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Summary. Treatment of aromatic carbaldehyde (diaminomethylene)hydrazones 1 with hot acetic 
anhydride or benzoyl chloride affords 1,4-diacyl-3-acylamino-5-aryl-4,5-dihydro-1 H-1,2,4-triazoles 2. 
In contrast, a new type of 0,N-acetal with an 1,2,4-triazole substructure (3) is obtained from 
4-pyridine-carbaldehyde (diaminomethylene)hydrazone (li) by using a similar reaction procedure. The 
structures of all novel compounds were confirmed by spectroscopic data (1H and ~3C NMR, MS, IR); 
some representative compounds were also studied by X-ray analysis. 
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1,4-Diacyi-3-acylamino-5-aryl-4,5-dihydro-lH-l,2,4-triazole: Ringschluflprodukte von aromatischen 
Aldehyd-d~methylaminomethylenhydrazonen mit Acylierungsmitteln 

Zusammenfassung. Die Umsetzung yon aromatischen Aldehyde-diaminomethylene-hydrazonen 1 
mit heiBem Essigs~ureanhydrid oder Benzoylchloride liefert 1,4-Diacyl-3-acylamino-5-aryl-4,5- 
dihydro-lH-1,2,4-triazole 2. Im Gegensatz dazu erh/ilt man aus 4-Pyridinaldehyd-diaminomethylen- 
hydrazon (li) unter den gleichen Reaktionsbedingungen einen neuen O,N-Acetaltyp mit einer 
1,2,4-Triazoleinheit. Die Struktur s/imtlicher neuer Produkte wurde durch spektroskopische Daten 
(~H- und 13C-NMR, MS, IR) unterst/itzt; einige repr/isentative Vertreter wurden zus~tzlich mittels 
R6ntgenstrukturanalyse untersucht. 

Introduction 

"Guanylhydrazones" ((alkylenamino)guanidines, (diaminomethylene)hydrazones), 
a class of compounds discovered by Thiele [1] more than hundred years ago; are 
obtained usually by the reaction of carbonyl compounds with salts of amino- 
guanidine in slightly acidic media. Recently, we reported on investigationsregarding 
the structure of a variety of such compounds related to the antihypertensive agent 
Guanabenz [2]. 

th  # Dedicated to Professor Dr. S. Makleit on the occasion of his 65 birthday. 
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In consideration of the interesting biological activities of "guanylhydrazone" 
derivatives [2-4],  in the present work we have investigated the behaviour of such 
compounds towards acylating agents such as acetic anhydride and benzoyl chloride. 

Results and Discussion 

Syntheses 

As shown previously [2], acylation of "guanylhydrazones" carrying bulky sub- 
stituents on the aromatic system gives rise to the formation of N3,N4-diacyl 
derivatives. Thus, for instance, the acylation product of 2,4-dichlorobenzaldehyde 
(diaminomethylene)hydrazone was clearly shown to be the N3,N4-diacetyl product 
on the basis of its characteristic 13 C N M R  data (appearence of an N : C H  resonance 
with 6 = 150.8 ppm and 1JN:cH = 168.0 HZ). 

If benzaldehyde (diaminomethylene)hydrazone (la) is treated under analogous 
reaction conditions, a product can be obtained, which Thiele [5] postulated to be 
the diacetyl compound. 

However, in the 13CNMR spectrum of this product (2a) the expected N=CH fragment (compare 
Ref. [2]) cannot be detected, whereas the signal of a C-H fragment appears at ~ = 75.0ppm which is 
rather characteristic of an sp3-hybridized C-atom flanked by two (electronegative) heteroatoms. 
Additionally, the 13 C NMR spectrum of 2a clearly shows three acetyl groups, which is in accordance 
with the findings of Grammaticakis [6] who, based on elemental analysis, postulated a threefold 
acylated product resulting from this reaction. 

These results were confirmed by the mass spectrum of 2a, which showed M ÷ to have m/z = 288. 
The 13 C NMR data of compound 2a together with its carbonyl absorptions (IR: 1732, 1700, 1654 cm- 1; 
not congruent with those for acylated (diaminomethylene)hydrazones described in Ref. [2]) gave a 
strong indication that 2a is a triacylated 1,2,4-triazoline derivative, apparently resulting from 
cyclization of the corresponding acylated (diaminomethylene)hydrazone. 

Some other related ring transformation reactions of (diaminomethylene)- 
hydrazones into 1,2,4-triazole derivatives can be found in the literature [8-10,1. It 
was also reported that some compounds, having the "guanylhydrazone" substructure 
(partially) incorporated into a heterocyclic ring system, show ring-chain tautomerism 
forming an anellated 1,2,4-triazoline ring [11-13]. Additionally, the formation of 
an 1,2,4-triazoline derivative upon reaction of aldehyde S-methyl isothiosemi- 
carbazones with acetic anhydride should be mentioned [14,1. 

All above mentioned ring closure products formally result from transformation 
of a Schiff base to an animal. The findings described in the literature together with 
the characteristic spectroscopic features of compound 2a (particularly the signal at 
75.0 ppm in the 13C N M R  spectrum) led to the assumption that 2a must contain an 
aminal substructure and thus has to be formulated as 3-acetamido-l,4-diacetyl-2- 
phenyl-4,5-dihydro-lH-1,2,4-triazole (2a). It should be mentioned that the physical 
constants found for 2a are in full agreement with those given in Refs. [5, 6]; however, 
the formation of a further isomer as mentioned in Ref. 1-6] could not be detected. 

In order to prove the validity of this novel "5-Endo-Trig" ring closure reaction 
as a route to hitherto not accessible 4,5-dihydro-l,2,4-triazole derivatives [15-1, we 
similarly cyclized some additional "guanylhydrazones" ( lb - lh)  to the corresponding 
reaction products 2b-2h. Direct evidence for the structure of compounds 2a and 2b 
of this series was obtained by X-ray analyses (Figs. 1 and 2). 
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o2  

Fig. 1. Molecular structure of la. Selected bond lengths (~) and angles (°): CI-N2, 1.411(3); N2-C3, 
1.477(3); C3-N4, 1.476(3); N4-N5, 1.413(3); C1 N5, 1.283(3); CI-N1, 1.379(4); NI-C6, 1.380(4); 
N2 C8, 1.386(4); C3 C10,'2.517(4); N4 C16, 1.361(3); N2 C1 N5, 115.3(3); C1-N2-C3, 107.7(2); 
N2-C3-N4, 98.4(2); C3-N4 N5, 114.0(2); C1-N5 N4, 104.2(2) 

Q 
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Fig. 2. Molecular structure of lb. Selected bond lengths (~) and angles (°): C1-N2, 1.412(3); N2-C3, 
1.482(3); C3-N4, 1.475(3); N4-N5, 1.410(3); C1-N5, 1.284(3); C1 N1, 1.380(3); N1-C6, 1.388(3); 
N2-C8, 1.383(3); C3-C10, 1.512(3); N4-C17, 1.365(3); N2-C1-N5, 114.5(2); C1-N2-C3, 108.0(2); 
N2-C3-N4, 98.2(2); C3-N4 N5, 113.7(2); C1-N5-N4, 104.9(2) 

React ion of  l a  with three equivalents  of benzoyl chloride at r oom tempera ture  
resulted in a related tr iazoline derivative 2a (C6HsCO instead of CH3CO),  which 
was ment ioned  as the " t r ibenzoyla t ion  p roduc t "  of l a  in Ref. [16]. 

The first step in the cyclization of (diaminomethylene)hydrazones of type 1 in acetic anhydride 
might be the formation of an electrophilic N-acylium ion A (Scheme 1), which, in accordance with the 
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resonance structure shown, exhibits enhanced reactivity towards intramolecular nucleophilic attack 
by the NH 2 group. Reaction of the resulting monoacylated intermediate B with acetic anhydride 
(catalyzed by H +) gives rise to the stable end products 2. The complete process represents a new type 
of c~-amidoalkylation [17]. It should be emphasized that conducting the reaction of la with acetic 
anhydride in the presence of pyridine does not lead to the above ring closure reaction; instead, 
formation of the monoacylation product 4 (as the main component of the reaction mixture) was 
observed. 
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Surprisingly, the main product, 3, resulting from the reaction of 4-pyridin- 
carbaldehyde (diaminomethylene)hydrazone (li) with acetic anhydride, showed a 
different spectroscopic behaviour as compared to compounds 2 a - h  (see below). As 
the elemental analysis of 3 agrees with that of the expected 1,2,4-triazoline derivative 
2i (C13H15NsO3; MS: m/z of M + = 289), the compound must be an isomer of 2i. 
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Since the spectroscopic data of 3 (1H and 13C NMR, IR, MS) did not permit an 
unambiguous determination of its structure, we turned to X-ray analysis which 
indicated that compound 3 is a 1,2,4-triazole derivative with the azole N-1 
incorporated into an O,N-acetal substructure (Fig. 3). A possible explanation for 
the formation of 3 is acetoxylation of l i  to intermediate C (Scheme 2), which is 
subsequently transformed into the ring-closure product 3. 
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Fig. 3. Molecular structure of 3. Selected bond lengths (/~) and angles (°): C1 N2, 1.321(2); N2-N3, 
1.390(2); N3-C4, 1.359(2); C4-N5, 1.326(2); C1-N5, 1.364(2); C1-N1, 1.391(3); N3-C5, 1.446(2); 
C4-C13, 1.482(3); N2-C1-N5, 116.5(2); C1-N2-N3, 100.7(2); N2-N3-C4, 1!0.2(1); N3-C4-N5, 
109.5(2); C1-N5-C4, 103.0(1) 



738 Z. Gy6rgyde/tk et al. 

N M R  Spectroscopic Investigations 

The 1H NMR and ~3C NMR data of"guanylhydrazones" l a - l i  are summarized in 
Tables 1 and 3, respectively. The structure elucidation of these compounds was 
performed in a similar manner to that described for related structures in Ref. [2]. 
Thus, ~H NMR and 13CNMR data in DMSO-d  6 solution together with ~H{IH} 
NOE difference experiments enabled us to assign l a - l i  to the structures displayed 
in Scheme 1. 

The NMR-spectroscopic data of 1,2,4-triazolines 2a-2h (DMSO-d6) are presented 
in Table 2 (~H NMR) and Table 4 (x3C NMR). Apart from signals due to protons 
of the aromatic (or heteroaromatic) system (and attached methoxy functions, if 
present), the similarities among the ~H and ~3C NMR spectra of structures 2a-2h 
clearly suggest close structural similarity; the remarkably large chemical shifts of 
the triazoline protons (6 = 6.97-7.78 ppm) are in good accordance with those of 
related compounds described in the literature [15, 19]. Unambiguous assignments 
of all acetyl group resonances could be achieved by NOE difference experiments 
(significant nuclear Overhauser enhancement on the signal of N4-COCH3 upon 
irradiation of the triazoline-H resonance) together with HMQC spectra (or 1D 
HETCOR spectra with selective excitation) and long-range INEPT experiments 
with selective excitation. 

Compounds 2a and 2c were also investigated in CDC13 solution in the same way 
as described above (for spectral data, see Experimental). A comparison of these data 
with those obtained for DMSO-d  6 solution shows the most striking differences for 
the signals due to the acetyl groups which can be explained by the assumption that 
in CDC13 solution the oxygen atom of the N4-acetyl function and the NH-proton 
are linked by an intramolecular hydrogen bond as shown by the X-ray data for the 
solid state (see Figs. 1 and 2), whereas in the strong hydrogen acceptor DMSO-d  6 
this interaction is diminished or not existent. 

The structure of product 4, resulting from reaction of "guanylhydrazone" la 
with benzoyl chloride, was found to be similar to structure 2a ( C 6 H 5 C O  instead of 

Table 1. IH NMR data of aromatic carbaldehyde (diaminomethylene)hydrazones la  li (6, DMSO-d6) 

N=CH Aromatic Protons N H  2 Other Protons 

l a  a 7.98 7.72-7.60(2,6), 7.44-7.21(3,4,5) 5.89, 5.53 
lb a 7.95 7.65-7.50(2,6), 6.94-6.83(3,5) 5.79, 5.40 
lc" 7.92 6.98(2,6) 5.94, 5.50 
ld 8.22 7.52(6), 6.63(3) 5.88, 5.46 

le 7.92 7.99(2), 7.54(6), 7.03(5) 6.60 4.40 
If 8.26 8.10(6), 7.53(3), 7130(5), 7.16(4) 6.06, 5.78 
lg-HC1 9.04 8.45(8), 8.18(2), 8.00(4), 7.96(5), 7.92 

7.62(7), 7.56(3), 7.55(6) 
lh 8.16 7.34(5), 7.13(3), 7.01(4) 5.70, 5.55 
IP 7.92 8.49-8.41(2,6), 7.62-7.54(3,5) 6.10, 5.76 

3.75(OCH3) 
3.80(3,5-OCH3), 3.65 (4-OCH3) 
3.80(4-OCH3), 3.78 (2-OCH3) , 
3.74 (5-OCH3) 
3.82(OCH3) 

12.34(NH) 

a See Ref. [2] 
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CH2CO) considering the similarities with compounds 2a-2h with respect to the 
chemical shifts of the triazoline C-atoms as well as the carbonyl-C resonances. 

In contrast, the NMR spectra of compound 3 (cf. Experimental), obtained upon 
treatment of li  with acetic anhydride, exhibit some deviations compared to those 
of the series 2a-2h, indicating 3 not to be the expected corresponding triazoline 
derivative. Again, applications of different NMR techniques (NOE difference 
spectra, determination of direct and long-range 13C-1H correlations by 1D 
HETCOR and long-range INEPT experiments with selective excitation) finally 
enabled us to verify structure 3 and to perform complete and unambiguous 
assignments of all carbon and proton resonances. All these data are in full 
accordance with the 1,2,4-triazole structure of this compound following from the 
X-ray analysis. 

Table 2. 1H N M R  data of 1,2,4-triazolines 2a 2h (3, DMSO-d6) 

N - C H - N  Aromatic Protons N H  Ace ty l -H  O C H  3 

1-Ac 4-Ac N H - A c  

2a 7.03 7.56(2,6), 3.37(3,4,5) 10.62 2.06 2.09 2.14 

2b 6.98 7.46(2,6), 6.92(3,5) 10.56 2.05 2.07 2.13 

2e 7.02 6.96(2,6) 10.70 2.07 2.11 2.13 

2d 7.09 7.01(6), 6.69(3) 10.30 2.04 2.02 2.15 

2e 6.97 7.74(2), 7.52(6), 7.10(5) 10.60 2.06 2.11 2.13 

2f 7.19 7.58(6), 7.57(3), 7.40(5), 10.52 2.05 2.08 2.15 - 

7.25(4) 

2g 7.78 8.53(8), 7.94(4,5), 7.81(2), 10.60 2.07 2.03 2.19 - 

7.61(7), 7.54(3,6) 

2h 7.29 7.52(5), 7.29(3), 6.99(4) 10.52 2.08 2.15 2.13 - 

3.74 

3.77(3,5), 3.67(4) 

3.80(2), 3.79(4), 

3.69(5) 

3.84 

Table 3. 13C N M R  data of aromatic carbaldehyde (diaminomethylene)hydrazones l a  l i  (6, DMSO- 
d6) 

CH=N N = C - N  Aromatic C OCH3 b 

C-1 C-2 C-3 C-4 C-5 C-6 

1JcH=N (HZ) 

la a 143.4 160.7 136.9 126.2 128.4 127.8 128.4 126.2 - 159.6 
lb a 143.5 160.2 129.6 127.6 113.9 159.3 113.9 127.6 55.1 159.3 
lc" 143.5 160.4 132.5 103.6 153.0 137.7 153.0 103.6 60.0(4), 55.8(3,5) 160.6 
ld 139.1 159.9 116.8 151.8 98.2 150.1 143.2 109.0 56.5(2), 56.1(5), 55.7(4) 162.4 
le 141.8 160.2 131.1 129.9 111.2 155.0 112.4 127.3 56.3 161.1 
If 141.1 161.4 135.3 122.2 132.7 129.2 127.5 127.1 164.2 
IgHC1 145.8 155.5 c - 163.2 
lh 138.3 159.9 - 142.2 126.2 t27.2 125.2 - - 163.8 
IP 140.3 161.9 - 149.6 120.4 144.3 120.4 149.6 163.0 

a See Ref. [2]; b l j  = 144.1 144.4Hz; ~ 133.2(4a), 130.7(4), 130.2(8a), 128.6(5), 128.5(1), 127.2(7), 126.6(2), 126.0(6), 
125.2(3), 123.1 (8) 
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Experimental 
General and preparation of l a - e  and l i  see Ref. [2]. NMR: Varian Uniplus 300 (300 MHz for 1H, 
75 MHz for 13C), Bruker AC-80 (80 MHz for 1H, 20MHz for ~3C), standard pulse sequences. The 
center of the solvent peak was used as in internal standard which was related to TMS with 6 = 7.26 ppm 
(IH, CDCI3) , 6 = 2.49ppm (1H, DMSO-d6) , 6 = 77.00ppm (13C, CDC13) , and 6 =  39.50ppm (13C, 

DMSO-d6). For the complete assignment of proton and carbon resonances in the course of the present 
study, the following experimental techniques were applied: NOE difference, J-modulated spin-echo, 
COSY, TOCS, HMQC [21], and 1D HETCOR [21]. Furthermore, coupling information obtained 
from fully 1H coupled ~3C NMR spectra (gated decoupling) as well as comparison with literature data 
[15, 22, 23] was used for this purpose. 

General Method for the Preparation of l d - l h  

1.36 g (10 mmol) aminoguanidine hydrogen carbonate was acidified with a 2 N aqueous solution of 
the corresponding mineral acid (see Table 5). This leads to vigorous evolution of CO2 and results in 
a clear solution and cooling. A methanolic solution of 10 mmol aldehyde was added and the reaction 
mixture boiled under reflux for the time given in Table 5. The precipitated salts were dissolved in hot 
water from which the free bases were obtained upon addition of equivalent amounts of aqueous KOH. 
The reaction mixture was processed as usual; for physical data of the recovered salts and free bases 
see Table 5. 

Preparation of 1,4-Diacyl-3-acylamino-5-aryl-4,5-dihydro-l,2,4-triazoles (2a-2h), Method A 

1 mmol l a - l h  in 0.55 ml acetic anhydride was placed in an oil bath at 100 °C and stirred for the time 
given in Table 6 at this temperature. The yellow to light brown reaction mixture was concentrated 
in vacuo. Repeated codistillation with tolune left a semicrystalline residue which was recrystallized 
from the solvent given in Table 6. In the case of 2b, the resulting mixture was chromatographed on 
Kieselgel 40 (70 230 mesh) with CHC13/CH3OH (95:5) as eluent. 

Preparation of 1,4-Diacyl-3-acylamino-5-aryl-4,5-dihydro-l,2,4-triazoles (2a-2h), Method B 

A suspension of 10 mmol of la  in 12 ml of pyridine was cooled to 0 °C and 3 mmol of the corresponding 
acid chloride were added dropwise over 10 rain with constant stirring. After 30 rain, the cooling bath 
was removed and the mixture poured into an ice-cold KHSO 4 solution and extracted several times 
with methylene chloride. The combined extracts were successively washed with water and a saturated 
KHSO4 solution, dried with anhydrous MgSO4, and concentrated to give a slightly yellow-colored 
product. For  recrystallization, see Table 6. 

2b: 1HNMR (CDCI3): c5 = 10.40 (s, 1H, NH), 7.46 7.30 (m, 5H, phenyl-H), 6.83 (s, 1H, triazoline-H), 
2.31 (s, 3H, NH-COCH3),  2.17 (s, 3H, N1-COCH3), 1.97 (s, 3H, N4-COCH3)ppm; ~3CNMR 
(CDC13): 6 =  169.8 (N4-CO), 167.6 (NH CO), 166.9 (N1-CO), 141.7 (triazoline N-C-N) ,  136.3 
(phenyl C-1), 129.8 (phenyl C-4), 129.1 (phenyl C-3,5), 126.8 (phenyl C-2,6), 74.4 (d, 1 j =  159.9Hz, 
triazoline N-C-N) ,  24.6 (NH-COCH3), 24.5 (N4-COCH3), 20.7 (N1 COCH3)ppm. 

2a (C6H5CO instead of CH3CO): ~HNMR (CDCI3): c5 = 10.99 (s, 1H, NH), 7.91 7.18 (m, 20H, 
phenyl-H), 7.35 (s, 1H, triazoline-H)ppm; 13CNMR (CDCI3): 6 = 170.6, 163.7, 163.1 (C-O), 142.0 (d, 
3j = 3.8 Hz, triazoline N C-N), 136.8, 134.2, 133.0, 132.6, 132.2, 13Z1, 131.6, 130.3, 129.4, 129.0, 128.9, 
128.6, 127.9, 127.5, 126.8, 126.6 (phenyl-C), 76.6 (d, IJ = 164.0 Hz, triazoline N - C - N ) p p m .  

2e: ~HNMR (CDC13): c~ = 10.33 (s, 1H, NH), 6.75 (s, 1H, triazoline-H), 6.64 (s, 2H, phenyl H-2,6), 3.81 
(s, 6H, 3,5-OCH3), 3.79 (s, 3H, 4-OCH3), 2.29 (s, 3H, NH-COCHa),  2.17 (s, 3H, N1-COCHa), 2.00 (s, 



742 Z. Gy6rgydeb& et al. 

0 
N 

e~ 
~D 

"K 

0 ..= 

~D 

e~ 

Y. 

~D 

¢ h  

J 

0 

Z 

~ . =  

t ~ ~ ~ ~ 

G ei r-- 

o-,1 0-1 ~--N 

t ~ I "~  t~l t ~ ~ ~ I "~ ~ 

U U ~  

© 

o o ~ ~ 

r',,I ¢',1 ~ )  ~ 

ca 

U U z a: a: a: a: 



Ring Closure Products of Aromatic Hydrazones 743 

I 
e , I  

N 

4 

6 

"9, 

¢1I 

o~ 

Z 

0 

° 

z z z z a~ a~ z~ z z~ z 

t-- ~ ~ m eq m 

e q  r , . )  m o"3 m 

~o ~ I ~ ~ ~ ~ ~ I ~  

2 " 8  



744 Z. Gy6rgydefik et al. 

3H, N4-COCH3)ppm; ~3CNMR (CDC13): 6 = 169.8 (N4-CO), 167.7 (NH-CO), 167.2 (N1-CO), 
153.8 (phenyl C-2,6), 74.4 (d, ~J = 160.2 Hz, triazoline N-C-N),  60.6 (4-OCH3), 56.4 (3,4-OCH3), 24.6 
(NH-COCH3), 24.5 (N4-COCH3), 20.7 (N1-COCH3)ppm. 

I-(1-Acetoxy-l-( 4-pyridylmethyl) )-3-acetamido-5-methyl-l,2,4-triazole (3) 

Method of preparation: A; for physical data, see Table 6. 1H NMR (DMSO-d6): 6 = 10.18 (s, 1H, NH), 
8.62 (m, 2H, pyridine H-2,6), 7.73 (s, 1H, O-CH-N) ,  7.44 (m, 2H, pyridine H-4,5), 2.57 (s, 3H, 
triazole-CH3), 2.20 (s, 3H, O-COCH3), 1.98 (s, 3H, NH-COCH3)ppm; 1HNMR (CDC13): 6 = 8.68 
(m, 2H, pyridine H-2,6), 8.45 (broad s, 1H, NH), 7.57 (s, 1H, O-CH-N) ,  7.28 (m, 2H, pyridine H-3,5), 
2.56 (s, 3H, triazole-CH3), 2.26 (s, 3H, NH-COCH3), 2.24 (s, 3H, O-COCH3)ppm; 13CNMR 
(DMSO-d6): 6 = 169.0 (dq, 2 J c o , M  e = 6.8 Hz, 3 J c o , o _ C H _  N = 3.1 Hz, O-C=O), 168.0 (m, NH-CO),  155.9 
(s, triazole C-3), 153.9 (dq, 2J c 5,M~ = 7.1 Hz, 3J c 5,o CH-N = 1.5 Hz, triazole C-5), 149.7 (m containing 
x j ,  pyfidine C-2,6), 143.4 (m, pyridine C-4), 121.3 (m containing ~J, pyridine C-3,5), 77.0 (td, 
1 j =  128.2Hz, NH-COCH3), 20.2 (q, 1 j =  130.3Hz, O-COCH3), 11.5 (q, a J =  130.2Hz, triazole- 
CH3) ppm; 13C NMR (CDC13): 6 = 170.0 (broad, NH-CO), 168.9 (dq, 2Jco.M ~ = 7.0 Hz, 3Jco.o_CH_ N = 
3.5 Hz, O-CO), 156.4 (s, triazole-C-3), 150.1 (dq, 2Jc_s.Me = 7.3 Hz, 3J c 5,o CH-N = 2.0 HZ, triazole-C- 
5). 150.1 (m containing 1j, pyridine C-3,5), 77.2 (td, 1J=158.2Hz, 3J o CH N,pyrH-3,5 =4"0HZ, 

Table 7. Crystallographic data for la, lb, and 3 

la  lb 3 

Empirical formula C14 H 16N403 C15H18N40¢ C13 H 15N203 
Formula weight 288.31 318.33 289.29 
Crystal colour, habit colourless, prism colourless, prism colourless, prism 
Crystal dimensions [mm] 0.12 x 0.22 x 0.40 0.20 x 0.35 x 0.45 0.25 x 0.25 x 0.41 
Temperature [K] 173(1) 173(1) 173(1) 
Crystal system monoclinic monoclinic orthorhombic 
Space group P21/c P21/c P212x2 
Z 4 4 4 
a [~] 7.312(2) 10.029(3) 14.919(3) 
b [/~] 22.990(3) 8.175(2) 17.888(2) 
c [/~] 8.591(1) 19.140(2) 5.238(3) 
fl [°] 106.50(2) 96.55(2) 90 
V [/~3] 1384.8(5) 1559.0(5) 1397.9(8) 

dealt d[g cm- 3] 1.383 1.356 1.374 
# (MoK,) [mm- 1] 0.094 0.094 0.095 
20ma x [o] 55 55 60 
Total reflections measured 3525 4034 2972 
Symmetry independent reflections 3194 3572 2840 
Observed reflections [-I > 3~r(1)-] 1868 2470 2314 
Parameters refined 254 280 250 
Final R 0.0494 0.0458 0.0354 

Rw 0.0467 0.0484 0.0326 
Weights w = [a2(Fo) + (pFo) z] - 1.p 0.005 0.0075 0.005 
Goodness of fit 1.991 2.275 1.653 
Final Amax/tr 0.005 0.007 0.001 
Ap (max; rain) [e-~-  3] 0.23; - 0.37 0.26; - 0.20 0.22; - O. 17 
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O-CH-N) ,  23.6 (q, 1j = 129.2 Hz, 3j = 2.0 Hz, NH-COCH3). 20.5 (q, l j  = 130.6 Hz, O-COCH3), 11.9 
(q, i j  = 130.6 Hz, triazole-CH3). 

Acetylation of la in pyridine 

To a cooled solution of la (1.62 g, 10 mmol) in pyridine (23 ml), 8 ml of acetic anhydride was added. 
After 16 h, the volatile components were removed in vacuo and the mixture was coevaporated with 
40 ml of toluene. The resulting yellow oil (3.3 g) was chromatographed on Kieselge140 with chloroform/ 
methanol (97:3) as eluent. Yield, 0.30g (14.5%) of 4 and 0.33 g (11.4%) of2a; m.p. of4:132-136 °C (Ref. 
[2]: 132-136 °C.) 

Crystal Structure Determinations [24] 

The X-ray data for la, lb, and 3 were collected at low temperature on a Rigaku AFC5R diffractometer 
using graphite-monochromated Mo-K~ radiation (2 = 0.71069 ~), co - 20 scans and a 12 kW rotating 
anode generator. Scan speed: 16 ° min- 1 with up to 4 scans per reflection; structure solution by direct 
methods with SHELXS-86; full-matrix least-squares on F; non-hydrogen atoms refined anisotropically, 
hydrogen atoms refined isotropically; all calculations performed with TEXSAN. Compound 3 was 
enantiomerically pure, but the enantiomorph used in the structure refinement was chosen arbitrarily. 
For other crystal data, see Table 7. 
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