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Abstract—Efficient methods for the synthesis of carbazates and dithiocarbazates have been developed. In the presence of cesium
carbonate (Cs,CO;) and tetrabutylammonium iodide (TBAI) a hydrazine, CO, or CS,, and an alkyl halide underwent a three-
component coupling at room temperature. Various unprotected hydrazines and alkyl halides were examined and the results
demonstrated this methodology was highly chemoselective. Applications toward the synthesis of azadepsipeptides and other

pseudopeptides are described.
© 2003 Elsevier Ltd. All rights reserved.

Substituted hydrazines continue to attract considerable
attention due to their widespread use in organic syn-
thesis, industrial, and biological/medicinal applications.!
In particular, carbazates and dithiocarbazates hold
unique applications serving as protecting groups,? syn-
thetic precursors,® and donor ligands in complexation
reactions with transition metals.* Likewise, the carbaz-
ate moiety has enjoyed success in the synthesis of
azadepsipeptides,’ a novel class of peptidomimetics,
which have been recognized as promising targets for
novel pharmaceuticals in the treatment of various dis-
eases. In a similar fashion, the dithiocarbonyl moiety
may also serve as a novel linker in peptidomimetic
synthesis.® Traditional synthetic methods for the prep-
aration of carbazates and dithiocarbazates are limited
by the need for the use of specialized or toxic reagents
such as phosgene’ in the presence of N-protecting
groups on the hydrazine (e.g., Boc).® As an attractive
alternative, carbon dioxide was recently employed as a
phosgene equivalent in the synthesis of azadepsipep-
tides. However, this protocol lacks generality since the
procedure was limited to the use of N-Boc-alkylhydra-
zines with primary alkyl halides.” Therefore, phosgene
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and its equivalents still remain the common reagents of
choice.

In connection with our ongoing interest toward the
synthesis of azadepsipeptides and other pseudopeptide
analogues containing backbone modifications, we set
out to investigate the development of more efficient and
safer protocols better suited for peptidomimetic syn-
thesis. Herein, we report a three-component coupling
reaction for the synthesis of carbazates and dithiocar-
bazates in the absence of nitrogen protecting groups
with various alkyl halides.

In the presence of cesium carbonate (Cs,CO;), tetra-
butylammonium iodide (TBAI), and N,N-dimethylfor-
mamide (DMF), as the solvent of choice, various
unprotected hydrazines 1 smoothly coupled with either
carbon dioxide or carbon disulfide at ambient temper-
ature to produce the resultant carbazate or dithiocar-
bazate anion, respectively.” Subsequent addition of an
alkyl halide produced the corresponding carbazate 2 or
dithiocarbazate 3 exclusively in moderate to high yield
(Scheme 1).

The reaction conditions have shown to be highly
chemoselective facilitating the three-component cou-
pling at the least sterically hindered nitrogen atom on
the hydrazine. Moreover, employing these conditions,
direct N-alkylation products and competing overalkyl-
ations at the more nucleophilic secondary nitrogen were
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suppressed.!® Therefore, we believe this methodology
strongly compliments the Cs,COs-promoted carbama-
tion of primary amines previously reported.°

Initially, structurally diverse hydrazines were probed to
test the feasibility of carbazate formation employing the
given conditions. We were pleased to find that various
hydrazines underwent facile N-alkylation to afford car-
bazates 2 in moderate to high yield. In this conversion,
the CO, moiety was easily incorporated into the hy-
drazine by rapidly bubbling carbon dioxide gas through
the reaction mixture to afford the carbazic acid inter-
mediate, followed by addition of the alkyl halide. Con-
versely, if the reaction mixture was not initially
saturated with the environmentally benign gas prior to
halide addition, as in the case with the use of dry ice as
the CO, source, low yields of 2 typically resulted and
direct N-alkylation products arise.

Several examples illustrating the simplicity and practi-
cality of this methodology are summarized in Table 1.
As a preliminary study of feasibility, phenylhydrazine
hydrochloride (4) underwent reaction with carbon di-
oxide, which subsequently united with benzyl bromide
(5) as the halide of choice, to give the desired benzyl
carbazate in 79% isolated yield (Table 1, entry 1).
Similarly, 4 underwent insertion to CO, followed by
reaction with an unreactive bromide, 1-bromo-3-
phenylpropane (6) to give the desired product in good
yield after the same time period (entry 2). Likewise,
benzylhydrazine dihydrochloride (7), a reactive hydra-
zine was joined with 6 via a CO, bridge to afford the
target carbazate 2 in excellent yield (entry 3). Having
thus established that the aforementioned protocol was
highly useful with unhindered hydrazines, we next set
out to explore the synthetic utility of these conditions by
examining a sterically bulky hydrazine. We were pleased
to find that tert-butylhydrazine hydrochloride (8)
reacted smoothly with 6 in the presence of carbon dioxide
to produce the corresponding carbazate 2 in an excellent
yield (entry 4).1!

In a continuing study, we next turned our attention to
the synthesis of carbazates using aromatic hydrazines
that contain an electron-withdrawing substituent. Using
the conditions described above, m-nitrophenylhydrazine
hydrochloride (9) underwent a three-component cou-
pling reaction with PMBCI (10) to produce the carbaz-
ate product, albeit, in lower yield (entry 5). On the other

Table 1. Carbazate formation using hydrazines, halides, and CO; in the presence of Cs,CO; and TBAI

R., .H o]
N Cs,CO3, CO,, RX N R
uNy TBALDMF 23°c RN ©
Entry Hydrazine (RNHNH,) Halide (R'X) Time (h) Yield (%)
1 PhNHNH,-HCI (4) BnBr (5) 46 79
2 4 46 73
Br” """ ph (6)
3 BnNHNH,2HCI (7) 6 60 88
4 'BuNHNH,-HCI (8) 6 72 89
O,N N
2 “NH; -
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H
6 N«
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hand, p-nitrophenylhydrazine (11) reacted with BnBr
(5), generating the desired product in 67% yield after
72h (entry 6). As expected, 2,4-dinitrophenylhydrazine
(12) was sluggish resulting in the desired carbazate
accompanied along with unreacted starting material 12,
which was recovered (entry 7). Finally, an N,N-disub-
stituted hydrazine, 1,1-diphenylhydrazine hydrochloride
(13) also underwent facile consolidation with 5 to afford
the desired product in modest yield after 28 h (entry 8).
It is important to note that side products stemming from
overalkylations and direct N-alkylation with the alkyl
halide were mitigated using this procedure.

Owing to the above-mentioned protocols, we also un-
covered a facile three-component, one-pot synthesis of
N-alkyl carbazates (Scheme 2). Employing the condi-
tions mentioned above, 1,1-diphenylhydrazine-HCI (13)
underwent a three-way coupling with benzyl bromide (5)
and CO,. Upon conversion of the starting hydrazine 13
to carbazate 2 (monitored via TLC), an additional
3equiv of Cs,CO; was added and stirred for an addi-
tional hour at room temperature. Subsequent addition
of excess 5 (3equiv) resulted indirect N-alkylation for
the exclusive formation N-alkyl carbazate (14) in 88%
isolated yield. It is important to highlight, that isolation
of intermediate 2 proved unnecessary offering shortened
synthetic sequences. Currently, a one-pot carbazate
followed by N-alkylation procedure using a different
alkyl halide is under investigation and these results will
be reported in due course.

Ph O
5 _Cs:C03C0O, 5 N

Ph" NT O
TBAI, DMF, 23 °C )
Ph” (14, 88%)

Ph

Scheme 2.

Having established an effective procedure for the syn-
thesis of carbazates, we next decided to extend our
efforts toward the synthesis of dithiocarbazates using
carbon disulfide. As shown in Table 2, numerous bare
hydrazines were screened with various halides to test the
potential of this protocol to the full extent. For instance,
methylhydrazine (15), a very reactive hydrazine, under-
went a three-component coupling with CS,, and (2-
bromoethyl)benzene (16) in short reaction time to afford
3 in a good vyield (entry 1). Likewise, p-meth-
oxyphenylhydrazine hydrochloride (17), also underwent
consolidation with 1-bromobutane (18) to form the
dithiocarbazate adduct in an excellent yield (entry 2).!2
Similarly, benzylhydrazine dihydrochloride (7) reacted
with a secondary bromide, 2-bromobutane (19), to
afford the coupled product in high yield (entry 3). Next,
hydrazines containing either a sterically hindered or
electron-withdrawing substituent were examined to
provide a more complete picture of the synthetic utility
of the reaction conditions. tert-Butylhydrazine (8) uni-
ted with CS,, which in turn coupled with 1-bromo-3-
phenylpropane (6) offering 3 in an optimum 58% yield
(entry 4). Also, 2,4-dinitrophenylhydrazine (12) reacted
slowly with Mel (20) to afford dithiocarbazate 3 in high
yield (entry 5). In addition, heterocyclic hydrazines also
proved successful using the developed techniques. For
example, N-aminomorpholine (21), united with carbon
disulfide to form the dithiocarbazate anion after 1 h, and
then with 5 to offer 3 in acceptable yield. Finally, 1,1-
diphenylhydrazine (13) underwent a reaction with 20 to
produce the corresponding methyl dithiocarbazate in an
outstanding 92% yield (entry 7).

Keeping the synthesis of azadepsipeptides and other
peptidomimetics in mind, we next launched our efforts
toward the synthesis of short dimeric analogues, which
contain the carbazate or dithiocarbazate moiety as the
skeletal backbone. After two unreactive amino bromides

Table 2. Dithiocarbazate formation using hydrazines, halides, and CS, in the presence of Cs,CO; and TBAI
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1 MeNHNH, (15) Br/\/Ph (16) 18 76
H
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MeO an
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3 7 )\/ (19) 120 90
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22 and 24 were prepared as hydrobromide salts using a
previously reported bromination technique,'? they were
subjected to the standard conditions. As depicted in
Scheme 3, benzylhydrazine (7) reacted with isoleucine
bromide (22) via a CO, bridge in high yield. Likewise,
phenylhydrazine (7) also underwent a similar three-
component coupling with carbon disulfide and leucine
bromide (24) to afford the target compound 25 in a 62%
yield. In both cases, the secondary bromide rearranged
to the primary form via the corresponding aziridinium
salt during the alkylations.!* Using our developed pro-
tocol, racemizations were not detected during any
alkylations of these chiral substrates and complications
stemming from side reactions including secondary
alkylations were not observed to a noticeable extent.!4
Moreover, the use of protecting groups proved unnec-
essary. Carbazate 23 and dithiocarbazate 25 in turn can
be used as interesting scaffoldings in order to fashion
higher order peptidomimetic compounds, which may
prove very interesting in further studies in organic and
medicinal chemistry.

In conclusion, a mild and efficient three-way coupling
was performed to combine a hydrazine with carbon di-
oxide or carbon disulfide and halides using cesium car-
bonate and tetrabutylammonium iodide at room
temperature offering a more direct synthesis of carbaz-
ates and dithiocarbazates. Various bare hydrazines
containing sterically hindered, electron-donating or
withdrawing substituents were all compatible while re-
active, unreactive, and secondary halides were examined
to demonstrate substrate versatility. In addition, chiral
substrates encompassing amino acid derivatives were
resistant to racemization offering numerous applications
in the efficient synthesis of azadepsipeptides and pepti-
domimetic synthesis. Moreover, these improved reaction
conditions are safe and more convenient when com-
pared to conventional synthetic methods averting com-
mon side reactions such as direct N-alkylation and
overalkylations offering a general synthetic protocol.
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H NMR, BC NMR, and 2D NMR analysis indicate the
product as a single diastereomer.
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