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L-ALANINE BENZYLESTER AS CHIRAL

INDUCTOR: SYNTHESIS OF

ENANTIOPURE PYRAZOLO[1,5-a]-
[1,4]BENZODIAZEPINE-4-ONES VIA

INTRAMOLECULAR NITRILIMINE

CYCLOADDITIONS

Gianluigi Broggini,2 Luisa Garanti,1,*

Giorgio Molteni,1 and Tullio Pilati3

1Dipartimento di Chimica Organica e Industriale, Università di
Milano, via Golgi 19, 20133 Milano, Italy

2Dipartimento di Scienze Chimiche, Fisiche e Matematiche,
Università dell’Insubria, via Lucini 3, 22100 Como, Italy
3CNR-Centro per lo Studio delle Relazioni tra Struttura e
Reattività Chimica c/o, Università di Milano, via Golgi 19,

20133 Milano, Italy

ABSTRACT

The title compounds, of potential pharmacological interest,
have been obtained in the enantiopure form through a stereo-
selective intramolecular 1,3-dipolar cycloaddition of homo-
chiral nitrilimines 5.
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2650 BROGGINI ET AL.

In the last years, we focussed our attention to stereoselective intra-
molecular cycloadditions of homochiral nitrilimines, which were proven to
be of wide applicability in the synthesis of optically active heterocyclic
systems.1–5 Among them, some derivatives containing the pyrazolo[1,5-a]-
[1,4]benzodiazepine skeleton4 were found endowed with biological activity
against breast cancer.6 Encouraged by these results, we synthesized some
new 3,3a-dihydro-pyrazolo[1,5-a][1,4]benzodiazepine-4(6H)-ones by using
the inexpensive L-alanine benzyl ester as the starting chiral unity.

Our synthetic route, which is outlined in the Scheme, starts with the
reaction between L-alanine benzylester and 2-nitrobenzyl chloride in order
to obtain benzyl N-(2-nitrophenyl)methyl-L-alaninate 1. Subsequent steps
involve N-acylation of 1 with the appropriate alkenoyl chloride, reduction

Scheme.
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of the aromatic nitro group of 2, and diazotization of the so formed amino
group of 3 followed by coupling with methyl 2-chloroacetoacetate. Since
hydrazonoyl chlorides 4 were found rather unstable, we felt advisable to use
them as crude materials without full characterisation.7 The in situ generation
of nitrilimines 5was accomplished by treating a solution of crude 4with a two
fold molar excess of silver carbonate in dry dioxane at room temperature.
Products, isolation yields, reaction times and eluents are collected in theTable.

The extent of the one-pot like conversion 3 ! 6þ 7 was fully satisfac-
tory, the ranging between 70 and 80%. It needs to be added that clean
separation of enantiopure cycloadducts 6 and 7 was achieved through
simple column chromatography. Structural assignment to the above

Table. Conversion of 3 into Cycloadducts 6 and 7

Time
Products and Yields (%)a

Product Ratio

Compd (h) 6 7 6 : 7 Eluentb

3a 96 56 14 80 : 20 Et2O-LP 3:1
3b 120 43 37 54 : 46 AcOEt-n-hexane 1:1

3c 120 42 28 60 : 40 Et2O-n-hexane 2:3

aIsolation yield of pure product. bLP¼ light petroleum, b.p. 40–60�C.

Figure. ORTEP projection of 6a with the crystallographic numbering scheme.
Ellipsoids are at 50% probability level. H atoms not to scale.
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cycloadducts rely upon analytical and spectral data as well as upon the
X-ray diffractometric analysis of 6a, which proved the absolute (S) config-
uration to the pyrazolinic C-5 of major cycloadducts 6.

Intramolecular cycloadditions of nitrilimines 5 display a diastereo-
selectivity degree ranging from low to good, as can be inferred from the
ratio 6/7 (see Table). Furthermore, our synthetic approach was proven to be
very efficient and hence valuable on a multi-gram preparative scale of enan-
tiopure 3,3a-dihydropyrazolo[1,5-a][1,4]benzodiazepine-4(6H)-ones.

EXPERIMENTAL

Melting points were determined with a Büchi apparatus and are not
corrected. IR spectra were recorded with a Perkin-Elmer 1725 X spectro-
photometer. Mass spectra were determined with a VG-70EQ apparatus.
1H-NMR spectra (300MHz) were taken with a Bruker AC 300 or a
Bruker AMX 300 instrument (in CDCl3 solutions). Chemical shifts are
given as ppm from tetramethylsilane and J values are given in Hz. Optical
rotations, [a]25D were recorded on a Perkin-Elmer Model 241 polarimeter at
the sodium D line.

Preparation of benzyl N-(2-nitrophenyl)methyl-L-alaninate (1). A solu-
tion of L-alanine benzylester (5.00 g, 27.9mmol) in dry toluene (55ml) was
added with KI (0.46 g, 2.8mmol). 2-Nitrobenzyl chloride (2.21 g, 13.0mmol)
in dry toluene (5ml) was slowly added and the mixture was warmed to 75�C
for 7 h under vigorous stirring. Toluene (35ml) was added, the white pre-
cipitate was filtered off, and the solvent was evaporated under reduced press-
ure affording 1 (2.94 g, 73% yield) as undistillable oil; [a]25D ¼ –18.4 (MeOH,
c¼ 0.14); IR (neat): 3340, 1740 (cm�1); 1H-NMR d: 1.38 (3H, d, J¼ 7.1),
2.10 (1H, br s), 3.42 (1H, q, J¼ 7.1), 3.95 (1H, d, J¼ 14.6), 4.10 (1H, d,
J¼ 14.6), 5.12 (2H, s), 7.20–7.95 (9H, m); MS: m/z 310 (Mþ).

General procedure for the preparation of benzyl N-(2-nitrophenyl)-

methyl-N-(1-oxo-2-alkenyl)-L-alaninate (2).Asolutionof1 (5.20 g,16.6mmol)
in dry toluene (120ml) was added with K2CO3 (4.58 g, 33.2mmol). The
appropriate alkenyol chloride (16.6mmol) in dry toluene (6.0ml)
was added dropwise at 90�C. The mixture was refluxed for 5 h, then the
undissolved material was filtered off. The organic layer was washed with
water (50ml) and dried (Na2SO4). The solvent was removed under reduced
pressure and the residue was chromatographed on a silica gel column
with hexane-ethyl acetate 1:1 affording 2a–c as undistillable oils not analy-
tically pure.

2a (4.46 g, 73%) as pale yellow oil; [a]25D ¼ –52.3 (MeOH, c¼ 0.24); IR
(neat): 1660 (cm�1); 1H-NMR d: 1.48 (3H, d, J¼ 7.2), 4.63 (1H, q, J¼ 7.2),

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
W

in
ds

or
] 

at
 1

6:
44

 1
1 

N
ov

em
be

r 
20

14
 



ORDER                        REPRINTS

4.90 (1H, d, J¼ 19.5), 5.17 (2H, s), 5.18 (1H, d, J¼ 19.5), 5.70 (1H, d,
J¼ 10.4), 6.24 (1H, dd, J¼ 16.5, 10.4), 6.47 (1H, d, J¼ 16.5), 7.25–8.20
(9H, m); MS: m/z 368 (Mþ).

2b (4.76 g, 75%) as pale yellow oil; [a]25D ¼ –35.5 (MeOH, c¼ 0.50); IR
(neat): 1660 (cm�1); 1H-NMR d: 1.46 (3H, d, J¼ 7.1), 1.82 (3H, d, J¼ 6.7),
4.57 (1H, q, J¼ 7.1), 4.86 (1H, d, J¼ 19.5), 5.13 (2H, s), 5.15 (1H, d,
J¼ 15.0), 5.17 (1H, d, J¼ 19.5), 5.91 (1H, d, J¼ 15.0), 7.00–8.10 (9H, m);
MS: m/z 382 (Mþ).

2c (6.12 g, 83%) as yellow oil; [a]25D ¼�42.3 (MeOH, c¼ 0.28); IR
(neat): 1650 (cm�1); 1H-NMR d: 1.50 (3H, d, J¼ 7.0), 4.60 (1H, q,
J¼ 7.0), 4.95 (1H, d, J¼ 18.0), 5.18 (2H, s), 5.22 (1H, d, J¼ 16.2), 5.24
(1H, d, J¼ 18.0), 6.50 (1H, d, J¼ 16.2), 7.25–7.90 (14H, m); MS: m/z 444
(Mþ).

General procedure for the preparation of benzyl N-(2-aminophenyl)-

methyl-N-(1-oxo-2-alkenyl)-L-alaninate (3). A solution of 2 (10.0mmol)
in EtOH (40ml) was treated with iron dust (4.80 g, 83.0mmol) and 20%
aqueous AcOH (1.7ml), and then refluxed for 3 h under vigorous stirring.
The mixture was taken up with AcOEt (50ml) and filtered over celite.
The organic layer was washed firstly with 5% aqueous NaHCO3 (50ml),
then with water (2� 50ml), and dried Na2SO4). Evaporation of the solvent
gave 3 as undistillable oils not analytically pure.

3a (2.73 g, 81%) as yellow oil; [a]25D ¼ –32.3 (MeOH, c¼ 0.17); IR
(neat): 3430, 3360, 3240, 1645 (cm�1); 1H-NMR d: 1.45 (3H, d, J¼ 7.0),
3.58 (2H, br s), 4.25 (1H, q, J¼ 7.0), 4.80 (1H, d, J¼ 18.0), 5.20 (2H, s),
5.22 (1H, d, J¼ 18.0), 5.60–6.40 (3H, m), 6.90–7.30 (9H, m); MS: m/z 338
(Mþ).

3b (2.60 g, 74%) as yellow oil; [a]25D ¼�14.3 (MeOH, c¼ 0.15); IR
(neat): 3430, 3360, 3235, 1660 (cm�1); 1H-NMR d: 1.37 (3H, d, J¼ 7.2),
1.80 (3H, d, J¼ 6.8), 3.80 (2H, br s), 4.25 (1H, q, J¼ 7.2), 4.70 (1H, d,
J¼ 18.5), 5.18 (2H, s), 5.20 (1H, d, J¼ 18.5), 5.50–6.20 (2H, m), 6.80–7.45
(9H, m); MS: m/z 352 (Mþ).

3c (3.02 g, 73%) as yellow oil; [a]25D ¼ –10.8 (MeOH, c¼ 0.12); IR
(neat): 3440, 3355, 3245, 1650 (cm�1); 1H-NMR d: 1.48 (3H, d, J¼ 7.0),
3.85 (2H, br s), 4.45 (1H, q, J¼ 7.0), 4.68 (1H, d, J¼ 17.8), 5.12 (2H, s),
5.18 (1H, d, J¼ 17.8), 5.60–6.00 (2H, m), 6.90–97.40 (14H, m); MS: m/z 414
(Mþ).

General procedure for the conversion of 3 into 6,7. A solution of 3

(5.0mmol) in 6M aqueous hydrochloric acid (3.0ml) and MeOH (2.5ml)
was cooled to 0�C. Sodium nitrite (0.69 g, 10.0mmol) was added portion-
wise keeping the temperature between 0 and 5�C. After 15min, the pH was
adjusted to 5 by adding sodium acetate, and a solution of methyl-2-chloro-
acetoacetate (0.75 g, 5.0mmol) in MeOH (1.5ml) was added under vigorous

L-ALANINE BENZYLESTER 2653
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stirring and ice-cooling. The mixture was allowed to stand overnight under
stirring at room temperature. The solvent was partly removed under
reduced pressure and the resulting mixture was extracted with Et2O
(50ml). The organic layer was washed firstly with 5% NaHCO3 (15ml),
then with water (50ml), and dried (Na2SO4). The solvent was removed
under reduced pressure to give an oily residue that was dissolved in dry
dioxane (225ml). Silver carbonate (2.48 g, 9.0mmol) was added and the
mixture was stirred in the dark at room temperature for the time indicated
in the Table. After evaporation of the solvent, the crude was chromato-
graphed on a silica gel column with the eluents indicated in the Table
affording the 3,3a-dihydro-pyrazolo[1,5-a][1,4]benzodiazepine-4(6H)-ones
6 and 7. Major diastereoisomers 6 was eluted first, followed by minor dia-
stereoisomers 7.

6a (1.18 g, 56%) m.p. 140�C (from hexane-CH2Cl2); [a]25D ¼þ178.0
(MeOH, c¼ 0.33); IR (nujol): 1730, 1645 (cm�1); 1H-NMR d: 1.43 (3H, d,
J¼ 7.4), 3.27 (3H, dd, J¼ 18.1, 13.5), 3.90 (3H, s), 4.02 (1H, d, J¼ 17.2),
4.13 (1H, dd, J¼ 18.1, 8.3), 5.18 (1H, d, J¼ 12.3), 5.23 (1H, d, J¼ 12.3),
5.38 (1H, d, J¼ 17.2), 5.47 (1H, q, J¼ 7.4), 5.66 (1H, dd, J¼ 13.5,
8.3), 6.90–7.60 (9H, m); MS: m/z 421 (Mþ) (30%). Anal. Calcd for
C23H23N3O5: C, 65.55; H, 5.50; N, 9.97. Found: C, 65.61; H, 5.53; N,
10.04.

7a (0.29 g, 14%) m.p. 89�C (from diisopropyl ether); [a]25D ¼�54.2
(MeOH, c¼ 0.05); IR (nujol): 1730, 1660 (cm�1); dH: 1.48 (3H, d, J¼ 7.1),
3.26 (1H, dd, J¼ 18.1. 13.5), 3.90 (3H, s), 3.97 (1H, d, J¼ 16.8), 4.12 (1H,
dd, J¼ 18.1, 8.5), 4.51 (1H, d, J¼ 12.3), 4.98 (1H, d, J¼ 12.3), 5.22 (1H, q,
J¼ 7.1), 5.32 (1H, d, J¼ 16.8), 5.67 (1H, dd, J¼ 13.5, 8.5), 6.85–7.60 (9H,
m); MS: m/z 421 (Mþ) (29%). Anal. Calcd for C23H23N3O5: C, 65.55; H,
5.50; N, 9.97. Found: C, 65.50; H, 5.53; N, 9.91.

6b (0.94 g, 43%) m.p. 150�C (from diisopropyl ether); [a]25D ¼þ147.0
(MeOH, c¼ 0.33); IR (nujol): 1740, 1670 (cm�1); 1H-NMR d: 1.36 (3H, d,
J¼ 7.4), 1.38 (3H, d, J¼ 7.1), 3.86 (3H, s) 4.01 (1H, d, J¼ 17.4), 4.37 (1H,
dq, J¼ 7.1, 6.7), 5.17 (2H, s), 5.21 (1H, d, J¼ 6.7), 5.32 (1H, d, J¼ 17.4),
5.36 (1H, q, J¼ 7.4), 6.80–7.60 (9H, m); MS: m/z 435 (Mþ) (36%). Anal.
Calcd for C24H25N3O5: C, 66.19; H, 5.79; N, 9.65. Found: C, 66.12; H, 5.74;
N, 9.58.

7b (0.80 g, 37%) m.p. 125�C (from diisopropyl ether); [a]25D ¼�214.5
(MeOH, c¼ 0.33); IR (nujol): 1740, 1660 (cm–1); 1H-NMR d: 1.38 (3H, d,
J 7.2), 1.44 (3H, d, J¼ 7.1), 3.87 (3H, s), 4.01 (1H, d, J¼ 17.0), 4.38 (1H, dq,
J¼ 7.1, 6.9), 4.47 (1H, d, J¼ 12.3), 4.92 (1H, d, J¼ 12.3), 5.15 (1H, d,
J¼ 6.9), 5.18 (1H, d, J¼ 71), 5.25 (1H, d, J¼ 17.0), 6.80–7.60 (9H, m);
MS: m/z 435 (Mþ) (30%). Anal. Calcd for C24H25N3O5: C, 66.19; H,
5.79; N, 9.65. Found: C, 66.24; H, 5.84; N, 9.60.

2654 BROGGINI ET AL.
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6c (1.04 g, 42%) m.p. 155�C (from diisopropyl ether); [a]25D ¼þ217.0
(MeOH, c¼ 0.36); IR (nujol): 1740, 1670 (cm�1); 1H-NMR d: 1.35 (3H, d,
J¼ 7.3), 3.73 (3H, s), 3.97 (1H, d, J¼ 17.5), 5.15 (2H, s), 5.21 (1H, d,
J¼ 17.5), 5.38 (1H, q, J¼ 7.3), 5.49 (1H, d, J¼ 6.3), 5.54 (1H, d, J¼ 6.3),
6.80–7.50 (14H, m); MS: m/z 497 (Mþ) (54%). Anal. Calcd for C29H27N3O5:
C, 73.77; H, 5.74; N, 9.57. Found: C, 73.83; H, 5.80; N, 9.66.

7c (0.70 g, 28%) m.p. 95�C (from diisopropyl ether); [a]25D ¼�445
(MeOH, c¼ 0.15); IR (nujol): 1740, 1670 (cm�1); 1H-NMR d: 1.42 (3H, d,
J¼ 7.2), 3.93 (3H, s) 3.99 (1H, d, J¼ 17.1), 4.46 (1H, d, J¼ 12.3), 4.93 (1H,
d, J¼ 12.3), 5.18 (1H, d, J¼ 17.1), 5.21 (1H, q, J¼ 7.2), 5.51 (2H, s),
6.90–7.80 (14H, m); MS: m/z 497 (Mþ) (54%). Anal. Calcd for C29H27

N3O5: C, 73.77; H, 5.74; N, 9.57. Found: C, 73.80; H, 5.68; N, 9.53.
X-ray structure determination of 6a. Crystal data were collected using

graphite monochromated Mo-Ka radiation �¼ 0.71073 Å. The structures
was solved by SIR92,8 and refined on F2 by full-matrix least-squares
using SHELX97;9 heavy atoms were anisotropic, H atoms isotropic.
Absolute configurations was based on the reactants knowledge. Data of
6a. C23H23N3O5, Mr¼ 421.44, triclinic, space group P1, a¼ 7.3469(6),
b¼ 8.6967(8), c¼ 8.8671(9) Å, a¼ 95.540(7), b¼ 107.008(7), g¼ 98.187(7)�,
V¼ 530.51(8) Å3, T¼ 291(1) K, Z¼ 1, dcalc¼ 1.319 g cm�1, m(Mo-Ka)¼
0.094mm�1; o/2y scans, 4<2y<60�; 6169 reflection collected, 3094
unique (Rav¼ 0.0149) used for all calculations. Final R¼ 0.0350 and
wR¼ 0.0859, g.o.f. 0.926, –0.14<�r;<0.23 eÅ-3. Detailed crystallographic
data were deposited (as CCDC 147229) with the Cambridge crystallographic
Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK.
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