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The synthesis of substitutédtacetyl- andN-aroyl-2-pyrazolines via intramolecular Michael addition of

o,f-unsaturated hydrazones generated through olefination of phosphinyl and phosphonyl hydrazones with

carbonyl compounds is reported. The regioselective reduction of thBl @ouble bond in these
2-pyrazolines using Superhydride {BHLI) gives pirazolidine derivatives with excellent levels of cis-

diastereoselectivity. These 2-pyrazolines can also be obtained in one-pot reaction from allenes, hydrazides,
and aldehydes; and pyrazolidines, after reduction, from allenes, hydrazides, and aldehydes. This synthetic
route was developed to provide a new approach to substituted azaproline derivatives in a diastereoselective

fashion.

Introduction

The development of new, rapid, and clean synthetic routes
toward focused libraries of nitrogen-containing heterocycles is
of great importance to both medicinal and synthetic cherhists.
Consequently, the design and development of procedures for
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the generation of new heterocycles by means of multistep
reactions is a matter of growing inter@®yrazole, pyrazoline

I, and pyrazolidinell ring systems (Chart 1) are important
heterocycles that are attracting increasing interest of many
researchernot only in medicinal chemistry because of their
antimicrobial*2 antibacteriaf? antipyreticic antidepressarfe.e

and anti-inflammator9 activity, but also in material chemistry
for their role in nanocrystal investigatie? or as brightening
agent&® and in the construction of organic electroluminescence
devices’d¢ Among these nitrogen-containing heterocyclic com-
pounds with interesting applications, azaproline (azRHo)
(Chart 1), aza-analogue of the cyclic amino acid proline, is of
especial interest, and azaproline derivatives are important
substrates in biologically important peptide sequences relevant
to metallopeptidase activityand in organocatalysisRecently,

the impact of azaproline and its derivatives in stabilizaig
amide bonds in selective bioactive peptides has been deséribed.
For this reason, the development of new strategies for the

(5) (@) Oh, S. W.; Zhang, D. R.; Kang, Y. $ater. Sci. Eng 2004
C24, 131-134. (b) Fu, H. B.; Yao, J. NJ. Am. Chem. So@001, 123
1434-1439. (c) Wang, M.; Zhang, J.; Liu, J.; Xu, C.; Ju, H.Lumin
2002 99, 79-83. (d) Jin, M.; Liang, Y. J.; Lu, R.; Chuai, X. H.; Yi, Z. H;
Zhao, Y. Y.; Zhang, H. JSynth. Met2004 140, 37—41. (e) Gao, X. C.;
Cao, H.; Zhang, L. Q.; Zhang, B. W.; Cao, Y.; Huang, C. HMater.
Chem 1999 9, 1077-1080.
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CHART 1. 2-Pyrazoline and Pyrazolidine Derivatives | CHART 2. Retrosynthetic Pathway for the Preparation of
/_g\ Pyrazolidine Derivatives IV
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preparation of azaproline derivatives could open new alternatives
for the preparation of azapeptidesnd for organocatalysfs. ﬂ
In this context, we are interested in the preparation of
three-10 five-,11 and six-memberéd nitrogen-containing het- 1 ]
. . Oo._R Os_R
erocycles, as well as the synthesis of new amino phosphorus N Y
derivatived® and their synthetic use for the construction of not n-NH R? N-NH
only carbonr-carbon double bond (EC)'* but also carbor l + o= — M,
i 15 i i i R
nitrogen double bond (EN)!° of functionalized acyclic com- 5
pounds and heterocyclés As part of our ongoing research RePso
programs in the area of nitrogen-containing heterocyclic com- Vil Vi

pounds, we here describe an example of the regio- and
diastereoselective reduction of 2-pyrazolive pyrazolidine
derivatives|V including azPro derivativety/ (R2 = CO.R,

SCHEME 1.
Hydrazones 5

Synthetic Approach to o,f-Unsaturated
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M.; Gil, J. I.; Lopez de Munain, ROrg. Lett.2002 4, 2405-2408.
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(14) (a) Palacios, F.; Aparicio, D.; lp@z, Y.; de los Santos, J. M,;
Ezpeleta, J. MTetrahedror2006 62, 1095-1101. (b) Palacios, F.; Ochoa
de Retana, A. M.; Pascual, S.; Oyarzabal, Drg. Chem2004 69, 8767
8774. (c) Palacios, F.; Ochoa de Retana, A. M.; Pascu@ir.Lett.2003
4, 769-772. (d) Palacios, F.; Aparicio, D.; Gaa;1J.; Rodiguez, E.;
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Chart 2) as well as the highly regioselective preparation of new
1,3,5-trisubstituted 2-pyrazolin&svia intramolecular Michael
addition ofa,5-unsaturated hydrazon&$, generated through
olefination of phosphinyl and phosphonyl hydrazokiés with
carbonyl compounds. The simplest method for preparation of
unsaturated hydrazones involves the condensation of unsaturated
carbonyl compounds with hydrazines (1,2-addition). However,
in the case of ketones a mixture of products is mostly obtained
because of the competitive Michael addition of the hydrazine
to unsaturated ketones (1,4-additién).

Results and Discussion

As outlined in Scheme 1, the required functionalized phos-
phinyl and phosphonyl hydrazondswere easily prepared by

(16) (a) Palacios, F.; Ochoa de Retana, A. M.; Alonso, JJMOrg.
Chem 2005 70, 8895-8901. (b) Palacios, F.; Aparicio, D.;'bez, Y.; de
los Santos, J. M.; Alonso, (Eur. J. Org. Chem2005 1142-1147. (c)
Palacios, F.; Ochoa de Retana, A. M.; Pascual, Spekale Munain, R.;
Ezpeleta, J. MTetrahedror2005 61, 1087-1094. (d) Palacios, F.; Alonso,
C.; Rodfguez, M.; Martnez de Marigorta, E.; Rubiales, Gur. J. Org.
Chem.2005 1795-1804.

(17) Patai, S. InThe Chemistry of the Amino Groupiley: London,
1968; p 61.
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TABLE 1. Preparation of a-Phosphorylated Hydrazones 3 and 4

entry product R R yield (%) (?) syn/antiratio®
1 3a Ph 71 48/52
2 4a Ph Me 81 (80) 81/19 (77/23)
3 4b Ph Ph 95 (85) 0/100 (0/100)
4 4c OEt Ph 73 100/0

aYield of isolated purified compound3 and 4 from phosphorylated
allenes 1. PYield in parenthesis refers to yield of isolated purified
compoundst from primary hydrazone8. ¢ Syn/antiratio was calculated
by 32P NMR on the crude reaction mixturéSyn/antiratio for 4a,b prepared
from primary hydrazon&a

the reaction of allenic phosphine oxidea (R = Ph) or
phosphonatédb (R = OEt) with acethydrazid@a (R = Me)

or benzhydrazide2b (R! = Ph), in a way similar to that
previously reported for simple hydrazidgsor carbazate®
Thus, addition of acethydrazi@a or benzhydrazid@b to allene
lain refluxing chloroform led to the formation gFhydrazono
phosphine oxidela and 4b, respectively, in excellent yields
(Scheme 1, Table 1, entries 2 and 3). These compounds wer
characterized by their spectroscopic data, which indicated that
they were isolated as a mixture &§n andanti-hydrazones in

the case of compoundla, or as theanti-hydrazone, as
determined by NOE experiments, in the case of compeimd

The process could be extended to allenes derived from phos-

phonate. In this case, allentb (R = OEt) reacted with
benzhydrazid@b (R! = Ph) in the absence of solvent, giving
p-functionalized phosphonate (Scheme 1, Table 1, entry 4).

A different approach can also be used for the preparation of
these phosphorylated hydrazodesvhich were synthesized in
two steps from allenes. Addition of hydrazine monohydro-
chloride 2¢, in the presence of triethylamine, to alleta in
refuxing chloroform gave primary hydrazoBa (R = Ph) as a
mixture ofsyn andanti-isomers in good yield (Scheme 1, Table
1, entry 1). Functionalization of this primary hydraz@gecould
be envisaged by treatment with acyl chlorides in the presence
of a base. In this way, phosphorylated hydrazof@snd 4b
could be obtained in good yields after treatment of the primary
phosphorylated hydrazor8a with acetyl or benzoyl chloride,
respectively, in the presence of a base such gs$ 8cheme 1,

Table 1, entries 2 and 3). The spectroscopic data of hydrazone

4b indicated that, by using this methodology, this compound
was again isolated as tlaati-hydrazonetb. However, a mixture
of syn andanti-hydrazone3awas used as starting material for
the preparation ofdb, thus suggesting the presence of an
equilibrium between the hydrazonenehydrazine tautomeric
forms.

a-Phosphorylated hydrazonesa—c could be suitable to
efficiently achieve the homologation of hydrazones into their
vinylogous compounds. Thus, treatment of hydrazahesth
a base such as methyllithium (MeLi) at78 °C, followed by
addition of the corresponding carbonyl compound (Table 2),
led to the formation of 1-azadien&swith high E-stereoselec-
tivity of the carbon-carbon double bond formed and in excellent
yields (Scheme 1). The structure 88—g was inferred from

de los Santos et al.

TABLE 2. Olefination Reaction of a Series ofo-Phosphorylated
Hydrazones 4

entry product R R? RS yield (%)
1 5a Ph H Ph 95 (89)
2 5b Ph H p-Me-CsHa 94 [86F
3 5c Ph H 2-furyl 91
4 5d Ph H Bu 93
5 5e Ph H CQEt 81
6 5f Ph Ph Ph 82
7 59 Me H p-MeO-CsHa 85 (80)

aYield of isolated purified compoundsfrom hydrazones derived from
phosphine oxidedab (R = Ph).? Yield in parenthesis refers to yield of
isolated purified compoundsin a one-pot reaction from allerie. © Yield
in brackets refers to yield of isolated purified compouBdi®m hydrazones
derived from phosphonatéc (R = OEt).

IH NMR spectra of compounds (R2 = H) showed a vicinal
3Jun coupling constant in the range of 15.5 and 16.5 Hz between
the vinylic protons of5, which is consistent with thee-
configuration of the carboncarbon double bontde The

&eometry of G-N double bond in compoundswas unambigu-

ously determined by NOE experiments. Thus, an NOE (2.5%)
was observed between the NH group of the hydraZmand

the methyl group linked to the hydrazono moiety, suggesting
ananti-configuration for the carbonnitrogen double bond. The
scope of the olefination reaction was not limited to aromatic
(Table 2, entries 1, 2, and 7) and aliphatic aldehydes (Table 2,
entry 4), since heteroaromatic aldehydes (Table 2, entry 3), ethyl
glyoxalate (Table 2, entry 5), and ketones (Table 2, entry 6)
could also be used. A WadswotrtEmmons reaction of hydra-
zone4c derived from phosphonate was also achieved in almost
the same yield as that obtained when hydraztinéerived from
phosphine oxide was used as starting material. It is noteworthy
that the synthesis oé,-unsaturated hydrazones did not
require the isolation and purification of phosphorylated hydra-
zones4. Similar overall yields were obtained in a one-pot
reaction from allenega derived from phosphine oxide, when
hydrazoned, obtained either by addition of acylhydrazidish

or by addition of hydrazin€c and subsequent reaction with
acyl chlorides, after evaporation of the solvent, were directly
treated with MeLi and subsequent addition of the carbonyl
compound (Scheme 1).

Next, we studied the intramolecular Michael addition of
conjugate hydrazoneS for the preparation of 2-pyrazoline
derivatives6. Formation ofN-benzoyl-2-pyrazoline$ (R =
Ph) took place by thermal treatment@f3-unsaturated hydra-
zones5 (R! = Ph) in refluxing toluene (method A, Table 3,
entries 1, 2, and 6). It is importat to point out that the presence
of a base (sodium methoxide, NaOMe) favored the intramo-
lecular cyclization to give the 2-pyrazolinéswith a consider-
able reduction in the reaction time (Table 3, entry 3). However,
N-acetylo,B-unsaturated hydrazonBgR! = Me) did not react
under thermal heating, and a base such as sodium methoxide
and higher temperatures (refluxing DMF) were necessary
(method B, Table 3, entry 8). The cyclizations of thesg-
unsaturated hydrazon&smay take place through an intramo-

spectroscopic as well as elemental analytical data. Thus, the|qjar Michael addition of the hydrazone nitrogen to the

(18) Palacios, F.; Aparicio, D.; de los Santos, J. Ttrahedron1994
50, 1272712742.

(19) (a) Palacios, F.; Aparicio, D.; lpez, Y.; de los Santos, J. M.
Tetrahedron2005 61, 2815-2830. (b) Palacios, F.; Aparicio, D.; pez,
Y.; de los Santos, J. MIetrahedron Lett2004 45, 4345-4348.

(20) Auwers, K.; Cauer, EJ. Prakt. Chem193Q 136, 146-176.

(21) Postovskii, I. Y.; Vereshchagina, N. Nokl. Akad. Nauk SSSI®56
110, 802-804; Chem. Abstr1957 51, 43369.
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carbon-carbon double bond. Unfortunatelg,3-unsaturated
hydrazone5e (R! = Ph, R = H, R® = CO,Et), with a
carboxylate group at the terminal carbon of the azadiene system,
did not cyclize when using thermal conditions (method A), nor
when a base and higher temperatures (method B) were used,
and instead only either the starting material or decomposition
products were obtained. However, similar overall yields were
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TABLE 3. Preparation of Substituted 2-Pyrazolines 6 SCHEME 2. Preparation of Optically Active 2-Pyrazoline 10
1 COPh
COR 1 NH
HN\N R2 COR O\\ o NG
L, _Metodaors NN g2 P BnO,, HAN-NH-COPh g6, I
7R /k)gs - PhyPs MeOH, A Ph,Ps
5 6 1a 2 o 2 o)
8 (79%
cyclization yield 7 (79%)
entry product methcd R! R? R3 time (days) (%)° 1. HaN-NH-COPh .
1 620 A Ph H Ph 9 68 2.NaH, DMF, 0oc - Naft DMF. 0%
2 6b A Ph H p-Me-GHy 9 81 3. Ph-CHO 2. Ph-CHO
3 6 B Ph H 2-furyl 5 60 4.
4 6c C Ph H 2-uryl 5 64 COPh
5 6 D Ph H 2-furyl 5 61 LCOPh HN.
6 6d A Ph H Bu 10 38 go. o A |
7 6e B Ph Ph Ph 6 70 /’NPh DE— BnO/,,(K/Aph
8 6f B Me H p-MeO-GHa 4 62
2 Method A: Toluene, reflux. Method B: MeONa, DMF, reflux. Method 10 (56%) 9 (>98%)

C: One-pot reaction from hydrazomkb using NaH in refluxing DMF.

Method D: Same conditions as method C in a one-pot reaction from allene ; o : :
la P Yield of isolated purified compoundsfrom o,-unsaturated hydra- prepared in almost quantitative yields by treatment of starting

Z0ness. chiral hydrazone with 2.5 equiv of NaH at OC, followed by

addition of benzaldehyde (Scheme 2). TheNMR spectra of
compound9 showed a vicinaPJyy coupling constant of 16.9
Hz between the vinylic protons, establishing thstereochem-

obtained for the preparation of the 2-pyrazolfein a one-pot

reaction from hydrazondb (method C, Table 3, entry 4), or gy of the carborcarbon double bond, while thanti-

from allenela (method D, Table 3, entry 5) when hydrazone qnfiguration of the &N double bond was confirmed by NOE

4b was first obtained (vide supra), which was then treated with experiments, since an NOE (2.2%) was observed between the

2.2 gquiv of sodium hydride (NaH) in DMF followed by the hydrazonic proton and the methyl group of hydrazahe

addition of 2-furaldehyde and thermal treatment. Thermal treatment of the.f-unsaturated hydrazor@led to
Since the pioneering work on the synthesis of 2-pyrazolines the formation of 2-pyrazolind0 in moderate yield, as a 1:1

by Fischer and Kienagel in the late nineteenth centéfya mixture of nonseparable diastereoisomers (Scheme 2). These

large number of methods of preparation of 2-pyrazolines have resylts suggest that the chiral group of thg8-unsaturated

been developed,mainly involving carbonyl derivatives and  hydrazone9 is too distant from the reaction center with a

hydrazines. However, using this approach a mixture of regioi- negligible influence on it. 2-Pyrazoliri® could be also directly

somers is usually formed. Series of specially substituted prepared in a one-pot reaction frgtrketophosphonatéwhen

representatives have rarely been prepared using other synthetigydrazones was initially synthesized by condensation reaction

approaches such as the 1,3-dipolar cycloaddition of diazoalkanesyith hydrazide2b and then this compour@ was treated with

or nitrile imines with alkynes or alken&3As far as we know, 2.2 equiv of sodium hydride (NaH) in DMF followed by the

the strategy reported here describes, for the first time, the gddition of benzaldehyde and thermal treatment.

selective preparation of 2-pyrazolines by means of a one-pot  Taking into account the importance of the pyrazolidine ring

reaction from allenes, hydrazides, and carbonyl compoundsgystem in medicinal and synthetic organic chemistry, we then

without obtaining mixtures of regioisomers. _ explored the regioselective carbenitrogen double bond reduc-
We also explored the effect of the presence of an optically tion of theN-acyl-2-pyrazolined/ to access the corresponding
active group at C-3 of the.f-unsaturated hydrazond (vide pyrazolidineslV (vide supra, Chart 2). To this end, several

supra, Chart 2) in the intramolecular Michael addition. The attempts using different reducing systems such as N&B¢OH
preparation of 1-azadienésderived from lactate (Scheme 2)  or NaBH,/TFA for the reduction of the EN double bond in
was performed in several steps. Initially, we synthesized 2-pyrazolines$ were unsuccessful. The best results in theNC
optically pure-ketophosphine oxid& by addition of (- double bond reduction & were achieved by using Superhydride
ethyl lactate benzyl ester to lithium salts derived from meth- (Et;BHLI) in THF at 0 °C, which furnished the pyrazolidines
ylphosphine oxide by means of a modified procedure of the 12in good yields, exclusively as a sole diastereoisoaigf 2,
Shapiro metho@* Condensation reaction gi-ketophosphine  which could be isolated by chromatographic separation (Scheme
oxide 7 with benzhydrazide in refluxing methanol led to the 3 Taple 4).
formation of syrrhydrazones in good yield (Scheme 2). The The structures ofl2a—e were characterized from their
synconfiguration of the &N double bond in the hydrazor®  spectroscopic as well as elemental analytical data. Thus, the
was confirmed by NOE experiments. When the hydrazonic 14 NvR spectra of compounds2c showed an absorption at
proton was irradiated, there was no NOE effect with the methyl 5, 1 26 ppm as a well-resolved doublet with coupling constant
group or the benzoxy group, and a NOE effect (3.1%) was 33, = 6.1 Hz for the methyl group bonded to the pyrazolidine
observed between the hydrazonic proton and the methylenering_ Two different protons corresponding to the methylene
group of hydrazone8. o,5-Unsaturated hydrazon® was proton of the ring system appeardt 1.94 ppm Wuy = 12.7
Hz, 3y = 7.9 and 10.1 Hz) for H+ns(relative stereochemistry
(22) Fischer, E.; Kieenagel, OAnn. Chem1887, 239, 194-206. with H-3 and H-5) anddy 2.66 ppm {Juy = 12.7 Hz,3yy =
Tet(rzasl'?e(c:i?grt\IZ’OB; 53'”%055'2:5225”“””" L. Rizzo, V.; De Micheli, C. g 3 and 8.5 Hz) for H-¢s (relative stereochemistry with H-3
(24) Shapiro, G.; Buechler, D.; Hennet, Betrahedron Lett199Q 31, and H-5). The stereochemistry b2 was assigned on the basis
5733-5736. of conventional'H and 3C NMR data as well as NOE

J. Org. ChemVol. 73, No. 2, 2008 553



JOC Article

1.4%

FIGURE 1. NOE observed for pyrazoliding2c

SCHEME 3. Stereoselective Preparation of Pyrazolidine
Derivatives 12

o) o)
>—R1 >—R1
N-N EtBHLi, 0°c ~ HN-N
THF
6a-d 12a-d
0. 1
Et3B"_ \\:/R (0]
7, N \
H_ N-N “PPh,
/ —
/K)‘Rz
1 1a

TABLE 4. Pyrazolidines 12 Prepared through Regioselective
Reduction of 2-Pyrazolines 6

entry product R R? yield (%)
1 1226 Ph Ph 80
2 12b Ph p-Me-CsH4 83
3 12¢c Ph 2-furyl 73 (67
4 12d Ph Bu 67
5 12e Me p-MeO-GsHa 60

aYield of isolated purified pyrazolidines2 from pyrazolines. ° Yield
of isolated purified pyrazolidine$2 in a one-pot reaction from allerfe.

experiments. The 3,Bis-relationship of H-3 and H-5 in the ring
of pyrazolidinel2c was evident since an NOE was observed
between H-3 and H4 (1.7%) Cisrelative stereochemistry)
and between H-4 and H-5 (1.4%) (Figure 1). Conversely, a
very small NOE was observed between H-3 and s
(0.28%). Likewise, an NOE was observed betweenki=and
the methyl group at C-3 (1.2%), while this proton (kg4 did
not show an NOE with the hydrogen at Cifafsrelationship
between these protons). These results suggess eelative

de los Santos et al.

The scope of the selective reduction was not limited to
aromatic aldehydes (Table 4, entries 1, 2, and 5) since
heteroaromatic aldehydes (Table 4, entry 3) and aliphatic
aldehydes (Table 4, entry 4) could also be used. It is noteworthy
that similar overall yields were obtained for the preparation of
the pyrazolidinel2c (Table 4, entry 3) in a one-pot reaction
from allenela when 2-pyrazolineéc was first obtained (vide
supra) and subsequent reduction with SuperhydridsBHLi)
in THF at 0°C. As far as we know, the strategy reported here
is the first description of the synthesis of pyrazolidines contain-
ing cis-substituents at the 3-position (methyl group) and
5-position (aryl or heteroaryl groups) from 2-pyrazolines by
means of a one-pot reaction from allenes, hydrazides, and
carbonyl compounds and subsequent reduction.

The incorporation of azPro, the nitrogen analogue of the
amino acid proline where the--carbon is replaced with a
nitrogen atom, into biologically active peptides has, in some
cases, led to peptidomimetics with enhanced activity or meta-
bolic stability?” Peptides containing azPro were shown to
stabilize thecis-amide conformé¥for the acyl-azPro bond and
prefer type VI B-turns both in crystaf§ and in organic
solvents?® A series of azPro dipeptides with various-
substituents were also prepared as potent inhibitors of two
proline-specific serine proteases: dipeptidyl peptidase IV and
prolyl oligopeptidasé? while several FKBP12 ligands contain-
ing azPro derivatives were synthesized, and their neuroprotective
effects were evaluated in vitro and in vi¥b.The synthetic
potential of this methodology (vide supra) can be applied to
the preparation of azPro derivativé¢ (R?2 = CO;R) (vide
supra, Chart 2) if pyrazolidiné2e (R = CO,Et) by 12 (R? =
CO,Et) was available. However, as reported before, the 2-pyra-
zoline 6 (R? = H, R® = CO;R) containing a carboxylate group
at C-5 is not accessible through intramolecular Michael addition
of the startinga,f-unsaturated hydrazonge (vide supra).
Nevertheless, a straightforward alternative synthetic route to
azaproline derivatives can be designed by using 2-pyrazoline
6c with a furyl ring at C-5, keeping in mind that the furan ring
is a synthetic equivalent of the carboxylate gré&p*

Finally, the oxidation process of the furyl ring t2c was
explored for the preparation of azPro derivatives. However, to

(27) Hartley, O.; Gaertner, H.; Wilken, J.; Thompson, D.; Fish, R;
Ramos, A.; Pastore, C.; Dufour, B.; Cerini, F.; Melotti, A.; Heveker, N.;
Picard, L.; Alizon, M.; Mosier, D.; Kent, S.; Offord, RRroc. Natl. Acad.
Sci. U.S.A2004 101, 16460-16465.

(28) (a) Didierjean, C.; Del Duca, V.; Benedetti, E.; Aubry, A.; Zouikri,
M.; Marraud, M.; Boussard, GJ. Pept. Res1997 50, 451-457. (b)
Didierjean, C.; Aubry, A.; Zouikri, M.; Boussard, G.; Marraud, Mcta
Crystallogr., Sect. C1995 51, 688-690. (c) Lecoq, A.; Boussard, G.;

stereochemistry between H-3 and H-5. The coupling constantsmarroud, M.; Aubry, A.Biopolymers1993 33, 1051-1059.

are also consistent with those reported for other pyrazolidine
derivatives?® A pentagonal intermediatél where the Super-
hydride may coordinate with the oxygen atom of tReacyl
moiety and the nitrogen atom (N-2) of the pyrazoline could
explain the selective attack of the hydride by the underside of
the carbor-nitrogen double bond. Thus, the formation of the
cis-pyrazolidinel2 can be fully understood considering that the
hydride attacks from the opposite side of thé sibstituent,
taking into account that thi-acyl group at N-1 and Rshould
adopt atrans-configuration because of a steric hindrance.

(25) Bdruelos, L. A.; Cuadrado, P.; Gofea-Nogal, A. M.; Lgpez-
Solera, I.; Pulido, F. J.; Raithby, P. Retrahedronl996 52, 9193-9206.

(26) Described with undefined relative stereochemistry: Hesse, K. D.
Justus Liebigs Ann. Cherti971, 743 50-56.
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(29) Zouikri, M.; Vicherat, A.; Aubry, A.; Marraud, M.; Boussard, G.
J. Pept. Res1998 52, 19—-26.

(30) Borloo, M.; Augustyns, K.; Belyaev, A.; de Meester, |.; Lambeir,
A.-M.; Goossens, F.; Bollaert, W.; Rajan, P.; Scharpe, S.; HaemetstA.
Pept. Sci.1995 2, 198-202.

(31) Wilkinson, D. E.; Thomas, B. E., IV; Limburg, D. C.; Holmes, A.;
Sauer, H.; Ross, D. T.; Soni, R.; Chen, Y.; Guo, H.; Howorth, P.; Valentine,
H.; Spicer, D.; Fuller, M.; Steiner, J. P.; Hamilton, G. S.; Wu, Y.Biorg.
Med. Chem2003 11, 4815-4825.

(32) The synthetic equivalence of a furan ring system and a carboxylate
group has been reported since the furan can be oxidized by ozodbtysis
through the use of ruthenium reagéftand converted into a carboxylate
group.

(33) (a) Koriyama, Y.; Nozawa, A.; Hayakawa, R.; Shimizu, M.
Tetrahedron2002 58, 9621-9628. (b) Zhang, H.; Xia, P.; Zhou, W.
Tetrahedron: Asymmetrg00Q 11, 3439-3447.

(34) (a) Sun, X.-L.; Kai, T.; Takayanagi, H.; Furuhata, $ynlett1999
1399-1400. (b) Dondoni, A.; Junquera, F.; Merchan, F. L.; Merino, P.;
Tejero, T.J. Chem. Soc., Chem. Commu995 2127-2128.
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SCHEME 4. Synthesis of Azaproline Derivative 15 Experimental Section
O>\._Ph F C’/Z) prh General Methods. Reagent and solvent purification, workup
HN—N (CF30),0 3 N—N procedures, and analyses were performed in general as described
,M 16-Crom®. TEA. M in the Supporting Information. . _
o) o) General Procedure for the Preparation ofanti- and syn[2-
12¢ CH:Cly 13 (Diphenylphosphinoyl)-1-methylethylidene] Hydrazine (3a)To
(97%) a stirred solution of phosphorylated allebe(2.40 g, 10 mmol) in
dry chloroform (60 mL) were added hydrazine monohydrochloride
1. NalO,, RuCl; (0.82 g, 12 mmol) and triethylamine (2.11 mL, 15 mmol) under a
2.S0Cl,, MeOH ‘ NalO, RuCly nitrogen atmosphere. Then, the mixture was stirred and refluxed
for 48 h. The crude reaction mixture was washed with watex (3
15 mL), and the aqueous phase was extracted withGGH2 x
10 mL). The organic phase was dried over MgSte solvent
Q o Q was evaporated under vacuum, and the crude product was precipi-
>‘Ph SOCI, MeOH Fsc"/< >‘Ph tated with diethyl ether and recrystallized from a mixture of hexanes/
HN-N 7 N-N CH.Cl, to afford 3a (1.93 g, 71%) as a white solid: mp 164
CO;Me A ~coH 166°C; IH NMR (300 MHz, CDC}) 6 7.75-7.21 (m, 10H), 5.89
15 14 (bs, 2H), 4.87 (bs, 2H), 3.38 (d, 2MJpy = 14.5, anti), 3.27 (d,

2H, 2Jpy; =14.0 Hz, syn), 1.78 and 1.46 (s, 3H, anti and sy#(;
NMR (75 MHz, CDCE) 6 143.4 (syn), 143.2 (anti), 133.2, 132.3,
132.3,131.9, 131.8,131.7,131.0, 130.9, 130.8, 130.7, 130.6, 128.9,

avoid either secondary products or the reversal to the starting128.7, 128.6, 128.6, 128.5, 128.4, 128.3, 40.9Js; = 67.3 Hz,
2-pyrazolines in the oxidation process, it was previously anti), 33.8 (d,%Jpc = 65.1 Hz, syn), 25.2 (syn), 15.3 (ant®'P
necessary to protect the N-2 of the pyrazolidine ring. ThustiN ~ NMR (120 MHz, CDC}) 6 30.9 (anti), 29.5 (syn); IR (KBr) 3381,
protection of pyrazolidinel2c as N-trifluoroacetyl-protected 3342, 3058, 2942, 1630, 1437, 1186, 1124; MS (&Y 272 (M',
derivativeds was performed by treatment with trifluoroacetic ~ 13)- Anal. Calcd for GHiNOP: C, 66.17; H, 6.29; N, 10.29.
anhydride leading t®l,N'-diacylated pyrazolidin&3in excellent Found C, 65.94; H, 6.32; N, 10.25.

: ot inad i ; General Procedure for the Preparation of Functionalized
P 0, m
yields. azrro derivatives .COUld be obtained in 33% ylelq fro Hydrazones Derived from Phosphine Oxides and Phosphonate
pyrazolidine 13 when this compound was treated with the

R, o (4). Method A: To a stirred solution of phosphorylated alldlrze
oxidizing agent (Nal@RuCk) and subsequent esterification by ;"1 (10 mmol) in dry chloroform (50 mL) was added the

using thionyl chloride in methanol. In this process, the formation corresponding hydrazide (12 mmol) under a nitrogen atmosphere.
of the amino acid azPrb4 with a concomitant deprotection of  Then, the mixture was stirred and heated at reflux for24 h.

the N-trifluoroacetyl group at N-2 (Scheme 4) could explain The solvent was evaporated under vacuum, and the crude product
the formation of compound5. Azaprolines without an alkyl was precipitated with diethyl ether and recrystallized from a mixture
group at the 3-position have been prepatedowever, as far of hexanes/ChkCl, (for 5-hydrazoneda,b derived from phosphine

as we know, this strategy affords the synthesis of 5-methyl 0xides); while f-hydrazone4c derived from phosphonate was
azaproline derivatives for the first time and with tioés- purified by flash chromatography (silica gel). Method B: A mixture

configuration between the methyl group (5-position) and the ©°f allene de_rive;]j from phosphonallb (1.76 9,10 mmol) and theh
carboxylate ester moiety (3-position). corresponding hydrazide (12 mmol) under a nitrogen atmosphere

was stirred and heated at 66, without solvent for 1624 h. The
crude product was purified by flash chromatography (silica gel).
Method C: To a (°C stirred solution of hydrazonga (0.27 g, 1
mmol) in dry chloroform (8 mL) triethylamine (0.28 mL, 2 mmol)

In conclusion, an efficient procedure for the synthesis of was added under a nitrogen atmosphere. After 30 min‘at,Ga
2-pyrazoliness from unsaturated hydrazones was reported. The Solution of the corresponding acyl chloride (1.2 mmol) in dry
selective reduction of the carbenitrogen double bond of these ~ chloroform (2 mL) was added dropwise, and the mixture was stirred
heterocycles afforded only 3@s-disubstituted pyrazolidines at room temperature for 6 h. The crude reaction mixture was Washed
12 in a stereoselective fashion. 2-Pyrazoliregan also be with water (3x 3 mL), and the aqueous phase was extracted with

. . . CH.Cl; (2 x 3 mL). The organic phase was dried over MgsSO
prepared in a one-pot reaction from very simple reagents suchy,q"slvent was evaporated under vacuum, and the crude product
as allenesl, hydrazides2, and carbonyl compounds, and \yas precipitated with diethyl ether and recrystallized from a mixture
similarly pyrazolidines12 were obtained from alleneg, of hexanes/ChCl,.
hydrazides2, and carbonyl compounds followed by reduction anti-Benzoic Acid [2-Diphenylphosphinoyl-1-methylethylidene]
with Superhydride. This strategy has been applied for the Hydrazide (4b). The title compound (3.57 g, 95%) obtained as a
preparation of a new 3,5-cis- disubstituted azPro derivdtfre white solid from allenela (2.40 g, 10 mmol) and benzhydrazide
2-Pyrazolines, pyrazolidines, and azaproline derivatives are (1.67 g, 12 mmol) as described in the general procedure (method
important synthons in organic synthesis for the preparation of A). The title compound (0.32 g, 85%) was also obtained from

biologically active compounds of interest to medicinal chem- hydrazone3a (0.27 g, 1 mmol) and benzoyl chloride (14Q, 1.2
istry 3-589 mmol) as described in the general procedure (method C). The crude

product was purified by precipitation with diethyl ether and
recrystallization from a mixture of hexanes/@H,: mp 238-
(35) This protecting group can be easily removed by a weak basic 239°C; IH NMR (300 MHz, CDC}) 6 12.15 (bs, 1H), 8.147.37
tre?érg)e(rg). Guerra, F. M.; Mish, M. R.; Carreira, E. I@rg. Lett 200Q 2 (m, 15H), 3.43 (dJpn = 14.8 Hz, 2H), 1.68 (s, 3H)"C NMR
4265-4267. (b) Ba}rluenga, J.; Feénmdez-Mari, F.; Viado, A. L.; Aguilar, g_g%l\nglzgcchzg ésizzé ](55:!1-.208' %3?122’7 ]é?’%g‘gliii égﬁﬁ_’é)g’l'o’
E.; Olano, B.; Gara-Granda, S.; Moya-Rubiera, Chem. Eur. J1999 O s S e s -7y OO : !
26.3;3P NMR (120 MHz, CDC)) 6 33.0; IR (KBr) 3198, 2939,

5, 883-896. (c) Mish, M. R.; Guerra, F. M.; Carreira, E. Nl. Am. Chem.
Soc.1997 119 8379-8380. 1686, 1537, 1284, 1165; MS (Ciwz 377 (M" + 1, 100). Anal.

Conclusion
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Calcd for GoH1N,OP: C, 70.20; H, 5.62; N, 7.44. Found C, 70.42;
H, 5.60; N, 7.46.

General Procedure for the Preparation ofa,f-Unsaturated
Hydrazones (5). Method A: To a—78 °C stirred solution of
a-phosphorylated hydrazodg5 mmol) in THF (80 mL) was added
a solution of MeLi (6.6 mL, 10.5 mmol) under a nitrogen

de los Santos et al.

Et,O (10 mL) and washed with a saturated solution of ammonium
chloride (3x 4 mL). The organic phase was dried over MgSO
and evaporated under vacuum. The crude pyrazolthegere
purified by flash chromatography (silica gel, AcOEt/hexanes, 1:9).
Method D (one-pot reaction from alled®): To a stirred solution

of phosphorylated allenga (1 mmol) in dry chloroform (5 mL)

atmosphere. The mixture was stirred at the same temperature for lwas added the corresponding hydrazide (1.2 mmol) under a nitrogen
h, and the corresponding carbonyl compound (5.5 mmol) in THF atmosphere. Then, the mixture was stirred and heated at reflux for
(5 mL) was then added dropwise. The reaction mixture was stirred 16 h. The solvent was evaporated under vacuum, and a solution of

for 16 h and allowed to stand from78 °C to room temperature.

crude produc#tb in DMF (2 mL) was added dropwise and under

The solvent was evaporated under vacuum, and the crude mixturea nitrogen atmosphere to a € stirred suspension of sodium

was diluted with CHCI, (30 mL) and washed with water (2 10
mL), and the aqueous phase was extracted withGT}HThe organic
phase was dried over MgQ@nd evaporated under vacuum. The
crude product was purified by flash chromatography (silica gel,
AcOEt/hexanes, 1:9). Method B (one-pot reaction from allene
1a): To a stirred solution of phosphorylated allehe (1.2 g, 5
mmol) in dry chloroform (25 mL) was added the corresponding

hydride (0.053 g, 2.2 mmol) in DMF (4 mL). The mixture was
stirred at the same temperature for 1 h, and the corresponding
aldehyde (1.1 mmol) in DMF (1 mL) was then added dropwise.
The reaction mixture was allowed to stand fronf®© to room
temperature for 16 h and refluxed for 5 days. Then, the crude
mixture was extracted with ED (10 mL) and washed with a
saturated solution of ammonium chloridex34 mL). The organic

hydrazide (6 mmol) under a nitrogen atmosphere. Then, the mixture phase was dried over MgS@nd evaporated under vacuum. The
was stirred and heated at reflux for 16 to 24 h, and the solvent was crude pyrazoline$ were purified by flash chromatography (silica

evaporated under vacuum. Te-&8 °C stirred solution of the crude
o-phosphorylated hydrazoné in THF (80 mL) was added a
solution of MeLi (6.6 mL, 10.5 mmol) under a nitrogen atmosphere.

The mixture was stirred at the same temperature for 1 h, and the

corresponding carbonyl compound (5.5 mmol) in THF (5 mL) was
then added dropwise. The reaction mixture was stirred for 16 h
and allowed to stand from78 °C to room temperature. The solvent

was evaporated under vacuum, and the crude mixture was diluted

with CH,Cl, (30 mL) and washed with water (2 10 mL), and
the aqueous phase was extracted withbClkl The organic phase
was dried over MgS@and evaporated under vacuum. The crude
product was purified by flash chromatography (silica gel, AcOEt/
hexanes, 1:9).

Furan-2-ylbuten-3-oneN-benzoylhydrazone (5c).The title
compound (1.16 g, 91%) was obtained framphosphorylated
hydrazone4b (1.88 g, 5 mmol) and 2-furaldehyde (0.46 mL, 5.5
mmol) as described in the general procedure. Mp-1B23°C; H
NMR (300 MHz, CDC}) ¢ 8.88 (bs, 1H), 7.817.37 (m, 7H), 6.71
(d, 3Jun = 16.6 Hz, 1H), 6.526.32 (m, 2H), 2.06 (s, 3H)*C
NMR (75 MHz, CDCE) ¢ 163.8, 152.2, 144.1, 143.1, 133.3, 131.7,
128.5,127.1,121.8,112.3, 111.8, 110.4, 10.9; IR (KBr) 3310, 3118,
1646, 1513, 1480; MS (Eljnz 254 (M*, 7). Anal. Calcd for
CisH14N202: C, 70.85; H, 5.55; N, 11.02. Found C, 70.66; H, 5.57;
N, 11.06.

Intramolecular Cyclization Reaction of a,f-Unsaturated
Hydrazones (5). Synthesis of Substituted 2-Pyrazolines (6).
Method A: A stirred solution ofi,f-unsaturated hydrazorie(1
mmol) in dry toluene (5 mL) was refluxed under a nitrogen

gel, AcOEt/hexanes, 1:9).
1-Benzoyl-3-methyl-5-furan-2-yl-4,5-dihydro-H-pyrazole (6c).
The title compound (0.15 g, 60%) was obtained franp-
unsaturated hydrazortec (0.25 g, 1 mmol) as described in the
general procedure (method B). The title compound (0.16 g, 64%)
was also obtained from-phosphorylated hydrazor (0.38 g, 1
mmol) and 2-furaldehyde (94L, 1.1 mmol) as described in the
general procedure (method C). The title compound (0.15 g, 61%)
was also obtained from alleri@ (0.24 g, 1 mmol), hydrazide (0.17
g, 1.2 mmol), and 2-furaldehyde (94, 1.1 mmol) as described
in the general procedure (method D). Mp-7&7 °C; *H NMR (300
MHz, CDCh) 6 7.73 (d,3Jyn = 6.6 Hz, 2H), 7.32-7.18 (m, 4H),
6.22-6.17 (m, 2H), 5.61 (dd¥Jyn = 5.4 Hz,30uy = 11.4 Hz, 1H),
3.10 (dd,ZJHH =18.0 HZ,3JHH =11.4 Hz, 1H), 2.89 (dCF,JHH =
18.0 Hz,3Juy = 5.4 Hz, 1H), 1.93 (s, 3H)1C NMR (75 MHz,
CDCly) 6 166.4, 156.3, 152.1, 141.9, 134.4, 130.8, 129.8, 127.6,
110.5, 107.6, 54.1, 41.4, 16.1; IR (KBr) 2926, 1739, 1633, 1454,
1215; MS (El)m/z 254 (M*, 3). Anal. Calcd for GsH14N205: C,
70.85; H, 5.55; N, 11.02. Found C, 71.04; H, 5.52; N, 10.99.
General Procedure for the Reduction of Pyrazolines (6).
Synthesis of Pyrazolidines (12)Method A: To a 0°C stirred
solution of pyrazoline$ (0.5 mmol) in THF (15 mL) was added
dropwie a 1 Msolution in THF of lithium triethylborohydride (1.25
mL, 1.25 mmol) in THF (2.5 mL) under a nitrogen atmosphere.
The reaction mixture was stirred at°@ for 1 h and quenched
with a 2 M solution of NaOH (5 mL). The solvent was evaporated
under vacuum and diluted with GBI, (15 mL), and the organic

atmosphere for 9 to 10 days. The solvent was evaporated undefPhase was washed Wwi2 M NaOH (3x 5 mL). The organic phase
vacuum, and the crude product was purified by flash chromatog- Was dried over MgS@and evaporated under vacuum. The crude

raphy (silica gel, AcOEt/hexanes, 1:9) to give pyrazolidddgethod

B: To a 0°C stirred suspension of sodium methoxide (0.065 g,
1.2 mmol) in DMF (5 mL) was added dropwise and under a
nitrogen atmosphere a solution @f3-unsaturated hydrazorie(1
mmol) in DMF (3 mL). The reaction mixture was allowed to stand
from 0 °C to room temperature and refluxed for-@ days. Then,
the crude mixture was extracted with,6t(10 mL) and washed
with a saturated solution of ammonium chloridex34 mL). The
organic phase was dried over Mg&ahd evaporated under vacuum.
The crude pyrazoline§ were purified by flash chromatography
(silica gel, AcOEt/hexanes, 1:9). Method C (one-pot reaction from
hydrazonedb): To a 0°C stirred suspension of sodium hydride
(0.053 g, 2.2 mmol) in DMF (4 mL) was added dropwise and under
a nitrogen atmosphere a solution @fphosphorylated hydrazone
4b (1 mmol) in DMF (2 mL). The mixture was stirred at the same

pyrazolidinesl2 were purified by flash chromatography (silica gel,
AcOEt/hexanes, 10:90). Method B (one-pot reaction from allene
1a): To a stirred solution of phosphorylated allete(0.12 g, 0.5
mmol) in dry chloroform (2.5 mL) was added the corresponding
hydrazide (0.6 mmol) under a nitrogen atmosphere. Then, the
mixture was stirred and heated at reflux for 16 h, and the solvent
was evaporated under vacuum. A solution of crude prodhdh
DMF (2 mL) was added dropwise and under a nitrogen atmosphere
to a 0°C stirred suspension of sodium hydride (0.027 g, 1.1 mmol)
in DMF (2 mL). The mixture was stirred at the same temperature
for 1 h, and the corresponding aldehyde (0.5 mmol) in DMF (1
mL) was then added dropwise. To &0 stirred solution of crude
pyrazoliness in THF (15 mL) was added dropwdsa 1 Msolution

in THF of lithium triethylborohydride (1.25 mL, 1.25 mmol) in
THF (2.5 mL) under a nitrogen atmosphere. The reaction mixture

temperature for 1 h, and the corresponding aldehyde (1.1 mmol) was stirred at OC for 1 h and quenched wita 2 M solution of

in DMF (1 mL) was then added dropwise. The reaction mixture
was allowed to stand from TC to room temperature for 16 h and
refluxed for 5 days. Then, the crude mixture was extracted with
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NaOH (5 mL). The solvent was evaporated under vacuum and
diluted with CHCl, (15 mL), and the organic phase was washed
with 2 M NaOH (3 x 5 mL). The organic phase was dried over
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MgSO, and evaporated under vacuum. The crude pyrazolidi@es
were purified by flash chromatography (silica gel, AcOEt/hexanes,
10:90).

cis-1-Benzoyl-5-furan-2-yl-3-methylpyrazolidine (12c).The
titte compound (93 mg, 73%) was obtained from pyrazoinél27
mg, 0.5 mmol) as described in the general procedure (method A).
The title compound (85 mg, 67%) was also obtained from allene
la (0.12 g, 0.5 mmol), hydrazide (85 mg, 0.6 mmol), and
2-furaldehyde (45uL, 0.6 mmol) as described in the general
procedure (method B). Mp 123124 °C; 'H NMR (300 MHz,
CDCly) 6 7.72-7.32 (m, 6H), 6.326.31 (m, 2H), 5.66 (bs, 1H),
4.01 (bs, 1H), 3.18 (bs, 1H), 2.66 (dddyy = 12.7 Hz,3)y =
6.3 Hz,3Jyy = 8.5 Hz, 1H), 1.94 (ddd?Jyy = 12.7 Hz,33yy =
7.9 Hz,3Jyy = 10.1 Hz, 1H), 1.26 (d3Junu = 6.1 Hz, 3H);13C
NMR (75 MHz, CDC}) 6 170.0, 153.9, 141.98, 135.0, 130.3, 129.0,
127.4, 110.4, 107.1, 56.5, 55.3, 40.9, 16.7; IR (KBr) 3211, 2965,
1619, 1507, 1387; MS (Elinz 256 (M, 51). Anal. Calcd for
CisH16N202: C, 70.29; H, 6.29; N, 10.93. Found C, 70.52; H, 6.31;
N, 10.97.

General Procedure and Spectral Data ofcis-1-Benzoyl-2-
trifluoroacetyl-5-furan-2-yl-3-methylpyrazolidine (13). To a
stirred solution of pyrazolidiné2c (128 mg, 0.5 mmol) in CkCl,

(2 mL) were added dropwise and under a nitrogen atmosphgxe Et
(84 uL, 0.6 mmol), trifluoroacetic anhydride (83L, 0.6 mmol),
and 18-crown-6 (159 mg, 0.6 mmol). The reaction mixture was
stirred at room temperature for 2 h. Then, the reaction mixture was
washed with HO (2 x 1 mL) and extracted with C}Cl, (2 x 1
mL). The organic phase was dried over MgS#&hd evaporated
under vacuum. The crude pyrazolidine were purified by flash
chromatography (silica gel, AcOEt/hexanes, 10:90) to afford
compoundl3 (171 mg, 97%). Mp 7981 °C; 'H NMR (300 MHz,
CDCly) 6 7.89-7.45 (m, 6H), 6.41 (d3Jyy = 7.1 Hz, 2H), 5.15

(d, 3Jyn = 8.2 Hz, 1H), 4.43 (bs, 1H), 2.562.49 (m, 1H), 2.26-
2.20 (m, 1H), 1.45 (d3Jyy = 6.4 Hz, 3H);13C NMR (75 MHz,
CDClg) 6 175.8, 154.7 (q2Jcr = 38.2 Hz), 150.6, 142.6, 133.0,
132.8, 131.5, 131.1, 128.8, 128.6, 128.5, 127.2, 115.7g,=
288.1 Hz), 110.3, 107.7, 58.8, 54.4, 36.5, 18.0; IR (KBr) 3409,
3151, 2979, 1719, 1460, 1202; MS (Efyz 352 (M*, 2). Anal.
Calced for GH1sF3N,O3: C, 57.96; H, 4.29; N, 7.95. Found C,
58.07; H, 4.30; N, 7.91.

JOC Article

General Procedure and Spectral Data of Methyl 2-Benzoyl-
5-methylpyrazolidine-3-carboxylate (15). To a 0 °C stirred
solution of pyrazolidinel3 (88 mg, 0.25 mmol) in a mixture of
acetonitrile (0.5 mL) and C@{0.5 mL) were added dropwise NaJO
(0.81 g, 3.75 mmol) and Rug€H,O (1 mg) under a nitrogen
atmosphere. Afte2 h atroom temperature, the crude mixture was
washed with HO (2 x 2 mL) and extracted with C}€l, (2 x 2
mL). The organic phase was dried over MgS&nhd evaporated
under vacuum. The crude compound was dissolved in MeOH (1
mL), and thionyl chloride (37uL, 0.5 mmol) was added. The
reaction mixture was refluxed for 20 min, and the solvent was
evaporated under vacuum. The crude product was purified by flash
chromatography (silica gel, AcOEt/hexanes, 50:50) to obtain (21
mg, 33%)15. Mp 87—88°C; 'H NMR (300 MHz, CDC}) 6 7.81—

7.35 (m, 5H), 4.95 (t3J4y = 8.2 Hz, 1H), 4.10 (bs, 1H), 3.78 (s,
3H), 3.23 (bs, 1H), 2.70 (ddd)yy = 12.6 Hz,3Juy = 6.1 Hz,
3Jun = 8.9 Hz, 1H), 1.65 (ddd?Juy = 12.6 Hz,3Jyy = 8.2 Hz,
8Jun = 10.1 Hz, 1H), 1.23 (d3Jyn = 6.3 Hz, 3H);13C NMR (75
MHz, CDCk) 6 172.6, 168.7, 134.2, 130.5, 129.0, 127.5, 59.6, 56.3,
52.3,40.3, 16.4; IR (KBr) 3217, 2932, 1752, 1454, 1208; MS (EI)
m/z 248 (M*, 100). Anal. Calcd for @H16N,03: C, 62.89; H, 6.50;

N, 11.28. Found C, 62.75; H, 6.52; N, 11.25.
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