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Abstract: In the presence of a catalytic amount of scandium triflate 0 Mo
[Sc(OTf)], 4-trifluoromethylbenzoylhydrazones reacted with silyl n J\©\ \2\ 2
enolates to afford the corresponding  adducts3-N'- N~ + OMe
acylhydrazinocarbonyl compounds, in high yields. Reductive cleavage o h/\)LH R o
of the nitrogen-nitrogen bond of the hydrazino compounds was 1 2 H
performed using Raney Ni under ,Hatmosphere, to givef- Sc(OTh)a _N
aminocarbonyl compounds. The two-step process is regarded as a novel M, e -
Mannich-type reaction using acylhydrazones as electrophiles. CHON  p OMe
Moreover, the hydrazino compounds were also successfully converted 3
to B-lactam, pyrazolidinone, and pyrazolone derivatives. Table 1. Effect of B! and Lewis Acids

Entry  Lewis Acid R! R2 Temp/°C  Yield/%
Hydrazones are aldehyde and ketone equivalents as well as imines. 1 Sc(OTh)3 H Bu 20 37
Their stability is much higher than imines and actually hydrazones 2 Sc(OTH)s MeO Bu -20 7
derived from aliphatic aldehydes are often crystalline and can be 3 Sc(OThs  NOz 'Bu -20 77
isolated and stored at room temperature. However, their reactivity as 4 ~ S¢©T)s  CFs Bu -20 88
electrophiles is known to be low, and there have been much fewer 5 Se(0Ths CFs Me -20 97 (78°°)
reports on the reactions of hydrazones with nucleophiles than those of N BF:‘.'OBZ CFs Me 0 -
) . 7 TiCls CFs Me 0 132
|m|nes. '“We have recently found that benzgylhydraz&meacted with 8 SnCl CF, Me o 460
sﬂy] enolates to affordB-N'-benzoylhydrazmc.)car.bonyl compounds, Diohloromathans was uead a5 a sovent. 50 °G
which were converted to pyrazolone derivatifeslthough the
reactions were catalyzed by rare earth triflates, lower yields were
observed in some cases. In the course of our investigations to improve
the yields, we have found that electron-defficient acylhydrazones were
very reactive. In this paper, we report the use of a new acylhydrazone, 4- )
trifluoromethylbenzoylhydrazone, as an electrophile in novel Mannich- n Rz\g\swes
type reactions. Facile syntheses @flactam, pyrazolone, and - * R*
pyrazolidinone derivatives using these reactions are also described. R1J\H CF3 R o
First we carefully examined the reactions of hydrazones with silyl 4 s H
enolates. While 3-phenylpropionaldehyde phenylhydrazone did not ﬁ:ﬂ% HN
react with ketene silyl acetdlb (R2 = 'Bu) derived from methyl _— CFs
isobutyrate at all, 3-phenylpropionaldehyde acylhydrazones reacted CHsON R’ R*
with 2b in the presence of a catalytic amount of scandium triflate R R 6
[SC(OTf)3]'4 Among the acylhydrazones tested, 4- Table 2. Reactions of Acylhydrazones with Silyl Enolates
trifluoromethylbenzoylhydrazonelg R' = CRy) gave the best yield
(Table 1). It is noteworthy that the electronic effect of the benzoyl Entry R R? R R¢ TempC _ Yield%
moieties influenced the yields dramatically. While hydrazones with 1 Ph(CH)z Me Me OMe -20 97
electron-donating groups gave lower yields, higher yields were obtained 2 (CH3)CHCH, Me Me OMe nt 88
using hydrazones with electron-withdrawing groups. As for Lewis 8 CHyCHls Me Me OMe 0 95
acids, Sc(OT# gave an excellent yiefi>-6and much lower yields were 4 Ph Me Me OMe n 73
obtained by using typical Lewis acids such as ZiGnCl, and 5 CHCH=CH Mo  Me OMe ot 8

6 PhCH=CH Me Me OMe it 75 (63)¢

BF3 O 7 PhCH)z 4 y sH 0 79
Several examples of the reactions of 4- 8 CHaCHas H H  SEt 0 80
trifluoromethylbenzoylhydrazones with silyl enolates are shown in 9 (CHz)2CHCH2 H H  SEt 0-rt 68 (36)4
Table 2. Hydrazones derived from aromatic, aliphatic, an@- 10 c-CgH11 H H  SEt 0 68
unsaturated aldehydes reacted with silyl enolates smoothly to afford the 11 (CHg),CHCH, Me Me  SEt 0-rt 83 (53¢
corresponding3-N'-acylhydrazinocarbonyl compounds in high yields. 12 Ph(CHz)2 OBn H  OPr -78 90ab
Lower yields obtained using benzoylhydrazchegere much more 13 Ph(CHz2)2 H Me  OPh -45-0 953:¢
improved (entries 6, 9, and 11). It is also noted that several aliphatic 14 Ph(CHp), H H Ph rt 66

hydrazones, readily prepared from aIiphatic aldehydes, reacted with 3Propionitrile was used as a solvent. bSyn/anti=75/25. CSynlanti =
silyl enolates smoothly to afford the corresponding adducts in high 64/36. 9Yield using benzoylhydrazone (Ref. 3)

yields? All aliphatic acylhydrazones tested were crystalline and could

be stored at room temperature. As for silyl enolates, the enolates derived

Downloaded by: NYU. Copyrighted material.



1020 LETTERS SYNLETT

from both esters and thioesters worked well. 1-Phenyl-1-was obtained in the presence of samarium diiodideg)é?n'h THF-
trimethylsiloxyethene (a ketone-derived silyl enolate) also reacted wittMeOH at rt.

an aliphatic acylhydrazone to afford the corresponding adduct in a good

yield.

o]

We then examined reductive cleavage of nitrogen-nitrogen bonds of the H

B-N*-acylhydrazinocarbonyl compounds. If the cleavage is successfully n-Buli, -78 °C r(N

carried out, the two-step process can be regarded as a novel Mannich- /—' \q& CF4
. ) 93%

type reaction. Namely, hydrazones, readily prepared from aldehydes and

acylhydrazines, react with silyl enolates to giv§-N'- 8

acylhydrazinocarbonyl compounds, and reductive cleavage of nitrogen- NaOMe, rt (0z) N—NH
nitrogen bonds giveB-aminocarbonyl compounds (Scheme 1). ca

99% 0
SiMes N ®
o . Smiy, 45°C HN—NH
RS HR2
2 %
1 RZNHNHz /NHF! i HN/N o 94% o]
R'CHO ——— ‘J\ _—
RY” SH n%m 10
R* R Scheme 3. Conversion to B-Lactam, Pyrazolone, and Pyrazolidinone
N-N
cleavage NH2 ©
—_—
5 . . . . .
R o e R A typical experimental procedure is described for the reaction of

isovaleraldehyde  4-trifluoromethylbenzoylhydrazoneta, ( Rt =
Scheme 1. Mannich-Type Reactions Using Hydrazones (CH3),CHCH,) with ketene silyl acetdla (R? = Me). To a solution of

Sc(OTfy (4.9 mg, 0.01 mmol) andla (54.2 mg, 0.2 mmol) in
acetonitrile (1.2 ml) was added a solutior?af(52.6 mg, 0.3 mmol) in

It is known that classical Mannich reactions often induce several sidgcetonitrile (0.4 mly at room temperature. After stirring for 4 h at the

pathways under rather drastic conditions, and that the yields of thesme temperature, the reaction was quenched with saturated aqueous

desired adducts are often low. Use of imines as starting materials ha}(ﬁ‘cho& solution, and the aqueous layer was extracted with

. . 9 . . . R ! . .

improved the vyield§;® and among the reactions using imines, dichloromethane. The extract was dried over sodium sulfate and

condensation with silyl enolates under the influence of a Lewis acid iggncentrated under reduced pressure. The residue was purified by

the most promising®** Although several efficient catalytic processes ¢ojumn chromatography on silica gel (hexane/ethyl acetate = 2/1) to

using imines have been reporféda problem is instability of aliphatic give methyl 2,2,5-trimethyl-3N'"-(p-trifluoromethylbenzoyl)-
imines containinga-protons, which are easily isomerized to enaminehydrazino]hexanateG@ 65.9 mg, 88%) as white crystals. To a solution
forms to induce self-condensation, &fc. of 6a (33.0 mg, 0.09 mmol) in ethanol (2.0 ml) was added a catalytic

Reductive cleavage of the nitrogen-nitrogen bond of the hydrazinamount of Raney Ni (W-3). After stirring undep ldt 1 atm for 24 h, a
compound was successfully carried out using Raney Ni unger Hsolution of dit-butoxydicarbonate (76.9 mg, 0.4 mmol) in ethanol (1.0
atmosphere (Scheme B Thus, adducéa was treated with a catalytic ml) was added under argon and the solution was stirred for 15 h at room
amount of Raney Ni (W-3) under,H1 atm) at ambient temperature. temperature. Raney Ni was then filtered off, and the filtrate was
After cleavage of the nitrogen-nitrogen bond, the resulting amine wasoncentrated under reduced pressure. The residue was purified by
protected as itsbutoxycarbonyl (Boc) group. column chromatography on silica gel (dichloromethane) to §i&8.0

mg, 71 %) as a colorless oil.

fo} In summary, 4-trifluoromethylbenzoylhydrazones reacted with silyl
n enolates, in the presence of a catalytic amount of scandium triflate
HN” o Raney Ni NH, © (Sc(OTfy), to afford the corresponding adductsf-N'-
%Me CFg ———— Ve acylhydrazinocarbonyl compounds, which were readily convertgd to
aminocarbonyl compounds in high yields. It is noted that aliphatic
6a hydrazones, which are mostly crystalline and can be stored at room
BORNH temperature, reacted smoothly, and that these reactions may supersede
Boc0 Mannich-type reactions using imines. Moreover, the hydrazino
OMe compounds were also successfully convertef-lactam, pyrazolone,
7 and pyrazolidinone derivatives. Further studies to use acylhydrazones as
71% (2 steps) electrophiles in synthetic reactions as well as to develop catalytic
Scheme 2. Conversion to Aminoester Derivative asymmetric Mannich-type reactions are now in progress in our

laboratories.

Finally, cyclization of B-N'-acylhydrazinocarbonyl compoun@a to o
heterocycles was examined (Scheme 3). It was foungtfaatama®* Acknowledgment. The authors are grateful to Prof. Yukihiko
was obtained by treatment @& with n-BuLi at -78 °C5 while Hashimoto (University of Tokyo) for the X-ray analysis. This work was

pyrazolone 9 was produced in the presence of NaOMe at roompPartially supported by a Grant-in-Aid for Scientific Research from the
temperature (rt). Since isomerization fr@ito 9 was observed under Ministry of Education, Science, Sports, and Culture, Japan, and a SUT
these conditions (NaOMe§ and 9 were expected to be kinetic and SPecial Grant for Research Promotion.

thermodynamic products, respectively. Moreover, pyrazolidirfdté
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