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ABSTRACT: A one-step copper-catalyzed reaction of aldehyde-derived N-substituted hydrazones with CCl, resulted in efficient
synthesis of 4,4-dichloro-1,2-diazabuta-1,3-dienes. It was proven that this C-C bond forming cascade reaction operates via an addi-
tion of trichloromethyl radical to the C=N bond of hydrazone followed by a base-induced elimination of HCl. The reaction was
found to be very general, as diverse hydrazones possessing various aromatic groups at N-site, as well as aromatic, aliphatic and
heterocyclic substituents at C-site, are capable partners for coupling with a wide range of polyhalogenated compounds (CCl;Br,
CBry, CC1,CN, CC1;COOEt, CC1;CF;, CBr;CF;) to produce a family of functionalized 1,2-diazabuta-1,3-dienes. It was demonstrat-
ed that the prepared heterodienes are highly versatile building blocks for straightforward assembly of various valuable acyclic and
heterocyclic molecules.

KEYWORDS: homogeneous catalysis, hydrazones, copper, heterodiene, reaction mechanisms

Hydrazones are important class of carbonyl derivatives ex- W a) Catalytic olefination of N-unsubstituted hydrazones
hibiting diverse chemical behavior. These “chemical chamele-
ons” are reactive towards nucleophiles, elec‘Froph.iles,. radi.cals, Ris Ny H aI\T/HaI Cocatayst R /R
and carbenes. Nowadays, hydrazone functionality is widely I 2+ — = Hal
used in modern organic chemistry,”"! material science,”’ as 2 Hel base Ro

well as in medicinal chemistry.”) Some time ago, we discov-

. . . W b) Perfluoroalkylation of N-disubstituted hydrazones
ered a novel catalytic olefination reaction, the copper-

catalyzed coupling of N-unsubstituted hydrazones with poly- R. N_ R Cucatalyst R ___N_ R,

[4] . . \l// N L CFZXY B — 2\
halogenated alkanes (Scheme 1, a).”" This transformation be- NoA Ky
came an efficient method for construction of various function- 2 X =F, ester, amide Fx F ?
alized alkenes[.S]More recently, apphcatlon[é?f this strategy to W o) This work: Synthesis of diazabut-1,3-dienes from
pther copper- and pallqdlum-catalyzed transformatlons, N-monosubstituted hydrazones Ar
1qc1udlpg trifluoromethylations anq dlﬂuqroalkylatlons of N- RN A Cucatalyst 5
disubstituted hydrazones, appeared in the literature (Scheme 1, YN I+ CHalX ‘
b). Herein, we report an unexpected reaction of monosubsti- H Y TMEDA Hal” X

. . 0

tuted hydrazones with carbon tetrachloride and other polyhal- Hal = CI, Br: up to 97% versatile azadiene
ogenated compounds to produce 1,2-diaza-1,3-dienes, which X=Cl, Br, CN, COzEt, CF;3 building block

are a highly versatile heterodiene synthons (Scheme 1, c).
Aiming at the expanding the scope of the carbon-carbon Scheme 1. Reported and novel reactivity of hydrazones

bond forming protocols involving hydrazones, we studied with polyhalogenated compounds.

reactions of monosubstituted hydrazones with carbon tetra-

chloride and other polyhalogenated compounds. However, the reaction of hydrazone 1a with CCl, in the

presence of catalytic amounts of CuCl” followed an unantici-
pated path. Thus, instead of expected trichloromethylated hy-
drazone 2a’, the azadiene product 2a was isolated in 67%
yield! The structure of 2a possessing trans-configuration of the
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aza-fragment was unambiguously confirmed by the single
crystal X-ray analysis (Scheme 2).

Cl

Cl Cl Cl Cl
H
~_N._ CCl/cuC] \ < N
N.
F 1a I:)MSOF 2a,67% Ph 2a'not formed

Scheme 2. Initial discovery.

Notably, 1,2-diaza-1,3-dienes are extremely attractive
synthons for construction of various types of heterocycles."!
Motivated by the importance of heterodienes,™™ and inspired
by our successful preliminary result, we further explored this
interesting transformation.

After exhaustive optimization studies,”’ it was found that
most efficiently the reaction proceeds with excess CCly (10
eq.) in DMSO at room temperature in the presence of 1-2 mol
% of CuCl and 2.5 equivalents of TMEDA. With the opti-
mized reaction conditions in hand, the scope of this new reac-
tion was investigated (Scheme 3). First, the influence of the
nature of the carbonyl part of phenyl hydrazones was exam-
ined. Thus, a number of hydrazones derived from benzalde-
hydes 1 possessing both sterically and electronically different
substituents were tested. Gratifyingly, the reaction appeared to
be very general working perfectly well with hydrazones pre-
pared from either electron rich- or electron poor benzalde-
hydes to produce the desired products in high isolated yields
(up to 97%). Apparently, the electronic factors at benzalde-
hyde part did not affect the reaction since all hydrazones were
smoothly converted to the final products. The reaction with
naphthalene derivative also proceeded well to produce 2n in
84% yield. Probably due to steric reason, the reaction of hy-
drazone of 2,6-dichlorobenzaldehyde 21 showed somewhat
lower efficiency (60%).

)H\ H  CCly CuCl (1%) C'I
—_—

Ar \N’N‘Ph TMEDA(25eq) AN

||

@ @C,Q @ @

Cl

2a, 93% 2b, 85% 2¢, 90% 2d, 88% 2e, 92%
NO, @( Me,oN Cl (¢]
F
2f, 95% Zg 89% 2h, 72% 2i,97% 2j, 91%
Ol O QU
Br OMe
2k, 80% 2, 60% 2m, 78% 2n, 84% 20, 84%

Scheme 3. Scope of arylaldehyde hydrazones and molecu-
lar structure of 2a.

Next, a possibility for employment of substrates beyond
benzaldehyde derived hydrazones was investigated (Scheme
4). To this end, hydrazones of aliphatic aldehydes, as well as
some heterocyclic derivatives (pyridine, quinoline and furan),
were tested. The reactions of hydrazones of acetaldehyde and
cyclohexyl carbaldehyde were very efficient, giving 75 and
91% yields, respectively. Likewise, substrates possessing dif-
ferently substituted pyridines and quinoline reacted smoothly

to produce the corresponding heterocyclic azadiene products
in good to excellent yields.

Mooy CCly, CuCl (1%) |
NN, e

R”°N""Ph  TMEDA(25eq) R” N
1

Cl

DMSO, rt.
2 pp
cl__Cl cl.__Cl Cl__Cl
X » »
M N b D
N-ph *Ph N *Ph
2p, 75% 29, 91% 2r, 89%
_Ph
cl__Cl cl__Cl | NN
‘ ‘ Z N
N | NN N ‘
Ui
N __~ N. N N\Ph cl Cl
2s, 76% 2t, 87% 2u, 83%

Scheme 4. Scope of aliphatic and heteroaromatic aldehyde
derived hydrazones.

Next, the nature of the hydrazine fragment was examined. It
was found that in contrast to the aldehyde moiety, which vir-
tually had no effect on the reaction, the hydrazine part had a
substantial influence on the reaction outcome. (Scheme 5)

H o 4 CCl,, CuCl (1%) Gl ¢l
/I\\ Nog TMEDA (2.5 eq.) :[ 2
DMSO, rt. Ar m
cr N.
cl { N
Q N
N
OEt Cl F
2v, 47% 2w, 93% 2x, 62%
cl_Cl
cl ¢ oooc |
Br
4§\7N CI/%/N\\ /\QMeo N
P < /> N
PH N
Ph o Meo N
OMe
2y, 67% 2z, 50% 2aa, 93% Me

. @Bm# @ o oy

2ab, 88% 2ac, 95% 2ad, 90%

Cl Cl Cl cl

Ph,
\ \ N
N 2ae, 90% N Ph N
Cl N,
Cl  2af, 95% Ph
o Cl
C'/gf ’& CN\_N.

“N—Tos

Ph
2ag, 0% 2ah, 0% 2ai, 0%

Cl

Ph

Scheme 5. Scope of hydrazine fragment.

Thus, the transformation with substrates possessing electron
poor aryl groups proceeded much more sluggishly (2z) or did
not proceed at all (2ag-ai). Nonetheless, a part of the cases
mentioned above, the variation of hydrazine part is quite broad
allowing for the preparation of a diverse set of heterodienes.
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The reaction is also applicable for synthesis of bis-
heterodienes (2ad-af).

Also, the possibility to perform the reaction under much
more synthetically attractive one-pot protocol starting from
easily available benzaldehydes and hydrazines was investigat-
ed (Scheme 6). Gratifyingly, the reactions proceeded very
efficiently producing heterodienes 2a,b,e,0 in good yields,
which were comparable with those obtained under the stand-
ard protocol that employs the pre-synthesized hydrazones
(Scheme 3).

c cl 2a, 80%

Ay PhNHNHp, DMSO | 2b, 78%
2.CCly, CuCl, TMEDA A" N 2e, 83%

N\Ph 20, 79%

Scheme 6. One-pot transformation of benzaldehydes into
heterodienes 2.

Then, the scope of this transformation was further tested in
the reaction of N-monosubstituted hydrazones with other pol-
yhalogenated compounds including those possessing ester-,
cyano-, and trifluoromethyl groups (Scheme 7). We were
pleased to find that under unoptimized conditions, a set of
interesting azadienes 3-7 was obtained. These results indicate
that this reaction has a wide scope, giving access to a broad
range of attractive heterodienes, including trifluoromethylated
derivatives 6 and 7, potentially useful building blocks for me-
dicinal chemistry, agrochemistry, and materials science.!"”

Cl.., ,COEt cl_Cl
i[ 2= CCl,CO,E CClyBr I
PN PN
5, 35%N. 28, 79%N.
C|ICF3 H Br Br
\ CF4CCly < N CBry \
AN ~—— A" N Ph——
N Ph” N
6, 52%N. o, 3,75% N.
BF;HNCF;; cl CN
CF3CBr. E
AN 3CBr3 COKCN oy N
7, 21%N. 4,36% N
Ph *Nop

Reactions conditions: DMSO, rt, 10h, 10 eq. of polyhalogenated alkane,
2.5 eq. TMEDA. Ar= 4-FCgH,4-

Scheme 7. Scope of polyhaloalkanes.

Apparently, due to the presence of the electron-withdrawing
aza-group, the obtained aza-dienes 2 are profound electro-
philes. Accordingly, our initial studies of the synthetic useful-
ness of these potentially attractive synthons were investigated
in reactions with O-, N-, S-, and C-nucleophiles (Scheme 8).
These reactions followed different scenarios, including substi-
tution of Cl atoms with nucleophiles (paths C and F), the for-
mation of hydrazo-derivatives (B and D), and heterocycliza-
tions with participation of an azo-group (A and E). The last
pathway looks especially attractive for the preparation of some
heterocyclic systems, such as pyridazines.

It was found that all these reactions proceeded very effi-
ciently to give the corresponding products 8-13 in 80 to 96%
yields. Notably, only limited examples of such dienes bearing
a leaving group, which provides an additional handle for fur-
ther functionalization, have been described previously.'"! On
the other hand, highly valuable products, which is difficult to

ACS Catalysis

prepare using alternative methods, can be obtained in one syn-
thetic step from aza-dienes 2 in high yields.

. X
)\\ SN PR N 10, 89%

Ph” SN Ph Ph” SN Ph
9, 80% N.ph 11, 96%
B c y
Ph
| ¢l _Cl
A
N\N - I —_—
Ph 8, 80% Ar m
PR “Ph
x7e P l\\; N 13 90%
"t i oM Ph

Reaction conditions A: CH,(CN),, NaH, THF, rt, 5h. B: EtOH, reflux, 2/;\
C: Ar'=4-EtOCgH,-. Suzuki reaction, Ar'B(OH),, S-Phos, K3PO,, toluene,
rt, 6h D: pyrrolidine, THF, rt, 5h. E: dimethyl malonate, NaH, THF, rt, 5h.
F: PhSH, NaH, THF, rt, 6h.

Scheme 8. Synthetic transformations of azadienes 2 and
molecular structures of 8 and 12.

Finally, initial efforts have been made to bring insight into
possible mechanism of this reaction. We foresee two most
plausible distinct scenarios for this transformation. First would
involve the Cu(I)/Cu(Ill) manifold (Scheme 9), according to
which the reaction of 1 and Cu(I) salt produces the N-copper
hydrazide A, existing in equilibrium with organocopper inter-
mediate B. The latter, upon oxidative addition with CCl,,
forms Cu(IIl) intermediate C, which after reductive elimina-
tion followed by an elimination of HCI, delivers the reaction
product 2. However, the performed ESR studies under strict
anaerobic conditions™ indicated the presence of Cu®” species,
thus contradicting with this mechanistic path. Also we tried to
detect the formation of N-copper hydrazide A in the reaction
of CuCl with hydrazones 1 in the presence of TMEDA. How-
ever, accordingly to NMR data, such species were not detected
even in the case of hydrazones having additional coordination
site (2-pyridine carbaldehyde derived hydrazone).

H
R__N. _Ar R__N. _Ar
RY/N\N,Ar CUCITMEDA_ | "~ N o \|/ N
H 1H H Culn CulLn
A B
L- TMEDA or DMSO as ligand oxidative
or as ligan addition CCly
JAr
N H reductive RN A
R__N TMEDA R N;N,Ar elimination \|/ SN°
X .~ ' c
e 2 -HCI CCl, -CuCl clc” Uel €

Scheme 9. Mechanism including participation of Cu
(I)/Cu(III) species.

An alternative SET-involved scenario operates via
Cu(I)/Cu(Il) catalytic cycle (Scheme 10)."*! First, the SET
from CuCl to CCl, generates Cu(Il) species and the CCl; radi-
cal.™ The latter, adds to the C=N bond of hydrazone 1 to
produce the N-centered hydrazonyl radical D,"* with upon
oxidation by Cu(Il) and loss of HCIl, is converted into the di-
azene E. A subsequent TMEDA-assisted elimination of anoth-
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er molecule of HCI from E furnishes the reaction product, 1,2-
diaza-1,3-diene 2.

ccl,
CuClyL

CuCl-L L =TMEDA

CCls ClC  N-Ar cl

N
HN—AVQC HN=Ar R>VH . TMEDA C'ﬁ\iN
[ N Y -HCI-TMEDA \

—N . -
1 R Hp -HCI TMEDA R g N-Ar
CuClp L

Scheme 10. SET mechanism including participation of Cu
(I)/Cu(Il) species.

As mentioned above, the performed ESR studies confirmed
the presence of Cu(Il) species in the reaction mixture.”’ In
order to validate the presence of radical intermediates in this
transformation, the radical clock experiments were performed
(Scheme 11, a). It was found that the reaction of «-
cyclopropyl styrene 14 with CCl, under our standard condi-
tions produced dehydronaphthalene 15 in moderate yield. It is
apparent that the latter originates from oxidative cyclization!"”
of the radical F at the phenyl ring, which is formed upon addi-
tion of the CCl; radical to 14. This result provides strong sup-
port for the participation of the CCl; radical in this transfor-
mation. The radical nature of this reaction was further sup-
ported by the experiments in the presence of radical scaven-
gers. Thus, it was found that addition of 1 equivalent of p-
DNB substantially inhibits the reaction, whereas the addition
of TEMPO virtually shuts down this reaction (Scheme 11, b).

CCly, CuCl (1 %)
a) Ph e E— _ —_—
TMEDA (2.5 eq.)

14 15,37 %
F CCl ° > CCly
Hoy
N CCly (1 €q.), CuCl (1 %)
b) Ph)\\N’ “Ph 1b TVEDA 2b yield
* DMSO r(tzéi iq') Notrap  70%
radical trap ' : p-DNB 30%
(1 equiv.) TEMPO 4%

Scheme 11. Preliminary mechanistic studies supporting
SET mechanism.

In summary, the new carbon-carbon bond forming reaction
of N-monosubstituted hydrazones with polyhaloalkanes to
produce 1,2-diazabuta-1,3-dienes has been developed. This
highly efficient copper-catalyzed transformation features a
broad scope with regard to all reaction components, as well as
the possibility to perform the process in a much more conven-
ient one-pot fashion starting with easily available aldehydes
and hydrazines. The synthetic usefulness of the obtained halo-
genated azadienes was demonstrated in their reactions with O-
, N-, S- and C-nucleophiles, which opened access to a variety
of valuable acyclic and heterocyclic products. Mechanistic
studies revealed that this Cu-catalyzed transformation pro-
ceeds via radical pathway. Further investigations of the syn-
thetic applications of the obtained halogenated azadienes, as
well as mechanistic studies toward better understanding the
mechanism of this novel transformation are currently under-
way in our laboratory.
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