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Hydrocarbostyril. which is a key interimediate in our new sy nthetic route to 6-nitroquipazine. can be prepared
from 1-indanone oxime by Beckmamn rearrangement. We have optimized the reaction by using a Lewis acid.,
aluminum chloride. in the vield of 91% instead of common acids such as polyphosphoric acid. and sulfuric acid
used in conventional Beckmann rearrangement (20% in the literature, 10% in our experiment). The optimized
condition is established by nsing three equivalents of aluminum chloride in CH~Cl- at -40 °C - room tempera-
ture for 40 min. We have applied this condition to other 1-indanone derivatives. such as 4-methyl-, 4-methoxy -,
4-nitro and 6-nitro-1-indanones. The mechanism of this BR has been proposed on the basis of the effect of tem-
perature and substituent on product ratio. with the aid of PM3 calculation for a model system.

Introduction

Since the first discovery of Beckmann rcarrangement
(BR) by Beckmann in 1886.! successive investigations have
largely carricd out and applicd in many wayvs.” The BR of
ketoximes or aldoximes in the presence of certain acid.
including Lewis acids. give amides or lactams. The BR is a
skcletal rearrangement. which have become a usclul way for
not only the incerporation of nitrogen atom clTiciently in
both c¢yvclic and acyvclic svsiem. bul also the synthesis of
various alkaloids. The basic mcchanism of BR was sug-
gesied as shown in Figure 1. Conceried |1.2|-sigmatropic
rcarrangement occurs in transition statc. and then primary
product is tautomerized to give target compound immedi-
ately.,

Recently. we have reported BR of 1-indanone oxime (1)
providing hvdrocarbostyril (2) as a major product in 91%
vicld via tosvlate at [rom -40 °C Lo room temperature using a
Lewis acid. aluminum chloride (Scheme 1).% This method is
very elficient as well as mild because the reaction undergocs
at room lemperaturc and cven at lower temperatures like <40
°C. Thus. this method will be usclul for the synthesis of
other hvdrocarbostvril derivatives from corresponding 1-
indanonc dcrivatives. There has been reported only one
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Figure 1. Suggested mechanism for conventional BR ol kelo-
xime.
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cxample of BR using aluminum chloride in litcrature.® how-
ever the role of aluminum chloride has not been studied.

Qur continuing interest in developing new neurotransimil-
ters. which have good binding affinity to scrotonin reuptake
silc in vivo. has led us to synthesize 6-nitroquipazine (3. R =
NO-. R*=H). Recently we have reported a new efTicient
synthesis of 6-nitroquipazine from hydrocarbostyril* Key
intcrmediate.  2-chloro-6-nitroquinoline. was  synthesized
successfully from hydrocarbostyril. which was a major pro-
duct of BR of l-indanonc oxime. We have applied to other
l-indanone derivatives in order 1o synthesize mulli-sub-
stituted quinoline derivatives, Conscquently. our method
was found to be excellent for the synthesis of substituted
hydrocarbostyril. Labeling of these compounds with radio-
active isotope. such as F-18. make it possible to image ils
binding sitc in our bodics by mcans of positron cmission
tomography (PET)." In order to prepare labeled 6-nitro-
quipazine denvatves. it 1s required to synthesize highly sub-
stituted hydrocarbostynils.

We have designed a new synthelic route involving BR as
core step. Conscquently. this process was applied Lo other 1-
mdanone derivatives such as 4-methyl. 4-mcthoxy. 4-nitro
and 6-nitro- L-indanone. In this paper. we now report the BRs
of other l-indanonc oxime denvatives using this method,
considering the mechanmism of this rearrangement and the
role of alumimum chloride.
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Figure 2. |-Indanone derivatives studied in this work.

Results and Discussion

The Preparation of 1-Indanone Derivatives. The 1-
indanone denvatives chosen as starting molccules (Figure 2)
were prepared by the following procedure except lor com-
mercially available 1-indanonc (1a).

As shown in Scheme 2. 2-methylbenzylbromide (4) was
rcacted with dicthvlmalonaie in alcoholic sodium cthoxide
1o give dicthyvl (2-methylbenzymalonate (5) in 73% yicld.
3-(2-Mcthylphenylpropionic acid (6) was preparcd by
sapenilication of 5 in cthanolic NaOH followed by decar-
boxylation in dimethyllormamide at 120 °C in overall vield
of 90%. The intramolecular ring formation of 6 in poly phos-
peric acid (PPA) at 110 °C provided 4-mcthyl-1-indanonc
(1b) in 90% vicld.

4-Methoxy-1-indanone (1¢) was synthesized by Frics rear-

rangement of dihvdrocoumarin (7) with three cquivalents of

aluminum chloride followed by (-methylation ol 4-hvdroxy-
I-indanonc (8) with 0.6 cquivalents of dimcthylsulfalc
(Scheme 3).

The nitration of 1-indanone (Scheme 4) gave 6-nitro-1-
indanone (1¢) as a major product and 4-nitro-1-indanonc
(1d) as a minor product in 9 : 1 ratio.

Synthesis of 1-Indanone Oxime Tosylates and Their
Beckmann Rearrangements. The BRs of these 1-indanonc
derivatives were carricd outl by the process illustrated in
Scheme 3.

As shown in Scheme 3. various l-indanonc derivatives
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Scheme 2. Reaction conditions: (a) CHxCO:Ft), FtONa/FtOH,
=0 C - i (b) (1) aq. NaOL1, L1OI1, 90 °C, 3 h: (ii) DMF, 120%C. 2
h.¢)PPA, 110°C, 20 min.
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Scheme 3. Reaction conditions: (a) AlCL, 190 °C, 6 h (b)
(Me RSO, dioxane, NaOH_ 50 °C, 2 I
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Scheme 4. Reaction conditions: (a) HNOz. HaSQy, -10 °C -1t
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Scheme 5. Reaction conditions: (a) NH:OHHCL. 4 N NaOH,
MeOH. -10 "C - rt. {(b) TsCL. 4 N NaOH. acetone, -10"C - rt. (¢)
AlCL, CLLCL, 40°C - 1t

were treated under similar condition. After -indanoncs. 1a-
¢. and hydroxylamine hydrochloride were dissolved in meth-
anol. 4 N NaOH was added to the solution at -10°C. Afier 3
min. the rcaction was continued for additional 40-150 min at
room temperature. All of the l-indanoncs provided the cor-
responding oximes as a mixture of isomers (frans and ¢is) in
93% vicld. To a solution of -indanonc oximes and p-tolucne-
sulfonyl chloride in acctone was added + N NaOH at -10°C.
The reaction was completed within 40 min to provide corre-
sponding l-indanonc oxime tosylatcs as a mixture of iso-
mers in 93% vicld as well,

The BRs of these tosyvlates were carricd out both with a
mixturc and with purc 77ans isomer. The results using alumi-
num chloride catalyst were described in Table 1. The trans/
cis ratio of losylates was calculated on the basis of NMR
integration. and the ratio of 3.4-dihydro-2(1H)-quinolinones
(2) to 3.4-dihvdro-1(2H)-quinolinoncs (11) was obtaincd by
isolation with flash column chromatography. The final pro-
ducts. 3.4-dihydro-2(1H)-quinolinonc and 3 4-dihydro-1(2H)-
quinolinonc derivatives synthesized from l-indanone den-
vatives were characterized by clear assignment of the 'H and
"*C NMR spectra.,

Table 1. The Beckmann Rearrangement ot 1-Indanone Oxime
Tosvlates

R' 1 RI
10 NoTs 2 H 1 O
Tosylateratio  Reaction  lotal vicld Product ratio
Compd ——— g ) .

wans s eap (°C) (o) 2 11

10a 97 30 40°C-nt 99 92 8
21 79" 40°C-n 98 13 &7

10b 100 0 H0°C-n 83 85 15
10¢ 100 0 40°C-nt 80 74 26
10d 80 200 H0°C-nt 84 27 73
10e & 16 40°C-nt 4 96 4

“Since ¢is tosviate 15 tormed in a small ratio and has very similar Ry to
trans isomer, this was the best ratno we got.
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Mechanistic Consideration. The fact that both pure trans
and cis oxime were isomerized on TLC covered with silica
gel is onc of strong ¢yvidence of isomerization ¢ven under
mild acidic condition such as on silica gel. Although cis
tosylate could not purcly be obtained like frams tosvlate. it
was collected as a mixture containing a little amount of
frems.

One can imagine that the relative stability of frans-oxime
tosvlate (frans-10) is greater than that of cis isomer (cis-10)
dugc to the steric repulsion between the tosyv] group and Ca-
H as shown below.

0,
CH
3 CHy
trans-10 cis-10

Table 1 shows that the rclative amount ol 3.4-dihydro-
12H)-quinolinone produced was slightly incrcased morc
than the amount of cis tosylale used. [t indicalcs that rota-
tional barricr ol C=N doublc bond would be fairly high. But
in the presence of Bronsted or Lewis acids such as silica gel
or AICI. rolational barricr would be lowered. The complex
formation of tosylatc and AICly makes the double bond rota-
tion possible.

Y +  ACly e [ \f - Y

NeoTs oA~V oTs clAoTs

There arc three equivalents of AICH needed at optimized
condition for th¢ BR rcaction. At Icast onc cquivalent ol
AICI;y coordmalces to nitrogen lone pair and the other two
cquivalents coordinate o oxyvgen lone pair ol tosylate.

CLAI_ + \; N

/N\ "
CleAl”0-S—Ar C\’\SIO/N\AICI;,
o) - :
CloA™ + o [
s

Considering the mechanism of conventional BR (Figure
D). trans-tosvlale would give 3.4-dihydro-2(1 H)-quinoli-
none and cis-tosvlale gives 3.4-dihvdro-1(2H)-quinolinong.
We have proposed the plausible mechanism of BR of -
indanonc oxime tosylatc bascd on the experimental results
with substituted 1-mmdanonc oximge tosvlate (Figure 3).

Onc can casily gucss that the reactant complex formation
sicp with AICI:. cnol product formation step from product
complex. and cnol-keto tautomenzation step would be very
faster than the other steps. So the product distribution would
be determined by the relative reactivitics of the cis-frans
isomcrization between reactant complexes (k. and k) and of
the product complex formation steps (k; and k).

In order to clanify the above mentioned point. temperature-

Bvoung Se Lee ef al.

Ry Ry
Reactant R{i jn 10 (Trans) Ry t ;Il\l 10 (Cis)
N, TS0~
(n+1)AICI31 j (n+1)AICI;
~ & — — Ry —
,[ I> R
Ry ) _ 5 N
) Nee_ -
CI3A.I,N—O\T,(A’Ch)" o~ TAICl
s PRpLS
. ke (CloA-TS
1 — 1
R1 k-r Ry
Rz p Ry O’
__N—0, [(AICl3) N
ClAl Ts o7 TAlCh re
- +  _|%RC L (ClsAl)-Ts" -
j ke l ke
Ry Ry
s A 1Ts
® LD w L
i x % N
) ) AICI;
1 AlCl; X" = TsO(AICl), l
R4 Ry
Coo) S o A0 e
<
H,0 l (-HX) H,0 1 (HX)
R4 Ry
Enol product m
OH
Ry R,
Keto product m 2 11
Ry N" o Rs N\H
h
o}

Figure 3. Proposcd mechanism of BR ol 1-indanone oxime tosy-
late.

Table 2. Product Ratio ot 2 4-Dihvdro-2{ | H)~quinolinone (2) and
3. 4-Dihvdro-1(2H -quinolinone (11) in BR ot [-Indanone Oxime
Tosylate in CH:Cla, with LExcess AICL for 30 min at our Temper-
alures

Product ratio (%a)

Temp. (°C)

2 11

40 95.6 44
-7 945 35
4 92.1 7.9
23 759 241

dependence of product distribution for the BR reaction of
trams-1-indanone oxime tosvlale was carricd oul and the
result 1s summarized in Table 2. Logarithm of the ratio of
product 2 to 11 1s plotted against /T in Figurc 4. The rcac-
tion was carricd out using morce than 99% purc trans 1somer
of 1 with excess AICI; for 30 min,

Arthemius type plot of log([2)/|11]) v I/T in Figurc 4.
shows non-lincar characteristics. and the downward curva-
turc of this plot suggests that the relative magmitude of k, and
k.. and that of k., and k.. is comparable and varicd duc (o the
change of rcaction temperature. In other words. the rate-
determining step for the product formation is dependent on
the temperature.
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Figure 4. Plot of log (]2)/11] vs. 171" for BR reaction of 1-
indanone oxime tosy late (¢l Table 2).

At low temperature region around -3 ~ -7 °C. the sclec-
tivity of 2 over 11 is very high. These resulls indicate that the
isomerization via the rotation around C-N bond (k;) would
be the rate determining siep (or the formation of 11, On the
other hand. the relatively increased sclectivity of 11 at higher
temperature region above -7 °C indicates that the rate deter-
mining step for the formation of 11 is changed to the cis-
product formation step (ko) from the cis-reactant complex.

AT L 1l

ATEM 1 T iy

Figure 5. Structures of two TS model, 2TS(M) and 11TS(M) by
PM3 calculation. Values in the parenthesis are group charges.
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Figure 6. Schematic reaction protile for the product determining
step for BR of 10a.

We have calculated the structures and c¢nergics of the
model system for 2TS (2TS(M)) and 11TS (11TS(M)) to
undcrstand the clectronic nature of both TSs by PM3. onc of
the scmi-cmpirical quantum mechanical calculation meth-
ods. The dehydroxylated cation of 2-cyclopentenone oxime
is uscd as a modcl system for the complex between AlCH;
and l-indanonc oxime tosylate. and the results of calculation
arc summarized in Figure 3,

According to the result of PM3 calculation for the model
ol both TSs. 2TS(M) could be considered as a structure that
viny| cation part attacks alky] cyvanide part. while T1TS(M)
could be considered as a structure that alkyl cation pant
atlacks vinyl cyanide part. Because vinyl cyanide is a little
bil stabler than alky] cyvanide due to 7 - conjugation between
C=N and C=C morbitals. and alky| cation is also more stablc
than o - lype vinyl cation. T1TS(M) is cxpected to be more
stable than 2TS(M). On the basis of these interpretation. the
cxperimental results that ¢is-10a gocs completely to 11 but
frans-10a gocs partially 1o 2 at the reaction conditions in
Tablc 1 is casily understandable. These characteristics could
be summarized with a schematic reaction profile which is
shown in Figurc 6.

AH® = 444 .12 kcal mol
(i) 1IRC (R,*NO,, &,=H)

AR, = 44497 keal mol”
(i) 1LIRC (K=, R=NOL)

Figure 7. Space filling models whose optimized structures were caleulated by AM1 QM method. Tn (1), stabilization by electrostatic
allraction of Co-H* and * C1-Al” is shown. In (ii), one can sce that Al'Cla group move away Irom aromalic ring plane, and NO> group rolates
slightly (rom the molecular plane in order to decrease Van der Waals and clectrostatic repulsion between and (Cl-AlTFC1¥ and # O-(NO),

leading to net destabilization of 3.13 keal mol™".
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Considering the clectronic nature of 2TS(M) and 11TS(M).
ong can casily understand the results of substituent effects on
the product distribution in Table 1. 1f the substituent is changed
from H 1o more clectron withdrawing Mc. McO and NO- at
Ri. which is meta to phenyl cationic reaction center. in 2TS.
it will be destabilized. However. since the same variation of
substituent at Ry. which is far from phenethyl cation center
duc to the interyening methy lene group in 11TS. it destabi-
lizes T1TS less than 2TS. Therclore. the product ratio of 2 (o
11 decreases along with the clectron withdrawing power of
the substituents. H > Mc > McO > NO..

Nitro substituent on Cs (R;=NO») is expecled to decrease
reactivity due to the strong cleciron withdrawing cfiect. but
the most important cllcet is the drastic reversal of product
ratio. This eflect could be interpreted by the destabilization
of 11TS. duc 1o the Van der Waals and clectrostatic repulsion
between AICL of [tosvlate (AICL),|™ leaving group and
adjacent NO- group in 11TS as shown in space [illing model
which were calculaied by AM1 QM method.

Experimental Section

Materials and Methods. Column chromatography was
donc by Flash chromatography with silica gel (EM Scicnce.
230-400 mesh ASTM). Solvents and reagents were purchased
from the following commercial sources: Aldrich. Kanto.
Acros. Analytical thin laver chromatography (TLC) was per-
formed with Merck silica gel F-234 glass-backed plates.
Visualization was achicved by phosphomolvbdic acid (PMA).
KMnQ,. or anisaldchvde spray rcagents. iodine. or UV illu-
mination. 'H and “C NMR speccira were oblained on Varian
Gemini-2000 spectrometers and are reporicd in parts per
million downficld from inicmal (ctramcthyIsilanc. Mass spectra
were oblained on HP390 GC/MS 3972 MSD spectromelcer.

General Procedure of 1-Indanone Oxime Derivatives
9a-¢. Hvdroxylamine hyvdrochloride (0.68 g. 9.84 mmol) in
2 mL of water was added Lo a solution of I1-indanonc (1.00 g.
7.537 mmoly in 20 mL of mcthanol. To the stirred nuxture
was added 4 N NaOH (3.78 mL. 15,13 mmol) al -10 °C
dropwisc. Afler 3 min. the cooling bath was removed. The
rcaction was maintaincd for 1 h at rt. and then quenched by
adding 30 mL of walcr. The resulting mixture was cxtracted
with cthyvlacctate (20 mL x 4). The combined extracts were
dricd over sodium sulfaic. and cvaporaled under reduced
pressure. The 1.05 g (94%) of |-indanonc oxime was obtained
by Mash chromatography (20% EtOAc/Hx) as a whitc cry-
stal: Indan-1-on¢ Oxime (9a). commercially available.:
frans-4-Mcthylindan-1-one Oxime (9b): 99% vicld as a
whitc crvstal: IR (KBr) 3170, 3160, 2930, 1660. 1470, 1380
em™: 'H NMR (200 MHz. CDCl;) 6 8.92-7.60 (br s. 1H).
7.58-7.53 (m. IH). 7.23-7.16 (m. 2H). 3.03-2.92 (. 4H).
2.28 (s. 3H): *C NMR (50 MHz CDCly) 8 162.8. 1439,
13391333, 1294, 123.7. 1174, 25.7.247.1. 16.7. MS (EI)
m/z (relative intensity) 161 (M~ 10D). 146 (17). 128 (28).
115 (37). 91 (14). 77 (11): Anal. Caled for C,,H NO: C.
74.30; H. 6.88: N. 8.69. Found: C. 74.32: H. 7.01: N. 8.61.;
trans-4-Mcthoxyindan-1-one Oxime (9¢): 94% vicld as a
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whitc crystal: IR (KBr) 3260. 3180. 2940, 1390 1433, 1263
em™: '"H NMR (200 MHz. CDCl;) 8 7.78 (br s. 1H). 7.26-
724 (m. 2H). 6.82 (dd. ./ = 3.6. 3.2 Hz. 1H). 3.86 (s. 3H).
2.97 (s. 4H): *C NMR (50 MHz. DMSO-d;) § 160.3. 1535 3.
13721344 1277 111.7. 1099, 34.1. 24 5. 23.9: MS (ED)
m/z (relative intensity) 177 (M. 100). 162 (7) 146 (7). 133
(11). 116 (18). 103 (20). 91 (11). 77 (15).: trans-4-Nitroin-
dan-1-one Oxime (9d): 94% vicld as a brown crystal: 'H
NMR (200 MHz. acctone-ds) § 1037 (5. 1H). 8.17 (d.J =8
Hz. 1H). 796 (d..J=7.6 Hz. 1H). 7353 (t. ./ = 7.8 Hz 1H).
3.33-3.46 (m. 2H). 3.00-2.92 (m. 2H): *C NMR (50 MHz.
acetone-dy) & 1592, 1423 1398, 127.5. 1235, 12394,
28.43.24.23: MS (El) m/~ (rclative intensity) 192 (M. 100).
175 (33). 144 (31). 127 (38). 114 (41). 103 (44). 77 (26).:
trans-6-Nitroindan-1-one Oxime (9¢): 94% vicld as a
brown crystal: 'H NMR (200 MHz. acctone-dg) & 1046 (s.
1H). 828 (d../=2.0Hz [H). 817 (dd../=8.4. 20 Hz 1H).
7.60 {d..J =86 Hs. IH). 3.21-3.14 (. 2H). 3.02-2.95 (m.
2H): *C NMR (50 MHv. acctone-d;) & 139.1. 154.1. 146.7.
137.6. 125.7.123.3. 114.5. 27.3. 24 8. MS (El) m/z (rclative
intensity) 192 (M'. 100). 175 (). 145 (11). 128 (36). 115 21),
101 (31). 89 (15). 77 (22).

General Procedure of 1-Indanone Oxime Tosylate
Derivatives 10a-¢. To a stirred solution of 1-indanone
oxime (0.90 g. 6.12 mmol) and p-tolucnesulfonyl chloride
(1.28 g. 6.73 mmol) in 30 mL of acctonc was added 4 N
NaOH at -10 °C dropwisc. After 3 min. the cooling bath was
removed. The reaction was continued for Lh at rt. and then
quenched by being poured into 200 mL ol ice-crashed walcr.
The resulting mixture was cextracted with cthylacetate (20
mL x 4). The combined extracts were dricd over sodium sul-
late. and cvaporated under reduced pressure. The 1.76 ¢
(96%) ol 1-indanonc oxime was obtaincd by fMash chroma-
tography (20% EtOAc/Hx) as a whitc crystal.; trans-O-(p-
Toluencsulfonyllindan-1-one Oxime (102): 1R (KBr) 3440,
3070, 2930, 1600 1450, 1380 cm™": 'H NMR (200 MHx.
CDCly) §7.94 (d.J = 84 Hz 2H). 7.68 (d../ = 7.6 Hz. 1H).
7.46-7.22 (m. 3H). 3.03 (br s. 4H). 2.44 (5. 3H): *C NMR
(30 MHz. CDCl3) §169.7. 148.4. 1433, 131.9. 131.5. 130.8.
1279, 127.3. 1236, 124.1. 121 3. 26.7. 26.0. 19.9: MS (ED)
m/z (relative intensity) 301 (M*, 2). 260 (6). 209 (11). 1355
(22). 139 (28). 130 (100). 116 (43). 106 (d4). 91 (43). 77
(33).:  trans-3-Mcthyl-O-(p-toluenesulfonyl)indan-1-one
Oxime (10h): 93% as a whitc crystal: [R (KBr) 3035, 2920,
1635, 1340 cm™: "H NMR (200 MHz. CDC1y) § 792 (d.J =
84 Hz. 2H). 749 (d../ = 6.6 Hz. |H). 733 (d. ./ = 84 Hz.
2H). 7.17 (dd..J = 13.6. 6.6 Hz. 1H). 7.15 (d..J = 13.6 Hx.
[H). 3.02-2.96 (m. 2H). 2.92-2.86 (m. 2H). 2.41 (s. 3H).
2.24 (s. 3H). '*C NMR (350 MHz. CDCly) 8 170.2. 147.5.
14331335 131.6. 131.2.1279.1273. 1259 118.7. 25.9.
253.6. 199, 16.7. MS (ED) m/~ (rclative intensity) 315 (M~
0.3). 225 (3). 160 (4). 155 (5). 144 (100). 130 (35). 118 (22).
105 (16). 91 (31). 77 (15): Anal. Caled for CoH,7NO:S: C.
64,74 H. 543: N. 4.44: 8. 10.17. Found: C. 64.46: H. 5.48;
N. 4.39: 8. 9.81.: trans-4-Mcthoxy-O-(p-toluencsulfonyl)-
indan-1-on¢e Oxime (9¢): 96% vicld as a whitc crystal; TR
(KBr) 3435, 3010, 2970, 1640. 1440, 1360, 1315 cm™; 'H
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NMR (200 MH,, CDCl3) 67.92 (d../=8.2 Hz 2H). 732 .
J =82 2H). 7.26-7.12 (m. 2H). 6.84 (dd. ./ = 5.8. 3.0 Hz.
1H). 3.81 (s. 3H). 2.99-2.87 (m. 4H). 2.41 (s. 3H). “C NMR
(50 MHz. CDCI;) 6170.1. 134 8. 143.3. 137.0. 1334 131.2.
12791273, 127.2. 113.1. 111.0, 33.6. 26.1. 23.7. 199: MS
(ED) m/z (rclative intensity) 331 (M'. 8). 267 (3). 239 ().
177 (9). 162 (17). 155 (33). 146 (20). 139 (33). 103 (25). 91
(100). 77 (34).: frans-4-Nitro-O-(p-toluencsulfonyl)indan-
1-one Oxime (10d): 953% vield as a brown crystal: 'TH NMR
(200 MHz. CDCl3) 8 8.30 (d. ./ = 8.0 Hz 1H). 8.00 (d. J =
78 Hz. 1H). 793 (d../ = 84 Hz 2H). 750 (1. J = 7.8 Hz.
1H). 7.36 (d..J = 8.6 Hz. 2H). 3.57-3.52 (m. 2H). 3.13-3.06
(m. 2H). MS (EI) m/z (rclative intensity) 346 (M'. 0.3). 262
(4. 175 (15). 135 (36). 139 (8). 128 (15). 114 (7). 105 (22).
91 (100). 77 (7). trans-6-Nitro-O-(p-tolucnesulfonyl)indan-
1-one Oxime (10¢): 96% vicld as a brown crystal: 'H NMR
(200 MHz. CDCl3) § 8.44 (d../ = 2.0 Hz. 1H). 8.25 (dd..J =
8.6. 2.0 Hz 1H). 7.93 (d. ./ = 8.4 Hz. 2H). 749 (d. J = 8.6
Hz 1H). 737 (d../= 8.0 Hz. 2H). 3.13 (m. 4H). 2 .44 (s. 3H):
BC NMR (50 MHz. CDCl3) & 167.6. 1345, 1421, 1438,
133.7. 130.7. 128.2. 127.3. 1253, 125.0. 116.7. 27.0. 26 4.
20.0: MS (EI) m/z (relative intensity) 346(M'. 0.2). 282 (8).
176 (100). 129 (46). 106 (81). 91 (61).

General Procedure of 3,4-Dihydro-2(1 H)-quinolinone
Derivatives 2a-¢. Aluminum chloride (0.66 g. 4.98 mmol)
was added (o a selution of O-(p-tolucncsulfonyl)indan-1-one
oxime (0.30 g. 1.66 mmol) n 15 mL of CH-Cl: at -0 °C
portionwise. After 10 min. The cooling bath was removed.
The mixture was stirred for additional 1h at ri. and then
quenched by adding 30 mL of water carcfully. The mixture
was cxtracted (rom aqueous phasc with CH-Cl- (20 mL x 4),
The extract was dricd over sodium sulfate. and cvaporated
under reduced pressure. The 222 mg (91%) of 3.4-dihvdro-
2(1H)~-quinelinone (2a) and 20 mg (7%) ol 3.4-dihyvdro-
1(2H)~-quinolinone (11a) was obtaincd by {lash chromatog-
raphy (40% EIOAc/Hx) as a whitc crystal. The 174 mg
(35%) of p-lolucnsullonyv] chloride was also recovered.: 3,4-
Dihvdro-2(1H)-quinolinone (2a): [R (KBr) 3470. 3140,
2085, 1685, 1390, 1440, 1340. 1280 cmm™: "H NMR (200
MHy. CDCl3) §9.78 (brs. 1H). 7.16 (1../ = 7.8 Hz. [H). 7.14
(d./7=76H2 IH). 699 (.J=72Hz IH). 6.89(d..J =78
Hz. 1H). 2.96 (1..J = 7.5 Hz. 2H). 2.64 (..J = 7.5 Hz. 2H):
C NMR (30 MHz CDCly) 6 171.1. 135.8. 126.2. 1239
1219, 1214, 114.1. 29.0. 23.6: MS (ED) m/~ (rclative inten-
sity) 147 (M*. 87). 128 (8). 118 (100). 104 (20). 91 (22). 77
(12); Anal. Calced for CoHoNO: C. 73.44: H. 6.16: N. 9.52.
Found: C. 73.84: H. 6.44: N. 9.50.; 34-Dihydro-1(2H)-
quinolinone (11a); IR (Kr) 3450. 3085, 2965. 1670, 1600
1483 cm™: "H NMR (200 MHz. CDCly) 8§ 8.04 (dd..J = 7.6.
14 Hz. TH). 746-7.28 (n. 3H). 719 (d. ./ = 7.2 Hz. 1H).
355 (1d. ./ = 6.7. 3.0 Hz. 2H). 2.96 (t. .J = 6.7 Hz. 2H). "*C
NMR (30 MHx. CDCly) § 165.2. 137.3. 130.3. 1274, 126.2.
125.3. 125.4. 38.4. 26.5: MS (EI) m/~ (relative intensity) 147
(M*. 61). 128 (10). 118 (100). 90 (56). 77 (4).; >-Methyl-
3 A-dihydro-2(1 H)-quinolinone (2b): 75% vicld as a white
crvstal: IR (KBr) 3460. 3150, 2930, 1680. 1480 cm™: 'H
NMR (200 MHz. CDCl;) 6 948 (brs. 1H). 7.06 (t../ = 7.8
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Hz. 1H). 6.85 (d. ./ = 7.8 Hz. 1H). 6.72 (d..J = 7.8 Hz. 1H).
291 (1.J =78 Hz. 2H). 2.63 (t. J = 7.8 Hz. 2H). 2.28 (5. 3H):
3C NMR (50 MHz. CDCl3) § 170.6. 133.7. 134.3. 1255
12331203, 112.1. 28.6. 20.2. 17.6: MS (EI) m/z (rclative
intensity) 161 (M'. 100). 146 (11). 132 (78). 128 (5). 113
(16). 91 (27). 77 (14): Anal. Caled lor CoH)NO: C. 74.50:
H. 6.88: N. 8.69. Found: C. 74.64: H. 6.32: N. 8.65.: 5-
Methyl-3,4-dihydro-1(2H)-quinolinone (11b). 13% vicld
as a whitc crystal: "TH NMR (200 MHz. CDCls) § 7.94 (dd. J
=74. 14 Hz 1H). 734 (brs. 1H). 731 (dd. ./ = 7.4. 1.4 Hz.
1H). 7.24 (1.J = 74 Hz. 1H). 3.33 (td../ = 6.8. 1.0 Hz. 2H).
2.90 (t../ = 6.8 Hz. 2H). 2.30 (5. 3H): "C NMR (30 MHz.
CDCl3) & 165.5. 1359, 133.2. 132.0. 1274, 1248, 124.2,
37.9. 23.2. 17.5: MS (ED) m/z (rclative intensitv) 161 (M.
68). 149 (11). 133 (10). 117 (3). 104 (36). 91 (). 77 (20).: 5-
Methoxy-3,4-dihvdro-2(1 H)-quinolinone (2¢): 59% vicld
as a white crystal: IR (KBr) 3435, 3065. 2960, 1690. 1510,
1430 em™: "H NMR (200 MHz. CDCls) 8 9.44 (br s. 1H).
711 (1L.J=8.0Hz IH). 6,35 (d../=8.6 Hz. 1H). 6.50 (d../ =
8.0 Hz. 1H). 3.82 (s. 3H). 293 (1../ = 7.7 Hz. 2H). 2.59 (1.
= 7.7 Hz. 2H): “C NMR (50 MHz. CDCl3) 8 170.8. 155.2.
136.8. 1263, 109.9. 106.9. 103.7. 33.8. 28.4. 16.7: MS (EI)
m/7 (relative intensity) 177 (M. 100). 162 (7). 148 (34). 134
(19). 118 (30). 106 (24). 91 (8). 76 (9).; 5-Mcthoxy-3,4-
dihvdro-1(2H)-quinonlinone (11¢); 21% vicld as a whitc
crystal: 'H NMR (200 MHz. CDCl3) § 7.63 (d. ./ = 7.8 Hz.
1H). 7.46 (brs. 1H). 7.27 (t../ =8.0 Hz. 1H). 6.95(d../ = 8.4
Hz. 1H). 3.82 (s. 3H). 3.50 (1d. ./ = 6.7. 2.4 Hz. 2H). 292 (1.

J =67 Hz. 2H): "C NMR (50 MHz. CDCl3) 8§ 165.2. 154.0.

1284, 126.1. 125.6. 1181, 111.9. 53.9. 38.1. 19.6: MS (ED
m/z (relative intensity) 177 (M'. 100). 160 (19). 147 (49),
133 (4). 120 21). 105 (18). 90 (50). 77 (22).: 5-Nitro-34-
dihvdro-2(1 H)-quinolinone (2d): 23% vicld as a brown
crystal: IR (KBr) 3460, 3090, 2940, 1700. 1520, 1455 em™;
"H NMR (200 MHz. CDCl3) §9.15 (br 5. 1H). 7.62 (d..J =
80 H~ 1H). 733 (1../=8.1 Hs. IH). 709 (d../ = 78 Hx
[H). 3.30 (t../ = 7.6 Hz 2H). 2.66 (1. ./ = 7.6 Hz. 2H). °C
NMR (30 MHz. DMSO-dy) & 168.8. 147.8. 139.5, 127.0.
118.7. 117.6. 116.5. 28.1. 20.5. MS (El) m/~ (rclative inten-
sity) 177 (M*. 100). 160 (19). 147 (49). 133 (4). 120 (21).
103 (18). 90 (30). 77 (22).; 5-Nitro-34-dihydro-1(2H)-quino-
linone (11d): 61% yicld as a palc brown crystal: '"H NMR
(200 MHz. CDCl3) §8.40 (dd../ = 7.8. 1. 2 Hz. | H). 8.13 (dd.

J=82 1.2 Hz. [H). 7.53 (L./= 8.0 Hz. LH). 6.70 (br s. 1H).

3.539 (1d. J = 6.6. 3.0 Hz. 2H). 3.33 (1..J = 6.6 Hz 2H): 'iC
NMR (30 MHz. CDCly) § 161.7. 1468 133.1. 131.2. 130.7.
126.5.126.4.37.1. 23.7- MS (EI) m/z (rclative intensity) 192
(M™. 7). 175 (100). 163 (5). 146 (13). 117 (33). 103 (46). 91
(7). 77 (10). 63 (19).: 7-Nitro-3 4-dihydro-2(1 H)-quinolinone
(2¢): 38% vicld as a brown crystal: "H NMR (200 MHz.
CDCL) 6787 dd../J=82.22Hz 1H).7.61 (d../=22Hx
LH). 7.33 (d../= 8.2 Hz. 1H). 3.80 (t../ = 7.6 Hz. 2H). 2.69
(d..J = 7.6 Hz. 2H): *C NMR (50 MH~. DMSQ-d;) 8 169.1.
145.6. 1385, 130.7. 127.9. 115.6. 108.1. 283. 23.7.: MS
(ED) /7 (relative imtensity) 192 (M~ 100). 164 (86). 146
(13). 137 (15). 117 (45). 91 (4). 77 (39).: 7-Nitro-3,4-dihy-
dro-1(2H)-quinolinone {11¢): 2% vicld as a brown crystal;
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'H NMR (200 MHz. CDCls) §891 (d../ = 2.4 Hz. 1H). 8.30
(dd./=8.4.2.4 Hz 1H). 7.42 (d.J/ = 8.4 Hz. 1H). 6.43 (brs.
1H). 3.64 (1../ = 6.5 Hz. 2H). 3.13 (1. J = 6.5 Hz 2H): 1°C
NMR (530 MHz. DMSO-d;) & 161.6. 1459, 145.6. 129.6.
128.4. 123.0. 120.6, 37.3. 26.3. MS (El) m/~ (relative inten-
sity) 192 (M. 78). 164 (100). 135 (17). 89 (34). 77 (14).
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