Organic &
Biomolecular
Chemistry

Cite this: Org. Biomol. Chem., 2011,9, 4977

WWw.rsc.org/obc

PAPER

Reduction of hydrazines to amines with aqueous solution of titanium(1r)

trichloridef

Yan Zhang, Qiang Tang and Meiming Luo*

Received 2nd March 2011, Accepted 13th April 2011
DOI: 10.1039/c10b05328k

N-N bond cleavage in hydrazines is widely used in the preparation of amines and thus occupies a
significant place in organic synthesis. In this paper, we report a new method for the reductive cleavage of
N-N bonds in hydrazines by commercially available and cheap aqueous titanium(1) trichloride. The
reaction proceeds smoothly under a broad pH range from acidic to neutral and basic conditions to
afford amines in good yields. This method is compatible with substrates containing functionalities such
as C—C double bonds, benzyl-nitrogen bonds, benzyloxy and acyl groups.

Introduction

Amines are present in numerous natural products, synthetic mate-
rials (for example, ligands), and biologically active compounds as
important pharmacophores, and have been greatly touted in the
area of drug discovery.! Among various methods for the synthesis
of amines, hydrazines are common intermediates.> Remarkable
recent examples are the anionic®®*® or radical* additions to the
C=N bond of hydrazones, the electroreductive coupling of
ketones with hydrazones,® the addition of carbon nucleophiles
to acylhydrazonium salts,® the addition of N-aminolactams to
Michael acceptors,®” the aza-Michael addition of hydrazines
to electrophilic alkenes,® the radical cyclization of N-allyl-o-
perchlorohydrazides,” and the 1,3-dipolar cycloaddition of azome-
thine imines to dipolarophiles.!® These examples clearly show that
the N-N bond cleavage in hydrazines occupies a significant place
in organic synthesis. The most widely used methods for N-N
bond cleavage are: (1) Zn/H* reduction,” where acidic conditions
are required, (2) reduction with trivalent molybdenum, which is
unstable and requires in situ preparation by reduction of molybde-
num pentachloride with zinc powder," (3) catalytic hydrogenolysis
by RANEY®-Nj, 23912 ptQ, 13 and Pd-based catalysts,?e?¢3d4d.14
where hydrogenation of double bonds and hydrogenolysis of
benzyloxy protecting groups may take place as side reactions prior
to the reductive cleavage of hydrazine N-N bonds (Scheme 1),%%
(4) dissolving metal reduction such as Na (Li)/NH,,*!* where
strong basic conditions are generated, (5) hydroboration using
BH;-THE*® which is obviously incompatible with C-C double
bonds, (6) reduction with samarium(i1) iodide (Sml,),’®* where an
activating acyl group on one of the nitrogens of the hydrazine is
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usually needed to promote the reaction, (7) the recently developed
novel oxidative cleavage with magnesium monoperoxyphthalate or
meta-chloroperbenzoic acid,*?* which is usually restricted to N-
acyl-N’,N’-disubstituted hydrazines, (8) our newly found reaction
of N,N-disubstituted hydrazines with 2-naphthanols.”” Although
these above-mentioned methods are frequently used, there are
limitations and difficulties, mainly related with the harsh acidic
or basic reaction conditions, incompatible with a number of
functionalities and protecting groups, and the lack of reactivity
in some cases.” Therefore, developing new efficient and general
preparative methods for amines from hydrazines is of promising
interest.

Titanium(1m) trichloride, usually as a 15%-25% aqueous solu-
tion, is one of the common reducing agents. It is cheap and stable,
and has been shown to serve as a powerful reductant for a variety of
organic substrates such as nitro-compounds, nitrosamines, oximes,
carbonyl compounds, and azides etc., often under exceptionally
mild conditions.”® As far as we know, this reagent has not been
employed for the reductive cleavage of N-N bonds in hydrazines
to produce amines. In this paper, we describe a new method for
the readily reductive cleavage of N-N bonds in hydrazines by
aqueous titanium(Iin) trichloride under a broad pH range from
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Table 1 Reduction of 2-naphthylhydrazine by aqueous solution of TiCl;*

EtOH, reflux

1 1a

aqueous TiCl

Entry TiCl;/hydrazine (mol) Yield (%)®
1 2:1 44
2 3:1 59
3 4:1 91
4 5:1 87
5 6:1 86

“ Reaction conditions: aqueous TiCl;, EtOH as co-solvent, reflux for 4 h
under argon. ® Average isolated yield of two runs.

acidic to neutral and basic conditions, and which is compatible
with C-C double bonds, benzyl-nitrogen bonds, benzyloxy and
acyl protecting groups, and does not need any activating group
attached to the hydrazine nitrogen.

Results and discussion

The hydrazines used in this study were prepared following the
literature procedures (see ESIf). The reduction of hydrazines
by aqueous titanium(i) trichloride was explored using 2-
naphthylhydrazine as a model substrate for the optimization of
reaction conditions. Due to the strong reducing ability and possible
air oxidation, the reduction of hydrazine with aqueous tita-
nium(11) trichlorides was performed under an argon atmosphere.
The reaction was easily carried out by adding the commercially
available aqueous solution of titanium(1ii) trichloride to an ethanol
solution of 2-naphthylhydrazine and refluxing the mixture for
several hours. We found that the molar ratio of titanium(iir)
trichloride to 2-naphthylhydrazine affected the product yield
significantly. The reaction was tested with ratios of TiCl; to 2-
naphthylhydrazine from 2:1 to 6: 1, and the results are shown in
Table 1. It was found whatever ratio was used, the corresponding
2-naphthylamine could be obtained. The ratio of 4:1 was found
to afford the highest yield of 2-naphthylamine (entry 3, Table 1).
With lower ratios of TiCl; to 2-naphthylhydrazine (entries 1 and 2,
Table 1), 2-naphthylhydrazine was not completely converted (TLC
monitoring) and lower product yields were obtained. Increasing
the ratio of TiCl; to 2-naphthylhydrazine did not further improve
the product yields (entries 4 and 5, Table 1).

Having optimized the reaction conditions, we next investigated
the scope of the reaction with respect to hydrazines. In addition
to ethanol, the co-solvents could be tetrahydrofuran (THF),
or N,N-dimethylformamide (DMF) according to the solubility
of hydrazines. As shown in Table 2, all types of substituted
hydrazines, monosubstituted hydrazines (entries 1-6, Table 2),
N,N-disubstituted hydrazines (entries 7-17, Table 2), symmetrical
and unsymmetrical N,N’-disubstituted hydrazines (entries 18-23,
Table 2), N,N,N’-trisubstituted hydrazines (entries 24-28, Table
2), and N,N,N’,N’-tetrasubstituted hydrazines (entries 29-32,
Table 2) could be reductively dissociated to the corresponding
primary and secondary amines by an aqueous solution of tita-
nium(111) trichloride under the reaction conditions, and the yields
were generally good. It was noted that C—C double bonds (entries

20, 28, 32, Table 2) and benzyloxy group (entry 22, Table 2),
which are usually susceptible to hydrogenation and hydroboration
reactions, were inert in the reaction. The reaction also tolerated
benzyl-nitrogen bonds (entries 10, 19, 26, 27, 30, Table 2), halogen
(entries 4 and 5, Table 2), methoxy (entry 3, Table 2), and acyl
groups (entries 14, 21-23, Table 2).

The commercially available aqueous titanium(t) trichloride is
a strongly acidic solution containing HCI (3%), which may restrict
the application of this method to some acid-sensitive hydrazines.
We then explored the reaction under neutral and basic conditions
(Table 3). Thus, the aqueous solution of titanium(1) trichloride
was basified with aqueous sodium hydroxide or 25% ammonia to
around pH 10, or adjusted to around pH 7 before the addition
of the hydrazine solution. The reaction proceeded as well as in
acidic conditions and completed after refluxing the mixture for
4-6 h under argon. Comparable yields of amines were obtained
under these neutral or basic conditions. Functionalities such as
C-C double bonds, benzyl-nitrogen bonds, halogen, methoxy,
benzyloxy and acyl groups were also compatible with the reaction
conditions.

Conclusions

In conclusion, we have disclosed a new method for the reductive
cleavage of N-N bonds in hydrazines to generate amines. This
method allows the use of a commercially available and cheap
aqueous solution of TiCl; as the reducing agent, and offers good
results for various types of substituted hydrazines. The reactions
proceed smoothly within a wide pH range from acidic, neutral to
basic by refluxing the reaction mixture under argon for several
hours. Functionalities such as C—C double bond, benzyl-nitrogen
bond, and benzyloxy groups, which are usually susceptible to
hydrogenation and hydroboration reactions, are sustainable in
this reaction. An acyl group attached to one of the nitrogens of
hydrazine, which is needed as an activating group in the Sml,-
reduction, is inert in and not necessary for the present reaction.
With these features, this method offers an important complement
to some other methods, and may find potential application in
organic synthesis.

Experimental
General

All reagents and solvents were obtained from commercial sources
and were used without further purification. Hydrazines used in
this study were prepared following the literature procedures (see
ESIf). Column chromatography was performed with silica gel
(300-400 mesh). Thin layer chromatography was carried out using
Merck silica gel GF254 plates. NMR spectroscopy was performed
on a Bruker (400 MHz or 600 MHz) spectrometer using TMS
as internal standard. HRMS analyses were made on a Bruker
Daltonics Bio TOF-Q Mass Spectrometer using EST or MALDI-
TOF ionization. Infrared spectra were measured on a Perkin-
Elmer FT-IR spectrometer, using KBr pellet technique for solid
compounds and liquid film technique for oils. GC-MS were made
on an Agilent Technologies 6890-5973N GC-MS spectrometer.
Products were characterized by comparison of 'H and "C NMR
spectroscopic data with those reported in the literature.
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Table 2 Reduction of various hydrazines by aqueous titanium(1ir) trichloride®

Rl R TiCl; R! R3
N-N, ——> NH + HN
R2 R4 reflux R2 R*
Hydrazine Aminea Amineb
Entry Hydrazine Amine a Yield (%)” Amine b Yield (%)®
1 “/!ENHNHZI ! l NH; 1a 91 NH; —
2 ©/NHNH2 2 ©/NH2 2a 90 NH; —
3 @[NHNH23 @[NHZ 3a 86 NH; —°
OMe OMe
4 /@NHNHZ 4 /©/NH2 4a 88 NH; e
Cl Cl
5 g JOO A - R
Br Br
6 O/NHNH26 O/NH26a 75 NH; —
7 I}IHZ 7 @\ Ta 78 NH; —
N\CHQ, N’CHS
H
8 I}IHZ 8 ©\ 8a 80 NH; —
N\(CHZ)GCH3 N~ (CH2)sCHs
H
9 NHZ 9 9a 79 NH; —
N
N
O :
10 NH\2/© 10 @\ 10a 76 NH; —
|
o8 O
H
11 NH; 11 H 11a 80 NH; —
N Necn
SOA
12 NH; 12 H 12a 81 NH; —
N\(CHZ)SCH3 (CH,)sCH3
13 NHz 13 13a 84 NH; —
N
N
OO ;
14 NH, 14 H CH 14a 82 NH; —
N\H/CH3 ©/ \n/ 3
©/ 0 o
15 NH 15 O\ /O 15a 70 NH; —
N
OO N
H
16 >_\ 16 >j 16a 61 NH; —
> >
17 17 17a 74 NH, .
{  N-NH, { NH
18 78

T2
ZT
-
o

O
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Table2 (Contd.)

R' R® TiCl3 R! R
N—-N, — > NH + HN
R2 R4 reflux R2 R?
Hydrazine Aminea Amineb
Entry Hydrazine Amine a Yield (%)* Amine b Yield (%)*
19 H\ 19 ©\ 2a 78 (j/ “NH, 19b 71
N
©/ H/\© NH2
20 ©\ H 20 ©\ 2a 74 /\/NHZ 20b 70
”’N\/\ NH,
21 H )(J)\ 21 ©\ 2a 72 (0] 21b 65
N.
©/ ” NH, )J\NH2
22 H ¢} 22 ©\ 2a 75 i 22b 73
©/ \u O/\© NH, HoN O
23 o " 23 (o} 23a 75
o
H o
: QL oW " L0 "
N NH, N
HN\@ 13a
25 @\ 25 ©\ 2a 82 Ta 85
N’CH:" NH, ( j\N,CH3
H
O
26 Q 26 @ 10a 69 NH, 19b 73
- Y, " @
N—NH H/\©
27 Q 27 ©\ 2a 74 (j 70
N
HN-N C NH, H/\©
O
28 Q y 28 ©\ 2a 81 (j J/ 28b 77
N
HN-N NH, N
29 Q 29 ©\ Ta 84
,CH3 ,CH3
N-N N
“ O
> Qo g T
o6 e
31 Q ©\ 85

a,
o0

/@ 13a

I=
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Table2 (Contd.)

R' R® TiCl3 R! R
N—N_ —_— NH + HN
R2 R4 reflux R2 R4
Hydrazine Aminea Amineb
Entry Hydrazine Amine a Yield (%)* Amine b Yield (%)*

32 32 Ta
K L on,

77 @\ J/ 28b 81
N
H

“Reaction conditions: aqueous TiCl;, EtOH or THF or DMF as co-solvent, reflux for 4-6 h under argon. ® Yield of isolated product. ¢ The yield of NH;

was not determined.

Table 3 Reduction of hydrazines under basic or neutral conditions”

R R3 aqueous TiCl, RY /Rs
NN ————> NH + HN
R? R* pH7orpH10 R? R*
Hydrazine reflux Aminea Amineb
pH 10 pH7

Hydrazine Amine a, Yield (%) Amine b, Yield (%)° Amine a, Yield (%)* Amine b, Yield (%)*
1 1a, 85 NH;¢ 1a, 90 NH;©
2 2a, 88 NH;© 2a, 82 NH;©
3 3a, 86 NH;* 3a, 82 NH;*
4 4a, 85 NH;¢ 4a, 84 NH;©
5 5a, 86 NH;* 5a, 82 NH;¢
6 6a, 76 NH;¢ 6a, 72 NH;¢
7 7a, 80 NH;* 7a, 83 NH;¢
8 8a, 84 NH;* 8a, 80 NH;*
9 9a, 82 NH;¢ 9a, 76 NH;¢
10 10a, 78 NH;¢ 10a, 80 NH;¢
11 11a, 84 NH;* 11a, 82 NH;¢
12 12a, 86 NH;¢ 12a, 78 NH;©
13 13a, 85 NH;¢ 13a, 87 NH;¢
14 14a, 84 NH;* 14a, 79 NH;*
15 15a, 72 NH;© 15a, 76 NH;©
16 16a, 65 NH;* 16a, 55 NH;*
17 17a, 75 NH;¢ 17a, 73 NH;¢
18 2a, 80 2a, 82
19 2a, 80 19b, 78 2a,75 19b, 70
20 2a, 78 20b, 82 2a, 77 20b, 80
21 2a, 78 21b, 70 2a,70 21b, 68
22 2a,76 22b, 75 2a,77 22b, 75
23 23a, 77 23a, 80
24 2a, 76 13a, 81 2a, 80 13a, 84
25 2a,76 Ta, 78 2a, 74 Ta, 79
26 10a, 72 19b, 75 10a, 70 19b, 78
27 2a,76 10a, 79 2a,74 10a, 75
28 2a, 82 28b, 85 2a, 80 28b, 82
29 7a, 88 7a, 86
30 10a, 70 10a, 65
31 13a, 81 13a, 80
32 7a,79 28b, 83 7a, 80 28b, 79

“Reaction conditions: aqueous solution of TiCl; basified or neutralized with aqueous NaOH or concentrated NH;-H,O, EtOH or THF or DMF as
co-solvent, reflux for 4-6 h under argon. ® Yield of isolated product. < The yield of NH; was not determined.

General procedure for N-N bond cleavage of hydrazines under

acidic conditions

Hydrazines (10 mmol) were dissolved in EtOH, THF or DMF
(10 mL) according to their solubility. Then an aqueous solution of

titanium(111) trichloride (40 mmol, 30 mL, 18% aqueous solution)
was added and the mixture was refluxed for 4-6 h under argon
with stirring. After cooling to room temperature, the reaction
mixture was basified, while cooling in an ice-bath, with an aqueous
solution of NaOH (20%) to pH >10. The solvents were removed
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under reduced pressure. The residue was extracted with CH,Cl,
repeatedly. In cases where the amine products might be distilled
out, the distillate was also extracted with CH,Cl,. The organic
phases were combined. The solvent was evaporated and the residue
was purified by column chromatography on silica gel to give the
amines.

General procedure for N-N bond cleavage of hydrazines under
basic conditions

The aqueous solution of titanium(1) trichloride (40 mmol, 30 mL,
18% aqueous solution) was basified by an aqueous solution of
NaOH (20%) or ammonia (25%) to about pH 10. Then hydrazine
(10 mmol) in organic solvent (EtOH, THF or DMF, 10 mL)
was added and the mixture was stirred for 4-6 h under reflux.
After cooling to room temperature, the solvents were removed
under reduced pressure. The residue was extracted with CH,Cl,
repeatedly. In cases where the amine products might be distilled,
the distillate was also extracted with CH,Cl,. The organic phases
were combined. The solvent was evaporated and the residue was
purified by column chromatography onsilica gel to give the amines.

General procedure for N-N bond cleavage of hydrazines under
neutral conditions

The aqueous solution of titanium(1ir) trichloride (40 mmol, 30 mL,
18% aqueous solution) was adjusted to about pH 7 via aqueous
solution of NaOH (20%) or ammonia (25%). Then hydrazine
(10 mmol) in organic solvent (EtOH, THF or DMF, 10 mL) was
added and the mixture was stirred for 4-6 h under reflux. After
cooling to room temperature, the reaction mixture was basified,
while cooling in an ice-bath, with an aqueous solution of NaOH
(20%) to pH >10. The solvents were removed under reduced
pressure. The residue was extracted with CH,Cl, repeatedly.
In cases where the amine products might be distilled out, the
distillate was also extracted with CH,Cl,. The organic phases
were combined. The solvent was evaporated and the residue was
purified by column chromatography on silica gel to give the amines.
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