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A series of eryt/iro-l-(2-hydroxy-3-nonyl)azole derivatives have been synthesized and evaluated 
for adenosine deaminase (ADA) inhibitory activity, in order to introduce simplifications in the 
ADA inhibitor ery£/iro-9-(2-hydroxy-3-nonyl)adenine (EHNA, la). The synthesis of most of the 
reported compounds was achieved by reaction of 2-bromo-3-nonanone with the suitable azole 
followed by reduction of the carbonyl group to give a diastereoisomeric mixture of N-substituted 
(2-hydroxy-3-nonyl)azoles. Separation of diastereoisomers was achieved by HPLC or by preparative 
TLC plates. The results of the enzymatic test indicate that the nitrogen in the 3-position, and 
secondly, the nitrogen in the 5-position are very important for the interaction of the azole ring with 
the inhibitory site on the enzyme. In fact, the pyrazole and the 2-substituted 1,2,3-triazole derivatives 
(10 and 15, respectively) are nearly inactive, whereas the ery£/iro-l-(2-hydroxy-3-nonyl)-l,2,4-
triazole (18e) was the most potent ADA inhibitor in the series with K\ = 0.3 IJM. 

Deamination of adenosine and 2'-deoxyadenosine to 
form inosine and 2'-deoxyinosine is catalyzed by adenosine 
deaminase (ADA). 

This enzyme is present in all mammalian cells and plays 
a central role also in the differentiation and maturation 
of lymphoid system cells. Hereditary adenosine deaminase 
deficiency causes severe combined immunodeficiency 
disease (ADA-SCID), in which both B-cell and T-cell 
development is impaired.1,2 Enzyme abnormalities have 
been reported also in some leukaemia diseases3 and in 
acquired immunodeficiency syndrome (AIDS).3,4 It has 
been suggested that modulating ADA activity may be a 
target for chemotheraphy. Therefore, ADA inhibitors may 
be used both as drugs and as codrugs in combination with 
certain anticancer or antiviral agents which are adenosine 
analogues.6-7 

The function of ADA is also critical in controlling the 
effects of adenosine in other systems. Adenosine is an 
endogenous antihypoxic and anticonvulsant and a mod­
ulator of platelet aggregation, lipolysis, glycogenosis, 
blood flow, and neurotransmission.8,9 Therefore, modu­
lation of adenosine deaminase with the use of highly 
specific inhibitors might modify the action of endogenous 
adenosine under various physiological and pathological 
conditions.10-12 

All these aspects have greatly stimulated our interest 
in synthesizing new enzyme inhibitors, with the aim of 
clarifying the requirements of the ADA inhibitory site 
and possibly providing new therapeutic approaches. 
Among the known ADA inhibitors, ery thro-9- (2-hydroxy-
3-nonyl)adenine (EHNA, la), a semi-tight-binding in­
hibitor {K\ = 0.007 MM), is advocated as a possible inhibitor 
of choice for use with nucleosides, which are ADA 
substrates, and was preferred to coformycin and deoxy-
coformycin, two extremely potent naturally occurring 
inhibitors (Ki = 0.01-0.001 nM).13 In order to investigate 
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which structural parameters in the purine moiety of EHNA 
were critical for inhibitory activity, we synthesized and 
tested a series of deaza analogues of EHNA.14-17 

We demonstrated that isosteric monosubstitution of the 
pyrimidine nitrogens by carbons can be tolerated at the 
enzymatic binding site. In fact, 3-deazaEHNA (K; = 0.01 
MM) was found to have an inhibitory activity comparable 
to EHNA itself, and 1-deazaEHNA (K{ = 0.16 iM), though 
less potent, is a good inhibitor. On the other hand, 
substitution of a methine group for the nitrogen atom in 
the 7-position of the purine moiety of EHNA produced a 
dramatic drop in the inhibitory activity (7-deazaEHNA, 
K\ = 400 nM). Also the substitution of both pyrimidine 
nitrogens by carbons brought about a considerable re­
duction of activity (1,3-dideazaEHNA, K\ - 71 AIM). 

In order to introduce additional simplifications to the 
EHNA chemical structure, a series of erythro-l-(2-
hydroxy-3-nonyl)imidazole derivatives have been synthe­
sized and tested.17 As shown in Table I, opening the 
pyrimidine or pyridine ring of EHNA led to compounds 
which are still ADA inhibitors. The amino group at C-4 
of the most potent compound eryt/iro-l-(2-hydroxy-3-
nonyl)imidazole-4-carboxamide (lb, K\ = 0.035 iiM) pro­
vided potential donor and acceptor sites for hydrogen 
bonding. Lack of one of these sites could account for the 
order of potency of all compounds examined in this 
series.17,18 The finding that erythro-l-(2-hydroxy-3-non-
yl)imidazole itself was a good ADA inhibitor (6, Ki = 0.90 
MM) prompted us to couple the 2-hydroxy-3-nonyl chain 
to other aromatic azole systems, i.e. pyrazole, 1,2,3-triazole, 
1,2,4-triazole, and 1,2,3,4-tetrazole. 

Chemistry 
Most of compounds reported in this paper were syn­

thesized by reacting 3-bromo-2-nonanone (3) with the 
appropriate azole, followed by reduction of the carbonyl 
group with sodium borohydride. 

Preparation of compound 3 was accomplished by 
treatment of 2-nonanone (2) with the commercially 
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Table I. ADA Inhibitory Activity of 2-Hydroxy-3-nonyl 
Derivatives of Azoles 
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available anion-exchange resin Amberlyst A-26, perbro-
mide form (Fluka), in the presence of methyloxirane and 
of the free-radical initiator azobisisobutyronitrile (AIBN).19 

The conditions described by Bongini et al. for bromination 
of 2-octanone (refluxing in hexane for 30 min) gave only 
polybrominated derivatives in the case of 2-nonanone. 
Alternatively, the reaction mixture was heated at 40 °C 
for 5 h to obtain a 38% yield of 3-bromo-2-nonanone (3) 
(Scheme I). 

Reaction at room temperature of 3 with pyrazole (8), 
1,2,3-triazole (11), 1,2,4-triazole (16), 1,2,3,4-tetrazole (21), 
in tetrahydrofuran-dimethylformamide (1:1) in the pres­
ence of potassium carbonate gave l-(2-keto-3-nonyl)-
pyrazole) (9), l-(2-keto-3-nonyl)-l,2,3-triazole (12), and 
2-(2-keto-3-nonyl)-l,2,3-triazole (14), l-(2-keto-3-nonyl)-
1,2,4-triazole (17), l-(2-keto-3-nonyl)-l,2,3,4-tetrazole (22) 
and 2-(2-keto-3-nonyl)-l,2,3,4-tetrazole (24), respectively 
(Schemes II-IV). 

Reaction of 3 with 1,2,3-triazole (11) gave a mixture of 
the two N-l and N-2 substituted isomers, compounds 12 
and 14, respectively (Scheme III). 

The site of alkylation was established on the basis of XH 
NMR spectra of the corresponding hydroxy derivatives 
l-(eryt/iro-2-hydroxy-3-nonyl)-l,2,3-triazole (13e) and 
2-(eryfbro-2-hydroxy-3-nonyl)-l,2,3-triazole (15e). Com-
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pound 13e exhibited two doublets at 5 7.73 and 8.13, 
respectively: the downfield signal was assigned to H-5 
and the upheld one to H-4, according to the spectral date 
in DMSO-efe reported in literature for the corresponding 
iVA-methyl derivative.20 On the other hand, the symmetric 
compound 15e exhibited in the aromatic field a doublet 
with coupling constant of 1.2 Hz, assigned to H-4 and H-5 
protons. 

Reaction of 3 with 1,2,4-triazole (16) afforded only the 
1-substituted isomer 17: the alkylation site was confirmed 
by JH NMR spectrum which exhibited two singlets at 8 
8.06 and 8.66, instead of a two-proton singlet as expected 
in the case of the symmetric isomer 4-(2-keto-3-nonyl)-
1,2,4-triazole (Scheme III). The synthesis of 4-(erythro-
2-hydroxy-3-nonyl)-l,2,4-triazole (20) was alternatively 
accomplished by refluxing formylhydrazine and triethyl 
orthof ormate, and then adding ery£/iro-3-amiiio-2-nonanol 
(19)21 to the cooled and acidified mixture: the XH NMR 
spectrum of compound 20 exhibited a two-proton singlet 
at S 8.49, corresponding to the symmetric H-2 and H-5 
protons (Scheme III). 

Coupling of 3 with 1,2,3,4-tetrazole (21) gave alkylation 
both in N-l, affording l-(2-keto-3-nonyl)-l,2,3,4-tetrazole 
(22), and in N-2, yielding 2-(2-keto-3-nonyl)-l,2,3,4-
tetrazole (24) (Scheme IV). The assignment of the 
alkylation site was made for the alcohols l-(erythro-2-
hydroxy-3-nonyl)-l,2,3,4-tetrazole (23e) and 2-(erythro-
2-hydroxy-3-nonyl)-l,2,3,4-tetrazole (26e) and was based 
on the XH NMR spectral data in DMSO-d6 reported in 
literature for the corresponding iV-methyl derivatives.20 

The structural assignment was unambiguously confirmed 
by the recent 2D 1H, 13C-correlation spectroscopy tech­
nique. In fact, according to the literature, the signal of 
the H-5 proton was observed downfield when the alkylation 
occurred at N-l whereas the same signal appeared upfield 
when the alkylation occurred at N-2 (23e 5 = 9.43 vs 26e 
8 = 9.00). Moreover, the 2D ^."C-correlation spectros­
copy exhibited a long-range coupling between H-3' and 
C-5 only in the case of 23e, clearly indicating that in this 
derivative the ribosylation occurred at N-l. 

Coupling of 3 with imidazole (4) at room temperature 
gave no reaction, and l-(2-keto-3-nonyl)imidazole (5) was 
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obtained by raising the temperature to 70 °C. Also in the 
case of the imidazole derivative the signal of the H-5 proton 
appeared downfield (6 = 7.17) than that of the H-4 one (5 
= 6.97), according to the XH NMR data reported in 
literature for the 1-methylimidazole (Scheme II).20 

Reduction of compounds 5, 9, 12, 14, 17, 11, 24 with 
NaBH4 in methanol at room temperature provided l-(2-
hydroxy-3-nonyl)imidazole (6), l-(2-hydroxy-3-nonyl)-
pyrazole (10), l-(2-hydroxy-3-nonyl)-l,2,3-triazole (13), 
2-(2-hydroxy-3-nonyl)-l,2,3-triazole (15), l-(2-hydroxy-3-
nonyl)-l,2,4-triazole (18), l-(2-hydroxy-3-nonyl)-l,2,3,4-
tetrazole (23), and 2-(2-hydroxy-3-nonyl)-l,2,3,4-tetrazole 
(25), respectively (Scheme II-IV). All the reduction 
products were obtained as 1:1 racemic mixture of two 
diastereoisomers. Separation of diastereoisomers was 
achieved by HPLC (6 and 23) or by preparative TLC plates 
(13, 18, 25). Compounds 10 and 15, which were almost 
inactive as inhibitors of ADA, were tested as racemic 
mixture. 

The imidazole derivative 6 was also obtained by pyrolitic 
decarboxylation of erythro-l-(2-hydroxy-3-nonyl)imida-
zole-4-carboxylic acid (7)17 (Scheme II). 

The diastereoisomeric configuration of 2-hydroxy-3-
nonyl derivatives was assigned by 1H NMR data, in 
comparison with the imidazole derivative 6 which presents 
unambiguously the erythro configuration, since it was 
obtained by decarboxylation of the erythro derivative 7. 
Accordingly, the azole ring and the OH protons of the 
erythro diastereomers always appeared downfield from 
those of the corresponding threo diastereomers, and the 
CH3-I protons of the erythro diastereomers appeared 
upfield from those observed for the threo diastereomers. 

Biological Evaluation and Discussion 

The synthesized (2-hydroxy-3-nonyl)azoles were tested 
as inhibitors of adenosine deaminase from calf intestine 
and the results are reported in Table I. The most potent 
ADA inhibitor in the series resulted to be erythro-l-(2-
hydroxy-3-nonyl)-l,2,4-triazole (18e, K\ = 0.3 nM). The 
erythro isomers were always more potent than the 
corresponding threo isomers, according to the profile of 
EHNA itself. The difference in potency between the two 
diastereoisomers is higher in the case of tetrazole rings 
(23e, K{ = 0.6 juM vs 23t, K{ = 15 /uM, and 25e, K{ = 9.6 
juM vs 25t, Ki > 400 j*M) in keeping with the increased 
interaction of nitrogen atoms with the inhibitory site. 

Structure-activity relationships of ADA inhibitory 
potency of azole derivatives compared to imidazole showed 
that the presence of a nitrogen in the 3-position of the 
azole ring is crucial for the activity; in fact both the pyrazole 
(10) and the 2-substituted 1,2,3-triazole derivative (15) 
were almost inactive as ADA inhibitors compared to the 
imidazole derivative (10, K{ > 1000 jtM, and 15 Ki > 400 
MM VS 6e, .Ki • 0.7 iiM). The introduction of a nitrogen 
in the 2- or 4-position of the imidazole ring produced a 
decrease in activity of more than 1 order of magnitude 
(13e, Ki = 24 MM and 20e, K-> = 26 MM, respectively). 

The presence of a nitrogen in the 5-position produced 
an increase in inhibitory activity as shown by the 1,2,4-
triazole derivative, 18e compared to the imidazole deriv­
ative 6e (Ki = 0.3 MM VS K{ - 0.7 jtM) and by the tetrazole 
25e (Ki = 9.6 11M) compared to the 1,2,3-triazole derivative 
13e (Ki = 24 juM). The increase in inhibitory potency is 
even more dramatic when a nitrogen in the 4-position is 
present in the azole ring (23e, X ; = 0.6 /*M vs 20e, Ki = 

26 fiM). These results indicate that the nitrogen in the 
3-position, and secondly the nitrogen in the 5-position, 
are very important for the interaction of the azole ring 
with the inhibitory site on the enzyme. In the case the 
electron density on the nitrogen and in the 3-position is 
lowered, the inhibitory activity is reduced. On the other 
hand, a lower electron density on N-4 of the azole ring 
seems to be required to increase the potency. Moreover, 
these results together with our previous finding that the 
presence of potential donor and acceptor sites for hydrogen 
bonding in the 4-position of the imidazole ring is required 
to optimize the inhibitory activity, as shown by erythro-
l-(2-hydroxy-3-nonyl)imidazole-4-carboxamide ( l b , ^ = 
0.035 mM), prompt us to undertake next the synthesis of 
derivatives of lb itself with electron-withdrawing groups 
in the 5-position or with electron-donor groups in the 
2-position. 

Experimental Section 

Chemistry. Melting points were determined with a Buchi 
apparatus and are uncorrected, 'H NMR spectra were obtained 
with a Varian VX 300 MHz instrument High-performance liquid 
chromatography (HPLC) was performed on a Hewlett-Packard 
series 1050 using a Supelcosil SPLC-Si column (25 X 10 mm, 
5-/tm particle size, 100-A pore diameter) and a HP 1047-A RI 
detector. Analytical TLC was carried out on precoated TLC 
plates with silica gel 60 F-254 (Merck). Preparative TLC was 
performed on precoated plates with silica gel 60 F-254 (Whatman 
PK6F). For column chromatography, silica gel 60 (Merck) was 
used. Microanalytical results are indicated by atomic symbols 
and are within ±0.4% of theoretical values. 

3-Bromo-2-nonanone (3). To an ice-cooled solution of 6 g 
(42.2 mmol) of 2-nonanone (2) in n-hexane was added 36 g of 
Amberlyst A-26, perbromide form, 2.4 mL of methyloxirane, and 
100 mg of azobisisobutyronitrile (AIBN).19 The reaction mixture 
was heated at 40 °C for 5 h and then filtered and concentrated 
in vacuo. The residue was flash chromatographed on a silica gel 
column, eluting with c-CeHi2-C6H<r-CH2Cl2 (93:5:2) to give 3.5 
g (38 %) of 3 as a chromatographically pure oil: *H NMR (CDCU) 
5 0.89 (t, 3H, CH3-9), 1.31 (m, 8H, CH2-5, CH2-6, CH2-7, CH2-8), 
1.96 (m, 2H, CH2-4), 2.37 (s, 3H, CH3-D, 4.23 (m, 1H, CH-3). 
Anal. (C9Hl7BrO) C, H. 

General Method for the Preparation of JV-(2-Keto-3-
nonyl)azoles (Procedure I). To 4.0 mmol of the appropriate 
azole was added 1.0 g (4.8 mmol) of 3 in 10 mL of THF-DMF 
(1:1) and 690 mg (5.0 mmol) of K2CO3. The reaction mixture was 
stirred at room temperature for 20 h and then filtered and 
concentrated in vacuo (oil pump). The residue was chromato­
graphed on a silica gel column, eluting with a suitable mixture 
of solvents. 

General Method for the Preparation of JV-(2-Hydroxy-
3-nonyl)azoles (Procedure II). To an ice-cooled solution of 
1 mmol of the appropriate iV-(2-keto-3-nonyl)azole in 10 mL of 
methanol was added portionwise 135 mg (3.5 mmol) of 98% 
NaBH4 while maintaining the pH between 5 and 6 by adding 
glacial acetic acid. The reaction mixture was stirred at room 
temperature for 20 h and then concentrated in vacuo. The residue 
was neutralized with saturated NaHCO-3 solution and extracted 
with chloroform. The combined extracts were washed with H20, 
dried (Na2S04), filtered, and concentrated in vacuo. The residue 
was flash chromatographed on a silica gel column, eluting with 
a suitable mixture of solvents. 

l-(2-Keto-3-nonyl)imidazole (5). The title compound was 
prepared according to the general procedure I. Purification by 
silica gel column chromatography eluting with CH2Cl2-MeOH 
(97:3) gave 63% yield: *H NMR (DMSO-de) 8 0.84 (t, 3H, CHa-
9), 1.00 (m, 2H, CH2-8), 1.22 (m, 6H, CHr5, CHr6, CHr7), 1.87 
and 2.06 (m, 2H, CH2-4), 2.09 (s, 3H, CH8-1), 5.02 (m, 1H, CH-3), 
6.97 (s, 1H, H-4), 7.17 (s, 1H, H-5), 7.67 (s, 1H, H-2). Anal. 
(CaHiioNijO) C, H, N. 

l-(2-Hydroxy-3-nonyl)imidazole(6). Method A. The title 
compound was prepared according to the general procedure II. 
Purification by silica gel flash chromatography eluting with CHa-



204 Journal of Medicinal Chemistry, 1994, Vol. 37, No. 1 Notes 

Clj-MeOH (99:1) gave 81% yield. The mixture of two diaste-
reoisomers were separated by preparative HPLC eluting with 
AcOEt-MeOH (98:2) (2 mL/min). 

erythro-to: lH NMR (DMSO-dg) 8 0.84 (m, 6H, CH3-1 and 
CH3-9), 1.20 (m, 8H, CH2-5, CH2-6, CH2-7, CH2-8), 1.74 and 1.96 
(m, 1H each, CHr4), 3.76 (m, 2H, CH-3 and CH-2), 6.89 (s, 1H, 
H-4), 7.16 (s, 1H, H-5), 7.62 (s, 1H, H-2). Anal. (CISHMNJO) C, 
H,N. 

threo-%t: lH NMR (DMSO-d6) 8 0.86 (m, 6H, CH3-1 and CH3-
9), 1.21 (m, 8H, CH2-5,CH^, CH2-7, CH2-8), 1.74 (m, 2H, CH2-
4), 3.85 (m, 2H, CH-3 and CH-2), 6.87 (s, 1H, H-4), 7.13 (s, 1H, 
H-5), 7.57 (s, 1H, H-2). Anal. (C12H,aN20) C, H, N. 

Method B. The title compound was prepared by heating 200 
mg (0.79 mmol) of ery£/iro-l-(2-hydroxy-3-nonyl)imidazole-4-
carboxylic acid (7)17 at 180 °C under vacuum (water pump) for 
4 h. The residue was partitioned between 0.2 N NaOH and 
chloroform, and the organic layer was separated, washed with 
water, and dried over Na2SO«. After evaporation of the solvent, 
the residue was chromatographed over silica gel eluting with 
CHCls-MeOH (95:5) to give 50 mg (30 %) of ery t/wo-l-(2-hydroxy-
3-nonyl)imidazole (6e) as a chromatographically pure oil. 

l-(2-Keto-3-nonyl)pyrazole (9). The title compound was 
prepared according to the general procedure I. Purification by 
silica gel column chromatography eluting with c-CgHir-AcOEt 
(90:10) gave 40% yield: XH NMR (DMSO-dg) 8 0.83 (t, 3H, CH3-
9), 0.98 (m, 2H, CHj-8), 1.20 (m, 6H, CH2-5, CH2-6, CH2-7), 1.87 
(s, 3H, CH3-1), 1.97 (m, 2H, CH2-4), 5.02 (m, 1H, CH-3), 6.33 (m, 
1H, H-4), 7.53 (d, 1H, JiA - 2.0 Hz, H-5), 7.85 (d, 1H, J3,< = 2.2 
Hz, H-3). Anal. (C12H2oN20) C, H, N. 

l-(2-Hydroxy-3-nonyl)pyrazole (10). The title compound 
was prepared according to the general procedure II. Purification 
by silica gel column chromatography eluting with CHCI3 gave 
50% yield: W NMR (DMSO-d8) 8 0.71 and 0.90 (d, 3H, CH3-1), 
0.80 (t, 3H, CH3-9), 1.15 (m, 8H, CHr5, C H ^ , CH2-7, CH2-8), 
1.83 (m, 2H, CH2-4), 3.79 (m, 1H, CH-3), 4.01 (m, 1H, CH-2), 6.18 
(m, 1H, H-4), 7.37 and 7.40 (d, 1H, J6A = 1.8 Hz, H-5), 7.63 and 
7.66 (d, 1H, J3,4 - 1.8 Hz, H-3). Anal. (Ci2H22N20) C, H, N. 

l-(2-Keto-3-nonyl)-l,2,3-triazole (12) and 2-(2-keto-3-non-
yl)-l,2,3-triazole (14). The title compounds were prepared 
according to the general procedure I. Purification by silica gel 
column flash chromatography eluting with c-CgHi2-CHCl3 (70: 
30) gave 52% yield of the faster moving 14 and 42% yield of 12. 

12: m NMR (DMSO-dg) 8 0.81 (t, 3H, CH3-9), 0.97 (m, 2H, 
CH2-8), 1.11 (m, 6H, CH2-5, CH2-6, CH2-7), 1.88 (s, 3H, CH3-1), 
2.08 (m, 2H, CH2-4), 5.22 (m, 1H, CH-3), 7.89 (s, 2H, H-4 and 
H-5); »H NMR (CDCU) 8 7.67 and 7.78 (s, 1H each, H-4 and H-5). 
Anal. (CnH19N30) C, H, N. 

14: »H NMR (DMSO-d6) 8 0.81 (t, 3H, CH3-9), 0.97 (m, 2H, 
CH2-8), 1.23 (m, 6H, CH2-5, CH2-6, CHr7), 1.89 (s, 3H, CH3-1), 
2.08 (m, 2H, CH2-4), 5.43 (m, 1H, CH-3), 7.88 (s, 2H, H-4 and 
H-5); *H NMR (CDC13) 8 7.72 (s, 2H, H-4 and H-5). Anal. 
(CuHuN,0) C, H, N. 

1 (2-Hydroxy-3-nonyl)-l,2,3-triazole (13). The title com­
pound was prepared according to the general procedure II. 
Purification by silica gel column flash chromatography eluting 
with CH2Cl2-MeOH (99:1) gave 82% yield of 13 as a mixture of 
two diastereoisomers which were separated by preparative TLC 
plate eluting with c-C6Hi2-AcOEt-CH3CN (40:30:30). 

erythro-lto: *H NMR (DMSO-dg) 8 0.84 (m, 6H, CH3-1 and 
CH3-9), 1.21 (m, 8H, CHj-5, CH2-6, CH2-7, CH2-8), 1.97 (m, 2H, 
CHr4), 3.88 (m, 1H, CH-3), 4.33 (m, 1H, CH-2), 7.73 (d, 1H, «7W 
= l.lHz,H-4),8.13(d,lH,«/64=l.lHz,H-5). Anal. (CnH21N30) 
C, H, N. 

threo-lit: »H NMR (DMSO-d6) 8 0.84 (t, 3H, CHr9), 0.93 (d, 
3H, CH3-1), 1.18 (m, 8H, CHr5, CHr6, CHr7, CH2-8), 1.86 (m, 
2H, CH2-4), 3.95 (m, 1H, CH-3), 4.43 (m, 1H, CH-2), 7.71 (d, 1H, 
J w = 1.1 Hz, H-4), 8.03 (d, 1H, «7B4 = 1.1 Hz, H-5). Anal. 
(CnH2iN30) C, H, N. 

2-(2-Hydroxy-3-nonyl)-l,2,3-triazole (15). The title com­
pound was prepared according to the general procedure II. 
Purification by silica gel column flash chromatography eluting 
with c-CeHw-CHCla-CeH,, (50:25:25) gave 84% yield of 15 as a 
mixture of two diastereoisomers; >H NMR (DMSO-dg) 8 0.78 (t, 
3H, CH3-9), 0.69 and 1.04 (d, 3H, CHs-1), 1.18 (m, 8H, CH2-5, 
CH2-6, CH2-7, CHj-8), 1.91 (m, 2H, CH2-4), 3.83 and 3.93 (m, 1H, 

CH-3), 4.21 and 4.36 (m, 1H, CH-2), 7.71 and 7.74 (d, 2H, J « -
1.2 Hz, H-4 and H-5). Anal. (CuH21N30) C, H, N. 

l-(2-Keto-3-nonyl)-l,2,4-triazole (17). The title compound 
was prepared according to the general procedure I. Purification 
by silica gel column flash chromatography eluting with CHCI3-
c-C6H12 (50:50) gave 82% yield: »H NMR (DMSO-dg) 8 0.84 (t, 
3H, CH3-9), 0.98 (m, 2H, CH2-8), 1.22 (m, 6H, CHr5, CHs-6, 
CHr7), 2.02 (s, 3H, CH3-1), 2.03 (m, 2H, CHij-4), 5.25 (m, 1H, 
CH-3), 8.06 (s, 1H, H-3), 8.66 (s, 1H, H-5). Anal. (CnH19N30) 
C, H, N. 

l-(2-Hydroxy-3-nonyl)-l,2,4-triazole (18). The title com­
pound was prepared according to the general procedure II. 
Purification by silica gel column flash chromatography eluting 
with CHCls-MeOH (98:2) gave 72% yield of 18 as a mixture of 
two diastereoisomers which were separated by preparative TLC 
plate eluting with AcOEt-c-CgHw (90:10). 

erythro-lSe: »H NMR (DMSO-d6) 8 0.82 (m, 6H, CHr9 and 
CH3-1), 1.19 (m, 8H, CH2-5, CH2-6, CH2-7, CH2-8), 1.93 (m, 2H, 
CHr4), 3.84 (m, 1H, CH-3), 4.08 (m, 1H, CH-2), 7.97 (s, 1H, H-3), 
8.52 (s, 1H, H-5). Anal. (CnH2lN30) C, H, N. 

threo-m: >H NMR (DMSO-dg) 8 0.85 (t, 3H, CH3-9), 1.02 (d, 
3H, J - 6.3 Hz, CH3-1), 1.21 (m, 8H, CHj-5, CH2-6, CH2-7, CH r 
8), 1.83 (m, 2H, CH2-4), 3.87 (m, 1H, CH-3), 4.15 (m, 1H, CH-2), 
7.94 (s, 1H, H-3), 8.44 (s, 1H, H-5). Anal. (CnH2iN30) C, H, N. 

4-(eryriLro-2-Hydroxy-3-nonyl)-l,2,4-triazole (20). To 200 
mg (3.33 mmol) of formylhydrazine was added 530 mg (0.66 mL, 
3.93 mmol) of triethyl orthoformate, and the mixture was heated 
under reflux for 1 h. To the cooled mixture was added 626 mg 
(3.93 mmol) of eryt/iro-3-amino-2-nonanol (19)21 and 12 mL of 
0.1 N hydrochloric acid, and the solution was stirred at room 
temperature overnight. The solvent was evaporated, and the 
residue was chromatographed on a silica gel column. Elution 
with EtOAc-MeOH (91:9) yielded 140 mg (20%) of 20 as a 
chromatographically pure solid: :H NMR (DMSO-dg) 8 0.82 (t, 
3H, CH3-9), 0.87 (d, 3H, CH3-1), 1.01 (m, 2H, CH2-8), 1.20 (m, 
6H, CH2-5, CH2-6, CH2-7), 1.81 (m, 2H, CH2-4), 3.77 (m, 1H, 
CH-3), 4.01 (m, 1H, CH-2), 8.49 (s, 2H, H-2 and H-5). Anal. 
(C„H21N30) C, H, N. 

l-(2-Keto-3-nonyl)-l,2,3,4-tetrazole (22) and 2-(2-Keto-3-
nonyl)-l,2,3,4-tetrazole (24). The title compounds were pre­
pared according to the general procedure I. Purification by silica 
gel column flash chromatography eluting with c-CgHu-CHCls 
(70:30) gave 46% ofthe faster moving 24. Elution was then carried 
on with c-CgH12-CHCl3 (50:50) to give 28% yield of 22: JH NMR 
(DMSO-de) 8 0.82 (t, 3H, CH3-9), 0.97 (m, 2H, CH2-8), 1.20 (m, 
6H, CH^, CH2-6, CH2-7), 2.13 (s, 3H, CH3-1), 2.05 and 2.27 (m, 
2H, CH2-4), 5.76 (m, 1H, CH-3), 9.48 (s, 1H, H-5). Anal. 
(C10Hl8N4O) C, H, N. 

24: lH NMR (DMSO-dg) 8 0.81 (t, 3H, CH3-9) 0.94 (m, 2H, 
CH2-8), 1.19 (m, 6H, CH2-5, C H ^ , CH2-7), 2.12 (s, 3H, CH3-1), 
2.24 (m, 2H, CH2-4), 5.98 (m, 1H, CH-3), 9.05 (s, 1H, H-5). Anal. 
(Ci0H18N4O) C, H, N. 

l-(2-Hydroxy-3-nonyl)-l,2,3,4-tetrazole (23). The title 
compound was prepared according to the general procedure II. 
Purification by silica gel column flash chromatography eluting 
with CHClr-c-CeHw (80:20) gave 85% yield of 23 as a mixture 
of two diastereoisomers which were separated by preparative 
TLC plate eluting with CHCU-c-CgHu (80:20). 

erythro-23e: XH NMR (DMSO-dg) 8 0.84 (t, 3H, CH3-9), 0.92 
(d, 3H, J = 6.4 Hz, CH3-1), 1.20 (m, 8H, CH2-5, CH2-6, CH2-7, 
CH2-8), 1.98 (m, 2H, CH2-4), 3.93 (m, 1H, CH-3), 4.55 (m, 1H, 
CH-2), 9.43 (s, 1H, H-5). Anal. (C0H20N4O) C, H, N. 

threo-23t: XH NMR (DMSO-dg) 8 0.80 (t, 3H, CH3-9), 0.96 (d, 
3H, J = 6.3 Hz, CH3-1), 1.17 (m, 8H, CH2-5, CH2-6, CH2-7, CH r 
8), 1.89 (m, 2H, CHr4), 3.91 (m, 1H, CH-3), 4.49 (m, 1H, CH-2), 
9.38 (s, 1H, H-5). Anal. (C10H20N4O) C, H, N. 

2-(2-Hydroxy-3-nonyl)-l,2,3,4-tetrazole (25). The title 
compound was prepared according to the general procedure II. 
Purification by silica gel column flash chromatography eluting 
with c-CeHi2-CHCl3 (60:40) gave 74% yield of 25 as a mixture 
of two diastereoisomers which were separated by preparative 
HPLC eluting with c-CgHurAcOEt (70:30) (2.4 mL/min). 

eryt/iro-25e: *H NMR (DMSO-dg) 8 0.84 (m, 6H, CH3-I and 
CH3-9), 1.18 (m, 6H, CHj-5, CH2-6, CH2-7), 2.05 (m, 2H, CHa-4), 
3.96 (m, 1H, CH-3), 4.72 (m, 1H, CH-2), 9.00 (s, 1H, H-5). Anal. 
(CioHaMO) C, H, N. 



Notes 

threo-2St: lK NMR (DMSO-d6) « 0.82 (m, 3H, CH3-9), 1.19 
(m, 9H, CH r 5, CH2-6, CH r 7, CH8-D, 1.92 (m, 2H, CH r4), 4.00 
(m, 1H, CH-3), 4.72 (m, 1H, CH-2), 8.96 (s, 1H, H-5). Anal. 
(C10H20N4O) C, H, N. 

Biological Studies. Enzyme Assay. The method used for 
the determination of activity against adenosine deaminase has 
been described in a preceding paper.14 
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