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Abstract: A selective and facile method for the reduction of aro-
matic azides to amines by employing borontrifluoride diethyl ether-
ate and sodium iodide. This methodology has been applied towards
the preparation of biologically important imine-containing pyr-
rolobenzodiazepines and their dilactams through intramolecular re-
ductive—cyclization process. In this protocol the reagent systems are
amenable for the generation of solution-phase combinatorial syn-
thesis.
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In recent years, azides' have attracted much attention as
key intermediates for the synthesis of a large number of
organic compounds such as nucleosides, carbohydrates,’
and nitrogen-containing heterocycles® — such as pyr-
rolobenzodiazepines, quinolines, lactams, and cyclic imi-
des. The conversion of aromatic azides into amines has
been a desirable strategy in various synthetic sequences
and for this purpose a variety of reagents has been report-
ed in the literature.**" However, in terms of their practical
applicability, selectivity, commercial availability, and re-
action conditions, most of these methods have certain dis-
advantages, prompting considerable demand for the
development of novel, more efficient, mild, and selective
methodologies.’

Recently, we have reported® a versatile method for the re-
duction of aromatic azides to amines in solution as well as
on solid phase employing BF;-OEt, and EtSH in anhy-
drous CH,Cl,. This new methodology is applicable for the
synthesis of naturally occurring DC-81 and also for resin
cleavage. Ethanethiol used in this methodology is a re-
agent of highly volatile nature, malodorous, and requiring
safety precautions for carrying out the reaction. In this
connection, we herein report a mild, efficient, and selec-
tive method for the reduction of aromatic azides 1la—j to
their corresponding amines 2a—j by employing boron tri-
fluoride diethyl etherate and sodium iodide in acetonitrile
at room temperature to give excellent yields as shown in
Table 1.
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Table 1 Selective Reduction of Aromatic Azides 1a—j to Amines
2a—j by Employing BF;-OEt, and Nal

R‘j@[Ns BF5OEt,, Nal (50 mol%) RDiNHZ
R R3 MeCN, 10—40 min, r.t. R2 R3

1a-j 2a-j
Entry R! R? R? Time Yield EIMS
(min) (%)™
2a H H COOH 30 85 137
2b H Me COOH 40 80 151
2¢ H Cl COOH 35 92 171
2d OH OMe COOH 40 86 183
2e OBn OMe COOH 35 88 273
2f H Me COOMe 10 90 165
2g H Cl COOMe 15 96 185
2h OH OMe COOMe 25 84 197
2i OMe OMe COOMe 20 94 211
2j OBn OMe COOMe 30 96 287

2 Isolated yields.
® Compounds characterized by '"H NMR, IR, and EIMS.

This method is an efficient and convenient alternative to
the aza-Wittig route by employing TPP or Bu;P as it does
not require any anhydrous conditions and furthermore,
this reagent system is inexpensive. In continuation of
these efforts, this methodology has been applied for the
synthesis of pyrrolo[2,1-c][1,4]benzodiazepines (PBD)
through an intramolecular azido-reductive cyclization ap-
proach. Pyrrolo[2,1-c][1,4]benzodiazepines are a family
of naturally occurring antitumor antibiotics that usually
interact with DNA covalently in a sequence-selective
manner preferentially at Pu-G-Pu motifs.” The develop-
ment of viable synthetic pathways® has allowed many an-
alogues of PBD monomers to be explored. The substituted
azidobenzoyl prolinaldehydes® 3a—f have been reduced
with BF;-OEt, and Nal to afford the reductive-cyclized
products 4a—f in good yields, which are illustrated in
Table 2. However, in our previous studies’ employing
BF;-OEt, and EtSH for the reduction of azido to amino
functionality, an additional cyclization step is necessary to
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Table 2 Synthesis of Pyrrolo[2,1-c][1,4]benzodiazepines 4a—h via Azido-Reductive Cyclization Approach by Employing BF;-OEt, and Nal

R! N3 CHO RY

BF3OEt,, Nal (50 mol%) =\ H
R2 NO\ MeCN, 60-80 min, r.t. R2 N
4 R 4 R3
3a-h 4a-h
Entry R! R? R3 Time (min) Yield (%)™° EIMS
4a H H 60 92 200
4b H Me 65 90 214
4c OBn OMe 70 90 336
4d OMe OMe H 68 88 260
4e H H OH 75 75 216
4f H Me OH 80 78 230
4g OBn OMe OH 80 82 352
4h OMe OMe OH 80 80 276
 Isolated yields.

® Compounds characterized by 'H NMR, IR, and EIMS.

obtain this product as the aldehyde intermediate is protect-
ed by the ethanethiol, which is present in the reaction me-
dium. In contrast the present methodology using BF;-OEt,
and Nal results in the reduction of azide to amine followed
by cyclization in a single step.

This reagent system has also been employed towards the
preparation of pyrrolo[2,1-c][1,4]benzodiazepine-5,11-

diones. Some of these dilactams have been reported to
possess significant in vivo antitumor activity in the P388
rat model.'° This tricyclic ring system has been used for a
number of pharmaceutical applications, including as a
template for design and assembly of peptidomimetic
agents,'! anxiolytic drugs,'? anticonvulsants,'* and herbi-
cides.'"*  Pyrrolo[2,1-c][1,4]benzodiazepine-5,11-diones

Table 3 An Efficient Synthesis of Pyrrolo[2,1-c][1,4]benzodiazepine-5,11-diones 6a—j via Azido-Reductive Cyclization Approach by Em-

ploying BF;-OEt, and Nal'*-?

R Ne C OOMe BF3-OEt,, Nal (50 mol%) A N OH
R2 NO\F@ MeCN, 60-80 min, r.t. R2 N s
(0] O

5a-j 6a-j
Entry R! R? R? Time (min) Yield (%)™° EIMS
6a H H H 60 90 216
6b H Me H 60 96 230
6¢ H Cl H 65 95 250
6d OMe OMe H 68 90 276
6e OBn OMe H 70 96 352
of H H OH 68 95 232
6g H Me OH 75 85 246
6h H Cl OH 75 86 266
6i OMe OMe OH 72 78 292
6j OBn OMe OH 80 85 368
2 Isolated yields.

® Compounds characterized by '"H NMR, IR, and EIMS.
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have been employed as intermediates in the synthesis of
naturally occurring and synthetically modified PBD imi-
nes such as tomaymycin and chicamycin.!> They are also
useful precursors for the PBD cyclic secondary amines'®
which can be converted into PBD imines by mild oxida-
tion.!” Their importance as intermediates for a wide range
of biologically active compounds, such as psychomotor
depressant activity'®** and sedative activity'®? has been
extensively investigated. The substrates Sa—j have been
converted into its lactams 6a—j in the presence of
BF;-OEt, and Nal by intramolecular azido-reductive cy-
clization process to give excellent yields as shown in
Table 3.

In summary, we have demonstrated an efficient, mild,
cost-effective, and ecofriendly protocol for the reduction
of azido functionality. Additionally, this method has been
successfully applied to the efficient synthesis of pharma-
cologically important nitrogen-containing heterocycles,
such as pyrrolobenzodiazepine analogues through the in-
tramolecular azido-reductive cyclization process employ-
ing this reagent system.
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General Procedure for Azido Reductions

The substituted aromatic azides were dissolved in MeCN (15
mL), BF;-OEt, (2.0 equiv), Nal (50 mol%) was added and
then solvent stirred at r.t. for 10-80 min to afford reductively
cyclized products. The reaction mixture was quenched with
aq Na,S,0; followed by neutralization with ag NaHCO;
soln. The mixture was extracted with EtOAc (3 X 35 mL)
and the combined organic extracts dried over anhyd Na,SO,.
The solvent was evaporated under vacuum and the residue
purified by column chromatography through SiO, (60-120
mesh) eluting with EtOAc—hexane (yields as shown in
Tables 1-3).

Selected Data

Compound 2h: '"H NMR (200 MHz, CDCl,): § = 7.35-7.45
(m, 5H), 7.22 (s, 1 H), 6.15 (s, 1 H), 5.47-5.90 (br s, 2 H),
5.20(s,2 H), 3.84 (s, 3 H), 3.83 (s, 3 H). MS (EI): m/z =287
[M*].

Compound 4a: 'H NMR (200 MHz, CDCl,): § = 8.05 (d,
J=743Hz,1H),7.79(d,J =4.46 Hz, 1 H), 7.53 (t,J = 6.69
Hz, 1 H), 7.28-7.38 (m, 2 H), 3.36-3.94 (m, 3 H), 2.26-2.38,
(m, 2 H), 2.02-2.16 (m, 2 H). MS (EI): m/z =200 [M*].
[a]p? 4343 (c 0.4, CHCI,).

Compound 4b: '"H NMR (400 MHz, CDCl,): § = 8.00-8.05
(m, 1 H), 7.00-7.80 (m, 1 H), 7.40-7.60 (m, 1 H), 7.20-7.30
(m, 1 H), 3.40-3.90 (m, 3 H), 1.90-2.50 (m, 7 H). MS (EI):
mlz =214 [M*].

Compound 4e: '"H NMR (200 MHz, DMSO-d;):  =7.84 (d,
1 H,J=7.32),7.12-7.26 (m, 1 H), 6.95 (d, 1 H, J = 5.01
Hz), 6.70-7.80 (m, 2 H), 4.92 (d, 1 H, J=4.81 Hz), 4.17-
4.26 (m, 1 H), 4.02 (m, 1 H), 3.50-3.75 (m, 2 H), 1.95-2.10
(m, 1 H), 1.70-1.80 (m, 1 H). *C NMR (50 MHz, DMSO-
dg): 8 =166.5, 150.2, 144.6, 133.5, 131.7, 131.4, 128.6,
125.2,71.0,56.6,52.0,39.5. MS (EI): m/z216 [M*]. HRMS:
mi/z calced for C;,H,;,N,0,: 216.2358; found: 216.2361.
Compound 6a: 'H NMR (200 MHz, CDCl,): § = 9.22 (brs,
1 H),7.96-8.08 (d, 1 H, J=8.03 Hz), 7.42-7.58 (t, 1 H,
J=8.03,7.03 Hz), 7.21-7.28 (m, 1 H), 7.03-7.07 (d, 1 H,
J=8.03 Hz),4.05-4.09 (d, 1 H, J = 6.57 Hz), 3.75-3.86 (m,
1H),3.51-3.65 (m, 1 H), 2.71-2.82 (m, 1 H), 1.85-2.15 (m,
3 H). MS (EI): m/z =216 [M*]. HRMS: m/z calcd for
C,H,,N,0,: 216.2358; found: 216.2363.
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Compound 6f: '"H NMR (200 MHz, DMSO-d;): § =7.84 (d,
1H,J=7.3Hz),7.12-7.26 (m, 1 H),6.95(d, 1 H, /=5.0
Hz), 6.70-6.80 (m,2 H),4.92 (d, 1 H,J = 4.8 Hz),4.17-4.26
(m, 1 H), 4.02-4.10 (m, 1 H), 3.50-3.75 (m, 2 H), 1.95-2.10
(m, 1 H). ®C NMR (50 MHz, DMSO-d,): § = 166.5, 150.2,
144.6, 133.5, 131.7, 131.4, 128.6, 125.2, 71.0, 56.6, 52.0,

39.5. MS (EI): m/z = 232 [M*]. HRMS: m/z calcd for
C,H,,N,05: 232.2352; found: 232.2358.
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Compound 6j: "H NMR (200 MHz, CDCl5): § = 10.10 (s, 1
H), 7.26-7.40 (m, 6 H), 6.49 (s, 1 H), 5.10 (s, 2 H), 3.98-4.01
(d,1H,J=6.44Hz),3.91 (s,3H), 3.65-3.75 (m, 1 H), 3.42-
3.50 (m, 2 H), 2.65-2.75 (m, 1 H), 1.90-2.00 (m, 2 H). 13C
NMR (50 MHz, DMSO-d,): 6 = 171.2, 166.5, 152.2, 146.6,
137.2,131.4, 129.5, 128.6, 118.3, 113.4, 106.8, 71.0, 68.5,
56.6, 54.0, 35.8. MS (EI): m/z = 368 [M*]. HRMS: m/z calcd
for C,,H,(N,0s: 368.3824; found: 368.3831.
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