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Abstract: Aryl and heteroaryl hydrazines and hydrazides were suc-
cessfully oxidised using CAN, deriving dehydrazinated products.
The reaction pathway strongly depends on the nature of the sub-
strate, resulting in the formation of hydrocarbons or alkoxy deriva-
tives. When deuterated solvents such as methanol-d, or acetonitrile-
d; were used, a regiospecific incorporation of deuterium was
achieved.
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Among the various methods for bond formation and bond
cleavage, single-electron transfer (SET) reactions occupy
a prime position. Various procedures involving chemical,
electrochemical, and photochemical methods are known
for SET processes. Chemical methods for electron-trans-
fer oxidations involve the use of salts of high-valent met-
als, among which one can find Ce(IV) salts. Cerium is a
member of the lanthanides, whose [Xe]4f'5d'6s? electron-
ic configuration means that cerium can exist in both tri-
and tetrapositive states. As a result of its high charge, the
Ce(IV) ion tends to hydrate, and very frequently coordi-
nates with counterions. This last aspect provides a ratio-
nale for the Ce(IV)/Ce(Ill) potential dependence on the
nature of the medium.! Accordingly, the strong oxidising
power of the cerium(IV) ion has been recognised for
many decades; however, its synthetic potential for organic
chemists has only been explored in the past few decades.
The synthesis of new cerium salts has meant that oxida-
tion can take place under less vigorous conditions, and
procedures employing catalytic amounts of various ceri-
um(IV) salts have emerged as well. The most extensively
used cerium(IV) reagent in organic chemistry is ceri-
um(IV) ammonium nitrate (CAN). The reason for its
common usage is its large reduction potential value of
+1.61 V vs. normal hydrogen electrode (NHE), its low
toxicity, the ease with which it can be handled, and its sol-
ubility in a number of organic solvents. Its consumption
during a reaction can be judged by the fading of its orange
colour to pale yellow, providing the substrate or the prod-
uct is not strongly coloured. Accordingly, CAN plays an
important role as an efficient reagent in numerous organic
transformations.?
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In the course of our studies that involve CAN as an oxi-
dant, we revealed that hydrazides were readily oxidised
by the use of CAN.? Despite wide applications of CAN for
C—C, C-0O, C-N bond-formation reactions and function-
al-group oxidation,>* to the best of our knowledge, CAN
has not been used to oxidise hydrazines. It was, however,
reported that arylhydrazines were oxidatively converted
into diimides,’ using a series of arylsulfonyl peroxides.
For example, when arylhydrazines were reacted with NO
in THF in the presence of oxygen, benzene derivatives
were obtained, accompanied by arylazides.® Cu(Il) salts
are competent oxidants of hydrazines; in the case of aryl-
hydrazines resulting in the formation of aryl halides and
hydrocarbons.” Waldmann and Lowe studied the oxida-
tions of hydrazines and hydrazides in the context of pro-
tecting groups and traceless linkers for solid-phase
synthesis using N-bromosuccinimide and Cu(Il) salts.®
Here, we wish to discuss the use of CAN as an efficient
reagent for the oxidation of hydrazines and N’-acetylhy-
drazines (Scheme 1) so as to produce hydrocarbons in
good yields. Initial experiments employing 2,4-dinitro-
phenylhydrazine were carried out in various solvents (al-
cohols, MeCN, Me,CO, and EtOAc) and at different
reaction temperatures. Thus, the addition of 2,4-dinitro-
phenylhydrazine (1a) to a CAN solution at room temper-
ature resulted in the rapid formation of 24-
dinitrobenzene. MeOH was found to be a superior solvent
for the oxidation, yielding hydrocarbons as the sole prod-
ucts. For instance, significantly different results were ob-
tained when (NH,),Ce(S0O,),-2H,0 was employed for the
oxidation of 1a in MeOH, giving only a 25% conversion
in 24 hours. When the above experiment using CAN was
repeated in deuterated solvents such as CD,;OD or
CD;CN, a complete incorporation of the deuterium was
achieved.” A similar result was obtained when CD;OD—
H,O0 (1:1) was used, which led to the incorporation of 98%
deuterium. On the other hand, there was no deuteration
when CH;0D was used as a solvent.

CAN

Ar—NHNHR ———————— Ar—H(D)
tasi CH4OH (CDZ0D) i
Scheme 1

Regarding the mechanism of the reaction, radical interme-
diates could, in principle, be expected due to the strong
oxidant properties of CAN. In the 1970s Baciocchi et al.
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reported on oxidative acetoxylation of anisole by CAN
where they proposed the formation of radical cation as an
intermediate.' However, an experiment involving the ad-
dition of CBr, (14 equiv) to the CAN solution followed
by addition of 1a, led to 15-20% of bromo product, as is
evident from the '"H NMR spectra and the HPLC analysis
of the crude reaction mixture. Additionally, the presence
of 1,2-dibromotetrachloroethane (4 equiv) resulted in the
formation of the corresponding bromo 3Br and chloro 3Cl
co-products in the ratio of 7.5:1 (Scheme 2).!! These ex-
periments additionally support the idea of a radical inter-
mediate being present on the reaction coordinate.

The reaction can be successfully extended to the common
substituted phenylhydrazines, as demonstrated in
Table 1."° In all cases the deuterium incorporation was

1a

CAN

MeOH

(BrClgc)g

NO, NO2
(BrClxC)2 Br(Cl)
¢ | —>
OzN 02N
3Br/3Cl = 7.5:1
i MeOH
2a
Scheme 2

Table1 CAN-Mediated Oxidation of 1la—i

Starting material Yield of deuterated product® (%D)°

Ar from1,R=H from1,R=Ac
la  24-diNO,C(H;, 2a  86(100) 89 (100)
1b  2-CN-4-NO,CiH; 2b 86 (100) 91 (100)
1c  4-NO,CH, 2¢  73(90) 65 (91)
1d 4-CNCH, 2d 86 (92) 64 (94)
le  2.4-diCICH, 2e  93(93) 80 (95)
1If  4-COHCH, 2f 98 (90) 90 (97)
l\llle
1g N ) % 28 82 (96) 74 (95)
\
Me NO»
N ™
1h 2h'® 76 (94) 80 (93)
\ N =
N
79 (91) 79 (89)

N S

i\ ﬂ 2i4
N\
N/N\N/ ';g

2 Isolated yields.
® Deuterium incorporation was determined using MS analysis.
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high. With the reaction conditions developed, there was
no alteration in the reaction outcome when the corre-
sponding hydrochlorides or acetylated derivatives were
studied, also resulting in the formation of hydrocarbons
and methyl acetate (in the case of acetylated derivatives)
when MeOH was used as a solvent. For comparison, our
previous experiences demonstrate that when 1,4-diaryl-
semicarbazides are oxidised by CAN in MeOH solution,
the oxidation is stopped at the stage of diazenecarbox-
amides and there is no further cleavage of the N-Ar bond
since diazenecarboxamides are isolated in excellent
yields.'® Aryldiazenes are moderately unstable and are
best prepared immediately prior to use by the base hydrol-
ysis of aryldiazenecarboxylate esters.!” To test whether
the diazenecarboxamide oxo analogues, diazenecarboxy-
lates, some of which are useful radical chain initiators,'?
can be approached using the above discussed reaction
conditions, ethyl arylhydrazinecarboxylates 4a—-c¢ were
synthesised.'” Thus, the addition of the substrate 4 to a
CAN solution (2.1 equiv) in MeOH at room temperature
provided a good yield of aryl- and heteroaryldiazenecar-
boxylates 5a,%° 5b, and 5¢,?! as outlined in Scheme 3. It is
worth to mention that their mass spectra showed more
abundant [M + 2]* signal than the expected [M*] molecu-
lar peak. The above described procedure is an alternative
to the known two-phase Dimroth method.??

CAN
R—NHNHCO,Et —— > R—N=NCO,Et
MeOH
4a—c r.t. 5a—c
R:
ozN@g 5a; 86%
Me@é 5b; 94%
Cl I\llle
N
N~ 5¢; 73%
iy
Me NO,
Scheme 3

Among the substituted phenylhydrazines presented in
Table 1, we were also interested in the oxidation of het-
erocyclic hydrazines. Indeed, the method was successful-
ly applied to the heterocyclic hydrazines, in the case of
1g-i yielding dehydrazinated products (Table 1). Never-
theless, when we applied our oxidative conditions to 4-hy-
drazinoquinazoline (6a) and 4-hydrazinopyrido[2,3-
d]pyrimidine (6b), surprisingly, methoxy derivatives
7a,b* were isolated in good yields (Scheme 4). Similar
results have been described in the literature when thalli-
um(III) nitrate trihydrate is used for the oxidation of the
heterocyclic hydrazines.*

Additionally, the reaction of 6a,b with CAN was run in
MeCN as a reaction medium, resulting in a significant
slowing down of the reaction, and after the workup, pro-
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N N\j CAN X N\W

N CH30H A~ =N
(CD30D)
NHNH, OCH3(OCD3)
6a: Y =CH 7a: Y = CH; 76%; (99% CD3)
6b: Y =N 7b: Y = N; 81%,; (98% CD3)
Scheme 4

viding an unidentified mixture of products. The formation
of the methoxy products or their deuterated analogues
7a,b can be explained by the presence of the polar inter-
mediate on the reaction coordinate, which is subsequently
trapped by the MeOH (or CD;0D) as a nucleophile, fol-
lowed by deprotonation. To further test the scope of CAN-
promoted oxidations of hydrazines, we next studied the
oxidations of hydrazinophthalazine 6c and hydrazinopyri-
do[2,3-d]pyridazine 6d. The reaction performed in MeOH
resulted in the formation of nitrilo derivatives, phthaloni-
trile (8a) and its pyridine analogue 8b, in good yields
(Scheme 5). It is to be expected that the transformation of
6¢ and 6d to 8a and 8b, respectively, takes place via the
same polar intermediate as discussed above, although in
this case it results in the cleavage of the pyridazine N-N
bond, yielding nitrile functionality.

NHNH,
& e SN Y ON
N MeOH P4

eOl CN
X

8a:Y =CH; 87%

6c:Y=CH,X=H
8b: Y =N; 70%

6d:Y =N, X=Cl

Scheme 5

On the basis of our experimental results we suggest the re-
action-pathway rationalisation proposed in Scheme 6. In
the first step the single-electron transfer and deprotona-
tion steps lead to the formation of diimide, which rapidly
undergoes a further single-electron transfer process, fol-
lowed by deprotonation or, in the case of acetyl deriva-
tives, a MeOH-assisted deacetylation process, leading to
the formation of the diimide radical. The next step is the
homolytic cleavage of the C—N bond, resulting in the for-
mation of an aryl radical, which immediately undergoes
hydrogen abstraction from the solvent or, in the case of
adjacent a-nitrogen, further oxidation (Scheme 6, path b),
producing the polar intermediate (assuming carbocation
formation stabilised by neighbouring nitrogen, the stabili-
sation assistance reported by Eberlin et al.®) that is
trapped by the nucleophilic solvent. Although all attempts
to trap the eventual diazonium cation were unsuccessful,
on the basis of the experimental results, path ¢ (Scheme 6)
cannot be completely excluded.

In conclusion, we have described a high-yielding CAN-
mediated oxidative dehydrazination reaction of aryl- and
heteroarylhydrazines. In addition, we found that the reac-

_H+ ) _H+
ArNHNHR ——> lArNHNR l ﬁ» ArN=NR

Ce(lv)  Ce(lll) Ce(lV)  Ce(lll) — H*R=H
or
Ce(lv) ) Q MeOH
. Ce(lll) MeOAc
S SX R=Ac
° - N, °
ArX <«——— | Ar| <=—— | ArN=N l

path a
ce(lV)

path b Q ) path
ce(lll)

lArF‘i ArN=N I
—Nj

X =H, Br
[+
+
lMeOH

— H+

ArOMe

Scheme 6 Proposed reaction pathway of CAN-mediated oxidations
of hydrazines and hydrazides

tion mechanism depends strongly on the nature of the sub-
strates, resulting in the formation of hydrocarbons or
alkoxy derivatives. In the case of CAN oxidation of aryl-
hydrazinecarboxylates, diazenecarboxylates are derived.
Alternatively, this transformation clearly offers the oppor-
tunity to cleave aryl compounds from polymeric supports,
leaving only an Ar—H (Ar-D) bond behind, or provides
the option for regiospecific deuterium labelling. Addition-
ally, further investigations concerning the reaction mech-
anism and its scope and limitations are currently
underway.
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