5-II of t ho N2-dcrivs. 

Thus, dct.al led dcut.crlat ion expcr~mcnt.s for t.hc t.r lazol(?-rc I ated compounds were 

syst.c?mat~cul ly Invest, Igat.cd ~lnd~?r the various conditions. Surpr i s 1 ngly, C5-f1 of 

compound le was deuterlated only by hentlng le in DzO at 70 93 for 105 h to give 

2fJ (ca. 9 G% 0 f D-content.) in 70% yield. Slrnllnr treatment of 2c, however, 

resulted in the rccovcry of the or~glnnl compound in 79% (Scheme IV ). Hcncc. 

t hc C5-II of’ Nl -tlerl vs seems to bc more acidic t.hnn the C5-II of N2-dcrlvs. 

Scheme IV OzN. 

le 
D20 

kN 
w 

N.N& 

70 “C. 105 h 
t: 

70% *OH 

Me 0 26 

“20 
2e * 79 % recovery 

70 “C. 105 h 
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Dcuteriation of compounds 3, 27, and 26 was attempted under three reaction 

conditions, A-C (see the footnote in Table Il and experimental section). All 
results are shown in Table II . The proton (HII at C5 in the compound 3 was 

readily deuteriated in D20 in the presence of Et.>N (B) or of NaOD (C). In the 
case of ester 27 under the condition A [treated with EtaN in d6-acetone-D20 (6 : 
111, the protons (2 X HI,) of Nl-substituent group (CH,COzEt) were shown to be 

very rapidly deuteriated without deuteriation Of C5-H. In the case of 

carboxylic acid 28. three protons (HI and 2 X H") were simultaneously 

deuteriated under the conditions B and C but in a rather rapid manner 

under the condition B. Thus, the C5--H (HI) of the Nl-substituted 3-NTR 

proved TJJ be quite acidic except for that of Nl-CHzCOzEt derivative 27. 

at C5 

derivs 

HI3 

3:R= 
-CH OH 

Lie 

27 : R = -C&Et 

28 : R = -C&H 

Table II. Deuteriation of Nl-Substituted 3-NTR 
Derivatives 

compound conditiona time deuteriation (%)b 

HA 43 

3 A 5d None None 

// B 20 min 30 // 

// // 26 h 100 /I 

// C 5 min 93 // 

// // 27 h 97 // 

27’ A 2 min None 40 

// /, 20 mln // 94 

/ I // 2h // 100 

28 A 4d // None 

/! B 14 h 88 40 

II II 38 h 100 76 

/, // 3d 100 85 

// C 30 min 100 100 

a Stirred at room temperature (A) In Et3N (2 mol equw) and 

ds-acetone-D,0 (8 : l), (B) in Et3N (2 mol equiv) and D20, and (C) 

in NaH (2 mol equiv) and D20. b Determlned by 100 MHz ‘H-NMR 

analysis. ’ Not examined under the conditions B and C because of 

hard solubility of 27 in D20. 
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WC checked the acidity of C3-H (Ii,-), (X-If (HA), and .X-substituted CH, (H,,) 

of 1, 2, 4-trtaxole dcrlvativcs 29-32 in the dctlteriation manner. All results 

undc?r the same? cond IL ions (A-C) its tn the casts of‘ 3-N’I’R derivs are summar1zcti 

In Table m. A I though slgnlficant. dcuterlation onto CHZ (lf,+) Of 30 WZ3S 

observed, no dcuterlation occurred in compounds 29, 31, and 32 under 1. hc 

c:ond i t. 1 on A. Int.crcstingly, only E-11 (Hn) among t,wo sp, -protons (Hn and H,- 1 

was c:xt:lus~vely dcuterlated tn compounds 29, 31, and 32 under t.hc condi t Ions if 

ijnd C. l>cuteriat.ton of C3--H (ff, ) was not rreoanized at al 1. This specs f ic 

dputerlatlon of C5-11 (H,,) (!annot. be rnt.lonal izcd in terms of a nelahborlng group 

29 : R = 
-CHOH 

t&s 
30 : R = -_C(),Et 

31 : R = -C&H 

32:R= -H 

1.000 1.324 

Figure 5. 
Electron density 
distribution 

Table III. Deuteriation of Nl-Substituted 1,2,4-Triazole 
Derivatives 

cond&ona 
deuteriatlon (%)b 

compound time 
HA H6 k 

29 

ii 

i, 

// 

li 

3oc 

ii 

31 

II 

If 

/ / 

32 

il 

ii 

II 

A 

/ I 

A 

B 

ll 

c 

l, 

A 

B 

i : 

c 

l, 

4.5 d 

27 h 

4.5 d 

15 h 

4.5 d 

23 h 

53 h 

5d 

46 h 

5d 

20 h 

47 h 

3d 

20 h 

3d 

20 h 

3d 

None 

19 

66 

81 

100 

None 

i f 

/ / 

32 

63 

86 

100 

None 

21 

53 

98 

100 

None 

i i 

/ i 

il 

// 

85 

100 

None 

I I 

fl 

100 

100 

None 

i I 

II 

// 

li 

None 

I, 

i, 

/ I 

I / 

, i 

I / 

I i 

I I 

If 

l, 

i, 

i I 

: 8 

ii 

i i 

i i 

a See foot note a in Table II. b See foot note b in Table II. ’ See 

foot note c in Table II. 
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pnrt~clpatlon and/or gcncral basic catalysis because of’ the same deutcriatlon 

bchav i or of Sl-methyl tr1a7.01e 32 as that of 29-31. Thus, it shoilld be 

concluded that the G-II (IIn) 1s far more acld~r: than the C3-II (H, ) i n the Nl- 

substltutcd 1. 2.4-triaxoles. ‘l‘hls cc~nolus~on can be understood by the electron 

dens 1 ty distribution (I:~~:ure 5) obtalned from the simple llucke I LCAO-MO 

calculation. 11 flascd rln the: dcuter iat. ,011 cxper Iment s. the (13 DOS It Ion in the 

Nl-suhsti tuted I, 2, 4-triazolcs can bc regarded as the more stable one for the 

NO:: locatlnn rather than C5. This cvaluatlon is directly supported by electron 

Impact toward Nl-dcrlvs and N2-drrivs of 3-NTR In their mass spectral analysis 

(VI&? inf‘la). Fnlrly rapid anion formation at C5-H In the 3-NTR Nl-derlvs 

under the bas 1~: r:ondl t ions 111 the animal organs may furthermore Increase the 

stab1 11 ty of C3-NOz $:roup ar:a lnst nucleophi les such as non-protein thlols and 

w:it.c?r. flowever. thcrc is no possibility of such kind of assistance III the case 

of‘ the: 3-YI‘R N2-derlvs. 

Spectroscopic Irvaluation (lligh Resolution Mass Spcctrometry). Fragmen- 

tation in the high rcsolut~on clcctron Impact (El)-mass spectrometry (MS) of Nl- 

dorivs and h’Edt:r IVS of 3-NIX should he remarkable. A I though. In all cases of 

e- 

la-d 

2e- 

e- 

2a-d 

+ 
2e- 

L 

O2N 

1 

? Carbamate 

Fragmentation 
w 

1 
+ Carbamate 

’ Fragmentation 
t 

k”K”] 
Me 0 

J 

NO2 Fragmentation 

[ I_ cx + 
0 K~-C,H,N,~~ 

W-W403 

Figure 6. Fragmentation of the M ion in the high resolution El-MS of 
compounds la-d and 2a-d 
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DenkJ HR-104 voltage scanner and a Iiokuto Denkl HA-305 potentiostat (Platinum 

wJrc and coil were employed as the working auxJ 1Jary electrodes, respectively). 

Al I reactions were monitored by thin layer chromatography (T1.C) employJng 

0.25 mm silica gel plates (f?. Merk: 60 f:25a) with UV light. Irradiation and 10% 
ethanol Jc phosphomolybdJc ncld-heat as dctectJng methods. Preparative thJn 
layer chromatography (PTLC) was pcrformcd on 0. 5 mm silJca gel plates (E. IMerk; 

60 Fz.,, ). Column chromatography and flash column chromatography were carrJed 

out on si Inca >:eI (Wake: Wakoge: C-2OOE 100-200 mesh. E. Mcrk; Kieselgel 60 230- 

400 mesh). Sephadex 1.11-20 (Pharmacia Fine Chr?micals) was used for gel 

f i 1 trat ion. llsual workup means washing an organic portion with brJne. dryJng 

over anhydrorls Na _I so.; , f11 trat ion, and concentration i n vacua. THP was 

distJ I led f’rom sod i urn bcnzophenone ketyl under Nz. PyrJdinc and CHzC1, were 

distJlled from CaHr All other solvents were distilled prior to USC. Al I 
rpagcnts were used as prlrchased. 1-Rcnzyl-1, 4-dJhydronicotinamJde was kJndly 

gifted by Professor A. OhJJo (Kyoto I;nivcrsity). 

tiene r-a 1 Proccdurc: for the Measurement of Reduction Potentials. The 

rcd(Jction potentlo of c?ach compound was cvaluatcd wJth a Ag / AgCl (saturated) 

/ 3. 5 M KC1 electrode iJsJnF: cyc>l Jc volutammetry for an Ar-purged N. N-dJmet.hyl- 

f‘ormamide solution (0. (11 M) c>ontaining 0. 1 M trtra-N-butylammonium perchlorate 

as a supporting electrodc. 

Treatment of Z-(2’-Morpholinocarbonyloxy-propyl)-3-nitro-I. 2, 4-triaaole 

(2~) wi t.h L-Cystcinc. To a solution of 2c (50. 0 mg. 0. 175 mmol) in 0.1 M 

phosphate buffer (pfi 7. 40. 1 mL) was added a solution of L-cysteJne (212.4 mg. 

!. 753 mmol) Jn 0. I M phosphate buffor (pH 7. 40. 2 mL). The mixtlJre was st Jrred 

a t room tcmperatlJrc for 1 h rJntler nitrogen and then the prccipi tat ion was 

f 11 tcrcd of‘f. The fi 1 t.rate was concentrated Jn vacIJo to ~lve an oily residue. 

The rcsJduc was purlfled hy f’T1.C with Jsopropanol-ammonJum hydroxide-H,O (9 : 1 

: ??,I :Jnd then by !:1.‘1 1‘1 I t rat ion (Scphadex I.H-20 WI th MeOl1) 1.0 af’ford 2- (2’- 

morphol lnocarbonyloxy-propyl)-3-cystein-S-yl-I. 2. 4-triazolr (6) (43. 6 mg. 69%) 

as wh 11.1’ powder : ‘II NMR (400 Mllz. D,O) 6 1. 350 (3 II ’ f/2, d, .I = 6. 6 flz), 

1. 3.56 (3 H x l/2, d. .I = 6. 2 flz). 3. 30-O. 60 (4 Il. m). 3. 60-3. 82 (6 II. m), 4. 15 

(1 ff, dd, J = ti. 2, 4. 0 flz). 4. 2!)-4. 47 (2 Il. m). 5. lG5. 25 (1 fl. m). 8. 05 (1 fi. 

s) : lit (Kf3r) ~3401). 3000, 1700. 1630, 1430, 1280, 1240, I If 0 cm ’ : l;Af3MS (:a 1 cd 

for’ C. , fl., ,X.,0. s .M’ + II 360. found m/c 360 (M’ + tl). ‘l‘hc 5 JmJ lar treatment of 2c 

wJth I. c:yst,clne was also carrlcd out for 19 h to gJvc (compound 6 in 73% yield. 
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propylf-3-~:Iutat.hion-S-yl-1. 2, 4-triazole (71 (73. 1 mg. 83%) as white powder: ‘H 

NMR (400 MHz, D,O) fi 1. 325 (3 II 4 l/2, d, J = 6. G fiz), 1. 335 (3 f3 X l/2. d, J = 

6. 2 HZ) 2. 05-2. 20 f2 tf. m), 2. 45 (2 H. t. J = 7. 5 Hz), 3. 30-3. 60 (4 H, ml, 3. 60- 

3. HO (8 II. 1111. 4. 28-4. 43 (2 Ii. m). 5. 13-5. 21 (I Ii. m), R.Ofi5 (1 fl x l/2. S), 

H. OtiH (I II t l/2. S), 4.79 (2 II. <>vc?rlii[) WI th SO~VOII~.) ; II? (Ktjr1 3600-2800, 

1700-1500, 1400, 1270, 1240. 11 10 CIY’ : FAfjMS calcd I‘or C,<>H;~ZNYO~S M’ f fl 546, 

found m/c’ 546 fM’ + Ht. 

Treat.mcnt. of 2c WI t.h I,-Lysinc. Compound 2c (53. 0 mg, 0. 186 mmolf in 0. 1 M 

phosphate bilf fcr (piI 7. 40, 1 ml.) was added 1.0 a solut.lort of f.-lysine (271. 6 mg. 

I. 858 rnmol) in 0. 1 M pl1osphnt.e buffer (pH 7. 40, 2 mL). The mixture was st.lrrnd 

at. room temperature for I h under nl trogen and extracted with CfILCI,. ‘I‘hC 

CtirCIz extract was sub.]ected to She usui11 workup to give an oily residue. I’TLC 

of the residue usi11g hexane-AcOEt.-acetorlr! (3 : 1 : 2) as cluent recovcrcd the 

starting compound 2c (4fi. 9 mg. 89%). 

Treatment of 2r: with I-Benzyl-I. 4-(~itlydronicoLir~amid~ (81. A solut1.on of 

2c (47.0 mg, 0. 165 mmol), 8 (35.3 mg. 0.165 mmolf, and magnes i urn perc:h I orn te 
(3B. 8 mg. 0. 165 mmol) II) CtI.ICN (8 mL) was stirred at. room tc?mperature for 5 h 

under nl r.rogcn 111 thr! dark. Aft.cr refluxing for 3 h, the reac‘t. ion mixture was 

poured 1 r1to some water and cxtrnctcd wi th CH:, Cl 2. ‘The usual workup of‘ the? 

ext,raot f‘ol lowed by P’I’I,C [CH,Cl,-acct.one ($9 : 1)) rcsul ted in recovery (33. 5 mg, 

71%) of the starting cnmpounci 2~:. The ronct.ton of 2c wi t.h compound 8 was al so 

att,empted as follows A solution of 2c (49. 0 mg:. 0. 172 mmol). 8 (73. 6 irig. 0. 344 

mmol). and 2. 2’ -nzobisisobut,.yronltrtle (2.8 mz:. 0.017 mmolf 111 CH:,~N (10 ml,) was 

ref Iuxed for 3 h and some Cflzrlp was added. After washing with an aqueous 

sol ut. LOI, snt.urat.cd WI th Ntl, Cl, the or$<ilnlc: port Ion was subjected to the usual 

workup 1.0 give an 01 ly crude subs t.ance, whose PTI.C us ~nl: CttLCl L -acct,one (9: I) 
rocovercd 2c (27. 4 my ,I 56%). 

‘Treatment of I-(2’~Morph01 inocarbonyloxy-propyl)-3-nit,ro-1,2,4-triazole 

(lcf with I.-Cystcinc. ‘So a solution of lc (45. 0 mg. 0.158 mm011 in 0. I M 

phosphate buffer (pii ‘7. 40, 1 ml.) was added a solut.ion of’ L-cysteine (191. I mg, 

I. 578 mmol) III 0. 1 M phosphate huff‘er (pfl 7.40. 2 ml.). Thr mlxturc was stirred 

at room tcmperat.uro for 25 h under n i t rogcn ?lllCi ext,ractcci wi t.h Cl{2 Cl z. 

Aft.er evaporatlort In vacua. t.ho rcs idue was chromat o[fraphed on a s111ca gel 

plate? using hc?xarlc-Ac0lL-Acctont: (3 : 1 : 2) to recover the st.arting compound lc 

C 4 1 . 8m& 93%) . 

2, 3-Dihydro-2-methyl-4,. 5, 7-triazo(5. I-bloxazole (121. To a solut.ion of l- 

f2’-hydroxypropyl)-5-njtro-l. 2, 4-trIa%olr (4) ( I>O. 0 mf:, 0. 290 mmo1, a 5 : I 
mlxt.urc of 4 and another lnsctparable isomer) in DzO (1 mf.) was added Et.,N (40.5 

~1.. 0.290 mmol). ‘l‘hr: rt?ac!tlon miXtllrc Wills stirred at. room t.cmpcraturc? for 3 h 

:IrlCi PX t rart.cd w,t.h Ct!,Clz. ‘IlIe usua I workup of‘ 1. ho ext.rac.!t gave il crude 

product. which was sllb,lected t.o PTLC [hexnne-AcOBt (1 : 9) ] to give compound 12 
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(27. 4 mg. 90%) : mp 77. O-78. 57: , oolorlc?ss pIat.cs from ,sopropyl ether; ’ II NMR 

( 100 Mllz. CDCI 3 ) S 1. 68 (3 II, d. .I = 6. 3 llz). 3. 88 (I II. dd. J = 9. 4. 7. 4 11~). 

4. 42 (1 tl. dd, .I = 8. 0. 7. 4 tlz). 5. 40-5. 75 (1 H. m), 7. 57 (1 H. s); IH (CHCI, 1 

3000, 1570. 1540. 1420. 1140 cm-’ ; IIRMS calcd for C,,II,N,O VW 125. 0588, found m/e 

125. 0587 (M’ ) : Anal. Calcd for C,.tl,N,O: C. 48.00; 11. 5. 64; N. 33. 58. Found : C. 

47. 88; Il. 5. 55; N, 33. 75. ‘I‘hc semi lar react ion was also carried out in thv 

fol lowing manner. A solut.lon of 4 (50. Omg. 0. 290 mmnl, a 5 : I mixture of 4 and 

another lnseparahle isomer) and Et,N (40. 5 pL. 0. 290 mmol) in CDCI, (1 mL) was 

st~rrcd at. room tcw~pcraturc for 3 days and then evaporation 1n vacua gave an 

01 ly rcslduc. which was purlficd on a silica z:el column to afford compound I2 111 

86% yield. 

2- (2’-Morphol inocarbonyloxy-propyl)-3-hydroxy-I, 2. 4-triazole (15). To a 

solution of 2c (50. 0 mg, 0. I75 mmol) in D,O (I ml.) Was Added EL:, N (24. 4 :I.. 

0. I75 I,,,“0 I ) Af‘ter be i n(.< s 1. I rrod at room temperature for 22 h. the react Ion 

mlxture was conccnt.rat.ed 1n vacua to give an 01 ly restdue. P’I‘1.C of the res ldue 

us 1 rig hexnrla-AcOEt.-nc:ctone (3 : I : 2) afforded compound 15 (18. 3 mg. 41%) and 

the starting cwmpound 2~: (26. 7 mu, 53% recovery). Compound 15: mp 98. 5-100. 5 

‘(:. color less needles f’rom CH,Clz -hc!xnne; ‘II NMR (100 MHz. CIXI .,) 6 1. 32 (3 II, 

d, .I = 6.8 Hz). 3. 35-3. 70 (8 tl, m). 3. 93 (2 I{. d. .l = 5. 9 ti7.), 5. 00-5. 30 (I H. 

ml. 7.44 (I tf. s), II.95 (I II. hrs); irt (CHCI I ) 3000. 1700. 1435, 1280, 1245, 

1120 cm-’ : IIRMS calcd for C:,,tI,, N;O, MW 256. 1120. found m/e 256. 1166 (M’ ) ; Anal. 

Ca 

N, 

‘l‘r 

(I 

cd for C, o H, ,,N,O, : C. 46. 87; II. 6. 29 ; N, 21. 86. Found: C. 46. 67: Il. 6.28; 

21. 74. 

Dcutcriation 0 f I-(2’-llydroxypropyl)-3-nitro-I. 2,4-triezole (3) bY 

cthylamine in DzO. ‘I‘0 ii solution of‘ compollnd 3 (SO. 0 m#. 0. 290 mmol 1 111 II20 

ml.) was added Et ,N (40. 5 I I., 0. 290 mmol ). ‘i‘ho mixture was st erred at room 

t empernture for 3 h and concentrated In VDCIJO 1.0 PI vt? a crude product. wh 1 ch 

WilS pu r I f I cd hY PT1.C us In): (XI., Cl J -acPtonP (4 : 1) to afford C5-dcut.crIatcd 

trlnzolc 14 (48.0 ml:. 05%). D-c>c>rlt on1 of C5-I) tn c.ompound 14 was dctcrm1ned to 

bC? (!il. 85% t,y the ’ tl KMR (100 Mllz) i~nalys~s. 

%- (2’ -MorphoI ~nocarbonyloxy .~,ro~,yl)-3-mct.hoxy-1. 2. 4-Lriazol~ (17). Sod 1 urn 

mct.hoxIdc? pwdcr (9. I rnz:, 0. It;8 mmol) was added to ;I solutloll of 2~: (91. 9 m(:. 

0. II2 mmol) 1 II met.hanoI ( I ml.) WIt_h St Irrlng. Aftc>r h(?lng stirred at room 

trmpcraturc for 30 ml n Ilndcr n I Lrogen. thr reacl1on mixture was t.rcat.cd as usllal 
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to give a crude product, which wes subJected to PTLC using hexane-AcOEt-acetone 

(3:l: 2) to afford methyl ether 17 (24.2 mg, 80%) as a colorless oil:'H NMR 

(100 MHz, CDCl,) 6 1.29 (3 H, d, J = 6.9 Hz), 3.35-3.50 (4 H, ml, 3.55-3.70 (4 

H. ml, 4.00-4 10 (2 H, ml, 4.06 (3 H, s), 5.00-5.25 (1 H, m), 7.50 (1 H, sl; IR 

(CHC1.I I 1690, 1560, 1240, 1130, 1110 cm-'; HRMS calcd for C, ,H,aN,Oa MW 

270.1327, found m/e 270.1311 fM*); Anal. Calcd for Ci ,H,"N,O,: C, 46.68; H, 

6 71; N, 20.73. Found: C, 48.59; H, 6.62; N, 20.92. 

2-(2'-Morphol~nocarbonyloxy-propyl)-3-heptyloxy-l,2.4-tr~azole (18). To a 

suspension of sodium hydride (6.1 mg, 0.252 mmol) In THF (1 mL) was added 

1-heptanol (63.6 pL, 0.505 mmol) at OS= and then the mixture was stlrred at 

room temperature under nitrogen for 100 min. To the reaction mixture was added 

a solution of 2c (48.0 mg, 0.166 mmoll in THF (1 mI.1 at0 @. After being 

stirred at 0 9= for 5 min and at room temperature for 20 min. the reaction 

mixture was poured into some water and extracted with CHLCIL. The usual workup 

of the CHzCI? extract gave a crude product. PTLC of the crude product using 

CHrCIL-acetone (4 : 1) afforded compound 18 (46 8 mg, 79%) as a colorless 011: 

'H NMR (100 MHz, CDCl,) S 0.89 (3 H, brm), 1.29 (3 H, d, J = 6.4 Hz), 1.10-1.55 

(8 H. mf, 1.65-1.90 (2 H, m), 3.35-3.50 (4 H, m), 3.55-3.70 (4 H, m), 4.05 (2 H, 

d, J = 5.4 Hz), 4.38 (2 I-1, t. J = 6.6 Hz), 4.95-5.20 (1 H, m), 7.49 (1 H, s), IR 
(CHC13f 1695. 1550, 1240, 1130, 1110 cm“; HRMS calcd for C,,HJON.,O~ MW 

354.2267, found m/e 354.2295 (M'f; Anat. Calcd for C17Hs~)N~OI: C, 57.61; H, 

8.53; N, 15.81. Found: C. 57.45; H, 8 42; N, 15.95. 

2-(2'-M0rphol~nocarbonyloxy-propyl~-3-propylth~o-l,2,4-tria~ole (19). To a 

solution of 2c (44.5 mg, 0.156 mm011 in CHzC12 (1 mL) was added I-propanethlol 

(141. 3 UL, 1.560 mmol) and Et.,N (21.7 /IL, 0.156 mmol), successively. The 

mixture was stirred at room temperature for 23 hr under nitrogen and the solvent 

was removed III vacua to leave an oily residue. PTLC of the residue using CHzC12 

-acetone (9 . If afforded thiol adduet 19 138.2 mg, 78%) as a colorless 011 and 

the starting compound 2c (6.6 mg, 19% recovery). Compound 19: 'ff NMR (100 MHz, 

CDClr) 6 1.O3 (3 H, t, J = 7.2 Hz), 1.31 (3 H, d, J = 6.4 Hz), 1.60-1.90 (2 H, 

mf, 3.20 (3 H, t, J = 7.1 Hz), 3.30-3.50 (4 H, ml, 3.50-3.70 (4 H, mf, 4.22 (2 

H, d, J = 5.4 Hz). 5.00-5.30 (1 H, m), 7.85 (1 H, s); IR (CffClz) 1690, 1430, 

1240, 1115 em-'; HRMS calcd for C,aHzzN40,S MW 314.1412, found m/e 314.1413 

(M')Z Anai. Calcd for C~XH~~N~O~S: C, 49.66; H, 7. 05; N, 17. 62. Found: C, 

49 53' H . ‘ 1 7.O8, N, 18.01 

2-(2'-Morphol~nocarbonyloxy-propyl~-3-propyl~m~no-l,2,4-tr~azole (20). To 

a solution of 2c (54.0 mg, 0 189 mmol) 1x1 CHFClz (1 mL) was added Et,N (26.4 i;L, 

0.169 mmol) and 1-propylamlne (155.6 pL, I.893 mmol) The mrxture was stlrred 

at room temperature for 23 hr under nltragen and the solvent was removed in 

vacua to leave an 0 kly ws~tfur IVLC of' the rcsiduc? us I ng CH2C12 -methanol (19 : 
1) afforded amtne adduct 20 (2.6 mg, 5%) as a colorless 011 and the starting 

compound 2c (46. 0 mg. 65% recovery) Compound 20: 'H NMR (lOOMHz, CDC13) 6 



3226 Y. NAGAO et al. 

0. 99 (3 Ii, t, J = 7. 4 Hz). = 1. 98 (3 H, d, J 6. 3 Hz). 1. 50-l. 90 (2 H, m), 1. 85 
(1 H, brs. l/2 H,O). 3. 25-3. 55 (6 H, m), 3. 60-3. 80 (4 H. m), 4. 60-4. 90 (1 H, 

m). 5. 15-5. 35 (1 II, hrs). 7.46 (1 H, s); IR (CHCl.,) 1690, 1595, 1245, 1120 cm-‘; 
HRMS calcd for CI.<H2nN,03 MW 297. 1800, found m/e 297. 1763 CM’); Anal. Calcd for 
C! ~llz~N.0~ + 0. 5 IizO: C, 50. 97: 7. H, 90; N, 22. 86. Found: C, 51.40; 7. H. 91; 
N, 22. 47. 

Treatment of 2c with 1-Propanol. A solution of 2c (52. 5 mg, 0. 184 mmol). 
I-propanol (137.6 FL. 1.840 mmol). and Et:,N (25.7 FL. 0. 184 mmol) In CH2C1, (1 
mL) was stirred at room temperature for 23 h and cvnporated in vacua to recover 

the starting compound 2.c (47. 8 mg, 91%). 

2-~2’-Morpho1inocarbonyloxy-propy1~-3-chloro-l,2,4-triazole (21). 37% 
hydrochloric acid (104. 5 CL, 1. 262 mmol) was added to a solution of 2c (72. 0 

mg, 0. 252 mm01 1 In ethanol (2 ml.). After hcing stirred at room temperature for 

72 hr, the solvent. was rcmovcd in vacua to leave an oi ly residue. P’l’1.C of the 
rc’s ~dur using CII, Cl Y -acet.onc! (9 : I) afforded chloride 21 (62. 1 mg. 90%) as 

colorless needles from ether-hexanc: mp 60. O-61.0 Y: : ‘II NMR (100 MHz, CDCI,,) 6 

I. 34 (3 II, d. .I = 6. 4 fiz), 3. 30-3. 50 (4 t1. m), 3. 55-3. 70 (4 II. m), 4. 28 (1 H, d. 

.I = 1. 0 llz) ( 4. 33 (1 II, R), 5. 05-5. 40 (1 H. m), 7. 85 (1 H. s) ; IR (CHC13) 1700, 

1240, 1115 cm-‘; HRMS calcd for CI ,,ll, r,NIO,,C1 MW 274. 0833, found m/e 274. 0835 

(M’ ) ; Anal. Calcd for CIol!IsN,OnCI: C, 43. 72; H, 5. 50: N, 20. 40. Found : C. 
43. 73; H, 5. 44; N. 20. 49. 

Trcatmcnt of 1 c with NaOMe. To a solution of lo (38.0 mg. 0. 133 mmol) in 

MeOH (1 mL) was added NoOYe powder (10. 8 mg. 0. 200 mmol) with stlrrelng. After 

hcing stlrred at room tcmpcrature for 2 h under nitrogen, the reactlon mixture 

was treated as usual to give a crude substance. whl ch was subjected to PTLC 

using hoxane-AcOEt-acet,orlc (3 : 1 : 2) to recover the starting compound lc 

(34.4 mt:, 91%). 

Treatment of lc wl th I -Proponethiol. To a solution of lo (45. 0 mg, 0. 158 

mmol) in CH!Cl:, (1 mL) was added 1-propancthiol (142.9 EL, 1.578 mmol) and Et.,N 

(22. 0 ;I., 0. I58 nmol ) The mlxturr? was stirred at room t.emperaturt? for 23 h 

under ni trogcn and the solvent was removed 111 vacua to leave an oily residue. 

PTI.C of the res~duc us I ng hexanc-AcOEt-acetone (3 : 1 : 2) recovered t_hc 

start ~ng compound lo (42. 5 mg, 94%). 

Dcutcrlation of 1-~2’-Ilytiroxyct.hylc~orbamoyloxy-propyl~-3-nitro-l. 2. 4- 

trinzolc (la) by llcating 111 D1O. A solution of le (50. 9 mg, 0. 196 mmol) in D20 

(0. 7 ml.) was hratcd at 70 Y: f‘or 105 h ;Ind concentrated in vacua to I:IVC? an 011~ 

rcs 1 due. P’l‘l.(: 0 f 1. hC? rcs~tluc ((:H,Clp-mc?ttl;lllol (9 : 1) J afforded dcutcrlated 

compound 26 (35. H mg, 70%). whose? CS-1) content was det.ermlned by the’li NMR (100 

Mllz) analysis to bo 96%. 
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llcat i ng of 2-(2’-flydroxycthyIcarbomoyloxy-propyI)-3-nitro-l, 2. 4-triazolc? 

(2~:) in D,O. A solution of‘ 2e (52. 1 mg. 0. 201 rnmol) ,n D,O (0. 7 mL) was hcal.cd 

a t 7 0 ‘c: for 105 h and simllnrly Lrcated Lo rccovcr the start. ing compound 2e 

( 4 I I rnj:. 7 9%) 

El.hyI :S-NI 1 r-o-l. 2. 4-tr1azo1ylaccl.al.c (27). To :I so!ut~on of‘ 3-nl t.ro--1, 2, 4- 

Lrlnzolo (4. 00 g:. 35. 07 mm01 1 III dry I:tO~I (230 ml.) WRS adtictf ?I solrJL,or, 01’ NaOl’l. 

(2. 86 g. 42. 08 mmol ) in dry kTO[I (23. 0 ml.) and et.hy I ch I oroaoc?Late (4. 49 ml., 

42. OH mmol 1. ‘1‘tlC: I” lXt.lJl‘C: W:IS h(?;ltAd Fit. i 20 “(: for 30 h in n scaled tube. The 

sol vcn1. was rcmovctd in vacua lo K:lvc? an 0 I ly rcs 1 due. Af‘ter addlng some water, 

the rc’s~dll(? wifs extracted w,Lh CH,Cl,. Thf‘ 0 rgun I c layer was wnshed with 1% 

hydroch! or I c :I(‘ ~ti and an actueo~~s so I ut. I on satlirat.ed w i Lh NatiCO,, and the usual 

workup jwvc :I or1,dr product. ‘l‘hc crutlc? product. was pur I f’ 1 cd by 1‘1 ash co I umn 

c:tlronl;lLol:r;lI,hy (v 1~1. I or, w 11 h 40% hc:xane III AcOFt.) 1.0 afford compound 27 (6.35 g, 

91%) ;is colorlc‘ss plnles f’rom ethanol: rnp 64. 5-65.5Y: ; ‘II NMR (100 MIiz, CDC,I %) 

6 !.32 (3 II. t. .I = ‘1. I llz). 4.31 (2 t1. q. .I = 7.0 tiz). 5. 12 (2 Ii. S). 8.39 (1 

Il. S) ; I I? ((:II(:l i ) I 7 6 0, 15!i5. 13lC. 843 (x111- ; I-IINS cnlcd for C,,ll,NaO, MW 

200. 0545. I‘OIIII~ m/(‘ 200. 05f;fj (M’ ). Anill. Cai~d 1‘:)~ C,,Ho Kr 0, : C. 36. 01 : Ii. 4. 03; 

N, ?.7. 09. b’ountl: (1. 36. 03: ii. 3. 93 : K. 28. 19. 

3--NI tro-I. 2. 4 -tr~nzolyl:~c!c:l.i~~ Acid (28). To a so!utlon of’ 27 (I. 26 g. 6. 31 

nl”lO I ) 1 n McOll (IO xl.) wils ;tddvd I N N:iO!i (6. 94 ml.. fi. 94 mmol ). ‘l‘hc m i xr.urc was 

stlrrc?d al xom tcmpc~rnt IIW I‘or 20 m!n and the solvent was rcmovod 111 vacua to 

I ~?il”~’ an 01 ly rcs ~tluc:. ‘I‘0 r tlf? I’C?S Idue was add(‘d 1% hydrochloric acid under ICC- 

coo I L II>: ;ind CXI rilct cvl w: Lh AcSlrl.. ‘l‘hc, usuill workllp (:a~(? compound 28 (I. 024 g. 

94%) as colorlr:ss [)lal.cs 1‘r’cm tlexanra-AcOHL: mp 181I-192 Y: ; ‘H NMR (100 Mtiz. D,O) 

s 5. ??.!I (2 t!, S). 8. 70 (I Ii, S) ; IfI (KRr) 1720. 156C. 1530. 1320. 1220 ( 840 

<‘,n : IIRMS c:;,:c‘d f‘or (‘, tl,N:O, MW 172. 0%:):~. f‘ounti m/c’ 172. 0258 (M’ 1 : Anal. Ca I c:d 
f‘or‘ c, II) N, o4 : c. 27. 9 I : Ii. 2. :34 : ti. :j”. 51;. I;ourld: (:. 28. 12; II, 2. 47; h’, 3%. 63. 
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48. 82; II, 7. 17; v. 32. 98. I-(2’-flydroxypropyl)-1, 3. 4-triazolc: COlOT-1CS.S 

C!Ol lml”S 1‘rorn CfIIC1.. : mp 93. 5- 94. 5°C : ’ H NMR (100 Mflz. D,O) 6 1. 20 (3 I<. d. J = 

6. 0 llz), 3. 95-4. 35 (3 II. Ill). 8. 48 (2 II, s) : I I7 (Klh-1 3300, 1535. 1190, I 140. 

1070. 840 cm ’ ; IIHMS viIfc!d I‘or C fl.,N,o MW 127.0745. f’o~lnd m/e 127. 0727 (M’ ) ; 
AIla I. (:;I I cd f‘or C:, H, N, 0 : C. 47. 24: Il. 7. 13: N, 33. 05. I’ound : c. 47. 01 ; H, 7.08; 

N. 33. 2 I. 

Irt.hyI 1, 2, 4-‘f‘rlazoIyfac!ctat.e (30). To a solut.*on of 1, 2,4-triazolc (I. 00 

IT. 14. 48 ““I101 1 III dry Et 011 (30 ml.) was nddcd NaOf’t. (1. I8 >:. 17. 37 mn,o I ) and 

ethyl chf oroacet.at (! ( 1. 85 ml., 17. 37 mm01 ). The mIxt,ure was heated at 70 “c: for 

12 h ,I, a sc;,lr!d t.ubc. The sol Vl’lll. was ConCcnt.r~lted 111 VacII”. some water was 

atfdcd. ;lnd t h(! mixt.ure was C~X~.I‘BC~ cd WI th Clf, Cl :l. ThP extract was washed with 

1% hydroc~hlor,c! acid nrrd an aqueous solution saturated wit.h NaflCO,, and 1. hc 

11sui11 workup f:avc an oily product., whose pur I f I cat. i on by f I ash co1 umn chromato- 

Et-aphy ((:lut.lorl with 5% hc,xanc in cthyf acct.atr) af’f‘ordcd 30 (1.54 g, 69%) as a 

colorlc?ss 011: ‘If NMR (400 Mffz. CDCI , ) h’ 1. 30 (3 Cl, d, J 2 7. 1 Hz). 4. 26 (2 If. 

(I. ,I = 7. 3 If?.), 4. 98 (2 Il. S). 7. 97 (I If. S). 8.21 (1 If. s); NOE (400 Mflz. 

C&DC I I ) WilS ubscrvcd between H,, and Ilo, 3. 5% (II., - If,, ) : I R (CDCl , ) 3000. 1750. 

1270. 1140, 1010 cm ‘: IIIZMS cal cd for CklfqN,Or MW 155. 0695. f’ound m/c 155. 0708 

CM’); Anal. C;~lcd f‘or C,.lf.,N,O.: C. 46. 45; If, 5. 85; N 27. 08. Found: C. 45. 98; 

fl. 5. 84 : K. 27. 35. 

I. 2. 4-‘I‘rin~olyIncct.ic Acid (31). To il sc)fIlr 1011 Of‘ 30 (1. 014 g, 6. 535 ,“,,,“I) 

I II MoOIf ( IO ml.) was add(!d I N UiiOfI ac~uc:c~us so I ut 1 on (7. 18:) ml., 7. I89 mmof). ‘I‘h~? 

mlxtllrc~ WilS stlrrc?d i1t room t c’mpc? r:j 1.11 rc f‘or I5 !n~n and the solvent. was removed 

I II v;lPl*o to I (li,“(! ;,n 01 ly ros 1duc. ‘I‘0 t t1v rPs L due? was ndtlt!d 1% hydrochloric 

a(!~ d and cxtrnc:t.c:d WI t.h AcOf<t IISII>II worklrp I:;IVC c~om~~>unti 31 (524. 0 mu’, 63%) as 

colorless plat.cts ;rom lit.011: mp 19’1-%029= ; ‘II NMfl (400 Mffz. D, 0) 6 5. I7 (2 H. 

S), 8. 31 (I II. s), 8. 86 (1 If. 5): NOlr (400 Mlfz. D,O) was obscrvcd between HA and 

II I, 5.6% (II, tl,.); If: (KDr) 1710. 1520. 13fiO. 1290. 1240. 1130. 1010, HO0 cm- ’ ; 
ff!L’.IS <:a I cd f’or C, II:, N, 02 MW 127. 0:<80. found m/e 127. 0:1!,0 (M’ ) : Anal. Cafcd i‘or 

(I., II> N.,O: : (:. 37. 80: II. 3. 117; N. :1:3. OG. I;olJnd: c:. 3’1. 76: il. 3. 98: N. 33. 1 I. 

I-Methyl -1. 2. 4-triazofc (32). To ;, so I 11 t. 1 on 0 f I. 2,4-tr1azoie (1. 00 g. 

14. 48 mm0 I ) I II MOO11 (40 ml.) w;,s :~ddcvi X;lOMc (860. 3 mt:, 15. 93 mmol) and Mel 

(0. 90 ml ,, I 5. 93 m1710 I ) ‘l‘hc ml xt.urc was hc?at.cti nt I20 Y: for 1. 5 h I II $1 sea Icd 

1 utlc?. ‘l‘tI(, SO I “on 1 WC1 s rr>movcxd I II V;IC~LIO, som? wilt C’I‘ was ;Ititlvd. and t he .‘1 I x t IIT’C! 
was c~xt.r‘;lr‘t.c~tl w I t h (:fl? Cl 7 ‘l’hcx c~xt.r’ilc!t. W;IS wasl~c,d WI t.h wiltcr and trc!;ltod iis 

usu;,I 1.0 >:I”<! :111 0, I?/ pf‘odII(:t.. W!I II,~ was ~,r,r‘, f‘,(vt t)y 1’1 ash c’of “ml, ~tlrolnnt.oI:r,lphy 

(r.lut.;o:, w,th 8% methanol in CfI,Cl,) 1.0 furnish ~~ompound 32 (0. 16 I:. 13%) ns il 

colorlc?ss 0,: : ‘II NY!fZ (100 Mflz. CDCI; 1 6 3.95 (3 II. S). 7. 94 ( I II. S). 8.05 (1 

If. s) ; II NMf< ( ! 00 Mflz. f),O) IS :3. 115 (3 If. s). 8. 03 (I If, S) ) 8. 38 (1 If. s) ; I I? 

((:Dcl?) :~ooo. 1515. 1270. II40 (‘XI ’ ; fIf<MS ciilcd f’or C:,lI: KS MV! 83. 0484. found m/e 

83. 0:>01 (M’ 1 : Ana I. (‘il Ic,d for (‘1 tl. N., : (1. 4:X. 36 : II, 6. 07: N. 50. 57. f;ound : (:. 

4:1. 01: II, 6. (I!); K. 50.4tj. 
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General Procedure for Deuteriatlon of Nl-Substituted 3-NTR Derivatives 3, 

27, and 28 and Nl-SubstJtuted 1,2,4-Triazole Derivatives 29, 30, 31, and 32. 

CondJtlon A. To a solutron of each compound (ea. 15 mg) in dt-acetone-DnO (8 : 

If 1450 liL) was added 2 mol equJv of Et,N. The mixture was stJrred at room 

temperature for a tJme 1ndJcated on Tables Il and lil and then the D-content of 

C5-D in each sample was determined by the 100 MHz 'H-NMR analysis. 

Condition B. CarrJed o1Jt similarly to the condition A employing 2 mol 

equJv of Et,N and DpO (400 !I,). 

CondJtJon C Carrred out sJmJlarly to the condition A employing 2 mOl 

equiv of NaH and DzO (400 FL). 

High Resolutjon Mass Spectrometry fHRMSf for Compounds la-f and 2a-f. l- 

/2'-(4"-PJperidJnopiperJdinylcnfbonyloxy~-propyi)-3-nitro-l,2,4-triazole (la). 
Chamber temperature (CT. ) = 140 @, probe temperature (P.T.) = 90-110 "r: ; HRMS 
calcd for CliiHlt.NhOl MW 366.2015, found m/e 366.2012; calcd for C, ,H19N20 M+ - 

C,H7N,01 195.1497, found m/e 195.1524. 

l-(2'-PiperidinoethyIcarbamoyloxy-propyloxy-propyl~-3-nitro-~,2,4-tr~a~ole (lb). 

c. T. = 50 "c, P.T. = 270-280 "(:; HRMS calcd for Ck.HrzN‘t,~4 MW 326. 1703, found 

m/e 326.1717; calcd for CHHEIN,O M' - C~H,N,,OI 155.1183, found m/e 155.1165. 

1-(2'-Morpholinoearbonyloxy-propyl)-3-n~tro-l,2,4-tr~azole (lef. C.T. = 

120 g:, P.T. = 80-100 g: ; FIRMS calcd for CJ oH, :,N?O?, MW 285.1073, found m/e 

285.1116; caled for CirtH, JN,OI M' - HrO 267.0967, found m/e 267.0970; calcd for 

CsHxNOz M' - CsH,N40:, 114.0554. found m/e 114.05s3. 

1-~2'-MorpholJr~opropyleerbamoyloxy-propy1~-3-nitro-l,2,4-tr~azole (Id). 

c. T. = 140 "c, P.T. = 100-130 @C ; WRMS calcd for CJ lH,,NaO, MW 342.1651, found 

m'o 342. i684; (!alcd Cur C, ill, , Nc,O, M' - 011 325 1623 , forJnd m/e 325.1599; calcci 

for C~H,<NPO~ M’ - C,H,N/IO1 171. 1134, found m/e 171. 1142. 

f-f2'-I-iydroxyethylcarbamoyloxy-propyI~-3-nitro-l.2,4-tr~azole clef. C.T. = 

110 "c, P.T. = 200-280 4: : HRMS calcd for C"H,,NC,O~, M' + w 260.0994, found m/e 

260.0988: calcd for &II, JN50, M+ - HLO 241.0810, found m/e 241.07SO: calcd for 

C,tl,,,N.,Oa M" - CH,OH 228.0733, found rn'e 228.0735: calcd for C,,HeNOL M' - 

C,H?NeO, 88. 0397, found m/e 88.03S6. 

1-(2'-(rln-tlydroxyethylpiperal.inylcarbonyloxy)-propyI)-3-nltro-l,,2,4- 

trJazole (If). C.T. = 140 "c, P.T. = 100-200 "c ; HKMS calcd for Ct2HLI~Nf,0~. MW 

328.1494, foilnd m/c 328. 1489: calcd for C~~H,',N<,O, M’ - OH 311.1466, found m/c 

311.1461; ca1rd for C, ,1-I, 7Ni,01i M’ - CtILOH 297. 1310, found m/e 297.1288; caled 

for &II, !NLOL M' - C.,fI?NnO, 157.OS76, found m/e 157. 0953. 

2-(2'-~4"-Piper~dinopJperJdJny~carborJyloxy~-propyI)-3-nitro-l.2,4-triazole 

(Za). CT. = 140 c, P.'I' = 80-90 "c: ; !IRMS caled for CJ,,Hi,,Ni,O, MW 366.2015, 

found m/e 366.2023; 1 calcd for C, ,,HL.,N~.O, M' - OH 349. 1987, fottnd m/e 349. 1956; 
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calcd for C,,.ftzr.Nr.OL M’ - NOz 320. 2086, found m/e 320. 2119; calcd for C, ,H, ,,NrO 

M’ - C..tl,N10, 195. 1497. found m/e 195. 1518. 

2-~2’-PiperidInoethylcarbamoyloxy-propyl)-3-nitro-~,2,4-triazole (2b). 
C. ‘I‘. = 120 9= , P.T. = 100-130 “c ; HIWS calcd for C, .,H12Nl,0n MW 326. 1702, found 

m/c 326. 1722; calcd for CI,H,,N,O, M’ - NOz 280. 1773. found m/e 260. 1782; calcd 

for C,ll,,N,O M’ - C..fl,NnO:, 155. 1184. found m/e 155. 1185. 

2-~2’-MorpholinocarbonyIoxy-propyl)-3-nitro-l,2,4-triazol~ (2c). C. T. = 

130 @. P. T. = 20-70 @ ; FIRMS caicd for C, ofi, sN:,O, MW 285. 1074, found m/e 

265. 1105; calcd for C,,,H, :,N,O, M’ - fizO 267. 0966, found m/e 267. 0924; calcd for 

C, ,,H, :..N,O., M’ - NO1 239. 1143. found m/e 239. 1141; cnlcd for C,fI”NO, M’ - 

C,,H,N,Oa 114. 0554. found m/e 114. 0554. 

2-~2’-Morpholinopropylcarbomoyloxy-propyl)-3-nitro-l,2.4-triozole (2d). 

C.T. = 140 “c, P. T. = 70-90 @ : HfIMS calcd for C, .,H7.‘Nb0:I MW 342. 1652. found m/e 

342. 1671: calcd for C. ,H,N,O, M’ - OH 325. 1624, found m/e 325. 1647; calcd for 

C, .,H, ,N..O., M’ - NO> 296. 1723, found m/c 296. 1732 calcd ; for Csll,. N,On M’ - 

C..fl,N;,O., 171. 1133 . 8 found m/o 171. 1126. 

2-~2’-HydroxycthyIcarbamoyloxy-propyI~-3-nitro-l.2.4-triacoIe (2e). C. 7‘. = 

SO ‘(7. P.T. = 150-220 ‘c : tlRMS (‘a I cd for CRH,,.N.,Os M’ + II 260. 0994, found m/e 

260. 0986; calcd for CtifllzNT,O, M’ - 011 242. 0888, found m/c 242. 0881 : calcd for 

C,H: cN.,O> M’ - CfizOH 226. 0732. found m/e 228. 0750: calcd for C,flI,NO1 M’ - 

C,,H, N, O., 88. 0397, found m/e RR. 0389. 

2-(2’-~4”-IlydroxyethylpiperazinyIcarbonyloxy)-propy1)-3-nitro-I. 2. 4- 

trinzole (2f). C.T. = 140 =C, P.1‘. = 60-110 ‘c: ; FIRMS cnl cd for C, iH~oNhO:i MW 

328. 1495, found m/e 328. 1532; calcd for C, ,H, ,jN,.O, M’ - OH 311. 1468. found m/c 

311. 1506; calcd for C121ilnN..0, M’ - Hz0 310. 1344. found m/c 310. 1390; calcd for 

C I II, 7 N<.O, M’ - Cfl,OtI 297. 131 I. found m/e 297. 1315; calcd for C,II, .,N,O- M’ 

- C..II,N,Oi 157. 0976. found m/c 157. 0936. 
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