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CHAPTER |
REDUCTION OF AROMATIC AND ALIPHATIC NITRO COMPOUNDS USING

DISSOLVED METAL REDUCTION PROCESSES

Introduction

Tandem reactions are often referred as ‘multistep one-pot sysithe3@e term
tandem reaction involves breaking and forming of several bonds inla steg sequence
to generate complex molecules with a high degree of steretisigye’ The terms
‘tandem’, ‘cascade’, ‘one-pot’, ‘zipper’, ‘iterative’, one-flasksequential’ and ‘domino’
are used as synonyms for this class of reactions.

The advantages of tandem reactions include: (1) all the traretformoccur in
the same flask in a single laboratory operations; (2) econogniealt waste and fewer
byproducts are generated by the use of a tandem reactiomsegaed (3) the process of
purification becomes much simpler by avoiding the isolation of intermediates.

The use of tandem reactions initiated by the reduction of nitroaicsmiaas
provided an efficient route to a variety of heterocyclic systefhe synthesis involves
the reduction of the nitro group which reaictsitu with other reactive functional groups
present in the substrate to give the heterocyclic ring system.

The tandem reduction of a nitroaromatic substrate can be done bydthods,
catalytic hydrogenation or dissolving metal reduction. In the caglissolving metal

reductions,the nitro group undergoes reduction in the presence of sugtiala Fe or Zn



under different acid conditions such as with acetic acid, hydrochéaid or sulphuric
acid. The nitro groups undergo reduction, followed by reaction with dtimetional
groups present in the molecule to provide various nitrogen heteescythe product of
the cyclization depends on the functional group that reacts witledoeed nitro and can
include aldehydes, ketones and esters as wel|PBasnsaturated carbonyl group.

In the present work, the reduction of an aromatic nitro group, followed b
cyclization of the resulting aromatic nitrogen with an aldehydle®nes, esters orf3-
unsaturated carbonyl groups (Michael acceptors) present in theuheoleesulted in
cyclization to a nitrogen heterocycle.

Dissolving Metal Reduction of Nitro Compounds

Dissolving metal reductions, discovered nearly 140 years age, among the
first reductions performed on organic compounds. The reduction oftairmine was
first discovered by Becharfipn 1854 using iron and acetic acid. After three years,
Perkir? applied this technique in the commercial production of aniline and also found that
hydrochloric acid can be used instead of acetic acid in this reduction process.

These metal reduction processes are most widely used indinetiog of polar
compounds and in selective reduction of specific types of bonds. Theioedofchitro
compounds by iron under acidic conditions is one such reaction thilt isngortant
today. In addition to being an inexpensive reagent, iron is very milé@lective for the
nitro group. Other functional groups in the compound are seldom affected whe

reduction is carried out using iron.



Mechanism of Reduction

Reduction is defined as the acceptance of electrons. In dissolvita me
reductions, electrons are transferred from the surface of tla¢ tméhe organic molecule
being reduced. The radical ion that is produced is then rapidly ptetonader the
(normally) acidic conditions. The process is repeated one more time unétitietion is
complete. The hydrogen gas emitted during the course of reatiba metal with the
acid does not contribute to the reduction process but sometimes lesds teactions.
The coupling of radicals will result if acidic conditions or atjr solvent is not used in
the reaction.

Balanced Equation

Ar—NO, + 3Fe® + 6 H* > Ar—NH, + 3Fe?* + 2H,0

A balanced equation and the mechanism for the reduction of nitro benzene by iron
in acid are shown above. The mechanism starts with the traoiséer electron to the
double bonded nitrogen of the nitro group from iron. This results in theafamn of a
radical anion, which is protonated by the acidic medium. Once thenation occurs, a
second electron is transferred from the iron to the nitrogen. Fuatlgtion of another
proton, followed by elimination of water, gives the nitroso intermediatThe same
sequence is repeated again to get the hydroxylamine. Fihadlymore electrons are
added to break the N-O bond to give anions of the two products, wieighiaionated in
the acidic medium to give aniline and water. This whole processit@ss3 atoms of
iron (2 € from each, 6 ‘etotal) and 6 protons for each nitro group. Generally, a large

excess of iron and acid is used in this process.



Mechanism

(] e H - OH ¢
r = S Ar—N —— > Ar—N —
O: @\~ © N~ ©
../G':\HJr e N r/\e' . e H+ °°
AI'—N\ o H—O> Ar—’\i/:Q: —> Ar—N—OQ: —— > Ar—N_OH
‘\Q: o2 nitroso

intermediate

e- ..0 H+ . 2e-
— > Ar—N—OH —— Ar—NH—OH oH

= Ar—NH, *+ H,0

hydroxylamine
intermediate

Early Examples of Ring Closures using Dissolved Metal Reduction Proces

Bunce and coworketsprepared 1,2,3,4-tetrahydroquinolines by using a tandem
reduction-Michael addition process. In this process, the &)gimethyl-4-((2-
nitrophenyl)amino)-2-butenoaté)(was reacted with iron and acetic acid over a period of
30 minutes to give ethyl (£)-2-methyl-1,2,3,4-tetrahydroquinoxaline-2ate®). The
mechanism involves the reduction of nitro group to an amine, which themgoede
Michael addition to the pendent acrylate in a favorable pathwayive the

tetrahydroquinoline.

H N
N Fe / HOAC ©:
1 N 115 °C, 30 min N 1
t
2 CO,Et 2
1 2 (85%)

Figure 1.1.Dissolved metal reduction followed by Michael cyclization



The second example involved the formation of dibenzo-fused nitrogen
heterocycles by a tandem reduction-lactamization prdceBkese dibenzodiazepinone
compounds are found to have potent antiarrhythmic defibrillatory activitn this
process methyl-2-[(2-nitrophenyl)amino]benzoé&®¢ reacted to give 5,10-dihydrddt
dibenzop,d[1,4]diazepin-11-ond€4) using Fe and acetic acid. The same reaction using
catalytic condition such as 5% Pd/C in ethanol gave a reduced amireudt not

generate the cyclized product.

H H
N N
Fe/HOAc \D
115 °C, 30 min NH
CH30,C  NO,
0
3 4 (92%)

Figure 1.2. Tandem reduction-lactamization reduction using iron and acetic acid

The tandem reaction process was extended to include a reductiboraddi
elimination sequence for the preparation of 2-alkyhfidole-3-carboxylate esters)(
These indole-3-carboxylic acid derivatives are known to have sigmifioelogical
activity'®and are valuable building blocks in the synthesis of various dtugs.

In one example, ethyl B-3-hydroxy-2-(2-nitrophenyl)-2-butenoate 5)(
underwent ring closure by direct treatment with 6 equivalentsoaf powder in glacial
acetic acid at 115 °C to giwein 82% yield. This treatment resulted in the reduction of
the nitroarene to the aniline followed by Michael addition to the uretad ester to yield
the final compound via elimination of water. Another mechanisticilpbss could

involve the addition of the aniline nitrogen to the carbonyl (ketonfounder acidic



conditions, followed by a loss of water molecule. The final zgtion in this reaction is
very mild and permits substitution that would not be tolerated bye nwigorous

reduction conditions.

CO,Et O

~"  Fe/HOAc | o™
H )

Nog 3 115°C N"CH,

5 6 (82%)

Figure 1.3. Dissolved metal lactamization process to form indole rings

A recent use of tandem reduction-cyclization sequence is used pmegbaration
of spirooxindoles? such a¥ using iron and acetic acid. Spirooxindoles are known to be
anti-inflammatory agent§ These compound can be prepared using spiroimides as a
source of starting material. Spiroimides are one such compoundb whintains the
spirooxindole core ring systems and attributes to the presence a@icyditt spiro-

oxindole scaffold in their architecture.

O
N/R
O
” O
R = alkyl or aryl
7

Figure 1.45tructure of spirooxindole ring



In an example, nitro imidewas converted to the spiro compowgasing iron and

acetic acid at 80 °C over a period of 6 hours. The vyield for this reaction was about 50%.

o o)
N
N/\© Fe/HOAc _ @
0 80 °C, 6h O
CO,CH; N~ SO
NO, H
8 9 (50%)

Figure 1.5.Formation of spiroimide

In this tandem reduction sequence, the nitro was first reduced dmiae which then
reacted with the ester moiety to close the spiroimide compound.

A new improved scaleable process to prepare 1,34¢ttahydro-1H-[1,4]-
oxanio[3,4¢€][1,4]benzodiazepine-6,12-dionell) using iron and acetic acid was
developed by Stefanick and cowork&tsin this application, the target compound was
obtained in a pure form in 85% yield without the need for chromatographication.

These compounds are used as psychoactive Htugs.

0 0
5 Fe / HOAC C(LN//\ 0
115 °C f
NO2¢0,cH, I
10 11 (85%)

Figure 1.6. Synthesis of 1,3,4,Btetrahydro-1H-[1,4]-oxanio[3,4€][1,4]benzo

diazepine-6,12-dione



Di Santo and coworkel® developed a new synthetic procedure to obtdin 2
pyrrolo[3,4<]quinolines @2). These ring systems are used as lead structures for
developing chemotherapeutic agents and also for drugs to tresdl cevous system

disorders-’

Figure 1.7. Structure of B-pyrrolo[3,4-c]quinolines

In the process of preparing targb4, one of the steps involved the tandem
reduction of a nitro group, frorh3 using iron and acetic acid. The product was obtained

in 75% yield and was highly pure.

NH / NH
I 7 Fe/HOAc S/
CO,CH,CH 85 °C
NO, 2 2 N~ o
13 14 (75%)

Figure 1.8.Synthesis o2H-pyrrolo[3,4c]quinoline-4(54)-one

Pyrroloquinoxalinel5 represents an important class of compounds in a wide

variety of biological activity including as food carcinogéh¥’



HN
Me N \
AN
X
Me N
15

Figure 1.9. Structure of pyrroloquinoxaline

Grivas and EdilY discovered a new method to synthesize pyrroloquinoxalines
using a selenadiazoloindole as an intermediate. This intermediate was the first of its
kind to be discovered. In the presence of iron and acetic acid at 180afanel6
underwent ring closure to give selenadiazoloinddlen 55% vyield. Initially, the nitro
group was converted to amine which then underwent ring closure by cihgplide

dimethylamino group.

NO2 —  NMe, HNT\
N Fe / HOAc s’N\
> e
5 = 100 °C N
16 17 (55%)

Figure 1.10. Synthesis of selenadiazoloindole

Another interesting reaction that used iron and acetic acidheagsréparation of
imidazo[5,1d]pyrrolo[1,2h][1,2,5]benzothiadiazepine-9,9-dioxidel 8], developed by
Artico and coworker&® These novel sulfur containing tetracyclic benzodiazepines have

a received great attention as pscychotropic agénts.



N

©
o
s-N._~
O,
18
Figure 1.11. Structure of imidazo[5,8] pyrrolo[1,2b][1,2,5]benzothiadiazepine-9,9-

dioxide

In the course of preparing this drug, one of the intermediates involtattiam
intramolecular ring closure to form imin20 from intramolecular condensation of
aromatic nitro aldehyd&9. This ring closure was achieved by the use of iron and acetic

acid in the presence of THF.

NO,CHO N=
©: 2 Fe/HOAC C[ _
< -
stfj 115 °C s-N__
02 = 02
19 20 (92%)

Figure 1.12 Tandem reduction-cyclization of a nitro with an aldehyde

Vanelle and coworkef$ discovered bioactive family of bicyclic 2-pyridones for
the treatment of central nervous system disorders. Thiazolopy@®rie one such
bicyclic 2-pyridone which is biologically very active. In tluase, nitrothiazol21 was
treated with iron and acetic acid at 115 °C over a period of 30 minotegve

thiazolopyridone22. The same reaction was tried under different hydrogenation

10



conditions but resulted in a very poor yield. These conditions resnle®0% yield of

the lactam is highly pure form.

HaCH,CO,C. _CO,CH,CHs o
l Fe/HOAC _ CH3CH200)‘)\/T!\,
O,N /SN»\CH3 e o N SJ\CH?)
21 22 (90%)

Figure 1.13. Synthesis of thiazolopyridone ring

Syntheses of various heterocyclic compounds were accomplished in theypas
the use of iron and acetic acid on various Baylis-Hillman addgaglis-Hillman is an
organic reaction in which aldehydes react with variety of aeid/aalkenes in the
presence of tertiary bicyclic amines to give multifunctional prtslu@hese heterocycles
are present as a framework in numerous structures which arergmecto natural
products or pharmaceutical agents.

Basavaish and coworkétsreported the synthesis of substitutedactam 24
which was obtained from the acetate derivative of a BayligAldi adduct e.g2@). In
this reaction, the adduct acetate underwent reductive cyclizatithe ipresence of iron

and acetic acid to give thyelactam in a moderate yield of 54%.

0
CO,CH
m 3 Fe /HOAc _ ¢ “NH
ON co,cH, 115°C.2h
CO,CH,

23 24 (54%)

Figure 1.14 Synthesis of-lactams using iron and acetic acid

11



Another interesting, one-pot sequence was developed by Basvaish and
coworker$” for the synthesis of 3-benzoquinoli@é using Baylis-Hillman alcoho5
along with iron and acetic acid. The reaction mechanism involves edsy

transformation of an acyclic nitrogen and a cyclic oxygen into another important

O OH O
Fe /HOAc _ =
O | O 115°C, 12 h O X |
O"O,N OH N
25 26 (61%)

Figure 1.15-ormation of a 3-benzoylquinoline

structural framework containing cyclic nitrogen along with acyalixygen by a
reduction-addition-elimination process.

Batra and coworkef3developed a convenient, practical approach to the synthesis
of imidazo[2,1b]quinazolin-2-ones48) using a Baylis-Hillman derivative7 along with
iron powder and acetic acid. The method involves a sequential reductiba oitro
group and addition of the resulting amine to the cyano group to give #redetlic ring

system.

12



NC_ CH,CO,CH, )N\Hz
N02 Fe / HOAC N 2 N/CHZCOZCH?’
CN 95°C CN
27 u i
CN

N
—_—
Pl
H
28 (70%)

Figure 1.16Formation of imidazo[2,bjquinazolin-2-ones

Bathados® recently reported the synthesis of E)-3-arylidene-2,3
dihydrobenzd][1,4]-oxazepin-4%H)-one 29 using a modified Baylis-Hillman adduct
28. Iron and acetic acid promoted the key stepnbsitu reduction of the nitro group to

an amino group, followed by cyclization to give the target molecule.

~CO:CHy O
©/\[ NO2 Fe/HOAc Xy~ TNH
O 115°C,2h
0

28 29 (65%)

Figure 1.17. Synthesis of dihydrobenzooxazepin derivative using metal reduction

13



Use of Iron and Acetic Acid without Ring Closures

The use of iron and acetic acid in the preparation of a drug cantiasiteeen
reported by Berlin and coworkéfsn the synthesis of heteroarotinoids. Heteroarotinoids
are a class of modified synthetic retinoids. They are stalcawotinoids which contain
one aryl moiety in the molecular framework. These hetero@mid8 demonstrate
promising inhibitory activities towards various cancer cels(3,4-Dihydro-2,2,4,4-
tetramethyl-2H-1-benzothiopyran-6-yN-(4-nitrophenyl)thiourea 30) is one such
heteroarotinoid and which is scheduled for human clinical studies dotréatment of

kidney cancer cells in 2010.

30

NO,

Figure 1.18. N-(3,4-Dihydro-2,2,4,4-tetramethyl-2H-1-benzothiopyran-6N1){4-

nitrophenyl)thiourea

The key step in the synthesis of this drug is the conversion of 2{8tfaethyl-
6-nitrothiochroman 31) to 2,2,4,4-tetramethylthiochroman-6-amin82)( In this
example, the nitro derivativ@l was heated at 85 °C in the presence of iron and acetic
acid in ethanol to giv8 in a yield of 50% with minimum side reactions. Other methods

to synthesize the same target resulted in much lower yields with more sitienga
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Fe / HOAc

L

O,N EtOH,85°C  H,N

31 32 (50%)

Figure 1.19. Reduction of a nitrothiochroman to an aminothiochroman

An effective way to synthesize amino-substituted naphthdkfoe the treatment of
breast cancer was developed by Shi and cowofRe®uinolines are known for their
diverse biological activity, especially their antimalariaidaanticancer propertiés.

Based on the available literature, the novel derivéd8/evas synthesized.

F5C” : O CHj
MeO OO R = CH,CH,CH,NH,
R= CH2CH20N
NH-R

33

Figure 1.20Structure of an amino substituted napthalene
In this synthesis, one of the intermediate steps was the conwefrgio 1-nitro

naphthalene compour@¥4 to amine35. For this conversion, iron and acetic acid was

used along with water to yield 35 (96%) in a very high purity without cleavingfahg o
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MeO Fe / HOAC _ MeO
) w00

N02 NH2
34 35 (96%)

Figure 1.21. Conversion of an aromatic nitro compound to an amine using iron and

acetic acid

ether functions or damaging the benzylic C-F bonds of the trifluoromethyl group
Geisler and coworkéfsleveloped an efficient synthesis offi(#-aminophenyl)
spiro[estr-4-ene-1¥%2’'(5’'H)-furan]3,5'-dione which is an 19-nor steroid exhibiting
progesterone antagonistic activity. In this procedure, the precutsmroimatic36 was
converted to the target amiidd in 45% vyield via the use of iron and acetic acid with

ethyl acetate as a co-solvent at 80 °C.

O,N
Fe/HOAc
EtOAc, 80 °C

36 37 (45%)

Figure 1.22. Use of iron and acetic acid in the synthesis of 19-nor st8ibid
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CHAPTER II

1,2,3,9-TETRAHYDRO-4H-CARBAZOL-4-ONE AND 8,9-DIPYRIDO-

[1,2-a]INDOL-6(7 H)-ONE FROM 1H-INDOLE-2-BUTANOIC ACID
Introduction

Earlier studies from this laboratdrand by othefsdescribed the synthesis of
substituted indoles from 2-nitrobenzyl ketone derivatives by a tandshaction-
cycloaromatization reaction. The current project sought to ddésenore complex rings
using this strategy. In particular, we have developed a route to 1i@@ydro-4-
carbazol-4-one and 8,9-dihydropyrido[BRAdol-6(7H)-one through a common
intermediate H-indole-2-butanoic acid. We have further found that the tetrahyidro-4
carbazol-4-one can be prepared in one step by a tandem redydiioarematization-
acylation sequence. The 1,2,3,9-tetrahydfieedrbazol-4-one is a building block for the
synthesis of alkaloidsas well as the core ring system in current drugs used for the
treatment of cancér,HIV,®> congestive heart failufeand emesis brought on by
chemotherapy the 8,9-dihydropyrido[1,2]indol-6(7H)-one system has been studied
for the treatment of ischemic disordeamd vomiting resulting from cancer treatmnt.

Several other approaches have been reported for this ring sy3teenFischer
indole synthesis, by far the simplest, uses phenyhydrazine but pratidesst a 50%
yield Other routes include C4 oxidation of tetrahydrocarbaZolegse promoted

cyclization  of  2-(2-trifluoroacetamidophenyl)-2-cyclohexene-1-6ne, copper(l)
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mediated® or photochemicaf arylation of N-substituted enaminones and several
different palladium catalyzed coupling reactidnsOur synthesis requires several steps,
but permits reasonable structural variation and does not requirssesde hazardous
reagents or expensive catalysts. We have also found that other saturated alugjhesn
of the tetrahydro-M-carbazol-4-one system are accessible using this strategy.
Results and Discussion

Our cyclization studies required the preparation of a seriesHehdole-2-
alkanecarboxylic acids. Our synthesis began with Meldrum’saaiti commercially
available methyl ¢-chlorocarbonyl)alkane carboxylate derivativéa-c (Figure 2.1).
Acylation of Meldrum’s acid in the presence of pyridine, fokalby refluxing intert-
butyl alcohol, gave theert-butyl methyl 3-oxoalkanedicarboxylic esté&a-cin 68-76%
yields!” Deprotonation of2a-c with sodium hydride in anhydrousl,N-dimethyl-
formamide and reaction with 2-fluoro-1-nitrobenzene at 55-60 °C eafforthe
nucleophilic aromatic substitution producBa-c in yields ranging from 60-70%?
Subsequent exposure 8&-c to trifluoroacetic acid in the presence of triethylsif&ne
resulted intert-butyl ester cleavage and decarboxylation to provide nitro kedo 4sstc
in 92-94% yields.

Treatment of 4a-c with iron powder in acetic acid then intitadetndem
reduction-cycloaromatization reaction ot furnidh-ihdole-2-alkanecarboxylic estebs-
c in 90-95%" Finally, basic hydrolysis oba-c provided acids 6a-c in 90-96% vyields.
Treatment oba-cwith 2.0-6.0 equivalents gf-toluenesulfonic acid in refluxing toluene

resulted in a Friedel-Crafts like ring closure of the acid Boo€ the indole moiety to
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yield 7a-cin 67-80% yields (Figure 2.2). Refluxirgp in toluene without the addqd

toluenesulfonic acid resulted in closure to the laddan(®0%), but no reaction occurred

CO,CHj;
idi - CO,CH
Cl ) . O><O pyridine / CHCl, t-C4Hg0,C | 203
B} n
O O O t'C4HQOH
o

70-76%
2 2a (n=2)
1on=% 2b (n = 3)
1c (n=4) 20 (n = 4)

CO,CHj;

t-C4HgO,C  CO,CHj

NaH / DMF

L
NO,

©\/\“/U)n CF3CO,H / EtsSiH W
CH,CI B}

0] 2Ll

NO,

69-71% 92-94%
3a(n=2) 4a (n=2)
3b(n=23) 4b (n = 3)
3c(n=4) 4c (n=4)
Fe/HOAc _ Oj\ﬁ 1M NaOH |
o . >
115°C H In dioxane H n
92-95% 92-96%
5a(n=2) 6a (n=2)
5b (n=3) 6b (n=3)
5¢ (n = 4) 6¢ (n = 4)

Figure 2.1 Syntheis of indole carboxylic acid derivatives
with 6a or 6¢, reflecting the additional strain and entropy effects involved ositng a

five- or a seven membered rings. Actilsand6c could be lactamized, however, using

N-(3-dimethylaminopropyl)N'-ethylcarbodiimide hydrochlorid® in the presence of
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excess 4-dimethylaminopyridif®. Numerous other conditioffsfailed to give the
desired lactams. This appears to be the first report thl4¢3alimethylaminopropyl)N’-
ethyl carbodiimide with 4-dimethylaminopyridine for lactam closufée function of the
base in this reaction appears to be two fold. First it n&zgsathe hydrochloride salt of
the carbodiimide and, secondly, it scavenges the proton from theexyemide. The

results of our cyclization studies are summarized in Figure 2.2.

i
p-toluenesulfonic acid= I 7a(n=2)
Toluene, 110 °C N 7b (n = 3)
| H n 7c(n=4)
N n 75-88%
CO,H
EDC.HCI/DMAP |
CH,Cl,, RT N )
6a (n=2) 272 P N 8amn=2)
6b (n = 3) o 8b (n = 3)
6¢c (n=4) 82-90% 8c (n=4)
O
©\/\”/\/\COZCH3 Fe / Conc. HCI . ©\—/|ii
NG, N

92%

Figure 2.2. Cyclization methods to give carbazole and lactam rings

Remarkably, it was found that treatment 4 with iron in concentrated
hydrochloric acid yieldedb in 92% yield by a tandem process involving a reduction-
cycloaromatization-acylation sequence. Attempts to cy@&Zeand 6c under the same
conditions afforded significantly lower yields, and the product mesuwere more
complex. The one-step conversion 46 to 7b represents a new tandem reaction

sequence.
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Mechanistically, reduction of the aromatic nitro group is followed by
cycloaromatization to the indole system as previously obsérrednder strong acid
conditions, however, the methyl ester is cyclized onto the C3 positithwe aidole. This
most likely occurs by protonation of the ester carbonyl, attsgdkd electron-rich indole
double bond to the carbonyl carbon, followed by methanol elimination and

rearomatization (see Figure 2.3). The closure of &ade 6¢-7aand7c should be

H
co,cH, _Fe/HC @(\,O(\Acozc 3
0 100 °C NH -H,0
NO, 2

9
+
CH,0- P . CH,0 (oH CH,0_ OH
Cra b |G |~
N N N
- H i H i H
10 1 12
O
e
—_— _ >
-CH3OH N/ N
+H | H
13

Figure 2.3. Mechanism for tetrahydrocarbazole ring system
analogous to the conversion 90 to 7b with loss of water in the penultimate step.
Finally, the lactamization reactions proceeth the expected cyclocondensation

mechanisms, with and without added carbodiimide.
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CONCLUSION

We have developed an alternative approach to the synthesis ofitlthe t
compounds from H-indole-2-butanoic acid 6p) prepared by a tandem reduction
cycloaromatization process using iron in acetic acid. Hedtisgatid6b in the presence
of p-toluenesulfonic acid in refluxing toluene affords 1,2,3,9-tetrahytta@drbazol-4-
on (7b), while heating in toluene with no added acid afforded 8,9-dihydropyrido[1,2-
ajindol-6(7H)-one @b). Interestingly, a high yield ofb can be achieved directly from
4b via a reduction-cycloaromatization acylation reaction promoted ifoy in
concentrated hydrochloric acid. Analogous systems incorporatueg &nd seven-
membered fused cycloalkanones can be prepared by treatméat awfd 6¢ with p-
toluenesulfonic acid in refluxing toluene. However, direct conversicgra@ind4c with
iron in concentrated hydrochloric acid gives complex mixtures contaianly small
amounts offaand7c. Cyclization of6éa and6c to the lactams requires treatment with
(3-dimethylaminopropylN'-ethylcarbodiimide hydrochloride in the presence of excess
4-dimethylaminopyridine. The reaction permits reasonable stalcuariation and
furnished the products in high yield without toxic reagents or expensive catalyst
Experimental Section

N,N-Dimethylformamide, from a freshly opened bottle, was dried ovéek 4
molecular sieves under nitrogen and transferred by syringe iattiacres where it was
used. The acid chlorides were used as received. The HCI (@M &), NaHCQ
(saturated), and NaCl (saturated) employed in various proceduisstoeaqueous

solutions. All reactions were run undey iN oven-dried glassware.
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Evaporation of solvents was accomplishedvacuo via the use of a Buchi
Rotovapor RE-11% and a Brinkman B-169 water aspirator unless otherwise specified.
For those intermediates that were liquids and required distilator purification,
vacuum distillation was employed using a Wé&ldBhemstal™ 1402N vacuum pump.
Reactions were monitored by thin layer chromatography on silica gela®#s fAnaltech
21521). Preparative separations were performed using flash coluomatbgraphs?
on silica gel (grade 62, 60-200 mesh) mixed with ultraviolet-active ghloos(Sorbent
Technologies UV-5) or thin layer chromatography on 20-cm x 20-¢oa gjel GF plates
(Analtech 02015). Band elution, for both methods, was monitored using a hand hel
ultraviolet lamp. Hexanes used in chromatography had a boilinge rah 65-70 °C.
Melting points of all solids were uncorrected and taken on a MgbTpurchased from
Laboratory Devices, Cambridge, MA 02139. Infrared spectra wkssntan a Varian
800 FT-IR (Scimitar series) run as thin films on sodium chloridsksdiand were
referenced to polystyrene. Unless otherwise indicatddand *C nuclear magnetic
resonance spectra were measured in deuteriochloroform at 300 MHz akitHZ/5
respectively, on a Varian 300 MHz unit and were referenced to internal étsdsiiane;
coupling constants (J) are reported in Hertz
Representative Procedure for the Preparation of tert-Butyl Methyl 3-
Oxoalkyldicarboxylic Esters: tert-Butyl Methyl 3-Oxohexanediate (2a).

The procedure of Yonemitsu and co-workers was 5ed250-mL, two-necked,
round-bottomed flask equipped with a magnetic stirrer, a condenserraindgen inlet,
was charged with 7.00 g (48.6 mmoles) of Meldrum’'s acid along with 7.68.¢

mmoles) of pyridine in 50 mL of dichloromethane. A solution of 7.68 g (Bthdles)
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of 1ain 10 mL of dichloromethane was added after 5 minutes and the solution was stirred
at 0 °C. Stirring was continued at 0 °C for 30 minutes and at 2% 9Chour. The crude
reaction mixture was washed withN2 hydrochloric acid (3 x 150 mL) to remove the
excess pyridine, and the solution was dried (magnesium sulfat&pandntrated under
vacuum. The resulting oil was dissolved in 50 mltest-butyl alcohol and refluxed for

3 hours. The crude reaction mixture was concentrated under vacuutheamwnpound
was distilled under high vacuum to give 8.20 g (78%, containing some ertbb kéto
diester as a colorless oil, bp 85-110 °C (0.5 mm Hg). IR: 1737, 17{7enMNMR: §

3.68 (s, 3H), 3.41 (s, 2H), 2.87 (t, 2H, J = 6.6), 2.62 (t, 2H, J = 6.6), 1.47 (S-*GH);
NMR: 6 201.4, 172.8, 166.2, 81.9, 51.7, 50.4, 37.2, 27.8 (3C), 27.5.

tert-Butyl Methyl 3-oxoheptanedioate (2b). This compound (9.00 g, 81% containing
some enol) was isolated as a colorless oil, bp 110-130 °C (0.5 mm Rtg).738, 1716
cm™; 'H NMR: & 3.67 (s, 3H), 3.35 (s, 2H), 2.62 (t, 2H, J = 7.0), 2.36 (t, 2H, J = 7.2),
1.92 (quintet, 2H, J = 7.1), 1.47 (s, 9HJC NMR: § 202.5, 173.5, 166.4, 82.0, 51.5,
50.5, 41.6, 32.7, 27.9 (3C), 18.5.

tert-Butyl Methyl 3-Oxooctanedioate (2c). This compound (8.50 g, 68% containing
some enol) was isolated as a colorless oil, bp 125-140 °C (0.5 mm Hg). IR: 1735, 1716
cm®; *H NMR: § 3.67 (s, 3H), 3.35 (s, 2H), 2.56 (distorted t, 2H, J = 6.7), 2.33 (distorted
t, 2H, J = 6.7), 1.63 (m, 4H), 1.47 (s, 9H)C NMR: § 202.8, 173.7, 166.4, 81.9, 51.5,

50.5, 42.3, 33.7, 27.9 (3C), 24.2, 22.7.
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Representative Procedre for the Nucleophilic Aromatic Sostitutions: tert- Butyl
Methyl 2-(2-Nitrophenyl)-3-oxohexanedioate (3a):

A modification of the procedure described by Bunce and co-wovkassused.
A 250-mL, three-necked, round-bottomed flask, equipped with magnetingsta reflux
condenser and a nitrogen inlet, was charged with 1.9 g of NaH in a &0étahil
suspension. The solid was washed with hexane (3 x 25 mL) to remorenia@l oil,
and the remaining 1.36 g (56.7 mmol) of NaH was suspended in 20 mL of,Nry
dimethyl formamide. Stirring was initated and a solution of 4.(8g} mmoles) of 2-
fluoro-1-nitrobenzene in 25 mL of dimethylformamide was addedpv@t by a
solution of 6.35 g (29.7 mmoles) 8a in 5 mL of dimethylformamide. The reaction
mixture was heated to 60 °C and stirred for 48 hours, then added to 50salureited
ammonium chloride and the mixture was extracted with ether (3 xml50 The
combined organic extracts were washed with saturated sodium chlbrld00 mL),
dried (magnesium sulfate) and concentrated under vacuum. The cadletpwas
purified by flash chromatography on a 50-cm x 2-cm silica gkeinen eluted with 10%
ether in hexanes to give 6.65 g (18.9 mmoles 66% containing some erdal)asf a

yellow oil. IR: 1736, 1640, 1613, 1520, 1351 tmH NMR: & 7.98 (dd, 1H, J

8.0,

1.2), 7.58 (td, 1H, J = 7.6, 1.4), 7.46 (td, 1H, J = 7.9, 1.6), 7.33 (dd, 1H, J = 7.6, 1.4),
5.28 (s, 1H), 3.64 (s, 3H), 2.50 (m, 4H), 1.32 (s, 980; NMR: § 200.4, 172.7, 170.6,
149.7, 133.7, 132.6, 130.1, 128.3, 124.5, 82.6, 61.3, 51.7, 37.4, 29.8, 27.8 (3C).
tert-Butyl Methyl 2-(2-Nitrophenyl)-3-oxoheptanedioate (3b) This compound (6.00

g, 72%, containing some enol) was isolated as a yellow oil. IR: 1838, 1526, 1394,

1352 cnt; *H NMR: § 7.98 (dd, 1H, J = 8.0, 1.2), 7.57 (td, 1H, J = 7.6, 1.4), 7.45 (td, 1H,
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J=17.9,1.4),7.25 (dd, 1H, J = 7.6, 1.4), 5.25 (s, 1H), 3.57 (s, 3H), 2.25 (m, 4H), 1.88 (m,
2H), 1.33 (s, 9H)*C NMR: § 200.8, 172.7, 170.7, 149.7, 133.7, 132.8, 130.1, 128.4,
124.3, 82.6, 61.3, 51.8, 37.4, 29.9, 28.0, 27.8 (3C).
tert-Butyl Methyl 2-(2-Nitrophenyl)-3-oxooctanedioate (3c). The compound (4.20 g,
62%, containing some enol) was isolated as a yellow oil. IR: 1738, 1615, 1524,
1352 cn; *H NMR: § 7.98 (dd, 1H, J = 8.0, 1.3), 7.56 (td, 1H, J = 7.5, 1.4), 7.45 (td, 1H,
J=17.9,1.6),7.25 (dd, 1H, J = 7.7, 1.4), 5.26 (s, 1H), 3.63 (s, 3H), 2.21 (m, 2H), 2.12 (m,
2H), 1.57 (m, 4H), 1.24 (s, 9H}C NMR: § 201.8, 173.7, 170.7, 149.7, 133.7, 132.5,
130.5, 128.8, 124.3, 82.4, 61.0, 51.5, 33.6, 32.5, 27.8 (3C), 25.7, 24.3.
Representative Procedure fortert-Butyl Ester Cleavage and Decarboxylation:
Methyl 5-(2-Nitrophenyl)-4-oxopentanoate (4a).

The procedure of Mehta and co-workers was t5ed 250-mL three-necked
round-bottomed flask, equipped with magnetic stirring, a reflux coedemsl a nitrogen
inlet, was charged with a solution of 5.20 g (14.8 mmolesBafin 50 mL of
dichloromethane to which were added 27.6 g (18.0 mL, 242 mmoles) of trifletimac
acid and 4.88 g (6.70 mL, 421 mmoles) of triethylsilane. The mixtasestirred for 1
hour and then concentrated under high vacuum to give 3.50 g (94kapseflight yellow
oil which was used without further purification. IR: 1735, 1722, 1525, 135 Yrh
NMR: & 8.11 (dd, 1H, J = 8.0, 1.1), 7.60 (td, 1H, J = 7.7, 1.3), 7.46 (td, 1H, J = 7.9, 1.5),
7.31 (dd, 1H, J = 7.7, 1.1), 4.16 (s, 2H), 3.67 (s, 3H), 2.93 (t, 2H, J = 6.5), 2.65 (t, 2H, J =
6.5);13C NMR:$ 204.0, 173.1, 148.5, 133.7, 133.6, 130.1, 128.5, 125.2, 51.8, 47.8, 37.1,

27.8.
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Methyl 6-(2-Nitrophenyl)-5-oxohexanoate (4b). This compound (3.46 g, 92%) was
isolated as a light yellow oil and was used without further pation. IR: 1729, 1525,
1346 cmt; 'H NMR: § 8.11 (dd, 1H, J = 8.0, 1,1), 7.59 (td, 1H, J = 7.7, 1.5), 7.46 (td, 1H,
J=17.9, 15), 7.28 (dd, 1H, J = 7.7, 1.1), 4.09 (s, 2H), 3.68 (s, 3H), 2.70 (t, 2H, J = 7.1)
2.38 (t, 2H, J = 7.1), 1.96 (quintet, 2H, J = 74§ NMR: § 204.9, 173.6, 148.6, 133.6
(2C), 130.2, 128.4, 125.2,51.6, 47.9, 41.4, 32.9, 18.7.

Methyl 7-(2-Nitrophenyl)-6-oxoheptanoate (4c). This compound (1.45 g, 92%) was
isolated as a light yellow oil and used without further purifarati IR: 1727, 1528, 1352
cm®; *H NMR:  8.10 (dd, 1H, J = 8.2, 1.3), 7.59 (td, 1H, J = 7.5, 1.3), 7.46 (td, 1H, J =
8.1, 1.5), 7.27 (dd, 1H, J = 7.6, 1.1), 4.10 (s, 2H), 3.67 (s, 3H), 2.62 (distorted, t, 2H, J =
6.8), 2.34 (distorted, t, 2H, J = 6.8), 1.67 (m, 453, NMR: 5 205.2, 173.8, 148.6, 133.5
(2C), 130.3, 128.3, 125.2, 51.5, 47.8, 42.2, 33.7, 24.3, 22.9.

Representative Procedure for Reductive Cyclization to th&@H-Indoles: Methyl 1H-
Indole-2-propanate (5a). The procedure of Bunce and coworkewss used. Into a 25-
mL three-necked round-bottomed flask, equipped with magnetic stirringeflax
condenser and a nitrogen inlet, was placed a mixture of 1.50 g (5.98 mofoles@5

mL of acetic acid and 2.00 g (6.00 eq, 35.9 mmoles) of iron powder (>1814).m&he
mixture was heated with stirring at 115 °C (oil bath) until thiretaghromatography
indicated complete consumption of the starting material (ca 3Qites). The crude
reaction mixture was cooled, transferred to a separatory funnel contathmg of water

and extracted with ether (3 x 100 mL). The combined ether layems washed with
water (1 x 100 mL), saturated sodium bicarbonate (3 x 150 mlyrasad sodium

chloride (1 x 100 mL), then dried (magnesium sulfate) and conaashwater vacuum to
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give a brown solid. Recrystallization from hexanes gave 1.10 g (91%A a$ a tan
solid, mp 97-98 °C (f{f mp 97-98 °C). IR: 3357, 1720 &mH NMR:  8.47 (br s, 1H),
7.52 (dd, 1H, J = 7.9, 0.6), 7.31 (dg, 1H. J = 8.0, 0.9), 7.12 (td, 1H, J = 7.9, 1.3), 7.06 (td,
1H, J = 7.9, 1.1), 6.24 (dd, 1H, J = 2.0, 0.9), 3.72 (s, 3H), 3.08 (t, 2H, J = 6.7),,2.73 (t

2H, J = 6.7)*C NMR: & 174.3, 138.1, 136.0, 128.4, 121.3, 119.9, 119.6, 110.5, 99.8,

51.9, 33.9, 23.1.
Methyl 1H-Indole-2-butanoate (5b).This compound (1.15 g, 95%) was isolated as a tan
solid, mp 69-71 °C. IR: 3392, 1718 ¢nfH NMR: & 8.06 (br s, 1H), 7.52 (d, 1H, J =
7.6), 7.30 (d, 1H, J = 6.0), 7.08 (m, 2H), 6.25 (s, 1H), 3.66 (s, 3H), 2.81 (t, 2H, J = 7.2),
2.40 (t, 2H, J = 7.2), 2.04 (m, 2HJC NMR: § 173.9, 138.4, 128.8, 121.1, 119.8, 119.6,
110.3, 100.0, 51.6, 33.1, 30.0, 27.3, 24.5.
Methyl 1H-Indole-2-pentanoate (5c¢). This compound (1.10 g, 90%) was isolated as a
tan solid, mp. 121-124 °C. IR: 3353, 1719%¢ciH NMR: § 7.98 (br, s, 1H), 7.52 (d, 1H,
J =6.8), 7.28 (d, 1H, J = 8.0), 7.08 (m, 2H), 6.24 (s, 1H), 3.67 (s, 3H), 2.76 (t,=2H, J
7.2), 2.37 (t, 2H, J = 3.6), 1.76 (m, 4HJC NMR: 5 174.2, 139.3, 136.0, 128.9, 121.2,
119.6, 119.8, 110.5, 99.8, 51.7, 33.9, 28.7, 28.0, 24.6.
Representative Procedure for the Ester Hydrolysis: H-Indole-2-propanic Acid (6a).

A 25-mL three-necked round-bottomed flask, equipped with magnetiogt a
reflux condenser and a nitrogen inlet, was charged with a mixture00 g (4.93
mmoles) of5a in 2 mL of dioxane along with 15.0 mL of a IM) aqueous solution of
sodium hydroxide. The mixture was stirred for 1 hour. The solutias then
concentrated to one-half volume under vacuum, acidified withhi§/drochloric acid and

extracted with ether (3 x 100 mL). The combined ether layers washed with

31



saturated sodium chloride (1 x 150 mL), then dried (magnesium sulfate) and cdadentra
under vacuum. The crude product was purified by flash chromatogoapdyL5-cm x 2-
cm silica gel column eluted with 50% ether in hexanes to give 0&8.%) of 6a as
white solid, mp 165-167 °C (ft mp 167 °C). IR: 3462-2300, 3392, 1701 tm'H
NMR: § 9.87 (br, s, 1H), 8.26 (br s, 1H), 7.52 (dd, 1H, J = 7.7, 1.3), 7.30 (dd, 1H, J = 8.0,
0.9), 7.13 (td, 1H, J = 7.7, 1.3), 7.07 (td, 1H, J = 7.9, 1.1), 6.26 (dd, 1H, J = 1.9, 0.8), 3.08
(t, 1H, J = 6.8), 2.81 (t, 2H, J = 6.8}°C NMR: § 178.4, 137.6, 135.5, 128.4, 121.4,
119.9, 119.7, 110.5, 99.9, 33.6, 22.9.
1H-Indole-2-butanoic Acid (6b). This compound (0.31 g, 85%) was isolated as a white
solid, mp 114-115 °C. IR: 3252-2348, 3386, 1700'ctH NMR: & 10.85 (br s, 1H),
7.95 (br s, 1H), 7.52 (dd, 1H, J = 7.7, 0.7), 7.29 (dd, 1H, J = 8.0, 0.9), 7.12 (td, 1H, J =
7.9, 1.3), 7.07 (td, 1H, J = 7.7, 1.1), 6.27 (dd, 1H, J = 2.0, 0.8), 2.83 (t, 2H, J = 7.3), 2.45
(t, 2H, J = 7.3), 2.06 (quintet, 2H, J = 7.3)*C NMR: § 179.2, 138.1, 135.9, 128.7,
121.2,119.9, 119.7, 110.4, 100.1, 33.0, 27.3, 24.2.
1H-Indole-2-pentanoic Acid (6¢). This compound (0.90 g, 96%) was isolated as a white
solid, mp 145-147 °C. IR: 3425-2350, 3384, 1700'citH NMR: § 10.50 (s, 1H), 7.92
(br s, 1H), 7.52 (d, 1H, J = 6.8), 7.30 (d, 1H, J = 8.0), 7.10 (m, 2H), 6.24 (s, 1H), 2.80 (t,
2H, J = 6.8), 2.42 (t, 2H, J = 7.2), 1.76 (m, 4H}C NMR: 5 178.4, 138.9, 135.7, 128.7,
121.0, 119.7, 119.6, 110.2, 99.7, 33.4, 28.4, 27.8, 24.1.
Representative Procedure for the Acylation Reactions: 3,4-Bydrocyclo-
pent[blindol-1(2H)-one (7a).

A 500-mL, one-necked, round-bottomed flask, equipped with magnetiogtia

reflux condenser and a nitrogen inlet, was charged with a soluti@®fmg (1.06
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mmoles) oféain 10 mL of toluene. The mixture was heated to reflux and 290frp-
toluenesulfonic acid was slowly added through the top of the condender. 1Afour at
reflux, a second 200-mg portion pftoluenesulfonic acid monohydrate (total 400 mg,
2.00 eq, 2.10 mmoles) was added, and refluxing was continued for aftd@lhours.

The resulting solution was cooled, added to water (50 mL) and edradth ether (3 x

100 mL). The ether layer was washed with saturated sodium bieaebx 150 mL)

and sodium chloride (1 x 100 mL), then dried (magnesium sulfatec@amcentrated
under vacuum. The crude product was purified by flash chromatogoap0-cm x 2-

cm silica gel column eluted with 10% ether in hexanes to give 3&/6%6) of purera.

IR: 3371, 1648 ciy;, *H NMR (dimethyl sulfoxide-g): & 12.0 (br, s, 1H), 7.67 (d, 1H, J

= 7.5), 7.45 (d, 1H, J = 8.0), 7.22 (td, 1H, J = 7.7, 1.3), 7.16 (td, 1H, J = 7.7, 1.3), 3.08
(m, 2H), 2.82 (m, 2H); *°C NMR: & 194.7, 167.7, 142.2, 129.8, 127.6, 122.9, 121.5,
119.4, 112.6, 40.6, 21.0.

1,2,3,9-Tetrahydro-H-carbazol-4-one (7b) This compound was prepared from 150
mg (0.74 moles) o6b using a modified procedure. In this case, 844 mg (4.44 mmoles,
6.0 eq) ofp-toluenesulfonic acid monohydrate was required, and this acid wad adde
2.0-eq portions at one hour intervals during the first three hours of éheetivour reflux
period. Produc¥b (120 mg, 88%) was isolated as an off-white solid, mp 225-228 °C
(dec) (litt mp 219-221 °C). IR: 3368, 1588, 1566 ¢iH NMR (dimethyl sulphoxide-

de): & 11.7 (br, s, 1H), 7.99 (d, 1H, J = 7.5), 7.46 (dd, 1H, J = 7.8, 1.1), 7.25 (td, 1H, J =
7.7, 1.2), 7.19 (td, 1H, J = 7.7, 1.2), 2.99 (t, 2H, J = 6.3), 2.42 (t, 2H), J = 6.4), 2.13
(quintet, 2H, J = 6.4)*3*C NMR (dimethyl sulfoxide-g: 192.1, 148.4, 134.1, 122.7,

122.2,120.5, 120.2, 108.8, 106.5, 37.7, 22.9, 20.4.
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6,7,8,9-Tetrahydrocycloheptp]indol-10(5H)-one (7c). This compound was prepared
as described forb using 203 mg (0.93 mmoles) 6¢€ to give 133 mg (72%) ofc as a

tan solid, mp 217-218 °C. (it mp 220-221 °C). IR: 3365, 1718 ¢m'H NMR
(dimethyl sulfoxide-g):  11.7 (br s, 1H), 8.14 (dd, 1H, J = 7.4, 1.4), 7.34 (dd, 1H, J =
7.9, 1.3), 7.12 (m, 2H), 3.10 (t, 2H, J = 6.3), 2.64 (m, 2H), 1.93 (quintet, 2H, J = 6.4),
1.83 (m, 2H); **C NMR (dimethyl sulfoxide-g): & 196.4, 149.0, 135.0, 127.3, 122.2,
121.2,120.9, 113.7, 110.9, 42.7, 27.0, 24.3, 21.8.

Direct Preparation of 7b from 4b. A 100-mL single-necked round-bottomed flask,
equipped with a reflux condenser,(Mlet) and a magnetic stirrer, was charged with 200
mg (0.75 mmoles) ofb and 8 mL of concentrated hydrochloric acid. The mixture was
heated to 80 °C (oil bath), and 126 mg (3.00 eq, 2.25 mmoles) of Fe powder (>H)0 mes
was added. The reaction was refluxed at 110 °C until thin layemelography
indicated complete consumption of starting material (ca 20 minuiE#s3. mixture was
cooled, added to 15 mL of water and extracted with ether (3 x 50 fthg.combined
ether layers were washed with saturated sodium chloride (Imd_h0dried (magnesium
sulfate) and concentrated under vacuum. The resulting solid wasHesmatographed

on a 20-cm x 2-cm silica gel column eluted with increasing curet@ns of ether in
hexanes to give 128 mg (92%) d. The physical properties and spectral data matched
those reported above.

Representative Procedure for Five- and Seven-Membered Laoh Formation: 1,2-
Dihydro-3H-pyrrolo[1,2-a]indol-3-one (8a). A 100-mL one-necked round-bottomed
flask, equipped with magnetic stirring, a reflux condenser andragan inlet, was

charged with 100 mg (0.53 mmoles)&d in 5 mL of dichloromethane along with 103
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mg (0.85 mmoles, 1.6 eq) of 4-dimethylaminopyridine. The mixturestraed for 10
minutes to give a clear light brown solution. To this solution added 101 mg (0.53
mmoles, 1.0 eq) dN-(3-dimethylaminopropylN'-ethylcarbodiimide hydrochloride and
the reaction mixture was stirred at room temperature for 24 holine crude reaction
mixture was washed with water (1 x 20 mL),M hydrochloric acid (1 x 25 mL),
saturated sodium bicarbonate (1 x 25 mL) and saturated sodium clflbrid25 mL),
then dried (magnesium sulfate) and concentrated under vacuum. Tiiegesamisolid
was purified by preparative thin layer chromatography elutiéd &0% ether in hexanes
to give 72 mg (80%) of the lactam as a light tan solid, mp 148-15lit¥0mp 151-153
°C). IR: 1731 cnt; *H NMR: & 8.07 (m, 1H), 7.48 (m, 1H), 7.25 (m, 2H), 6.27 (s, 1H),
3.14 (A of ABm, 2H), 3.08 (B of ABm, 2H)**C NMR: § 171.6, 143.6, 135.3, 130.4,
124.0, 123.2, 120.5, 113.5, 100.3, 34.9, 19.6.
8,9-Dihydropyrido[1,2-a]indol-6(7H)-one (8b). This compound was prepared by
dissolving 100 mg (0.493 mmoles) 6b in 15 mL of dry toluene and refluxing the
mixture for 36 hours. The solvent was evaporated to dryness under vachencrude
product was purified by preparative thin layer chromatography2fih@an x 20-cm silica
gel GF plate using 50% ether in hexanes to give 82 mg (90%gbfaa a white solid,
mp 78-79 °C (It* mp 79-81 °C). IR: 1690 cm'H NMR: § 8.44 (dd, 1H, J = 8.1, 0.9),
7.45 (dd, 1H, J = 6.8, 1.6), 7.25 (m, 2H), 6.31 (s, 1H), 2.97 (td, 2H, J = 6.8, 1.2), 2.78 (t,
2H, J = 6.4), 2.07 (quintet, 2H, J = 6.4YC NMR: 5 169.4, 138.1, 134.8, 129.7, 124.0,
123.9, 119.6, 116.3, 104.8, 34.4, 23.8, 21.4.
7,8,9,10-Tetrahydro-61-azepino[1,2a]indol-6-one (8c). This compound was prepared

as described fd8aon an 80 mg (0.37 mmole) scale to give 60 mg (81%) of the lactam as
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a white solid, mp 172-175 °C. IR: 1692 tmiH NMR: & 8.42 (dm, 1H, J = 7.9), 7.46
(dm, 1H, J = 7.3), 7.32-7.20 (complex, 2H), 6.36 (s, 1H), 3.06 (t, 2H, J = 5.9), 2.94
(distorted, t, 2H, J = 5.8), 1.94 (m, 4H)°C NMR: § 173.8, 139.5, 136.9, 129.6, 124.1,
123.5, 119.5, 116.3, 107.9, 35.9, 25.8, 23.7, 20.8.

References and Notes

1. Bunce, R. A.; Randall, M. H.; Applegate, K. Grg. Prep. Proceed. In2002
34, 493.

2. Augustine, R.; Gustavsen, A. J.; Wanat, S. F.; Pattison, I. C.; Houghtd, K
Koletat, G J. Org. Chem1973 38, 2004.

3. Scott, T. L.; Soderberg, B. C. Getrahedror2003 59, 6323.

4. Sissoumma, D.; Maingot, L.; Collet, S.; Guigant, A. Org. Chem200§ 22,
8384.

5. Li, X.; Vince, R.Bioorg & Med. Chem2006 14, 2942.

6. [a] Kohno, T.; Yoshikawa, T.; Yoshizawa, A.; Nakamura, |.; Anzai, T.olsat.;
Ogawa, S. Cardiovascular Drugs and Therap5 19, 347. [b] Romeo, G.;
Materia, L.; Pittala, V.; Modica, M.; Salerno, L.; Siracusa, MRuysso, F.|
Minneman, K. PBioorg. & Med. Chem2006 14, 5211.

7. [a] Elz, S.; Heil, W. LBioorg & Med. Chem. Letll995 5, 667. [b] Scott, T. L.;
Soderberg, B. C. Getrahedron Lett2002 43, 1621.

8. Kato, M.; Ito, K.; Takasugi, H. European Patent EP 451538 1GRA&m Abstr.

1992 116, 207822.

36



10.

11.

12.

13.

14.

15.

16.

17.

18.

[a] Kato, M.; Ito, K.; Nishino, S.; Yamakuni, H.; Takasugi, @hem. Pharm.
Bull. 1994 42, 2546. [b] Kato, M.; Nishino, S.; Ito, K.; Takasugi, Bhem.
Pharm. Bull.1995 43, 1346.

[a] Czeski, B. A.; Wheeler, W. J. Label Compd. Radiophar@2005 48, 407. [b]
Clemo, G, R.; Felton, D. G.J. Chem. Sod 951, 700.

Oikawa, Y.; Yonemitsu, Ql. Org. Chem1977, 42, 1213.

[a] Wender, P. A.; White, A. WTetrahedron1983 39, 3767. [b] For a related
approach, see Kudzma, L. 8ynthesi2003 1661.

[a] Osuka, A.; Mori, Y.; Suzuki, HChem Lett1982 2031. [b] Yan, S.; Wu, H.;
Wu, N.; Jiang, Y Synlett2007, 2699.

lida, H.; Yuasa, Y.; Kibayashi, @. Org. Chem1979 44, 123.

[a] Scott, T. L.; Burke, N.; Carrero-Martinez, G.; Soderberg, @. G.
Tetrahedron2007, 63, 1183. [b] Soresen, U. S.; Pombo-Villar, Eelv. Chim.
Acta2004 87, 82. [c] Wang, H.-M.; Chou, H.-L; Chen, L-Q. Chin. Chem. Soc.
(Taipei) 1995 42, 593. [d] Mori, M.; Uozumi, Y.; Sibasaki, MHeterocycles
1992 33, 819. [e] Sakamoto, S.; Nagano, T.; Kondo, Y.; Yamanak&yHthesis
199Q 215.

Davidson, D.; Bernhard, S. &. Am. Chem. Sot948§ 70, 3426.

Mehta, A.; Jaouhari, R.; Benson, T. J.; Douglas, Kl étrahedron Lett1992 33,
5441.

[a] Oikawa, Y.; Sugano, K.; Yonemitsu, Q. Org. Chem1978 43, 2087. [b]
Oikawa, Y.; Sugano, K.; Yonemitsu, @Qrganic Synthesed)Niley-Interscience,

New York, NY; Coll. Vol. VII, pp 359-361.

37



19.

20.

21.

22.

23.

24,

25.

[a] Sheehan, J. C.; Cruickshank, P. A.; Boshart, Gl.1Org. Chem1961, 26,
2525. [b] Kopple, K. D.; Nitecki, D. E1. Am. Chem. Sott962 84, 4457.

The use of a larger excess of 4-(dimethylamino)pyridine presnsitle reactions
that generate more complex product mixtures.

Several other reagent combinations were explored for the |aettom reaction.
[a] N-(3-DimethylaminopropylN’-ethyl carbodiimide alone: ref 18b. [b] N-(3-
Dimethylaminopropyl)-N’-ethyl  carbodiimide with 1-hydroxybenzatole:
Harigawa, D.; Neya, M.; Miyazaki, Y.; Hemmi, K.; Hashimoto, MChem. Soc.,
Chem Commun 1984  1676. [c] Polymer-bound N-benzylN’-
Cyclohexylcarbodiimide: LeBas, M.-D. H.; McKinley, N. F.; Hogan,-M. L.;
O'Shea, D. FJ. Comb. Chem2005 7, 503. N,N’-Dicyclohexylcarbodiimide
appeared to promote lactam formation, bUN’-dicyclohexylurea and excess
carbodiimide but could not be removed from the products. All reactiorenwve
in dichloromethane; each was tried with added triethylamine and 4-
dimethylaminopyridine.

Still, W. C.; Kahn, M.; Mitra, AJ. Org. Chem1978 43, 2923.

Mobhri, K.; Oikawa, Y.; Hirao, K.; Yonemitsu, Geterocycled982 19, 515.

Julia, M.; Bagot, JBull Soc Chim Fr1964 1924.

Crenshaw, M. D.; Zimmer, H. Heterocyclic Chenl984 21, 623.

38



CHAPTER IlI

DIVERGENT REACTIVITY IN TANDEM REDUCTION-MICHAEL RING
CLOSURES OF FIVE AND SIX-MEMBERED CYCLIC ENONES

Introduction

The reductive cyclization of 2-nitrobenzyl ketones under dissolvingalme
conditions is a well established route to inddlésEarlier work from our laboratory
reported a tandem reduction-Michael addition variant of this mra@s a route to
1,2,3,4-tetrahydroquinoline-2-acetic estées)d we have recently utilized this reaction to
synthesize 1,2,3,9-tetrahydrét&arbazole-4-oné. In the current investigation, we
sought to expand the scope of the tandem reduction-Michael sequencee$s acc
functionalized, linear-fused tricyclic systems. For this study prepared six- and five-
membered cyclic enones, substituted at C4 by a methyl estea a-nitrobenzyl group,
and subjected each to mild reduction using iron in acetic acid. Tsugprise, divergent
reactivity was observed from the cyclohexenone and cyclopentenone wmshstgalting
in two relatively uncommon ring systems. In addition, a mechaalisti novel
competitive ester reduction process was observed. Thus, we wisbotd our findings
in this area.
Results and Discussion

The syntheses of the cyclization substates are summarizedgume F3.1.

Ketoester3 was prepared from 1,3-cyclohexanedioftie lfy Lewis acid-catalyzed enol
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ether formation to give,” followed by kinetic deprotonatiSrand subsequent reaction
with methyl cyanoformafe In this case methyl cyanoformate gave better yields of the
ketoester than methyl chloroformate with easier purificatioth@fproduct. Ketoestér

was prepared as previously descriBed.
o o _ LiNG-Pr), ©Te02C
U CeCly. 7TH,0-Si0, Q\ CH,0,CON Hji)\
> _ —_— &
CH;OH o) 0~ THF -78°C o o~
1 2 3

CO,CHs

NaOMe/DMF CO,CH; MeOH, 60 °C OCH,

Cl 25°C, 2h o)
CO,CH,

CH30
CHe,Oj/\COZCH3 CH2(0020H3)2= S9N Co,cH, _ NaOMe !

4 5 (88%) 6 (79%)

CO,CH; CH50,C

Hj:}fOCH3+ (:(\Br K,COs, 18-crown-6 O n ocH
NO CHCN 3

0] 2

7(n=2) _
8(n=1) 9 (n=2)

CH;0,C
NaBH,, CeCl;.7H,0 O o
HCI, CH;OH, RT

NO,

11 (n=2)
12 (n=1)

Figure 3.1. Synthesis of Cyclization Substrates

Alkylation of 5 and6 with 2-nitrobenzyl bromid®using potassium carbonate and

catalytic 18-crown-6 in acetonitrile under anhydrous conditfogave products and8,
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respectively. Reduction of the enone carbonylZ and8 with sodium borohydride in
the presence of cerium(lll) chlorid&followed by treatment with aqueous acid, resulted
in 1,3-carbonyl transposition to give substr&esmd10.

The results of this reduction-cyclization study are outlinedignrié 3.2. In each

case, the reaction was complete in 30 minutes and led predominantly to a singlé produc

CH50,C O
Fe / HOAc O
(o] N
o o 115 °C, 30 min ” 0

:

NO,
9 11(95%)
CH,0,C CH,OH
Fe 30 min_ :
O - :
O HOAc N
NO, 1150 [4h H H
10 12 (76%)
CH,OCOCH, CH,OCOCH;

CsH=COCI
NE (CoHs)3N N
H H CH,Cl,
13(85%) 0
14(93%)

Figure 3.2. Ring cyclization and its derivatization

T

For cyclohexenon®, the expected reduction-Michael addition was not observed, but
instead, reduction of the nitro group was followed by addition of thenamilitrogen to
the ester to give the spiro-fused 3,4-dihydroFD¢tjuinolinone derivativell (95%)

yield. For cyclopentenonk0, the reduction-Michael sequence proceeded as planned but
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was accompanied by reduction of the ester to afford alcthol 76% yield. Extended

reaction times (4 hours) led to further acylation of the primary alcoHd ia givel3.

Figure 3.3. Molecular structure of compouri#, with thermal ellipsoids drawn at the
50% probability level. Hydrogen atoms on C10 and on the aromatic mangs been
removed for clarity.
The cis stereochemistry of the ring junction was confirmed by simgiestal X-ray
analysis of théN-benzoyl derivativdl4 derived from 13 (Figure 3.3).

Examination of molecular models provides some insight into the olaserve
difference in reactivity. Following reduction of the nitro functiarf, alignment of the
amino group for addition to the enone would result in steric repulsiovebe the C5

methylene of the cyclohexenone ring and the aromatic ringAagkigure 3.4). Rotation
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about the benzylic bond to minimize this interaction would then leadritfmignationB,
which is more prone to react at the ester carbonyl. By coropar@milar steric
interference is not present in cyclopententb@e Furthermore, the five-membered cyclic
enone should be more reactive due to strain. Eclipsing interactidndetredop in the
five-membered ring 012 during addition should not significantly deter cyclization since
the starting enone also possesses considerable torsional strainecliiseng in the

cyclized product is clearly visible in the X-ray structurd 4{Figure 3.3).

OCH;

HoN -

Figure 3.4. Steric repulsion of the six membered cyclohexenone ring

The preference for theis stereochemistry of the ring junction 12 is in accord
with both strain and stereoelectronic considerations. dikéused stereochemistry
would be expected based on strain arguments, witkisFfased ring junction preferred
over the more strainelans?? Stereoelectronically, it is well established thefused
isomer is strongly favored in nucleophilic ring closures on prstiegi rings via an axial
attack that permits a chair-like transition stdteAlthough, a true chair transition state is
not possible due to the aromatié sarbons, pseudoaxial attack would still be expected to

afford acis product.
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The reduction of the ester group 10 is also an interesting observation. The
reduction is analogous to the classical Bouveault-Blanc redttmrn would not be
expected to occur with iron as the electron sotitceln our substrates, the,p-
unsaturated ketone is the functional group most susceptible to redustiendissolving
metal conditions® and it is reasonable that this moiety is the key to reducing the ester.

To explore this process without interference from the amino groafhyl (£)-1-
benzyl-4-oxo-2-cyclohexene-1-carboxylatel5( and methyl (%)-1-benzyl-4-oxo-2-
cyclopentene-1-carboxylatdé®) were prepared using the same method described for the
nitro-bearing substrates above. Treatmeni®fvith iron in acetic acid for 24 hours
yielded a 33:67 mixture (by NMR) of starting matefiéland the double bond reduction
productl?7. This ratio varied little with longer reaction times or insexh amounts of
iron. A similar reaction ofl6 gave more interesting results, and the reaction was
considerably faster. Exposured to iron in refluxing acetic acid gave nearly complete
conversion to alcoh@0 in 15 minutes. Prolonged treatment (2 hours) under the same
conditions gave a 67:33 mixture (by NMR)21i:22, as the acetates, in 95% yield. These
results are summarized in Figure 3.5.

Mechanistically, reduction of5 and 16 is initiated by protonation of the enone
carbonyls followed by addition of two electrons to each conjugatedrsysto give of
anions 23 and 24, respectively (Figure 3.6). 1123, the six-membered ring is
conformationally flexible making the ester at C4 less aiblkesto attack by the anionic

center at C3. Thus, protonation and tautomerization occur td given the more rigid
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CeHs \ Fe/HOAC _  recovered15(n=2) .
O 115°C recovered 16 (n = 1)
15 (n=2)
16 (n=1)
CO,CHj CH,OH CH,OH

CeHs C o " CeHs \ * CgHs 0

17 (n = 2) 19 (n=2) 21 (n=2)

18 (n=1) 20 (n=1) 22 (n=1)

Figure 3.5. Cyclization of the substrate in the absence of nitro group

Substrate time (hours) 15 17 19 21
15(n = 2) 24 33 67 0 0
16 18 20 22
16(n =1) 0.25 10[b] 0 72 [b] trace
2 0 0 67 [c] 33 [c]

[a] Percentage listed are from th&¢ NMR. [b] Isolated yields. [c] Products detected
were the acetates of the indicated alcohols.
structure24, the C3 anion is closer to the C4 ester, and cyclization occuffotd the
strained cyclopropanone hemikefd. Under the acidic conditions of the reacti@s,
would undergo rapid proton and enol assisted three-ring opErasgin26, followed by
loss of methanol to give aldehy@@& Further reduction d&27 would then afford alcohol
20 and, eventually22.

The systems resulting from these ring closures have mimpneakdent in the

literature. The 3,3-dialkyl-3,4-dihydro-Z)-quinolinone scaffold ofll is found in
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some antidepressarifs, but spiro-fused compounds have not been extensively
investigated® The 2,3,3a,4,9,9a-hexahydrbktyclopenta] quinoline system has been
reported® and is known to exhibit some antipsychotic acti@ityput structures with the

functional group arrangement b2 are unknown.

® CO,CH,4
__2H > CgHs o
Fe (2¢) o]
23 17 (n=2)
H e 7
OCH
" Oy~OCHj HO 3 o HO< OCH,
1 ﬁ R4 —_— R/ L»
e(2e OH R” o
3 7 OH OH
L 24 25 26 .
H_O o OH o CH,OH
>R —H R —— > CgHs 0
-CH;OH Fe (2¢) 0
o) o]
27 20 22(n=1)
Figure 3.6. Mechanism of the benzylic substrate
Conclusion

Divergent behavior has been observed in the dissolving metal reduatbadii
reaction of two substrated differing only in the size of the ring incorporadtenlylichael
acceptor. The disparate reaction pathways can be attributedai@iies in stain and
steric environment of the enone acceptor as well as the alignafethe reacting
functionality in the two systems. The reaction is clean andsofferefficient route to a

relatively rare ring skeleton from each substrate. The rieduot the ester functionality

46



in the five-membered ring substrate is novel and likely involved gyaattion of the
enone moiety.
Experimental Section

Commercial reagents and solvents were used as receivedhhyfebfuran was
dried over potassium hydroxide pellets and distilled from lithiuomatium hydride
prior to use. The hydrochloric acid (@), ammonium chloride (saturated), sodium
bicarbonate (saturated) and sodium chloride (saturated) used in workugupesceefer
to aqueous solutions. All reactions were run under dry nitrogen in oishglassware.
Reactions were monitored by thin layer chromatography on silica gela®#s jAnaltech
21521). Preparative separations were performed using flash coluomatbgraphs?
on silica gel (grade 62, 60-200 mesh) mixed with ultraviolet-active ghloos(Sorbent
Technologies 5) or thin layer chromatography on 20-cm x 2Gitoa gel GF plates
(Analtech 02015); band elution was monitored using a hand held ultravaoted. |
Hexanes used in chromatography had a boiling range of 65-70 °C. Maiiintg of all
solids were uncorrected and taken on a MelTemp purchased from loapddatvices,
Cambridge, MA 02139. Infrared spectra were run as thin filmsodium chloride
disks. 'H and '°C Nuclear magnetic resonance spectra were measured in
deuteriochloroform at 300 MHz and 75 MHz, respectively, on a VarianNg89 unit
and were referenced to internal tetramethylsilane; coupling ciagtd) are reported in
Hertz.
3-Methoxy-2-cyclohexen-1-one (2). The procedure of Sabitha and coworRenss
modified. A mixture of 20.0 g of silica gel (Alfa-Aesar, 220-440 mesig 3.60 g (9.60

mmoles) of cerium(lll) chloride heptahydrate in 60 mL of drytawcirile was stirred for
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12 hours at 22 °C. The acetonitirle was removed under vacuum, and a sufl3tidd g
(44.6 mmoles) ofL in 20 mL of methanol was added. The mixture was stirred for 72
hours at 22 °C and filtered with ethyl acetate. The tdtraas concentrated under
reduced pressure and the crude product was purified by flash chgvapty on a 30-cm
x 2.5-cm silica gel column eluted with 50% ethyl acetate imhes to give 3.70 g (90%)
of 2 as a colorless oil. IR: 1671, 1645, 1605%ciH NMR: & 5.37 (s, 1H), 3.70 (s, 3H),
2.42 (t, 2H, J = 6.4), 2.35 (t, 2H, J = 6.9), 1.98 (quintet, 2H, J =8BGNMR: 5 199.4,
178.4,102.1, 55.4, 36.5, 28.6, 21.0.

Methyl (£)-4-Methoxy-2-o0xo0-3-cyclohexene-1-carboxylate (3)To a stirred solution of
2.88 g (4.00 mL, 28.6 mmoles) of diisopropylamine in 30.0 mL of tetrahydrofurai® a
°C, was slowly added 17.0 mL of 1.Wbn-butyllithium in hexanes (30.0 mmoles). After
30 minutes, a solution of 3.00 g (23.8 mmoles? af 20.0 mL of tetrahydrofuran was
added dropwise and stirring was continued at -78 °C for 30 minutseslu#ion of 3.40 g
(40.0 mmoles) of methyl cyanoformate in 10 mL of tetrahydrofuras than added
dropwise and the reaction was stirred for 1 hour at -78 °C. &dwion mixture was
slowly warmed to 22 °C, stirred for 30 minutes, cautiously addeduoagad ammonium
chloride (50 mL) and extracted with ether (3 x 100 mL). Theretkigacts were washed
with saturated sodium bicarbonate (1 x 100 mL), water (1 x 100 mlL)saruated
sodium chloride (1 x 100 mL), then dried (magnesium sulfate) and roaiszl under
vacuum. The crude product was purified by flash chromatographyl08-em x 2.5-cm
silica gel column eluted with 30% ethyl acetate in hexanes/eo@b0 g (20%) o? and
3.20 g (73%) of3. The yield of3 was 91% based on recovered starting material. IR:

1740, 1656, 1606 cm *H NMR: § 5.41 (s, 1H), 3.76 (s, 3H), 3.72 (s, 3H), 3.35 (dd, 1H,
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J=9.2,5.3), 2.57 (M, 1H), 2.46 (m, 1H), 2.36 (m, 1H), 2.17 (m, 8)NMR: 5 193.5,
178.4,170.6, 101.6, 55.8, 52.2, 52.0, 27.0, 24.0.

Trimethyl ( E)-3-Methoxy-3-butene-1,1,4-tricarboxylate (5): This compound was
prepared by the method of Fuchs and McGafritjo a stirred solution of 6.60 g (50.0
mmol) of dimethyl malonate in 25 mL of dN,N-dimethyl formamide was added 2.78 g
(50.0 mmol) of sodium methoxide, and the solution was stirred at roopetatare for

10 minutes. After 10 minutes, 4.16 g (25.0 mmol) of metB)#tchloro-3-methoxy-2-
butenoate4) was added and stirring was continued for 2 hours. The solvent was distilled
off at 45 °C/15 mm, and the residue was mixed with in 25 mL of dichketftane and 25

mL of water. The aqueous layer was acidified with 15 mBG@% HCI. The combined
aqueous and organic layer was transferred into a separatory ,fuanel the
dichloromethane layer was separated. The organic layer vihsrfwashed with water

(1 x 25 mL), saturated sodium chloride (1 x 25 mL), dried over magnesilfate and
concentrated under vacuum to give a colorless liquid. The liquidustier distilled at

180 °C /15 mm to givés (78%). The spectral data matched with those reported.

Methyl (£)-4-Methoxy-2-o0xo-3-cyclopentene-1-carboxylate (6).Exactly 1.4 g (61.3
mmol) of sodium was added into a 100-mL, three necked round-bottomed flask, equipped
with an additional funnel, a reflux condenser and a magnetic stir bar, containing #0 mL o
dry methanol. The reaction mixture was heated at 60 °C undsgarntatmosphere for

30 minutes and 8.0 g (30.0 mmol) of trimethyE)-(nethoxy-3-butene-1,1,4-
tricarboxylate $) was added dropwise to the reaction mixture under hot conditions. After
stirring for 4 hours at reflux, the reaction mixture was coolesbéon temperature, and

4.0 mL of acetic acid was added. The methanol layer was corteentrader vacuum.
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The crude residue was dissolved in 50 mL of dichloromethane and wagshedater (1

x 50 mL), and saturated sodium chloride (1 x 50 mL), then driedyrfesium sulfate)
and concentrated under vacuum to give a colorless liquid. The liquiggwidied by
distilling at 116-117 °C/5 mm to give a colorless lig&id82 %). The physical and
spectral data matched those reported.

Representative Procedure for Alkylation of 3 with 2-Nitrobenzyl Bromide: Methyl
(x)-4-Methoxy-1-(2-nitrobenzyl)-2-oxo-3-cyclohexene-1-carboxylate (7)The general
procedure of Makosza and Tyrflavas used. A 100-mL three-necked round-bottomed
flask, equipped with an addition funnel, a reflux condenser and a magtietar, was
charged with a 35 mL of dry acetonitrile, 4.87 g (35.2 mmoles) of anhygaassium
carbonate and 10 mg of 18-crown-6. Stirring was initiated, anduacsobf 2.16 g (11.7
mmoles) of3 in 10 mL of acetonitrile was added dropwise at 22 °C. Thédtiresblue
solution was stirred for 10 minutes, and a solution of 2.80 g (13.0 mmole®) of
nitrobenzyl bromid&in 10 mL of acetonitrile was added dropwise. The reaction was
refluxed for 18 hours at which time thin layer chromatography ateic complete
consumption of3. The crude reaction mixture was cooled, diluted with ether, vacuum
filtered and concentrated under vacuum. The resulting dark yellowagilpurified by
flash chromatography on a 100-cm x 2.5-cm silica gel column eluted2@-30% ether

in hexanes to give 3.30 g (88%) bfas a light yellow oil. IR: 1729, 1660, 1609, 1526,
1384, 1350 cr; *H NMR: § 7.82 (dd, 1H,J = 8.2, 6.6), 7.47 (td, 1H, J = 7.5, 1.5), 7.36
(td, 1H, J = 7.9, 1.6), 7.35 (d, 1H, J = 7.0), 5.41 (d, 1H, J = 1.5), 3.87 (d, 1H, J = 14.1),
3.68 (s, 3H), 3.67 (s, 3H), 1.77 (m, 1H}C NMR: § 193.9, 177.7, 171.1, 150.9, 133.4,

133.3, 131.5, 127.9, 124.7, 101.9, 57.0, 55.8, 52.7, 34.7, 28.3, 26.3.
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Methyl (%)-4-Methoxy-1-(2-Nitrobenzyl)-2-oxo-3-cyclopentene-larboxylate (8).
This compound (3.00 g, 84%) was obtained as a light yellow oil. IR: 1740, 1699, 1596,
1526, 1359 cm; *H NMR: § 7.86 (dd, 1H, J = 8.1, 1.5), 7.47 (td, 1H, J = 7.5, 1.5), 7.38
(td, 1H, J = 7.9, 1.6), 7.35 (dd, 1H, J = 7.7, 1.5), 5.26 (t, 1H, J = 1.1), 3.80 (s, 3H), 3.75
(d, 1H, J = 14.6), 3.75 (s, 3H), 3.52 (d, 1H, J = 14.6), 3.17 (dd, 1H, J = 17.9, 1.1), 2.48
(dd, 1H, J = 17.9, 1.1);"®C NMR: § 200.3, 191.0, 170.8, 150.5, 132.7, 132.2, 131.4,
128.0, 124.7, 102.0, 59.8, 59.1, 53.1, 37.0, 33.7.

Representative Procedure for 1,3-Carbonyl Transposition: Methyl (£)-1-(2-
Nitrobenzyl)-4-oxo-2-cyclohexene-1-carboxylate (9). The procedure of Luche was
modified* A 250-mL three-necked round-bottomed flask, equipped with a reflux
condenser and a magnetic stir bar, was charged with 20 mL ofrmoktbbowed by 4.60

g (12.4 mmoles) of cerium(lll) chloride heptahydrate. The mixwas stirred for 10
minutes, and a solution of 2.50 g (7.84 mmoles) af 10 mL of methanol was added
dropwise. After 5 minutes, 1.25 g (32.9 mmoles) of sodium borohydrideasbed in

small portions over a period of 20 minute€afition! Frothing is a problem if the added
portions of sodium borohydride are too large.]. The reaction mixtusestiraed for 15
minutes at which time 12 mL of @ hydrochloric acid was added. After 20 minutes, the
mixture was concentrated under vacuum to one-third its volume andtegtraith ether

(3 x 75 mL). The combined ether extracts were washed witarw@atx 50 mL) and
saturated sodium chloride (1 x 50 mL), then dried (magnesiuteudnd concentrated
under vacuum. The resulting dark brown liquid was purified by flastmtdtography on

a 50-cm x 2.5-cm silica gel column eluted with 20-30% ether iafexto give 1.78 g

(79%) of9 as thick yellow oil. IR: 1732, 1685, 1609, 1528, 1351'cthl NMR: & 7.92
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(dd, 1H, J = 8.1, 1.5), 7.55 (td, 1H, J = 7.5, 1.3), 7.43 (td, 1H, J = 8.1, 1.5), 7.27 (dd, 1H,
J=7.7,15),6.82 (d, 1H, J = 10.4), 6.02 (d, 1H, J = 10.4), 3.70 (s, 3H), 3.66 (d, 1H, J =
13.8), 3.50 (d, 1H, J = 13.8), 2.45 (m, 2H), 2.36 (m, 1H), 2.06 (m, 1f);NMR: &

197.8, 172.8, 50.2, 149.0, 133.0, 132.7, 130.3, 129.7, 128.5, 125.2, 52.8, 48.6, 39.5, 34.4,
30.9.

Methyl  (x)-1-(2-Nitrobenzyl)-4-oxo-2-cyclopentene-1-carboxylate (30 This
compound (1.65 g, 73%) was obtained as yellow crystals, mp 103-105 °C. IR: 1712,
1679, 1608, 1526, 1352 €m 'H NMR: § 7.86 (dd, 1H, J = 8.2, 1.3), 7.52 (td, 1H, J =
7.5,1.3), 7.47 (d, 1H, J = 5.7), 7.39 (td, 1H, J = 8.1, 1.5), 7.29 (dd, 1H, J = 13.7), 3.17 (d,
1H, J = 13.7), 2.36 (d, 1H, J = 18.7), 2.18 (d, 1H, J = 18"%J;NMR: § 208.7, 167.3

(2C), 150.1, 134.9, 133.4, 132.6, 131.2, 128.1, 125.0, 67.7, 52.3, 42.6, 36.5.
(¥)1’,4’-Dihydrospiro[2-cyclohexene-1'-3(2H)-quinoline]-2’,4-dione  (11). The
procedure of Bunce and co-workers was Usel.50-mL three necked round-bottomed
flask, equipped with a reflux condenser and a magnetic stir barcheaged with a
mixture of 500 mg (1.73 mmoles) 8f 7.25 mL of acetic acid and 773 mg (13.8 mmoles,
8.0 eq) of iron powder (>100 mesh). The reaction mixture was heated with stirring at 115
°C (oil bath) until thin layer chromatography indicated complete waopson of the
starting material (ca 30 minutes). The reaction mixture wated, diluted with 50 mL

of water and extracted with ether (3 x 50 mL). The combineer ¢ayers were washed

with water (1 x 50 mL), saturated sodium bicarbonate (3 x 50 mtyrasad sodium
chloride (1 x 50 mL), then dried (magnesium sulfate) and concethnatiéer vacuum to

give 373 mg (95%) of1 as a pale white solid, mp 212-215 °C. IR: 3195, 1667: ciH

NMR: 6 8.69 (br, s, 1H), 7.21 (complex, 2H), 7.05 (td, 1H, J = 7.5, 1.3), 6.82 (obscured,
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1H), 6.81 (d, 1H, J = 10.3), 6.14 (d, 1H, J = 10.3), 3.13 (d, 1H, J = 15.9), 2.99 (d, 1H, J =
15.9), 2.73 (ddd, 1H, J = 17.1, 8.4, 4.9), 2.49 (ddd, 1H, J = 17.1, 8.4, 4.9), 2.34 (ddd, 1H,
J =13.4, 8.4, 4.9), 1.98 (ddd, 1H, J = 13.4, 8.4, 443, NMR: § 198.2, 172.1, 148.9,
136.1, 130.7, 128.6, 128.2, 123.7, 121.1, 115.1, 42.6, 36.6, 33.6, 29.4.
(3)-(3aR*,9aR*)-9a-Hydroxymethyl-1,3,3a,4,9,9a-hexahydro+2-cyclopentap]-
quinoline-2-one (12). The procedure used to prepdrkwas followed using 200 mg
(0.73 mmoles) ofl0 and 325 mg (5.84 mmoles) of iron powder in 12 mL of acetic acid.
After 30 minutes at 115 °C, workup and preparative thin layer chromptogresing

40% ether in hexanes gave 120 mg (76%)2ts a light yellow oil. IR: 3395, 1733
cm®; 'H NMR: 8 7.01 (td, 1H, J = 7.3, 1.2), 6.98 (dd, 1H, J = 7.5, 0.8), 6.64 (td, 1H, J =
7.3,1.2), 6.48 (dd, 1H, J = 7.9, 0.8), 3.92 (br s, 1H), 3.94 (t, 1H, J = 6.4), 3.59 (c5 1H, J
10.9), 3.55 (d, 1H, J = 16.7), 2.37 (d, 1H, J = 18.7), 2.17 (dd, 1H, J = 18.7, 1.6), 2.20 (m,
1H); 13C NMR: § 216.6, 141.7, 129.6, 127.4, 117.5, 117.4, 113.4, 66.6, 52.0, 46.4, 45.9,
41.3, 31.3. This reaction also gave 26 mg (14%) of compd8&nd
(3)-(3aR*,9aR*)-9a-Acetoxymethyl-1,3,3a,4,9,9a-hexahydro-2 cyclopentalb}
guinolin-2-one (13) The procedure used to prepaneas followed using 500 mg (1.82
mmoles) ofl0 and 812 mg (14.6 mmoles) of iron powder in 30 mL of acetic acid.r Afte

4 hours at 115C, workup and flash chromatography on a 25-cm x 2-cm silica gel
column eluted with 15% ether in hexanes gave 400 mg (85%% af a tan oil. IR:
3394, 1740 ch; *H NMR: & 7.05 (m, 2H), 6.66 (td, 1H, J = 7.5, 1.3), 6.50 (dd, 1H, J =
7.8, 0.8), 4.10 (br s, 1H), 4.08 (d, 1H, J = 11.4), 4.02 (d, 1H, J = 11.4), 3.92 (t, 1H, J =

6.4), 2.80 (d, 1H, J = 16.5), 2.70 (d, 1H, J = 16.5), 2.70 (m, 1H), 2.27 (m, 2H), 2.21 (dd,
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1H, J = 5.4, 1.1), 2.06 (s, 3H)**C NMR: § 214.9, 170.8, 141.4, 129.7, 127.6, 117.7,
116.8, 113.5, 67.6, 52.4, 46.3, 46.0, 39.6, 31.5, 20.8.
(¥)-(3aR*,9aR*)-9a-Acetoxymethyl-4-benzoyl-1,3,3a,4,9,9a-hexahydrdd2
cyclopentap]quinolin-2-one (14). To a stirred solution of 200 mg (0,77 mmoles)18f

and 85.6 mg (0.85 mmoles) of triethylamine in 20 mL of dichlorometinate slowly
added a solution of 120 mg (0.85 mmoles) of benzoyl chloride in 1 mL of
dichloromethane over a period of 5 minutes. The reaction mixturetinasl @t 22 °C

for 2 hours at which time thin layer chromatography confirniedabsence of starting
material. The reaction mixture was poured into cold water, and dmomethane

layer was separated. The organic phase was washed with cotd2vat@0 mL), dried
(magnesium sulfate) and concentrated under vacuum. The resalidge was passed
through a small plug of silica gel with 30% ether in hexanggvi® 260 mg (93%) ot4

as a light yellow solid, mp 108-110 °C. IR: 1744, 1643cmH NMR: § 7.38-7.21
(complex, 6H), 7.07 (td, 1H, J = 7.5, 1.1), 6.93 (t, 1H, J = 7.5), 6.49 (d, 1H, J = 7.9), 5.19
(dd, 1H, J = 9.0, 4.4), 4.28 (d, 1H, J = 10.9), 4.20 (d, 1H, J = 10.9), 3.04 (ddd, 1H, J =
19.4, 9.0, 1.8), 2.94 (d, 1H, J = 14.1), 2.73 (d, 1H, J = 14.1), 2.29 (ddd, 1H, J = 19.4, 4.4,
1.8), 2.20 (dd, 1H, J = 18.5, 1.8), 2.10 (s, 3H), 2.06 (dd, 1H, J = 18.5,*i8BNMR: &

214.1, 170.7, 169.8, 138.1, 134.8, 130.8, 130.6, 129.1, 129.0, 128.1, 127.4, 126.9, 126.1,
171.1,57.4, 48.0, 45.6, 45.2, 34.6, 20.7.

X-Ray Crystallographic Analysis of 14 Flat, elongated rods d#4 were obtained by

slow diffusion of pentane into an ether solution of the compound. A samplsurrey

0.4 x 0.4 x 0.1 mm, which was cut from a longer rod, was immersedyisqmitylene

and placed in a nylon loop under a nitrogen cold stream. The X-rasitytelata were
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measured at 115(2) K on a Bruker SMART Apex Il diffractometer.rap@ite-
monochromated Mo- radiation § = 0.71073 A, fine-focus sealed tube) was used with
the CCD detector placed 6.0 cm from the sample. Data frarmescollected in a series
of ¢ andw scans with 0.5 © scan widths and 30 second exposure times. Datationeg
employed the Bruker SAINT software pack&gjeData were corrected for absorption
effects using the multi-scan technique (SADABS)The structure was solved by direct
methods and refined by full-matrix least-squaresFdfusing the Bruker SHELXTL
software suité> Non-hydrogen atoms were assigned anisotropic temperaturesfactor
Hydrogen atoms were placed in calculated positions based on dheetyg at carbon
(riding model). Refined formula: £H,:NO4, M = 363.40, monoclinic, space group
P2/n, a =11.1983(2) Ap = 8.18310(10) A¢ = 19.7453(3) Ap = 101.7010(10)°Y =
1771.80(5) R Z = 4,D. = 1.362 g crif, p = 0.094 mrit, T = 115(2) K, Zpnax = 50.6 °,
completeness to fRax = 100.0%, 13372 total reflections, 3227 independeni R
0.0248), 2619 observed [Iz@)]. Final R1 [I>25(1) ] = 0.0336, wR2 (all data) = 0.0833,
largest difference peak and hole 0.225 and -0.194. eECDC 692896 contains the
supplementary crystallographic data for compolidid These data can be obtained free
of charge from the Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data request/cif

Methyl (£)-1-Benzyl-4-oxo- 2-cyclohexene-1-carboxylate (15)The procedure used to
prepare7 was followed using 1.08 g (5.85 mmoles)3®fnd 1.11 g (6.5 mmoles) of
benzyl bromide. Following flash chromatography, 1.52 g (95%) of rméthyl-benzyl-
4-methoxy-2-ox0-3-cyclohexene-1-carboxylate was isolated as & wbiid, mp 68-70

°C. IR: 1729, 1660, 1610 ¢ *H NMR: § 7.28-7.17 (complex, 3H), 7.14 (m, 2H), 5.41
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(d, 1H, J = 1.2), 3.71 (s, 3H), 3.66 (s, 3H), 3.32 (d, 1H, J = 13.7), 3.23 (d, 1H, J = 13.7),
2.63 (m, 1H), 2.29 (m, 2H), 1.80 (m, 1HY*C NMR: § 194.4, 177.8, 171.5, 136.5, 130.4,
128.1, 126.7, 101.9, 56.9, 55.7, 52.4, 40.0, 28.1, 26.3.

Reduction and carbonyl transposition was carried out as describethefor
preparation 0P was followed using 1.52 g (5.56 mmoles) of the benzylated product from
above. Following flash chromatography, 1.22 g (90%)%fvas isolated as a colorless
oil. IR: 1732, 1681 ciy *H NMR: § 7.32-7.22 (complex, 3H), 7.09 (dd, 1H, J = 7.8,
1.8), 6.95 (d, 1H, J = 10.3), 6.02 (d, 1H, J = 10.3), 3.69 (s, 3H), 3.08 (s, 2H), 2.47 (m,
2H), 2.40 (m, 1H), 2.07 (m, 1H)**C NMR: § 198.3, 173.2, 150.3, 135.4, 129.8, 129.2,
128.4,127.2,52.3, 49.0, 44.5, 34.5, 30.5.

Methyl (x)-1-Benzyl-4-oxo0-2-cyclopentene-1-carboxylate (16)The procedure used to
prepare7 was followed using 0.99 g (5.85 mmoles)éand 1.11 g (6.50 mmoles of
benzyl bromide. Following flash chromatography, 1.46 g (96%) of methyl-Genzyl-
4-methoxy-2-ox0-3-cyclopentene-1-carboxylate was isolated as sdiite mp 96-98C.

IR: 1741, 1699, 1597 cm 'H NMR: § 7.27-7.17 (complex, 3H), 7.13 (m, 2H), 5.18 (s,
1H), 3.76 (2s, 6H), 3.30 (d, 1H, J = 14.1), 3.25 (d, 1H, J = 14.1), 3.11 (dd, 1H, J = 17.7,
1.0), 2.61 (dd, 1H, J = 17.7, 1.05°C NMR:  200.6, 190.3, 171.0, 136.2. 130.0, 128.2,
126.9, 102.3, 60.1, 59.0, 52.9, 39.1, 36.5.

Reduction and carbonyl transposition was carried out as descrdvethe
preparation 0P was followed using 1.46 g (5.62 mmoles) of the benzylated product from
above. Following flash chromatography, 1.16 g (90%d)6#as isolated as colorless oil.

IR: 1710, 1677 ci;, *H NMR: § 7.54 (d, 1H, J = 5.7), 7.32-7.20 (complex, 3H), 7.13

(m, 2H), 6.14 (d, 1H, J = 5.7), 3.62 (s, 3H), 2.97 (d, 1H, J = 13.3), 2.84 (d, 1H, )= 13.3
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2.29 (s, 2H); °C NMR: & 209.0, 168.2, (2C)., 136.4, 130.2, 128.3, 126.8, 67.3, 51.7,
43.0, 41.5.
Reduction of 15 with Iron and Acetic Acid. Methyl 1-Benzyl4-oxocylohexane-1-
carboxylate (17). The procedure used to prepatkewas followed using 500 mg (2.05
mmoles) ofl5 and 915 mg (16.4 mmoles) of iron powder in 35 mL of acetic acid.r Afte
24 hours, workup gave 450 mg of an inseparable 33:67 mixtuté:d7. The spectral
data forl7 were: IR: 1727, 1702 ¢ *H NMR: § 7.36-7.27 (complex, 3H), 7.12 (m,
2H), 3.77 (s, 3H), 2.96 (s, 2H), 2.56-2.33 (complex, 6H), 1.78 (m, PB)NMR: §
210.4, 174.8, 129.4, 128.1, 127.9, 126.6, 51.6, 47.5, 45.6, 38.1, 33.1. The use of more
iron and longer reation times failed to significantly alter this product ratio.
Reduction of 16 with Iron and Acetic Acid: (x)-4-Benzyl-4-lydroxymethyl-2-
cyclopenten-1-one (20).The procedure used to prepadewas followed using 500 mg
(2.17 mmoles) ofl6 969 mg (17.3 mmoles) of iron powder in 35 mL of acetic acid.
After 15 minutes, workup and preparative thin layer chromatography3gd/eng (72%)
of 20 as a colorless oil. IR: 3416, 1711, 1677 cmH NMR: § 7.53 (d, 1H, J = 5.7),
7.30-7.21 (d, 1H, J = 10.7), 7.10 (d, 2H, J = 6.8), 6.11 (d, 1H, J = 5.7), 3.60 (d, 1H, J =
10.7), 3.58 (d, 1H, J = 10.7), 2.96 (d, 1H, J = 13.5), 2.81 (d, 1H, J = 13.5), 2.62 (br s, 1H),
2.29 (d, 1H, J = 18.6), 2.26 (d, 1H, J = 18.65C NMR: & 209.5, 168.7, 136.3, 134.4,
130.1, 128.2, 126.7, 67.0, 51.8, 42.9, 41.3.

Upon prolonged heating for 2 hours, the reaction gave 450 mg of amaraiskep
67:33 mixture 0R0:22 as the acetates. The spectral dat@@djacetate) were: IR: 1743,
1715 cnt. *H NMR: § 7.46 (d, 1H, J = 5.7), 7.33-7.17 (complex, 3H), 7.09 (m, 2H),

6.13 (d, 1H, J = 5.7), 4.17 (d, 1H, J = 10.9), 4.00 (d, 1H, J = 10.9), 2.96 (d, 1H, J = 13.7),
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2.84 (d, 1H, J = 13.6), 2.31 (s, 2H), 2.06 (s, 3 NMR: § 207.6, 170.6, 166.7, 135.5,

134.6, 130.0, 128.4, 127.0, 67.7, 49.4, 43.0, 42.0, 20.7; The spectra @&4dHoetate)

were IR: 1743 cit, *H NMR: § 7.34-7.18 (complex, 3H), 7.10 (m, 2H), 3.98 (d, 1H, J =

11.1), 3.89 (d, 1H, J =11.1), 2.79 (s, 2H), 2.39-2.21 (complex, 2H), 2.33 (s, 2H), 2.10 (s,

3H), 1.93 (m, 2H); **C NMR: & 217.5, 170.7, 136.6, 130.0, 128.3, 126.7, 68.4, 47.0,

43.6, 42.3, 36.3, 30.2, 20.8.
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CHAPTER IV

SYNTHESIS OF (%)-2-ARYL- AND 2-ALKYL-SUBSTITUTED 2,3-DIHYDR O-
4(1H)-QUINAZOLINONES FROM 2-NITRO- AND 2-AMINOBENZAMIDE

Introduction

Dihydroquinazolinones are an important class of heterocyclebdhatexpressed
a broad range of biological activitiésThis ring system is found as the core structure in
compounds investigated as anticarfceanti-inflammatory® anticonvulsant, anti-
bacterial® antifungal® anti-osteoporosfs and diureti€ drug candidates. Additionally,
several dihydroquinazolinone derivatives have been found to be potentgpbavth
regulators and herbicidal agents.

We have previously utilized tandem reactions initiated by dissolviragal
reduction of nitroarenes to prepare indole-3-carboxylic é8temsd benzo-fused
oxepinones, diazepinon&s,and carbazolé$ as well as various linear-fused ring
systems? In the current project, we have employed a tandem reductionssatie
cyclization strategy involving 2-nitrobenzamidg @nd an aldehyde or keto@eor the
formation of 2-aryl- or 2-alkyldihydroquinazolinon&s This method has been further
extended to include sequences involving additional reactions follavengpeterocyclic
ring closure. Finally, we have also found that heating 2-aminobedead) with

aldehydes and ketones in glacial acetic acid provides the target helesatganly and
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in high yields.

Earlier methods reported to prepare dihydroquinazolinones utilizeith aldehydes
and ketones in the presence of titanium(IV) chloride and*Zieamarium iodid€ and
samarium in the presence of iodifeThe target compounds have also been prepared by
condensation o with aldehydes or ketones in the presence of catalysts such as
gallium(lll) triflate,’” scandium(lll) triflaté® or by heating in solvents such as
trifluoroethanol*® Most of these reagents and catalysts are expensive and reguimxdr
conditions; additionally, the reaction workup procedures are often tedialisrnative
methods are available using isatoic anhydride with amines abdngd compounds in
the presence of montmorillonite K-$®p-toluenesulfonic acfd or Amberlyst-15 under
microwave conditiond?> The yields reported for these methods are slightly lower and
have been evaluated on only a limited selection of aldehydes and keitmesercome
these shortcomings, we report a method which uses inexpensivdy raaailable
reagents and mild conditions that hydroquinazolinones from a widewafiatdehydes
and ketones. The only general procedure that compares well wigppitaach involves
the cyclization of4 with aldehydes and ketones promoted by catalytic ammonium
chloride in ethandf®
Results and Discussion
The results of our tandem synthesis of dihydroquinazolinones from ireglagtlization
of 1 with aldehydes and ketones are summarized in Figure 4.1. Tbgomess

performed by reacting a 1:1 mole ratio of 2-nitrobenzamitje afhd the carbonyl

compound?2 with 5 equivalents of iron powder in acetic acid at 3€5or 30 minutes.
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After quenching with water, extractive workup and recrystalbrat

dihydroquinazolinone8 are isolated in nearly pure form. Only rarely is chromatography

O o)
NH 1 Fe / HOA
2 R)]\R' e c . NH
NO, 115 °C TR
H R
1 2 3
R R’ Yield of 3 (%)

Aldehydes
a. CgHs- H 90
b. 4-CH;0CgH,- H 90
c. 4-CF3-CgH,- H 89
d. 2-CICgH, H 93
e. CH;CH,CH,CH- H 94
f. (E)-CgH4-CH=CH- H 89
g. CH3CH,0,C(CH,)5- H 78
h. CH3CH,0,C(CH,),- H 73
Ketones
i. CH,- CHa- 95
j. CH3CH,CH,- CH,- 90
k. CgHs- CH,- 86
|. CgH5CH,- CH,- 91
m. ~(CH,),- 93
n. -(CH,)s- 92

Figure 4.1. Cyclization of aldehydes and ketones with
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required. Finally, the target heterocycles can also be prepacmmparable yields by
reacting 2-aminobenzamidd)(with an aldehyde or ketone (1:1) in acetic acid for 30
minutes at 115C or 4 hours at room temperature (see Figure 4.2).

In the current project, we have prepared 2-aryl and 2 allbdtguted

dihydroquinazolinone derivatives from both 2-nitrobenzamijleitd 2-aminobenzamide

O 0
O
NH, . R)LR' HOAc . NH
NH, 22°C, 4 h N/I—R
or H R
115 °C, 30 min
4 2 3
Carbonyl substrates Yield of 3 (%)
Aldehydes
2a 90
2b 90
2d 92
2g 76
Ketones
2j 92
2j 90
2] 88
2n 90

Figure 4.2 Cyclization of aldehydes and ketones with

(4) in acetic acid. Starting frorh under dissolving metal conditions, the process is

initiated by reduction of the nitro group to gi€Figure 4.3). The aniline amino group

then reacts with the aldehyde or ket@i® form an iminium intermediatg which adds
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the amide nitrogen to close the heterocyclic portion of thetateic Reactions starting
with 4 do not require added iron and proceed rapidly at reflux or more skiwlyom
temperature (see Figure 4.2).

We have also used modified carbonyl substrates to generate omEer
structures such a8-9 (see Figure 4.4). This involved reactifigwith aldehydes and

ketones bearing reactive functionalityto the carbonyl function. Cyclization of these

substrates would yield dihydroquinazolinones with functionality the aniline nitrogen

R _ _
A 1
(O -1
3Fe,6H" , 2 (NH2
> > | 3
2 H,0 He SNRR
115 °C N
L 5 _

Figure 4.3. Mechanism for dihydroquinazolinone formation

such that a subsequent reaction would close to a five-memberedrtiggwas the only
ring size that successfully formed in these extended tandenmsegud-or example, the
reaction ofl with 5-chloro-2-pentanond Q) under dissolving metal conditions furnished
tetrahydropyrrolo[1,Z]quinazolinone §) in 73% vyield. This reaction involved
reduction of the nitro function and ring closure to generate the aigyarazolinone ring
with a chloride leaving group to the aniline nitrogen. Further reaction then occurred by
S\2 displacement of chloride by the more reactive aniline nitfdgerdeliver the final

product. The extremely mild nature of the reduction conditions was evidenced by the
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O O

NH a b NHR
N: i \ / N: j
o)
6 7a (R = CH,)

o) 7b (R = CgH5)

1
(@)
NH
c d NH
N ’

N

O

N

o) H
8 9

[a] Key: Fe, CH3CO,H in the presence of (a) 5-chloro-2-pentanone (10);

(b) 7a: methyl levulinate (11); 7b: methyl 3-benzoyl propionate (12);
(c) methyl 2-formyl benzoate (13); (d) diphosgene (14)

Figure 4.4. Preparation of more complex systems frbm

fact that no hydrogenolysis of the aliphatic chloride was obsérvehother extended
sequence resulted whédnwas reacted with-keto esters such as methyl levulinaté)(
and methyl 3-benzoylpropionatd?). These reactions proceeded to give reduction,
condensative ring closure and cyclization by addition-eliminatioh@faniline nitrogen
with the 6 ester groups to give tetrahydropyrrolo[BJguinazolin-1,5-dione§a and7b

in 74% and 77% vyields, respectivéfy. Oxoesters with greater separation between the
carbonyl moieties (e.g2g and 2h) failed to undergo the final cyclization even after
extended refluxing for 24 hours. In a related transformatlomas reduced in the

presence of methyl 2-formylbenzoaté3¢’ to produce 6,6a-dihydroisoindolo[2,1-
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aJquinazolin-5,11-dioned) in 72% vyield. Finallyl was also reacted with diphosgene
(14) to afford 2,4(H,3H)-quinazolinedioneq) in 86% vyield.

One extended reaction was investigated udirag the starting material (see Figure
4.4). Treatment off with 11 in acetic acid with no iron at room temperature for 24 h
gave (x)-methyl 3-(2-methyl-4-oxo-1,2,3,4-tetrahydroquinazolin}grgpanoatg(15) in
70% vyield. Further heating df5 in acetic acid at 115C for 8 hours then effected
guantitative ring closure t@a. This two-step synthesis was simplified to a one-step

process by running the reaction at 2C5

Q o
4 + 11 __Fe/CHsCOH @E‘LNH 115 °C NH
22°C, 24 h N)j 8h J_<R

N N

0% 100%
CH50,C

15 7a

Figure 4.5. Preparation of complex system fram

Conclusion

We have developed an efficient one-pot syntheses for the prepaoét(z)-2-
aryl- and 2-alkyl-substituted 2,3-dihydro-#{tquinazolinones from 2-nitro- and 2-
aminobenzamide. The procedures utilize inexpensive reagents, mild i@osdind
simple laboratory procedures. The method furnishes high yields dtltheompounds
from a wide range of aldehydes and ketones without the need foriegtposfication.
This method can be extended to the synthesis of more complex ssuzyypesitioning

additional functionalityy to the carbonyl of the aldehyde or ketowetg the aniline
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nitrogen in the initially-formed dihydroquinazolinone), which allowsbsequent
reactions to occur.
Experimental Section

All reactions were run under dry nitrogen in oven-dried glassvweactions were
monitored by thin layer chromatography on silica gel GF platesml{ech 21521).
Commercial reagents and solvents were used as received.afvepaeparations were
performed using flash column chromatograiiton silica gel (Grade 62, 60-200 mesh)
mixed with ultraviolet-active phosphor (Sorbent Technologies UV-&hdbelution was
monitored using a hand held UV lamp. Melting points were taken oreld@evhp
purchased from Laboratory Devices, Cambridge, MA 02139 and were uncorrecte
Infrared spectra were taken on a Varian 800 FT-IR (Saire@ees) run as thin films on
sodium chloride disks. Unless otherwise indicatid,and **C NMR spectra were
measured in dimethyl sulfoxide-dising a broadband Gemini 2000 High-Resolution
NMR spectrometer operating at 300 MHz and 75 MHz respectivélly. the NMR
signals were referenced to internal tetramethylsilane; suyplbnstants (J) are reported
in Hz. Low-resolution mass spectra (electron impact/direct pnobee run at 70 eV or
30 eV as indicated. Elemental analysis were performed dgnéit Microlab Inc.,
Norcross, GA.
Representative Procedure from 2-Nitrobenzamide: (z)-2-Pényl-2,3-dihydro-4(1H)-
quinazolinone (3a) A 100-mL three-necked round-bottomed flask, equipped with
magnetic stirring and a reflux condenser, was charged with @fratetic acid, 498 mg
(3.00 mmoles) ofl and 318 mg (3.00 mmoles) of benzaldehy®a).(The flask was

placed in an oil bath preheated to P05 840 mg (5.0 eq, 15.0 mmoles) of iron powder
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(>100 mesh) was added, and the reaction was refluxed for 30 minuteseathen was
cooled and poured into saturated aqueous sodium chloride and extractederitfl et

50 mL) and ethyl acetate (1 x 50 mL). The combined organic |layenes washed with
saturated aqueous sodium bicarbonate (two times) and saturated apgionmschloride

(one time), then dried (magnesium sulfate) and concentrated undemvaaugive 610

mg (90%) of3a as a white solid, mp 220-22C (lit** mp 218-22CF°C). IR: 3302, 3185,
1652, 1611 cit; *H NMR: & 8.29 (br s, 1H), 7.61 (d, 1H, J = 7.8), 7.49 (d, 2H, J = 7.0),
7.42-7.32 (complex, 3H), 7.24 (td, 1H, J = 7.6, 1.6), 7.11 (br s, 1H), 6.75 (d, 1H, J = 8.0)
6.67 (t, 1H, J = 7.6), 5.75 (s, 1I—ﬁC NMR: 6 163.6, 147.9, 141.6, 133.3, 128.4, 128.3,
127.3,126.8, 117.1, 114.9, 114.4, 66.5; ms (30 eN)224 (M).
(2)-2-(4-Methoxyphenyl)-2,3-dihydro-4(H)-quinazolinone (3b) This compound (686

mg, 90%) was prepared from 498 mg (3.00 mmoled) afid 408 mg (3.00 mmoles) of
4-methoxybenzaldehyd@lf), and isolated as a white solid, mp 192-203it**mp 193-
195°C). IR: 3300, 3188, 1655, 1609 ¢m'H NMR: & 8.17 (br s, 1H), 7.61 (d, 1H, J =
6.6), 7.41 (d, 2H, J = 8.6), 7.23 (td, 1H, J = 7.6, 1.4), 6.99 (br s, 1H), 6.94 (d, 2H, J = 8.6),
6.72 (d, 1H, J = 8.2), 6.67 (t, 1H, J = 7.7), 5.70 (s, 1H), 3.74 (s,'ZBINMR: § 163.4,
159.4, 148.0, 133.4, 133.2, 128.2, 127.3, 117.0, 115.0, 114.4, 113.6, 66.3, 55.1; ms (30
eV): m/z 254 (M).

(2)-2-[4-(Trifluoromethyl)phenyl]-2,3-dihydro-4(1 H)-quinazolinone (3¢) This
compound (779 mg, 89%) was prepared from 498 mg (3.00 mmoldsammd 522 mg
(3.00 mmoles) of 2-(trifluoromethyl)benzaldehy@e)( and isolated as a white solid, mp
194-196°C. IR: 3285, 3187, 1648, 1618 ¢nTH NMR: & 8.46 (d, 1H, J =1.3), 7.78 (d,

2H, J =8.2), 7.72 (d, 2H, J = 8.2), 7.63 (dd, 1H, J = 7.7, 1.1), 7.26 (overlapping td, 1H, J

69



=7.1,1.1andbrs, 1H), 6.77 (d, 1 H, J = 7.7), 6.69 (t, 1H, J = 7.7), 5.88 (d, 1H, J = 1.3);
3C NMR: & 163.4, 147.5, 146.4, 133.5, 129.0, 128.9 (q, J = 31.7), 127.7 (2C), 127.4,
125.3 (q, J = 3.7), 124.2 (q, J = 271.6), 117.4, 114.9, 114.5, 65.7; ms (30/@V392

(M™M). Anal. Calcd. for GsH1aF3N,O: C, 61.64; H, 3.79; N, 9.59. Found: C, 61.58; H,
3.81; N, 9.56.

(x)-2-(2-Chlorophenyl)-2,3-dihydro-4(1H)-quinazolinone (3d) This compound (721

mg, 93%) was prepared from 498 mg (3.00 mmoled) arid 421 mg (3.00 mmoles) of
2-chlorobenzaldehyded), and isolated as an off-white solid, mp 205-206 IR: 3286,
3192, 1645, 1614 ch 'H NMR: 8 8.20 (s, 1 H), 7.65 (d, 1H, J = 6.6), 7.50 (m, 1H), 7.40
(m, 2H), 7.26 (t, 2H, J = 7.1), 7.00 (s, 1H), 6.74 (m, 2P, NMR: & 163.6, 147.6,
137.8, 133.4, 131.8, 130.2, 129.5, 128.7, 127.4, 127.3, 117.4, 114.6, 114.5, 63.6; ms (30
eV): m/z258, 260 (M:M*+2, 3:1).Anal. Calcd. for G4H11CIN,O: C, 64.99; H, 4.29; N,
10.83. Found: C, 65.03; H, 4.28; N, 10.79.

(x)-2-Butyl-2,3-dihydro-4(1H)-quinazolinone (3e) This compound (383 mg, 94%) was
prepared from 332 mg (2.00 mmoles)loand 172 mg (2.00 mmoles) of pentarizd) (

and isolated as a white solid, mp 143-2&4(it"> mp 144-146C). IR: 3293, 1651, 1614
cm’; 'H NMR: 6 7.90 (br s, 1H), 7.58 (d, 1H, J = 7.7), 7.23 (t, 1H, J = 7.7), 6.73 (d, 1H, J
=7.7),6.65 (t, 1H, J = 7.7), 6.58 (br s, 1H), 4.69 (s, 1H), 1.62 (m, 2H), 1.40 (m, 2H), 1.30
(m, 2H), 0.88 (t, 3H, J = 6.8}°C NMR: 5 163.9, 148.5, 133.0, 127.3, 116.8, 115.0,
114.3, 64.4,34.7, 25.4, 22.1, 13.9; ms (70 @147 (M-C,sHo).
(¥)-2-[(1E)-2-Phenylethenyl]-2,3-dihydro-4(H)-quinazolinone (3f) This compound
(445 mg, 89%) was prepared from 332 mg (2.00 mmoles) ahd 264 mg (2.00

mmoles) oftrans-cinnamaldehyde2f), and isolated as a yellow solid, mp 170-£Z3
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[lit” mp 168-172C). IR: 3276, 1651, 1611 cin*H NMR: § 8.16 (br s, 1H), 7.63 (d, 1H,
J=7.7),7.46 (d, 2H, J =8.2), 7.35 (t, 2H, J = 7.7), 7.26 (m, 2H), 6.90 (s, 1H), 6.76 (d,
1H, J = 8.2), 6.68 (d, 1H, J = 15.9), 6.67 (d, 1H, J = 7.7,), 6.38 (dd, 1H, J = 15.9, 6.6),
531(d, 1H,J = 6.6)':3C NMR: 6 163.3, 147.8, 135.7, 133.2, 131.6, 128.7, 128.3, 128.1,
127.4,126.6, 117.1, 114.8, 114.5, 65.8; ms (30 e¥2250 (M").

(¥)-Ethyl 4-(4-Oxo0-1,2,3,4-tetrahydroquinazolin-2-yl)butanoate (3g) This compound

(408 mg, 78%) was prepared from 332 mg (2.00 mmoles) ahd 288 mg (2.00
mmoles) of ethyl 5-oxopentanoatg),?° and isolated a pale pink solid, mp 105-£a8

IR: 3302, 3204, 1731, 1661, 1614 ¢mH NMR (CDCk): § 7.87 (d. 1 H, J = 7.7), 7.30

(t, 1H, J = 7.7), 7.04 (br s, 1H), 6.84 (t, 1H, J = 7.7), 6.69 (d, 1 H, J = 8.2), 4.98i)(s, 1
4.49 (br s, 1H), 4.14 (g, 2 H, J = 7.1), 2.39 (m, 2H), 1.82 (m, 4H), 1.26 (t, 3H, J = 7.1);
¥c NMR (CDCE): 6 173.2, 165.5, 147.3, 133.8, 128.4, 119.2, 115.8, 114.8, 64.9, 60.6,
34.7, 33.5, 19.1; ms (30 eMin/z 262 (M'). Anal. Calcd. for GsH1gN,Os: C, 64.12; H,

6.87; N, 10.69. Found: C, 64.16; H, 6.91; N, 10.63. Extended heating of this reaction for
24 h failed to induce cyclization.

(x)-Ethyl 5-(4-Oxo0-1,2,3,4-tetrahydroquinazolin-2-yl)pentanoate (3h) This
compound (402 mg, 73%) was prepared from 332 mg (2.00 mmoldsamd 316 mg

(2.00 mmoles) of ethyl 6-oxohexanoah)>*° and isolated as a white solid following
flash chromatography eluted with 50% ether in hexanes containinghdtanol, mp
110-113°C. IR: 3307, 3203, 1736, 1643, 1614tH NMR (CDCk): 6 7.88 (d, 1H, J =
7.7),7.31 (t, 1H, J = 7.7), 6.86 (t, 1H, J = 7.7), 6.69 (d, 1H, J = 8.2), 6.24 (br s, 2H), 4.91
(t, 1H, J = 5.8), 4.14 (q, 2H, J = 7.1), 2.35 (t, 2H, J = 7.1), 1.80 (q, 2H, J = 7.1), 1.69

(quintet, 2H, J = 7.1), 1.51 (m, 2H), 1.26 (t, 3H, J = 73J; NMR (CDCh): & 173.4,
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165.4, 147.4, 133.7, 128.4, 119.2, 115.8, 114.7, 65.0, 60.4, 35.0, 33.8, 24.3, 23.4, 14.2;
ms (30 eV):m/z276 (M. Anal. Calcd. for GsHooN-Os: C, 65.22; H, 7.24; N, 10.14.
Found: C, 65.29; H, 7.27; N, 10.09. Extended heating of this reaction for 24 htéailed
induce cyclization.

2,2-Dimethyl-2,3-dihydro-4(1H)-quinazolinone (3i) This compound (334 mg, 95%)
was prepared from 332 mg (2.00 mmoles] @hd 116 mg (2.00 mmoles) of acetog (
and isolated as a white solid, mp 182-283(it*! mp 183-184C). IR: 3260, 3172, 1640,
1614 cmi; 'H NMR: § 7.94 (br s, 1H), 7.57 (d, 1H, J = 8.2), 7.20 (t, 1H, J = 7.7), 6.63
(br s, 1H), 6.62 (d, 1H, J = 8.2), 6.61 (t, 1H, J = 7.7), 1.36 (s, BENNMR: § 163.1,
147.1,133.2, 127.2, 116.4, 114.2, 113.8, 66.8, 29.0; ms (70rgx61 (M'-CHs).
(2)-2-Methyl-2-propyl-2,3-dihydro-4(1H)-quinazolinone (3)). This compound (367
mg, 90%) was prepared from 332 mg (2.00 mmoled) afid 172 mg (2.00 mmoles) of
2-pentanone?]), and isolated as a white solid, mp 192-2@5 IR: 3272, 3184, 1645,
1613 cmi; 'H NMR: & 7.90 (br s, 1H), 7.56 (d, 1H, J = 7.7), 7.20 (td, 1H, J = 8.2, 1.6),
6.64 (d, 1H, J = 8.2), 6.59 (br s, 1H), 6.59 (t, 1H, J = 7.7), 1.60 (m, 2H), 1.35 (m, 2H),
1.34 (s, 3H), 0.84 (t, 3H, J = 7.]5(3 NMR: 6 163.1, 147.2, 133.1, 127.1, 116.0, 113.9,
113.5, 69.0, 43.7, 27.9, 16.7, 14.1; ms (70 aw)z 161 (M-CsH,). Anal. Calcd. for
Ci12H16N20O: C, 70.59; H, 7.84; N, 13.73. Found: C, 70.64; H, 7.86; N, 13.70.
(2)-2-Methyl-2-phenyl-2,3-dihydro-4(1H)-quinazolinone (3k) This compound (409
mg, 86%) was prepared from 332 mg (2.00 mmoled) afid 240 mg (2.00 mmoles) of
acetophenonek), and isolated as a white solid, mp 222-224 IR: 3297, 3182, 1651,
1611 cn’; *H NMR: 8 8.76 (br s, 1H), 7.63 (br s, 1H), 7.48 (m, 3H), 7.28 (d, 2H, J =

7.4), 7.19 (m, 2H), 6.77 (d, 1H, J = 8.0), 6.57 (t, 1H, J = 7.1), 1.64 (s ZHNMR: 5
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163.8, 147.7, 147.2, 133.3, 127.9, 127.2, 127.0, 125.1, 116.8, 115.0, 114.3, 70.1, 30.7; ms
(70 eV): m/z 223 (M'-CHs). Anal. Calcd. for GsH1sN>O: C, 75.63; H, 5.88; N, 11.76.
Found: C, 75.61; H, 5.89; N, 11.73.
(¥)-2-Benzyl-2-methyl-2,3-dihydro-4(H)-quinazolinone (3l) This compound (458

mg, 91%) was prepared from 332 mg (2.00 mmoled) afid 268 mg (2.00 mmoles) of
phenyl acetone2(), and isolated as a white solid, mp 162-265IR: 3292, 1655, 1615
cm®; 'H NMR: 8 7.96 (br s, 1H), 7.50 (d, 1H, J = 7.7), 7.22 (m, 3H), 7.15 (d, 2H, J =
7.1), 6.71 (br s, 1H), 6.65 (d, 1H, J = 8.2), 6.57 (t, 1H, J = 7.7), 2.93 (d, 1H, J = 13.2),
2.83(d, 1H, J =13.2), 1.37 (s, 3I113)C NMR: & 163.0, 146.8, 136.5, 133.2, 130.7, 127.7,
127.0, 126.2, 116.1, 114.0, 113.6, 69.3, 46.5, 27.5; ms (70&¥)61 (M-C;H-). Anal

Calcd. for GgH16N20: C, 76.19; H, 6.35; H, 11.11. Found: C, 76.24; H, 6.36; N, 11.05.
Spiro[cyclopentane-1,2'(1H)-quinazolin]-4'(3'H)-one (3m) This compound (374 mg,
93%) was prepared from 332 mg (2.00 mmolesl @nd 168 mg (2.00 mmoles) of
cyclopentanone2fm), and isolated as an off-white solid, mp 258-269(lit>* mp 257-
260°C). IR: 3289, 3162, 1638, 1613 ¢ntH NMR: § 8.10 (br s, 1H), 7.59 (d, 1H, J =
7.7), 7.22 (t, 1H, J = 7.7), 6.75 (br s, 1H), 6.70 (d, 1H, J = 8.2), 6.63 (t, 1H, J = 7.7), 1.80
(s, 4H), 1.67 (s, 4H)%3C NMR: o 163.4, 147.5, 133.0, 127.2, 116.5, 114.6, 114.3, 77.1,
39.3, 22.0; ms (30 eV)n/z202 (M.

Spiro[cyclohexane-1,2'(1H)-quinazolin]-4'(3'H)-one (3n) This compound (396 mg,
92%) was prepared from 332 mg (2.00 mmoles)loind 196 mg (2.00 mmoles) of
cyclohexanone2n), and isolated as an off-white solid, mp 216-2¢qit** mp 217-219

°C). IR: 3287, 1651, 1613 ¢in*H NMR: § 7.94 (br s, 1H), 7.57 (d, 1H, J = 7.7), 7.22

(td, 1H, J = 8.2, 1.1), 6,82 (d, 1H, J = 8.2), 6.62 (t, 1H, J = 7.1), 6.62 (br s, 1H), 1.74 (m,

73



2H), 1.61 (m, 2H), 1.58 (m, 4H), 1.42 (m, 1H), 1.25 (m, T£); NMR: & 163.2, 146.8,
133.1, 127.1, 116.5, 114.6, 114.4, 67.8, 37.2, 24.7, 20.9; ms (3m&216 (M").
(¥)-3a-Methyl-2,3,3a,4-tetrahydropyrrolo[1,2-a]quinazolin-5(1H)-one  (6)  The
reaction to prepare this compound required refluxing for 8 hours undeptidians
described for the preparation & from 415 mg (2.50 mmoles) dfand 301 mg (2.50
mmoles) of 5-chloro-2-pentanon&0j. The compound (368 mg, 73%) was isolated
directly from the reaction as a white solid, mp 143-4@5IR: 3190, 1660, 1609 chnH

NMR (CDCk): & 7.92 (dd, 1H, J = 7.7, 1.1), 7.36 (td, 1H, J = 7.7, 1.6), 7.04 (br s, 1H),
6.78 (t, 1H, J = 7.1), 6.59 (d, 1H, J = 8.2), 3.50 (m, 2H), 2.17 (m, 2H), 2.04 (ml..38),

(s, 3H);'*CNMR (CDCk): & 164.9, 145.3, 134.0, 128.6, 117.3, 114.9, 113.8, 74.9, 47.1,
39.6, 25.6, 21.8; ms (30 eMn/z 202 (M). Anal. Calcd. for GiH14N>O: C, 71.29; H,
6.93; N, 13.86. Found: 71.33; H, 6.94; N, 13.83.
(¥)-3a-Methyl-2,3,3a,4-tetrahydropyrrolo[1,2-a]quinazoline-1,5-dione  (7a) This
compound was prepared as describedfisom 415 mg (2.50 mmoles) afand 325 mg
(2.50 mmoles) of methyl levulinat&l). Flash chromatography on a 30 cm x 2 cm silica
gel column eluted with 50% ether in hexanes containing 2% methanol4géveng
(74%) of 7a as a pale yellow solid, mp 175-19C (lit*® mp 179-18¢°C). IR: cm*; 'H
NMR: § 8.25 (br s, 1H), 8.16 (d, 1H, J = 8.2), 8.06 (dd, 1H, J = 7.8, 1.4), 7.59 (td, 1H, J
=7.8,1,4),7.29 (t, 1H, J = 8.2), 2.71 (m, 2H), 2.40 (m, 2H), 1.58 s,'&EH) 171.7,
163.5, 135.8, 133.8, 128.2, 125.0, 120.7, 119.5, 74.5, 32.9, 30.0, 26.9; ms (3@=V):
216 (M).

(¥)-3a-Phenyl-2,3,3a,4-tetrahydropyrrolo[1,2a]quinazoline-1,5-dione  (7b) This

compound was prepared as describedfisom 415 mg (2.50 mmoles) afand 480 mg
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(2.50 mmoles) of methyl 3-benzoylpropionait®)( Flash chromatography on a 30-cm x
2-cm silica gel column eluted with 50% ether in hexanes containing@&anol gave
536 mg (77%) of’b as a pale yellow solid, mp 29C (decomposition) (Iff mp >290
°C). IR: 3203, 1716, 1668, 1604 ¢mH NMR: § 9.82 (br s, 1H), 8.09 (d, 1H, J = 8.2),
7.77(dd, 1H, 3 = 7.7, 1.1), 7.60 (td, 1H, J = 7.7, 1.6), 7.34 (m, 4H), 7.26 (m, 2H), 2.68 (m,
3H), 2.26 (m, 1H)fL3C: 0 173.0, 161.9, 144.0, 136.3, 133.3,128.7, 128.0, 127.6, 124.9,
124.8, 120.8, 120.7, 77.2, 34.7, 29.3; ms (30 aV/y278 (M.
(¥)-6,6a-Dihydroisoindolo[2,1a]quinazoline-5,11-dione (8) This compound was
prepared as described f@from 415 mg (2.50 mmoles) dfand 415 mg (2.50 mmoles)
of methyl 2-formylbenzoate1@).?” Flash chromatography eluted with 50% ether in
hexanes containing 5% methanol gave 450 mg (72%)asfan off-white solid, mp 255-
258 °C. IR: 3154, 1715, 1681, 1605 ¢m'H NMR: & 9.43 (br s, 1H), 8.30-7.55
(complex, 7H), 7.36 (br s, 1H), 6.25 (br s, 1c: § 164.1, 163.6, 140.7, 137.1, 133.5,
133.2, 131.1, 130.1, 128.1, 124.7, 124.1, 123.8, 119.9, 119.5, 67.0; ms (30/2250
(M%). Anal. Calcd. for GsHioN>O,: C, 72.00; H, 4.00; N, 11.20. Found: C, 72.03; H,
3.99; N, 11.15.

2,4(1H,3H)-Quinazolinedione (9) This compound was prepared as describe@ foom

415 mg (2.50 mmoles) df and 495 mg (2.50 mmoles) of diphosgebd).(The product
(348 mg, 86%) was isolated as a gray solid, mp 343%346it [32] mp >300°C). The
spectral data matched those reported previotsly.

Representative Procedure from 2-Aminobenzamide: (z)-24kenyl-2,3-dihydro-
4(1H)-quinazolinone (3a) A 100-mL three-necked round-bottomed flask, equipped with

magnetic stirring and a reflux condenser, was charged with @fratetic acid, 250 mg
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(1.84 mmoles) o#4 and 195 mg (1.84 mmoles) of benzaldehyda).( The resulting
solution was stirred at room temperature for 4 hours or, alteehatiat 115°C for 30
minutes. The crude reaction mixture was cooled and poured into satacptedus
sodium chloride and extracted with ether (1 x 50 mL) and ethyhtecgt x 50 mL). The
combined organic layers were washed with saturated aqueous sodium bicarbsride (2
mL) and saturated aqueous sodium chloride (1 x 50 mL), then dried (maegrsesfate)
and concentrated under vacuum to give 370 mg (90%98p@fs a white solid. The mp
and spectral data matched those reported above.
(2)-2-(4-Methoxyphenyl)-2,3-dihydro-4(H)-quinazolinone (3b) This compound (420
mg, 90%) was prepared from 250 mg (1.84 mmoleg) afd 250 mg (1.84 mmoles) of
2b. The mp and spectral data matched those reported above.
(¥)-2-(2-Chlorophenyl)-2,3-dihydro-4(1H)-quinazolinone (3d) This compound (437
mg, 92%) was prepared from 250 mg (1.84 mmoled) arid 258 mg (1.84 mmoles) of
2d. The mp and spectral data matched those reported above.

(¥)- Ethyl 4-(4-Oxo0-1,2,3,4-tetrahydroquinazolin-2-yl)butanoate (3g)This compound
(366 mg, 76%) was prepared from 250 mg (1.84 mmoles} ahd 265 mg (1.84
mmoles) of2g. The mp and spectral data matched those reported above.
2,2-Dimethyl-2,3-dihydro-4(1H)-quinazolinone (3i) This compound (297 mg, 92%)
was prepared from 250 mg (1.84 mmolesjaind 107 mg (1.84 mmoles) & The mp
and spectral data matched those reported above.
(x)-2-Methyl-2-propyl-2,3-dihydroquinazolin-4(1H)-one (3)). This compound (335
mg, 90%) was prepared from 250 mg (1.84 mmoleg) afd 158 mg (1.84 mmoles) of

2j. The mp and spectral data matched those reported above.
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(¥)-2-Methyl-2-(phenylmethyl)-2,3-dihydro-4(1H)-quinazolinone  (3l) This
compound (408 mg, 88%) was prepared from 250 mg (1.84 mmoldsamd 247 mg
(1.84 mmoles) o2l. The mp and spectral data matched those reported above.
Spiro[cyclohexane-1,2'(1H)-quinazolin]-4'(3'H)-one (3n) This compound (357 mg,
90%) was prepared from 250 mg (1.84 mmoles} ahd 180 mg (1.84 mmoles) 2h.
The mp and spectral data matched those reported above.

(x)-Methyl  3-(2-Methyl-4-0x0-1,2,3,4-tetrahydroquinazolin-2-yl)propanoate (15).
This compound (192 mg, 70%) was prepared from 150 mg (1.10 mmolésgnaf 143
mg (1.10 mmoles) of1 by stirringin acetic acid at room temperature for 24 h, mp 141-
142°C. IR: 3287, 1722, 1655, 1615 ¢mH NMR: § 7.85 (dd, 1H, J =7.7, 1.6), 7.28
(ddd, 1 H, J = 8.2, 7.7, 1.6), 6.80 (t, 1H, J = 7.7), 6.62 (br s, 1H), 6.59 (d, 1H, J = 8.2),
4.22, (br's, 1H), 3.65 (s, 3H), 2.64 (dt, 1H, J = 17.0, 7.1), 2.52 (dt, 1H, J = 17.0, 7.1), 2.15
(dt, 1H, J = 14.0, 7.1), 2.06 (dt, 1H, J = 14.0, 7.1), 1.55, 2,"S6NMR § 174.2, 164.5,
145.8, 134.0, 128.3, 118.6, 114.5, 114.0, 69.8, 51.9, 36.4, 29.0, 28.7; ms (BUz2A8
(M™). Anal. Calcd. for GsHigNoOs: C, 62.90; H, 6.45; N, 11.29. Found: C, 62.96; H,
6.46; N, 11.21. Treatment of equimolar amountd ahd11 in acetic acid at 11%C for

8 hours gavera in 75% yield. Additionally, heatind5 in acetic acid at 118C for 8
hours resulted in quantitative conversiorv&é The mp and spectral data ftat matched
those reported above.
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CHAPTER V

4(1H)-QUINOLINONES BY A TANDEM REDUCTION-ADDITION-
ELIMINATION REACTION

Introduction

Compounds incorporating the 14{)-quinolinone ring system are commonly
encountered in drug chemistry and express a broad spectrum of bibkgicaies’ ™
Thus, they have become attractive targets for synthesis. Iprdjest, we wish to report
an efficient and simple synthesis of Kjiquinolinone 8), 2,4(1H,3H)-quinolinedione
(8) and ethyl 4-oxo0-1,4-dihydroquinoline-3-carboxylail®)(using an adaptation of the
Batcho-Leimgruber reactioft™’

Numerous methods have been devised for the syntheXislofthe most practical
sequence, aniline was reacted with Meldrum’s *Ac¢itbr methyl propiolaté€ to form an
adduct that underwent thermal cyclization to give the targetdwtde. Another useful
approach involved the condensation of 2-nitroacetophenone  WHHN-
dimethylformamide dimethyl acetal to give an enaminone, followedyblization in the
presence of cyclohexene and 10% P@/CThough this reaction is similar to our
procedure, we were not able to achieve the yield reported for thergtrepaof 3.
Finally, the palladium-catalyzed coupling 2-bromoacetophenone woitimainide,
followed by intramolecular cyclization using sodident-butoxide, also provided access

to this ring system® A disadvantage of this procedure is the expensive catalystedquir

81



for the initial coupling reaction

There are also many reported syntheses of B,8H)-quinolinedione §). In the
classical synthesis, 2-aminobenzoic acid was condensed with umeaigh boiling
solvent?®?’ This method appears to be the most viable approach since ihpesi
inexpensive and scalable. Other preparations have been reported 2from
aminobenzamidé 2-aminobenzonitrilé?*° methyl 2-bromobenzoateand H-indole-
2,3-dione®* While elegant, most of these approaches use expensive or hazardous
reagents that would not be practical on a large scale.

The approaches to the synthesis of ethyl 4-oxo-1,4-dihydroquinolinea8xgéate
(10) are more limited. All of the methods were based on the addtianiline to diethyl
2-(ethoxymethylene)propandio&te’®>*and closure under high temperature conditions.
The drawback of these processes was the high temperature conditidnghe
requirement of removing a high-boiling solvent from the product.

Results and Discussion

The syntheses of 4l)-quinolinone 8), 2,4(1H,3H)-quinolinedione §) and ethyl
4-0xo0-1,4-dihydroquinoline-3-carboxylat&é() are outlined in Figures 5.1 and 5.2. The
strategy is an adaptation of the Batcho-Leimgruber reactiorchwhinormally used to
prepare indole§**’ The synthesis @& was achieved in an overall yield of 80% in a two
step sequence. The first step involved the additidd,dfdimethylformamide dimethyl
acetal to 2-nitroacetophenon®) {n DMF under hot conditions (100 °C) to give the 3-
(dimethylamino)-1-(2-nitrophenyl)prop-2-en-1-or® (n 95% yield. Enaminong then
underwent ring closure via treatment with hydrazine hydnadel®% Pd/C in ethanol at

reflux to give 4(H)-quinolinone B) in 75% vyield.
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C(“\ |\/|<-;‘2NCH(OMe)2= m NH,NH,.H,0, 10% Pd/C ©\)‘j
- >
No, DMF 100°C NO, NMe,  EtOH, 78 °C N

2
H
1 2 (95%) 3 (75%)

Figure 5.1. Synthesis of 4()-quinolinone B8)

The preparations of8 and 10 were readily achieved from 3-(2-nitrophenyl)-3-
oxopropanoate7). To prepare?,?® ethyl hydrogen malonaté)( was converted to its
dianion using 2 equivalents ofBuLi in THF which was reacted with 1 equivalent of 2-
nitrobenzoyl chloridés, prepared from 2- nitrobenzoic acid using oxalyl chloride. This
procedure gave the ketoestan 87% yield. Treatment af with 85% hydrazine hydrate
and 10% Pd/C in refluxing ethanol for 20 minutes led to di®me 86% yield. The
conversion of7 to 10 was analogous to the procedure used to pre&paketoestei7 was
converted to enaminorizin DMF in 98% yield by addition oN,N-dimethylformamide
dimethyl acetal at 108C and continued heating for 4 hours. Treatment of enamidone
with hydrazine hydrate and 10% Pd/C in refluxing ethanol for 3tutas then initiated a
one-pot sequence involving the reduction of the nitro function, addition otsudting
amino group to the enaminone double bond, and loss of dimethylamine.8 Botil0
were easily purified by crystallization.

An alternative synthesis was also tried for the preparatidtDafsing ethyl 3-
ethoxy-2-(2'-nitrobenzoyl)acrylatel]). Treatment of7 with triethyl orthoformate in

acetic anhydride at reflux gatd in 90% yield*® Various attempts were made for the
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Cﬁ‘\OH (coch, _ ©\)\C|
CH,Cl, NG,

NO,
4 5
o 0
<COZEt 1)2 eq. n-BuLi (:ﬁ‘\/COZEt NH,NH,.H,0, R di
0, [0}
CO,H 2)1eq5, THF NO, 10% Pd/C, EtOH, 78 °C ” 0
6 7 (87%) 8 (86%)
Me,NCH(OMe),
DMF, 100 °C
o) 0
NO, NMe, 10% Pd/C, EtOH N
2 78°C H
9 (95%) 10 (78%)

Figure 5.2 Preparation of 2,4H,3H)-quinolinedione §) and
ethyl 4-oxo-1,4-dihydroquinoline-3-carboxyla@® (

conversion ofl1 to 10 through the use of Fe/HCI, Fe/[HOAc and hydrazine hydrate and

10% Pd/C in ethanol, but these all resulted the formation of an intractable materia
0 a.) Fe, CH;CO,H, A

CHOE); CEU\[COZH b.) Fe, HCI, A 0
(CH3C0),0, 140 °C NO, OEt or not formed

¢.) NH,NH,.H,0
11 10% Pd/C, EtOH A

Figure 5.3. Attempted preparation a0 from 11

84



Conclusion
We have developed a relatively simple and efficient method forytiteeses of

two quinolinones 3 and 10) and a quinolinedione8] using commercially available
starting materials. The yields are comparatively highar firavious methods used by
Kosinenet. al?* These ring systems can serve as building blocks for the sgathés
number of pharmaceutically active drug compounds.
Experimental Section

All reactions were run under dry nitrogen in oven-dried glassw&eactions were
monitored by thin layer chromatography on silica gel GF plaRreparative separations
were performed using flash column chromatogrdploy silica gel (Grade 62, 60-200
mesh) mixed with ultraviolet-active phosphor (Sorbent Technologie®)/-thin layer
chromatography on 20-cm x 20-cm silica gel GF plates (Ana@26i5). Band elution
for both separation methods was monitored using a hand held UV lampngVints
were taken on a MelTemp purchased from Laboratory Devices, @rmpMA 02139
and were uncorrected. Infrared spectra were taken on a VariaRTBIR (Scimitar
series) run as thin films on sodium chloride disks. Unless otteiniicatedH and
13C NMR spectra were measured in deuteriochloroform using a braadiemini 2000
High-Resolution NMR spectrometer operating at 300 MHz and 75 Midgectively.
All the NMR signals were referenced to internal tetrarylsitane; coupling constants (J)
are reported in Hz. Low-resolution mass spectra (electroncithdpact probe) were run
at 70 eV. Elemental analysis were performed by Altlantic Microlab Nargross, GA.

N,N-Dimethylformamide, from a freshly opened bottle, was dried dv&molecular

sieves under nitrogen and was transferred by syringe inttiareaavhere it was used.

85



Tetrahydrofuran was dried over potassium hydroxide pellets antledigtom lithium
aluminium hydride. Commercial reagents and solvents were usedeaged. The NaCl,
NaHCQ; and HCI used in various workup procedures refer to saturated aqueous
solutions.

(E)-3-(Dimethylamino)-1-(2-nitrophenyl)-2-propen-1-one (2) The procedure of
Kosinen and coworketswas modified. In a one-necked round-bottomed flask, equipped
with a magnetic stir bar and a nitrogen atmosphere, wasdpfafeg (30.2 mmol) of 2-
nitroacetophenonel) dissolved in 25 mL of dry DMF. To this was added 3.60 g (30.2
mmoles) of dimethylformamide dimethyl acetal, and the mixtues \weated for 45
minutes at 9CC (oil bath). The crude reaction mixture was quenched with icerwat
stirred for 5 minutes, and then extracted with ether (2 x 300 Tile agueous layer was
saturated with NaCl and extracted one final time with etlhex (150 mL). The ether
layers were combined and washed with saturated sodium chloridesdRitk 200 mL),

then dried (MgS@) and concentrated under vacuum. Concentration under vacuum for 30
minutes gave 6.30 g (95%) @fas a yellow solid, which was used directly in the next
step, mp 119-121 °C. IR: 1645, 1556, 1527, 1358%;¢M NMR: § 7.96 (d, 1H, J = 7.0),

7.62 (apparent t, 2H,3 7.5), 7.49 (m, 2H), 5.27(d, 1H, J = 12.5), 3.10 (s, 3H), 2.87 (s,
3H); 1°C NMR: § 154.8, 147.1, 138.3, 133.0, 129.2 (2C), 128.7, 123.9, 85.3, 45.0, 37.0;
ms (30 eV):m/z220 (M. Anal. Calcd. for GiH1oN-Os: C, 60.00; H, 5.45; N, 12.72.
Found: C, 59.93; H, 5.40; N, 12.81.

4(1H)-Quinolinone (3). A solution of 2.00 g (9.10 mmoles) @fwas dissolved in
ethanol, and 0.27 g (0.26 mL, 5.44 mmoles, 0.6 equivalents) of 85% hydrazine

monohydrate was added to a three-necked round-bottomed flask, fithed @ondenser
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and a nitrogen inlet, and stirred for about 5 minutes. To this solutider nitrogen was
carefully added 15 mg of 10% palladium-on-charcoal and stirringomasnued until
thin layer chromatography indicated complete consumption of the staréitegial ¢a 60
minutes). The crude product was refluxed at 80 °C over a period of 6Cemintlihe
resulting hot solution was filtered through a Cé&liked and concentrated under vacuum.
The resulting mixture was flash chromatographed on a 20-cmmnx &iHca gel column
using increasing concentrations of ether in hexanes to give 995%¢g (0f3 as a white
solid, mp 208-216C [lit>® mp 209-211°C]. IR: 3600-2410, 1613, 1587, 1507 tmH
NMR: 6 11.81 (br s, 1H), 8.12 (d, 1H, J =8.2), 7.93 (t, 1H, J = 6.3), 7.65 (td, 1H, J = 8.2,
1.3), 7.57 (d, 1H, J = 8.4), 7.33 (td, 1H, J = 6.8, 1.3), 6.07 (d, 1H, J =*CANMR: &
176.9, 140.0, 139.4, 131.6, 125.8, 124.9, 123.1, 118.3, 108.7.
Ethyl 3-(2-nitrophenyl)-3-oxopropanoate (7) The procedure of Domagala and
coworkers was modifie?f. A 250-mL one-necked round-bottomed flask, equipped with
a magnetic stir bar, a condenser and a nitrogen inlet, wasecdhaith 3.00 g (18.0
mmoles) of 2-nitrobenzoic acidd)( and 100 mL of dichloromethane. The resulting
solution was stirred for 5 minutes and 2.76 g (1.84 mL, 21.7 mmolexabfl chloride
was added drop-wise over a period of 20 minutes, followed by 5 drops Nof
dimethylformamide. The reaction was stirred for 12 hours durihgchwtime gas
evolution subsided and the acid completely dissolved in the dichloromethhrecrude
mixture was then concentrated under vacuum to give 2-nitrobenzoyl chi®yide (

In a three-necked round-bottomed flask, equipped with a strong magiiegc,
was placed a solution of 4.17 g (31.6 mmoles) of ethyl hydrogen mal@atssolved

in 200 mL of tetrahydrofuran along and 10 mg of bipyridyl was adesedn internal
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indicator. The mixture was cooled 480 °C and 16.0 mL of 2.8 n-butyllithium (32.0
mmoles) was added drop-wise over 20 minutes. The reaction mixasréhen warmed
to -5 °C, and another portion of 16.0 mL of 2y n-butyllithium (32.0 mmoles) was
added until a red color persisted for about 5-10 minutes. The mixageooled te-78

°C, and a solution of 2-nitrobenzoyl chloride (from above) in 15 mL tohlgdrofuran
was added drop-wise over 25 minuteblote: The solution became a thick yellow liquid
and stirring was a problem with a weak magnetic stirrer]. Sidietion was kept at78

°C for 30 minutes and then was slowly warmed306 °C and stirred for 30 minutes. The
reaction mixture was the poured into ice water containing 20 meq(8valents) of
concentrated HCI and the resulting mixture was extracted withadomethane (3 x 200
mL). The combined organic extracts were washed with watex @00 mL), 5%
NaHCG; solution (1 x 150 mL) and Ml HCI (1 x 150 mL). The dichloromethane layer
was finally washed with saturated NaCl solution (1 x 150 mL&ddMgSQ), and then
concentrated under vacuum to give 3.70 g (879 ad thick yellow oil. The keto ester
was mostly in its keto form (with 8-10% enol) estimated frésénNMR and was used
directly in the next reaction. IR: 1740, 1708, 1531, 1348:cid NMR (keto form):&
8.16 (d, 1H, J = 8.4), 7.77 (t, 1H, J = 7.6), 7.65 (td, 1H, J = 7.6, 1.2), 7.53 (dd, 1H, J =
7.6, 1.3), 4.16 (q, 2H, J = 7.1), 3.83 (s, 2H), 1.23 (t, 3H, J = 7°O;NMR: 5 194.6,
166.5, 144.5, 134.5, 132.6, 130.9, 128.1, 124.2, 61.6, 49.0, 13.9; ms (30 eV):"237 (M
Anal Calcd. for GiH11NOs: C, 55.70; H, 4.64; N, 5.91. Found: C, 55.96; H, 4.66; N,
5.83.

2,4(1H,3H)-Quinolinedione (8) To a solution of 1.00 g (4.20 mmoles)#®in 10 mL of

ethanol was added 0.1 g (0.1 mL, 0.6 equivalents, 2.52 mmoles) of 85% hydrazine
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monohydrate, and the reaction was stirred for 10 minutes. To this solution undesmitrog
was carefully added 15 mg of 10% palladium-on-carbon and stir@sgcantinued until
thin layer chromatography indicated complete consumption of the starétegial ¢a 20
minutes). The compound was filtered through CBlited concentrated under vacuum to
give a viscous oil. To the crude product was added 10 mL of ether toagredid
precipitate. The solid was filtered and washed with ether amdoébfm to give 0.58 g
(86%) of 10 as a white solid, mp 315-3PC (dec) [lit® mp 320°C (dec)]. IR: 3620-
2360, 1657, 1630, 1508 ¢ém The'H and **C NMR data matched those reported
previously*?

Attempted Preparation of 2,4(H,3H)-Quinolinedione under Dissolving Metal
Conditions. A 25-mL three-necked round-bottomed flask, equipped with a reflux
condenser and a magnetic stir bar, was charged with 50 mg (0.21shofdlend 5 mL

of acetic acid (or concentrated hydrochloric acid). The flagk suspended in a bath
preheated to 11%C (for acetic acid) or 108C (for concentrated hydrochloric acid) for 5
minutes prior to addition of the iron. Heating was briefly intem@ed 59 mg (1.05
mmoles, 5 eq) of iron powder was added, and heating was resun8&lrfonutes. The
mixture was cooled, added to ice water and extracted with ethyl acetags (3\1x). The
combined extracts were washed with saturated sodium bicarbonage (ihres),
saturated sodium chloride (one time), and then was dried and c@atedninder vacuum
to give a dark brown oil'H NMR analysis indicated that none of the desired
quinolindione was present.

(2)-Ethyl 3-(Dimethylamino)-2-(2-nitrobenzoyl)acrylate (9) A 100-mL single-

necked, round-bottomed flask, equipped with a reflux condenser and a matynelic
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was charged with 1.00 g (4.20 moles)/afissolved in 5 mL oN,N-dimethylformamide.

To this solution was added 0.50 g (0.56 mL, 4.20 mmoles) of dimethylformamide
dimethylacetal, and the mixture was heated at 100 °C for 4 hdurs.crude reaction
mixture was quenched with ice water, stirred for 5 minutes ammdated with ether (2 x

100 mL). The aqueous solution was saturated with sodium chloride (1 x L)O&nich
extracted one final time with ether (1 x 150 mL). The conbiather layers were
washed with saturated sodium chloride (1 x 100 mL), dried (Mp&@d concentrated
under vacuum. The resulting oil solidified to give 1.10 g (89%8 a$ a yellow solid,

mp 122-124C. IR: 1682, 1633, 1570, 1526, 1377, 1349'¢rtH NMR: § 8.05 (d, 1H, J
=8.2), 8.00 (s, 1H), 7.62 (t, 1H, J = 7.6), 7.48 (td, 1H, J = 7.4, 0.8), 7.36 (d, 1H, J = 7.6),
3.83 (g, 2H, J = 7.1), 3.38 (s, 3H), 3.09 (s, 3H), 0.82 (t, 3H, J =" TANMR: § 166.7,
160.0, 146.3, 140.2, 133.3, 128.6, 127.8, 123.6, 59.7, 48.2, 42.7, 13.6; ms (B¥=V):
292 (M. Several signals in théC NMR spectrum were quite broad. However, even
with a high sample concentration, long delay time (3 seconds)@ital 5000 transients,

it was not possible resolve all of the carbons.

Ethyl 4-Oxo-1,4-dihydroquinoline-3-carboxylate (10) The procedure used to prepare

3 was followed to convert 1.00 g (3.42 mmolesPad 10. The reaction was complete in

30 minutes. Workup and crystallization using ether and chloroform and ¢/i6l88 g
(78%) of10 as an off-white solidmp 268-269 °C [lit mp 270-272C]. IR: 3424, 1642
cm™; *H NMR: 5 12.33 (br s, 1H), 8.56 (s, 1H), 8.16 (dd, 1H, J = 8.2, 1.0), 7.71 (td, 2H, J
=7.5,1.4), 7.63 (d,1H, J = 8.2), 7.42 (td, 1H, J = 7.5, 1.0), 4.22 (q, 2H, J = 7.1), 1.29 (t,

3H, J = 7.1)°CNMR: § 173.4, 164.8, 144.9, 138.9, 132.4, 127.2, 125.6, 124.7, 118.8,
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109.7, 59.5, 14.3; ms (30 eMp/z217 (M. Anal. Calcd. for GoH11NOs: C, 66.34; H,
5.08; N, 6.40. Found: C, 66.36; H, 5.07; N, 6.45.

Attempts to conver® to 10 using the conventional procedures with iron in acetic acid
and iron in concentrated hydrochloric acid, as above, failed and tesultiee isolation
of an intractable tar.
(E)- and (@&)-Ethyl 3-Ethoxy-2-(2-nitrobenzoyl)acrylate (11) The procedure of
Domagala and coworkers was modiffédTo a stirred solution of 0.50 g (2.11 mmoles)
of 7in 0.34 g (2.32 mmoles) of triethyl orthoformate was added 8 mL ¢taghydride
and the mixture was refluxed for 1 hour. The mixture was concedttatder vacuum,
added to water and extracted with ether (2 x 75 mL). The combihedextracts were
washed with water (2 x 50 mL) and saturated NaCl (2 x 50 the) dried (MgS@),
and concentrated under vacuum to give 0.56 g (90%) of product as a viskhowsoyle
This product was a mixture d&& and Z isomers and was used directly in subsequent
reactions. IR: 1717, 1617, 1529, 1349t NMR: & 8.15 (d, 1H, J = 8.2), 8.06 (d,
1H, J = 8.2), 7.98 (s, 1H), 7.92 (s, 1H), 7.68 (m, 2H), 7.56 (m, 2H), 7.41 (dd, 1H, J = 7.4,
1.0), 7.33 (dd, 1H,J =7.6,1.0),4.36 (q, 2H,J =7.2),4.21 (q, 2H,J =7.0), 4.11 (q, 2H, J
=7.0), 4.01 (q, 2H, J = 7.2), 1.45 (t, 3H, J = 7.2), 1.27 (t, 3H, J = 7.0), 1.13 (t,=3H, J
7.2), 1.01 (t, 3H, J = 7.0)}*C NMR: & 190.6, 188.3, 169.3, 168.7, 166.3, 165.0, 146.0,
145.9, 138.7, 138.1, 133.8, 133.6, 129.6, 129.5, 128.1, 127.2, 123.8, 123.5, 111.8, 110.4,
74.0, 73.9, 60.6, 60.3. 15.2, 14.9, 13.9, 13.6; ms (30reXz293 (M").

Attempts to convertll to 10 using iron powder in acetic acid, iron powder in
concentrated hydrochloric acid, or hydrazine hydrate and 10% Pet@anol, as above,

all failed and resulted in the isolation of an intractable tar.
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CHAPTER VI

(#)-3-ARYL-2,3-DIHYDRO-4(1 H)-QUINOLINONES BY A TANDEM
REDUCTION-MICHAEL ADDITION REACTION

Introduction

Over the past several years, we have described a numbendeitaeaction
approaches to nitrogen heterocycles whose syntheses weredniiiadissolving metal
reduction of nitroaren€’s.In the current project, we sought to extend this strategjyeto
synthesis of 2,3-dihydro-4€)-quinolinone as well as several (+)-3-aryl-2,3-dihydro-
4(1H)-quinolinones, which have demonstrated antimafasiatl anticancer activity.Our
approach involves the reductive cyclization of 1-(2-nitrophenyl)prop-2-ene
derivatives.

The value of the title compounds has made them common targetmtbess
and numerous approaches using both basic and acidic reagents hawpbged.r The
original synthesis involved treatment of 2'-aminochaléomi¢h a base, and the vyields
were modest. Work by others described the cyclization of maodé dd-acylated 2'-
aminochalcones,and yields improved to 50-60%. Subsequent studies focused on
cyclizations of 2-aminochalcone using mixtures of acetic anitl ghosphoric acifl,
which gave the 3-arylquinolinones in 50-70% vyields. More recently, mamitonite K-

10 with microwave irradiatidhand Lewis acids on silica or alumfriaave been used to

promote the cyclization in 60-90% vyields. Additionally, the ring clesof 2'-
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aminochalcone has been reported to occur in PEG-400 solvent atC186th no
additives in 80-90% vyield. In another recent approach, metathesis of 2-alkynylanilines
with aldehdyes in the presence of an antimony pentafluoride-mettatadyst gave (x)-
2,3-disubstituted-2,3-dihydro-4¢)-quinolinoned’ as cistrans mixtures in 25-95%
yields. Finally, condensation of 2-aminoacetophenone with various bemydddein the
presence of L-proline has been reported as a potential route to @wral
aryldihydroquinolinones and, while yields were high (79-93%), asymmetric induction
was low (< 10% ee). To date, there have been no reports on the symhé&s
aryldihydroquinolinones from 2-'nitrochalcones.

Results and Discussion

The synthesis of the cyclization substrates is shown in F&ireTo prepare the
precursor to 2,3-dihydro-4€l)-quinolinone, vinylmagnesium bromide was added to 2-
nitrobenzaldehydelf in tetrahydrofuran to give alcoha and the latter further oxidized
to deliver 1-(2-nitrophenyl)prop-2-en-1-on8) (in 71% overall yield® The 2-
nitrochalcones6a-f used for the preparation of the (z)-3-aryl-2,3-dihydroH)f1
quinolinones were prepared in 92-97% from 2-nitroacetophengnand a series of
benzaldehyde derivativeS4-f) using standard conditions of sodium hydroxide in ethanol
(Figure 6.1).

The cyclization of3 to the parent 2,3-dihydro-4f)-quinolinone ) was initially
attempted in 1:1 v/v acetic acid/phosphoric acid, and the productsaiased in 72%
yield via chromatography. During the course of the reactionaayh@ecipitate formed,
which caused problems with stirring and isolation of the product. Tmes

transformation proved to be faster and easier using iron powder in concentrated
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M B
CHO "9 Jones reagent _
C[ THF / -78 °C acetone
NO,

1 2 (93%) 3 (76%)
Q 0
4 5 a-f 6 a-f
5 Yield of 6 (%)
a H 95
b 4-CH; 97
¢ 4-CH30 93
d 3,4-(CH30), 95
e 3,4-0CH,0O 95
f 2-Ci 92

Figure 6.1. Synthesis of cyclization substrates

hydrochloric acid at 108C for 30 minutes. Critical to the success of the reactiortheas
addition of the iron to the hot solution. This minimized the formatibside products

and afforded the target heterocycle in 83% yield after chromatography (Bigjre

0]
Fe
3 >
conc. HCI, 120 °C, 30 min N
H
7 (83%)

Figure 6.2. Reductive cyclization d with iron in concentrated hydrochloric acid
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We began our study on the conversion of 2'-nitrochalcéagt¢ (x)-3-phenyl-2,3-
dihydro-4(H)-quinolinone by attempting to effect the cyclization using iron powder
acetic acid since these conditions have proven successful in maany ather reactions.
Unfortunately, this protocol yielded only mixtures of 2'-aminochalc(@® and its

double bond reduction produ@a (Figure 6.3). None of the 2,3-dihydro-3-phenyl-

O O
CH3CO,H, 115 °C NH, O NH, O
8a 9a

Figure 6.3. Reduction oBba with iron in acetic acid

quinolinone was observed. Similar results were obtained with sub$iesiad6f.

We also explored the use of iron powdered in various mixtures of ac&diand
phosphoric acid since our work wiBsuggested that this might be successful. Under
these conditions, the cyclization proceeded smoothly (Figure 6.4) vaximmam yields
in the 60-78% range. Best results were achieved using a 70:30 ratig@OHHH;PO,.
With higher percentages of phosphoric acid, the reaction becargethiek due to
reaction between iron and phosphoric acid. This impaired stirringg eycaction of the
product difficult and decreased the isolated yields significantly (seed~&4).

Based on the improvement in yield noted by using stronger acid, eidedeto
explore the use of iron powder in concentrated hydrochloric acid. Uthdse
conditions, we found that yields improved to 70-90% for all cases. Siagy, no

significant degradation of any of the ether groups was observed. It should déhadte
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Fe O
6a >
CH3CO,H: HPO,, 115 °C

N
30 min H O

10a
CH3C02H:H3PO4 Yield of 10a (%)
100:0 3 [a]
90:10 24
80:20 50
70:30 78

[a] Yield estimated from "H NMR

Figure 6.4. Reductive cyclization ofba with various mixtures of acetic acid and

phosphoric acid

only substrates derived from benzaldehydes bearing resonanceoretimating
substituents were explored. This was due to the fact that elaotron-withdrawing
groups, such as ester and cyano, are unstable to the basic conditbts uspare the
chalcones and others, such as nitro, are reduced in the cyclization reaction.

The optimized conditions involved treating 1.00 @g 600 mg) of the 2'-
nitrochalcone derivativé with four equivalents of iron powder in 10 mL of concentrated
hydrochloric acid at 108C for 30 minutes. Again, it was important to add the iron to the
hot mixture to achieve optimum yields with a minimum of side productdter

guenching with ice water, extractive workup and recrystallizatioghe 3-
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aryldihydroquinazolinone40 were isolated in nearly pure form. Chromatography was
generally not necessary since all reactions went to complatid gave highly crystalline

products. Our results are summarized in Figure 6.5.

O
6 Fe o
Conc. HCI, 100 °C, 30 min N X
H | N
R
10
R Yield of 10 (%)

a H 88
b 4-CH, 85
¢ 4-CH;0 82
d 3,4-(CH30), 73
e 3,4-OCH,0 83
f 2-Cl 80

Figure 6.5. Reductive cyclization & with iron in concentrated HCI

Following reduction of the nitro group ®Ba, two mechanistic pathways can be
envisoned for the ring closure of aminochalc@# Iron does not appear to play a
significant role in the cyclization sin@a has been successfully cyclizedlf@a using 1:1
acetic acid/phosphoric aéi@r concentrated hydrochloric acid (this study) without iron
present. In the first mechanistic scenario, strong acid woulerats the carbonyl
oxygen of8a to give 11, which would be activated toward conjugate addition by the
amino group. Since the amino function8ais part of a vinylogous amide, it is not as

basic as typical aniline nitrogen and, thus, some of the aminodioonid be present to
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add to the activated enone systé@a Alternatively, strong acid conditions could also
protonate the enone double bond to give the benzylic carbod&iavhich would then
be attacked by the nucleophilic aniline nitrogen. These mechapestgibilities for the

cyclization of8ato 10aare outlined in Figure 6.6.

®
O COH O
H* O .
| A | 2 H*
NH, Ph NH, Ph N Ph

8a

11

i |
- @ﬁt@

NH,>Ph

12

Figure 6.6. Mechanisitic possibilities of ring closure of 2’-aminochalcone

Conclusion

We have successfullgeveloped a synthesis of 2,3-dihydroH)dguinolinone
from 1-(2-nitrophenyl)prop-2-en-1-one and a series of (z)-3-aBddihydro-4(H)-
quinolinones from 2'-nitrochalcones. Reductive cyclization of thegeatiges using
iron powder in concentrated hydrochloric acid gave the best restitsjiaf the target
heterocycles in 72-88% yields. Products were obtained in good wélisut the need
for extensive purification. This synthetic approach is limited Halepne substrates
bearing electron-donating groups on the C3 aromatic ring carbom thiese groups are
most stable to the base used in the preparation and the reduetoigons in their final

cyclization.
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Experimental Section

All reactions were run under dry nitrogen in oven-dried glassvweactions were
monitored by thin layer chromatography on silica gel GF plad@sl{ech No 21521)
using ultraviolet or iodine vapor detection. Preparative separatierssperformed using
flash chromatograpfy on silica gel (grade 62, 60-200 mesh) mixed with ultraviolet-
active phosphor (Sorbent Technologies UV-5), or thin layer chromatogoap@-cm x
20-cm silica gel GF plates (Analtech 02015) band elution was manitmieg a hand-
held ultraviolet lamp. Melting points were taken on a MelTemp pgsthdrom
Laboratory Devices, Cambridge, MA 02139 and were uncorrected. bhspeetra were
taken on a Varian 800 FT-IR (Scimitar series) run as thirsfidm sodium chloride disks
and were referenced to polystyrentH NMR and**C spectra were obtained using a
UNITY INOVA 400 BB NMR spectrometer operating at 400 and 100 Mépectively;
In addition soméH and*C spectra were recorded using a broadband Gemini 2000 High-
Resolution NMR (300 MHz) spectrometer operating at 300 MHz and Hz,M
respectively. All NMR signals were referenced to interetiamethylsilane; coupling
constants (J) are reported in Hz. Low resolution mass sphtext probe/electron
impact) were obtained at 70 electron volts or 30 electron volts asatadi Elemental
analysis were obtained at Atlantic Microlabs Inc., Norcross, GA 30091.

Tetrahydrofuran was dried over potassium hydroxide pellets andledistrom
lithium aluminum hydride. All other commercial reagents and stévevere used as
received. The ammonium chloride, sodium bicarbonate and sodium chloridenused

various workup procedures refer to saturated aqueous solution.
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1-(2-Nitrophenyl)prop-2-en-1-ol (2) The general procedure of Danishefsky and
coworkers? was used. A 250-mL three-necked round-bottomed flask, equipped with
magnetic stirring, a rubber septum and a reflux condenser (@itnodet), was charged
with 50 mL of dry tetrahydrofuran, followed by 3.00 g (19.9 mmoles) 2ef
nitrobenzaldehydelj. The reaction mixture was then cooled-#8 °C, and 29.5 mL of

1.0 M vinylmagnesium bromide (29.5 mmoles) was added dropwise via syoiegea
period of 20 minutes. The reaction was stirred for 2 hour§@fC at which time thin
layer chromatography indicated the reaction was complete. rédation mixture was
then poured into 50 mL of B HCI solution, stirred for 10 minutes and extracted with 50
mL of ether. The aqueous layer was then saturated with sodiundehdord extracted
with ether (2 x 50 mL). The combined ether layers were wasithdsaturated sodium
chloride solution, dried (magnesium sulfate) and concentrated under vdouyieid

3.32 g (93%) o2 as a viscous yellow liquid. This product was spectroscopically pure
and was used in the next step without any further purification. 34R5, 1639, 1609,
1524, 1349 ci; *H NMR (400 MHz):8 7.90 (d, 1H, J =7.7), 7.76 (d, 1H, J = 7.7),
7.64 (t, 1H, J =7.9), 7.44 (t, 1H, J = 7.9), 6.07 (ddd, 1H, J = 17.2, 10.4, 5.3), 5.79 (d,
1H, J =5.3), 5.41 (d, 1H, J = 17.2), 5.25 (d, 1H, J = 10.4), 2.82 (br s”*tHNMR

(100 MHz): § 148.2, 138.0, 137.6, 133.5, 128.8, 128.4, 124.5, 116.1, 69.9; ms (30 eV):
m/z179 (M"). Anal. Calcd. for GHgNOs: C, 60.34; H, 5.03; N, 7.82. Found: C, 60.51; H,
5.07; N, 7.69.

1-(2-Nitrophenyl)prop-2-en-1-one (3) A 100-mL three-necked round-bottomed flask,
fitted with magnetic stirring, an addition funnel and a reflux condefm&ogen inlet),

was charged with 3.00 g (16.7 mmoles)2o&dnd 20 mL of acetone. To the resulting
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solution was slowly added 8.5 mL of 2.8FJones reagent (25.5 mmoles) over a period
of 25 minutes at room temperaturélofe The addition was done very slowly. Fast
addition led to significant heating, loss of solvent and a reduced vyigéliler 1 hour at
room temperature, thin layer chromatography indicated thatetingtion was complete.
Excess Jones reagent was quenched with saturated sodium bislfitens(ca 3 mL),

and the crude reaction mixture was extracted with 50 mL of effiee. aqueous layer
was then saturated with sodium chloride solution and extracted aghiether (2 x 50

mL). The combined ether layers were washed with satusaididm chloride, then dried
(magnesium sulfate) and concentrated under vacuum. The crude pradymiinfied by

flash chromatography on a 20-cm x 2-cm silica gel column usingeasing
concentrations of ether in hexanes to give 2.26 g (76%)asf a yellow oil. IR: 1672,
1613, 1527, 1347 cm*H NMR (300 MHz):5 8.16 (dd, 1H, J = 8.2, 1.3), 7.75 (td, 1H, J
=7.5,1.3), 7.65 (ddd, 1H, J = 8.2, 7.5, 1.5), 7.45 (dd, 1H, J = 7.5, 1.5), 6.65 (dd, 1H, J =
17.6, 10.6), 6.05 (d, 1H, J = 10.6), 5.85 (d, 1H, J = 17°*6)NMR (75 MHz):5 193.4,
146.8, 136.5, 135.4, 134.1, 131.2, 130.7, 128.8, 124.4nad:77 (M"). Anal. Calcd. for
CoH;NOs: C, 61.01; H, 3.95; N, 7.91. Found: C, 61.12; H, 3.98; N, 7.83.

Representative Aldol Condensation: (B)-1-(2-Nitrophenyl)-3-phenylprop-2-en-1-

one (6a) A 100-mL three-necked round-bottomed flask, equipped with magnetic
stirring, an addition funnel and a nitrogen inlet, was charged8@@hmg (4.84 mmoles)

of 2’-nitroacetophenonel] and 15 mL of ethanol. The resulting solution was cooled to 0
°C, stirring was begun, and 232 mg (5.80 mmoles, 1.2 eq) of sodium hydroxider powde
was added and allowed to dissolve. To was added on a solution of 539 mg (5.08 mmoles,

1.05 eq) of benzaldehydBd) in 5 mL of ethanol dropwise with continued stirring. The
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reaction was stirred for 3 hours at 0 °C to give a white prempitdhe product was
filtered, and the crystals which formed were washed thoroughlyiee-cold ethanol to

give 1.16 g (95%) ofia as a white solid, mp 125-127 °C (imp 128 °C). IR: 1652,
1608, 1527, 1347 ¢ 'H NMR (400 MHz):5 8.18 (dd, 1H, J = 8.2, 1.1), 7.77 (td, 1H, J
=7.6,1.1),7.66 (td, 1H, J =7.6, 1.1), 7.53-7.46 (complex, 3H), 7.42-7.34 (complex, 3H),
7.24 (d, 1H, J = 16.2), 7.01 (d, 1H, J = 1623¢ NMR (100 MHz):8 192.9, 146.7,
146.3, 136.3, 134.0, 133.9, 131.0, 130.5, 129.0, 128.8, 128.5, 126.2, 124m/z/253

(MP).

(2E)-3-(4-Methylphenyl)-1-(2-nitrophenyl)prop-2-en-1-one (6b) This compound

(1.25 g, 97%) was prepared from 800 mg (4.84 mmoled)amid 610 mg (5.08 mmoles,
1.05 eq) of 4-methylbenzaldehydsb), and isolated as a pale yellow solid, mp 133-135
°C (lit"** mp 134-135 °C) IR: 1652, 1599, 1528, 1348'cthl NMR (300 MHz):5 8.16

(dd, 1H,J=7.7,1.1), 7.76 (td, 1H,J =7.7, 1.1), 7.65 (td, 1H, J = 7.7, 1.1), 7.50 (dd, 1H,
J= 7.7,1.1),7.39 (d, 2H, J = 8.2), 7.21 (d, 1H, J = 15.9), 7.18 (d, 2H, J = 8.2), 6.97 (d,
1H, J =15.9), 2.37 (s, 3HY’C NMR (75 MHz):5 193.0, 146.52, 146.49, 141.7, 136.4,
133.9, 131.2, 130.4, 129.7, 128.8, 128.6, 125.3, 124.5, 21.5/m@a67 (M).
(2E)-3-(4-Methoxyphenyl)-1-(2-nitrophenyl)prop-2-en-1-one (6¢) This compound

(1.27 g, 93%) was prepared from 800 mg (4.84 mmoled)anid 762 mg (5.08 mmoles,
1.05 eq) of 4-methoxybenzaldehyde&)( and isolated as an off-white solid, mp 96-98 °C.

IR: 2840, 1645, 1600, 1528, 1348 tntH NMR (400 MHz):5 8.16 (dd, 1H, J = 8.2,

1.2), 7.75 (dt, 1H, J = 7.5, 1.2), 7.64 (ddd, 1H, J = 8.2, 7.5, 1.4), 7.50 (dd, 1H, J = 7.5,
1.4), 7.45 (d, 2H, J = 8.8), 7.24 (d, 1H, J = 16.2), 6.90 (d, 1H, J = 16.2), 6.87 (d, 2H, J =

8.8), 3.83 (s, 3H)*C NMR (100 MHz):8 192.9, 162.0, 146.6, 146.3, 136.5, 133.9,
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130.40, 130.38, 128.8, 126.6, 124.5, 123.9, 114.4, 55.4mf283 (M. Anal. Calcd.

for C16H13NOy: C, 67.84; H, 4.59; N, 4.95. Found: C, 67.88; H, 4.62; N, 4.87.
(2E)-3-(3,4-Dimethoxyphenyl)-1-(2-nitrophenyl)-prop-2-en-1-one (6d) This comp-

ound (1.44 g, 95%) was prepared from 800 mg (4.84 mmole4$)aodd 914 mg (5.08
mmoles, 1.05 eq) of 3,4-dimethoxybenzaldehyst¥,(and isolated as a yellow solid, mp
116-117 °C. IR: 2839, 1645, 1594, 1512, 1347ciH NMR (300 MHz):5 8.18 (d, 1H,
J=7.7),7.76 (d, 1H,J=7.7,1.1), 7.65 (id, 1H,J =7.7, 1.6), 7.51 (dd, 1H, J = 7.7, 1.1),
7.19 (d, 1H, J = 15.9), 7.10-7.01 (complex, 2H), 6.89 (d, 1H, J = 15.9), 6.85 (d, 1H, J =
7.7), 3.91 (s, 3H), 3.90 (s, 3HJC NMR (75 MHz):5 192.8, 151.8, 149.3, 146.6, 146.5,
136.5, 133.9, 130.4, 128.8, 126.7, 124.5, 124.2, 123.6, 111.0, 109.8, 56.0, 5518z ms:
313 (M'). Anal. Calcd. for G;H1sNOs: 65.18; H, 4.79; N, 4.47. Found: C, 65.23; H, 4.78;

N, 4.44.

(2E)-3-(1,3-Benzodioxol-5-yl)-1-(2-nitrophenyl)prop-2-en-1-one (6e)This compound

(1.36 g, 95%) was prepared from 800 mg (4.84 mmoled)amid 762 mg (5.08 mmoles)

of piperonal $e), and isolated as a pale yellow solid, mp 128-130 °C. IR: 1650, 1599,
1528, 1384 cil; *H NMR (300 MHz):8 8.17 (d, 1H, J = 8.2), 7.76 (td, 1H, J = 7.7, 1.1),
7.64 (td, 1H,J=8.2,1.1), 7.51 (dd, 1H,J =7.7, 1.6), 7.17 (d, 1H, J = 15.9), 7.03 (d, 1H, J
= 1.6), 6.96 (dd, 1H, J = 7.7, 1.1), 6.84 (d, 1H, J = 15.9), 6.79 (d, 1H, J = 8.2), 6.02 (s,
2H); 3C NMR (75 MHz):5 192.7, 150.3, 148.5, 146.7, 146.1, 136.5, 133.9, 130.4, 128.8,
128.4, 125.5, 124.5, 124.2, 108.6, 106.7, 101.7; m'g:297 (M’). Anal. Calcd. for
Ci16H11NOs: C, 64.65; H, 3.70; N, 4.71. Found: C, 64.71; H, 3.73; N, 4.66.
(2E)-3-(2-Chlorophenyl)-1-(2-nitrophenyl)prop-2-en-1-one (6f) This compound

(1.28 g, 92%) was prepared from 800 mg (4.84 mmoled)anid 714 mg (5.08 mmoles,
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1.05 eq) of 2-chlorobenzaldehydsf)( and isolated as a pale yellow solid, mp 87-88 °C
(lit"* mp 88-89 °C). IR: 1657, 1605, 1527, 1347¢ciH NMR (300 MHz):8 8.20 (d,

1H, J = 7.7), 7.79 (t, 1H, J = 7.1), 7.75-7.60 (complex, 3H), 7.53 (d, 1H, J = 7.1), 7.42-
7.23 (complex, 3H), 6.97 (d, 1H, J = 16.5C NMR (75 MHz):5 192.8, 146.7, 141.8,
136.0, 135.2, 134.1, 132.2, 131.7, 130.7, 130.2, 128.9, 128.6, 127.8, 127.2, 124.5; ms:
m/z287, 289 ¢a3:1, M").

2,3-Dihydro-4(1H)-quinolinone (7). A 100-mL one-necked round-bottomed flask,
equipped with magnetic stirring, and a reflux condenser (nitroget), imias charged

with 400 mg (2.26 mmoles) & and 10 mL of concentrated hydrochloric acid and the
mixture was brought to reflux in a pre-heated oil bath at 120 °C. h@aewas briefly
removed, 630 mg (1.13 mmoles, 5 eq) of iron powder (>100 mesh) was added, and
heating was resumed for 1 hour. The reaction mixture was cooled, powréck water,

and extracted with 50 mL of ether. The aqueous layer was thamatsdt with sodium
chloride and extracted again with ether (1 x 50 mL) and ethyai@cél x 50 mL). The
combined organic layers were washed with saturated sodium chkwidgon, dried
(magnesium sulfate) and concentrated under vacuum. The resulkhgenwas flash
chromatographed on 20-cm x 2-cm silica gel column eluted withreasimg
concentrations of ether in hexane to give 276 mg (83 %)asfa yellow solid, mp 42-44

°C (lit.*® mp 43-44.5°C). IR: 3347, 1659, 1611 ¢in*H NMR (300 MHz):§ 7.84 (dd,

1H, J = 8.2, 1.1), 7.29 (td, 1H, J = 7.7, 1.1), 6.74 (t, 1H, J = 7.7), 6.67 (d, 1H, J = 8.2),
4.43 (br s, 1H), 3.58 (t, 2H, J = 6.6), 2.70 (t, 2H, J = 6%):NMR (75 MHz):5 193.7,
152.0, 135.1, 127.6, 119.4, 117.9, 115.8, 42.3, 38.1mirst47 (M). Anal. Calcd. for

CoHoNO: C, 73.47; H, 6.12; N, 9.52. Found: C, 73.51; H, 6.11; N, 9.47.
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This same reaction was carried out using 5 eq of iron powdgrli v/v acetic
acid/phosphoric acid, but the product yield was only 72%. This reactionmoeas
difficult to perform due to the formation of a heavy insoluble jmiémie during the
heating period.
Attempted Reductive Cyclization of 6a with Iron Powder inAcetic Acid: (2E)-1-(2-
Aminophenyl)prop-2-en-1-one (8a) and 1-(2-aminophenyl)propan-1-one9d). A
100-mL one-necked round-bottomed flask was charged with 500 mg (1.98 mofdas)
in 10 mL of acetic acid and the solution was brought to refluxpreheated oil bath at
120 °C. The heat was briefly removed, 440 mg (7.88 mmoles) of iron p@wied
mesh) was added heating was resumed for 10 minutes. The reaitiore was cooled,
poured into ice-cold water and extracted with ether (3 x 25 mL). cohwined ether
layers were washed with saturated sodium bicarbonate (threg)tand saturated sodium
chloride (one time), then dried (magnesium sulfate) and concentratadvasdem. The
crude product was purified on a 40-cm x 2-cm silica gel columecdhwith increasing
concentrations of ether in hexanes to give 220 mg (50% a6 a yellow solid, mp 70-
71 °C (lif mp 72 °C) and 169 mg (38%) 6& as a yellow solid, mp 85-8%. The
spectral data foBa were: IR: 3471, 3334, 1645, 1614 ¢nH NMR (400 MHz):8 7.85
(dd, 1H, J = 8.4, 1.4), 7.74 (d, 1H, J = 15.6), 7.62 (d, 1H, J = 15.6). 7.60 (obscured, 1H),
7.43-7.33 (complex, 4H), 7.28 (ddd, 1H, J = 8.4, 7.2, 1.6), 6.69 (overlapping d and t, 2H,
J=~8.0) 6.34 (br s, 2H}*C NMR (100 MHz):5 191.6, 150.9, 142.8, 135.2, 134.3, 130.9,
130.0, 128.8, 128.2, 123.0, 118.9, 117.2, 115.8ms223 (M’).

The spectral data fda were: IR: 3475, 3346, 1647, 1614 tntH NMR (400

MHz): & 7.73 (dd, 1H, J = 6.6, 8.2), 7.33-7.16 (complex, 6H), 6.65 (d, 1H, J = 7.2), 6.63
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(td, 1H, J = 7.7, 1.0), 6.26 (br s, 2H), 3.28 (t, 2H, J = 7.4), 3.04 (t, 2H, J Z*CAHAMR
(100 MHz):6 201.5, 150.3, 141.5, 134.3, 131.0, 128.5, 128.4, 126.0, 117.8, 117.3, 115.8,
41.0, 30.6; msm/z 225 (M). Anal. Calcd. for GsH1sNO: C, 80.00; H, 6.67; N, 6.22.
Found: C, 79.93; H, 6.69; N, 6.17.
(2E)-1-(2-Aminophenyl)-3-(1,3-benzodioxol-5-yl)prop-2-en-1-one (8e) andl-(2-
aminophenyl)-3-(1,3-benzodioxol-5-yl)propan-1-one (9e)Reduction of 500 mg (1.68
mmoles) of6eusing 375 mg (6.72 mmoles) of iron powder gave 207 mg (4689 a$ a
yellow solid, mp 110-112 °C, and 171 mg (40%pPefas a yellow solid, mp 85-8T.
The spectral data f@e were: IR: 3468, 3339, 1643, 1614 ¢mH NMR (300 MHz):8
7.85 (dd, 1H, J = 8.2, 1.1), 7.67 (d, 1H, J = 15.4), 7.45 (d, 1H, J = 15.4), 7.29 (dt, 1H, J =
8.2, 1.6), 7.16 (d, 1H, J = 1.6), 7.11 (dd, 1H, J = 8.2, 1.6), 6.84 (d, 1H, J = 8.2), 6.70 (m,
2H), 6.31 (br s, 2H), 6.02 (s, 2HYC NMR (75 MHz):5 191.6, 150.9, 149.5, 148.3,
142.8, 134.1, 130.9, 129.7, 124.7, 121.1, 119.2, 117.3, 115.8, 108.6, 106.6, 101.5; ms:
m/z267 (M. Anal. Calcd. for GgH13NOs: C, 71.91; H, 4.87; N, 5.24. Found: C, 71.98;
H, 4.89; N, 5.15.

The spectral data fde were: IR: 3468, 3352, 1645, 1614 ¢ntH NMR (300
MHz): § 7.72 (d, 1H, J = 7.7), 7.26 (t, 1H, J = 7.7), 6.78-6.59 (complex, 5H), 6.27 (br s,
2H), 5.92 (s, 2H), 3.23 (t, 2H, J = 7.6), 2.96 (t, 2H, J = *6)NMR (75 MHz):5 201.4,
150.3, 147.6, 146.3 135.3, 134.2, 131.0, 121.1, 117.8, 117.3, 115.8, 108.9, 108.2, 100.8,
41.2, 30.3; msm/z 269 (M). Anal. Calcd. for GeH1sNOs: C, 71.38; H, 5.58; N, 5.20.
Found: C, 71.44; H, 5.61; N, 5.14.
(2E)-1-(2-Aminophenyl)-3-(2-chlorophenyl)prop-2-en-1-one (8f) and 2-

aminophenyl)-3-(2-chlorophenyl)propan-1-one (9f) Reduction of 500 mg (1.74
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mmoles) of6f using 389 mg (6.96 mmoles) of iron gave 235 mg (53%8f @k a yellow

solid, mp 87-89C, and 156 mg (34%) &f as a yellow solid, mp 86-8C. The spectral

data for8f were: IR: 3464, 3338, 1644, 1615 tnH NMR (300 MHz):5 8.11 (d, 1H, J

= 15.4), 7.84 (d, 1H, J = 8.2), 7.73 (m, 1H), 7.59 (d, 1H, J = 15.4), 7.43 (m, 1H), 7.36-
7.25 (complex, 3H), 6.70 (d, 1H, J = 7.7), 6.69 (t, 1H, J = 7.7), 6.37 (br s"*PHYMR

(75 MHz): 6 191.3, 151.1, 138.7, 135.2, 134.5, 133.6, 131.1, 130.7, 130.2, 127.7, 127.0,
125.8, 118.8, 117.3, 115.8; nm{z257, 259 ¢a 3:1, M"). Anal. Calcd for GsH1,CINO:

C, 69.90; H, 4.66; N, 5.44. Found: C, 69.97; H, 4.67; N, 5.39.

The spectral data f@f were: IR: 3478, 3348, 1647, 1615 ¢ntH NMR (300
MHz): & 7.73 (d, 1H, J = 8.2), 7.38-7.12 (complex, 5H), 6.64 (d, 1H, J = 8.2), 6.62 (t, 1H,
J=17.7),6.28 (br s, 2H), 3.27 (m, 2H), 3.14 (m, 2&%; NMR (75 MHz):8 201.2, 150.3,
139.0, 134.3, 133.9, 131.0, 130.6, 129.5, 127.6, 126.9, 117.7, 117.3, 115.8, 39.0, 28.7,
ms:m/z259, 261 ¢a 3:1, M"). Anal. Calcd. for GsH14CINO: C, 69.36; H, 5.39; N, 5.309.
Found: C, 69.45; H, 5.44; N, 5.30.

Attempted Reductive Ring Closure with Iron Powder in Aetic Acid/Phosphoric
Acid Mixtures: (x)-2-Phenyl-2,3-dihydro-4(1H)-quinolinone (10a) Using the
procedure given for the preparation 2{with various ratios of acetic acid:phosphoric
acid), 500 mg (1.97 mmoles) 6& and 440 mg (7.88 mmoles) of iron were reacted for 30
minutes at 120C. ProductlOawas formed, but the maximum yields were generally not
as high as the procedure using iron and concentrated M@lds for different acid
mixtures are given in Figure 6.4.

Representative Reductive Ring Closure using Iron Powder inConcentrated

Hydrochloric Acid: (z)-2-Phenyl-2,3-dihydro-4(1H)-quinolinone (10a) A 100-mL
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one-necked round-bottomed flask, equipped with magnetic stirring and lux ref
condenser (nitrogen inlet), was charged with 500 mg (1.97 mmolés)afd 10 mL of
concentrated hydrochloric acid and heated to 80-85 °C (oil bath). &hevas briefly
removed, and 440 mg (7.88 mmoles, 4 eq) of iron powder (>100 mesh) was added.
[Caution! The addition is sufficiently exothermic to boil the mixture. Téaction froths
while adding the iron powder.] Heating was resumed at 100 °C until lalyar
chromatography indicated complete consumption of the starting algtarBO minutes).

The reaction was cooled, added to 50 mL of water and extractecther (2 x 25 mL)

and ethyl acetate (1 x 25 mL). The combined organic layers washed with saturated
sodium chloride, dried (magnesium sulfate) and concentrated under vacdin.
resulting mixture was flash chromatographed on 20-cm x 2-coa gi&l column eluted

with increasing concentrations of ether in hexanes to give 38@8844g)(of10aas a pale
yellow solid, mp 149-151 °C (fimp 149-15°C). IR: 3326, 1661, 1608, 1482 ¢niH

NMR (400 MHz): 7.87 (dd, 1H, J = 8.0, 1.5), 7.45 (dd, 2H, J = 7.6, 1.5), 7.42-7.31
(complex, 4H), 6.78 (t, 1H, J = 7.6), 6.71 (d, 1H, J = 8.2), 4.74 (dd, 1H, J = 13.8, 3.7),
4.55 (br s, 1H), 2.87 (dd, 1H, J = 16.2, 13.8), 2.77 (dm, 1H, J = T82NMR (100
MHz): 6 193.3, 151.5, 141.0, 135.4, 128.9, 128.4, 127.6, 126.6, 119.0, 118.4, 115.9, 58.4,
46.4; msm/z223 (M).

(¥)-2-(4-Methylphenyl)-2,3-dihydro-4(1H)-quinolinone (10b) Reductive cyclization

of 415 mg (1.87 mmoles) &b with 417 mg (7.48 mmoles, 4 eq) of iron gave 378 mg
(85%) of10b as an off-white solid, mp 147-149 °C{linp 148-149 °C). IR: 3331, 1655,
1608 cni; 'H NMR (300 MHz):8 7.87 (d, 1H, J = 7.7), 7.35 (d, 2H, J = 7.7), 7.34

(obscured signal, 1H), 7.21 (d, 2H, J = 7.7), 6.79 (t, 1H, J = 7.7), 6.70 (d=1812)]
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4.72 (dd, 1H, J=13.7,3.7), 4.47 (br s, 1H), 2.88 (dd, 1H, J = 16.2, 13.7), 2.75 (dd, 1H, J
= 16.2, 3.7), 2.37 (s, 3H)*C NMR (75 MHz): & 193.4, 151.6, 138.3, 138.0, 135.3,
129.6, 127.6, 126.5, 119.0, 118.4, 115.9, 58.2, 46.5, 21.1mmas237 (M). Anal.

Calcd. for GeH1sNO: C, 81.01; H, 6.33; N, 5.91. Found: 80.94; H, 6.32; N, 5.85.
(3)-2-(4-Methoxyphenyl)-2,3-dihydro-4(H)-quinolinone (10c) Reductive cyclization

of 415 mg (1.76 mmoles) &c with 393 mg (7.04 mmoles, 4 eq) of iron gave 365 mg
(82%) of10c as a yellow solid, mp 147-148 °C {fimp 147 °C). IR: 3329, 2836, 1660,
1608 cnt; *H NMR (400 MHz):8 7.87 (dd, 1H, J = 8.0, 1.6), 7.37 (d, 2H, J = 8.6), 7.33
(td, 1H, J = 7.7, 1.2), 6.92 (d, 2H, J = 8.6), 6.78 (t, 1H, J = 7.7), 6.70 (d, 1H, J = 8.2)
4.69 (dd, 1H, J = 13.8, 3.7), 4.48 (br s, 1H), 3.82 (s, 3H), 2.87 (dd, 1H, J = 16.2, 13.8),
2.74 (dd, 1H, J = 16.2, 3.7%°C NMR (75 MHz):8 193.5, 159.6, 151.6, 135.3, 133.0,
127.8, 127.6, 119.0, 118.3, 115.9, 114.2, 57.9, 55.3, 46.5mmas253 (M). Anal.

Calcd. for GgH1sNOs: C, 75.89; H, 5.93; N, 5.53. Found: C, 75.83; H, 5.94; N, 5.49.
(¥)-2-(3,4-Dimethoxyphenyl)-2,3-dihydro-4(H)-quinolinone  (10d) Reductive
cyclization of426 mg (1.59 mmoles) @d and 355 mg (6.36 mmoles, 4 eq) of iron gave
326 mg (72%) ofl0d as a white solid, mp 145-147 °C. IR: 3348, 2836, 1660, 1611 cm

'H NMR (300 MHz):8 7.87 (d, 1H, J = 7.7), 7.35 (t, 1H, J = 7.1), 7.00 (s, 1H), 6.99 (d,
1H, J = 7.7), 6.87 (d, 1H, J = 8.2), 6.80 (t, 1H, J = 7.7), 6.72 (d, 1H, J = 8.2), 4.70 (dd,
1H, J = 13.7, 3.7), 4.51 (br s, 1H), 3.91 (s, 3H), 3.90 (s, 3H), 2.88 (dd, 1H, J = 15.9,
13.7), 2.75 (dd, 1H, J = 15.9, 3.7C NMR (75 MHz):5 193.4, 151.5, 149.3, 149.0,
135.3, 133.5, 127.6, 119.0, 118.9, 118.4, 115.9, 111.2, 109.4, 58.3, 55.97, 55.94, 46.7,
ms: m/z283 (M’). Anal. Calcd. for G;H17NOs: C, 72.08; H, 6.01; N, 4.95. Found: C,

72.11; H, 6.02; N, 4.91.
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(¥)-2-(1,3-Benzodioxol-5-yl)-2,3,dihydro-4(H)-quinolinone  (10e) Reductive
cyclization 0f423 mg (1.68 mmoles) &e and 375 mg (6.72 mmoles, 4 eq) of iron gave
374 mg (83%) ofl0eas an off-white solid, mp 145-147 °C. IR: 3328, 1663, 1618, cm

'H NMR (300 MHz): & 7.86 (d, 1H, J = 7.7), 7.34 (td, 1H, J = 7.7, 1.6), 6.97 (d, 1H, J =
1.1), 6.89 (dd, 1H, J = 8.0, 1.6), 6.79 (overlapping d and t, 2K8.3), 6.71 (d, 1H, J =

8.2), 5.98 (s, 2H), 4.65 (dd,1H, J = 13.4, 3.7), 4.49 (br s, 1H), 2.83 (dd, 1H, J = 16.2,
13.4), 2.71 (dd, 1H, J = 16.2, 3.7fC NMR (75 MHz):5 193.3, 151.5, 148.0, 147.6,
135.4, 134.9, 127.6, 120.1, 119.0, 118.4, 115.9, 108.5, 106.9, 101.2, 58.3, 4616z ms:
267 (M). Anal Calcd. for GgH13NOa: C, 71.91; H, 4.87; N, 5.24. Found: C, 71.92; H,
4.89; N, 5.22.

(x)-2-(2-Chlorophenyl)-2,3-dihydro-4(1H)-quinolinone (10f). Reductive cyclization

of 399 mg (1.73 mmoles) @f and 386 mg (6.92 mmoles, 4 eq) of iron gave 357 mg
(80%) of10f as a yellow solid, mp 126-128 °C. IR: 3429, 1659, 1609. s NMR (300

MHz): & 7.88 (d, 1H, J = 7.7), 7.68 (dd, 1H, J = 7.1, 1.6), 7.44-7.23 (complex, 4H), 6.81
(t, 1H, J = 7.1), 6.74 (d, 1H, J = 8.2), 5.27 (dd, 1H, J = 12.1, 3.7), 4.52 (br s, 1H), 2.96
(ddd, 1H, J = 16.2, 3.7, 1.5), 2.78 (dd, 1H, J = 16.2, 1PQ)NMR (75 MHz):5 192.7,
151.5, 138.3, 135.4, 132.8, 130.0, 129.3, 127.6, 127.5, 127.4, 119.1, 118.7, 116.0, 54.2,
44.0; msm/z257, 259 ¢a 3:1, M'). Anal Calcd. for GsH1,CINO: C, 69.90; H, 4.66; N,
5.44. Found: C, 69.97; H, 4.69; N, 5.39.

Cyclization of 8a Using Concentrated Hydrochloric Acid (x)-2-Phenyl-2,3-dihydro-
4(1H)-quinolinone (10a) Using the procedure for the reductive cyclizatiobafo 10a
above, 150 mg (0.67 mmoles) & and 6 mL of concentrated hydrochloric acid were

treated with 150 mg (2.69 mmoles, 4 eq) of iron powder at’@0dr 3 hours. Workup
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and purification on a 20 cm x 20 cm preparative thin layer chronaibygrmplate, eluted

with 30% ether in hexanes, yielded 128 mg (85%)@d as a pale yellow solid. The

physical properties and spectral data matched those reported above.
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CHAPTER VII

EFFICIENT SYNTHENTIC ROUTE FOR THE SYNTHESIS OF SHETA2
HETEROAROTINOID DRUG

Introduction
Kidney cancer is known to have a high mortality rate due to adhtleatment

options? The incidence of renal cancer appears to have increased over the last 50
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Figure 7.1 Structures of retinoic acid and heterarotinoid rings
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years? Preliminary evidence is available which demonstrates thattaio
heteroarotinoids can be effective in the treatment of such ca&hddeseroarotinoidsl
have been known for more than a decade with much of the early clyeiméstg
reviewed in 2002.

The basic structural unit was originally designed for heteroarotinoids as illustrated
above and was based, in part, on a partial structural relationshipravifretinoic acid
(2) (see Figure 7.1). Studies of the biological activit @nd isomers thereof revealed
them to possess high toxicity and therefore limited ufilitPioneering work in which
heteroatoms were inserted into strategic positions, as shotynwiithin the molecular
framework reduced the toxicity significanfly. Since an aryl ring was also present, the
term heteroarotinoids was established to identify such syéteriike toxicity associated
with acid2 has been presumed to arise from metabolites the major membérfare
shown as8-6." An initial objective was to ascertain if heteroarotinoid$witheteroatom
at C-4 had reduced toxicity and to avoid oxidation at the C-4 positichweould lead to
derivatives reminiscent of those fransuch agt and5 which are toxic. The hypothesis
that heteroatoms reduce toxicity has been validatéd. Moreover, the addition of the
benzene ring fused to the cyclohexyl uniliwould also prevent epoxidation as found in
3 derived from2. Variations in the linking group also produced marked changes in
biological response&®?! A second benzene ring with a functional graum 1 locked
the double bonds into@s-arrangement at the terminus which was deemed important for
activity. Consequently, strong activity against cancers for thasbrhead/neck, kidney,

and lung has been obsenf&d.
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The long term objective of the current research is to providéothelationN-(3,4-
dihydro-2,2,4,4-tetramethylF21-benzothiopyran-6-yIN’-(4-nitrophenyl) thiourea/ to
be acceptable to the FDA as an agent to treat or prevent kidmesr @nd possibly other

cancers:3%3

The identification and importance in meeting the MIST (human
metabolites in safety testing) standards for metabolites omfmatedrugs are well
documented®® The synthetic work outlined in this chapter was needed before
biological evaluations of the metabolites could be made. Howevemal$ samples of
the metabolites become available, they will be sent to NCI as for prefinsageening.

The most recent discovery is that the thiourea derivatihas enhanced inhibitory
properties with respect to cancers of the breast, head-neck, kidnegsand certain
ovarian cancers’?*>1"2The yrea derivative has also displayed strong activity against
ovarian cancer ceffand especially against kidney cancer®f prime significance was
the observation that no inhibitory activity against benign cellsbleas detected with
and related urea and thiourea anaf5ds. Preclinical pharmacokinetic studies have
revealed that plasma protein binding By is 99.3-99.5% at low micromolar
concentrations which is a useful clinical rafgeAn interesting observation is that
forms co-crystals to a large extent in the solid state whitgms them to a lesser extent.
The area of co-crystals, as correlated to drug discovesynba been established and
includes a number of substituted ureas and derivatives.

A need to obtain metabolites froms imperative to satisfy federal requirements prior
to filing a request for FDA approval of the agent for human usdthoégh the
metabolities are knowh®® an appraisal of biological activity and toxicity will be required

in the near future. A determination of the major metabolitgshafs been accomplished
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Figure 7.2 Various heteroarotinoid metabolites

with compound-13being identified (see Figure 7.%).The metabolite§-13from 7 are
somewhat reminiscent of alcohwlvhich arose fron2. Oxidation of the cyclohexyl unit
to give a secondary alcoh&B is surprising since the position is hindered by flanking
methyl groups. Agent regulates, growth, differentiation, and apotosis in cancer%ells,
but it is not known if the metabolites are involved. Consequently, ihp®rtant to

obtain such metabolit#*® for future evaluation of biological activity and for
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comparison of activities with those &f This work will aid in eventual identification of
the location of hydroxymethyl groups which initiate the greatpsptosis actiof® It is
important to recognize thatinduces apoptosis in cancer cells and not benign™cells.

The need for an improved synthesis7ois apparent. Preclinical trials @fare
nearly complete by the National Cancer Institute (NCI) of Mational Institutes of
Health (NIH). A second toxicity study is underway and will lmenplete by March,
2010, with human clinical trials to begin in the early summer of 2007 is to be
approved by the FDA and brought to market, a high yielding synthetiequoe to
obtain the compound must be available to minimize costs. Consequleistiyart of the
thesis has been directed to the development of a preparative metlyootdgain7 in
the highest yield possible.
Results and Discussion

The goal of this project was to develop improved methodology for thihesis
of SHetA2 ) potentially applicable to a commercial scaleup with few stays high
yields for all intermediates and the final product. The tstit pathways for the
prepartion of SHetA2 are outlined in Figure.7 Blethyl ketonel8 was prepared from
acetamidothiophenol @) by a Michael addition with mesityl oxidd.q) in chloroform
with triethylamine at reflux to givé8 (89%). In this case, it was found that an addition
of 0.6 equivalent excess of mesityl oxide and triethylaminegaiaeintervals (~ every 4
h) ensured completion of the reaction. In this manner a 5% incredise yield of18
(83%) was realized compared to that repoffed.

Treatment of methyl keton&8 with excess methyllithium (3 equivalents) gave

alcohol19. The addition protocol and temperature played vital roles in the nonef
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ketonel8 to alcoholl19. Initially the reaction was cooled to -50 °C, and 1.5 equivalents
of methyllithium was added quickly over a period of 20 minutes. €&hwmining 1.5
equivalents of methyllithium was added slowly and dropwise over adefil hour.
When the addition was complete, the reaction was stirred at -5 °C for 1 hour andatinally

room temperature for 1 hour. Stirring at room temperature ensungt gield (82%) of

19.
SH
o Et;N o S CHali
)I\ ' | > )I\ g
N CHClI3, 65 °C N THF, -40 °C
H H
e e
89%
/@/ ACl, o S 90% HCl
N CeHe, 80 °C /”\N
H H
82% 82%
p hunfa oI A,
96% 87%

Figure 7.3. Synthetic scheme for the prepartion of SHetA2

Cyclodehydration ol9 was accomplished by the use of anhydrous AlCbenzene.
changes in anhydrous AKChnd the reaction solvent from chlorobenzene to benzene
markedly improved the yield (82%) of the cyclization prod@t This process had an
advantage in that few impurities were formed which made for sepgration of the

product20 from the crude mixture by column chromatography. The ease of rewifoval
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solvent from the reaction mixture becomes simpler due to the lbaibng point of
benzene compared to chlorobenzene.

Final hydrolysis of the amide group 20 was accomplished by refluxing the
acetamidothiochromar2Q) in 90% HCI for a period of 9 hours which gave pure 6-
aminothiochroman2l) in a yield of 96%. The 6-aminothiochrom&1i) was coupled
by stirring with 4-nitrophenylisothiocyanate in dry THF. Theude product was
recrystallized using chloroform:pentane (1:3) as solvent to provideetieed compound
7 in a yield of 87%. The overall yield obtained was about 75% comparg@lt by the
previously developed methdd.

Conclusion

An optimized synthesis of 7 has been accomplished, straightforwéoigre,
and more cost effective than the methods currently availabléhéosynthesis of this
drug. This improved procedure should be feasible on an industrial scaleefbulk
preparation of the thiourea heteroarotindid The synthesis gives an overall increase of
25% higher yield compared to the original réfitend also avoids the use of excesses of
expensive solvents and reagents.
Experimental Section

All reactions were run under dry nitrogen in an oven-dried giassw All
reactions were carried out under argon unless otherwise noted. CGoaimeagents and
solvents were used as received. Tetrahydrofuran was dried oassipat hydroxide
pellets and distilled from lithium aluminium hydride prior to uséne hydrochloric acid
(1 M), ammonium chloride (saturated), sodium bicarbonate (saturated)s@dium

chloride (saturated) used in workup procedures refer to aqueous solutions.
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Evaporation of solvents was accomplished vacuo via the use of a Buchi
Rotovapof RE-111 and a Brinkman B-169 water aspirator unless otherwise specifi
For thoseintermediates that were liquids and required distillation for figation,
vacuum distillation was employed using a Wé&ldBhemstal™ 1402N vacuum pump.
Final compounds or intermediates that were solids were also dsied the same
vacuum pump. Solid intermediates and compounds were purified by flasimrcol
chromatography on silica gel (Grade 62, 60-200 mesh). Reactioesmaaritored by
thin layer chromatography on silica gel GF plates (Analtech 2152Rreparative
separations were performed using flash chromatography on sili¢grgde 62, 60-200
mesh) mixed with ultraviolet-active phosphor (Sorbent Technologies UV-5); barmahelut
was monitored using a hand held ultraviolet lamp. In addition to thénesiatand
purification techniques, each product was analyzed for structure aitg psing IR
spectroscopy'H NMR spectroscopy-*C NMR spectroscopy, and TLC. Melting points
of all solids were uncorrected and taken on a MelTemp purchasedLizboratory
Devices, Cambridge, MA 02139. Infrared spectroscopy were takeivanaam 800 FT-
IR (Scimitar series) run on a thin films on sodium chloride disk$.and**C Nuclear
magnetic resonance spectra were measured in deuteriochlordf@®® aMHz and 75
MHz, respectively, on a Varian Gemini 300 MHz unit and were retae to internal
tetramethylsilane; coupling constani} §re reported in Hertz.
4-Methyl-4-(4-acetamidophenylthio)-2-pentanone (18)A 1-L three-necked round-
bottomed flask, equipped with an addition funnel, a reflux condenser, a ticagginebar
and an argon inlet was charged with 25.0 g (149.7 mmol) of acetamidothioghéxnol

200 mL of dry chloroform and 7.0 mL of triethylamine. Stirringswaitiated and 17.0
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mL (50.3 mmol) of freshly distilled mesityl oxid&q) was added dropwise over a period
of 15 min. The resulting grey slurry was heated to refluxnimiabath preheated to 70
°C. After refluxing for 3 h the grey slurry slowly changed iatdark brown solution.
Following this initial period, two portions of triethylamine (1.1 g, 1.b, 0.9 mmol)
and mesityl oxide (2.6 g, 3.0 mL, 26.2 mmol) were added twice at ragtdavals of 4 h
and the solution was allowed to reflux for 24 h. A TLC analysthiatpoint indicated
product formation with only a trace of starting material. Tlaetren mixture was cooled
to room temperature, filtered through Célitand concentrated under vacuum. The
resulting crude product was purified by flash chromatography on@n58-5-cm silica
gel column. Elution with 1.5 L of dichloromethane removed the unreactatyinoesde
and this was followed by 3.5 L of dichloromethane:ethyl acetatk) ¢b: elute the
product. The solvent was evaporated, and the resulting residueriedsudder high
vacuum for 4 h to give ketori8 as a viscous dark yellow liquid. The dark liquid was
placed in the freezer a0 °C where it slowly solidified into a pale yellow solid. The
solid was crushed into a fine powder and dried under high vacuum (5dn lefing
used in the next step. The final yield was 35.3 g (89%), mp 50-51i¢€ 45-49°C].

IR: 3311, 1699, 1675 ch*H NMR (CDCL): & 7.90 (br s, 1H), 7.53 (d,= 8.8 Hz, 2 H),
7.45 (d,J = 8.8 Hz, 2 H), 2.65 (s, 2 H), 2.19 (s, 3 H), 2.15 (s, 3 H), 1.36 (s, 5E);
NMR: 6 206.9, 168.6, 139.0, 138.3, 126.2, 119.6, 54.3, 47.0, 32.1, 28.0, 24.5.
2,4-Dimethyl-4-(4-acetamidophenylthio)-2-pentanol (19)A 2-L three-necked round-
bottomed flask, fitted with a mechanical stirrer, an addition fuanel an argon inlet,
was charged with a solution of 20.0 g (75.5 mmol) of ket 1 L of dry THF. As

the solution was cooled te60 °C (dry ice-acetone), 142 mL of 1.6 M methyllithium in
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ether (227.2 mmol) was transferred by cannula into a 250-mL gesbtladtition funnel.
Approximately 70 mL of the methyllithium solution was added dropvasené solution
of 3 over a period of 20 min. A white precipitate started to forter dlhe addition. After
10 min, the remaining 72 mL of the methyllithium solution was added dsepover a
period of 1 h. The reaction mixture was allowed to warm sloovhbtto—10 °C during
1 h, and maintained at5 °C (salt-ice bath) for a period of 3 h. Finally, the reaction
mixture was stirred at room temperature for 1 h. The cruddioramixture was
cautiously quenched by slow dropwise addition of 25 mL of ice watdrerithe initial
reaction subsided, an additional 175 mL of ice water was added porgotovihe
mixture. The aqueous layer was adjusted to pH 7 usi@HCI and the crude mixture
was transferred to a separatory funnel. The two phases weratedpand the aqueous
phase was further extracted with ethyl acetate (2 x 300 nilbe combined organic
layers were washed with saturated aqueous sodium chloride (1 x 20@nahldried
(magnesium sulfate). Evaporation of the solvent yielded a cwitige solid which was
purified by chromatography on a packed silica gel column (50 cmm, Biade 62, 60-
120 mesh) via elution with 7:3 of ethyl acetate:hexanes. The solasnevaporated to
give 17.3 g (82%) of alcohdl9 as a white solid, mp 140-142 °C fliyield 65%, mp
138-144 °C]. IR: 3400, 3303, 1676 ¢ntH NMR (CDCk): 8 7.68 (br s 1 H), 7.52 (s, 4
H), 3.50 (br s, 1 H), 2.19 (s, 3 H), 1.77 (s, 2 H), 1.34 (s, 6 H), 1.33 (s, BGHNMR
(CDCl): 6 168.4, 138.8, 138.1, 126.3, 119.6, 72.0, 52.0, 49.2, 32.2, 30.8, 24.6.
2,2,4,4-Tetramethyl-6-acetamidothiochroman (20) A 500-mL three-necked round-
bottomed flask, fitted with a condenser, a magnetic stir bar amttagen inlet, was

charged with 150 mL of dry benzene and 15.0 g (53.4 mmol) of the dry alt@hdlhe
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mixture was stirred for 10 min to partially dissolve the alcofi@.this mixture as added
11.4 g (85.3 mmol) of dry aluminum chloride and the mixture was dtiore5 min. The
reaction was then placed in an oil bath preheated to 70 °C and stiasngontinued for
90 min at which time TLC analysis confirmed that the reactias complete. The
reaction mixture was cooled to room temperature and added to Erlerimeyer flask
containing 200 mL of ice-cold water. The resulting white, turbidtuméxwas transferred
to a separatory funnel and extracted with ethyl acetate:€ttier2 x 200 mL). The
combined organic layers were washed with saturated aqueous sodiurdec{ilox 400
mL), dried (MgSQ) and concentrated under vacuum to give a yellow liquid. The crude
product was purified by chromatography on a packed silica gaimco40 x 4 cm,
grade 62, 60-200 mesh) and eluted with 7:3 hexanes:ethyl acegate .5 g (82%) of
20as a white solid, mp 107-109 °C {fimp 104-107 °C]. IR: 3294, 1660 ¢mfH NMR
(CDCL): 6 7.60 (br s, 1 H), 7.57 (d,= 2.2 Hz, 1 H), 7.20 (dd, = 8.2, 2.2 Hz, 1 H), 7.04
(d,J=8.2 Hz, 1 H), 2.1 (s, 3 H), 1.92 (s, 2 H), 1.39 (s, 6 H), 1.35 (s, 6>E)NMR
(CDCl): 6 168.3, 143.4, 135.1, 128.4, 128.2, 118.7, 118.2, 54.4, 42.0, 35.7, 32.4, 31.4,
24.4,

2,2,4,4-Tetramethyl-6-aminothiochroman (21) A 250-mL one-necked round-
bottomed flask, equipped with a condenser, a magnetic stir bar, ansendnd a
nitrogen inlet, was charged with 8.0 g (30.4 mmol) of andend 100 mL of 10:90
water/concentrated HCI at room temperature. The resultimg stas stirred for 10 min
and the flask was then suspended in an oil bath preheated to 100 °C. Thelbropwn
became a clear solution after 2 h and on continued heating once agameba half

white suspension. After 7 h, TLC analysis indicated the reactiegncemplete. The
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reaction was cooled to room temperature and carefully poured into 2Qf roé-cold
water. The compound was then extracted with 1:1 ethyl acetate:ether ( 2 x)150ha
combined organic layers were washed with saturated aqueous sodiubométa (1 %
200 mL) and saturated aqueous sodium chloride (1 x 250 mL), then dried MmO
concentrated under vacuum to give 6.4 g (96%) of a@lres a pale brown shiny solid,
mp 57-59 °C. [I® mp 35-65 °C; the HCI derivative @f has been prepar&dn a yield

of 91% with a mp of 165 °C; the melt then re-solidified and melt&¥at290 °C]; IR:
2863 cnt; *H NMR (CDCh): 8 9-10 (br s, 2 H), 7.47 (s, 1 H), 7.16 (m, 2 H), 1.92 (s, 2
H), 1.39 (s, 6 H), 1.37 (s, 6 HY*C NMR (CDC}): & 144.8, 133.7, 129.3, 127.8, 121.0,
120.2, 53.9, 42.3, 35.8, 32.2, 31.5.
N-(3,4-Dihydro-2,2,4,4-tetramethyl-H-1-benzothiopyran-6-yl)-N'-(4-nitrophen-
yhthiourea (7). A one-necked round-bottomed flask, equipped with a magnetic stir bar
and a nitrogen atmosphere was charged with 5.0 g (22.8 mmol) of @&hiaad
dissolved in 100 mL of dry THF. To the stirred solution was added @2.8 mmol) of
4-nitrophenylisothiocyanate and stirring was continued for 24 h. Tdetioa mixture
was then concentrated under vacuum to give a crude yellow sdiicbm@tography of
the solid on a 25-cm x 4 cm column of silica gel (grade 62, 60-200 mesh) eluted with 7:3
ethyl acetate:hexanes gave a yellow solid. The compound wdserfystrified by
recrystallization from 1:3 chloroform:pentane to give 7.9 g (95%) ad a bright yellow
solid, mp 154-155 °C [fit mp 153-155 °C]. IR: 3307, 3192 ¢m'H NMR (CDCk): &
8.37 (brs, 1 H), 8.19 (d,= 8.8 Hz, 2 H), 7.91 (br s, 1 H), 7.74 (& 9.3 Hz, 2 H), 7.33

(d,J=2.2 Hz, 1 H), 7.20 (d] = 8.2 Hz, 1 H), 7.02 (dd] = 8.2, 2.2 Hz, 1 H), 1.97 (s, 2
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H), 1.44 (s, 6 H), 1.39 (s, 6 HY*C NMR (CDCE): & 178.8, 145.0, 144.4, 143.8, 133.9,

132.1, 129.5, 124.5, 124.1, 122.9, 122.8, 53.6, 42.4, 35.8, 32.4, 31.5.
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CHAPTER VI
SYNTHESIS OF METABOLITES OF SHetA2 HETEROAROTINOID
Introduction
The development of useful drugs has often required an improvement in
hydrophilicity which increases aqueous solubility and frequently bicdébactivity as
well.! Noted Examples include certain diaryl urea multikinase inhibitgrish inhibit

tumor growth? Indeed, Sorafenib (BAY 43-9006)is a compound which was developed

Ho CH,
H /©/ I 0
HaC 0 cl ANy
o CF, I H oW

1 Sorafenib (BAY 43-9006) 2 ABT-869 (FIT-3Kinase Inhibitor)
[CAS NO: 79697-16-3]

N~NH
/

Figure 8.1. Structure of Sorafenib and ABT-86

by increasing the hydrophilicity of its precursor, which ledricreasedn vivo potency.
The ability to prolong progression free survival in recurrent kidraacer patients with
manageable toxicity led to its FDA approval. However, thectgxof Sorafenib remains
a problent Since3 has not shown any significant toxicity in the studies by NG it
predictable that the metabolites may not be toxic. The increpskdity of the

metabolites could provide a number of pharmaceutical and pharmokinetic aaghsant
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with increased aqueous solubility. Higher hydrophilicity corrslatell with reduced
lipid tissue uptake, typically resulting in higher blood or plasoracentrations available
for delivery to target tumor cells. CompouBichas shown interaction with the kinase
KIT [Ambit Biosciences Corporation, 4215 Sorrento Valley Blvd, San @i€2A] at 5

nM concentration. Recognition of the significance of ureas and tieeasafor the
inhibition of kinases is acknowledged by the American Custom Cla¢sni@orporation

[P. O. Box 910574, San Diego, CA 92191-0574] who market such agents as AB2}-869 (
above'

In view of the fact thaN-(3,4-dihydro-2,2,4,4-tetramethyk21-benzothiopyran-
6-yl)-N'-(4-nitrophenyl)thioureg3) has not displayed any toxicity in animal studies and
yet is active against breast, head-neck, kidney, ovarian and lungamas highly
possible that a metabolite elicits the biological response amat imxic> Consequently,
it is imperative that the metabolites be synthesized andnemider biological activity.
The objective of this project was to obtain major metabolitels as¢ whose structure is
illustrated below and its acetate derivatlve The second objective was to prepare a
derivative of 4, namely6, for eventual linking to a magnetic nanobead. The latter is to
be done by scientists at SoluLink Biosciences, 9853 Pacific Hdjints Suite H, San
Diego, CA 92121 under the direction of Dr. David Schwartz, Chief Scieffoger. The
attached metabolite on the magnetic bead will be submitted t0dbis M. Benbrook of
the University of Oklahoma Health Sciences Center who williusletermine which
proteins interact with the attached metabolite. The identifretem(s) will serve as

targets for the development of agents to treat certain cancers.
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Figure 8.2 Structures of heteroarotinoid metabolites

Results and Dicussion

Due to the reduced toxicity reports available on SHet®2from the National
Cancer Institute (NCI) and its ability to inhibit various cancells, we have developed
methodology to obtain the sulfur-containing heteroarotinoid metabolitbs. syintheses
of the metabolites are outlined in Figure 8.3. Based on earliek,3the core
thiochromanl0 was built using benzenethior)(and methyl-2-butenoic acid) along
with piperdine in sealed tube which was heated at 130 °C for 24 houfsrtbthe acid®
in a yield of 83%. Cyclodehydration & was accomplished by stirring it in
polyphosphoric acid at 70 °C which afforded thiochrori@n Treatment oflO with
trimethylsilyl cyanide and a catalytic amount of Zghave an unstable trimethyisilyl
cyanohydrinll. Thus,11 was converted immediately i®? by dissolving it in benzene
and refluxing the solution with triethylamine and P@CThe unsaturated nitrile2 was
converted to the saturated nitrile8 by treatment with NaBiHin refluxing ethanol.

Compound 13 was methylated at the position alpha to the cyanide group by
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deprotonation using NaH in anhydraudN-dimethylformamide, followed by the addition
of methyl iodide, to producei4 (90%). Hydrolysis of nitrilel4 occurred with 50%
H,SO, at 90 °C to yieldl5 (90%). Reduction of acid5 with LiAIH 4 gave alcoholl6
(87%). Acylation of16 with acetic anhydride in the presence of DMAP in methylene
chloride generated acetdté (98%).

The aminel9 was envisioned to be the key intermediate in the synthesis of these
metabolite20 and22. To accomplisithe goal, nitration step ol 7) was initiated. The
nitration was effected by dissolving the compound in acetic anhydiadlewed by
addition of HNGQ/Ac,0O mixture at -5 °C and stirring for 3.5 hours. The reaction mixtures
afforded a mixture of isomers along with a variety of other products as esalbyclLC
analysis. However, a complete separation of the 6-isomer was llpnitash
chromatography to afford the nitrothiochroman acefdien a modest yield of 20%.
Earlier nitrations were performed on similar molecules indgi@s high as 26%. The
acetate group in the thiochroman reduces the yield of the compound by about 7%.

A search for a clean, straightforward reduction procedure tongdish the
conversion of nitrothiochroman acetdi®to aminothiochroman acetat8 was initiated.
A previous methatlin the synthesis of the heteroarotinoid drug SHetA2 involved the use
of Fe/AcOH/EtOH which afforded a yield of 45%. To overcome tladlpm, compound
18 was refluxed in glacial acetic acid, Fe powder (3 eq) wlded under hot conditions
and continued stirring at reflux for 30 minutes afford€dlin a yield of 95%. By
avoiding the use of EtOH and by avoiding overheating, the yield of dhpaund is
increased by 50% over that reported 48%-urthemore, acetat® could be hydrolyzed

with 10% NaOH to give the aminothiochroman alco®®(94%). The advantage of the
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procedure was that, after neutralization of the reaction mixtute &M HCI, 20 was

obtained pure and was formed in high yield.

o)
©\ + HO piperdine O\ PPA
SH | sealed tube, 130 oc 70 °C
7 8 9 (83%)
O TMSO_ CN CN
C(“j< TMSCN ©fj< POCI;, pyridine Cﬁ}
S Cat. Znl, S benzene S
10 (80%) 11 (~100%) 12 (82%)
_ NaBH, _ ©\)j< 1. NaH, DMF 50% aq.H,SO,
T EOH 2. CHal
13 (92%) 14(90%
C02 OAc
Cﬁ} L|AIH4 Q%i A0
DMAP S
CH,Cl,
15 (90%) 16 (87%) 17 (98%)
OAc OAc
HNO3 02N Fe H2N
_— o
Ac,0 HOAc, 115°C
S S
18 (20%) 19 (95%)

Figure 8.3.Synthentic scheme for SHetA2 arotinoid metabolites contd...
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|1 0% aq. NaOH 4 (88%)
OH HoH OH
H,N OZNONCS \n/
s O,N S
20 (94%) 5 (82%)

Figure 8.3. Synthentic scheme for SHetA2 arotinoid metabolites

Generation of the desired heteroarotinoid metabélaed its acetate derivatie
was accomplished by coupling of 4-nitrophenylisothiocyanate withetbgective amines
20 and19to give the corresponding thiourea derivatideend5 (Scheme 1). The crude
products were crystallized from chloroform:pentane (1:3) to a#qi@P%) ands (88%)
in good yields.

Conclusion

We have developed a new route for the sytheses of the SHetA@anetaoid
metabolites using a 15 step sequence. Except for the nitsétjorall other steps in this
synthesis are high yielding. In view of the importance of the A&Mast a effective drug
against kidney and ovarian cancer cells, the metabolites mighpralge active against
these cancer cells. Testing of these metabolites againstisvarther cancer cells will

also be carried out.
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Experimental Section

All reactions were run under dry nitrogen (unless otherwisedstateoven-dried
glassware. Tetrahydrofuran (THF) was dried over potassiyadnokide pellets and
distilled from lithium aluminium hydride. Anhydrous,N-dimethylformamide (DMF)
was purchased commercially and transferred by syringeeattdions where it was used.
All other commercial reagents and solvents were used as récefvelutions of HCI,
NaOH, NH,CI, NaHCQ and NaCl used in work-up procedures were all aqueous.

Evaporation of solvents was accomplished vacuo via the use of a Buchi

Rotovapof R-3000 and a Brinkman B-169 water aspirator unless otherwise sgecifi
For those intermediates and final compounds which required dryingdsiece using a
Welch® Chemstal™ 1402N vacuum pump. For those intermediates and compounds that
were solids and required purification, in addition to recrystalbpatiflash column
chromatography was used. Chromatography was performed on siligacgeng (grade
62, 60-200 mesh). Reactions were monitored by thin layer chromatggrasilica gel
GF plates (Analtech No. 21521) using ultraviolet detection. Prepaisgparations were
performed by flash column chromatography on silica gel (gradé200 mesh) mixed
with ultraviolet-active phosphor (Sorbent Technologies UV-5); band oelutvas
monitored using a hand-held ultraviolet lamp. Elemental analyses pegformed by
Atlantic Microlab, Inc., Norcross, GA 30091.

Melting points were taken on a MelTemp purchased from Laboratoryc&evi
Cambridge, MA 02139 and were uncorrected. Infrared spectra wene ¢aka Varian
800 FT-IR (Scimitar series) run as thin films on sodium chloridkesdi Unless otherwise

indicated,"H and**C NMR spectra were measured in Cp&t 300 MHz and 75 MHz,
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respectively, on a Varian Gemini 300 MHz unit and were referencedhtérnal
tetramethylsilane; coupling constani} §re reported in Hz.
3-(Phenylthio)-3-methylbutanoic Acid (9) The procedure of Comasseto and coworkers
was modified. A 200-mL pressure tube reactor was charged with 30.0g (0.30fr®)
methyl-2-butenoic aci® along with 27.0 g (0.32 mol, 1.5 eq) of piperidine and 33.0 g
(0.30 mol) of thiophenof. The pressure tube wt®en sealed and heated at 130 °C in a
oil bath (silicone oil) for 24 h. The resulting mixture dark brownktiguid was cooled

to room temperature and diluted with 1 L of ether. The ether lagemwashed with M

HCl (3 x 200 mL), water (1 x 200 mL) and saturated NaCl (1 x 20) then dried
(N&SOy, 15 min) and concentrated under vacuum to give a pale yellow solid. The
compound was further purified by recrystallization from benzene andlgen ether
(1:3) to give 52.3 g (83%) of acRlas an off-white solid, mp 70-72 °C {linp 69-71 °C

]. IR: 3700-2350, 1707 ¢m *H NMR: & 10-11 (br s, 1 H), 7.57 (dd,= 7.7, 1.6 Hz, 2
H), 7.36 (m, 3 H), 2.56 (s, 2 H), 1.41 (s, 6 FC NMR: 5 177.0, 137.7, 131.1, 129.2,
128.7, 46.7, 46.4, 28.4.

2,2-Dimethylthiochroman-4-one (10) A 1000-mL three-necked round-bottomed flask,
fitted with a mechanical stirrer, a condenser and a nitroget) wdes charged with 400
mL of polyphosphoric acid and the acid was heated for 20 minutes to 0€iriifan oll
bath. To the stirred polyphosphoric acid was added 50 g (0.24 ntbwelr a period of

5 minutes, and the resulting dark mixture was stirred &C7@r 45 min. TLC analysis
was performed after 45 minutes confirmed that the reaction wamplete. [Note:
Higher temperature or prolonged stirring in polyphosphoric acid led tmaeased

number of impurities]. The reaction mixture was cooled € Qusing an ice bath and
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was carefully added into ice-cold water (1 LEfautiol This process is extremely
exothermic.]. The resulting solution was extracted with ethex 690 mL), and the
combined organic layers were washed with MaOH (1 x 200 mL) and saturated NacCl
(2 x 200 mL), then dried (MgS£020 min) and concentrated under vacuum to afford a
white solid. The compound was recrystallized from ethyl acetatk petroleum ether
(1:3) to give 36.5 g (80%) of ketorl® as awhite solid, mp 67-68C [lit' mp 66-68 °C ].
IR: 1686 cm'; *H NMR: 6 8.10 (ddJ = 7.7, 1.1 Hz, 1 H), 7.39 (td,= 8.0, 1.6 Hz, 1 H),
7.22 (dJ=7.7 Hz, 1 H), 7.16 (td] = 7.7, 1.1 Hz, 1 H), 2.87 (s, 2 H), 1.47 (s, 6 K}
NMR: 6 194.8, 141.3, 133.6, 129.6, 128.6, 127.5, 124.6, 53.8, 44.6, 28.5.
2,2-Dimethyl-2H-thiochromene-4-carbonitrile (12) The general procedure Johnson
and coworkerswas used. A 250-mL one-necked round-bottomed flask, equipped with a
magnetic stirrer, a condenser and a nitrogen inlet, was chaige 32.0 g (0.17 mol) of
ketonelO, along with 19.8 g (25 mL, 0.20 mol, 1.2 eq) of trimethylsilyl cyaradd 40
mg of anhydrous zinc iodide. The resulting reaction mixture wasdtat room
temperature for 24 h under nitrogen at which time TLC analysisatetl the reaction
was complete. Trimethylsilyl cyanohydrii was unstable to purification and was used
directly in the next step. Spectral data for the crude produet We: 2210 (weak) cih
'H NMR: §7.70 (dd, J = 7.7, 1.6 Hz, 1 H), 7.28-7.10 (complex, 3 H), 2.53 (d, J = 14.0
Hz, 1 H), 2.47 (d, J = 14.0 Hz, 1 H), 1.54 (s, 3 H), 1.49 (s, 3 H), 0.22 (s,".CH}{MR:
133.4, 132.0, 129.5, 129.3, 127.8, 125.3, 121.6, 69.9, 51.5, 41.4, 31.3, 31.0, 1.2.

In a 500-mL, three-necked, round-bottomed flask, fitted with a magsttier, a
reflux condenser, an addition funnel and a drying tube was placed cime¢hyisilyl

cyanohydrinll dissolved in 200 mL of benzene containing 10 mL of pyridine. Then
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33.5 g (20 mL, 0.22 mol) of phosphorus oxychloride was cautiously added droptise wi
stirring. The reaction mixture was refluxed for 4 h at whioketiTLC analysis indicated
the reaction was complete. The reaction mixture was cargfallyed into 500 g of ice
and extracted with ether (3 x 300 mL). The organic layer wasedasith water (1 x
200 mL) and saturated NaCl (1 x 150 mL), then dried (Mg3Q® min) and concentrated
under vacuum. The crude product was further purified by flash chromatography on a 55 x
5 cm silica gel column using increasing concentrations of ¢#ér 10%, 15%, 25%,
30%] in hexanes to give 27.5 g (82%) of unsaturated nitAikes a white solid, mp 62-63
°C. IR: 2224 cnrit; *H NMR: 8 7.59 (dd, J = 6.0, 2.7 Hz, 1 H), 7.36-7.18 (complex, 3 H),
6.56 (s, 1 H), 1.46 (s, 6 H)*C NMR: § 146.8, 131.6, 129.7, 127.8, 126.9, 126.7, 126.0,
117.1, 113.5, 40.9, 28.2.

2,2-Dimethylthiochroman-4-carbonitrile  (13). Exactly 24.0 g (0.12 mol) of
unsaturated nitrild 2, dissolved in dry ethanol (150 mL), was placed in a 500-mL three-
necked round-bottomed flask, fitted with magnetic stirring, a reflomdenser and a
nitrogen inlet. The reaction mixture was heated for 10 min tct#olution. To the
warm solution 2.25 g (0.06 mol) of sodium borohydride was slowly added afl sm
portions, and refluxing was continued for 45 min. The reaction mixtureewegsorated
under vacuum and purified by flash chromatography on a 25-cm x 4-cm silicalgain
using ether:hexanes (1:1) to give 22.3 g (92%) of saturated @Brde a white solid, mp
62-63°C. IR: 2243 crit; 'H NMR: 6 7.51 (d,J = 7.1 Hz, 1 H), 7.24-7.10 (complex, 3 H),
412 (ddJ=11.0, 5.2 Hz, 1 H), 2.35 (dd,= 13.7, 5.2 Hz, 1 H), 2.21 (dd~= 13.7, 11.0

Hz, 1 H), 1.47 (s, 3 H), 1.44 (s, 3 HC NMR: & 133.5, 128.6, 128.4, 127.7, 126.4,

125.1, 120.7, 41.9, 41.7, 30.9, 29.9, 29.4.
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2,2,4-Trimethylthiochroman-4-carbonitrile (14). A 500-mL three-necked round-
bottomed flask, equipped with magnetic stirring, a reflux condemskaanitrogen inlet,
was charged with 5.19 g of NaH (60% mineral oil suspension). The safidwashed
with hexane (3 x 50 mL) to remove the mineral oil, and the ren@idill g (0.13 mol)
of NaH was suspended in 50 mL of dry DMF. The resulting suspensisichilled to 0
°C (ice bath), and 22.0 g (0.11 mol) of nitril®, in dry DMF (50 mL) was added
dropwise (10 min). The ice bath was removed, and the resulting davk Ionixture was
stirred at room temperature for 30 min. To the stirred soluticnadded dropwise 16.9
g (7.4 mL, 0.12 mol) of methyl iodide over a period of 15 min. The resutte white
reaction mixture was stirred for an additional 30 min, and was then cargialhched by
addition of 25 mL of saturated NBI. The mixture was extracted with ether (3 x 200
mL). The combined organic layers were washed with saturated NaCl (1 x 200rratl)
(MgSQ,, 10 min) and concentrated under vacuum to give 21.1 g (90%3 a$ a pale
yellow solid, mp 64-65C. IR: 2231 crit; 'H NMR: § 7.56 (m, 1 H), 7.20-7.14 (complex,
3 H), 2.52 (dJ = 14.5 Hz, 1 H), 2.14 (d] = 14.5 Hz, 1 H), 1.80 (s, 3 H), 1.59 (s, 3 H),
1.44 (s, 3 H);13C NMR: & 132.8, 131.7, 128.7, 128.5, 128.2, 125.6, 124.5, 51.3, 41.4,
34.8, 30.8, 30.6, 28.2.

2,2,4-Trimethylthiochroman-4-carboxylic acid (15) A 500-mL one-necked round-
bottomed flask, equipped with magnetic stirring, a reflux condemskaanitrogen inlet,
was charged with 20.0 g (0.09 mol) of nitrild, along with 200 mL of 50% aqueous
H,SO,. The solution was heated at 100 °C and, after approximately 60esjiribe
reaction mixture turned from a turbid solution to a completelyr delution. Heating

was continued for an additional 60 minutes during which time thatioeamixture once
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again became a turbid suspension. TLC analysis indicates thatedbgon was
complete. The reaction mixture was then cooled to room temperatuvly, goured into

a 600-mL beaker containing 250 g of ice and extracted with ethdrastbtate (1:1, 3 x
200 mL). The combined organic layers were washed with water {60xmL) and
saturated NaCl (1 x 200 mL), then dried (MgSQ@0 min) and concentrated under
vacuum to give 19.5 g (90%) @b as a pale yellow solid, mp 136-137 °C. The solid was
spectroscopically pure and was used in the next step without addpioifecation. IR:
3680-2360, 1699 cth *H NMR: 5 10.29 (br s, 1 H), 7.41 (m, 1 H), 7.22-7.14 (complex,
3 H), 2.82 (dJ = 14.3 Hz, 1 H), 1.81 (dl = 14.3 Hz, 1 H), 1.66 (s, 3 H), 1.43 (s, 3 H),
1.31 (s, 3 H);®*C NMR: & 183.2, 136.6, 134.2, 128.7, 128.4, 127.3, 125.2, 50.5, 47.4,
42.6, 32.6, 29.4, 27.8.

(2,2,4-Trimethylthiochroman-4-yl)methanol (16) A 500-mL three-necked round-
bottomed flask, fitted with magnetic stirring, a reflux condeasetl a nitrogen inlet, was
charged with 18.0 g (0.08 mol) of aci8 along with 150 mL of dry THF and the mixture
was stirred at room temperature to dissolve the acid. To thkimgssolution, 5.78 ¢
(0.15 mol, 2 eq) of lithium aluminium hydride was slowly added in spafions with
stirring, and the reaction was allowed to stir for 4 GaJtion Frothing is a problem if
the added portions of lithium aluminium hydride are too large]. Hselting gray
suspension was slowly quenched with 20 mL of 10% sodium hydroxide solution. The
reaction mixture turned into a turbid white solution, which slowly bera white
precipitate. The solid was removed by filtration through Celdaed the filtrate was
concentrated under vacuum. The crude product was purified by flaghatbgraphy on

a 20-cm x 4-cm silica gel column using 40% ethyl acetathexanes to give 14.7 g
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(87%) of 16 as a pale yellow oil. IR: 3378 ém'H NMR: § 7.36 (m, 1 H), 7.16-7.08
(complex, 3 H), 3.60 (d] = 10.8 Hz, 1 H), 3.56 (d, J = 10.8 Hz, 1 H), 2.38)(¢}, 14.0

Hz, 1 H), 1.78 (dJ = 14.0 Hz, 1 H), 1.43 (s, 3 H), 1.41 (s, 3 H), 1.40 (s, 3 H), 1.40 (br s,
1 H); ®C NMR: § 138.2, 134.6, 128.6, 127.2, 126.5, 125.1, 72.0, 49.3, 41.8, 40.7, 31.3,
30.6, 27.2.

(2,2,4-Trimethylthiochroman-4-yl)methyl acetate (17) A 250-mL one-necked round-
bottomed flask was charged with 14.0 g (0.06 mol) of alctBoalong with 7.7 g (0.06
mol) of 4-dimethylaminopyridine dissolved in 100 mL of dichloromethahbken 7.0 g
(6.5 mL, 0.07 mol) of acetic anhydride dissolved in 5 mL of dichloromethvaiseadded
slowly to the solution over a period of 5 min at room temperaturerddmion mixture
was stirred at room temperature for 3 h at which time TLCyarsatonfirmed that the
reaction was completel. The reaction mixture was diluted waialiomethane (1 x 100
mL) and washed with ®1 HCI (1 x 150 mL), water (1 x 200 mL) and saturated NaCl (1
x 175 mL) then dried (MgS£ 10 min) and concentrated under vacuum to give 16.3 g
(98%) of 17 as a dark yellow oil. IR: 1742 ¢m*H NMR: § 7.35 (m, 1 H), 7.17-7.07
(complex, 3 H), 4.18 (d) = 11.0 Hz, 1 H), 4.14 (d, J = 11.0 Hz, 1 H), 2.23Xd, 14.3

Hz, 1 H), 2.03 (s, 3 H), 1.86 (d,= 14.3 Hz, 1 H), 1.42 (2's, 6 H), 1.41 (s, 3 K¢
NMR: 6 171.0, 138.0, 133.9, 128.5, 127.2, 126.7, 125.1, 71.9, 49.6, 41.6, 38.9, 31.3,
31.2, 27.3, 20.9.

(2,2,4-Trimethyl-6-nitrochroman-4-yl)methyl acetate (18) A 250-mL three-necked
round-bottomed flask, equipped with magnetic stirring, an addition famtkeh nitrogen
inlet was charged with 10.0 g (0.04 mol) of acethfedissolved in 25 mL of freshly

distilled acetic anhydride. The solution was cooled-%0°C (ice/salt bath) and a cold
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solution of 3.4 mL of concentrated nitric acid in 8.1 mL of acetic dntlg was added
drop-wise over 10 min. The reaction was stirredafC for 90 min, then diluted with
250 mL of ether and washed with saturated Nagl(QOx 100 mL). The NaHC{wash
was back extracted with 50 mL of dichloromethane, and the combinediotggers
were washed with water (1 x 150 mL) and saturated NaCl (1 x 1QOthebh dried
(MgSQy, 10 min) and concentrated under vacuum. The crude product was purified by
flash chromatography on a 40-cm x 2-cm silica gel column usingeasing
concentrations of ethyl acetate [5%, 10%, 25%, 50%] in hexanes to gige(2080) of
18as a viscous yellow oil. IR: 1743, 1516, 1340%cid NMR: § 8.29 (d,J = 2.2 Hz, 1
H), 7.95 (ddJ = 8.2, 2.2 Hz, 1 H), 7.28 (d,= 8.2 Hz, 1 H), 4.20 (d] = 11.0 Hz, 1 H),
4.11 (d, J = 11.0 Hz, 1 H), 2.23 @z 14.3 Hz, 1 H), 2.05 (s, 3 H), 1.92 (= 14.3 Hz,

1 H), 1.52 (s, 3 H), 1.47 (s, 3 H), 1.44 (s, 3 Hg NMR: § 170.7, 145.1, 144.1, 138.9,
128.6, 122.8, 121.6, 71.3, 48.9, 42.6, 39.1, 31.3, 31.2, 27.3, 20.8.
(6-Amino-2,2,4-trimethylthiochroman-4-yl)methyl acetate (19) The procedure of
Bunce and co-workers was udedin a 25-mL three-necked round-bottomed flask,
equipped with magnetic stirring, a reflux condenser and a nitrogetn Wwas placed a
mixture of 0.50 g (1.62 mmol) of nitro acetd® 8 mL of acetic acid, acetic acid (8 mL)
and 0.27 g (4.85 mmol, 3 eq) of iron powder (>100 mesh) which was addedeftaer
and stirred at 115 °C (oil bath) until TLC analysis indicated cetaptonsumption of
starting materialqa 15 min). The crude reaction was cooled, transferred to a sayara
funnel containing 50 mL of water and extracted with ether (3 x 2b nibhe combined
ether layers were washed with water (1 x 50 mL), saturagtiOD; (3 x 100 mL) and

saturated NaCl (1 x 75 mL) then dried (Mg$@nd concentrated under vacuum to give
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0.43 g (95%) ofl9 as pale brown liquid. IR: 3451, 3365, 3224, 1734'ctil NMR: §

6.97 (d,J = 8.2 Hz, 1 H), 6.73 (d] = 2.2 Hz, 1 H), 6.51 (dd] = 8.2, 2.2 Hz, 1 H), 4.19
(d,J=11.0 Hz, 1 H), 4.14 (d, J = 11.0 Hz, 1 H), 3.61 (br s, 2 H), 2.19%d,4.3 Hz, 1

H), 2.06 (s, 3 H), 1.80 (d,= 14.3 Hz, 1 H), 1.39 (s, 3 H), 1.38 (s, 3 H), 1.37 (s, 3i8);
NMR: 6 171.1, 144.1, 139.4, 129.6, 122.2, 114.4, 114.2, 71.8, 49.8, 41.6, 39.1, 31.1,
29.6, 27.1, 20.9.

(6-Amino-2,2,4-trimethylthiochroman-4-yl)methanol (20) A 25-mL three-necked
round-bottomed flask, equipped with magnetic stirring, a reflux coedemsl a nitrogen
inlet, was charged with 150 mg (0.54 mol) of amino acét@talong with 2 mL of 10%
NaOH. The flask was suspended in an oil bath at 90 °C for 30 mier Fftminutes,
TLC analysis indicated the reaction was complete. The ogantixture was cooled to
room temperature, adjusted to pH 9 witMIHCI and extracted with ether (2 x 25 mL).
The combined ether layers were washed with water (1 x 25amd ysaturated NaCl (1 x
25 mL), then dried (MgS£ 10 min) and concentrated under vacuum to give 120 mg
(94%) of20 as a viscous brown oil. IR: 3344 ¢ptH NMR: § 6.96 (d,J = 8.2 Hz, 1 H),
6.73 (d,J = 2.2 Hz, 1 H), 6.49 (dd] = 8.2, 2.2 Hz, 1 H), 3.60 (d,= 11.0 Hz, 1 H), 3.55

(d, J = 11.0 Hz, 1 H), 2.90 (br s, 2 H), 2.30J¢& 14.3 Hz, 1 H), 1.72 (d] = 14.3 Hz, 1

H), 1.39 (s, 3 H), 1.36 (s, 3 H), 1.34 (s, 3 H) 1.25 (br s, 1¥@)NMR: § 144.0, 139.7,

129.7,123.1, 114.4, 114.3, 71.9, 49.9, 41.8, 41.0, 31.2, 30.4, 27.1.

General Procedure for Preparation of the Thiourea. N-[3,4-Dihydro-(4-
methylacetate)2,2,4-trimethyl-2H-1-benzothiopyran-6-yl]-N’-(4-nitrophenyl)
thiourea (4). The general procedure of Berlin and coworkeras used. A 25-mL

one-necked round-bottomed flask, equipped with magnetic stirringddiion funnel
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and a nitrogen inlet, was charged with a solution 79 mg (0.28 mmol)inb atetatel 9

in 3 mL of dry THF, and the flask was cooled to 0 °C (ice bath).thisBowas added a
solution of 54 mg (0.30 mmol) of 4-nitrophenylisothiocyanate in 3 mL ofTdtlf over 5
min. After the addition, the reaction mixture was allowed to w@rmoom temperature
and stirring was continued for 24 h. The solvent was evaporated amdstiee was
purified using flash chromatography on a 10-cm x 2-cm silica gelhuolusing 70%
ether in hexanes to givd as pale yellow solid. The yellow solid was further
recrystallized using dichloromethane:pentane (1:3) to give 114 mg (88%@&sad yellow
solid, mp 155-156 °C. IR: 3291, 1727 tmH NMR: § 8.35 (br s, 1 H), 8.20 (d,= 9.0

Hz, 2 H), 7.95 (br s, 1 H), 7.83 (@= 9.0 Hz, 2 H), 7.41 (dl = 2.2 Hz, 1 H), 7.18 (d] =

8.2 Hz, 1 H), 6.99 (dd] = 8.2, 2.2 Hz, 1 H), 4.53 (d,= 11.0 Hz, 1 H), 3.74 (d = 11.0

Hz, 1 H), 2.48 (dJ) = 14.3 Hz, 1 H), 1.87 (s, 3 H), 1.86 (U= 14.3 Hz, 1 H), 1.45 (s, 6
H), 1.40 (s, 3 H);*C NMR: § 179.6, 170.9, 144.6, 144.5, 139.3, 135.4, 132.2, 129.7,
126.0, 124.2, 124.1, 123.9, 72.6, 49.5, 42.1, 39.9, 30.9, 29.5, 27.3 A2@BCalcd. for
CooH2sN304S,: C, 57.49; H, 5.48; N, 9.14; S, 13.95. Found: C, 57.63; H, 5.48; N, 9.09;
S, 13.83.
N-[3,4-Dihydro-(4-hydroxymethyl)2,2,4-trimethyl-2H-1-benzothiopyran-6-yl]-N’-(4-
nitrophenyl)thiourea (5). This compound (97 mg, 82%) was prepared as above from 66
mg (0.28 mmol) of20 and 54 mg (0.30 mmol) of 4-nitrophenylisothiocyanate. The
product was purified by recrystallization from methanol, mp 154-155RC3435 cn;

'H NMR (CDsOD): 6 8.24 (d,J = 9.0 Hz, 2 H), 7.83 (d] = 9.0 Hz, 2 H), 7.56 (d] = 2.2

Hz, 1 H), 7.18 (ddJ = 8.2, 2.2 Hz, 1 H), 7.13 (d,= 8.2 Hz, 1 H)3.63 (d,J = 11.0 Hz, 1

H), 3.57 (d, J = 11.0 Hz, 1 H), 2.36 (b= 14.3 Hz, 1 H), 1.82 (d = 14.3 Hz, 1 H), 1.44
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(s, 3 H), 1.40 (s, 6 H), the 2 NH and 1 OH were exchangédYMR (CD;OD): 5 181.5,

147.2, 144.9, 141.5, 136.8, 133.2, 129.7, 125.3, 125.2, 123.7, 123.6, 72.2, 50.2, 42.9,

42.0, 31.6, 31.1, 27.7Anal. Calcd for GoH23N30sS,: C, 57.53; H, 5.55; N, 10.06; S,

15.36. Found C, 57.45; H, 5.52; N, 10.05; S, 15.23.
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