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A Broadened Scope for the Use of Hydrazones as Neutral Nucleophilesin the
Presence of H-Bonding Organocatalysts
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Abstract: Using thioureas as H-bonding organocatalysts, nitro-
akenes can be activated for the conjugate addition of hydrazones as
neutral nucleophiles. Formaldehyde derivatives react at the azo-
methine carbon as expected, whereas hydrazones from enolizable
adehydes behave as ene-hydrazines and react at the a-carbon
instead. lonic liquids were found to decrease the reaction times
considerably compared to commonly used solvents, whereas alter-
native activation by Lewis acids resulted in decomposition of
reactants.
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The usefulness of N,N-dialkylhydrazones in organic syn-
thesis has been reported for a number of carbon—carbon
bond-forming reactions. Being considered as aza-enam-
ines, they have been used as nucleophiles with the addi-
tion occurring at the azomethine carbon. The fundamental
work of Brehme and co-workers has shown that the addi-
tion takes place with strong electrophiles such astosyl iso-
cyanates, tosyl amides and the Vilsmeier—Haack reagent.?
In more recent times, formaldehyde N,N-dialkylhydra-
zones have been used as synthetic equivalents of the
formyl and cyanide anions,® for example in the conjugate
addition to conjugated nitroalkenes.* There are also exam-
ples of asymmetric additions to several types of carbonyl
compounds,® «,B-unsaturated lactones® alkylidene
malonates’ and cyclic analogues,? conjugated enones,®
and nitroalkenes!® using proline-derived formaldehyde
hydrazones. Recently an organocatalytic addition of a
formaldehyde hydrazone to imines has been reported.*!
However, reports on the use of hydrazones from other
aldehydes have been sparse due to their inherent lower
reactivity.?

Lately, ureas and thioureas have gained attention as H-
bond donors for a number of organo-catalyzed transfor-
mations.’? The easily available double hydrogen-bonding
motif has become a powerful tool for the activation of
e.g., carbonyl and nitro compounds. Among the different
structures thiourea 1, reported by Schreiner and
Wittkopp,*® has proved to be useful for the activation of
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nitroalkenes, for examplein the Friedel-Crafts alkylation
(Figure 1).14

On this basis, we reasoned that the use of organocatalyst
1 could raise the level of reactivity of substrates such as
nitroalkenes to the point required for the conjugate addi-
tion of relatively unreactive hydrazones, as those derived
from simple aldehydes other than formaldehyde.
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Figure 1l

Thus, studies using hydrazones 2a—f in the conjugate ad-
dition to nitrostyrene (3a) were initiated and the results
are summarized in Table 1.1

In line with earlier reports,* the uncatalyzed addition of
formaldehyde hydrazone 2a to B-nitrostyrene (3a) pro-
ceeded to yield 4aa as product with incomplete conver-
sion after 18 hours. On the other hand, using thiourea 1
(20 mol%) as the catalyst resulted in full conversion of
nitrostyrene (3a), leading to the isolation of 4aa in 90%
yield after the same reaction time (Table 1, entry 1).

Moving to enolizable hydrazones 2b—e, only negligible
disappearance of the starting material was observed in the
uncatalyzed reaction, even after prolonged reaction times.
In sharp contrast, the presence of 1 as catalyst led to
extensive consumption of nitrostyrene (3a) at reasonable
rates (Table 1, entries 2-5). However, we did not observe
any formation of the expected product, resulting from
nucleophilic attack of the hydrazone at the azo-methine
carbon. Instead the products were identified as 4ba—fa
indicating that the nucleophilic attack had taken place at
the a-position of the hydrazone rather than at the azo-
methine carbon. To the best of our knowledge, the nucleo-
philic reactivity of the a-carbon of hydrazones under non-
basic conditions is totally unprecedented. Assuming that
the hydrazone must be in equilibrium with its ene-hydra-
zine form, a mechanistic proposal for the observed
reactivity is shown in Scheme 1.
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Tablel Reaction of Hydrazones 2a—f with B-Nitrostyrene (3a)
Using Catalyst 1%°

| N
NO CH,Cl, N
,ﬁ/'\‘\ J/ 2 120 molo) |N NO2
+ _—

2a 3a Ph 4aa

r? RZ_ _R?

| |
NO, N

N SR2 CH,Cl, N NO,
Rl )| A | 1 (20 mol%)
~ Ph R!

3a Ph

4baR'=H, R2= Me
4caR!=Me, R2= Me

4da R'=Ph, R?= Me

4ea R = Me, R?= —(CHy)4—
4fa R'= Me, R?=Ph

2b R'=H, R2= Me

2c R'= Me, R?= Me

2d R = Ph, R?= Me

2e R'=Me, R?= —(CHy),—
2f R'=Me, R?=Ph

Entry Hydrazone Time(h) Product dr? Yield (%)°
1 2a 18 4aa - 90 (61)

2 2b 140 4ba - 58 (17)

3 2c 21 4ca 7:1 77(3)

4 2d 24 4da 5:1 92 (0)

5 2e 8 4ea 6:1 73(11)

6 2f 24 4fa - 0(0)

2 Diastereomeric ratio determined by *H NMR on the crude product.
b |solated yields after column chromatography. In parenthesis con-
versions of nitrostyrene for the corresponding uncatalyzed reactions
(determined by *H NMR on the reaction mixtures).
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\
N
N NO,
— —T
Rl
Ph
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/
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RY R!

Scheme 1 A proposed explanation for the catalytic effect and the
observed reactivity

The products 4 contain two adjacent stereogenic centers
and were obtained as mixture of diastereoisomers. Fortu-
nately the products could be separated by column chroma-
tography to obtain the pure major sterecisomers. A
sizeable effect on the reactivity in the presence of organo-
catalyst 1 was noticed after changing the alkyl chain
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bound to the azo-methine carbon. Thus, a rather long
reaction time (140 h) was needed for full conversion using
acetaldehyde derived hydrazone 2b under catalyzed con-
ditions (entry 2), while hydrazone 2c and 2d reacted
smoothly in 24 hours (entries 3 and 4). These results can
be rationalized by considering the stability of the ene-hy-
drazine forms of the hydrazones, the less substituted ace-
taldehyde derived ene-hydrazine being rather unstable as
compared to the more substituted or conjugated ene-hy-
drazines of 2c and 2d. The hydrazone originated from
isobutyraldehyde was found to be unreactive, afact attrib-
uted to the steric hindrance of the bulky isopropy! group
at the reacting center in the corresponding ene-hydrazine.

In order to check if the reaction at the azomethine carbon
could be forced, we decided to investigate the behavior of
hydrazones not bearing hydrogens at the a-carbon, which,
therefore, cannot react as ene-hydrazines. However, nore-
action was observed with benzaldehyde or pivaladehyde
N,N-dimethylhydrazones using nitrostyrene (3a) as sub-
strate and catalyst 1.1 Next, the effect of different sub-
gtitution patterns at the amino nitrogen was also
investigated. Interestingly, hydrazone 2e derived from N-
aminopyrrolidine showed increased reactivity compared
to 2¢Y (entries 3 and 5). On the other hand the N,N-di-
phenylhydrazone (2f), being bulkier and with a poorer
electron-donating amino moiety, was not reactive in this
conjugate addition (Table 1, entry 6).

This initial screening was carried out using dichloro-
methane with a catayst loading of 20 mol%. Other sol-
vents such as toluene and chloroform gave similar
outcomes whereas THF, MeOH or MeCN gave poorer
results. However, we found that use of ionic liquids
(BMImBF, or BMImPF;) accelerated the uncatalyzed
reactions compared to other solvents.!® For example, the
addition of hydrazone 2c to nitrostyrene (3a) resulted in
full disappearance of nitrostyrene in 24 hours, which is
similar to the results obtained in the catalytic reaction in
dichloromethane. However, products 4 were obtained in
generally much lower yields (30-50%) for reactions in
ionic liquids. Unfortunately, the combination of an ionic
liquid with catalyst 1 was unsuccessful.

The generality of this conjugate addition was demonstrat-
ed by performing reactions between a variety of aliphatic
and aromatic nitroalkenes 3b—f with hydrazones 2c—e, af-
fording good-to-excellent yields of the expected adducts
inall cases (Table 2).

The results collected in Table 1 and Table 2 clearly de-
monstrate that catalyst 1 accelerates the conjugate addi-
tion.*® In contrast, use of catalytic amountsof Lewisacids,
such as Sc(OTf);, In(OTf),, InF; or Cu(OTT),, resultsin
no or little product formation accompanied by decompo-
sition of the starting material in the addition of hydrazone
2c to nitrostyrene (3a) after 24 hours. These findings
indicate that use of thiourea-based organocatalysts is the
key strategy for this reaction, since it provides a useful
protocol for the conjugate addition of hydrazones to
nitroalkenes. Due to their versatile functional group trans-

Downloaded by: Universidad de Sevilla. Copyrighted material.



LETTER

Use of Hydrazones as Neutral Nucleophiles 241

Table2 Reaction of Nitroalkenes (3b—f) with Hydrazones Catalyzed by 1%

2 2
RZ R \,II/R
|
_N NO, CH,Cl, N
\)NI RZ ﬂ/ 1(20 mol%) N Noe
Rl —_—
R® 24h RY
R3

2¢c R'= Me, R?= Me 3b R®= Me 4

2d R'=Ph, R?= Me 3¢ R®=n-Pr

2e R'=Me, R?=—(CHy),~ 3d R®=s-Bu

3e R® = furyl
3f RS = thiofuryl

Reactants Product 4 R! R? RS dr2 Yield (%)°
2c 3b 4ch Me Me Me 2:1 88
2c 3c 4cc Me Me n-Pr 2:1 60
2c 3d 4cd Me Me s-Bu 2:1 51
2c 3e 4ce Me Me 2-Furyl 51 68
2c 3f 4cf Me Me 2-Thiofuryl 4:1 60
2d°¢ 3e 4de Ph Me 2-Furyl 31 82
2d° 3f 4df Ph Me 2-Thiofuryl 31 75
2e 3e dee Me (CH,), 2-Furyl 4.1 70
2e 3f 4ef Me (CHy), 2-Thiofuryl 4:1 68

2 Diastereomeric ratio determined by *H NMR on the crude product.
b |solated yields after column chromatography.
¢ Reaction time 40 h.

formations, the obtained functionalized nitro-derivatives
can be considered important intermediatesin organic syn-
thesis.®

In summary we have provided a broadened scope for the
organocatalytic conjugate addition of hydrazones to ni-
troalkenes. Using catalyst 1, enolizable hydrazones be-
have as ene-hydrazines, reacting at the B-position to
afford y-nitrohydrazones in good yields. The scope and
limitations of the methodology, as well as the develop-
ment of a stereosel ective version based on chiral H-bond-
ing catalysts, are current objects of study in our
laboratories.
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Experimental Procedure.

To amixture of thiourea 1 (0.02 mmol, 10 mg) and
nitroalkene (0.1 mmol) in CH,CI, (100 pL) was added
hydrazone (0.15 mmal). Thereaction wasthen stirred for the
time stated at ambient temperature. The product wasisolated
as an oil using column chromatography (EtOAc-hexane,
1:4). All compounds gave satisfactory anaytical and
spectral data.

Typical data for representative compounds:

Compound 4ca (19.2 mg, 77%): Major diastereomer: *H
NMR (300 MHz, CDCl,): 6 =0.85 (3 H, d, J = 6.87 Hz,
CHj), 2.62 (1 H, m, J=6.87, 7.11, 10.2 Hz, CH,CH), 2.75
[6H, s, N(CH5),], 3.41 (1 H, dt-like, J = 5.27, 10.20 PhCH),
453 (1H, dd, J=9.87, 12.9 Hz, CHNO,), 4.76 (1 H, dd,
J=5.07, 129 Hz, CHNO,), 6.39 (1 H, d, J = 7.11, HC=N),
7.08-7.37 (5 H, m, Ph). 3C NMR (75 MHz, CDCl,):
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(16)

17)
(18)

(19)

(20)

5 =17.96, 41.14, 43.18, 48.79, 79.94, 127.9, 128.3, 129.1,
136.7,138.7. ESI-MS: m/z= 272 [M + Na']. HRMS: m/z
caled for Cy3H gN3O,: 249.1477; found: 249.1475.
Compound 4de (24.7 mg, 82%): Major diastereomer: H
NMR (300 MHz, CDCl,): $ =2.80[6 H, s, N(CH,),], 3.89
(1H, dd,J=5.84,10.3 Hz, PhCH), 4.26 (LH, m, CH), 4.77
(1H, dd, J=8.96,12.9, CHNO,), 4.95 (1 H, dd, J = 5.01,
12.9,CHNO,),5.83(1H, m, furyl), 6.08 (LH, m, furyl), 6.62
(1H,d,J=5.84Hz, HC=N), 7.05-7.38 (5H, m, Phand 1H,
furyl). 3C NMR (75 MHz, CDCly): § = 41.99, 43.11, 51.07,
77.25,108.8, 110.3, 127.2, 128.3, 128.4, 129.3, 139.6,
142.1, 151.2. ESI-MS: mVz= 324 [M + Na']. HRMS: vz
caled for CigHgN3O5: 301.1426; found: 301.1424.
Formation of adducts derived from attack by the azo-
methine carbon was not observed for any of the studied
hydrazones 2b—f.
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acid were unsuccessfully tried. Furthermore, no
decomposition of hydrazones or nitroalkenes in presence of
thiourea 1 was observed after one week in CH,Cl..
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