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This is a review of the most recent and useful synthetic meth-
odologies for providing access to di- and trisubstituted hy-
drazides. New chemistry and new organometallic derivatives
of the title compounds offer a new arsenal for the production

of new functionalised derivatives, which are also useful as
new biologically relevant molecules.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2004)

Introduction

Hydrazides (N-acyl derivatives of hydrazines) are a very
old class of molecules: the first examples of N-acylhydraz-
ines were mentioned in 1850,M and a number of N-unsub-
stituted, mono- and disubstituted acylhydrazines are now
commercially available.

Hydrazides are a versatile class of nitrogen-substituted
molecules with a high degree of chemical reactivity, used
as precursors and intermediates of many important organic
molecules such as heterocycles, pharmaceuticals, polymers,
dyestuffs and photographic products.l”! Their use for ana-
lytical purposes is well known, and allows the detection of
aldehydes, ketones and carboxylic acids. The chemilumi-
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nescence of both cyclic and acyclic acyl hydrazines when
they undergo oxidation is another interesting and useful
property.3]

All of this chemistry mainly involves unsubstituted or
monosubstituted hydrazides, which are very well rep-
resented and easily synthesised by general and efficient
methods. However, there are far fewer examples of, and
synthetic methodologies for, di- and trisubstituted hydra-
zides.

They also have few applications, possibly because of the
lack of a general synthetic strategy (see the section on meth-
ods of preparation below) and the difficulties, poor yields
and low selectivity often found in their synthesis. These
considerations are supported by the large number and vari-
ety of specific and not generally applicable synthetic meth-
ods published in the literature.

The interest in this class of organic molecules is due not
only to the number of derivatives that have well established
biological and pharmacological activities, but also to the
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fact that the particular structure has some interesting
stereochemical features thanks to the presence of the
CO—N-—N moiety. Because of the bioisosterism between a
methylene and NH group, hydrazides can also be regarded
as aza-amino acids, and much interesting research concern-
ing this fascinating and useful modification in amino acid
structures to give aza-peptides has been published (see be-
low).#

The a-nitrogen atom in hydrazide structures, exactly like
the amide nitrogen atom, is engaged in resonance struc-
tures, whereas the B-nitrogen atom has a free lone pair that
gives the group a Lewis base nature, and allows the forma-
tion of additional hydrogen bonds or confers different solu-
bility characteristics.

The aim of this review, considering mainly monoacylhyd-
razine derivatives, is to describe recent synthetic strategies
for the formation of di-and trisubstituted hydrazides and
recent applications of their use in organic and organometal-
lic chemistry.

Structural Characteristics

Given the partial double bond character of the N—CO
bond, hydrazides can in principle exist as two configura-
tional isomers, E and Z, which arise from hindered rotation
about the N*-carbon bond in the same way as for amides.
However, the presence of the second NP atom and its sub-
stituents, and the group attached to the carbonyl group, can
favour one rotamer over the other. Although no systematic
studies of the configurations of substituted hydrazides have
yet been published, there are some interesting reports indi-
cating that the configurations of N% NP NPB-trisubstituted
hydrazides depend on the size of the substituents on the
nitrogen atoms and carbonyl group. As a general rule, hy-
drazides preferentially adopt the E configuration about the
amide N“—carbon bond when the nitrogen atoms are fully
substituted. When more sterically demanding groups are
present on the R substituent of the carbonyl, however, there
is a mixture of the £ and Z isomers.5~71
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In particular, hydrazides 1a, 1b, 2a and 2b were the first
examples shown to have the E configuration about the N*-
carbonyl bond both in the crystalline state and in solution.

The E configuration in solution was established by means
of an ASIS experiment,® while an X-ray structure con-
firmed the same configuration in the solid state.

©
(0] . O@ O@ R!
PN AR J&@ A\,
-— R™ "N”" "R
| |
RZ/’ELR1 RZ/N‘R1 R
E- isomer Z- isomer

During the course of our studies we have prepared a
number of trisubstituted hydrazides””] (see the section
dedicated to synthesis below) and determined their pre-
ferred configurations in solution by ASIS experiments. As
anticipated by S. Knapp,P! 1,2,2-trisubstituted hydrazides
are more stable in the E configuration. We found that all of
the synthesised hydrazides 3 existed in solution either as
single E isomers, or as mixtures in which the F isomers were
highly predominant. As shown, both the Z and E isomers
are present when the carbonyl group bears bulky substitu-
ents, such as an ortho-substituted phenyl ring.
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Me"ELMe Me’N
1a, R =Ph 2a, R =Ph
b, R = n-C/H,s b, R = n-C/H,g

The preference for E isomers in trisubstituted hydrazides
can be attributed to electronic and steric reasons: If the
three different conformers of the Z isomer, B, C and D are
considered, it is clear that both steric and electronic factors
contribute to its instability.
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R E R N’N‘Me
Me” "Me R'
E-isomer 3 Z-isomer
R = Me, Ph, Et — E isomer

R =2-CI-Ph, 2,6-diCI-Ph, 2-MePh, 2-CF3Ph —>  mixture of £/Z isomers

In structure B, a lone pair-lone pair repulsion between
oxygen and P nitrogen might be expected; structure C is
disfavoured because of steric crowding between the R! and
R? substituents and the carbonyl group, while structure D,
with its planar hydrazide skeleton, is unstable because the
fully conjugated 6-m electron structure has partially occu-
pied anti-bonding orbitals. This is also true in the case of
the E isomer A, and it has been calculated that the planar
structure of a simple model hydrazide lies about 15 kcal/
mol above the pyramidal structure.l!
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Synthesis of Di- and Trisubstituted Hydrazides

Many synthetic methods for accessing unsubstituted and
monosubstituted hydrazides are available, the most import-
ant being reactions between hydrazine or its aryl and alkyl
derivatives and acyl chloride or carboxylic esters.'% How-
ever, there are not many general synthetic routes to di- and
trisubstituted hydrazides: the acylation of 1,1-disubstituted
hydrazines with carboxylic acid esters gives very poor hy-
drazide yields!'!! due to the weakly nucleophilic nature of
the hydrazine, while 1,2-disubstituted derivatives react with
great difficulty and the starting compounds are generally
recovered unchanged.['?) On the other hand, the use of acyl
chloride or anhydrides gives diacylated ao,B-dimethylhydra-
zide derivatives, and mixtures of mono- and diacylated de-
rivatives can be obtained from 1,1-disubstituted hydra-
zines.['3] In the case of 1,1-dimethylhydrazine, it has also
been reported that the monoacyl derivatives are the sole
products when an appropriate solvent is used, in which the
monoacyl hydrazines precipitate as soon as they are
formed.[!3

A quite interesting and useful method for preparing tri-
substituted hydrazides makes use of N,N’-dicyclohexylcar-
bodiimide as the condensing agent in reactions between hy-
drazines and carboxylic acids (Scheme 1). The first example
of this method was used to prepare a series of hydrazides of
rifamycin B[4l (4), which were exceptionally active against
Gram-positive bacteria and showed a certain activity
against Gram-negative bacteria.
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Scheme 1
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Four years later, a more systematic study based on this
method was published! in which variously substituted hy-
drazides of aromatic and aliphatic carboxylic acids were
synthesised (Scheme 1). One of the advantages of this
method is the easy recovery of B,B-disubstituted hydrazides
in a pure form by acid extraction of the filtrate obtained
after filtration of the insoluble N,N’-dicyclohexylurea.
Moreover, the reaction takes place under essentially neu-
tral conditions.

Enders has described a general and convenient two-step
synthesis of cyclic trisubstituted hydrazides (N-aminolac-
tams) 5, which were obtained in good overall yield by me-
ans of an intramolecular alkylation of ®-chloroalkanohyd-
razide 6 prepared by treatment of chloroalkanoyl chloride
with N,N-dialkylhydrazines!'® (Scheme 2). Chiral hydra-
zides 5 are particularly interesting because they can be used
as chiral equivalents of lactams and applied to the stereose-
lective formation of new carbon-carbon bonds (see below).

Q (@]
CI\/(/\)H\)L (NRS __NaH/THE NRe
H -30°Ctort.
6 yield 68-96 % n 5

Scheme 2

The Katritzky benzotriazole method is also useful for the
preparation of B,B-disubstituted hydrazides.'”) It provides
for the alkylation of the B-nitrogen atoms of unsubstituted
and PB-monosubstituted hydrazides with hydroxymeth-
ylbenzotriazole, and the obtained mono- or bis adducts 7
and 7a were smoothly reduced to the corresponding pB-
methyl hydrazides 8 and 8a in high yields (Scheme 3).

One example of a lipase-catalysed hydrazinolysis with a
disubstituted hydrazine in ethyl acetate to give the B,B-dis-
ubstituted hydrazide 7 has also been reported.['8] The
method is in principle very interesting and original, al-
though it mainly seems to work well with monosubstituted
hydrazines and hydrazines with electron-withdrawing sub-
stituents.
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M /N‘Ph + CH3CO.Et
€
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Me/N‘Ph
7

60 °C, 30%

Various homogeneous catalytic carbonylation reactions
(aminocarbonylation, alkoxycarbonylation) of iodide and
triflate derivatives with palladium catalysts have been re-
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ported and widely used for the synthesis of amides or esters
but, surprisingly, no homogeneous catalytic methods for the
synthesis even of simple hydrazides were known until a
highly efficient, novel synthesis of pharmacologically im-
portant steroidal disubstituted hydrazides 13 was published
in 1997.1'1 The same authors subsequently extended the
scope of this interesting method, and demonstrated that
palladium-catalysed hydrazinocarbonylation is a powerful
tool for obtaining biologically important hydrazides"]
(Scheme 4).
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Scheme 4

A new “one-pot” synthesis of di- and trisubstituted hy-
drazides by reduction of the corresponding hydrazones and
in situ acylation of the obtained hydrazine has recently been
published.®] The reducing agent for the reaction is the bor-
ane-trimethylamine complex, which is commercially avail-
able and stable in acidic medium. The overall transform-
ation from aldehyde to hydrazide can be carried out in a
“one-pot” manner: hydrazones are generated in a xylene
solution, and the borane.trimethylamine complex and hy-
drochloric acid are then added to the reaction mixture to
perform the reduction step. The appropriate aromatic or
aliphatic carboxylic acid is finally added to the same reac-
tion mixture to give the hydrazides 15. In this way, trisubsti-

668 © 2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

tuted hydrazides can be prepared even on multigram
scales (Table 1).

The postulated mechanism by which hydrazones are
transformed into hydrazides is shown in Scheme 5.

Table 1. Synthesis of trisubstituted hydrazides 15 by the reduction
of hydrazones 14

R R? Rz\N,RZ
N 1) NMeaBHYHC o 1 oo
N\\1 Xylene ~
R! 2) R’COOH/140 °C o]
14 15
Hydrazide R! NR3 R3 Yield [%0]
15a Ph NMe, Me 95
15b Ph NMe, Ph 81
15¢ Ph NMe, Et 88
15d 4-O,NCgH, NMe, Me 91
15e 3-thienyl NMe, 2-Cl-C4Hy4 62
15f 3-pyridyl NMe, Me 60
15¢ I-naphthyl NMe, Me 80
15h Et NMe, 2,6-CL-C¢H; 25
15i Ph morpholinyl Me 90
HCI
R3COOH 2
BH,CI'NMes B(COCR®);"NMe;
17 18
2 g2 RA., .R? HCl RA. .R?
R N’@R eCf ll\l , ,I\]
H-No HN R N
H ~ ~] 1 HCI j1 A \n/ \I 1
HBH R 16 s
M83N

Scheme 5. Mechanism of the reduction and acylation of hydraz-
ones

In acidic medium, the hydrazone is protonated and can
easily accept a hydride ion from the amine-borane complex
to give hydrazine 16. In addition, the chloroborane 17 is
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formed, and this is transformed into acyloxyborane 18 by
treatment with the carboxylic acid R3COOH, added to the
reaction mixture after the reduction step. The acyloxybor-
ane 18 is known to be an acylating species®'-*?! and there-
fore acylates the hydrazine to give the corresponding hydra-
zides 15. This “one-pot, multi-step” synthesis of hydrazides
has a number of advantages: 1) high hydrazide yields, ii) few
by-products, iii) easy purification, iv) the use of solvent and
reagents that are available in bulk and in principle compat-
ible with an industrial process, and v) short reaction times.

A new approach to trisubstituted hydrazides has been
published very recently. During the course of a study of
Fischer-type hydrazinocarbene complexes, it was necessary
to find efficient and useful means of recovering the organic
ligand as a stable molecule from the new functionalised
tetra- and pentacarbonyl hydrazinocarbene complexes 19
and 20. The easiest and most efficient of the reported pro-
cedures for the recovery of the organic ligand from Fischer-
type carbene complexes is oxidation of the metal-carbon
double bond into the isolobal carbonyl bond, which trans-
forms the carbene complex into the corresponding carbonyl
compound. In the case of hydrazinocarbene complexes 19
and 20, the oxidation produces the organic isolobal ana-
logue hydrazides 21 (Scheme 6).

R R®
‘R—N “R—N R® Re
'/ N-R? N-R? oxidation \N_N: 4
(€oyCr= or (CO)scr:<R1 — - 0:\/R1 R
19 20 21
Scheme 6

The problem of finding appropriate oxidation conditions
for complexes 19 and 20 is not trivial because the hydra-
zides are very sensitive to many oxidants, poor yields of
compounds 21 being obtained if, for example, ceric am-
monium nitrate (CAN) is used. Furthermore, hydrazides
are bidentate Lewis base ligands that can chelate transition
metal cations such as the Cr'™! arising from the complexes
upon oxidation, or the Ce™ formed when oxidation is per-
formed with CAN.

Three new and complementary oxidation methods using
two different oxidants have been established.?3]

The first approach uses NaOCl or KOCI, generated
slowly in situ from Ca(OCl), (which is not very soluble in
the reaction medium), and NaHCO; or a phosphate
buffer (Table 2).

The second, which is also suitable for complexes 19, uses
a catalytic amount of iodine generated in situ by the oxi-
dation of KI with sodium perborate at pH 7 by addition of
KH,PO, to the biphasic water/EtOAc system (Table 3).

This method is very mild because of the neutral con-
ditions and the small amount of free iodine, and can there-
fore be applied to substrates sensitive to further oxidation,
such the aldol adduct 21b.

Eur. J. Org. Chem. 2004, 665—675 WWW.eurjoc.org

Table 2. Oxidation of tetracarbonyl hydrazinocarbene complexes

19a—d

Ca(OCI),/ACOEY/H,0
Bu,NHSO, (%)

R R
19a-d 21a-d
R! R conditions® hydrazide vyield (%)
“Den ph A 21a 92
CHy  ~ph A 21b 96
H CH; B 21c 90
H HO>O B 21d 28
Y

Table 3. Oxidation of tetracarbonyl hydrazinocarbene complexes
with the in situ generated iodine

CH,
o ()

LCH;,
4N N—N
. NaBO5 4H,0/KH,PO /Kl v
(CO)4Cr—§\ 1 RORR,G O CHg
2R R 2R R
19a-¢ 21a-c
R! R?  conditions® hydrazide vyield (%)
CH,3 LLLL/\Ph A 21a 9
H H%O B 21b 84
W
H )::\1\ A 21c 96
] 0

[a] Reaction conditions: water/EtOAc = 1:1, 10 equiv. of KH,POy,;
A: 6.7 equiv. of NaBO3-4H,0, 10 mol % of KI; B: 5 equiv. of
NaBO;-4H,0, 3 mol % of KI. [ For the synthesis of starting com-
plexes, see ref.l?!

When the starting carbene complex is less prone to oxi-
dation (as in the case of complexes 22 and 24), a third
method can be used. This simply involves equimolar
amounts of iodine and the carbene complex in a biphasic
system of water/EtOAc and sodium hydrogencarbonate
(Scheme 7).

The oxidation of hydrazinocarbene complexes can be
considered a good method of obtaining variously trisubsti-
tuted hydrazides not easily obtainable by other methods. As
described below, it is possible to functionalise hydrazinocar-
bene complexes in several ways, allowing the synthesis of a

© 2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 669
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wide range of complexes from which the corresponding new
and highly functionalised hydrazides are obtained by means
of oxidation.

88%
(CO),Cr—= >

22 =

O 3

/N 88% N
(CO),Cr= | 0 |
24 25

CHy
H3C—N Bn_ CHs
4 N-Bn 83% N-N_
(CO)4Cr—_<_ — " = 9 CH,
Bn Bn
26 27

Scheme 7. Reagents and conditions: 1.1 equiv. of I, 10 equiv.
NaHCO;, water/EtOAc (1:1)

Reactions of Hydrazides

The cyclisation of hydrazides to give heterocyclic com-
pounds (mainly five-membered heterocyclic rings) is an im-
portant reactivity, but is not considered here because good
reviews have already been published.!?*!

a-Functionalisation through Enolate Formation

As mentioned in the introduction, the peculiarity of hy-
drazides is the simultaneous presence of an amide-like func-
tion (which can allow enolate chemistry) and the B-amino
group Lewis base residue, which can play an important role
in the formation of rigid and stereochemically defined enol-
ates. However, despite this a priori interesting combination
of factors, the reactivity of substituted hydrazides with
bases depends on their structures. This has considerably
limited the use of hydrazides as aza-homologues of amides
in the formation of new carbon-carbon bonds by enolate
chemistry. In particular, to the best of our knowledge, there
are no reports of the enolate formation and use in organic
synthesis of acyclic hydrazides. In the course of recent stud-
ies of Fischer-type hydrazinocarbene complexes, it became
necessary to verify the possibility of forming enolates from
acyclic hydrazides, which was done by studying the reac-
tions of hydrazide 28 with a number of different bases.

It was quite surprising to find that no deuterium incor-
poration on the a-carbon atom was ever observed, thus in-
dicating that no deprotonation occurred in that position.
The hydrazide does not react with LDA or LIHMDS at
—20 °C, but does so at 20 °C with LDA or at —78 °C with
nBuLi, and after quenching with D,O, the N-benzyl amide

670 © 2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

29 is obtained together with the unchanged hydrazide 28
(Scheme 8).[1

O (0] 0
Et)]\ll\l/\Ph 1. nBulLi, -78 °C Et)kll\l/\Ph . Et)J\N/\Ph
N or LDA, r.t. _N. H
Me Me 2.D,0 Me Me
28 28 29
Scheme 8

In contrast, it has been reported that cyclic substituted
hydrazides are useful synthons in the formation of new car-
bon-carbon bonds as a result of reactions between the cor-
responding enolates and electrophilic reagents.

In particular, 4-substituted pyrazolidinones and pyridazi-
nones 30 were obtained on treatment of dianions 31 — gen-
erated from phenidone 32 [z = 1] or pyridazinone 32 [n =
2] with 2.5 equiv. of n-butyllithium-N,N, N’, N'-tetramethyl-
ethylenediamine complex — with various electrophiles!?>)
(Scheme 9). These compounds inhibit the 5-lipoxygenase
enzyme.

O  nBuLi.TMEDA OLi
(2.4 equiv.)
HN —_— LiN™ Y
N n 0°C, THF N—t)
PH PH’
32 31
. [¢]
E
- - HNb/E
N—tp
Ph 30

E*= RX, ketone, disulfide
n=1,2

Scheme 9

Enders has reported the generation of metallated N-di-
alkylaminolactams 33 from N-aminolactams 34, and their
use as chiral synthetic equivalents of the achiral parent en-
olate 351! (Scheme 10).

OLi OLi
NRj NR,
N2 DA, THF (Z N7 2 Z "NH
n 78 °C n n
34 33 35
chiral synthetic equivalent of T
Scheme 10

The anions 33 were treated with various alkylating agents
at —100 °C to give 2-substituted lactams in reasonable to
high diastereomeric excess. More recently, the same au-
thors?” reported the Michael addition of the enantiomer-
ically pure hydrazide (N-amino-y-lactam) 37 to aliphatic
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and aromatic nitroolefins to give the corresponding 1,4-ad-
dition products, with higher diastereoselectivity when ali-
phatic nitroolefins were used. After reducing the nitro
group with sodium borohydride, and the N—N bond with
lithium in liquid ammonia, the authors recovered the corre-
sponding enantiomerically enriched lactams 38, which are
precursors of double GABA analogues (Scheme 11).
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« 1.LDA THF, -78°C | .
)LN,NRE — OQN\/!\,)\N'NR2

2. R/“‘“WNGE

| e
-40*C or-100*C
S yield 70-90 %
staps R Q
- BOCHN\/‘\)LNH
c.0.82.506% —
38
Scheme 11
Azapeptides

The final targets in applications of the hydrazide chemis-
try described above were enantiomerically pure lactams, the
hydrazides acting in these cases as useful synthons bearing
the chiral auxiliary. However, the hydrazide moiety is itself
present in many biologically active compounds?®! in which
the hydrazide functionality per se has interesting and im-
portant properties. For example, azapeptides are a class of
peptidomimetics in which the a-CH group of one or more
amino acid residues is replaced by a nitrogen atom.

H O H O
U B S
R R

peptide azapeptide

This structural modification allows the preparation of
peptide analogues, which possess greater metabolic stability
thanks to the fact that azapeptides are more resistant than
natural peptides to enzymatic cleavage. They also show en-
hanced bioavailability and biological absorption, which has
made them a subject of research interest’>”! and resulted in
their application as inhibitors of serinel*”l and cysteine pro-
teases.[3!

Azapeptides were first introduced and studied a long
time ago, but they still arouse the interest of organic chem-
ists. An excellent review was published by Gante in 1989,
and so we concentrate here on more recent reports dealing
with new structures and new synthetic strategies.

Gante’s review considered only solution-phase syntheses
of azapeptides, but it is now known that solid-phase syn-
thesis (SPS) is one of the most useful methods in automated
synthesis and combinatorial chemistry, and there are now a
number of very well established procedures for peptide SPS.

Eur. J. Org. Chem. 2004, 665—675 WWW.eurjoc.org

Unlike other non-peptidic compounds, azapeptides lend
themselves very well to SPS. Kessler et al.[3? described the
first study of the design and synthesis of azapeptides on a
solid support, using the Fmoc strategy generally used in
solid-phase peptide synthesis. They prepared the aza-RGD-
mimetics 39 (RGD = Arg-Gly-Asp) shown in Scheme 12
by solid-phase guanylation of the supported precursors 40.

H o Ry O
e o Y it
R® O \C(J5|2tBu

H |
o e

NH RZ O

39
g\N/\/\)Kg or &/\?\g
H
Scheme 12

Jandal®¥ described an interesting stepwise synthesis of
what he calls “azatides” (41): biopolymers consisting of a-
aza-amino acids linked in a repetitive manner.

H O R w0 HO R0
%/Nj)kN,NTrNj/U\E g/N\NJ\N,N\H/N\N/U\g
Rl H o R R H o R
azapeptide azatide

M

This was the first example of a “pure azapeptide” in the
sense that all of the monomers of the polymer or oligomer
are o-aza-amino acids coupled in a linear, stepwise, chain-
lengthening fashion by solution- or liquid-phase synthetic
methods. The aim of the authors was to set up a general
procedure for accessing these new materials with potential
biological properties, and to establish a combinatorial li-
brary construction to provide a means of producing pepti-
domimetic libraries.

Malachowskil®*¥ has recently reported the synthesis of a
conceptually new azapeptidomimetic in which an N-amino-
B-lactam moiety is incorporated in the peptide backbone.
In particular, the authors synthesised the tetrapeptidomi-
metic 42 as a potential second-generation protease inhibi-
tor.

Me H

(0] PhH (0] ; (0]
)J\H N\%J;N’NTN\i/U\OMe
(o) o) —\r

42

The use of azapeptides and reactive monocyclic B-lac-
tams as protease inhibitors has been documented, and so
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the fusion of the two functionalities in the same molecule
may give rise to enhanced activity against the protease en-
zyme.

Conformationally constrained peptidomimetics 43 con-
taining the bicyclic hydrazinolactam functionality have
been prepared by Husson et al.[3!

o)

Ph,,
A

O Moy,
v 7
R 43

R = Me, allyl, benzyl, CH,CO,Bu,
yield 50-68 %, d.e. = 0->95 %

0

The synthetic strategy proposed by Husson et al. consists
of the formation of a new carbon-carbon bond at C-7 by
means of enolate chemistry and reaction with several
electrophilic reagents, the reaction occurring in most cases
with remarkable diastereoselectivity. This is another ex-
ample of cyclic hydrazide reactivity through enolate forma-
tion. It is necessary to choose the right base to generate the
enolate regioselectively in position 7 because the use of
LDA resulted in benzylic deprotonation and subsequent f3-
elimination with N—N bond-breaking. This confirms the
previously mentioned observation (Scheme 8) that enolate
generation depends on the base and the structure of the hy-
drazide.

Metallahydrazides

A number of published papers concern transition metal
organohydrazide complexes containing a metal-nitrogen-ni-
trogen linkage.3%371 Many of these complexes have interest-
ing biological properties and have received considerable at-
tention as potential model systems for intermediates in bio-
logical nitrogen fixation.

R

R>r|\1

N~R
M

M = fransition metal

However, we will not consider them here because they
are not directly related to the classical hydrazide structure,
and no hydrazide can be obtained from them.

In contrast, a new class of heteroatom-stabilised Fischer-
type carbene complexes, the alkyl(hydrazino)carbene com-
plexes of general formula 44, are metallahydrazides strictly
related to the hydrazide analogues 45.

R |32 R 32
(OC)g,o/i\rI\r'\"R3 BON o)\rler‘R3
R’ R
44 45
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Because of the isolobal analogy between a (CO)sCr moi-
ety and an oxygen atom,*®! hydrazides 45 can be regarded
as organic isolobal analogue molecules of carbene com-
plexes 44. However, although it is easy to transform com-
plexes 44 into the organic molecules 45 by oxidation (see
the above section dedicated to synthesis, Scheme 6), the re-
activities and potential applications of the two classes to
organic synthesis are quite different. In particular, as
pointed out above, acyclic hydrazides, unlike amides, are
unsuitable substrates for enolate chemistry because they are
unreactive or unstable towards bases. During some studies
of hydrazinocarbene complexes, it has been found that these
organometallics are good and efficient synthetic equivalents
of their organic isolobal analogues 45, and can be used with
high synthetic potential in carbon-carbon bond-forming re-
actions. In particular, the presence of the lone pair on the
B-nitrogen atom means that the (Z)-pentacarbonyl com-
plexes of type 44 can be quantitatively transformed into the
stable chelate complexes 46, in which the B-nitrogen atom
replaces one of the four cis CO ligands of the metall®”
(Scheme 13).

R CO R
R’ R
(OC)5C/\N . (oC)C )\N
A CH,Cl,, 40 °C \ /
R3/ ~R2 RS/N\RZ
a4 46

Scheme 13

Moreover, hydrogen atoms located in the a-position with
respect to the carbene carbon atom are acidic; these com-
plexes can be efficiently deprotonated with strong bases,
and the obtained anions react easily with various electro-
philes.[*] It has very recently been reported™!! that highly
diastereoselective Michael and aldol additions of the
Fischer-type alkyl(hydrazine)carbene complex 47 can be
used as a synthetic strategy to obtain new substituted hy-
drazides. The Michael additions are shown in Scheme 14.

At —78 °C, the soft anion of complex 47 smoothly adds
to the enones 50—53 in a 1,4 regioselective manner to give
the diastereoisomeric keto complexes 48a—c and 49a—d
with the de values shown in Table4. The major dia-
stereoisomer obtained in all cases was the anti diastereoiso-
mer (complexes 48).

In addition, in aldol-type addition reactions with aro-
matic and aliphatic aldehydes 54—58, the anion generated
from complex 47 reacted at —78 °C to give the diastereoiso-
meric mixtures 59a—e and 60a—e with very high yields and
de values (Scheme 15, Table 5).

In these cases, the major diastereoisomers were the syn
diastereoisomers S9a—e. The classical chair-like
Zimmermann— Traxler model used to explain diastereosel-
ectivities in aldol additions of organic compounds can also
be used to explain the diastereoselectivity in this case.[!]

As described above, complexes 48, 49, 59 and 60 give the
corresponding functionalised hydrazides in high yields and
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Me-N Ph

/N .
LM 1. nBuLiyTHF

2. R'CH=CHCORZ (50-53)
3. NH4CI

47 Me

LM = (CO)4Cr

I\IAe
Me~N Me-N Ph
/N
+ 1
LM R R
Me
49ac O

o 0
O i i
@ Ph/vLPh Ph/\)LMe
50 51 52 53

Scheme 14

Table 4. Michael addition of carbene 47 to enones 50—53

Product Enone Yield [%0] de (%)
48a + 49a 50 87 47
48b + 49b 51 82 92
48¢ + 49¢ 52 60 98
48d + 49d 53 87 >98
Me
- Ph
Me /N\N .
1. nBuLi/THF -
LM 2. RCHO (54-58)
Ve 3. NH,CI
a7
Me Ph Me
Me~N Me-N Ph
l \NJ \N_/
Lané_{OH + LHM%T\\OH
Me R Me R
59a-e 60a-e
Scheme 15

Table 5. Aldol addition of carbene 47 to aldehydes 54—58

Product Aldehyde Yield [%] de (%)
59a + 60a 54 90 95
59b + 60b 55 86 74
59¢ + 60c 56 93 91
59d + 60d 57 80 98
59¢ + 60e 58 84 90

without any racemisation through oxidation of the chro-
mium-carbon bond to the carbonyl group.

In another application of the chemistry of hydrazinocar-
bene complexes, the synthesis of complexes 61 substituted
with unsaturated chains suitable for performing ring-closing
metathesis (RCM) reactions has been designed.?!

Eur. J. Org. Chem. 2004, 665—675 WWW.eurjoc.org

X
P
(OC)4Cr\E hn
o« [

Once again, the results obtained in this study demon-
strate that hydrazinocarbene complexes (particularly the
chelate derivatives 61) are useful synthetic equivalents of
isolobal hydrazides. There are no published reports con-
cerning RCM reactions on hydrazides, perhaps because of
the impossibility of obtaining the stereochemically defined
(Z)-N,N',N'-trisubstituted organic hydrazides 62 necessary
for efficient RCM processes.

O

O
S —
\/\%J\N NR,
r(J n
62 |l
Z-isomer

This is supported by the fact that no reaction was ob-
served when hydrazide 63, which is obtainable exclusively
as an E isomer, was subjected to RCM conditions in the
presence of the Grubbs catalyst [Ru]*?! (Scheme 16).

O PCY3
cgll;,q:u_\ [Ru]
PCys

\/\)J\N/\/ oh
! y

N R —— no reaction
63 CH,ClI; or toluene

. A
E-isomer O

Scheme 16

In contrast, complexes 6la—c (synthesised as re-
ported™?), in which the two unsaturated chains are forced
into the appropriate syn position for cyclisation, easily give
the RCM reactions to afford the seven-, eight- and nine-
membered ring heterocycles 64a—c (Scheme 17).

As shown above in Scheme 7, complex 24 can be oxidised
to the corresponding hydrazide 25. Once again, hydrazino-
carbene complexes demonstrate their usefulness as synthetic
equivalents of hydrazides in that their particular chemistry
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[Ru] | CH,Cly
>98%J 80%1 40%J
IORE®
(OC)4C‘-\E (OC)4CF rl\l (OC)4CF‘\El

DN O

Scheme 17

can serve to provide access to otherwise inaccessible substi-
tuted and functionalised hydrazides.

Conclusions and Outlook

This microreview describes a number of methods, some
of which are new and general, for providing access to vari-
ously di- and trisubstituted hydrazides. A large variety of
different and complementary methodologies are now avail-
able in the synthetic arsenal of chemists for the preparation
of this class of molecules. In addition, the discovery of a
number of interesting new reactivities of organometallic
precursors, such as Fischer-type hydrazinocarbene com-
plexes, have allowed the exploitation of their potential in
organic synthesis. Since a number of hydrazides have inter-
esting properties, and also in view of their application in
various fields, it is clearly important to have new routes to
more highly functionalised and decorated derivatives. By fo-
cusing on potential biological and pharmacological proper-
ties, one of the most recent and still very promising uses of
hydrazide function relies on the production of aza-mimetics
of natural and synthetic active molecules. The advantage of
obtaining analogues that are more stable towards the
physiological environment and natural enzymes certainly
opens up important perspectives for the possible use of pep-
tides in human therapy.
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