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Abstract—The aldol reaction of nopinone 1 with triazole aldehydes followed by reduction with Zn/ZnCl2 furnished isomers 2a–d in
satisfactory overall yields and excellent diastereoselectivities (ca 94% de).
� 2004 Elsevier Ltd. All rights reserved.
N
N

N
Ph

OHC

5
N

N
N

PhHO

6 4
N

N
N

PhBr
a b

Scheme 2. Reagents and conditions: (a) NaBH , MeOH, 10min, 94%;
1. Introduction

Triazoles represent an interesting class of compounds
having a wide spectrum of biological properties.1

Among them, some triazole substituted ketones are
attractive target molecules because of their importance
such as antifungal agents,2 germicides3 and antibacteri-
als4 including activities against tuberculosis.5 The asym-
metric synthesis of triazole substituted ketone merits
attention since the absolute configuration of the alpha
position to the carbonyl plays an important role for
the antifungal activity.2a

Due to our continuing interest on the use of pinenes in
asymmetric synthesis,6 we focused on the stereoselective
synthesis of novel (+)-nopinone based triazole ketones
with potential biological activities.

The alkylation of the enolate of (+)-nopinone 1 with
alkyl halides is reported to lead to a mixture of 2 and
3 usually favouring the thermodynamic diastereomer 2
(Scheme 1),7 which was obtained in one case as the sole
product by an aldol reaction of 1 with PhCHO followed
by hydrogenation.8 Conversely the monoalkylation of
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Scheme 1. Thermodynamic and kinetic alkylations of (+)-nopinone 1.
the lithium enolate of 1 with alkyl halides under kinetic
conditions was reported to furnish isomers 3 in excellent
diastereoselectivities.9

Herein we report that, in contrast to the literature prec-
edent,9a,b the kinetic alkylation of the lithium enolate of
1 with triazole bromide 4 gives product 2, which was ob-
tained in excellent diastereoselectivities from the aldol
pathway.
2. Results and discussion

The 1,2,3-triazole bromide 4 was prepared from alde-
hyde 5, a readily available derivative of DD-(+)-glucose
(Scheme 2).10 Reduction of 5 with NaBH4 furnished
alcohol 6,11 which upon treatment with PBr3 in ethyl
ether gave 4.12
4

(b) PBr3, Et2O, 24h, 90%.
In contrast to that described in the literature for the use
of alkyl halides,9a,b the kinetic alkylation of the lithium
enolate of 113 with triazole bromide 4 at �45 �C in the
presence of HMPA as additive following the typical
experimental procedure9a,b led to product 2a, which
was obtained in poor yields and stereoselectivity (Table
1, entry 1).14 At higher temperatures, compound 2a was
produced in similar yield and in better diastereoselectiv-
ity (entry 2).
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Scheme 4. Reagents and conditions: (a) see Ref. 8; (b) see Ref. 8: H2,

Pd/C, AcOEt, 95%, ½a�20D ¼ �56:4 (c 1.6, EtOH); (c) Zn, ZnCl2, EtOH,

reflux, 2h, 93%, ½a�20D ¼ �50 (c 1.6, EtOH).
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Scheme 5. Reagents and conditions: (a) 10 or 11 or 12 (1equiv), aq

KOH, reflux, 20h (7b: 55%, 7c: 58%, 7d: 59%); (b) Zn, ZnCl2, EtOH,

reflux, 2h (2b: 75%, 2c: 70%, 2d: 80%).

Table 1. Stereoselectivities in the alkylation of 1 with the bromide 4

O O
H3

+

O

H3

2a1 3a

N
N

N Ph

N
NN

Ph
alkylation

1 1

8 810

10

Entry Reaction and conditions %a 2a/3ab

1 LDA, THF, �10 �C then 4,

NaI, HMPA, �45�C, 4h
18 76:24

2 LDA, THF, �10 �C then 4,

NaI, HMPA, 0 �C, 1h
24 87:13

a Yields for the purified mixture of products 2a and 3a by flash chro-

matography on silica gel.
b Ratios determined from the signals of both H8 and H10 in the 1H

NMR spectra (300MHz).
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The 2a/3a ratios were determined from the signals due to
the hydrogens H8, H10 and H12 in the 1H NMR spectra
at 300MHz of these crude mixtures. The stereochemical
assignment of the newly created stereogenic centre in the
main isomer 2a was made on the basis of NOE NMR
spectrum as already described in the literature for a re-
lated compound.8 Indeed, starting from H8, significant
NOE was observed with H4b (2.3%). Also observed were
NOEs of H4a with H3 (7.7%) and of H3 with H7a (4.6%),
which implies a syn relationship between the methylene-
triazole appendage and the gem-dimethylene bridge of
the pinane moiety. Also noteworthy, the NOE between
H8 and H10 was not observed while a strong NOE of
H3 with H10 (9.1%) suggests for isomer 2a a preferred
conformation in which the hydrogens H8 and H10 are
not close together.

The aldol pathway proved to be a very attractive route
to isomer 2a in high diastereoselectivity (Scheme 3).
The aldol condensation of 1 with aldehyde 5 was carried
out following the typical procedure8 giving enone 7a as a
single geometric isomer.15 The assignment of the config-
uration of the double bond was made on the basis of
NOE NMR spectrum. Neither H4a nor H4b gave NOE
with H10. However H4 showed a strong NOE with H12

(8.4%) allowing us to define the geometry of the double
bond. Since hydrogenation of 7a in Pd/C and in Pt
failed, this compound was converted to 2a upon treat-
ment with the system Zn/ZnCl2.

16,17 The 2a/3a = 97:3
ratio was obtained from the signals of H8, H10 and
H12 in the crude 1H NMR spectrum while the stereo-
chemistry at the 3-position was determined on the basis
of NOE experiments, as reported above for the alkyla-
tion of 1.
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Scheme 3. Reagents and conditions: (a) 5 (1equiv), aq KOH, reflux,

20h, 56%; (b) Zn, ZnCl2, EtOH, reflux, 2h, 92%.
The catalytic hydrogenation of enone 8 derived from 1
was reported to furnish stereoselectively the exo-isomer
9.8 Reduction of 8 with Zn/ZnCl2 gave 9 in an exo/
endo = 97:3 ratio. The specific rotation of 9 thus ob-
tained was compared with the product reported by
hydrogenation of 8,8 showing that these methodologies
occur with the same stereochemical sense (Scheme 4).
In order to verify the scope of this stereochemical course
producing mainly isomers 2, the already known triazole
aldehydes 10–1218 were employed in the aldol pathway
(Scheme 5). Thus, the aldol reactions of 1 with 10–12
furnished the corresponding enones 7b–d as single iso-
mers,19–21 which were reduced with the Zn/ZnCl2 system
in EtOH to the respective compounds 2b–d in good
yields and diastereoselectivities (exo/endo = 97:3).22–24

Also here the epimeric 2b–d/3b–d ratios at the 3-position
were obtained from the signals of H8 and H12 in the
crude 1H NMR spectra while the absolute configura-
tions at the 3-position were made from NOE spectra
as reported for the alkylation of 1.
3. Conclusion

In summary, the aldol pathway for the introduction of
methylenetriazole moieties in nopinone 1 furnishing
the isomers 2a–d in high stereoselectivities (ca 94% de),
is an attractive and complementary protocol to the
already reported kinetic alpha alkylation of the lithium
enolate of 1,9a,b which was shown to be inefficient for
the alkylation with triazole bromide 4.
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HREIMS calcd for C18H18N3FO (M+): 311.1434. Found:
311.1432.

22. Compound 2b (2b/3b = 97:3): White solid after flash
chromatography on silica gel (3% AcOEt in hexane as
eluant), mp 85–86�C. ½a�25D ¼ �10:8 (c 1.11, CH2Cl2). IR
(KBr, cm�1): 3131, 3086, 2950, 2925, 2870, 1706, 1599,
1503, 1226, 1198, 1047, 768, 695. 1H NMR (300MHz,
CDCl3, ppm): 7.88 (s, H-12 of 2b), 7.80 (s, H-12 of 3b),
7.72 (ddd, 7.2, 3.0, 1.2Hz, H-14), 7.51 (ddd, 7.5, 7.2,
1.8Hz, H-15), 7.42 (tt, 7.5, 1.2Hz, H-16), 3.46 (dd, 15.0,
4.2Hz, H-10 of 2b), 3.38 (dd, 14.3, 4.0Hz, H-10 of 3b),
3.17–3.03 (m, H-3), 2.91 (dd, 9.9, 4.2Hz, H-10 of 3b), 2.81
(dd, 15.0, 9.6Hz, H-10 of 2b), 2.63 (dd, 5.3, 5.1Hz, H-1),
2.51-2.44 (m, H-7b), 2.37 (ddd, 13.2, 10.0, 4.6Hz, H-4a),
2.29–2.21 (m, H-5), 1.76 (d, 10.5Hz, H-7a), 1.72 (dd, 13.2,
7.8Hz, H-4b), 1.34 (s, H-9 of 2b), 1.33 (s, H-9 of 3b), 0.94
(s, H-8 of 3b), 0.70 (s, H-8 of 2b). 13C NMR (CDCl3,
ppm): 215.0 (C-2), 146.8 (C-11), 137.2 (C-13), 129.6 (C-
15), 128.2 (C-16), 120.2 (C-12 and C-14), 57.6 (C-1), 43.2
(C-10), 42.4 (C-3), 41.6 (C-5), 39.8 (C-6), 28.6 (C-4),
26.1 (C-9), 25.4 (C-7), 21.9 (C-8). MS (70eV, m/z): 295
(M+, 3), 198 (23), 130 (100), 104 (59), 77 (93), 55 (22).
HREIMS calcd for C18H21N3O (M+): 295.0476. Found:
295.0498.

23. Compound 2c (2c/3c = 97:3): White solid after flash
chromatography on silica gel (3% AcOEt in hexane as
eluant), mp 81–82�C. ½a�25D ¼ �11:1 (c 0.99, CH2Cl2). IR
(neat, cm�1): 3131, 3064, 2924, 2870, 1706, 1595, 1496,
1440, 1225, 1199, 1078, 1042, 804, 781, 770, 686. 1H NMR
(300MHz, CDCl3, ppm): 7.88 (s, H-12 of 2c), 7.80 (s, H-12
of 3c), 7.78 (dd, 2.1, 1.9Hz, H-14), 7.63 (ddd, 7.8, 2.1,
1.5Hz, H-18), 7.45 (t, 7.8Hz, H-17), 7.41 (ddd, 7.8, 2.1,
1.5Hz, H-16), 3.44 (dd, 15.0, 5.1Hz, H-10 of 2c), 3.37 (dd,
15.0, 6.0Hz, H-10 of 3c), 3.16–3.03 (m, H-3), 2.90 (dd,
15.0, 5.8Hz, H-10 of 3c), 2.81 (dd, 15.0, 7.9Hz, H-10 of
2c), 2.63 (t, 5.1Hz, H-1), 2.52–2.44 (m, H-7b), 2.37 (ddd,
13.0, 10.0, 4.8Hz, H-4a), 2.30–2.22 (m, H-5), 1.76 (d,
10.5Hz, H-7a), 1.71 (dd, 13.0, 7.8Hz, H-4b), 1.34 (s, H-9
of 2c), 1.33 (s, H-9 of 3c), 0.93 (s, H-8 of 3c), 0.70 (s, H-8
of 2c). 13C NMR (CDCl3, ppm): 214.9 (C-2), 147.0 (C-11),
137.8 (C-15), 135.3 (C-13), 130.6 (C-17), 128.4 (C-16),
120.4 (C-14), 120.2 (C-12), 118.1 (C-18), 58.2 (C-1 of 3c),
57.5 (C-1 of 2c), 43.3 (C-6), 42.4 (C-3), 40.6 (C-5 of 2c),
40.0 (C-5 of 3c), 28.6 (C-4 of 2c), 28.2 (C-4 of 3c), 26.2 (C-
9 of 2c), 26.0 (C-9 of 3c), 25.2 (C-7), 25.1 (C-10), 21.7 (C-
8). MS (70eV, m/z): 329 (M+, 2), 232 (20), 164 (100), 138
(64), 111 (68), 75 (30), 55 (36). HREIMS calcd for
C18H20N3ClO (M+): 329.1646. Found: 329.1672.

24. Compound 2d (2d/3d = 97:3): White solid after flash
chromatography on silica gel (3% AcOEt in hexane as
eluant), mp 82–83�C. ½a�25D ¼ �9:7 (c 1.03, CH2Cl2). IR
(neat, cm�1): 3131, 3080, 2971, 2937, 2872, 1700, 1517,
1456, 1227, 1047, 839, 817. 1H NMR (300MHz, CDCl3,
ppm): 7.85 (s, H-12 of 2d), 7.80 (s, H-12 of 3d), 7.70 (ddd,
6.8, 4.5, 2.4Hz, H-14), 7.22 (ddd, 8.1, 6.8, 2.4Hz, H-15),
3.44 (dd, 15.0, 5.1Hz, H-10 of 2d), 3.37 (dd, 15.0, 6.0Hz,
H-10 of 3d), 3.18–3.03 (m, H-3), 2.91 (dd, 9.0, 4.5Hz, H-10
of 3d), 2.83 (dd, 15.0, 7.9Hz, H-10 of 2d), 2.63 (t, 5.1Hz,
H-1), 2.52-2.44 (m, H-7b), 2.39 (ddd, 13.2, 10.2, 4.8Hz, H-
4a), 2.29–2.23 (m, H-5), 1.77 (d, 10.5Hz, H-7a), 1.72 (dd,
13.2, 7.8Hz, H-4b), 1.34 (s, H-9 of 2d), 1.33 (s, H-9 of 3d),
0.94 (s, H-8 of 3d), 0.69 (s, H-8 of 2d). 13C NMR (CDCl3,
ppm): 215.0 (C-2), 163.7 (C-11), 160.4 (C-16), 146.8 (C-
13), 122.2 (C-14 of 2d), 122.1 (C-14 of 3d), 120.4 (C-12 of
2d), 120.3 (C-12 of 3d), 116.6 (C-15 of 3d), 116.3 (C-15 of
2d), 58.1 (C-1 of 3d), 57.5 (C-1 of 2d), 43.2 (C-3 of 3d), 42.4
(C-3 of 2d), 40.7 (C-5 of 3d), 40.6 (C-5 of 2d), 28.6 (C-4 of
2d), 28.2 (C-4 of 3d), 26.2 (C-9 of 2d), 26.0 (C-9 of 3d), 25.2
(C-7), 25.1 (C-10), 21.8 (C-8 of 3d), 21.7 (C-8 of 2d). MS
(70eV, m/z): 314 (M + 1, 1), 313 (M+, 2), 216 (20), 149
(51), 148 (100), 122 (51), 95 (33). HREIMS calcd for
C18H20N3FO (M+): 313.3512. Found: 313.3506.
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