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Straightforward Strategy for the Stereoselective Synthesis of Spiro-Fused
(C-5)Isoxazolino- or (C-3)Pyrazolino-(C-3)quinolin-2-ones from Baylis—
Hillman Adducts by 1,3-Dipolar Cycloaddition and Reductive Cyclization!*!
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A straightforward and general approach for the stereoselec-
tive synthesis of spiro-fused (C-5)isoxazolino- or (C-3)pyrazo-
lino-(C-3)quinolin-2-ones from the adducts offorded from the
Baylis-Hillman reaction of 2-nitrobenzaldehyde and ethyl
acrylate by sequential 1,3-dipolar cycloaddition and re-
ductive cyclization is presented. It was found that the re-
ductive cyclization of the isoxazoline derivatives proceeded
efficiently in the presence of In/HCI, whereas similar re-

ductions of pyrazolines gave better yields when carried out
in the presence of an Fe/AcOH mixture. However, similar
attempts employing the Baylis—Hillman adduct of 2-ni-
trobenzaldehyde and methyl vinyl ketone did not yield the
desired compounds.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2008)

Introduction

Applications of substituted quinolines are profound and
wide-ranging from pharmaceuticals and agrochemicals to
electronics. In order to meet the requirements of differently
substituted quinolines for various purposes, chemists have
been relentlessly developing new synthetic strategies for
their syntheses. These protocols may involve the discovery
of a new catalyst or condition for known reactions or the
use of novel substrates to engineer the synthesis of substi-
tuted quinolines in an innovative fashion or by robust well-
optimized procedures. Recently, we have assimilated all the
efforts reported during the last couple of years in the litera-
ture towards the synthesis of substituted quinolines and
quinoline-annulated ring systems.l'! Of several methodolo-
gies currently in use, the Baylis—Hillman-reaction-assisted
route for the synthesis of diverse substituted quinoline or
quinoline-annulated ring systems has received considerable
attention.l!2 A critical analysis of different strategies devel-
oped for the synthesis of substituted quinolines through
Baylis—Hillman chemistry revealed that the majority of
them involve the reductive cyclization of adducts of 2-ni-
trobenzaldehyde and acrylate or (cyclo)alkeneone as the key
step.”! In this context, we have disclosed general approaches
for the synthesis of 4-vinylquinolines, 2-amino-3-benzyl-
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quinolines, and 3-benzyl-2-quinolones from derivatives of
Baylis-Hillman adducts.®# In our continued interest to de-
velop facile and general routes to pharmacologically impor-
tant heterocyclic systems, which can be constructed from
the derivatives obtained from the Baylis—Hillman reaction,
we envisaged the synthesis of spiro-fused (C-5)isoxazolino-
and (C-3)pyrazolino-(C-3)quinolin-2-ones. In principle,
products afforded from the 1,3-dipolar cycloaddition of a
dipole to the methylene group of the adducts of the Baylis—
Hillman reaction of 2-nitrobenzaldehyde with acrylate,
upon reductive cyclization between the aromatic amino
group and the alkoxycarbonyl group, should lead to the
desired spiro-fused system.

Spirocyclic systems are of considerable importance owing
to their ubiquitous presence in several natural products and
pharmacologically active compounds.>-®! The recent litera-
ture reflects a renewed interest in the syntheses of different
spirocyclic molecules employing diverse approaches.l”! Due
to the propensity to deliver the o-anion equivalent of an
electron-deficient alkene, the Baylis—Hillman adducts or
their derivatives have already been demonstrated to be suit-
able starting materials for the synthesis of spiro-fused sys-
tems.®] In most of these endeavors the cycloaddition reac-
tion is the key step, which may be either conducted on the
Baylis—Hillman derivative or the exocyclic methylene group
of a heterocyclic system afforded from the Baylis—Hillman
adduct to produce the spiro system. A literature search re-
vealed that Yong et al. have reported the synthesis of 3’-
spirocyclic oxoindoles by a strategy that is analogous to the
one envisaged by us.[’! However, to the best of our knowl-
edge, only a few methods known to date describe the syn-
thesis of a spiro-fused quinoline core.l'” Therefore, we were
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inspired to explore the feasibility of our strategy. During
the present study, the 1,3-dipolar cycloadditions of nitrile
oxides or nitrile imines to the Baylis—Hillman adducts of 2-
nitrobenzaldehyde or substituted 2-nitrobenzaldehyde were
stereoselective, furnishing only the syn isomer. Further-
more, the reductive cyclization of the isoxazoline derivatives
to yield the spiro system was accomplished efficiently in the
presence of an In/HCI mixture. On the other hand, similar
reactions of pyrazoline derivatives proceeded better in the
presence of an Fe/AcOH mixture but took a longer time to
complete. The details of these results are presented in this

paper.

Results and Discussion

Synthesis of Spiro-Fused 4'-Hydroxy-(C-5)isoxazolino-
(C-3)quinolin-2-ones

Our synthesis commenced with the Baylis—Hillman reac-
tion of 2-nitrobenzaldehyde and ethyl acrylate to deliver ad-
duct 1. The 1,3-dipolar cycloaddition of several nitrile ox-
ides, which were generated in situ from the corresponding

R (\:[CHO OH o
Z>No, ~ coet "y ©
+ | R—! Rt 1l
o Z>No, 60-91%
Hkoa 1R=H aR'=Ph
| 2R=34-OMe);  bR'=2F-CeH,
¢ R'=4-CI-CgH,4

OH
COgEt dR'=
BN
cﬁi -
No\( 55 79%

3, 4a-d

4-Me- CGH4

5,Ga-d
Compd. R R

3a,5a H Ph

3b,5b H 2-F-CgHa
3c5¢c H 4-CI-CgH,
3d5d H 4-Me-CgHy
4a6a  3,4-(OMe), Ph

4b,6b  3,4-(OMe), 2-F-CgHg4
4c,6c  3,4-(OMe), 4-CI-CgH,
4d,6d  3,4-(OMe), 4-Me-CgHy4

Scheme 1. Reagents and conditions: (i) DABCO, neat, room temp.,
10-24 h; (ii) EtsN, anhydrous diethyl ether, —78 °C to room temp.,
3 h; (iii) In/HCI, 70 °C, THF/H,O (3:2), 5-7 min.
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hydroximoyl chlorides, led to the corresponding substituted
2-isoxazolines 3a—d (Scheme 1). It has been reported that
such 1,3-dipolar additions of nitrile oxides to allylic
alcohols are diastereoselective in favor of the syn isomer,!'!]
but we observed that the addition yielded exclusively the
syn isomer of 3, as evident from the NMR analysis. The
NOE between the CH, signal at 6 = 3.7 ppm and the ben-
zylic proton signal at 6 = 6.07 ppm in the NOESY spectrum
of 3c indicated the stereochemical assignment of these
products. On the basis of literature precedence, we pre-
sumed that a transition state, as shown in Figure 1, may
exist owing to the hydrogen bonding between the nitrile ox-
ide and the hydroxy group of the Baylis—Hillman adduct.
This transition state favors the formation of the syn isomer.
In order to investigate the generality of this phenomenon,
adduct 2, afforded from the Baylis—Hillman reaction be-
tween 4,5-dimethoxy-2-nitrobenzaldehyde and ethyl acry-
late, was also subjected to 1,3-dipolar cycloadditions with
nitrile oxide. This resulted in the formation of 4a—d having
syn stereochemistry, as evident from the spectral assign-
ments. With the desired isoxazoline derivatives 3a—d,4a—d in
hand, we next investigated the reductive cyclization of these
compounds. It is noteworthy that reductive cyclizations in-
volving aromatic nitro groups in Baylis—Hillman derivatives
have been executed previously with a variety of reducing
agents such as In/HCI, Fe/AcOH, and SnCl,-2H,0.”l Ad-
ditionally, in view of our earlier observation that a substi-
tuted 2-isoxazoline carrying a nitro-substituted phenyl
group did not undergo ring cleavage under catalytic hydro-
genation,[!?] the option of performing reductive cyclizations
through catalytic hydrogenation was also available to us. In
an attempt to discover efficient conditions that could be
applied to all substrates, the aforementioned reagents were
screened in reductive cyclizations on model substrate 3a. As
evident from the results summarized in Table 1, the reaction
performed in the presence of In/HCI at 70 °C under aque-
ous condition was clean and provided the best yield of the
desired spiro-fused 4'-hydroxy-(C-5)isoxazolino-(C-3)quin-
olin-2-one in a short period of time. If the same reaction
was conducted at room temperature, the reaction was com-
pleted within 10 min and yielded a mixture of products,
from which 45% of 5a was recovered (Table 1, Entry 1).
Surprisingly, if HCI was added to the reaction mixture at
0 °C, and then heated at reflux, the reaction did not go to
completion, even if the mixture was refluxed for more than
12 h (Table 1, Entry 3). An Fe/AcOH mixture was unsuit-

Table 1. Result of the optimization study of reductive cyclization under different conditions with model substrate 3a.

Entry Reagent and conditions Yield [%] of 5a
1 In (4.0 equiv.) + HCI (6.0 equiv.), THF/H,O, room temp., 10 min 45 + unidentified side products
2 In (4.0 equiv.) + HCI (6.0 equiv.), THF/H,O, 70 °C, 7 min 64
3 In (4.0 equiv.) + HCI (6.0 equiv.), THF/H,O, HCI added at 0 °C, 33 + starting material + side products
then reflux for 1.5h
4 Fe (6.0 equiv.) + AcOH, 120 °C, N, 1.5h nil (reaction was completed, but TLC analysis showed
several spots)
5 SnCl,-2H,0 (6.0 equiv., anhydrous MeOH, 80 °C, 3.0 h) 31 + other unidentified products
6 Pd/C (10%), MeOH, 40 psi, 3.0 h 27 + other unidentified products
7 Zn (1.5 equiv.) + HCO,NH,, anhydrous MeOH, room temp., 12.0 h  mixture of products
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able for this reaction, since only a polymeric material was
obtained. The SnCl,-2H,0 and Pd/C reagents successfully
produced the desired product 5a, albeit in lower yields than
the In/HCl-mediated reaction. Gratifyingly, the relative ste-
reochemistry of the product was unaltered during the re-
ductive cyclization to provide the product with syn geome-
try only. As a result, compounds 3b-d,4a-d were also
treated with In/HCI at reflux to furnish the corresponding
spiro-fused  4'-hydroxy-(C-5)isoxazolino-(C-3)quinolin-2-
ones 5b-d,6a—d in good yields.

Figure 1. Hydrogen-bonded transition state favoring the formation
of the syn isomer.

Synthesis of Spiro-Fused (C-3)Pyrazolino-4'-hydroxy-
(C-3)quinolin-2-ones

In order to diversify the scope of the strategy, we envis-
aged the synthesis of (C-3)pyrazolino-4’-hydroxy-(C-3)-
quinolin-2-ones by carrying out similar 1,3-dipolar cycload-
ditions employing nitrile imines on 1-2, followed by re-
ductive cyclization. Accordingly, the hydrazonyl chlorides
required for the in situ generation of nitrile imines were
prepared by the reaction of N-chlorosuccinimide with hy-
drazones, which were afforded by the treatment of phenyl-
hydrazine with several benzaldehydes. Since the hydrazonyl
chlorides were highly corrosive (skin irritant), they were uti-
lized without purification or spectral analysis. Unlike the
dipolar cycloadditions with nitrile oxides, which were com-
plete in 3-4 h, the cycloadditions with nitrile imines took
almost 5 d to go to completion (Scheme 2). With the objec-
tive to expedite the reaction, several solvents were screened
with 1d as a model substrate with one of the nitrile imines
(R! = 4-Me-C¢H,). The results of this study are summa-
rized in Table 2.

Although the best isolated yields were obtained in anhy-
drous benzene, we observed that the reaction proceeded
sluggishly, and the yields were low irrespective of solvent.
This may be attributed to the choice of base used for the
generation of the nitrile imine.'3 Nevertheless, similar to
the cycloadditions with the nitrile oxides, this reaction also
resulted in a single product. However, the mass spectrum
of this product distinctly displayed an [M + 34]* peak (vide
infra). A review of the literature revealed that during the
preparation of a hydrazonyl bromide with N-bromosuc-
cinimide, Reinov et al.l'¥ reported that regioselective bromi-
nation took place at the 4-position of the phenyl ring de-
rived from phenylhydrazine. Indeed, the formation of a side
product reported by these workers during the synthesis of
a pyrazoline with an N-hydrazonyl bromide as the source
of nitrile imine was attributed to this reaction. However, we
5448
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Scheme 2. Reagents and conditions: (i) CsHg, room temp. to reflux,
2-15 min; (it) NCS, DMF, room temp., 30 min to 1 h; (iii) Et;N,
anhydrous C¢Hg, reflux, 5 d; (iv) Fe/AcOH, reflux, 3 h.

Table 2. Results of solvent screening for expediting the formation
of pyrazoline with model substrate 1d.

Solvent and conditions

Yield [%o] of 7d

1 anhydrous CgHg, Et3N, reflux for 5d

2 anhydrous 1,4-dioxane, Et;N, reflux for 5d
3 anhydrous CH,Cl,, reflux for 5d

4 anhydrous diethyl ether, reflux for 6 d

5 anhydrous toluene, reflux for 5 d

36, reaction complete
27, reaction complete
25, reaction incomplete
32, reaction complete
31, reaction complete

© 2008 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

isolated only a single product, which was established as 7d.
A careful NMR analysis ascertained that one of the phenyl
rings was substituted at the 4-position. In order to examine
whether this was a general trend for this series of com-
pounds, 1 and 2 were treated with several nitrile imines to
yield 7a—c,e,.8a in moderate yields only. The mass spectra
of all products displayed an [M + 34]" peak. A possible
explanation for the larger than expected mass was that the
generation of the hydrazonyl chloride by N-chlorosuc-
cinimide involved the regiospecific chlorination of the
phenyl ring derived from phenylhydrazine. These com-
pounds (7a—e,8a) were then subjected to reductive cycliza-
tion. Contrary to the reductive cyclization of substituted 2-
isoxazoline derivatives, we observed that the reductive cycli-
zation of 7d with In/HCI was not clean. Chromatographic
purification of the crude product furnished the desired com-
pound in 55% yield only. In view of this result, we em-
ployed an Fe/AcOH mixture to carry out the reductive cy-
clization of 7d. To our delight, heating at reflux provided a
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clean reaction and furnished the required spiro-fused (C-3)-
pyrazolino-4'-hydroxy-(C-3)quinolin-2-one derivative 9d in
73% vyield. This reagent worked well for other substrates
(7a—c,e,8a) to furnish the corresponding spiro-fused systems
9a—c,e,10a in 71-96% yields. In order to provide additional
evidence for an 4-chloro-N-phenyl group by X-ray crystal-
lography, we attempted to prepare crystals of these analogs.
However, we failed to achieve the desired objective due to
the poor solubility of these analogs in different organic sol-
vents.

Synthesis of Spiro-Fused (C-3)Pyrazolino-(C-3)pyrolidin-2-
ones

We recently reported the synthesis of the spiro-fused (C-5)-
isoxazolino-(C-3)pyridine-2-ones from 3-methylene-2-pyr-
idone, the structure and relative stereochemistry of which
were unambiguously established on the basis of X-ray crys-
tallographic analysis.®¥ In principle, the nitrile imine, gen-
erated through the above-described protocol, upon reaction
with 3-methylene-2-pyridone, should furnish the spiro-fused
pyrazoline-2-pyridone unit. A crystallographic analysis of
such a system would provide evidence for the regiospecific
chlorination of the phenyl ring derived from phenylhydraz-
ine during the formation of the hydrazonyl chloride with
N-chlorosuccinimide. Consequently, 3-methylene-2-pyr-
idones (11-14,15) were generated as reported and treated
with several nitrile imines, resulting in the formation of
16a-d,17a-d.18a-d,19a-d,20a—c (Scheme 3). Like the 1,3-
dipolar cycloaddition reactions of nitrile imines with
Baylis—Hillman adducts, these reactions were also slow and
produced only moderate yields. Nevertheless, the strategy
was general in nature. The attempted crystallization of sev-
eral analogs resulted in crystals for 17d and 19¢, which were
finally subjected to X-ray crystallographic analysis.['4-1°]
The results of this analysis provided unambiguous evidence
that the phenyl ring originating from phenylhydrazine was
regiospecifically chlorinated at the 4-position (Figures 2
and 3). Additionally, the X-ray structure also made it evi-
dent that the 2-pyridone and pyrazoline rings were perpen-
dicular to each other in the spiro-fused (C-3)pyrazolino-(C-
3)pyrolidin-2-ones, demonstrating that the addition of the
nitrile imine to the 3-methylene-2-pyridone was diastereo-
selective.

European Journal
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Figure 2. ORTEP structure of 17d. The ellipsoids are drawn at a
probability level of 20%.

Figure 3. ORTEP structure of 19¢ with a molecule of chloroform.
The ellipsoids are drawn at a probability level of 20 %.

Synthesis of Spiro-Fused (C-5)Isoxazolino-4'-hydro-(C-3)-
quinolin-2-ones

With a focus to further enhance the scope of this strat-
egy, we decided to perform similar syntheses employing 27—
29 as substrates, which, in turn, could be readily synthesized
from the NaBH,-mediated Sy2'-Sn2' displacement reac-

R _cl
|
o N\ -
7 NH [
R NH —
+ 34-65%
R o)
_ - Cl 16a-d R = Ph, R'= OE
11 R = Ph, R'= OEt 2 R2= Ph 6a-d » R'= OEt

12 R = 2-F-C4H,, R'= OEt
13 R = 4-Cl-C¢H,, R'= OEt

15 R = 4-Me-CgH,, R'= Me

Scheme 3. Reagents and conditions: (i) Anhydrous C¢Hs, reflux, 5 d.
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b R2= 2-F-C4H,

¢ R?=4-Cl-CgH,
14 R = 2,6-ClyCeHs, R'= Ot g R2= 4-Me-G,
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17a-d 2-F-CgH,, R'= OEt
18a-d 4-CI-C¢H,, R'= OEt
19a-d 2,6-Cl,-CoHs, R'= OEt
He' 20a-c R = 4-Me-CoH,, R'= Me
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tion of Baylis—Hillman acetates 24-26 in the presence of
DABCO in an aqueous medium.! Accordingly, 27-29 were
prepared, and their 1,3-dipolar cycloaddition to different
nitrile oxides was conducted to obtain the corresponding
substituted 2-isoxazolines 30a—-d,31a-d,32a-d in good yields
(Scheme 4). The reductive cyclization of 30a-d,31a-d,32a—
d in the presence of In/HCI resulted in the synthesis of
spiro-fused (C-5)isoxazolino-4'-hydro-(C-3)quinolin-2-ones
33a-d,34a-d,35a-d in 50-77% yields and in short reaction
times. The spectral analysis confirmed the assigned struc-
ture for these compounds.

4-OCH,0-
C
N COMe B CO,Me
R+ i R+ _
Z>No, NO,
27-29 aR'=Ph 24-26
o [rieNOM bR = 2-F-CeH,
73.97% © CR!=4CLCeH,
dR"=4-Me-CgH,
-N
Me
2 x \ R1
o T
T50-77% = N0
30-32a-d 33-35a-d

21,24,27,30,33R=H
22,25,28,31,34 R = 3,4-(OMe),
23,26,29,32,35 R = 3,4-OCH,0

Scheme 4. Reagents and conditions: (i) DABCO, neat, room temp.,
10-36 h; (ii)) AcCl, pyridine, anhydrous CH>Cl,, 0 °C to room
temp., 2-3 h; (iii) DABCO, THF/H-O, room temp., 15 min, then
NaBH,, room temp., 5min; (iv) Et;N, anhydrous diethyl ether,
—~78 °C to room temp., 3-4 h; (v) In/HCI, 70 °C, 5-7 min.

R CI
COzMe
© T37-41% o
36a,c-e
a R1 Ph ii| 71-94%
¢ R'=4-Cl-CgH, cl
d R'=4-Me-CgHy4
e R' = 2-thienyl

37a,c-e

Scheme 5. Reagents and conditions: (a) Et;N, C¢Hg, reflux, 5 d; (b)
Fe/AcOH, reflux, 3 h.
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Synthesis of Spiro-Fused (C-3)Pyrazolino-4'-hydro-(C-3)-
quinolin-2-ones

Having achieved the synthesis of isoxazolino-fused spiro-
tetrahydroquinolines, we turned our attention to similar re-
actions of 27 with nitrile imines. The 1,3-dipolar cycload-
dition of different nitrile imines to 27 resulted in the forma-
tion of pyrazolines 36a,c—e (Scheme 5). As expected, the
phenyl group originating from the hydrazine contained a
chloro group at the 4-position for these analogs, too. Treat-
ment of these pyrazolines with Fe/AcOH at reflux furnished
the expected spiro-fused systems 37a,c—e in 71-94% yields.

Attempted Synthesis of Spiro-Fused (C-5)Isoxazolino-4'-
hydroxy-2-methyl-(C-3)quinolines

The reductive cyclization between an amino group and a
keto moiety is more facile than that between an amino and
an ester group.l? Therefore, we envisaged that the 1,3-di-
polar cycloaddition of a dipole to the Baylis—Hillman ad-
duct of 2-nitrobenzaldehyde and methyl vinyl ketone, fol-
lowed by a reductive cyclization, should lead to spiro-fused
2-methylquinolines. Consequently, Baylis—Hillman adduct
38 was prepared by a reaction between 2-nitrobenzaldehyde
and methyl vinyl ketone. The 1,3-dipolar cycloaddition of
different nitrile oxides to 38 led to the formation of 39a—
d. Unlike the cycloaddition reaction of the acrylate-based
Baylis—Hillman derivatives, the reaction was stereoselective
for the syn isomer, but a minor amount of the anti isomer
was also formed, as evident from the NMR analysis. How-
ever, attempts to separate the two isomers by silica gel col-
umn chromatography did not give the desired results. Nev-
ertheless, 39a-d were subjected to reductive cyclization in
the presence of In/HCI. Interestingly, substrate 39a yielded
two products, while all other substrates (39b-d) furnished a
single product. Careful analysis of the spectroscopic data of
the common product afforded by all the substrates led to
the assignment of its structure as 40a—d. The presence of a
singlet signal for the aromatic proton indicated that the hy-
droxy group present at the 4-position of the quinoline nu-
cleus was lost during the reductive cyclization. However, the
second product isolated for 39a was established as 41a. We
presumed that after the reductive cyclization, the isoxaz-
oline ring of the generated spiro-fused (C-5)isoxazolino-4'-
hydroxy-2-methyl-(C-3)quinoline underwent ring cleavage
to produce an unstable intermediate, which dehydrated to
produce oxime 40. In the presence of HCI, the oxime may
have been transformed into 4la. In order to ascertain
whether or not 41a was derived from 40a, 40a was treated
with 35% aqueous HCI at reflux temperature. The reaction
was completed in 1 h to give the product, which was iden-
tical to 41a in all respects. In the light of this observation,
we desired to examine whether such transformations are
limited to 40a or if other substrates undergo similar trans-
formations. Consequently, 40c was heated with 35% aque-
ous HCI in aqueous THF and, to our satisfaction, the cor-
responding product 41¢ was formed in 1 h. Furthermore,
we envisaged that the treatment of 41 with hydroxylamine
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hydrochloride should result in the formation of 40. Thus,
the reaction of 41a,c with hydroxylamine hydrochloride in
methanol at reflux furnished the expected products 40a,c,
respectively (Scheme 6). This transformation provided ad-
ditional evidence that products 40a—-d were oximes. In con-
trast, the 1,3-dipolar cycloadditions of nitrile imines with
38 were unsuccessful, leading to a mixture of unidentified
products.

OH
CHO OH O NYC| OH COMe
i R1ii
+ NO; —— — 0
65-72% =
0 NO, _ o ote NO, P
38 aR'=Ph R
| bR"=2-F-CgHs; 39a-d
¢ R'=4-CI-CgH,

d R"=4-Me-CgH,

R1

40a-d (52 67%) 41a c (14%)
iv |

v

Scheme 6. Reagents and conditions: (i) DABCO, neat, 0°C,
10 min; (ii) Et3N, anhydrous diethyl ether, —78 °C to room temp.,
3 h; (ii1) In/HCI, 70 °C, 5-7 min; (iv) 35% aqueous HCI, THF/H,0,
reflux, 1 h; (v) NH,OH-HCI, NaOAc, MeOH, reflux, 1 h.

Conclusions

We have disclosed a straightforward and general ap-
proachforthediastereoselectivesynthesisof spiro-fused (C-5)-
isoxazolino- or (C-3)pyrazolino-(C-3)quinolin-2-ones!”!
from the Baylis—Hillman adducts of 2-nitobenzaldehyde by
sequential 1,3-dipolar cycloaddition and reductive cycliza-
tion. This synthetic achievement involves simple steps and
the use of readily available starting materials. Furthermore,
in our hands, the N-chlorosuccinimide-mediated synthesis
of hydrazonyl chlorides invariably led to the regioselective
chlorination of the phenyl ring derived from phenyl hydraz-
ine. The synthesis of spiro-fused (C-3)pyrazolino-(C-3)pyr-
idin-2-ones accomplished during this study was stereo- and
regioselective and illustrated that regioselective chlorination
of the phenyl ring of the hydrazine unit occurred. The de-
tailed work encompassed herein illustrates the scope and
limitations of the strategy.

Experimental Section

General: Melting points are uncorrected and were determined in
capillary tubes with a precision melting point apparatus containing
silicon oil. IR spectra were recorded with a Perkin—Elmer Spectrum
RX I FTIR spectrophotometer. 'H and '*C NMR spectra were re-
corded with either a Bruker DPX-200 FT or a Bruker Avance
DRX-300 spectrometer with TMS as an internal standard (chemi-
cal shifts in J). The '3C NMR spectra of 2-fluorophenyl derivatives
display additional signals due to the C-F couplings. As 37¢ was
only partially soluble in [Dg]DMSO, its '*C NMR spectrum could
not be recorded. The ES and FAB mass spectra were recorded with
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a MICROMASS Quadro-II LCMS or a JEOL SX/102/DA 6000
system. The HR mass spectra were recorded in the EI mode with
a JEOL system or as DART-HR (in the ES+ mode) with a JEOL-
AccuTOF JMS-T100LC mass spectrometer with a DART (Direct
Analysis in Real Time) source. Elemental analyses were performed
with a Carlo Erba 108 or an Elementar Vario EL III microanalyzer.

General Procedure for the Synthesis of 3a-d, 4a-d, 30a-d, 32a—d,
and 39a-d, as Exemplified for 3a: To a stirred solution of 1a (1.0 g,
3.98 mmol) and N-hydroxybenzenecarboximidoyl chloride (0.926 g,
5.98 mmol) in anhydrous diethyl ether (15 mL) was added dropwise
a solution of Et;N (0.83 mL, 5.98 mmol) in anhydrous diethyl ether
(5mL) at 78 °C. The reaction was allowed to continue at room
temperature for 3 h. The reaction mixture was then quenched with
water (30 mL), and the ethereal layer was separated. The aqueous
layer was again extracted with EtOAc (2 X20 mL). The combined
organic layers were dried with anhydrous Na,SO,4 and concentrated
to yield a crude oily residue. The crude product was then purified
by column chromatography on silica gel (60-120 mesh) with hex-
ane/ethyl acetate (90:10, v/v) as the eluent to afford 1.24 g (85%)
of 3a as a white solid.

Ethyl 5-[Hydroxy(2-nitrophenyl)methyl]-3-phenyl-4,5-dihydroisox-
azole-5-carboxylate (3a): M.p. 139-142 °C. Ry = 0.32 (70:30, hex-
ane/EtOAc). IR (KBr): ¥ = 1734 (CO-Et), 3438 (OH) cm!. 'H
NMR (300 MHz, CDCl;): 6 = 1.26 (t, J = 7.1 Hz, 3 H, OCH,CHs),
338 (d, J=5.7Hz, 1 H, CHOH), 3.68 (d, / = 0.8 Hz, 2 H, CH,),
421 (q, J = 7.1 Hz, 2 H, OCH,CHs), 6.07 (d, J = 5.7Hz, 1 H,
CHOH), 7.35-7.45 (m, 3 H, ArH), 7.48-7.51 (m, 1 H, ArH), 7.58—
7.63 (m, 2 H, ArH), 7.67 (d, J/ = 7.6 Hz, 1 H, ArH), 7.89-7.93 (m,
2 H, ArH) ppm. 3*C NMR (75 MHz, CDCls): 6 = 14.0, 40.5, 62.8,
69.3, 91.5, 124.6, 127.0, 127.7, 128.4, 128.9, 129.4, 129.5, 130.2,
130.7, 132.7, 133.3, 149.3, 157.0, 170.8 ppm. MS (ES*): m/z (%) =
371.0 (80) [M + HJ]*. C;oHsN,O¢ (exact mass: 370.1165): calcd. C
61.62, H 4.90, N 7.56; found C 61.46, H 5.07, N 7.51.

Ethyl 5-[(3,4-Dimethoxy-2-nitrophenyl)(hydroxy)methyl]-3-phenyl-
4,5-dihydroisoxazole-5-carboxylate (4a): Yield 73% (0.727 g from
0.725 g) as a white solid, m.p. 100-101 °C. R; = 0.25 (70:30, hexane/
EtOAc). IR (KBr): ¥ = 1738 (CO,Et), 3519 (OH) cm™!. '"H NMR
(300 MHz, CDCl;): 6 = 1.32 (t, J = 7.1 Hz, 3 H, OCH,CH3), 3.28
(d, J = 52Hz, | H, CHOH), 3.51 (d, J = 17.5Hz, | H, CHH),
3.64 (d, J = 17.5Hz, 1 H, CHH), 3.92 (s, 3 H, OCH3), 4.00 (s, 3
H, OCH,), 4.27 (q, J = 7.1 Hz, 2 H, OCH,CH,;), 6.24 (d, J =
5.2 Hz, 1 H, CHOH), 7.36-7.40 (m, 3 H, ArH), 7.44 (s, 1 H, ArH),
7.51-7.56 (m, 3 H, ArH) ppm. *C NMR (75 MHz, CDCl5): § =
14.1, 41.0, 56.4, 56.8, 62.8, 69.2, 91.5, 107.5, 111.5, 126.9, 127.0,
127.7, 128.4, 128.8, 128.9, 130.7, 141.6, 148.7, 153.3, 156.8,
171.3 ppm. MS (ES*): m/z (%) = 430.8 (45) [M + H]". C,;H»,N,Og
(exact mass: 430.1376): calcd. C 58.60, H 5.15, N 6.51; found C
58.37, H 5.27, N 6.47.

Methyl 5-(2-Nitrobenzyl)-3-phenyl-4,5-dihydroisoxazole-5-carboxyl-
ate (30a): Yield 91% (0.85 g from 0.62 g) as a white solid, m.p. 98—
99 °C. Ry = 0.37 (80:20, hexane/EtOAc). IR (KBr): v = 1754
(CO,Me) cm™'. '"H NMR (300 MHz, CDCl;): 6 = 3.28 (d, J =
174 Hz, 1 H, CHH), 3.68 (d, J/ = 14.5Hz, | H, CHH), 3.74 (d, J
=14.5Hz 1 H, CHH), 3.76 (s, 3 H, CO,CH3), 3.84 (d, J = 17.4 Hz,
1 H, CHH), 7.36-7.42 (m, 4 H, ArH), 7.50-7.63 (m, 4 H, ArH),
7.88 (d, J = 8.1 Hz, 1 H, ArH) ppm. '3C NMR (75 MHz, CDCls):
0 =1372,4209, 53.3, 88.6, 124.8, 126.9, 127.7, 128.6, 128.8, 128.9,
129.4, 130.2, 130.6, 132.9, 133.8, 150.6, 156.9, 171.6 ppm. MS
(ES™): m/z (%) = 341.0 (100) [M + H]". C;sH(N,Os (exact mass:
340.1059): calcd. C 63.52, H 4.74, N 8.23; found C 63.38, H 4.56,
N 8.02.
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Methyl 5-(3,4-Dimethoxy-2-nitrobenzyl)-3-phenyl-4,5-dihydroisox-
azole-5-carboxylate (31a): Yield 91% (1.36 g from 1.0 g) as a white
solid, m.p. 129-131 °C. Ry = 0.37 (70:30, hexane/EtOAc). IR (KBr):
v = 1738 (CO,Me) cm™!. 'TH NMR (300 MHz, CDCls): 6 = 3.24
(d,J=174Hz 1H, CHH),3.65(d, J=14.6 Hz, 1 H, CHH), 3.79
(s, 3 H, CO,CHj;), 3.81 (d, J = 14.6 Hz, 1 H, CHH), 3.87 (d, J =
174 Hz, 1 H, CHH), 3.91 (s, 3 H, OCH3;), 3.96 (s, 3 H, OCH,),
7.06 (s, 1 H, ArH), 7.33-7.44 (m, 3 H, ArH), 7.52 (s, 1 H, ArH),
7.56-7.59 (m, 2 H, ArH) ppm. '3C NMR (75 MHz, CDCly): 6 =
37.1, 42.2, 53.3, 56.4, 56.7, 89.0, 108.0, 115.1, 124.4, 126.9, 127.0,
128.8, 128.9, 130.5, 130.6, 142.6, 148.2, 152.8, 157.3, 171.7 ppm.
MS (ES*): m/z (%) = 401.1 (100) [M + HJ*. Cy0H»N,O (exact
mass: 400.1271): caled. C 60.00, H 5.03, N 7.00; found C 59.79, H
5.21, N 7.10.

Methyl 5-|(6-Nitrobenzo|d][1,3]dioxol-5-yl)methyl|-3-phenyl-4,5-di-
hydroisoxazole-5-carboxylate (32a): Yield 96% (0.73 g from 0.50 g)
as a light yellow solid, m.p. 133-135 °C. R; = 0.30 (70:30, hexane/
EtOAc). IR (KBr): ¥ = 1734 (CO,Me) cm . '"H NMR (300 MHz,
CDCl3): 0=3.25(d, J=17.4 Hz, | H, CHH), 3.63 (d, J = 14.6 Hz,
1 H, CHH), 3.70 (d, J = 14.6Hz, 1 H, CHH), 3.78 (s, 3 H,
CO,CH;), 3.85(d, J = 17.4 Hz, 1| H,CHH), 6.08 (d, J = 3.2 Hz, 2
H, OCH,0), 7.02 (s, 1 H, ArH), 7.37-7.51 (m, 4 H, ArH), 7.59 (t,
J = 5.5Hz, 2 H, ArH) ppm. 3C NMR (75 MHz, CDCl): 6 =
37.4,42.5,53.3, 88.8,103.1, 105.6, 112.5, 126.3, 126.9, 127.7, 128.7,
129.0, 130.2, 130.7, 144.4, 147.5, 151.6, 157.2, 171.6 ppm. MS
(ES™): mlz (%) = 401.9 (60) [M + H]*. C;oH(N,O; (exact mass:
400.1271): caled. C 59.38, H 4.20, N 7.29; found C 59.27, H 4.01,
N 7.39.

1-{5-[Hydroxy(2-nitrophenyl)methyl]-3-phenyl-4,5-dihydroisoxazol-
5-yl}ethanone (39a): Yield 68% (1.10 g from 1.05 g) as a white solid,
m.p. 113-115°C. Ry = 0.35 (80:20, hexane/EtOAc). IR (KBr): v =
1719 (COCH3), 3424 (OH) cm™!. '"H NMR (300 MHz, CDCl5): 6
=235, 3 H, COCH3), 3.30 (d, J = 5.6 Hz, 1 H, OH), 3.41 (d, J
=17.6 Hz, 1 H, CHH), 3.58 (d, J = 17.6 Hz, 1 H, CHH), 6.02 (d,
J=52Hz, | H, CHOH), 7.35-7.41 (m, 2 H, ArH), 7.46-7.51 (m,
2 H, ArH), 7.56-7.59 (m, 2 H, ArH), 7.65-7.70 (m, 1 H, ArH),
7.93-7.96 (m, 2 H, ArH) ppm. 3C NMR (75 MHz, CDCl,): § =
27.8,40.5, 69.3,96.2, 124.6, 126.9, 127.0, 128.3, 128.8, 128.9, 129.4,
129.7, 130.9, 133.1, 133.6, 148.7, 157.5, 211.4 ppm. MS (ES™*): m/z
(%) = 341.0 (70) [M + HJ*. C;gH¢N-Os5 (exact mass: 340.1059):
caled. C 63.52, H 4.74, N 8.23; found C 63.37, H 4.92, N 8.15.

General Procedure for the Synthesis of 7a—e, 8a, 36a,c—e, 16a—d,
19a-d, and 20a—c, as Exemplified for 7d: To a stirred solution of 1d
(0.20 g, 0.80 mmol) and N-(4-chlorophenyl)-4-methylbenzenecar-
bohydrazonoyl chloride (0.67 g, 2.40 mmol) in anhydrous benzene
(15 mL) was added Et;N (0.33 mL, 2.40 mmol) at room tempera-
ture whilst stirring. The reaction mixture was then refluxed at 80 °C
for 5 d. After completion of the reaction, as evident by TLC analy-
sis, the reaction was quenched with water (50 mL), and the re-
sulting mixture was partitioned in a separating funnel. The aqueous
layer was separated and further extracted with EtOAc (3 X 40 mL).
The organic layers were pooled, washed with brine (50 mL), dried
with anhydrous Na,SO,, and concentrated in vacuo to afford an
oily residue, which was purified by silica gel (60—120 mesh) column
chromatography. Elution with hexane/EtOAc (95:5, v/v) furnished
0.14 g (36%) of 7d as a yellow solid.

Ethyl 1-(4-Chlorophenyl)-5-[hydroxy(2-nitrophenyl)methyl]-3-(4-
methylphenyl)-4,5-dihydro-1H-pyrazole-5-carboxylate (7d): M.p.
159-161 °C. Ry = 0.70 (80:20, hexane/EtOAc). IR (KBr): v = 1736
(CO5Et) cm™. 'TH NMR (300 MHz, CDCl3): 6 = 0.95 (t, J =
7.1Hz, 3 H, OCH,CH;), 2.37 (s, 3 H, ArCHj;), 323 (s, 1 H,
CHOH), 3.51 (d, J =174 Hz, 1 H, CHH), 3.88 (d, / = 17.4 Hz, 1
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H, CHH), 398 (q, / = 7.1 Hz, 2 H, OCH,CHs), 6.43 (s, 1 H,
CHOH), 7.17 (d, J = 7.4 Hz, 2 H, ArH), 7.25-7.26 (m, 4 H, ArH),
7.35-7.45 (m, 2 H, ArH), 7.51 (d, J = 7.4 Hz, 2 H, ArH), 7.86-788
(m, 2 H, ArH) ppm. 13C NMR (75 MHz, CDCls): § = 13.7, 21.6,
41.9, 62.5, 67.4, 119.0, 124.6, 126.1, 127.0, 128.9, 129.2, 1294,
130.0, 133.0, 139.7, 143.0, 148.6, 149.4, 171.1 ppm. MS (ES*): m/z
(%) = 494.2 (100) [M + HJ*, 496.2 (33) [M + 3]". CysH»4CIN;O5
(exact mass: 493.1404): calcd. C 63.22, H 4.90, N 8.51; found C
62.96, H 4.74, N 8.36.

Ethyl 1-(4-Chlorophenyl)-5-[(4,5-dimethoxy-2-nitrophenyl)(hydroxy)-
methyl]-3-phenyl-4,5-dihydro-1 H-pyrazole-5-carboxylate (8a): Yield
51% (0.44 g from 0.50 g) as a pale yellow solid, m.p. 107-108 °C.
Ry = 0.80 (80:20, hexane/EtOAc). IR (KBr): ¥ = 1724 (CO,EY)
cml. TH NMR (300 MHz, CDCl;): 6 = 1.04 (t, J = 7.1 Hz, 3 H,
OCH,CH;), 3.37 (s, J = 408Hz, 1 H, CHOH), 3.52 (d, J =
17.5Hz, 1 H, CHH), 3.74 (d, J = 17.5Hz, 1 H, CHH), 3.88 (q, J
= 7.1 Hz, 2 H, OCH,CHj;), 6.57 (s, 1 H, CHOH), 7.24-7.28 (m, 3
H, ArH), 7.32-7.36 (m, 3 H, ArH), 7.44-7.48 (m, 3 H, ArH), 7.52—
7.55 (m, 2 H, ArH) ppm. 3C NMR (75 MHz, CDCls): § = 13.9,
42.8, 56.3, 56.4, 62.7, 68.2, 107.6, 111.9, 117.1, 118.0, 125.9, 126.0,
128.7, 128.8, 129.0, 129.3, 131.4, 141.3, 142.9, 147.2, 148.5, 153.0,
171.8 ppm. MS (ES*): m/z (%) = 540.0 (100) [M + HJ".
C,7H,6CIN;O7 (exact mass: 539.1459): caled. C 60.06, H 4.85, N
7.78; found C 59.84, H 4.72, N 7.89.

Methyl 1-(4-Chlorophenyl)-5-(2-nitrobenzyl)-3-phenyl-4,5-dihydro-
1H-pyrazole-5-carboxylate (36a): Yield 36% (0.37 g from 0.50 g) as
a pale yellow solid, m.p. 143-145°C. R; = 0.75 (80:20, hexane/
EtOAc). IR (KBr): ¥ = 1735 (CO,Me) cm . 'TH NMR (300 MHz,
CDCl;): 6=3.37(d, J=17.6 Hz, 1 H, CHH), 3.58 (d, J = 17.6 Hz,
1 H, CHH), 3.66 (d, J = 147Hz, 1 H, CHH), 3.74 (s, 3 H,
CO,Me), 4.00 (d, J = 14.7Hz, 1 H, CHH), 7.07-7.10 (m, 1 H,
ArH), 7.16 (d, J = 7.7Hz, 1 H, ArH), 7.25-7.28 (m, 6 H, ArH),
7.30-7.31 (m, 1 H, ArH), 7.34-7.37 (m, 1 H, ArH), 7.39-7.42 (m,
2 H, ArH), 7.72-7.76 (m, 1 H, ArH) ppm. '3C NMR (75 MHz,
CDCls): 0 = 32.8, 44.3, 53.6, 72.3, 114.2, 115.2, 124.7, 125.4, 127.0,
128.5, 128.9, 129.4, 129.6, 129.9, 132.7, 133.6, 135.0, 141.6, 145.7,
151.1, 172.8 ppm. MS (ES*): m/z (%) = 450.1 (50) [M + H]".
Cy4H5CIN;O4 (exact mass: 449.1142): caled. C 64.07, H 4.48, N
9.34; found C 63.90, H 4.56, N 9.21.

Ethyl 1-(4-Chlorophenyl)-8-methyl-6-0x0-3,10-diphenyl-1,2,7-triaza-
spiro[4.5]deca-2,8-diene-9-carboxylate (16a): Yield 47% (0.09 g
from 0.10 g) as a white solid, m.p. 183-185 °C. R; = 0.40 (80:20,
hexane/EtOAc). IR (KBr): ¥ = 1639 (CONH), 1702 (CO,Et) 3448
(NH) cm™'. 'TH NMR (300 MHz, CDCls): 6 = 1.21 (t, J = 7.1 Hz,
3 H, OCH,CH3), 1.93 (s, 3 H, CHj3), 3.05 (d, / = 16.9 Hz, 1 H,
CHH), 3.56 (d, J = 169 Hz, 1 H, CHH), 4.03 (q, J = 7.1 Hz, 2 H,
OCH,CHj;), 4.62 (s, | H, CH), 7.00 (s, 1 H, ArH), 7.19 (t, J =
8.8 Hz, 4 H, ArH), 7.27-7.33 (m, 7 H, ArH), 7.43 (s, 1 H, NH),
7.58 (s, 2 H, ArH) ppm. '*C NMR (75 MHz, CDCl;): 6 = 14.3,
18.8, 40.9, 48.6, 60.3, 75.4, 109.0, 126.3, 127.4, 127.8, 128.5, 128.6,
129.0, 129.5, 129.6, 131.1, 131.7, 133.7, 134.3, 139.7, 141.5, 143.5,
152.3, 166.0, 168.0 ppm. MS (ES*): m/z (%) = 500.1 (100) [M +
HJ*, 523.2 (35) [M + Na]*. C59H»¢CIN3O; (exact mass: 499.1663):
caled. C 69.66, H 5.24, N 8.40; found C 69.45, H 5.18, N 8.49.

Ethyl 1-(4-Chlorophenyl)-3-(2-fluorophenyl)-8-methyl-6-oxo-10-
phenyl-1,2,7-triazaspiro[4.5]deca-2,8-diene-9-carboxylate (16b):
Yield 47% (0.12 g from 0.13 g) as a white solid, m.p. 210-212 °C.
Ry = 0.25 (80:20, hexane/EtOAc). IR (KBr): ¥ = 1667 (CONH),
1704 (CO5Et) cm™!. "H NMR (300 MHz, CDCl;): 6 = 1.16 (t, J =
7.1 Hz, 3 H, OCH,CH;), 1.98 (s, 3 H, CH3), 3.29 (d, J = 16.3 Hz,
1 H, CHH), 3.64 (d, J = 16.3 Hz, 1 H, CHH), 4.03 (q, / = 7.1 Hz,
2 H, OCH,CHs;), 4.58 (s, 1 H, CH), 7.12 (t, J = 7.5 Hz, 3 H, ArH),
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7.18-7.27 (m, 9 H, ArH), 7.40 (s, 1 H, NH), 7.74 (t, J = 7.5 Hz, 1
H, ArH) ppm. 3C NMR (75 MHz, CDCl,): 6 = 14.2, 18.8, 43.5,
48.0, 60.5, 74.4, 108.8, 116.2, 124.3, 125.2, 127.7, 128.5, 128.9,
130.9, 139.2, 142.9, 143.1, 147.4, 166.2, 168.8 ppm. MS (ES*): m/z
(%) = 518.0 (100) [M + H]*. CyH,sCIFN3;O; (exact mass:
517.1568): calcd. C 67.24, H 4.86, N 8.11; found C 67.35, H 4.76,
N 8.02.

Ethyl  1,3-Bis(4-chlorophenyl)-8-methyl-6-oxo0-10-phenyl-1,2,7-tri-
azaspiro|4.5]deca-2,8-diene-9-carboxylate (16¢): Yield 34% (0.14 g
from 0.21 g) as a white solid, m.p. 228-230 °C. R; = 0.41 (80:20,
hexane/EtOAc). IR (KBr): ¥ = 1643 (CONH), 1699 (CO,Et) cm™'.
'H NMR (300 MHz, CDCl3): 6 = 1.16 (t, J = 7.1Hz, 3 H,
OCH,CH;), 1.95 (s, 3 H, CH3), 3.03 (d, J = 16.9 Hz, 1 H, CHH),
351 (d, J = 169Hz, 1 H, CHH), 4.04 (q, J = 7.1 Hz, 2 H,
OCH,CHj;), 4.55 (s, 1 H, CH), 7.06-7.12 (m, 3 H, ArH), 7.17-7.31
(m, 9 H, NH merged with ArH), 7.49 (d, J = 8.5 Hz, 2 H, ArH)
ppm. 3C NMR (75 MHz, CDCls): 6 = 14.5, 19.1, 41.6, 48.8, 60.8,
75.0, 109.1, 126.3, 127.1, 127.7, 128.1, 128.7, 129.2, 129.4, 130.6,
131.8, 135.5, 139.8, 143.3, 143.6, 150.4, 166.3, 168.7 ppm. MS
(ES™): mlz (%) = 534.1 (100) [M + HJ*. CyH,5CL,N30; (exact
mass: 533.1273): caled. C 65.17, H 4.71, N 7.86; found C 65.32, H
4.84, N 7.68.

Ethyl 1-(4-Chlorophenyl)-8-methyl-6-o0xo0-10-phenyl-3-(4-methyl-
phenyl)-1,2,7-triazaspiro|4.5]deca-2,8-diene-9-carboxylate (16d):
Yield 42% (0.26 g from 0.34 g) as a white solid, m.p. 231-233 °C.
Ry = 0.48 (80:20, hexane/EtOAc). IR (KBr): ¥ = 1641 (CONH),
1701 (CO5Et) cm™!. "H NMR (300 MHz, CDCl;): 6 = 1.16 (t, J =
7.1 Hz, 3 H, OCH,CHs;), 1.95 (s, 3 H, CH3), 2.35 (s, 3 H, ArCH3;),
3.03(d, J=169Hz, 1 H, CHH), 3.56 (d, / = 16.9 Hz, 1 H, CHH),
4.04 (q, J = 7.1 Hz, 2 H, OCH,CH;), 4.53 (s, 1 H, CH), 7.13 (d, J
=79Hz 5 H, ArH), 7.23 (m, 7 H, NH merged with ArH), 7.47
(d, J = 8.1 Hz, 2 H, ArH) ppm. '3C NMR (75 MHz, CDCl,): § =
14.2, 18.9, 21.5, 41.5, 48.4, 60.5, 74.5, 108.9, 126.1, 126.2, 127.7,
128.4, 128.5, 129.0, 129.3, 131.3, 139.5, 139.6, 143.1, 151.5, 161.1,
168.7 ppm. MS (ES*): m/z (%) = 514.1 (100) [M + H]*. HRMS
(EI): caled. for C3,H,3CIN;O5 513.1819; found 513.1804.

Ethyl 1-(4-Chlorophenyl)-10-(2-fluorophenyl)-8-methyl-6-oxo-3-
phenyl-1,2,7-triazaspiro[4.5]deca-2,8-diene-9-carboxylate (17a):
Yield 48% (0.12 g from 0.14 g) as a white solid, m.p. 180-182 °C.
Ry = 0.36 (80:20, hexane/EtOAc). IR (KBr): ¥ = 1639 (CONH),
1705 (CO5Et) em . TH NMR (300 MHz, CDCls): 6 = 1.18 (t, J =
7.1 Hz, 3 H, OCH,CH3), 1.94 (s, 3 H, CH3), 3.04 (d, J = 16.7 Hz,
1 H, CHH), 3.60 (d, J = 16.7 Hz, 1 H, CHH), 4.05(q, J = 7.1 Hz,
2 H, OCH,CHs), 5.16 (s, 1 H, CH), 7.03-7.11 (m, 4 H, ArH), 7.19—
7.44 (m, 7 H, ArH), 7.59-7.62 (m, 3 H, ArH and NH) ppm. 3C
NMR (75 MHz, CDCl;): ¢ = 14.1, 18.8, 40.5, 60.3, 75.2, 116.0,
124.9, 126.3, 126.7, 127.4, 128.3, 128.6, 128.8, 129.5, 131.0, 131.6,
133.7, 134.4, 141.4, 144.7, 152.6, 165.8, 167.4 ppm. MS (ES*): m/z
(%) = S518.1 (100) [M + H]". CyyH,sCIFN3;O; (exact mass:
517.1568): calcd. C 67.24, H 4.86, N 8.11; found C 66.96, H 4.74,
N 8.20.

Ethyl 1-(4-Chlorophenyl)-3,10-bis(2-fluorophenyl)-8-methyl-6-oxo-
1,2,7-triazaspiro[4.5]deca-2,8-diene-9-carboxylate (17b): Yield 51%
(0.27 g from 0.30 g) as a white solid, m.p. 231-233 °C. R; = 0.37
(80:20, hexane/EtOAc). IR (KBr): ¥ = 1643 (CONH), 1708
(CO,Et) em!. 'TH NMR (300 MHz, CDCls): 6 = 1.17 (t, J =
7.1 Hz, 3 H, OCH,CH;), 1.96 (s, 3 H, CH3), 3.14 (d, J = 16.7 Hz,
1 H, CHH), 3.72 (d, J/ = 16.7 Hz, 1 H, CHH), 4.06 (q, J = 7.1 Hz,
2 H, OCH,CH3), 4.99 (s, 1 H, CH), 7.04-7.14 (m, 6 H, ArH), 7.20—
7.30 (m, 6 H, ArH and NH), 7.80 (t, / = 7.7 Hz, 1 H, ArH) ppm.
13C NMR (75 MHz, CDCl,): 6 = 14.3, 18.7, 40.6, 60.4, 74.8, 115.7,
116.4, 124.8, 126.6, 126.5, 127.7, 128.6, 128.4, 129.7, 129.8, 130.0,
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132.4, 133.5, 135.5, 143.7, 144.4, 150.5, 165.6, 167.5 ppm. MS
(ES*): m/z (%) = 536.1 (100) [M + HJ*. C,oH,4CIF,N30; (exact
mass: 535.1474): caled. C 64.99, H 4.51, N 7.84; found C 65.15, H
4.38, N 7.61.

Ethyl 1,3-Bis(4-chlorophenyl)-10-(2-fluorophenyl)-8-methyl-6-oxo-
1,2,7-triazaspiro|4.5]deca-2,8-diene-9-carboxylate (17¢): Yield 53%
(0.22 g from 0.41 g) as a white solid, m.p. 218-220 °C. R; = 0.37
(80:20, hexane/EtOAc). IR (KBr): v = 1644 (CONH), 1703
(CO,Et) em™'. 'TH NMR (300 MHz, CDCls): 6 = 1.18 (t, J =
7.1 Hz, 3 H, OCH,CHs5), 1.94 (s, 3 H, CH3), 2.95 (d, J = 16.7 Hz,
1 H, CHH), 3.58 (d, / = 16.7 Hz, 1 H, CHH), 4.06 (q, J = 7.1 Hz,
2 H, OCH,CH3), 4.99 (s, 1 H, CH), 7.01-7.08 (m, 4 H, ArH), 7.21—
7.32 (m, 7 H, ArH and NH), 7.52 (d, J = 7.1 Hz, 2 H, ArH) ppm.
3C NMR (75 MHz, CDCl5): § = 14.1, 18.8, 40.9, 60.5, 74.6, 115.8,
116.1, 124.9, 126.3, 126.7, 127.4, 128.4, 128.8, 129.6, 129.7, 130.3,
132.1, 135.2, 143.3, 144.3, 150.7, 165.7, 167.8 ppm. MS (ES™): m/z
(%) = 5522 (100) [M + H]*. DART-HRMS: calcd. for
Cy9H,5CLFN;03 [M + H]* 552.12570; found 552.12186.

Ethyl 1-(4-Chlorophenyl)-10-(2-fluorophenyl)-8-methyl-6-oxo-3-(4-
methylphenyl)-1,2,7-triazaspiro[4.5]deca-2,8-diene-9-carboxylate
(17d): Yield 66% (0.12 g from 0.10 g) as a white solid, m.p. 222—
224 °C. Ry = 0.38 (80:20, hexane/EtOAc). IR (KBr): ¥ = 1639
(CONH), 1705 (CO,Et) cm™'. '"H NMR (300 MHz, CDCl): 6 =
1.18 (t, / = 7.1 Hz, 3 H, OCH,CH3), 1.94 (s, 3 H, CH3), 2.35 (s, 3
H, ArCH;), 2.96 (d, J = 16.7Hz, 1 H, CHH), 3.61 (d, 1 H, J =
16.7 Hz, CHH), 4.04 (q, J = 7.1 Hz, 2 H, OCH,CHs), 4.98 (s, 1 H,
CH), 7.03-7.07 (m, 4 H, ArH), 7.14 (d, J = 8.1 Hz, 2 H, ArH),
7.22-7.27 (m, 5 H, ArH and NH), 7.49 (d, J = 8.1 Hz, 2 H, ArH)
ppm. 3C NMR (75 MHz, CDCls): 6 = 14.1, 18.8, 21.5, 41.2, 60.5,
74.3, 115.7, 124.9, 126.2, 126.6, 126.8, 128.3, 129.0, 129.5, 129.6,
131.9, 139.6, 143.8, 144.4, 152.1, 165.8, 168.0 ppm. MS (ES*): m/z
(%) = 532.1 (100) [M + H]*. DART-HRMS: calcd. for
C3oH,,CIFN;05 [M + H]* 532.18032; found 532.17799.

Ethyl  1,10-Bis(4-chlorophenyl)-8-methyl-6-oxo0-3-phenyl-1,2,7-tri-
azaspiro[4.5]deca-2,8-diene-9-carboxylate (18a): Yield 47% (0.17 g
from 0.20 g) as a white solid, m.p. 148-150 °C. Ry = 0.40 (80:20,
hexane/EtOAc). IR (KBr): ¥ = 1643 (CONH), 1699 (CO,Et) cm™.
'H NMR (300 MHz, CDCl3): § = 1.21 (t, J = 7.1Hz, 3 H,
OCH,CH3), 1.92 (s, 3 H, CH3), 3.01 (d, J = 16.8 Hz,1 H, CHH),
3.56 (d, J = 16.8 Hz, 1 H, CHH), 4.05 (q, J = 7.1 Hz, 2 H,
OCH,CH3), 4.60 (s, 1 H, CH), 7.11 (t, J = 8.5Hz, 3 H, ArH),
7.20-7.29 (m, 5 H, ArH), 7.31-7.35 (m, 3 H, ArH), 7.44 (s, | H,
NH), 7.44-7.61 (m, 2 H, ArH) ppm. *C NMR (50 MHz, CDCl;):
0 = 14.3, 18.8, 48.0, 60.4, 75.2, 108.6, 126.0, 126.3, 127.5, 128.5,
128.7, 129.3, 129.6, 129.8, 131.0, 131.5, 133.6, 133.8, 138.2, 141.4,
143.4, 151.1, 152.3, 165.8, 167.8 ppm. MS (ES*): m/z (%) = 534.1
(100) [M + HJ]*. CyH,5CI,N303 (exact mass: 533.1273): caled. C
65.17, H 4.71, N 7.86; found C 65.39, H 4.63, N 7.70.

Ethyl 1,10-Bis(4-chlorophenyl)-3-(2-fluorophenyl)-8-methyl-6-oxo-
1,2,7-triazaspiro[4.5]deca-2,8-diene-9-carboxylate (18b): Yield 57%
(0.14 g from 0.13 g) as a white solid, m.p. 198-200 °C. R; = 0.38
(80:20, hexane/EtOAc). IR (KBr): ¥ = 1645 (CONH), 1697
(CO,Et) ecm™!'. 'TH NMR (300 MHz, CDCls): 6 = 1.13 (t, J =
7.1 Hz, 3 H, OCH,CHs;), 1.97 (s, 3 H, CH3), 3.24 (d, J = 15.6 Hz,
1 H, CHH), 3.64 (d, J = 15.6 Hz, 1 H, CHH), 4.03 (q, J = 7.1 Hz,
2 H, OCH,CH3), 4.57 (s, 1 H, CH), 7.03-7.10 (m, 6 H, ArH), 7.16—
7.29 (m, 6 H, ArH and NH), 7.71-7.79 (m, 1 H, ArH) ppm. 3C
NMR (75 MHz, CDCl;): 6 = 14.2, 18.8, 43.6, 47.3, 60.6, 74.2,
108.3, 124.5, 125.0, 128.6, 128.8, 129.1, 129.8, 130.9, 133.6, 133.6,
137.7, 142.9, 143.1, 166.0, 168.5 ppm. MS (ES*): m/z (%) = 552.3
(100) [M + H]*. CyoH»4,CI,FN30O;5 (exact mass: 551.1179): caled. C
63.05, H 4.38, N 7.61; found C 63.26, H 4.46, N 7.83.
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Ethyl 1,3,10-Tris(4-chlorophenyl)-8-methyl-6-0xo0-1,2,7-triazaspiro-
|4.5]deca-2,8-diene-9-carboxylate (18c): Yield 52% (0.30 g from
0.33 g) as a white solid, m.p. 138-140 °C. R; = 0.40 (80:20, hexane/
EtOAc). IR (KBr): v = 1643 (CONH), 1699 (CO,Et) cm™!. 'H
NMR (300 MHz, CDCl;): 6 = 1.15 (t, J = 7.1 Hz, 3 H, OCH,CHs),
1.93 (s, 3 H, CH3), 3.00 (d, J = 16.8 Hz, 1 H, CHH), 3.54 (d, J =
16.8 Hz, 1 H, CHH), 4.04 (q, J = 7.1 Hz, 2 H, OCH,CH3), 4.51 (s,
1 H, CH), 7.03 (d, /= 8.4 Hz, 2 H, ArH), 7.14-7.32 (m, 8 H, ArH),
7.45(d, J = 8.4 Hz, 2 H, ArH), 7.65 (s, 1 H, NH) ppm. '3C NMR
(75 MHz, CDClLy): 6 = 14.2, 18.9, 41.4, 48.0, 60.7, 74.5, 108.5,
126.0, 127.3, 128.5, 128.9, 129.3, 129.7, 130.1, 131.7, 133.7, 135.3,
138.0, 143.1, 143.2, 150.0, 165.8, 168.0 ppm. MS (ES*): m/z (%) =
568.0 (100) [M + H]*. CyH,4Cl3N30; (exact mass: 567.0883):
caled. C 61.23, H 4.25, N 7.39; found C 61.46, H 4.10, N 7.47.
Ethyl 1,10-Bis(4-chlorophenyl)-8-methyl-6-ox0-3-(4-methylphenyl)-
1,2,7-triazaspiro[4.5]deca-2,8-diene-9-carboxylate (18d): Yield 49%
(0.18 g from 0.20 g) as a white solid, m.p. 223-225°C. R; = 0.41
(80:20, hexane/EtOAc). IR (KBr): ¥ = 1677 (CONH), 1706
(CO,Et) em™!. 'TH NMR (300 MHz, CDCly): 6 = 1.17 (t, J =
7.1 Hz, 3 H, OCH,CHj3), 1.95 (s, 3 H, CH3), 2.36 (s, 3 H, ArCH3),
299 (d, /=169 Hz, 1 H, CHH), 3.57 (d, J =169 Hz, 1 H, CHH),
4.05(q, J = 7.1 Hz, 2 H, OCH,CH,;), 4.51 (s, 1 H, CH), 7.05 (d, J
= 8.2Hz, 2 H, ArH), 7.14-7.26 (m, 9 H, NH merged with ArH),
7.47 (d, J = 7.8 Hz, 2 H, ArH) ppm. '3C NMR (50 MHz, CDCl5):
0=14.3,18.9,21.5,41.6,47.8, 60.6, 74.3, 108.5, 126.0, 126.2, 128.4,
128.9, 129.2, 129.4, 129.8, 131.4, 133.6, 138.2, 139.7, 143.3, 143.5,
151.4, 165.9, 168.4 ppm. MS (FAB*) m/z (%) = 548.1 (100) [M +
H]*. C30H,,CLLN;03 (exact mass: 547.1429): caled. C 65.70, H
4.96, N 7.66; found C 65.89, H 5.14, N 7.87.

Ethyl 1-(4-Chlorophenyl)-10-(2,6-dichlorophenyl)-8-methyl-6-oxo-3-
phenyl-1,2,7-triazaspiro[4.5]deca-2,8-diene-9-carboxylate (19a):
Yield 34% (0.14 g from 0.25 g) as a white solid, m.p. 250-251 °C.
Ry = 0.49 (80:20, hexane/EtOAc). IR (KBr): ¥ = 1635 (CONH),
1700 (CO,Et) em™'. '"H NMR (300 MHz, CDCls): 6 = 1.08 (t, J =
7.1 Hz, 3 H, OCH,CH;), 1.95 (s, 3 H, CH3), 2.80 (d, J = 16.4 Hz,
1 H, CHH), 3.71 (d, J = 16.4 Hz, 1 H, CHH), 4.00 (q, J = 7.1 Hz,
2 H, OCH,CHs), 5.77 (s, 1 H, CH), 7.04 (d, J = 9.5 Hz, 1 H, ArH),
7.16 (d, J = 8.0 Hz, 1 H, ArH), 7.23-7.26 (m, 5 H, ArH), 7.32—
7.43 (m, 3 H, ArH), 7.43 (d, J = 8.0 Hz, 1 H, ArH), 7.58-7.60 (m,
2 H, NH and ArH) ppm. '3C NMR (75 MHz, CDCl;): 6 = 14.1,
19.2,40.3, 45.4, 60.2, 74.7, 102.7, 125.8, 126.4, 127.4, 128.6, 129.0,
129.5, 129.8, 131.3, 133.6, 136.6, 146.0, 153.1, 166.1 ppm. MS
(ES*) m/z (%) = 568.0 (100) [M + H]*. C59H,4CI13N305 (exact mass:
567.0883): calcd. C 61.23, H 4.25, N 7.39; found C 60.98, H 4.37,
N 7.51.

Ethyl 1-(4-Chlorophenyl)-10-(2,6-dichlorophenyl)-3-(2-fluorophenyl)-
8-methyl-6-ox0-1,2,7-triazaspiro[4.5]deca-2,8-diene-9-carboxylate
(19b): Yield 45% (0.19 g from 0.25 g) as a white solid, m.p. 223~
225°C. Ry = 0.49 (80:20, hexane/EtOAc). IR (KBr): ¥ = 1646
(CONH), 1703 (CO,Et) cm!'. 'TH NMR (300 MHz, CDCl;): § =
1.08 (t, J = 7.1 Hz, 3 H, OCH,CHs), 2.01 (s, 3 H, CH;), 2.85, 2.88
(dd, 'J=17.4,2J = 1.8 Hz, 1 H, CHH), 3.86, 3.90 (dd, 'J = 17.4,
2J = 1.8Hz, 1 H, CHH), 4.01 (g, J = 7.1 Hz, 2 H, OCH,CH3),
5.73 (d, J = 1.1 Hz, 1 H, CH), 6.98-7.04 (m, 1 H, ArH), 7.09-7.16
(m, 3 H, ArH), 7.33-7.37 (m, 7 H, ArH and NH), 7.81-7.86 (m, 1
H, ArH) ppm. '3C NMR (75 MHz, CDCl,): 6 = 14.1, 19.2, 43.3,
46.2, 60.3, 73.4, 102.8, 116.5, 119.9, 124.3, 125.7, 128.4, 128.7,
129.1, 129.8, 131.5, 135.2, 136.4, 138.3, 143.1, 145.7, 148.4, 165.9,
167.6 ppm. MS (ES*): m/z (%) = 586.0 (100) [M + H]".
CoH»3CI3FN305 (exact mass: 585.0789): caled. C 59.35, H 3.95,
N 7.16; found C 59.13, H 4.11, N 7.19.

Ethyl 1,3-Bis(4-chlorophenyl)-10-(2,6-dichlorophenyl)-8-methyl-6-
oxo-1,2,7-triazaspiro|4.5]deca-2,8-diene-9-carboxylate (19¢): Yield
5454
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38% (0.07 g from 0.10 g) as a white solid, m.p. 240-242 °C. R; =
0.34 (80:20, hexane/EtOAc). IR (KBr): v = 1646 (CONH), 1702
(CO,Et) em '. "TH NMR (300 MHz, CDCl3): 6 = 1.09 (t, J =
7.1 Hz, 3 H, OCH,CH;), 1.99 (s, 3 H, CHy), 2.70 (d, J = 16.6 Hz,
1 H, CHH), 3.75 (d, J = 16.6 Hz, 1 H, CHH), 4.01 (q, J = 7.1 Hz,
2 H, OCH,CHs), 5.75 (s, 1 H, CH), 7.00 (s, 1 H, ArH), 7.15 (t, J
=8.0Hz, 1 H, ArH), 7.26-7.31 (m, 7 H, ArH and NH), 7.35-7.38
(m, 1 H, ArH), 7.51 (d, J = 8.6 Hz, 2 H, ArH) ppm. '3*C NMR
(75 MHz, CDCl3): ¢ = 14.1, 19.2, 46.4, 60.4, 73.5, 102.7, 125.8,
127.5, 128.4, 128.8, 129.2, 129.8, 130.3, 131.7, 135.2, 136.4, 138.3,
143.2, 145.6, 150.9, 165.9, 167.1 ppm. MS (ES*): m/z (%) = 601.9
(80) [M + H]*. HRMS (EI): calcd. for CoH,»3CI4N305 601.04935;
found 601.05116.

Ethyl 1-(4-Chlorophenyl)-10-(2,6-dichlorophenyl)-8-methyl-3-(4-
methylphenyl)-6-oxo-1,2,7-triazaspiro[4.5]deca-2,8-diene-9-carboxyl-
ate (19d): Yield 36% (0.06 g from 0.10 g) as a white solid, m.p.
228-230 °C. Ry = 0.50 (80:20, hexane/EtOAc). IR (KBr): ¥ = 1635
(CONH), 1700 (CO,Et) cm™!. 'TH NMR (300 MHz, CDCls): 6 =
1.09 (t, J = 7.1 Hz, 3 H, OCH,CH;), 1.99 (s, 3 H, CH3), 2.35 (s, 3
H, CH3), 2.72 (d, J = 16.6 Hz, 1 H, CHH), 3.76 (d, J = 16.6 Hz,
1 H, CHH), 4.00 (g, J = 7.1 Hz, 2 H, OCH,CH3), 5.76 (d, J =
1.2Hz, 1 H, CH), 6.99 (s, 1 H, ArH), 7.14 (t, J = 7.7Hz, 3 H,
ArH), 7.25-7.29 (m, 5 H, ArH and NH), 7.33-7.37 (m, 1 H, ArH),
7.48 (d, J = 8.1 Hz, 2 H, ArH) ppm. '3C NMR (75 MHz, CDCls):
0=14.1,19.2,21.6,41.5,46.4,60.3, 73.1, 102.7, 125.8, 126.3, 128.3,
128.7, 129.0, 129.3, 129.8, 131.4, 135.1, 136.6, 138.4, 139.5, 143.6,
145.8, 152.2, 166.0, 167.5 ppm. MS (ES*): m/z (%) = 582.0 (100)
[M + HJ*. C30H,6CI3N30;5 (exact mass: 581.1040): caled. C 61.81,
H 4.50, N 7.21; found C 61.66, H 4.63, N 7.08.

9-Acetyl-1-(4-chlorophenyl)-8-methyl-10-(4-methylphenyl)-3-phenyl-
1,2,7-triazaspiro|4.5]deca-2,8-dien-6-one (20a): Yield 58% (0.38 g
from 0.35 g) as a white solid, m.p. 203-205 °C. R; = 0.27 (80:20,
hexane/EtOAc). IR (KBr): ¥ = 1681 (CONH), 1701 (COCH3) cm™!.
'"H NMR (300 MHz, CDCls): 6 = 1.93 (s, 3 H, CH3), 1.94 (s, 3 H,
CHs), 2.28 (s, 3 H, ArCHs), 3.26 (d, J = 17.0 Hz, | H, CHH), 3.53
(d, /J=17.1Hz, 1 H, CHH), 447 (s, 1 H, CH), 6.97 (d, / = 8.0 Hz,
2 H, ArH), 7.05 (d, J = 8.0 Hz, 2 H, ArH), 7.16 (d, J = 6.8 Hz, 2
H, ArH), 7.24 (d, J = 6.5 Hz, 2 H, ArH), 7.33 (d, / = 6.8 Hz, 3 H,
ArH), 7.54-7.57 (m, 2 H, ArH), 7.92 (s, 1 H, NH) ppm. *C NMR
(75 MHz, CDCl3): 0 = 19.3, 21.1, 41.4, 48.3, 74.6, 117.3, 124.9,
126.2, 128.6, 129.4, 130.0, 130.6, 131.7, 134.9, 137.9, 141.6, 143.3,
150.7, 168.5, 197.9 ppm. MS (ES*): m/z (%) = 484.2 (100) [M +
H]* DART-HRMS: calcd. for C,9H,,C1;N30, [M + H]"
484.17918; found 484.17656.

9-Acetyl-1-(4-chlorophenyl)-3-(2-fluorophenyl)-8-methyl-10-(4-meth-
ylphenyl)-1,2,7-triazaspiro[4.5]deca-2,8-dien-6-one (20b): Yield 44 %
(0.13 g from 0.15 g) as a white solid, m.p. 197-199 °C. R; = 0.19
(80:20, hexane/EtOAc). IR (KBr): ¥ = 1661 (CONH), 1702
(COCH3;) em™. 'H NMR (300 MHz, CDCl3): 6 = 1.94 (s, 3 H,
CH;), 1.98 (s, 3 H, COCH3), 2.27 (s, 3 H, ArCH3), 3.50 (d, J =
17.7Hz, 1 H, CHH), 3.59 (d, J = 17.7 Hz, 1 H, CHH), 4.58 (s, 1
H, CH), 6.96-7.12 (m, 5 H, ArH), 7.16 (d, J = 6.8 Hz, 2 H, ArH),
7.24-7.33 (m, 5 H, ArH and NH), 7.67-7.73 (m, 1 H, ArH) ppm.
13C NMR (75 MHz, CDCls): 6 = 19.1, 21.1, 30.2, 43.5, 47.5, 74.4,
116.1, 116.4, 117.4, 123.6, 124.3, 128.7, 128.8, 129.8, 130.7, 130.8,
134.4, 137.9, 141.1, 142.7, 146.5, 168.8, 198.4 ppm. MS (ES+): m/z
(%) = 502.1 (100) [M + HJ*, 504.1 (33) [M + 3]*. CoH,5sCIFN;0,
(exact mass: 501.1619): caled. C 69.39, H 5.02, N 8.37; found C
69.52, H 4.86, N 8.49.

9-Acetyl-1,3-bis(4-chlorophenyl)-8-methyl-10-(4-methylphenyl)-
1,2,7-triazaspiro[4.5]deca-2,8-dien-6-one (20c): Yield 56% (0.17 g
from 0.15 g) as a white solid, m.p. 203-205 °C. Ry = 0.25 (80:20,
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hexane/EtOAc). IR (KBr): ¥ = 1671 (CONH), 1699 (COCH;) cm .
'H NMR (200 MHz, CDCl;): 6 = 1.93 (s, 3 H, CH3), 1.97 (s, 3 H,
CH3), 2.29 (s, 3 H, ArCH3), 3.21 (d, / = 16.9 Hz, 1 H, CHH), 3.45
(d, /=169 Hz, 1 H, CHH), 448 (s, | H, CH), 6.96 (d, J = 7.9 Hz,
2 H, ArH), 7.06 (d, J = 7.9 Hz, 2 H, ArH), 7.14 (d, J = 8.5 Hz, 2
H, ArH), 7.24-7.31 (m, 5 H, ArH and NH), 7.47 (d, / = 8.4 Hz, 2
H, ArH) ppm. 3C NMR (75 MHz, CDCl,): 6 = 19.3, 21.1, 30.2,
41.4,48.3,74.8,117.4, 124.8, 127.3, 128.6, 128.9, 130.0, 130.7,
134.9, 135.2, 138.0, 141.3, 143.0, 149.4, 168.3, 197.9 ppm. MS
(ES+): m/z (%) = 517.1 (100) [M + H]". CyH,sCI,N30, (exact
mass: 517.1324): caled. C 67.19, H 4.86, N 8.11; found C 67.38, H
4.70, N 8.18.

General Procedure for the Synthesis of 5a-d, 6a—d, 33a—d, 35a—d,
40a—d, and 41, as Exemplified for 5a: A two-neck flask charged
with a suspension of 3a (0.5g, 1.35 mmol) in THF (5mL) was
heated at 70 °C. When the compound was properly dissolved, water
(3.0 mL) and indium powder (0.621 g, 5.40 mmol) were added
whilst stirring. Concentrated HCI (0.88 mL, 8.10 mmol) was added
dropwise, and the reaction was continued for 5 min. The reaction
was quenched with 10% aqueous NaHCOj3 whilst stirring, and
EtOAc (50 mL) was added. The mixture was passed thorough a bed
of Celite with EtOAc, and the resulting mixture was partitioned in
a separating funnel. The aqueous layer was separated and further
extracted with EtOAc (2 X20 mL). The organic layers were com-
bined, washed with brine (50 mL), dried (anhydrous Na,SO,), and
concentrated in vacuo to afford a residue, which upon column
chromatography on deactivated silica gel (60—-120 mesh) (25 mL of
water was added to 100 g of silica gel and thoroughly mixed) with
CHCI13/MeOH (99.5:0.5, v/v) as the eluent, furnished 0.26 g (66 %)
of 9a as a white solid.

4'-Hydroxy-3-phenyl-1' H,4 H-spirolisoxazole-5,3’'-quinolin]-2' (4’ H)-
one (5a): M.p. 258-260 °C. Ry = 0.39 (94:6, CHCl;/MeOH). IR
(KBr): ¥ = 1672 (CONH), 3405 (OH) cm'. '"H NMR (300 MHz,
[Dg]DMSO): 6 = 3.62 (d, J = 174 Hz, 1 H, CHH), 3.82 (d, J =
17.4Hz, 1 H, CHH), 4.70 (d, J = 4.5Hz, 1 H, CHOH), 6.12 (d, J
=4.5Hz | H, CHOH), 6.95 (d, J = 7.8 Hz, 1 H, ArH), 7.04 (t, J
=73Hz 1 H, ArH), 7.28 (t, J = 7.4 Hz, 1 H, ArH), 7.36 (d, J =
7.4 Hz, 1 H, ArH), 7.46-7.48 (m, 3 H, ArH), 7.70-7.72 (m, 2 H,
ArH), 10.53 (s, 1 H, CONH) ppm. *C NMR (75 MHz, [Dg]-
DMSO): 6 = 37.9, 69.3, 87.0, 115.3, 122.4, 124.9, 126.7, 128.6,
128.7, 128.8, 128.9, 130.3, 136.4, 156.3, 166.7 ppm. MS (ES+): m/z
(%) = 295.0 (100) [M + H]*. C;H4N,O; (exact mass: 294.1004):
caled. C 69.38, H 4.79, N 9.52; found C 69.26, H 4.88, N 9.39.

3-(2-Fluorophenyl)-4'-hydroxy-1' H,4 H-spiro[isoxazole-5,3'-quinol-
in]-2'(4' H)-one (5b): Yield 64% (0.06 g from 0.12 g) as a white so-
lid, m.p. 183-185°C. Ry = 0.40 (94:6, CHCl;/MeOH). IR (KBr): ¥
= 1672 (CONH), 3399 (OH) cm™!. 'H NMR (300 MHz, [Dg]-
DMSO): 0 =3.65(d, J=16.8 Hz, 1 H, CHH), 3.84 (d, J = 16.8 Hz,
1 H, CHH), 4.71 (s, 1 H, CHOH), 6.15 (br. s, 1 H, CHOH), 6.94
(d, J=7.8Hz 1H, ArH), 7.01-7.06 (m, 1 H, ArH), 7.26-7.43 (m,
4 H, ArH), 7.51-7.58 (m, 1 H, ArH), 7.77-7.80 (m, 1 H, ArH),
10.55 (s, 1 H, NH) ppm. 3C NMR (50 MHz, [D¢]DMSO): 6 =
69.3, 86.8, 1154, 116.5, 116.8, 122.5, 124.9, 125.0, 128.8, 129.1,
129.4, 132.5, 136.4, 138.1, 152.9, 158.0, 161.3, 166.6 ppm. MS
(ES+): mlz (%) = 313.0 (100) [M + H]*. C;;H3FN,Oj3 (exact mass:
312.0910): caled. C 65.38, H 4.20, N 8.97; found C 65.50, H 4.33,
N 9.10.

3-(4-Chlorophenyl)-4’'-hydroxy-1'H,4 H-spiro[isoxazole-5,3'-quin-
olin]-2'(4' H)-one (5c¢): Yield 79% (0.24 g from 0.37 g) as a white
solid, m.p. >250 °C. Ry = 0.38 (94:6, CHCl;/MeOH). IR (KBr): ¥
= 1672 (CONH), 3399 (OH) cm™!'. 'H NMR (300 MHz, [Dg]-
DMSO):0=3.60(d, J=17.5Hz, 1 H, CHH), 3.80 (d, J = 17.5 Hz,
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1 H, CHH), 4.71 (d, J = 4.8 Hz, | H, CHOH), 6.14 (d, J = 4.8 Hz,
1 H, CHOH), 6.94 (d, J = 7.8 Hz, 1 H, ArH), 7.04 (t, J = 7.4 Hz,
1 H, ArH), 7.28 (t, J/ = 7.7Hz, 1 H, ArH), 7.36 (d, J/ = 7.4 Hz, 1
H, ArH), 7.52 (d, J = 8.5 Hz, 2 H, ArH), 7.71-7.75 (m, 1 H, ArH),
10.55 (s, 1 H. NH) ppm. 3C NMR (75 MHz, [D¢]DMSO): 6 =
37.8,69.3, 87.4, 115.4, 122.6, 125.0, 127.7, 128.6, 128.7, 129.0,
129.1,135.0, 136.4, 155.7, 166.7 ppm. MS (ES+): m/z (%) = 329.4
(100) [M + H]*. C;;H5CIN,O; (exact mass: 328.0615): calcd. C
62.11, H 3.99, N 8.52; found C 61.94, H 4.15, N 8.72.

4'-Hydroxy-3-(4-methylphenyl)-1’' H,4 H-spiro|isoxazole-5,3'-quin-
olin]-2'(4' H)-one (5d): Yield 69% (0.22 g from 0.40 g) as a white
solid, m.p. >250 °C. R; = 0.34 (94:6, CHCI3/MeOH). IR (KBr): ¥
= 1668 (CONH), 3402 (OH) cm!. '"H NMR (300 MHz, [Dg]-
DMSO): 6 = 2.37 (s, 3 H, ArCH3), 3.60 (d, J = 16.9Hz, 1 H,
CHH), 3.81 (d, J = 169 Hz, 1 H, CHH), 4.70 (s, 1| H, CHOH),
6.13 (s, 1 H, CHOH), 6.96 (d, J = 7.4 Hz, 2 H, ArH), 7.30-7.52
(m, 5 H, ArH), 7.62 (d, J = 7.4 Hz, 1 H, ArH), 10.53 (s, | H, NH)
ppm. *C NMR (50 MHz, [Dg]DMSO): § = 21.0, 38.0, 69.4, 86.9,
115.3, 122.5, 125.0, 126.0, 126.7, 128.7, 129.0, 129.5, 136.5, 140.2,
156.2, 166.8 ppm. MS (ES+): m/z (%) = 309.0 (100) [M + HJ*.
C,gH¢N,Oj5 (exact mass: 308.1161): caled. C 70.12, H 5.23, N 9.09;
found C 69.93, H 5.11, N 9.21.

4'-Hydroxy-6',7'-dimethoxy-3-phenyl-1' H,4 H-spiro[isoxazole-5,3'-
quinolin]-2'(4' H)-one (6a): Yield 56% (0.18 g from 0.40 g) as a
white solid, m.p. 240-242 °C. R; = 0.36 (94:6, CHCl;/MeOH). IR
(KBr): v = 1678 (CONH), 3469 (OH) cm™!'. '"H NMR (300 MHz,
[D¢]DMSO): 6 = 3.61 (d, J = 17.5Hz, 1 H, CHH), 3.73 (s, 3 H,
OCH3), 3.74 (s, 3 H, OCH,), 3.79 (d, J = 17.5Hz, 1 H, CHH),
4.61 (d,J=4.8Hz, 1 H, CHOH), 5.98 (d, J = 4.8 Hz, | H,
CHOH), 6.59 (s, 1 H, ArH), 6.97 (s, 1 H, ArH), 7.46-7.48 (m, 3
H, ArH), 7.70-7.73 (m, 2 H, ArH), 10.28 (s, 1 H, CONH) ppm.
13C NMR (75 MHz, [Dg]DMSO): 6 = 37.9, 55.6, 56.0, 69.2, 87.2,
100.6, 113.0, 116.3, 126.7, 128.8, 129.9, 130.3, 144.2, 149.3, 156.2,
166.4 ppm. MS (ES+): m/z (%) = 354.9 (100) [M + H]* DART-
HRMS: calced. for C;9H;9N,O5 [M + H]* 355.1294; found
355.12797.

3-(2-Fluorophenyl)-4'-hydroxy-6',7'-dimethoxy-1' H,4 H-spiro[isox-
azole-5,3'-quinolin]-2'(4’ H)-one (6b): Yield 59% (0.20 g from
0.40 g) as a white solid, m.p. 236-238 °C. R; = 0.38 (94:6, CHCl;/
MeOH). IR (KBr): ¥ = 1681 (CONH), 3373 (OH) cm™!. '"H NMR
(300 MHz, [Dg]DMSO): 6 = 3.65(d, J = 17.2 Hz, 1 H, CHH), 3.74
(s, 6 H, 2X OCHs), 3.82 (d, J = 17.2 Hz, 1 H, CHH), 4.62 (d, J =
4.8 Hz, 1 H, CHOH), 6.02 (d, J/ = 4.8 Hz, 1 H, CHOH), 6.58 (s 1
H, ArH), 6.97 (s, 1 H, ArH), 7.27-7.38 (m, 2 H, ArH), 7.51-7.57
(m, 1 H, ArH), 7.77 (t, J = 7.5 Hz, 1 H, ArH), 10.32 (s, 1 H, NH)
ppm. 3C NMR (75 MHz, CDCls): 6 = 38.3, 55.7, 56.1, 69.2, 87.0,
100.5, 113.1, 116.2, 116.8, 124.9, 129.4, 130.0, 132.3, 132.4, 144.3,
149.4, 152.7, 166.3 ppm. MS (ES+): m/z (%) = 373.0 (100) [M +
H]*. C9oH7FN,O5 (exact mass: 372.1122): calcd. C 61.29, H 4.60,
N 7.52; found C 60.95, H 4.73, N 7.58.

3-(4-Chlorophenyl)-4'-hydroxy-6',7'-dimethoxy-1' H,4 H-spiro[isox-
azole-5,3'-quinolin]-2' (4’ H)-one (6¢): Yield 55% (0.46 g from 1.0 g)
as a white solid, m.p. 243-245 °C. Ry = 0.37 (94:6, CHCl;/MeOH).
IR (KBr): v = 1689 (CONH), 3276 (OH) cm™!. '"H NMR
(300 MHz, [Dg]DMSO): 6 =3.59 (d, 1 H, J=17.3 Hz, CHH), 3.73
(s, 6 H, 2XOCHs), 3.76 (d, J = 17.3Hz, 1 H, CHH), 4.63 (d, J =
4.8 Hz, 1 H, CHOH), 6.00 (d, J = 4.8 Hz, 1 H, CHOH), 6.60 (s, 1
H, ArH), 6.98 (s, 1 H, ArH), 7.53 (d, J = 8.4 Hz, 2 H, ArH), 7.74
(d, J = 8.4 Hz, 2 H, ArH), 10.29 (s, 1 H, CONH) ppm. *C NMR
(75 MHz, [Dg]DMSO): 6 = 37.8, 55.7, 56.0, 69.2, 87.6, 100.6, 112.9,
116.3, 127.7, 128.5, 129.0, 129.9, 135.0, 144.3, 149.3, 155.6,
166.4 ppm. MS (ES+): m/z (%) = 388.9 (100) [M + H]".
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C9H;CIN,Os5 (exact mass: 388.0826): calcd. C 58.69, H 4.41, N
7.21; found C 58.83, H 4.29, N 7.03.

4'-Hydroxy-6',7'-dimethoxy-3-(4-methylphenyl)-1' H,4 H-spiro[isox-
azole-5,3'-quinolin]-2' (4’ H)-one (6d): Yield 58% (0.16 g from
0.34 g) as a white solid, m.p. 247-248 °C. R; = 0.65 (94:6, CHCl,/
MeOH): IR (KBr): v = 1676 (CONH), 3438 (OH) cm!. '"H NMR
(300 MHz, [Dg]DMSO): 6 = 2.34 (s, 3 H, ArCH3), 3.58 (d, J =
174 Hz, 1 H, CHH), 3.72 (s, 3 H, OCH3), 3.73 (s, 3 H, OCHs),
3.78(d, J=17.4 Hz, | H, CHH), 4.58 (d, J = 4.8 Hz, 1 H, CHOH),
5.96 (d, J = 4.8 Hz, 1 H, CHOH), 6.58 (s, 1 H, ArH), 6.96 (s, 1 H,
ArH), 7.26 (d, J = 8.0 Hz, 2 H, ArH), 7.59 (d, / = 8.0 Hz, 2 H,
ArH), 10.24 (s, 1 H, CONH) ppm. '*C NMR (75 MHz, [Dg]-
DMSO): 0 = 21.1, 38.7, 55.7, 56.0, 69.3, 87.1, 100.5, 113.0, 116.4,
126.1, 126.8, 129.6, 130.0, 140.3, 144.3, 149.3, 156.3, 166.6 ppm.
MS (ES+): m/z (%) = 368.9 (100) [M + H]*. Cy0H,N,O5 (exact
mass: 368.1372): caled. C 65.21, H 5.47, N 7.60; found C 65.21, H
5.47, N 7.60.

3-Phenyl-1' H,4 H-spiro[isoxazole-5,3'-quinolin]-2' (4’ H)-one (33a):
Yield 65% (0.11 g from 0.20 g) as a white solid, m.p. 240-242 °C.
R;=10.71 (94:6, CHCI3/MeOH). IR (KBr): ¥ = 1687 (CONH) cm .
'"H NMR (300 MHz, CDCls): 6 = 3.21 (d, J = 16.8 Hz, 2 H, CH,),
3.42(d,J=164Hz, 1 H, CHH),4.17 (d, J = 16.4 Hz, | H, CHH),
6.84 (d, J = 7.8 Hz, 1 H, ArH), 7.04 (t, / = 7.4 Hz, | H, ArH),
7.21(t,J = 7.1 Hz, 2 H, ArH), 7.40-7.42 (m, 2 H, ArH), 7.67-7.70
(m, 3 H, ArH), 8.20 (s, 1 H, CONH) ppm. 3C NMR (75 MHz,
[Dg]DMSO): ¢ = 36.6, 41.1, 83.7, 115.1, 121.3, 122.4, 126.7, 127.4,
128.5, 128.9, 130.3, 137.1, 156.7, 166.2 ppm. MS (ES+): m/z (%) =
279.1 (100) [M + H]*. DART-HRMS: calcd. for C{;HsN,O, [M
+ H]* 279.1134; found 279.1187.

3-(2-Fluorophenyl)-1' H,4 H-spiro[isoxazole-5,3'-quinolin]-2' (4’ H)-
one (33b): Yield 50% (0.21 g from 0.50 g) as a white solid, m.p.
218-220 °C. Ry = 0.70 (94:6, CHCl3/MeOH). IR (KBr): ¥ = 1692
(CONH) cm™!. '"H NMR (300 MHz, CDCl3): § =3.22 (d, J =
16.4 Hz, 1 H, CHH), 3.33 (dd, 'J = 17.5,2J = 2.1 Hz, 1 H, CHH),
343 (d, J=16.4Hz, 1 H, CHH), 4.20 (dd, 'J = 17.5, 2J = 2.1 Hz,
1 H, CHH), 7.03 (d, J/ = 7.5Hz, 1 H, ArH), 7.07-7.12 (m, 2 H,
ArH), 7.15-7.23 (m, 3 H, ArH), 7.37-7.44 (m, 1 H, ArH), 7.87-
7.92 (m, 1 H, ArH), 8.17 (s, 1 H, CONH) ppm. '*C NMR
(75 MHz, CDCl; + [Dg]DMSO): 0 = 37.4, 43.7, 43.8, 83.7, 83.8,
115.6, 116.1, 116.4, 116.9, 117.0, 120.5, 122.9, 124.2, 124.3, 127.7,
128.4, 128.9, 130.0, 131.7, 131.8, 136.7, 152.7, 152.8, 167.0 ppm.
MS (ES+): m/z (%) = 297.0 (100) [M + H]". C;;H;3FN,O, (exact
mass: 296.0961): caled. C 68.91, H 4.42, N 9.45; found C 69.19, H
425, N 9.31.

3-(4-Chlorophenyl)-1' H,4 H-spiro|isoxazole-5,3'-quinolin]-2' (4’ H)-
one (33c¢): Yield 65% (0.16 g from 0.30 g) as a white solid, m.p.
200-202 °C. Ry = 0.72 (94:6, CHClI3/MeOH). IR (KBr): ¥ = 1676
(CONH), 3446 (OH) cm!. '"H NMR (300 MHz, CDCl5): 6 = 3.31
(s, 2 H, CH,), 3.99 (d, J = 16.5Hz, | H, CHH), 4.07 (d, J =
16.5Hz, 1 H, CHH), 6.96 (d, J = 7.8 Hz, 2 H, ArH), 7.21-7.32 (m,
2 H, ArH), 7.50-7.55 (m, 2 H, ArH), 7.71-7.73 (m, 2 H, ArH),
10.62 (s, 1 H, CONH) ppm. '*C NMR (75 MHz, [Dg]DMSO): 6 =
36.5, 41.0, 84.1, 115.1, 121.2, 122.5, 127.4, 127.8, 128.4, 128.5,
128.9, 134.9, 137.1, 155.9, 166.1 ppm. MS (ES+): m/z (%) = 313.1
(100) [M + H]*. C;7H3CIN,O, (exact mass: 312.0666): caled. C
69.57, H 4.86, N 9.01; found C 69.28, H 4.98, N 9.12.

3-(4-Methylphenyl)-1' H,4 H-spiro|isoxazole-5,3'-quinolin]-2’ (4’ H)-
one (33d): Yield 65% (0.16 g from 0.30 g) as a white solid, m.p.
207-209 °C. R; = 0.75 (94:6, CHCl3/MeOH). IR (KBr): v = 1687
(CONH), 3460 f (OH) cm™'. "H NMR (300 MHz, CDCl3): § = 2.35
(s, 3 H, ArCH;), 3.30 (s, 2 H, CH,), 3.33 (d, J = 17.0Hz, 1 H,
CHH), 4.00 (d, /= 17.0 Hz, 1 H, CHH), 6.93-7.18 (m, 1 H, ArH),
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7.18-7.29 (m, 4 H, ArH), 7.55-7.60 (m, 3 H, ArH), 10.58 (s, 1 H,
CONH) ppm. 3C NMR (75 MHz, [Dg]DMSO): 6 = 21.0, 36.6,
41.2, 83.5, 115.1, 121.3, 122.4, 127.4, 128.5, 129.4, 137.1, 140.1,
156.5, 166.3 ppm. MS (ES+): m/z (%) = 293.0 (100) [M + H]".
CsH N0, (exact mass: 292.1212): caled. C 73.95, H 5.52, N 9.58;
found C 74.12, H 5.72, N 9.45.

6',7'-Dimethoxy-3-phenyl-1' H,4 H-spiro[isoxazole-5,3'-quinolin]-
2'(4' H)-one (34a): Yield 63% (0.083 g from 0.155 g) as a white so-
lid, m.p. 225-227 °C. R; = 0.62 (94:6, CHCl3/MeOH). IR (KBr): ¥
= 1683 (CONH) cm™!. 'TH NMR (300 MHz, CDCls): § = 3.22 (s,
2 H, CH,), 3.34 (s, 1 H, CHH), 3.73 (s, 6 H, 2 X OCHs;), 3.99 (d,
J =17.2Hz, 1 H, CHH), 6.61 (s, 1 H, ArH), 6.87 (s, 1 H, ArH),
7.48-7.50 (m, 3 H, ArH), 7.69-7.72 (m, 2 H, ArH), 10.35 (s, 1 H,
CONH) ppm. 3C NMR (75 MHz, [Dg]DMSO): 6 = 36.3, 41.3,
55.7, 56.0, 83.9, 100.6, 112.6, 113.0, 126.7, 128.9, 130.3, 130.5,
144.3, 148.2, 156.6, 165.9 ppm. MS (ES+): m/z (%) = 339.0 (100)
[M + H]*. C,oHsN,O, (exact mass: 338.1267): calcd. C 67.44, H
5.36, N 8.28; found C 67.69, H 5.24, N 8.32.

3-(2-Fluorophenyl)-6',7'-dimethoxy-1' H,4 H-spiro[isoxazole-5,3'-quin-
olin]-2'(4' H)-one (34b): Yield 53% (0.18 g from 0.40 g) as a white
solid, m.p. 230-232 °C. R; = 0.59 (94:6, CHCl;/MeOH). IR (KBr):
¥ = 1684 (CONH) cm™!. 'TH NMR (300 MHz, CDCl5): § = 2.76—
294 (m, 3 H, 3XCHH), 3.33 (s, 6 H, 2XOCHs;), 3.66 (d, J =
16.8 Hz, 1 H, CHH), 6.21 (s, 1 H, ArH), 6.47 (s, | H, ArH), 6.89—
7.00 (m, 2 H, ArH), 7.13-7.19 (m, 1 H, ArH), 7.36-7.40 (m, 1 H,
ArH), 10.01 (s, 1 H, CONH) ppm. '3C NMR (75 MHz, [D¢]-
DMSO): 6 = 36.1, 42.8, 55.6, 56.0, 83.8, 100.6, 112.5, 113.0, 116.4,
116.7, 124.9, 129.2, 130.4, 132.3, 132.4, 144.3, 148.2, 153.1,
165.7 ppm. MS (ES+): m/z (%) = 357.0 (100) [M + H]*.
C9H{7FN,0, (exact mass: 356.1172): caled. C 64.04, H 4.81, N
7.86; found C 63.87, H 4.96, N 7.61.

3-(4-Chlorophenyl)-6',7’ -dimethoxy-1' H,4 H-spirolisoxazole-5,3'-quin-
olin]-2'(4' H)-one (34c): Yield 60% (0.18 g from 0.35 g) as a white
solid, m.p. 228-230 °C. Ry = 0.75 (94:6, CHCI3/MeOH). IR (KBr):
v =1683 (CONH) cm™'. '"H NMR (300 MHz, CDCl;): § = 3.21 (d,
J=17.1Hz, 1 H, CHH), 3.33 (d, / = 2.1 Hz, 2 H, CH,), 3.71 (s,
3 H, OCH3), 3.72 (s, 3 H, OCH3), 4.02(d, /= 17.1 Hz, 1 H, CHH),
6.59 (s, 1 H, ArH), 6.85 (s, 1 H, ArH), 7.28-7.38 (m, 2 H, ArH),
7.51-7.58 (m, 1 H, ArH), 7.74-7.79 (m, 1 H, ArH), 10.38 (s, 1 H,
CONH) ppm. 3C NMR (75 MHz, [D¢]DMSO): 6 = 36.2, 42.8,
55.6, 56.0, 83.8, 100.5, 112.5, 112.9, 116.5, 116.8, 125.0, 129.3,
130.4, 132.4, 144.3, 148.1, 153.14, 165.8 ppm. MS (ES+): m/z (%)
= 373.1 (100) [M + H]*. C;oH,7CIN,O, (exact mass: 372.0877):
caled. C 61.21, H 4.60, N 7.51; found C 61.47, H 4.46, N 7.68.

6',7'-Dimethoxy-3-(4-methylphenyl)-1' H,4 H-spiro[isoxazole-5,3'-
quinolin]-2'(4' H)-one (34d): Yield 67% (0.17 g from 0.30 g) as a
white solid, m.p. 230-232 °C. Ry = 0.75 (94:6, CHCl;/MeOH). IR
(KBr): ¥ = 1683 (CONH) cm™!. '"H NMR (300 MHz, CDCls): 6 =
2.34 (s, 3 H, ArCH;), 3.15(d, J = 17.1 Hz, 1 H, CHH), 3.27 (d, J
= 2.2Hz, 2 H, CH,), 3.71 (s, 3 H, OCH3), 3.72 (s, 3 H, OCH3;),
397(d, J=17.1Hz, 1 H, CHH), 6.59 (s, | H, ArH), 6.85 (s, 1 H,
ArH), 7.27 (d, J = 7.8 Hz, 2 H, ArH), 7.58 (d, J = 7.8 Hz, 2 H,
ArH), 10.35 (s, 1 H, CONH) ppm. '3C NMR (75 MHz, [D]
DMSO): ¢ = 21.0, 36.3, 41.4, 55.7, 56.0, 83.7, 100.5, 112.6, 112.9,
126.2, 130.5, 140.2, 144.3, 148.2, 156.5, 166.0 ppm. MS (ES+): m/z
(%) = 353.1 (100) [M + HJ*. C5,0H,oN,O, (exact mass: 352.1423):
caled. C 68.17, H 5.72, N 7.95; found C 67.96, H 5.76, N 7.88.

3’-Phenyl-5,8-dihydro-4' H,6 H-spiro[1,3-dioxolo[4,5-g]quinoline-
7,5'-isoxazol]-6-one (35a): Yield 56% (0.09 g from 0.20 g) as a white
solid, m.p. 218-220 °C. R; = 0.70 (94:6, CHCIl3/MeOH). IR (KBr):
v =1687 (CONH) cm'. "H NMR (300 MHz, CDCl;): § = 3.15 (d,
J=16.6Hz, 1 H, CHH), 3.25 (d, J = 16.9 Hz, 1 H, CHH), 3.33
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(d, J = 16.6 Hz, | H, CHH), 4.10 (d, J = 16.9 Hz, 1 H, CHH), 5.97
(d, J = 2.0 Hz, 2 H, OCH,0), 6.49 (s, 1 H, ArH), 6.68 (s, | H,
ArH), 7.30-7.45 (m, 3 H, ArH), 7.65-7.68 (m, 2 H, ArH), 9.45 (s,
1 H, CONH) ppm. '3C NMR (75 MHz, CDCl; + TFA): 6 = 37.1,
42.8,83.6, 98.6, 98.7, 101.8, 109.0, 113.5, 113.6, 127.2, 127.9, 128.6,
128.7, 129.1, 131.3, 145.1, 147.9, 157.3 ppm. MS (ES+): m/z (%) =
323.0 (100) [M + H]* DART-HRMS: caled. for CigH,sN,O4 [M +
HJ* 323.1032; found 323.1020.

3'-(2-Fluorophenyl)-5,8-dihydro-4' H,5 H-spiro|1,3-dioxolo[4,5-g]quin-
oline-7,5'-isoxazol]-6-one (35b): Yield 77% (0.19 g from 0.30 g) as
a white solid, m.p. 238-240 °C. R; = 0.60 (94:6, CHCI3/MeOH). IR
(KBr): ¥ = 1687 (CONH) cm™!. 'TH NMR (300 MHz, [Dg]DMSO):
0=347(d,J=69Hz 2 H, CH,), 4.08-4.18 (m, 2 H, CH,), 6.09
(d, J = 1.6 Hz, 2 H, OCH,0), 6.67 (s, 1 H, ArH), 6.85 (s, 1 H,
ArH), 7.40-7.51 (m, 2 H, ArH), 7.63-7.70 (m, 1 H, ArH), 7.86—
7.91 (m, 1 H, ArH), 10.58 (s, I H, CONH) ppm. '3C NMR
(75 MHz, [Dg]DMSO): 6 = 36.3,42.6,42.7, 83.4, 97.2, 101.0, 108.7,
113.5, 116.4, 116.7, 124.8, 124.9, 129.2, 131.0, 131.1, 132.3, 132.4,
142.6, 146.3, 153.0, 153.1, 165.7 ppm. MS (ES+): m/z (%) = 341.0
(100) [M + H]". C;3sH3CIN,O, (exact mass: 340.0859): calcd. C
63.53, H 3.85, N 8.23; found C 63.81, H 3.70, N 8.03.

3’-(4-Chlorophenyl)-5,8-dihydro-4’ H,5 H-spiro|1,3-dioxolo[4,5-g]quin-
oline-7,5'-isoxazol]-6-one (35¢): Yield 58% (0.22 g from 0.38 g) as
a white solid, m.p. >254 °C. R; = 0.73 (94:6, CHCl;/MeOH). IR
(KBr): ¥ = 1680 (CONH) cm™!. 'TH NMR (300 MHz, [Dg]DMSO):
0=321(s,2H, CH,),335(d,J=17.1Hz, 1 H, CHH), 3.98 (d,
J=17.1Hz, 1 H, CHH), 598 (d, J = 1.3 Hz, 2 H, OCH-0), 6.57
(s, 1 H, ArH), 6.85 (s, 1 H, ArH), 7.55 (d, J = 8.5 Hz, 2 H, ArH),
7.73 (d, J = 8.5Hz, 2 H, ArH), 10.44 (s, 1 H, CONH) ppm. 3C
NMR (75 MHz, [Dg]DMSO): ¢ = 36.4, 41.0, 83.9, 97.2, 101.0,
108.7, 113.5, 127.8, 128.4, 128.9, 131.1, 134.9, 142.6, 146.4, 155.9,
165.8 ppm. MS (ES+): m/z (%) = 356.9 (100) [M + H]*.
C,;gH5CIN,O, (exact mass: 356.0564): calcd. C 60.60, H 3.67, N
7.85; found C 60.35, H 3.79, N 7.98.

3'~(4-Methylphenyl)-5,8-dihydro-4' H,5 H-spiro|1,3-dioxolo[4,5-g]quin-
oline-7,5'-isoxazol]-6-one (35d): Yield 61% (0.26 g from 0.40 g) as
a white solid, m.p. >250 °C. Ry = 0.61 (94:6, CHCl;/MeOH). IR
(KBr): ¥ = 1683 (CONH) cm!. '"H NMR (300 MHz, CDCls): 6 =
2.50 (s, 3 H, ArCH3), 2.66 (s, 1 H, CH), 3.33 (s, 1 H, CH), 3.49 (d,
J=17.1Hz, | H, CHH), 4.11 (d, J = 17.1 Hz, 1 H, CHH), 6.12
(d, J = 1.4 Hz, 2 H, OCH,0), 6.70 (s, 1 H, ArH), 6.99 (s, 1 H,
ArH), 7.43 (d, J = 8.0Hz, 2 H, ArH), 7.73 (d, J = 8.0 Hz, 2 H,
ArH), 10.58 (s, 1 H, CONH) ppm. '*C NMR (75 MHz, CDCl; +
TFA): 0 = 21.0, 36.4, 41.3, 83.3, 97.2, 100.9, 108.7, 113.6, 126.1,
126.6, 129.4, 131.2, 140.1, 142.5, 146.3, 156.4, 165.9 ppm. MS
(ES+): m/z (%) = 337.0 (100) [M + H]*. DART-HRMS: calcd. for
CoH7;N,O4 [M + H]* 337.1188; found 337.1168.

2-(2-Methylquinolin-3-yl)-1-phenylethan-1-one Oxime (40a): Yield:
52% (0.48 g from 1.20 g) as a shiny white solid, m.p. 233-235 °C.
Ry = 0.65 (94:6, CHCl3/MeOH). IR (KBr): v = 1719 (COCHj;),
3424 (OH) cm . '"H NMR (300 MHz, [Dg]DMSO): 6 = 2.50 (s, 3
H, CH;), 4.04 (s, 2 H, CH,), 7.08-7.15 (m, 3 H, ArH), 7.18-7.23
(m, 1 H, ArH), 7.36-7.42 (m, 2 H, ArH), 7.44-7.48 (m, 2 H, ArH),
7.52 (d, J = 7.5Hz, 1 H, ArH), 7.66 (d, J = 8.4 Hz, 1 H, ArH),
11.40 (s, 1 H, NOH) ppm. '*C NMR (75 MHz, CDCl): § = 23.2,
28.7, 125.7, 126.0, 126.7, 127.2, 127.8, 128.4, 128.6, 128.8, 129.3,
133.3, 135.8, 145.8, 153.9, 158.2 ppm. MS (ES+): m/z (%) = 277.2
(100) [M + H]*. HRMS (EI): calcd. for CsH(N,O [M]* 276.1263;
found 276.1267.

1-(2-Fluorophenyl)-2-(2-methylquinolin-3-yl)ethan-1-one Oxime
(40b): Yield 65% (0.27 g from 0.50 g) as a white solid, m.p. 165-
166 °C. R; = 0.64 (94:6, CHCI13/MeOH). IR (KBr): ¥ = 1610
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(C=N), 3321 (OH) cm'. '"H NMR (300 MHz, CDCls): 6 = 2.73 (s,
3 H, CH;), 4.35 (s, 2 H, CH,»), 6.97-7.08 (m, 2 H, ArH), 7.26 (d,
J =57Hz, 2 H, ArH), 7.43 (d, J = 6.3 Hz, 2 H, ArH), 7.60-7.68
(m, 2 H, ArH), 7.88 (s, 1 H, ArH), 7.99 (d, J = 7.4 Hz, 1 H, ArH),
9.38 (s, 1 H, NOH) ppm. '*C NMR (75 MHz, CDCls): 6 = 23.2,
31.8, 116.1, 116.4, 124.0, 124.1, 124.4, 124.5, 126.0, 127.3, 128.1,
128.8, 129.1, 130.1, 131.0, 131.1, 135.8, 146.4, 154.2, 158.6 ppm.
MS (ES+): m/z (%) = 295.2 (100) [M + H]*. C;sH;sFN,O (exact
mass: 294.1168): calcd. C 73.45, H 5.14, N 9.52; found C 73.64, H
5.02, N 9.47.

1-(4-Chlorophenyl)-2-(2-methylquinolin-3-yl)ethan-1-one Oxime
(40c¢): Yield 65% (0.16 g from 0.30 g) as a white solid, m.p. 202—
204 °C. Ry = 0.36 (94:6, CHCl13/MeOH). IR (KBr): ¥ = 1610
(C=N), 3389 (OH) cm!. 'TH NMR (300 MHz, [Dg]DMSO): § =
2.71 (s, 3 H, CH3), 4.25 (s, 2 H, CH,), 7.40 (d, J = 8.7Hz, 2 H,
ArH), 7.45 (d, J = 7.1 Hz, 1 H, ArH), 7.60-7.65 (m, 1 H, ArH),
7.69 (d, J = 8.7Hz, 2 H, ArH), 7.77 (d, J = 7.8 Hz, 1 H, ArH),
7.87 (d, J = 8.3 Hz, 1 H, ArH), 11.70 (s, 1 H, NOH) ppm. 3C
NMR (75 MHz, CDCly): 6 = 23.2, 28.5, 125.8, 126.7, 127.2, 127.8,
128.5, 128.7, 129.1, 133.3, 134.6, 145.8, 153.0, 158.3 ppm. MS
(ES+): m/z (%) = 311.2 (100) [M + H]*. C;3H;sCIN,O (exact mass:
310.0873): caled. C 69.57, H 4.86, N 9.01; found C 69.34, H 5.03,
N 9.12.

1-(4-Methylphenyl)-2-(2-methylquinolin-3-yl)ethan-1-one Oxime
(40d): Yield 67% (0.33 g from 0.60 g) as a white solid, m.p. 188—
189 °C. Ry = 0.34 (94:6, CHCI3/MeOH). IR (KBr): v = 1607
(C=N), 3417 (OH) cm™!. "TH NMR (300 MHz, CDCl;): § = 2.33 (s,
3 H, ArCH,;), 2.84 (s, 3 H, CH3), 4.28 (s, 2 H, CH,), 7.13 (d, J =
8.1 Hz, 1 H, ArH), 7.39-7.44 (m, 1 H, ArH), 7.52 (d, J = 8.1 Hz,
2 H, ArH), 7.61-7.64 (m, 2 H, ArH), 7.77 (s, | H, ArH), 8.03 (d, J
=8.2Hz, 1 H, ArH), 9.24 (s, 1 H, NOH) ppm. '3C NMR (75 MHz,
CDCls): 0 = 20.7, 23.2, 28.6, 125.8, 126.0, 126.7, 127.2, 127.9,
128.7, 129.1, 129.5, 133.0, 133.3, 138.3, 145.8, 153.8, 158.3 ppm.
MS (ES+): m/z (%) = 291.2 (100) [M + H]*. C;oHgN,O (exact
mass: 290.1419): caled. C 78.59, H 6.25, N 9.65; found C 78.41, H
6.11, N 9.76.

2-(2-Methylquinolin-3-yl)-1-phenylethan-1-one (41a): Yield 14%
(0.13 g from 1.20 g) as a white solid, m.p. 111-113 °C, R; = 0.80
(94:6, CHCIl3/MeOH). IR (KBr): ¥ = 1687 (CO) cm™!. '"H NMR
(300 MHz, CDCl3): 6 = 2.69 (s, 3 H, CHj3), 4.49 (s, 2 H, CH,),
7.25-7.28 (m, 1 H, ArH), 7.44-7.54 (m, 3 H, ArH), 7.60-7.73 (m,
3 H, ArH), 7.88 (s, 1 H, ArH), 8.01-8.08 (m, 3 H, ArH) ppm. 3C
NMR (75 MHz, CDCl;): ¢ = 23.6, 43.1, 126.0, 127.2, 127.5, 128.4,
128.5, 128.9, 129.2, 133.7, 136.6, 137.2, 147.1, 158.6, 196.7 ppm.
MS (ES+) m/z (%) = 262.2 (100) [M + H]*. C;oH 40, (exact mass:
261.1154): caled. C 82.58, H 5.84; found C 82.58, H 5.84.

1-(4-Chlorophenyl)-2-(2-methylquinolin-3-yl)ethan-1-one (41c):
Yield 95% (0.18g from 0.20 g) as a white solid, m.p. 148-149 °C,
Ry = 0.81 (94:6, CHCl3/MeOH). IR (KBr): ¥ = 1679 (CO) cm™!.
'H NMR (300 MHz, CDCls): § = 2.65 (s, 3 H, CHjs), 4.46 (s, 2 H,
CH,), 7.48-7.51 (m, 3 H, ArH), 7.64-7.74 (m, 2 H, ArH), 7.87 (s,
1 H, ArH), 7.99-8.04 (m, 3 H, ArH) ppm. '*C NMR (75 MHz,
CDCls): 0 = 23.6, 29.8. 43.0, 126.1, 127.2, 128.1, 128.4, 129.2,
129.3, 129.4, 129.8, 134.9, 137.3, 140.2, 147.1, 158.5, 195.5 ppm.
MS (ES+): milz (Yo) = 296.2 (100) [M + H]*. C;gH4CINO (exact
mass: 295.0764): calcd. C 73.10; H, 4.77; N, 4.74; found C 73.03,
H 4.44, N, 4.83.

General Procedure for the Synthesis of 41a,c from 40a,c, as Exem-
plified for 41a: To a stirred solution of 40a (0.05 g, 0.18 mmol) in
THF/H,O (3.0 mL, 1:1) was added aqueous HCI (1.0 mL, 35% v/
v), and the mixture was refluxed for 1 h. After completion of the
reaction, the THF was evaporated, the reaction mixture was

5457

WWW.eurjoc.org



FULL PAPER

V. Singh, V. Singh, S. Batra

poured into 10% NaHCO3, and the resulting mixture was extracted
with EtOAc (2 X20 mL). The combined organic layers were dried
with anhydrous Na,SO, and concentrated to afford a white solid
residue. The crude product was recrystallized from EtOAc/hexanes
to afford 0.042 g (89%) of 41a as a white solid.

General Procedure for the Synthesis of 40a,c from 41a,c, as Exem-
plified for 40a: A reaction mixture containing 41a (0.05 g,
0.19 mmol), NH,OH-HCI (0.02 g, 0.28 mmol), and CH;CO,Na
(0.02 g, 0.28 mmol) in MeOH (3.0 mL) was refluxed for 1 h. Excess
MeOH was then evaporated from the reaction mixture, cold water
(10 mL) was added, and the mixture was extracted with EtOAc
(2X20 mL). The combined organic layers were dried with anhy-
drous Na,SO, and concentrated to furnish a white solid residue.
The crude product was recrystallized from EtOAc/hexanes to af-
ford 0.05 g (94%) of 40a as a white solid.

General Procedure for the Synthesis of 9a—e, 10a, 37a,c—e, as Exem-
plified for 9d: To a stirred solution of 7d (0.13 g, 0.35 mmol) in
glacial acetic acid (10 mL) iron powder (0.12 g, 2.11 mmol) was
added, and the reaction mixture was refluxed at 120 °C under nitro-
gen for 3 h. Upon completion of the reaction, the reaction mixture
was poured into ice-cold water whilst stirring to yield a solid, which
was filtered and washed with 10% NaHCO;, followed by water.
The product was recrystallized from EtOAc to furnish 0.10 g (73 %)
of 9d as a white solid.

2-(4-Chlorophenyl)-4'-hydroxy-5-phenyl-2,4-dihydro-1' H-spiro[pyr-
azole-3,3'-quinolin]-2' (4’ H)-one (9a): Yield 95% (0.24 g from
0.30 g) as a white solid, m.p. >250 °C. Ry = 0.25 (80:20, hexane/
EtOAc). IR (KBr): ¥ = 1670 (CONH) cm™!. '"H NMR (300 MHz,
[Dg]DMSO): 6 = 3.18 (d, J = 17.4 Hz, 1 H, CHH), 3.63 (d, J =
17.4 Hz, 1 H, CHH), 5.59 (d, / = 49 Hz, 1 H, CHOH), 6.21 (d, J
=49Hz 1 H, CHOH), 6.99 (d, J = 7.6 Hz, 1 H, ArH), 7.09 (t, J
= 7.3Hz, 1 H, ArH), 7.16 (d, J = 9.0 Hz, 2 H, ArH), 7.25-7.31
(m, 2 H, ArH), 7.34-7.45 (m, 5 H, ArH), 7.67 (d, J = 7.6 Hz, 2 H,
ArH), 10.63 (s, 1 H, NH) ppm. '3C NMR (75 MHz, CDCl;): § =
64.8, 73.4, 115.1, 115.9, 122.0, 122.9, 125.6, 126.2, 126.6, 128.4,
128.5, 128.6, 131.8, 135.1, 141.5, 145.9, 168.5 ppm. MS (ES+): m/z
(%) = 404.1 (100) [M + HJ*, 406.1 (33%) [M + 3]*. C3H3CIN;0,
(exact mass: 403.1088): calcd. C 68.40, H 4.49, N 10.40; found C
68.67, H 4.26, N 10.49.

2-(4-Chlorophenyl)-5-(2-fluorophenyl)-4'-hydroxy-2,4-dihydro-1' H-
spiro[pyrazole-3,3’-quinolin]-2' (4’ H)-one (9b): Yield 96% (0.37 g
from 0.45 g) as a white solid, m.p. >250 °C. R; = 0.23 (80:20, hex-
ane/EtOAc). IR (KBr): ¥ = 1676 (CONH) cm™'. 'H NMR
(300 MHz, CDCl,): 0 = 3.18 (d, / = 17.5 Hz, 1 H, CHH), 3.69 (d,
J=17.5Hz, 1 H, CHH), 5.58 (d, J = 6.1 Hz, 1 H, CHOH), 6.23
(d, J=6.1Hz 1 H, CHOH), 6.97 (d, J = 7.3 Hz, 1 H, ArH), 7.09
(d, J=17.3Hz, 1 H, ArH), 7.15-7.18 (m, 2 H, ArH), 7.22-7.28 (m,
5 H, ArH), 7.37-7.43 (m, 2 H, ArH), 7.83 (t, J = 7.3 Hz, 1 H,
ArH), 10.63 (s, 1 H, NH) ppm. '3C NMR (75 MHz, CDCl5): § =
64.9, 73.2, 115.1, 116.1, 116.3, 122.5, 122.9, 124.7, 126.1, 126.6,
128.3, 128.5, 128.6, 128.8, 130.5, 135.0, 141.2, 168.4 ppm. MS
(ES+) mlz (%) = 422.0 (30) [M + H]". C,3H,;,CIFN;0; (exact mass:
421.0993): caled. C 65.48, H 4.06, N 9.96; found C 65.63, H 4.19,
N 10.6.

2,5-Bis(4-chlorophenyl)-4'-hydroxy-2,4-dihydro-1’ H-spiro[pyrazole-
3,3'-quinolin]-2'(4' H)-one (9¢): Yield 77% (0.12 g from 0.18 g) as a
white solid, m.p. >250 °C. Ry = 0.26 (80:20, hexane/EtOAc). IR
(KBr): ¥ = 1672 (CONH) cm™!. '"H NMR (300 MHz, CDCl5): § =
2.59 (s, 1 H, CHOH), 3.10 (d, J = 17.1 Hz, 1 H, CHH), 3.80 (d, J
=17.1Hz 1 H, CHH), 5.67 (s, 1 H, CHOH), 6.97 (d, J = 7.5 Hz,
1 H, ArH), 7.06-7.11 (m, 1 H, ArH), 7.20-7.31 (m, 6 H, ArH),
7.46-7.58 (m, 4 H, ArH), 10.19 (s, 1 H, NH) ppm. '3C NMR
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(75 MHz, CDCly): 6 = 64.9, 73.7, 115.1, 116.1, 122.3, 123.0, 126.2,
126.6, 127.3, 128.5, 128.7, 130.7, 133.1, 135.1, 141.3, 144.9,
168.4 ppm. MS (FAB+) m/z (%) = 437 (100) [M + H]*.
C,3H{7CI,N50, (exact mass: 437.0698): calcd. C 63.03, H 3.91, N
9.59; found C 63.27, H 4.11, N 9.41.

2-(4-Chlorophenyl)-4'-hydroxy-5-(4-methylphenyl)-2,4-dihydro-1" H-
spiro[pyrazole-3,3’-quinolin]-2'(4’ H)-one (9d): M.p. >250 °C. R; =
0.27 (80:20, hexane/EtOAc). IR (KBr): ¥ = 1673 (CONH) cm '. '"H
NMR (300 MHz, CDCls): 6 = 2.34 (s, 3 H, ArCHs;), 3.11 (d, J =
17.1 Hz, 1 H, CHH), 3.80 (d, J = 17.1 Hz, 1 H, CHH), 5.49 (d, J
=5.7Hz, 1 H, CHOH), 5.66 (s, 1 H, CHOH), 6.97 (d, J = 7.5 Hz,
1 H, ArH), 7.08-7.23 (m, 7 H, ArH), 7.50-7.56 (m, 4 H, ArH),
10.09 (s, 1 H, NH) ppm. '*C NMR (75 MHz, CDCl5): § = 21.0,
64.8, 73.2, 115.0, 115.8, 121.8, 122.9, 125.6, 126.2, 126.5, 128.4,
128.6, 129.0, 129.2, 135.1, 138.3, 141.6, 146.0, 168.5 ppm. MS
(ES+): m/z (%) = 418.0 (100) [M + H]*. C,4H,,CIN;O, (exact
mass: 417.1244): caled. C 68.98, H 4.82, N 10.06; found C 69.13,
H 4.72, N 10.18.

2-(4-Chlorophenyl)-4’-hydroxy-5-(thiophen-2-yl)-2,4-dihydro-1' H-
spiro[pyrazole-3,3'-quinolin]-2' (4’ H)-one (9¢): Yield 80% (0.14 g
from 0.18 g) as a white solid, m.p. >250 °C. Ry = 0.21 (80:20, hex-
ane/EtOAc). IR (KBr): ¥ = 1681 (CONH) cm!. 'H NMR
(300 MHz, CDCl5): 6 = 3.16 (d, J = 17.3 Hz, | H, CHH), 3.61 (d,
J=173Hz, 1 H, CHH), 5.56 (d, J = 5.8 Hz, 1 H, CHOH), 6.24
(d, J=5.8Hz 1 H, CHOH), 6.95(d, J =7.6 Hz, 1 H, ArH), 7.04—
7.07 (m, 4 H, ArH), 7.18-7.25 (m, 4 H, ArH), 7.41 (d, J = 7.2 Hz,
1 H, ArH), 7.55 (d, J = 7.2 Hz, 1 H, ArH), 10.63 (s, 1 H, NH)
ppm. 3C NMR (75 MHz, CDCls): § = 59.8, 64.8, 73.5, 115.1,
115.9, 122.1, 122.9, 126.1, 126.5, 127.5, 127.8, 128.5, 135.0, 141.2,
142.4, 168.2 ppm. MS (ES+): m/z (%) = 410.1 (100) [M + H]".
C,H ¢CIN30,S (exact mass: 409.0652): caled. C 61.53, H 3.93, N
10.25; found C 61.40, H 4.12, N 10.14.

2-(4-Chlorophenyl)-4'-hydroxy-6',7’-dimethoxy-5-phenyl-2,4-dihy-
dro-1' H-spiro|[pyrazole-3,3’-quinolin]-2' (4’ H)-one (10a): Yield 50%
(0.44 g from 0.50 g) as a pale yellow solid, m.p. 107-108 °C. R; =
0.80 (80:20, hexane/EtOAc). IR (KBr): ¥ = 1685 (CONH) cm '. '"H
NMR (300 MHz, [D4]DMSO): 6 = 3.15(d, J = 17.4Hz, 1 H,
CHH), 3.66 (d, J =17.4 Hz, 1 H, CHH), 3.74 (s, 3 H, OCH3), 3.78
(s, 3 H, OCH;), 5.51 (d, J = 6.0 Hz, 1 H, CHOH), 6.15 (d, J =
6.0 Hz, 1 H, CHOH), 6.64 (s, 1 H, ArH), 6.99 (s, 1 H, ArH), 7.13
(d, J=8.9Hz, 2 H, ArH), 7.36 (d, J = 8.9 Hz, 2 H, ArH), 7.36—
7.41 (m, 3 H, ArH), 7.66 (d, J = 6.6 Hz, 2 H, ArH), 10.37 (s, 1 H,
NH) ppm. 13C NMR (75 MHz, CDCls): 6§ = 55.7, 55.9, 64.8, 73.6,
100.4, 110.6, 115.8, 117.3, 121.9, 125.5, 125.6, 128.3, 128.5, 128.7,
141.5, 144.7, 145.9, 148.9, 168.4 ppm. MS (ES+): m/z (%) = 464.1
(50) [M + H]*. HRMS (EI): calcd. for C,5H,,CIN;O4 463.1299;
found 463.1313.

2-(4-Chlorophenyl)-5-phenyl-2,4-dihydro-1’ H-spiro[pyrazole-3,3'-quin-
olin]-2'(4' H)-one (37a): Yield 94% (0.16 g from 0.20 g) as a white
solid, m.p. >250 °C. Ry = 0.51 (70:30, hexane/EtOAc). IR (KBr):
¥ = 1685 (CONH) cm!. '"H NMR (300 MHz, [D¢g]DMSO): § =
293 (d, J=15.8Hz, 1 H, CHH), 3.40 (s, 2 H, CH,), 3.61 (d, J =
15.8 Hz, 1 H, CHH), 6.96 (d, J = 7.0 Hz, 2 H, ArH), 7.11 (d, J =
8.6 Hz, 2 H, ArH), 7.17-7.28 (m, 4 H, ArH), 7.36 (d, J = 6.3 Hz,
3 H, ArH), 7.67 (d, J = 6.3 Hz, 2 H, ArH), 10.62 (s, 1 H, NH)
ppm. 3C NMR (75 MHz, CDCl;): 6 = 32.7, 44.8, 68.1, 115.2,
116.3, 120.7, 122.8, 125.8, 127.9, 128.6, 129.0, 129.5, 131.7, 137.2,
141.3, 146.0, 168.7 ppm. MS (ES+): m/z (%) = 388.1 (33) [M +
H]*. C53H;gCIN;O (exact mass: 387.1138): caled. C 71.22, H 4.68,
N 10.83; found C 71.47, H 4.79, N 10.77.

2,5-Bis(4-chlorophenyl)-2,4-dihydro-1' H-spiro[pyrazole-3,3'-quin-
olin]-2'(4' H)-one (37c¢): Yield 71% (0.31 g from 0.50 g) as a white
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solid, m.p. >250 °C. Ry = 0.53 (70:30, hexane/EtOAc). IR (KBr):
V= 1688 (CONH) cm™'. '"H NMR (300 MHz, CDCl;): § = 2.95 (d,
J=16.0Hz, 1 H, CHH), 3.41 (d, J = 2.2 Hz, 2 H, CH,), 3.65 (d,
J =16.0Hz, 1 H, CHH), 6.97-6.99 (m, 2 H, ArH), 7.13 (d, J =
9.0 Hz, 2 H, ArH), 7.19-7.26 (m, 2 H, ArH), 7.28 (d, J = 9.0 Hz,
2 H, ArH), 7.43 (d, J = 8.5Hz, 2 H, ArH), 7.71 (d, J = 8.5 Hz, 2
H, ArH), 10.61 (s, 1 H, NH) ppm. MS (ES+): m/z (%) = 422.1
(100) [M + H]". C53H;CI,N;0 (exact mass: 421.0749): caled. C
65.41, H 4.06, N 9.95; found C 65.22, H 4.19, N 10.14.

2-(4-Chlorophenyl)-5-(4-methylphenyl)-2,4-dihydro-1' H-spiro[pyr-
azole-3,3'-quinolin]-2'(4' H)-one (37d): Yield 81% (0.18 g from
0.22 g) as a light brown solid, m.p. >250 °C. Ry = 0.54 (70:30, hex-
ane/EtOAc). IR (KBr): ¥ = 1690 (CONH) cm~!. 'H NMR
(300 MHz, [Dg]DMSO): 6 = 2.32 (s, 3 H, ArCH;), 293 (d, J =
15.6 Hz, 1 H, CHH), 3.39 (s, 2 H, CH,), 3.65 (d, J = 15.6 Hz, 1
H, CHH), 698 (s, J = 6.9 Hz, 1 H, ArH), 7.12 (d, J = 8.6 Hz, 4
H, ArH), 7.19-7.29 (m, 6 H, ArH), 7.58 (d, J = 7.6 Hz, 2 H, ArH),
10.61 (s, 1 H, NH) ppm. *C NMR (75 MHz, CDCl;): 6 = 22.0,
33.6, 45.5, 69.2, 116.1, 117.0, 121.6, 123.4, 123.6, 126.7, 128.8,
129.5, 129.8, 130.1, 130.4, 138.3, 139.5, 142.3, 147.1, 170.0 ppm.
MS (ES+): m/z (%) = 402.1 (100) [M + H]". CyyH»,CIN;O (exact
mass: 401.1295): calcd. C 71.73, H 5.02, N 10.46; found C 71.87,
H 5.23, N 10.27.

2-(4-Chlorophenyl)-5-(thiophen-2-yl)-2,4-dihydro-1’' H-spiro[pyrazole-
3,3'-quinolin]-2'(4' H)-one (37¢): Yield: 85% (0.17 g from 0.20 g) as
a light blue solid, m.p. >250 °C. R; = 0.50 (70:30, hexane/EtOAc).
IR (KBr): ¥ = 1685 (CONH) cm™'. 'H NMR (300 MHz, CDCls):
0=2.75(d,J=159Hz, 1 H, CHH), 3.39 (s, 2 H, CH,), 3.68 (d,
J =159Hz 1 H, CHH), 6.98-7.01 (m, 4 H, ArH), 7.10-7.24 (m,
5 H, ArH), 7.32-7.34 (m, 1 H, ArH), 7.43 (s, 1 H, ArH), 10.16 (s,
1 H, NH) ppm. 3C NMR (75 MHz, CDCls): 6 = 32.7, 45.5, 68.2,
115.2, 116.2, 120.7, 122.8, 127.9, 128.1, 128.7, 129.5, 134.9, 137.1,
141.1, 142.6, 168.4 ppm. MS (ES+): m/z (%) = 394.1 (100) [M +
H]*. C,H;4CIN;OS (exact mass: 393.0703): calcd. C 64.03, H 4.09,
N 10.67; found C 64.21, H 3.86, N 10.75.

Supporting Information (see footnote on the first page of this arti-
cle): Spectroscopic data for all the starting substrates and copies of
NMR spectra for all the compounds.

Acknowledgments

V.S. and V. S. gratefully acknowledge financial support from the
Council of Scientific and Industrial Research (CSIR), New Delhi
in the form of fellowships. This work was also supported by a grant
from the Department of Science and Technology (DST), New
Delhi (SR/SI/OC-16/2006). The help extended by Prof. Sandeep
Verma, IIT, Kanpur and one of his PhD students, Mr. C. Purohit,
in analyzing the crystal data included in this paper is gratefully
acknowledged.

[1] a) S. Madapa, Z. Tusi, S. Batra, Curr. Org. Chem. 2008, 12,
1116-1183, and references cited therein; b) S. A. Yamashkin,
E. A. Oreshkina, Chem. Heterocycl. Compd. 2006, 42, 701-718;
¢) V. V. Kouznetsov, L. Y. V. Mendez, C. M. M. Gomez, Curr.
Org. Chem. 2005, 9, 141-161.

[2] a) V. Singh, S. Batra, Tetrahedron 2008, 64, 4511-4574, and
references cited therein; b) E. Colacino, C. Andre, J. Martinez,
F. Lamaty, Tetrahedron Lett. 2008, 49, 4953-4955; ¢) S. Gowri-
sankar, H. S. Lee, J. M. Kim, J. N. Kim, Tetrahedron Lett. 2008,
49, 1670-1673; d) W. Zhong, F. Lin, R. Chen, W. Su Synthesis,
DOI: 10.1055/s-2008-1078601.

[3] S. Madapa, V. Singh, S. Batra, Tetrahedron 2006, 62, 8740—
8747.

Eur. J. Org. Chem. 2008, 5446-5460

© 2008 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

European Journal
of Organic Chemistry

[4] R. Pathak, S. Madapa, S. Batra, Tetrahedron 2007, 63, 451—
460.

[5] For examples, see a) P. B. Hurley, G. R. Dake, J. Org. Chem.
2008, 73, 4131-4138; b) A. Sy Arlene, D. C. Swenson, J. B.
Gloer, D. T. Wicklow, J. Nat. Prod. 2008, 71, 415-419; ¢) S. E.
Reisman, J. M. Ready, M. M. Weiss, A. Hasuoka, M. Hirata,
K. Tamaki, T. V. Ovaska, C. J. Smith, J. L. Wood, J. Am. Chem.
Soc. 2008, 130, 2087-2100; d) F. Wang, Y. Fang, T. Zhu, M.
Zhang, A. Lin, Q. Gu, W. Zhu, Tetrahedron 2008, 64, 7986
7991; e) H. Wu, H. Zhang, G. Zhao, Tetrahedron 2007, 63,
6454-6461; f) R. Sivappa, N. M. Hernandez, Y. He, C.J. Lo-
vely, Org. Lett. 2007, 9, 3861-3864; g) P. D. O’Connor, M. A.
Brimble, Nat. Prod. Rep. 2007, 24, 869-885; h) N. J. Bennett,
J. C. Prodger, G. Pattenden, Tetrahedron 2007, 63, 6216-6231;
i) V. Nair, T. D. Suja, Tetrahedron 2007, 63, 12247-12275; j) G.
Dake, Tetrahedron 2006, 62, 3467-3492, and references cited
therein; k) R. A. Hill, Annu. Rep. Prog. Chem. Sect. B: Org.
Chem. 2007, 103, 125-139; 1) L. A. Adams, M. W. N. Valentea,
R. M. Williams, Tetrahedron 2006, 62, 5195-5200; m) J. A.
Vanecko, H. Wan, F. G. West, Tetrahedron 2006, 62, 1043—
1062; n) R. Pradhan, M. Patra, A. K. Behera, B. K. Mishra,
R. K. Behera, Tetrahedron 2006, 62, 779-828, and references
cited therein; o) J. Yang, H. Song, X. Xiao, J. Wang, Y. Qin,
Org. Lett. 2006, 8, 2187-2190; p) H. Takikawa, Biosci. Biotech-
nol. Biochem. 2006, 70, 1082-1088; q) M.-Y. Chang, C.-L. Pai,
Y.-H. Kung, Tetrahedron Lett. 2005, 46, 8463-8465; r) A. Ma-
din, C. J. O’Donnell, T. Oh, D. W. Old, L. E. Overman, M. J.
Sharp, J Am. Chem. Soc. 2005, 127, 18054-18065.

[6] For examples, see: a) S. Crosignani, P. Page, M. Missotten, V.
Colovray, C. Cleva, J.-F. Arrighi, J. Atherall, J. Macritchie, T.
Martin, Y. Humbert, M. Gaudet, D. Pupowicz, M. Maio, P.-
A. Pittet, L. Golzio, C. Giachetti, C. Rocha, B. Gérald, Y. Fil-
inchuk, A. Scheer, M. K. Schwarz, A. Chollet, J Med. Chem.
2008, 51, 2227-2243; b) R. R. Kumar, S. Perumal, P. Senthilku-
mar, P. Yogeeswari, D. Sriram, Tetrahedron 2008, 64, 2962
2971; ¢) M. G. Bursavich, A. M. Gilbert, S. Lombardi, K. E.
Georgiadis, E. Reifenberg, C. R. Flannery, E. A. Morris, Bi-
oorg. Med. Chem. Lett. 2007, 17, 5630-5633; d) S.R. T. B.
Hadda, B. Rahima, A. Kerbal, B. F. Baba, M. Akkurt, G. De-
mailly, M. Benazza, ARKIVOC 2007, xiv, 276-288; ¢) M. S.
Chande, R. S. Verma, P. A. Barve, R. R. Khanwelkar, Eur. J
Med. Chem. 2005, 40, 1143-1148; f) A. Dandia, M. Sati, K.
Arya, R. Sharma, A. Loupy, Chem. Pharm. Bull. 2003, 51,
1137-1141; g) K. C. Joshi, A. Dandia, S. Bhagat, J. Ind. Chem.
Soc. 1990, 67, 753-756.

[71 For examples, see: a) S. A. Gaz, E. Condamine, N. Bogdan, A.
Terec, E. Bogdan, Y. Ramondenc, 1. Grosu, Tetrahedron 2008,
64, 7295-7300; b) M. Dabiri, S. C. Azimi, H. R. Khavasi, A.
Bazgir, Tetrahedron 2008, 64, 7307-7311; c) J. A. Pfefferkorn,
C. Choi, Tetrahedron Lett. 2008, 49, 4372-4373; d) K. G. Naza-
renko, N. A. Shtil, S. A. Buth, A. N. Chernega, M. O. Lozin-
skii, A. A. Tolmachev, Tetrahedron 2008, 64, 4478-4485; ¢) H.-
W. Shih, W.-C. Cheng, Tetrahedron Lett. 2008, 49, 1008-1011;
f) A. R. Suresh Babu, R. Raghunathan, Synth. Commun. 2008,
38, 1433-1438; g) S. Dalai, M. Es-Sayed, M. Notzel, A. de Me-
jjere, Eur. J. Org. Chem. 2008, 3709-3713; h) F. Rouillard, J.
Roy, D. Poirier, Eur. J. Org. Chem. 2008, 2446-2453; i) 1. Yav-
ari, A. Mirzaei, L. Moradi, N. Hosseini, Tetrahedron Lett.
2008, 49, 2355-2358; j) F. Alonso, J. Melendez, Synlett 2008,
1627-1630; k) K. S. Krishnan, J. M. Kuthanappillil, J. John,
C. H. Suresh, E. Suresh, K. V. Radhakrishnan, Synthesis 2008,
2134-2140; 1) S. Kotha, A. C. Deb, Indian J. Chem. 2008, 47B,
1120-1134; m) J.-Q. Li, R.-Z. Liao, W.-J. Ding, Y. Cheng, J.
Org. Chem. 2007, 72, 6266-6269; n) E. Prusov, M. E. Maier,
Tetrahedron 2007, 63, 10486-10496; o) R.S. Kumar, S. Per-
umal, H. B. Kagan, R. Guillot, Tetrahedron: Asymmetry 2007,
18, 170-180; p) D. Basavaiah, K. R. Reddy, Org. Lett. 2007, 9,
57-60; q) V. Schulz, M. Davoust, M. Lemarie, J.-F. Lohier, J.
Sopkova de Oliveira Santos, P. Metzner, J.-F. Briere, Org. Lett.
2007, 9, 1745-1748; r) S. Ramezanpour, M. S. Hashtroudi,

5459

WWW.eurjoc.org



FULL PAPER

(8]

]

V. Singh, V. Singh, S. Batra

H. R. Bijanzadeh, S. Balalaie, Tetrahedron Lett. 2008, 49,
3980-3982; s) X. Hu, Y. Feng, W. Zhou, K. Qiao, J. Heterocycl.
Chem. 2006, 43, 75-80; t) W. Holzer, R. M. Claramunt, M.
Pérez-Torralba, D. Guggi, T. H. Brehmer, J. Org. Chem. 2003,
68, 7943-7950.

a) V. Singh, G. P. Yadav, P. R. Maulick, S. Batra, Tetrahedron
2008, 64, 2979-2991; b) D. Basavaiah, R.J. Reddy, Org Bi-
omol. Chem. 2008, 6, 1034-1039; ¢) P. Shanmugam, V. Vaithi-
yanathan, Tetrahedron 2008, 64, 3322-3330; d) E. Ramesh, M.
Kathiresan, R. Raghunathan, Tetrahedron Lett. 2007, 48,
1835-1839; e) J. Jayashankaran, R. Durga, R. S. Manian, M.
Sivaguru, R. Raghunathan, Tetrahedron Lett. 2006, 47, 5535~
5538; £) J. Xu, J. Wang, E. D. Ellis, A. T. Hamme 11, Synthesis
2006, 3815-3818; g) R. E. Sammelson, C. D. Gurusinghe, J. M.
Kurth, M. M. Olmstead, M. J. Kurth, J Org Chem. 2002, 67,
876-882; h) P. Micuch, L. Fisera, M. K. Cyranski, T. M. Kry-
gowski, Tetrahedron Lett. 1999, 40, 167-170; i) P. Micuch, L.
Fisera, M. K. Cyranski, T. M. Krygowski, J. Krajick, Tetrahe-
dron 2000, 56, 5465-5472.

S.R. Yong, A. T. Ung, S. G. Pyne, B. W. Skelton, A. H. White,
Tetrahedron 2007, 63, 5579-5586.

[10]a) A. V. Tverdokhlebov, A. P. Gorulya, A. A. Tolmachev, A. N.

Kostyuk, A. N. Chernega, E. B. Rusanov, Tetrahedron 2006,
62, 9146-9152; b) H. A. Soleiman, A.I. M. Koraiem, N.Y.
Mahmoud, J. Chin. Chem. Soc. (Taipei, Taiwan) 2004, 51, 553—
560; ¢) M. Hatano, K. Mikami, J Am. Chem. Soc. 2003, 125,
4704-4705; d) J. Cossy, C. Poitevin, D. G. Pardo, J.-L. Peglion,
A. Dessinges, Tetrahedron Lett. 1998, 39, 2965-2968; ¢) R. T.
Coutts, A.-M. El-Hawari, Can. J. Chem. 1977, 55, 2856-2866.

[11]a) P. Caramella, G. Cellerino, Tetrahedron Lett. 1974, 15, 229—

232; b) A.P. Kozikowski, A. K. Ghosh, J Am. Chem. Soc.
1982, 104, 5788-5789; c¢) D. P. Curran, S.-M. Choi, S. A. Go-
the, F. Lin, J Org. Chem. 1990, 55, 3710-3952; d) B. Das, G.
Mahender, H. Holla, J. Banerjee, ARKIVOC 2005, iii, 27-35; ¢)
B. Dugovic, L. Fisera, C. Hametner, N. Pronayova, ARKIVOC
2003, xiv, 162-169; f) B. Dugovic, L. Fisera, C. Hametner,
M. K. Cyranski, N. Pronayova, Monatsh. Chem. 2004, 135,
685-696; g) Y. Shang, Z. Feng, L. Yuan, S. Wang, Tetrahedron
2008, 64, 5779-5783.

[12]a) V. Singh, G. P. Yadav, P. R. Maulick, S. Batra J. Heterocyclic

Chem., submitted; b) V. Singh, S. Madapa, G. P. Yadav, P. R.
Maulick, S. Batra, Synthesis 2006, 1995-2004.

[13]S. Kanemasa, S. Kobayashi, Bull. Chem. Soc. Jpn. 1993, 66,

2685-2693.

[14] M. V. Reinov, M. A. Yurovskaya, D. V. Davydov, A. V. Strelets-

kii, Chem. Heterocycl. Compds. 2004, 40, 188-193.

[15] Crystal data for 17d (crystallized from CHCI5/EtOAc): Empiri-

5460 WWW.eurjoc.org

cal formula: C3oH,;Cl;F{N5O3, formula mass = 532.00 g/mol,
T = 298(2) K, wavelength = 0.71073 A, triclinic, space group
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= P1,a=9.367(2), b = 9.858(2), c = 14.818(4) Aﬂ, a =90.982(4),
B =106.384(4), y = 91.166(5)°, V = 1312.1(5) A3, Z =2, D =
1.347 mg/m3, u(Mo-K,) = 0.190 mm!, F(000) = 556, colorless
block, size 0.2 X 0.2 X 0.2 mm, 8535 reflections collected, R(int)
= 0.0327, unique reflections = 6183, final R indices [/ > 206(/)]
on F% R1 =0.0897, wR2 = 0.2376, GoF = 1.014; R indices (all
data): R1 = 0.1701, wR2 = 0.3080. Data were collected with a
Bruker SMART CCD4 X-ray diffraction instrument with
graphite-monochromated Mo-K, radiation (1 = 0.710 A) at
room temp. The structure was solved by direct methods with
the SIR92 programme and refined with full-matrix least
squares on F? (SHELX97). The structure was expanded with
the Fourier technique. All non-hydrogen atoms were refined
anisotropically. Hydrogen atoms were placed at geometrically
idealized positions. All the software packages were integrated
into the WINGX software package. CCDC-699461 (17d) con-
tains the supplementary crystallographic data for this paper.
These data can be obtained free of charge from The Cambridge
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_
request/cif.

[16] Crystal data for 19¢ (crystallized from CHCI;): Empirical for-

mula: Cs;oH»4Cl;N;O5, formula mass = 532.00 g/mol, T =
298(2) K, wavelength = 0.71073 A, triclinic, space group = PI,
a=9.367(2), b = 9.858(2), ¢ = 14.818(4) A, a = 90.982(4), ff =
106.384(4), y = 91.166(5)°, V = 1312.1(5) A3, Z = 2, D =
1.347 mg/m3, u(Mo-K,) = 0.190 mm !, F(000) = 556, colorless
block, size 0.2 X 0.2 X 0.2 mm, 8535 reflections collected, R(int)
=0.0327, unique reflections = 6183, final R indices [1 > 2o(])]
on F2: R1 = 0.0897, wR2 = 0.2376, GoF = 1.014; R indices (all
data): R1 = 0.1603, wR2 = 0.2679. Data were collected with a
Bruker SMART CCD4 X-ray diffraction instrument with
graphite-monochromated Mo-K, radiation (1 = 0.710 A) at
room temp. The structure was solved by direct methods with
the SIR92 programme and refined with full-matrix least
squares on F> (SHELX97). The structure was expanded with
the Fourier technique. All non-hydrogen atoms were refined
anisotropically. Hydrogen atoms were placed at geometrically
idealized positions. All the software packages were integrated
into the WINGX software package. CCDC-699462 (19¢) con-
tains the supplementary crystallographic data for this paper.
These data can be obtained free of charge from The Cambridge
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_
request/cif.

[17] All the spirocyclic derivatives were evaluated as antimalarials

in a chloroquine-sensitive P. falciparum strain (3D-7), but none
of them displayed any significant activity.
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