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GENERAL INTRODUCTION

Organic chemistry is the most important branch of chemistrit asrves many
aspects of human life. Organic chemistry is all around us, invotvedin day-to-day life,
like the drugs we take, the clothes we wear, the fuelptiogitels our car, the food we eat, the
digestive process, wood, paper, plastics and paints. As the involvehweganic chemistry
in our life increases, the need for the development of new synthetitods for biologically
active molecules also increases. In the age of green chemigtnythe increased concern
about our fragile environment, the development of more efficient awdoamentally
friendly procedures for valuable synthetic targets is needechtis¢. This has become the
main purpose of organic chemistry. The development of synthetic ggthvr some

biologically active compounds is explored in this thesis.

Chapter one describes the total synthesis of littorachalconeradhalcone shows a
significant enhancement of nerve growth factor-mediated neuriggosuth from PC12D
cells. Compounds which possess this activity may be useful ineienent of neurological
disorders, such as Parkinson’s disease, Huntington’s disease, amyotab@tat sclerosis
and human immune deficiency virus associated dementia. This wiasthetal synthesis of
littorachalcone. This method is straightforward and operationatyenient so that it can be

easily scaled up and applied for the preparation of littorachalcone and maatpdunds.

Chapter two outlines a synthetic approach towards topopyrone-D. TopegyA, B,
C and D show inhibitory action against human topoisomerase. Hence, thdybeaused as
anticancer agents. Topopyrones also showed antibacterial andaamgnaperties making
them important synthetic targets. Metal-hydrogen exchange atal-inaédogen exchange

reactions were studied as key steps.

Chapter three describes an approach towards the synthegisaofine. It is found in
madder, which is one of the most important natural dyes known o Rubianine is a C-
glycoside which makes it a structurally unique and very importamhsiic target and its
total synthesis has not been reported in the literature. Ichiaister, various reactions were

studied to make the C-glycoside bond to the anthraquinone moiety in an efficient.manner
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Chapter four describes a flexible synthesis for indoles. Indotegrasent in many
natural compounds and many of them have interesting biological wctihe effect of

different substituents at tletho-position of the starting aniline compound was studied.

In this thesis, all the chapters are treated as sepsgetiens. The numbering of the
compounds, schemes and references are therefore listed independently icteath se
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CHAPTER 1
Synthesis of littorachalcone and related diphenyltbers

Introduction

During the course of their investigations of neuritogenicalliwactubstances from
medicinal plants, Ohizumi and coworkers isolated a new dimeric wmiblgdlcone,
littorachalcone 1) from the aerial parts oV. littoralis H. B. K. along with several
flavonoids® A related compound, verbenachalcoRe Was discovered by Li in 2061Both
of these compounds show significant enhancement of nerve growth faxd@ated neurite
outgrowth from PC12D cells. Compounds which possess this activityomasgeful in the
treatment of neurological disorders, such as Parkinson's diseaséindtiums disease,
amyotrophic lateral sclerosis and human immune deficiency visgsiased dementiaThe

activities of littorachalcone and verbenachalcone were comparable.

X OH
ROSUSASSUeH
OH O O OH

Figure 1

1 Littorachalcone : X = H
2 Verbenachalcone : X = OMe

The first syntheses of littorachalcone and verbenachalcone deseribed by
Nishiyama and coworkersln their synthesis, as shown in Scheme 1, diaryl etheas an
important precursor. It was synthesized through stepwise halogenafiés moderate
yields. Diaryl ethed was converted t&a in a 62% yield by anodic oxidation along with
other by-products5b and5c). The diaryl compounda was reduced with zinc to givé@
Then the hydroxyl group of compousdwas protected with a MOM group and the acetyl
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groups were hydrolyzed and protected with TBS groups through astegeequence. The
bromo substituent of compoudwvas converted to the methoxy group of compotad a
64% vyield and the by-producb.

Compound 7a was taken further for the synthesis of verbenachalcone.
Littorachalcone was synthesized frafi. First,7b was converted té1, which on treatment
with lithiated 13 provided the protected form of the title compound, which was then
deprotected to give littorachalcone. Thus, the synthesis wasvadhin ten steps with very
poor vyields. Actually this synthesis was intended only for verbenammal and
littorachalcone was synthesized as a side product.

Scheme 1
Cl
/©/\/\ OAc a OAc
JEERA— . b
HO 64% Ho 62%
3 Br
4

OAc OMe OMe MeO OAc

Cl OAc OAc

+ n _° o

o) 70%

I 1 Br Cl Br cl
0 OH
5a 5h 5c
OAc OTBS

OAc OTBS

Cl d Cl

O Cl O Cl
Br OH R OMOM

6 7a, R = OMe, 64%

7b,R=H, 14%

Reagents and conditions: (a) & then Pyr.HB§CHCl-Pyr. (b) Constant current
electrolysis at 10 mA5a and a mixture obb and 5c. (c) Zn, AcOH. (d) i- MOMCI,
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Diisopropylethylamine; ii- KCOs/MeOH; iii- TBSCI, Imidazole/DMF; iv- n-Buli,
B(OMe);, then NaOH, 30% $D..

Scheme 2
OTBS OTBS
Cl
OMOM
o < 86% Li
OMOM OMOM
MOMO
a X=Cl c(82%)|— R =CHO 13
a (92%) _ .
—»>8 X=H 10 R = COOH
d(60%) |: 11 R = CON(Me)OMe
OMOM
MOMO OMOM f
O ¢ !
88%
MOMO OMOM

12 (64%)

Reagents: (a) Pd-C, HGRH4/EtOH. (b) i. TBAF; ii. EtN, S&-Pyr, DMSO. (c) PDC/DMF.
(d) E&N, 1-hydroxybenzotriazole, 1-(3-dimethylaminopropyl)-3-ethytodiimide,
(MeO)MeNH.HCI/CHCl,. (e)n-BuLi, 13THF. (f) TSOH/MeOH.

Results and Discussion

When the total synthesis of littorachalcone was initiated, thasenwe direct synthesis
reported in the literature, even though it showed similar actiwityerbenachacone. Our first
plan for the synthesis of littorachalcone is shown in Scheme &ldbide16 was reacted
with two equivalents of the protected 2,4-dihydroxyacetopheddne generate the target
compound. The dialdehyd&6 could be generated by benzylic oxidation of hydroxytolyl

ether17, which in turn could be generated from commercially availpbla-tolyl ether18
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by partial hydroxylation. Our route is significantly moreagght forward and operationally
convenient than that of Nishiyama, because we started from aemattyeavailablepara-
tolyl ether, thus avoiding the protection and deprotection steps aegc@sshe Nishiyama

diaryl ether synthesis.

Scheme 3
OH OH
HO 6} OH 0
O O — OY©/ 0
OH O O OH H H
1

oM — OO

17 18

Ether18 was hydroxylated by taking advantage of the selective nietalaf diaryl
ethers developed initially by Gilman and coworkeTseatment ofL8 with n-butyl lithium at
0 °C, followed by the addition of trimethyl borate afforded a borawmid ester. Subsequent
hydrogen peroxide-mediated oxidation of the aryl boronic acid esterdeb¥i in 82%
yield. Protection of the alcohol with TBSCI and imidazole proviti¢th 96% yield.

Scheme 4
1. n-Bul.i OTBS
TBSCI
SEpeE @ = U
96%
82%
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Benzylic oxidation of compount9 to a dialdehyd@1 was attempted through a two-
step reaction sequence as shown in Scheme 5. The conversi®niamflibromo ethel0
proceeded smoothly under the standard conditions of free radical btommh&iowever,
this compound was unstable during work-up or on storage. Attemptetgtioii resulted in
decomposition. Hence, the conversion of dibromo ether to dialdéllydas tried with the
unpurified material. Attempts to convert the unpurified dibron@dé¢o dialdehyde?1 using
either tetraalkylammonium chromate or N-methylmorpholine oxiderdd¢d a mixture of
mono and dialdehydes along with unidentified polar by-products.

Scheme 5
B OTBS
OTBS OTBS Different 0
o] AIBN, NBS o Methods @/
s N
/©/ CCls  Br Br " ome CHO
19 20 21

Since the dibromo ethe20 was obtained with significant purity in solution, attempts
to use it in solution were tried. The freshly prepared dibromo 2hier carbon tetrachloride
was added to two equivalents of the enolate anion of comp®binathich was prepared

separately. This resulted in decompositio2@f

Scheme 6
OoTBS
\H/Q/ \‘/@/ \/©/ \©\/ THF __ ", Complex Mixture
O OMe OLi OMe in CCl,
25 20
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Since the treatment with enolates led to decomposition, the dibr@@idas then

treated with acetylide ion as this would be a softer ion. HoweWwes, dlso led to

decomposition.

The formation of the alkyne compound is shown in Scheme

Dimethoxybenzeng6 was partially iodinatetto give compoun@7, which was converted to

TMS protected alkyn@8 by a Sonagashira reactioand this was then deproteciad give

alkyne29.
Scheme 7
~o
H,SO,, KI
30% H,0,
—_—
0 100%
| 26

BuL| /@/

0 =—TMS
/@/' cat. Pd(PPhg),Cl, _ TBAF &
o cat. Cul, 92% 6%
|

29

OTBS

W L

in CC|4

Complex Mixture

Since the dibromid20was unstable, it was thought that the tetrabromo comp8&2nd

could be more stable and could be oxidized to the dialdebyd€he tetrabromid&2 was

prepared by the usual free radical bromination reaction by @&sicgss NBS. However, it

was found that this also was not stable on concentration or storagati@h of the

unpurified tetrabromid@2 was attempted with silver nitrdteHowever, this resulted in an

inseparable mixture.

Scheme 8

OTBS
AIBN, NBS

Jonet——

19

OTBS

OTBS
AgNo3 0
EtOH
OHC CHO

21
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Since many attempts to convert compod®do dibromo or tetrabromo compounds
and then subsequent oxidation to dialdhgddailed, it was thought that the instability of the
dibromo compound could be because the aromatic rings have high electroy. demsit
electronic density could be reduced by changing the protecting fimupl BS to a pivalate
group as shown in ScherBeHowever, when the pivalate-protected hydrpxplyl ether33

was converted to dibromo compound, it was also unstable on concentration or storage.

Scheme 9
o OH  Mesccoc OPiv OPiv
, 90% ccl, /N Br Br
17 33

Instead of going through the bromination and then oxidation, benzylic @ndaas
tried to convert diphenyl eth@3 to the dialdehyd&4 with ceric ammonium nitrat¥. This
worked nicely to give4 in good yields.

Scheme 10

OPiv OPiv

0) Ceric ammonium nitrate 0
/©/ aq. CH;COOH, 63% O O
H

33 H 34

The Coupling of dialdehyd84 with two equivalents of alkyn29 gave the dialkyne
35. ' However, the isomerization of compou8 under acidic or basic conditions did not

produce the enorzt.
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Scheme 11
OPiv
AN (0]
@ P o P Li
/@// BuLi /@/ L 0 o)
—_—
THF
o o H H
I 29 | 34
THF,0°C | 72%
PivO
35
PTSA KOH, Toluene,
R.T. Reflux
OMe O O OMe
O N O
MeO (@] OMe
OPiv
36

The aldol reaction of dialdehyd2! with two equivalents of dimethoxyacetophenone
25was attemptedf: The bis-aldol addu@®7 was produced in 39% vyield, with approximately
30% of the mono-aldol product and about 20% of the dialdeBgd&he resulting hydroxy
ketone 37 was then dehydrated with PT&Ato give the enone38 This was then
hydrogenated with nickelous chloride and sodium borohytfritte give the protected
littorachalcone39. The pivalate group of this compound was then deprotected with 3M

hydrochloric acid in dioxartto give tetramethoxy littorachalcodé.
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Scheme 12

OPiv

OPiv

~o o o o oH OH 0 07
o) LDA
—_—
. 17 w 1T T T
0 OHC CHO (|) 0
|
25 34 3

YN o o o7
cat. PTSA _ S
MgSO, O O
— o 72
41% 0 0 0
|

OPiv |

38
SN0 0 o o~
Oo O O (0
I OPiv |
39
3.0 M HCI | 76%
Y o o o
Oo O O 0
| OH |

40

7

NiCl,. 6H,0

NaBH4

_—
72%

With the tetramethoxy littorachalcor® in hand, the deprotection of the methyl

groups under different conditions was attempted as shown in Sdigeriremany cases only

the deprotection of methyl groups near the carbonyl groups was ahs&his could be

because of the coordination of the reagents with the carbonyl g©aps.these methoxy

groups were deprotected, the compound became highly polar and crasbéthewolution

at low temperatures and hence further reaction was not possitd#ly Fihe use of an excess

of boron tribormid&® with reaction temperature from ®C to room temperature was

successful in giving littorachalcorien moderate yields.
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Scheme 13
BBr3
CH.Cl, -78°C _
N
@I 1 O/ oo Only two
_ _ [e]
CH,Cl, -78-0 C.—, methoxy
groups got
? o o BCl;, 0°C- RT deprotected
| OH | -
40 HBr/ AcOH
reflux

N
O O o o~
OOO
| OH |
40

BBr3| -78°C-RT
CHyCla| 241 40%

OH O O OH
HOOOH
OH

1

To improve the vyield of the final step, it was thought that the degtioh of the
MOM groups would be easier than the deprotection of methoxy groupseH#rst bis-
MOM protected acetophenodd was preparedf. Two equivalents of this enolate anion were
treated with dialdehyd®4 to give the tetra-MOM protected hydroxyketofte Dehydration
resulted in a mixture of compounds, which could be because, the deprotdadne or more

MOM groups occurred under acidic conditions. These reactions are shown in Segheme
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Scheme 14

OH O OR O
/O\/\Cl

- = R =MOM

L T

43 44

Z

O
vy
RO OHC CHO

44 34

THF,-78°Cto0°C
LDA | 319,

OR O OH OH O OR

PTSA Complex
saacicnaciimt
RO (0] OR

OPiv

45

The final synthetic pathway to achieve the target molecuearnsmarized in Scheme

1518 Thus, synthesis of littorachalcone was completed in 7 steps in a 4.6% overall yield.
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Scheme 15
OPiv
OH O
0 0. t
@/ \©\ [ j - . Oﬁ O
H H
18 17 34
00 Y o oH oH 0 07
O (6] (0]
| OPiv |
37
\O 0 0 O/
O O e Littorachalcone
7 ? 7

OPiv
39

In addition to littorachalcone, the hydroxy dicarboxylic aé¢& shown in Figure 2
was also synthesized. Diac&lV was isolated fromCurcuma chuanyujirby Takeda and

coworkers as a part of their study to identify new plant antioxidants.

OR

HOOC™ ™ Z COOH

46, R
47, R

H
Me

Figure 2

Compound46 could be readily synthesized from dialdehydey a Wittig reactioff
using carboethoxymethylene triphenylphosphorane, followed by hydrolydiseofriester

using KOH in methanol.
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Scheme 16

OPiv , 9 OPiv
Ph,P
3 \)J\OE‘[

) O\©\/\
\\1/©/ KHCO; EtOOC™ XX N COOEt

H H
34 48

KOH,
Dioxane
reflux

OH

HOOC™ ™X 7 COOH

46

Further, the antibacterial activity of littarochalcdheats synthetic precursos and
17, and the diacid compound6 were analyzed by measuring the minimum inhibitory
concentration (MIC) using the microdilution method described by Andfewsong these
compounds, the dialdehydss showed potent antibacterial activity. The MIC value for
compoundl6 was approximately 25 mg/L, while the MIC for ampicillin wés mg/L. The
hydroxy dialdehydd 6 was prepared as shown in Schenig’

Scheme 17
) OH
OPiv KOH o
0 THF, water
OY©/ 0 Reflux O O
H 34 H H 16 H
MIC = 25mg/L

MIC of
Ampicillin = 75mg/L
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In conclusion we have successfully developed a total synthpetibway for
littorachalcone. Hydroxy dicarboxylic acid6 was also synthesized from a common
intermediate. The antibacterial activity of these compounds arsytitleetic precursors have

been evaluated. Dialdehydé showed potent antibacterial activity.

Experimental Section

5-Methyl-2-(4-methylphenoxy)phenol (17)

To the stirred solution gi-tolyl ether (1.98 g, 10 mmol) in 20 mL of THF and 20 mL
of ether, n-BuLi (2.5 M solution in hexane, 4.4 mL, 11 mmol) was added at room
temperature. This solution was refluxed for six hours. Trimdibyate (1.14 g, 11.0 mmol)
was then added dropwise and boiled for six more hours. The reactituranvas cooled to
0 °C and hydrogen peroxide solution (30% solution in water, 12 mLjwell by aqueous
sodium hydroxide (3 N, 12 mL) solution were added. It was stirredoat temperature for
one hour and then at 4 for two hours. The reaction mixture was cooled to room
temperature, acidified with 10% HCI solution and then extracted ethyl acetate. The
organic layer was dried over anhydrous Mg®@d concentrated. The residue was purified
by flash chromatography on silica gel (EtOAc/hexanes, 1:1@jviocompoundl?7 (1.75 g,
82% vyield).

'H NMR (400 MHz, CDCJ) § 7.13 (d,J = 8.4 Hz, 2H), 6.89 (dJ = 8.8 Hz, 2H), 6.85 (s,
1H), 6.76 (d,J = 8.4 Hz, 1H), 6.64 (d] = 8 Hz, 1H), 2.33 (s, 3H), 2.31 (s, 3H).

YCNMR (100 MHz, CDCJ) & 155.08, 147.35, 141.59, 134.79, 133.08, 130.48, 130.36,
121.27, 118.85, 117.84, 116.86, 115.56, 21.25, 20.90.

2,2-Dimethylpropionic acid 2-(4-methylphenoxy)phenyl ester (33)

To a stirred solution of compouri/ (1.8 g, 8.4 mmol) in THF (20 mL), triethyl-
amine (0.976 g 9.66 mmol) was added. The mixture was coole8Q@0d trimethylacetyl
chloride (1.08 g, 8.98 mmol) was added. The solution was warmed totenoperature and
stirred for two hours. After this, the reaction mixture waerdd through celite, diluted with

dichloromethane and washed with water. The organic layer was dvied anhydrous
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MgSO, and concentrated. The residue was purified by flash chromatggosphilica gel
(EtOAc/hexanes, 1:10) to furnish compo88i(2.25 g, 90% yield).

'H NMR (400 MHz, CDCJ) & 7.07 (d,J = 8 Hz, 2H), 6.98-6.95 (m, 2H), 6.89 bz 8 Hz,
1H), 6.83 (d,J = 6.8 Hz, 2H), 2.34 (s, 3H), 2.29 (s, 3H), 1.21 (s, 9H).

¥C NMR (100 MHz, CDGJ) & 176.78, 155.67, 145.91, 142.48, 134.37, 132.28, 130.36,
130.18, 127.43, 124.30, 120.89, 118.81, 117.44, 39.26, 27.29, 21.02, 20.86.

2,2-Dimethylpropionic acid 5-formyl-2-(4-formyl-phenoxy)phenyl ester(34)

Compound33(1.10 g, 3.69 mmol) was dissolved in 20 mL of aqueous acetic acid. To
this solution was added ceric ammonium nitrate (11 g, 20 mmol) soluti@® mL of
agueous acetic acid in 10 minutes at room temperature. Th@mnea@s stirred overnight,
diluted with water and extracted with ethyl acetate. The orgiayer was washed with
saturated sodium bicarbonate solution, dried over anhydrous Mg&®Dthe solvent was
removed. The residue was purified by silica gel chromatograpt@A@hexanes, 1:3) to
yield compound4 (0.76 g, 63% yield).

'H NMR (300 MHz, CDCJ) § 9.97 (s, 1H), 9.95 (s, 1H), 7.89 (= 9 Hz, 2H), 7.78 (dJ =
8.7 Hz, 1H), 7.73 (d) = 2 Hz, 1H), 7.20 (dJ = 8.4 Hz, 1H), 7.11 (d] = 8.7 Hz, 2H), 1.21
(s, 9H).

3C NMR (75 MHz, CDCJ) & 190.79, 190.13, 176.25, 161.33, 152.26, 143.39, 133.85,
132.58, 132.30, 132.25, 129.19, 125.21, 121.45, 119.59, 118.26, 39.38, 27.16.

1-(2,4-Dimethoxyphenyl)-3-[4-[4-[3-(2,4-dimethoxyphenyl)-3-oxoprop-2-e|-2-
pivaloxyphenoxy]phenyl]-2-propene-1-one (38).

To a stirred solution of diisopropyl amine (0.55 g, 5.5 mmol) in THFN(LY, n-
BuLi (2.5 M solution in hexane, 2 mL, 5 mmol) at’O was added and the solution was
cooled to -78°C. To this, a solution of 2,4-dimethoxyacetophenone (0.86 g, 4.8 mmol) in
THF (5 mL) was added at -7& and stirred for 30 minutes. A solution of compowdd
(0.52 g, 1.6 mmol) in THF (5 mL) was added to the reaction at the samperature. The
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resulting mixture was warmed tdQ and the reaction was quenched by adding acetic acid (1
mL in 5 mL of THF). The reaction was diluted with water andrasted with
dichloromethane. The organic layer was dried over anhydrous Mg®®the solvent was
removed. The residue was purified by column chromatography (Et@Xeres, 1:1) to
provide the aldol product (0.42 g, 39% vyield).

To a stirred solution of the above aldol product (0.10 g, 0.15 mmol) in 1,2-
dichloroethane, was added a catalytic amounp-tfluenesulfonic acid. The solution was
heated to 50°C and stirred for six hours. After this, the reaction was diluteih w
dichloromethane and washed with water. The organic layer was dvied anhydrous
MgSQO,, concentrated and the crude product was purified by silicaagl @hromatography
(EtOAc/hexanes, 1:1) to provide compow88J(0.040 g, 41% yield).

'H NMR (400 MHz, CDCY) & 7.67 (d,J = 8.8 Hz, 2H), 7.57-7.53 (m, 2H), 7.46 (d= 8.8
Hz, 2H), 7.37-7.32 (m, 3H), 7.28 @3= 2 Hz, 1H), 6.96 (dJ = 8 Hz, 1H), 6.89 (d] = 8.8
Hz, 2H), 6.47 (dJ = 8 Hz, 2H), 6.40 (s, 2H), 3.81— 3.77 (m, 16H), 1.13 (s, 9H).

13C NMR (100 MHz, CDG)) & 190.55, 190.41, 176.52, 164.47, 164.39, 160.63, 160.59,
158.54, 148.95, 143.02, 141.37, 140.52, 133.13, 132.83, 131.01, 130.20, 128.56, 127.69,
127.24, 126.48, 123.54, 122.44, 122.32, 121.32, 118.15, 105.41, 98.89, 98.87, 56.05, 56.00,
55.81, 39.36, 27.26.

1-(2,4-Dihydroxyphenyl)-3-[4-[4-[3-(2,4-dihydroxyphenyl)-3-oxopropyl]-2-
hydroxyphenoxy]phenyl]-1-propanone (1).

Compound 38 (40 mg, 0.06 mmol) was dissolved in 5 mL wofethanol and
NiCl,.6H,O (285 mg, 1.2 mmol) followelly 0.5 mL of water were added to this solution
with stirring. After ten minutes, sodium borohydride (18 mg, 0.48 mmafadded and the
reaction was stirred vigorously at room temperature. Aftehours the reaction mixture was
poured into water and thequeous layer was extracted with dichloromethane. The organic
layer was dried over anhydrous Mg&Séhd concentrated. The crude product was purified by
flash column chromatography (EtOAc/hexanes, 1:1) to furnish diket8®€0.03 g, 72%
yield).
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Diketone 39 (0.10 g, 0.15 mmol) was dissolved in 5 mL of ethanol and potassium
hydroxide (0.080 g, 1.5 mmol) in 5 mL of watgas added with stirring. The resultintgass
was boiled for two hours. The reaction mixture wen poured into brine and acidified with
10% HClsolution. The product was extracted with Ethyl acetateotfanic layer was dried
over anhydrous MgS{ concentrated and the crude product was filtéhedugh silica gel
column to provide the hydroxyl diketod® (0.060 g, 76% yield).

To a stirred solution of the hydroxy diketod® (0.040 g, 0.07 mmol) was added boron
tribromide (0.17 g, 0.70 mmol) at 8. The solution was stirred for 24 h at room
temperature. The reaction mixture was quenched with water anddpmucebrine. The
mixture was extracted with ethyl acetate. (3x50 mL). The coesbbrganic extracts were
dried over MgSQ@ and the solvent was removed. The crude product was purified by

preparative thin layer chromatography (EtOAc/hexanes, 1:1) toyi€d10 g, 40% vyield).

'H NMR (400 MHz, CDCJ) & 7.87—7.83 (m, 2H), 7.25 (d,= 8.8 Hz, 2H), 6.95 (d] = 2 Hz,
1H), 6.85-6.79 (m, 4H), 6.44—6.41 (m, 2H), 6.33J(& 2.4 Hz, 2H), 3.34-3.29 (m, 4H),
3.00—2.96 (m, 4H).

MS: m/e: 514, 363, 352, 313, 286, 264, 185, 163, 149, 108. HRMS: m/e calc 514.1628, m/e
found: 514.1635.

2-(4-((E)-2-Carboxyvinyl))phenoxy-5-((E)-2-carboxyvinyl)phenol (46).

To a stirred solution of34 (0.05 g, 0.15 mmol) in dioxane (5 mL),
carboethoxymethylene triphenylphosphorane (0.26 g, 0.6 mmol), potassoanbdnate
(0.12 g, 1.2 mmol) and chloroform (5 ml) were added. The mixture wasdheatd 0°C for
18 hours. It was cooled to room temperature, diluted with ethyhtecand washed with
water. The organic layer was dried over Mg3(@d the solvent was removed. The residue
was further purified by column chromatography (EtOAc/hexane, 2:3) to give comp8und

To the stirred solution of the compoud8 (0.05 g, 0.1 mmol) in 10 mL of 50%
aqueous ethanol, potassium hydroxide (0.017 g, 0.3 mmol) was added. The madure w

boiled for three hours. After this the reaction was diluted vitilflecetate and washed with
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10% HCI solution. The organic layer was dried over Mg8&@d concentrated. The residue
was further purified by column chromatography (EtOAc/hexane @:§)jvie compound!t6
(0.015 g, 92%).

'H NMR (400 MHz, acetone-d&)7.70-7.61 (multiplet, 4H), 7.35 (s, 1H), 7.24 J&; 8 Hz,
1H) 7.07 (dJ = 8 Hz, 1H) 7.69 (dJ = 8 Hz, 2H), 6.46 (d) = 4 Hz, 1H), 6.42 (dJ = 4 Hz,
1H).

¥C NMR (100 MHz, acetone-d&) 172.66, 171.5, 158.62, 146.79, 145.33, 140.79, 138.95,
134.92, 131.92, 129.64, 130.21, 119.64, 119.35, 115.48, 115.32, 114.12.

3-(tert-Butyldimethylsiloxy)-4-(4-tolyloxy)toluene (19)

To a stirred solution of compourik? (1.5 g, 7 mmol) in DMF (70 mL), Imidazole
(0.7 g 10 mmol) was added. The mixture cooled %6 @nd TBSCI (1.08 g, 8.98 mmol) was
added. The reaction was warmed to room temperature and stirred for two hoheseAd tof
this reaction time, it was diluted with sodium chloride solution, aricheted with 100 mL
ether two times. The ether layer was washed with 200 mL pé&bdried over anhydrous
MgSQO, and concentrated. The residue was purified by flash chromatggeaphkilica gel
(EtOAc/hexanes, 1:10) to furnish compouri(2.25 g, 96% yield).

'H NMR (400 MHz, CDCJ) & 7.15 (d,J = 8 Hz, 2H), 6.88 (d] = 8 Hz, 2H), 6.69 — 6.57 (m,
3H), 2.31 (s, 3H), 2.27 (s, 3H), 0.99 (s, 9H), 0.14 (s, 6H)

4-lodo-1,3-dimethoxybenzene (27)

Concentrated sulfuric acid (3g, 1.67 mL, 30 mmol) was dissolved in 100 mL
methanol and to this solution 1, 3-dimethoxybenzene (2.76 g, 20 mmol) and thssiyt
iodide (3.32 g, 20 mmol) was added. After stirring for ten minutetrdgen peroxide
solution (15 mL, 40 mmol) was added. This dark brown solution was storegtiree hours
and poured into 300 mL dichloromethane. Organic layer was washed with2060GriLM
sodium bisulfate solution and then with 200 mL of water. Finally ordager was separated

dried over anhydrous MgSQOand concentrated. The compound was purified by flash
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chromatography on silica gel (EtOAc/hexanes, 2:10) to furnish comgdufsl3 g, 100%
yield).

'H NMR (400 MHz, CDCJ) § 7.59 (d,J= 8 Hz, 1H), 6.51 (dJ = 8 Hz, 1H), 6.48 (s, 1H),
3.86 (s, 3H), 3.84 (s, 3H).

((2,4-Dimethoxyphenyl)ethynyl)trimethylsilane (28)

4-iodo-1,3-dimethoxy benzen27 (1.32 g, 5 mmol) was dissolved in 20 mL of
triethylamine and 10 mL of acetonitrile. To this stirred  soluti
Bis(triphenylphosphine)palladium(ll) chloride (0.2 g, 0.25 mmol) and c@ppedide (0.02
g, 0.1 mmol) were added. This mixture was stirred for 30 minuteshi$pthe solution of
trimethylsilyl acetylene (0.7 g, 0.96 mL, 7 mmol) in 5 mL ofttrigamine was added. This
solution was stirred at room temperature for four hours. Alfist the reaction was diluted
with ethyl acetate (50 mL), filtered through celite and comeséed. Finally the compound
was purified by flash chromatography on silica gel (EtOAdhes, 2:10) to furnish
compound28 (1.07 g, 92% yield).

'H NMR (400 MHz, CDCJ) & 7.31 (d,J= 8, 1H), 7.18 (dJ = 12, 1H), 6.56 (s, 1H), 3.85 (s,
3H), 3.78 (s, 3H), 0.27 (s, 9H).

1-Ethynyl-2,4-dimethoxybenzene (29)

Compound28 (2 g, 8.5 mmol) was dissolved in THF (20 mL). The solution was
cooled to 0°C and then TBAF solution in THF (1 M, 1.3 mL, 1.3 mmol) was added with
stirring. The reaction mixture was warmed to room temperancestirred for two more
hours. After this the reaction mixture was filtered throughtecednd the filtrate was
concentrated. The residue was purified by flash chromatography dora gijel
(EtOAc/hexanes, 2:10) to furnish compowi(1.18g, 86% yield).

'H NMR (400 MHz, CDCJ) & 7.37 (d,J= 8, 1H), 7.14 (dJ = 12, 1H), 6.55 (s, 1H), 3.91 (s,
3H), 3.89 (s, 3H), 3.25 (s, 1H).
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Compound 35

1-ethynyl-2,4-dimethoxybenzeriz9 (0.78 g, 4.8 mmol) was dissolved in THF (10
mL) andn-BuLi (2.5 M solution in hexane, 2 mL, 5 mmol) was added %.0This solution
was stirred at 6C for 30 minutes and then the solution of compo84¢0.52 g, 1.6 mmol)
in THF (5 mL) was added to the reaction mixture at the sampearature. The reaction was
warmed to room temperature and quenched by adding acetic acid ifl 3oL of THF).
The reaction was diluted with water and extracted with dichlotoanet The organic layer
was dried over anhydrous Mg$@nd the solvent was removed. The residue was purified by
column chromatography (EtOAc/hexanes, 2:5) to provide the pr886t75 g, 72% vyield).

1-(2,4-Bis(methoxymethoxy)phenyl)ethanone (44)

First MOMCI was prepared according to the JOC procetuBémehoxy methane
(2.5 g, 1.76 mL, 20 mmol) and zinc acetate (4 mg, 0.015 mmol) were takelnene (20
mL). To this stirred mixture, acetyl chloride (1.57g, 1.42 mL, 20 mnval added at room
temperature for five minutes under stirring. This reaction wasned to 45°C for four
hours. After this, the reaction mixture was cooled to room temperatul checked NMR for

reaction completion. This was used as such for the next reaction.

1-(2,4-Dihydroxyphenyl)ethanone (1.14 g, 7.5 mmol) was taken in 20 mL
dichloromethane. To this solution diisopropylethylamine (2.1 g, 16.5 mmoladaed with
stirring at room temperature. After addition of the amine thetimamixture became a clear
solution. To this solution, the MOMCI (20 mmol) solution preparedbase@was added. The
reaction was kept under stirring for five hours and then diluted etityl acetate (100 mL).
The organic layer was first washed with ammonium chloride solfi6é mL) and then
with dilute sodium bicarbonate solution (100 mL) and finally with brih@0 mL). The
organic layer was dried over anhydrous Mg3@d the solvent was removed. The residue
was purified by column chromatography (EtOAc/hexanes, 1:5) to provigedtaect44 (1.4
g, 78% yield).

'H NMR (400 MHz, CDCJ) § 7.71 (d,J= 8 Hz, 1H), 6.75 (s, 1H), 6.64 (d,= 8Hz, 1H),
5.26 (s, 2H), 5.22 (s, 2H), 3.48 (s, 3H), 3.42 (s, 3H), 2.56 (s, 3H).
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Compound 45

To a stirred solution of diisopropyl amine (0.55 g, 5.5 mmol) in THFN(LY, n-
BuLi (2.5 M solution in hexane, 2 mL, 5 mmol) at’O was added and the solution was
cooled to -78 °C. To this soluton was added a solution of 1-(24-
bis(methoxymethoxy)phenyl)ethanonil) (1.15 g, 4.8 mmol) in THF (5 mL) at -7& and
stirred for 30 min. A solution of compourdd (0.52 g, 1.6 mmol) in THF (5 mL) was added
to the reaction at the same temperature. The resulting mixagevarmed to 6C and the
reaction was quenched by adding acetic acid (1 mL in 5 mL of). TH#ke reaction was
diluted with water and extracted with dichloromethane. The ordager was dried over
anhydrous MgS@ and the solvent was removed. The residue was purified by column
chromatography (EtOAc/hexanes, 1:1) to provide the aldol prddu€t4 g, 31% vyield).

'H NMR (400 MHz, CDCY) & 7.84 (d,J = 8 Hz, 2H), 7.35 (dJ = 8 Hz, 2H), 7.16 — 7.04 (m,
4H), 6.77 — 6.61 (M, 5H), 5.34 — 5.27 (m, 2H), 5.25 (s, 2H), 5.20 (s, 2H), 3.48 (s, 3H), 3.45
(s, 3H), 4.46 — 3.28 (m, 4H), 1.36 (s, 9H).

4-(4-Formylphenoxy)-3-hydroxybenzaldehyde (16)

To a stirred solution of compourg# (0.5 g, 1.5 mmol) in THF (5 mL), potassium
hydroxide (0.17 g, 3 mmol) in water (5 mL) was added at room temuperd he mixture
was refluxed for two hours. After this the reaction mixture waded to room temperature
and diluted with dichloromethane (100 mL). This was washed with dil.daé{@kion (1 N,
100 mL). The organic layer was dried over anhydrous Mg8t the solvent was removed.
The residue was purified by column chromatography (EtOAc/hexarnBsto provide the
hydroxy dialdehyde produdi6 (0.28 g, 78% vyield).

'H NMR (400 MHz, CDCY) § 9.97 (s, 1H), 9.96 (s, 1H), 7.88 (= 8 Hz, 2H), 7.77 (dJ =
8 Hz, 1H), 7.73 (d, J = 2 Hz, 1H), 7.20 (d, J = 8 Hz, 1H), 7.10 (d, J = 8 Hz, 2H).

®C NMR (100 MHz, CDGJ) & 191.27, 190.40, 164.52, 151.87, 147.48, 132.21, 131.47,
131.65, 124.57, 118.64, 117.87
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CHAPTER 2

An Approach to the Synthesis of topopyrone D

Introduction

Topoisomerases | and Il are nuclear enzymes and their mainofunstito relax
superhelical tension in DNA during replication, transcription and repaints: They do this
relaxation by reversibly breaking one (topo-1) or both (topo-INADstrands and by
unwinding the severed strands, which avoids the buildup of torsional enelddyA helical
structures. Cancerous cells tend to over-express topoisomeras@shinitcbn of which
could be fatal to these cells. Hence, topoisomerase inhibitors aguttidn as important
anticancer agenfsin chemotherapy of cancer, mainly those agents which inbibit-ti are
used® Selective inhibition of topo-I could also achieve the desired rediiits prototype that
is widely used as a selective topo-I inhibitor is camptothe@ither natural products that
behave as selective topo-I poisons include the fungal metabolite, yxyperone and certain

marine alkaloids.

During the course of their screening program for specific itdribiof human
topoisomerase using recombinant yeast, Kanazava and coworkers didcdeeare
structurally similar compounds. All these four compounds could be iddiate the culture
broth of fungusPhomasp. BAUA286TThey named these compounds as topopyrones A, B,
C and D°

All the topopyrones selectively inhibited recombinant yeast drodependent
expression of human topoisomerase | witgylalues of 1.22, 0.15, 4.88 and 19.63 ng/mL,
respectively. The activity and selectivity of the topopyrones, especially dhaopopyrone
B, were comparable with those of camptothecin. The topopyrones did nbit inman
DNA topoisomerase Il. However, they inhibited the relaxation of soded pBR322 DNA
by human DNA topoisomerase |. Thus, the topopyrones were found tgtdiexec to all
tumor cell lines when they were tested in vitro. All the topopgs have potent inhibitory

activity against herpes virus, especially varicella zoster \Wd%/). Topopyrone B showed
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inhibitory action, with EGy value of 0.038 pg/mL, against VZV growth. This is twenty four
times stronger than that of acyclovir. The topopyrones showed inhibittipn against gram

positive bacteri&.

In the antiviral assay, only topopyrone B exhibited potent viraibitory activity.
However, topopyrone D inhibited viral replication. Hence it also couldidesl as a mild

antiviral agent. Topopyrones A and C did not exhibit any viral inhibitory acfivity.

The structural elucidation of topopyrones was also done by Kananaveoworkers
by spectral analysis of the chemical derivatives. These compoantiscan anthraquinone
moiety with a fused pyrone moiety. Topopyrones B and D contain a chlorinendteraas C
and D do not have it. They observed that topopyrones B and D could be dlitaime

topopyrones A and C, respectively, by a Wessely-Moser type rearrandefnent

After detailed chemical and spectral studies, the structurdspopyrones were

interpreted as given below.

Figure 1: Topopyrones A, B, C and D.

OH 0 O° OH O OH O
X X

CLIC? 2908

HO OH HO O

0 0

X X
Topopyrone AY) | ClI Topopyrone BY) | CI
Topopyrone C2) H TopopyroneD4) | H

The first synthesis of topopyrones B and D was reported bpl@iuénd coworkers.
The authors observed that exposurd @ind?2 to alkali, led to the rearrangement formidg
and4 respectively. This showed that topopyrones B and D are thermodbailgniavored.
They envisioned that B and D could be formed by cyclization of imeiate5 under
thermodynamically controlled conditions. Their synthetic strategy is sholaw.be
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Figure 2
OMe
X CONE,
MeO
OH O OH 6.X=H
X 7.X=Cl
3-4 — —
HO OH
o) TIPS,
OMe O O/ O\
5. X=HorCl Br
OHC OMe
8

They planned to assemble the anthraquinone core of the target mdigcthe
condensation of fragmen®sor 7 with 8. Their synthesis started with the formatior8of

Scheme 1Preparation of FragmeBt

R
L R
QMe -BuLi, -78 °C, OMeO o o oMe & /
Br then Br (0] (0]
—b
OMe z oM
OTBS OHC% OTBS ©
9 (67%) (94% from 11)
10 11.R=H
R= 13.Z = CH,OTBS
TIPS-OTH, TBAF (
Imidazole . -
12.R=TIPS 14. 2= CH,0H
Swern <
8.Z=CHO

(81% from 13)
They achieved the condensation of fragmegitsr 7 with 8 by a transformation

involving a one-pot, three-step reaction sequence, as shown below.
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Scheme 2 Anthraquinone Assembly

B TIPS\ 7]
. y OMe . OMe O o O
6or7 s-Buli, TMEDA= tBuLi
then 8 —0>
MeO OMe -78 °C
L OLi Br i
16 (A = CONEty)
TIPS L Y—
\ \
OMe O OMe O O/ O\ OMe OMe O 3. 0
X L)
MeO OMe MeO OMe
(@] OH
17. X=H (17%) 19. X=H (60-70%)
18. X = Cl (20%) 20. X =ClI

From Scheme 2 it can be seen that the desired cyclized prddueisd 18 were
obtained in low yields with the debrominat&@ and 20 obtained as the major products.

Finally, the synthesis was completed as shown below.

Scheme 3 Synthesis of topopyrones B and D

OMe O OMe O O/ O‘ OMe O OMe O
X 48% aq. HBr
2. 1BX MeO OMe AcOH

O Br

25. X = H (88%)
26. X = Cl (90%)
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Thus the syntheses of topopyrones B and D were completed in 1lwstie®%
overall yield. The main disadvantage of this synthesis was the yelor of the key

cyclization step shown in Scheme 2.

The second synthesis of topopyrones B and D was reported by ldadht
coworkers'™® They also reported the synthesis of topopyrones A and C. Thegdsmbled
the three rings on the right hand side of the topopyrone moleculbdas s Figure 1) and

the final ring on the left hand side was formed by a Diels+Aldaction. The initial steps are

shown in Scheme 4.

Scheme 4 Synthesis of the core structure

OH O OTs O

1. PdIC, H,
O‘ Cl —TSCl K2003 O‘ Cl 2. KOH, (MeO)2802
MeO (97%) MeO (100%)
o)
28
OTs OMe
o 1Ko refl  § QH QMe 1.p-TsCLDIPEA O OTs OMe
OO 2. TIC|4 AcCl Cl 2. AIBr3 Cl
MeO (70%) MeO (90%) HO OO
OMe Me OMe
29 .

After the formation of the core structure, synthesis of topopyibonas completed as
shown in Scheme 5. They used a Diels-Alder reactid@@dofith the butadien85 as the key

step.
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Scheme 5Completion of the synthesis

0 o 1. DBU, TBSCI QTMS
PPt 2. LDA, TMSCI N0Me
OMe =
(85%) TBSO
37 35
O OTs OMe OTs OMe 1. LiH, reflux
cl Acy0, EtzN Cl 2 TFA
OO cat. DMAP OO
P —
. 01%) 50%)
OMe
31 O 32
OTs OMe OTs O benzene
Cl  AcOH, HNo3 Cl 35 70°C
OO (96%) O‘ e
33 OMe 34 O
(0] OTs O OH 1. TBAF
2.BBry
o g ‘ ‘ otes  (69%)
(0]
36 4

Thus, the synthesis of topopyrone D was completed in 16 steps in 8erédl gield.
The main drawback of the synthesis was the key Diels-Alder reaction wampediftowards

the end of the synthesis, decreasing the overall yield of the synthetic sequence.

The first total synthesis of topopyrone C was reported blazsle and coworkers-
Their synthetic strategy was similar to our strategy liergynthesis of topopyrone D. Their

synthetic approach was based on the Marschalk alkylation reaofioappropriately
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substituted anthraquinone, followed by a Baker-Venkataraman chain @ongad an acid-
catalyzed cyclization to form the pyrone moiety. The formatibthe key intermediate 1-
hydroxy-3,6,8-trimethoxyanthraquinone was achieved by two subsequent Adiefs-
reactions with commercially available 2,6-dichloro-1,4-benzoquinone as shown ine&S6hem

Scheme 6 Formation of anthraguinone core
Cl Cl

OH O
1. CH(OMe)g, H2804 MeO 0

O O 2. LDA, TMSCI 44 O‘ cl
L. —_—_—
)J\/U\OMG (88%) X OTMS 2. Silica gel MeO
o}

37 OMe (82%)

40 41
MeO
1 <OTMS

- 0, —=— [0
2. Silica gel MeO OMe (90%) MeO OMe
O o)
(40%)
42 4

With the key intermediatd3 in hand, the synthesis of topopyrone C was completed
as shown in Scheme 7. First the compodsdwas substituted at the 2 position with
acetaldehyde. Then the side chain elongation was done in stépaeaction sequence.
Finally, the cyclization was done by an acid-catalyzed i@acThese steps are summarized

below in Scheme 7.

Thus, the synthesis of topopyrone C was completed in 13 steps vatlerl yield
of 0.43%. The disadvantages of this synthesis were the very poor guelcland also the
side-chain substitution and chain-elongation reactions were perfonnmedltiple steps with
poor yields.
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Scheme 7Completion of synthesis of topopyrone C

1. NaOH, N828204
OMe O OH MeOH OMe O OH OH

2. CHyCHO PCC
(I TS Tew
0,
MeO ome M0z MeO OMe (60%)

0 (30%) o)
43 44
\’//O
OMe O OH O Ac,0 OMeO O O LiH
Pyridine Reflux
LI e LT ™
55%
MeO OMe (88%) MeO OMe (55%)
0 0
45 46
OMeO OH O O OMe O O" "%
TFA BBr;
L0 o, ST "
0, 0,
MeO OMe (76%) " Meo OMe 25%
o 0
47 48

Results and Discussion

When the synthesis of topopyrone D was started, there waswoalglirect synthesis
reported for this compound with very poor overall yields and a siddaratominating the
key step. Since the title compound could be an important anticageat, an effective

synthesis was attempted. Our initial synthetic strategy is shown below.
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Scheme 8Retrosynthetic analysis

~o o o7
— 0
7 7
O\

52
0] OH O OH
Cl Cl
— SO
HO OH
@) 0]
44 51

Thus, our synthesis started from commercially available 2,6-dichlozoljeinone
44. This could be converted to 1,3,6,8-tetrahydroxy-9,10-anthraquinone by two coresecut
Diels-Alder reactions with an appropriate diene. This could be cma/éo hexamethoxy-
anthracene by reductive methylation. The final pyrone-ring foomatould be achieved in a
single step from the commercially available 4-methylemex@anones3. This was the key

step in our synthetic stratedy.

Scheme 9Key step

~ Mo o N M Mo o

OO0, 5 O,
0
o o~ 2 ~o o
o_ * o N

52 53 54
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The above reaction could occur because the hydrogen at position 2 of corbgound
is the most acidic, as it is in between the two methoxy grbuphis could be abstracted
with an appropriate base and the anion so formed could react with comp8iatdthe
carbonyl carbon as it is electrophilic. This would break open taénstl four-membered
lactone ring and the alkoxide ion so formed would cyclize on the dionrag giving the

pyrone moiety. Finally the compound could isomerize to give the more stable enone.

The synthesis started with the formation of 2,6-dichlorobenzoquiddnérom
commercially available 2,4,6-trichloropher®b.** The dienes used for the synthesis were

prepared as shown in Scheme10.

Scheme 10
PbO,
70% HCIO,
(71%)
TMS. TMS. _TMS
O O EtsN, TMSCI O O LDA, TMSCI o O
M - > MO/ - N\O/
O RT, 8h -78°C
57
56 (79%, 2 steps)
6 o HC(OCHs)s ~ LDA, TMSCI o ™S
)J\/U\ - M50 > M N
© RT, 8h 07 -78°C
56 58

(75%, 2 steps)

With the diene and dienophile in hand, the Diels-Alder reaction wasgtted. First,
the quinone44 and excess of the die®8 were reacted at room temperature. It was found
that even though excess diene was used, only one Diels-Aligiore occurred to give the

adduct, which was then treated with silica gel to give the aromatized préduct.

www.manaraa.com



36

Scheme 11
O OTMS O OH
cl cl Meon\ THF, -30 °C to RT Cl ‘O
—+ -
OMe 2h, (62 %) OMe
o After Silica gel treatment o)
44 58 60

However, when the second Diels-Alder reaction was attemptédtiva same diene,
it was found that the adduct could be formed easily. But, when thisreated with silica
gel, the aromatization was very sluggish and took days to complsteth® adduct and the

aromatized product had the same R, and could not be purified by column

chromatography’
Scheme 12
O OH QTMS OH O . OTMS
ROGWE oy Smem ool
~
O OCH, MeO OMe
0] e} H
60 58
OH O OH
Silica gel
(very slow) MeO O‘O OMe
61

To make the aromatization of the adduct faster and more effecigindonger acid and
base were tried. It was found that the aromatization of the adéice dirst Diels-Alder
reaction proceeded smoothly with sodium ethoxide. However, when thisrieéon the

adduct of the second Diels-Alder reaction was still slow and resulted in decoopositi
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Scheme 13
O _ OTMS PTSA
Cl.OMe — Z» o OH
THF, RT Cl ‘ O
H OMe NaOEt OMe
) EtOH, 0 °C )
OH O _ OTMS OH O OH
Cl glMe
(I e 99®
MeO i OMe EtOH,0°C MeO OMe
o) o)

There are methods available in the literature to do both the-Blgds reactions in
one step. When this reaction was tried with the diEB)eit gave very poor yields of the
anthraquinone. Then, the same reaction was tried with the Seaed this gave moderate
yields of 1,3,6,8-tetrahydroxy-9,10-anthraquindhe.

Scheme 14

0

Cl Cl OTMS 1.-78°Cto RT, 10 h OH O OH

. MeO™x THF _
2.130°C, 10h O‘O
0o OMe HO OH

3. MeOH/HCI, 1 h

44 58 O
51
0 OTMS OH O OH

Cl Cl 1.-78°°CtoRT, 2h
ey OO
HO OH

OTMS 2.130°C, 10 h
O 3. MeOH/HCI, 1 h O

44 57 (34%) 51
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With the anthraquinonBl in hand, the protection of hydroxyl and carbonyl groups
was initiated. The protection of hydroxyl groups as methyl ethvais attempted with dry
potassium carbonate as the base. This resulted in a mixturenethdky and trimethoxy
compounds. When cesium carbonate was used as a base, the reactimanvaad all the

hydroxyl groups were conveniently protected as methoxy groups.

Scheme 15
KoCOgz, MeySO,4
OH O OH > OMe O OMe
Acetone, reflux
HO ] l E OH Cs,CO3, Me,SO, MeO O‘O OMe
0O - 0
Acetone, reflux

82%

Tetramethoxyanthraquinor@ was highly polar and not soluble in many organic
solvents. Subsequently, the anthraquinone was reduced to an anthracene &amd the
hydroxyl groups were converted to methoxy groups in one pot. Thedurecased for this
‘reductive methylation’ reaction was developed by Kraus and f&@efore attempting this
reaction on compoun@?, it was tried on a model compound and it proceeded smoothly.
Then the same reaction was applied on comp@zhavhich give the desired hexamethoxy

anthracene compour@8 in very good yields.
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Scheme 16
OMe O OMe TBAB, Na,S,0, OMe OMe OMe
aqg. KOH, Mest4
O‘O THF, water OOO

) OMe
64 65

OMe O OMe TBAB, Na,S,0, OMe OMe OMe

g ' ‘ aq. KOH, Me,SO, ‘ ‘ ‘

MeO OMe (78%) MeO OMe

O OMe
62 63

According to our initial hypothesis, the hydrogen at the 2 positionthef
hexamethoxyanthracer® should be the most acidic one. To verify this, compda®dias
treated with different bases under different reaction conditionsseltatempts are
summarized in Scheme 17. However, all these attempts resultethadynplex mixtures

which were very difficult to separate.

Scheme 17

1. PhLi
2. Ac,0

THF, -78 °C

1. n-BuLi

2. Ac,O
OMe OMe OMe -
THF, -78 °C

OOO i Complex mixtures
MeO OMe 1. &-Bulli

OMe 2. Ac,0
79 0
63 THF, -78 °C to RT

1. t-BulLi
2. Ac,O

cyclohexane,
RT
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Since the simultaneous Diels-Alder reactions shown in Scheme l4vgavgoor
yields of the anthraquinortel, the reactions of compour@8B could not be tried on a large
scale. Every time compour@B has to be made in seven steps before trying metal-hydrogen
exchange reactions. Hence, it was planned to have a simpler owdpbund on which
these trials could be attempted and if successful they coultpbmlueed with the original
compound63. The model compound chosen was 1,3,9,10-tetramethoxyanthracene which

could be made in four steps.

Figure 2 : Model compound

OMe OMe OMe OMe OMe
MeO l l l OMe OOO OMe
OMe OMe
63 64

Compound 64 could be made from 1,3-dihydroxy-9,10-anthraquinone which is
obtained in a single step by using a literature procedufecording to this procedure, a
mixture of aluminum chloride and sodium chloride was heated td@16 melt and to the
molten mass a homogeneous mixture of phthalic anhydride and nedoseis added and
heated to 168C and finally refluxed with 30% hydrochloric acid solution to get the product.

However, in our hands, this reaction gave very poor yields and the aluroimanae
and sodium chloride mixture did not melt at 1. It was observed, that this mixture
actually melted at 136C. Hence, the addition of a mixture of phthalic anhydride and

resorcinol was done at 13C. Still, the reaction gave very poor yields. To optimize this

www.manaraa.com



41

reaction, different initial temperatures and different equivalehtaluminum chloride and

sodium chloride were tried to maximize the yield. The results are sunemhaniZ able 1.

Table 1:

OH

O
@) +
: :i OH
O

AICI5, NaCl

\

30% HCI, reflux

0

OH

LI,
0

65 66 67
Initial Temp Equiv. of Equiv. of %
(°C) AICl3 NaCl Yield
110 5 2.5 0
130 5 2.5 0
160 5 2.5 0
130 5 5 25
130 10 10 40
130 10 5 62

The conditions shown in the final row of the table worked very gigihg a 62%

yield of dihydroxyanthraquinone. These reaction conditions are depicted in Scheme 18

Scheme 18
0 OH
O +
: ié OH
o)
65 66

AICl3, NaCl

130 °C-165 °C

\

30% HCI, reflux

(62%)

O OH

LI,
0

67
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Dihydroxyanthraquinoné7 was converted to dimethoxyanthraquindd by the
procedure shown in Scheme 15. This compound was also poorly soluble in ooaemntss
and was recrystallized from acetone. This resulted in a decredlse yield of the reaction.
However, it was observed that the crude product itself was maagk to be used for the
next reaction. Dimethoxyanthraquino8 was converted to tetramethoxyanthracéddy

the reductive methylation reaction as shown in Scheme 16. Thes®msare summarized

in Scheme 19.
Scheme 19
O OH (0] OMe
CSZCO3, MezSO4
O‘O OH Acetone, reflux O‘O OMe
(@) 0]
67 68

TBAB, N828204
aq. KOH, Me2S04 | (63%, two steps)

THF, Water
OMe OMe
l l l OMe
OMe
64

With the tetramethoxyanthracefd in hand, the anion formation reaction was tried
with different bases, different electrophiles and differenttrea conditions. The results of

these reactions are summarized in Table 2.
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Scheme 20
OMe OMe OMe OMe
5 Base E
CoL,, - T,
OMe * OMe
64
Table 2
Base Electrophile Solvent TO) Results
n-BuLi Ac,0 THF 0 No reaction
t-BulLli Ac,0O THF 0 Complex mixture
LITMP Ac,0 THF 0 Complex mixture
n-BuLi Mel THF 0 No reaction
t-BulLli Mel THF 0 Complex mixture
LITMP Mel THF 0 Complex mixture
n-BulLi Mel THF -78 No reaction
t-BuLi Mel THF -78 No reaction
t-BulLi Mel Cyclo- RT Complex mixture
hexane
t-BulLli Allyl Cyclo- RT Complex mixture
bromide hexane

Since so many reactions failed with compoéddthe same reaction was tried with

simpler compounds to confirm that these reactions could occur in actrore conditions

(base, solvent etc). It was observed that both reactions in S&iepreceeded well, giving

substitutions at the most acidic positions. This clearly showedédtratnethoxyanthracene

www.manaraa.com



44

64 was either resistant to metal-hydrogen abstraction or uastatiie presence of the strong

bases.
Scheme 21
~ 1.LITMP ~
o Br o
o cyclohexane, RT 0
| |
o 1. LITMP ~o
BT Br
Br 2.
o cyclohexane, RT Cl)
Br | Z Br

The methoxy groups on tetramethoxyanthradg&heould not stabilize the anion on
position 2 (or 4). For this reason, the hydroxyl groups could be protedted/OM groups
which could stabilize the anion at position 2 (or 4), by coordination. TBaRIOM protected

anthracene was prepared, as shown in Scheme 22.

Scheme 22
O OH
MOMCI O OMOM
O‘O Diisopropylethylamine O‘O
OH CH,Cl, OMOM
@) o)
67 71

TBAB, Nay,S,0,

0,
aq. KOH, Me,SO, (57%, two steps)

OMe OMOM

l l l OMOM
OMe

72
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First, the hydroxyl groups were protected with MOM groups to tieebis-MOM
anthraquinon&l. Then this compound was subjected to reductive methylation to fuh@sh
anthracen&2. Anthracener2 was then subjected to metal-hydrogen exchange first nsing
BuLi, which resulted in no reaction, and then with the stronger tbBa&i, which reacted.

However, the product formed was not the desired one.

Scheme 23
1. n-BuLi
2. Mel > No Reaction
OMe OMOM Cyclohexane, RT
OOO OMOM ; ;;IBellei
OMe : > Unknown product

Cyclohexane, RT
72

The *H NMR spectrum of the starting compouiig and the product formed in the
above reaction are given in Figures 3 and 4. These NMR spectra cleangd that one of
the methoxy groups at position 9 or 107& was missing in the final product. Hence, on

treatment with the strong base, the methoxy group was substitutedtbyt-tnatyl group.

These types of substitutions at the 9 and 10 positions of the anthraquin@tg m
were already reported in the literatdfdt was interesting to observe that these substitutions
took place even on an anthracene moiety. Hence, the metal-hydrogeange reaction was
not a successful strategy for the synthesis of topopyrone D.
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Figure 3: Methyl region of'H NMR spectrum of the starting compound

5.6 5.4 5.2 5.0 4.8 4.6 4.4 4.2 4.0 3.8 3.6 ppm

file = /vxr400/lganeshk/data/070529redmethyln bismom.fid date = May 29 2007

e AR = = = seddsasscsetbfds R N = SR

[Figures 3 and 4 show only the region from 3.5 to 5.5 ppm, where the peaks from
methoxy and MOM groups could be observed. The peaks around 3.5 ppm were due to the
methyl groups from MOM, peaks around 4 were due to the methoxy groups at position 9 and
10 of the anthracene moiety and peaks around 5 were due to the methylene groups from

MOM groups. The peak at 5.3 in the spectrum of the product was due to dichloromethane

solvent.]
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Figure 4: Methyl region of*H NMR spectrum of the unknown product

5.342
4.0

5.2 5.0 4.8 4.6 4.4 4.2 4.0 3.8 3.6 ppm

file = /vxr400/lganeshk/data/070531MOM tBuLi_ MeI.fid date = May 31 2007

Since the metal-hydrogen exchange reactions failed, itphamed to perform a
metal-halogen exchange reaction. The advantage of the latdiorewas that the former
reaction needed higher temperature, whereas the latteioreaotild be performed at lower
temperatures. This could avoid the side reactions which were obsethetietal-hydrogen
exchange reactions. Hence, it was decided to substitute a hatogeatahe 2-position of
1,3 dihydroxy-9,10-anthraquinor@. Different conditions of bromination were tried so that

the substitution occurred selectively at the 2 position. They are given in Scheme 24.
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Scheme 24
Br,, Fe
DCM -
O OH Bra, Hy0, R O OH
90¢® 900s
OH NBS, DIPA OH
(@] > (0]
DCM
67 75

Dioxane bromine

>

Ether, (slow)

Dioxane bromine

»

DCM, (92%)

The dioxane-bromine complex was tried according to a literatureeguoe as it
would be a mild brominating agent. The reagent was freshly prepadedsed. This reaction
was tried in diethyl ether as reported in the literaféirehich was slow even after using an
excess of the dioxane-bromine complex. This could be because ttivegstampound67
was only sparingly soluble in ether. Hence, the solvent wasgelato dichloromethane in

which the reaction proceeded faster and cleaner than before.

Initially the product was recrystallized from ether. Latevas realized that the crude
product formed was pure enough to use for the next reaction. Sothefteeaction was
complete, the solvent was removed and the product was taken for the next step.

The bromoanthraquinon@5 was then subjected to O-methylation and then to
reductive methylation. These two reactions were also performedeapot reactions. Hence,
the bromination, O-methylation and reductive methylation reacticgr® wompleted as a

one-pot, three-step reaction sequence as shown in Scheme 25.
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Scheme 25
O OH O OH
C ‘ ‘ Dioxane-bromine C Br Cs,C03, Me,SO,
OH DCM ‘O OH Acetone, reflux
O o]
67 75
O OMe TBAB, Na,S,0, OMe OMe

Br ag. KOH, Me,SO,4 OOO Br
OMe

OM (69%, 3 steps)
© OMe

~ O
o i.

77

With the bromoanthracené7 in hand, the metal-halogen exchange reactions were
attempted. The anion was generated witBuLi at -78 °C and was quenched with the
electrophile at the same temperature. This reaction wasntitlediifferent electrophile&? In

all the cases only the debrominated compound was observed.
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Scheme 26

1. n-BulLi
2. Mel

\j

THF, -78 °Cto 0 °C

1. n-BulLi
2. Crotonaldehyde

-

THF, -78 °Cto 0 °C

OMe OMe 1. n-BuLi OMe OMe
OOO Br 2. Isopropanaldehyde
OMe  THF.-78°Cto0°C OOO OMe
OMe

OMe

1. n-BuLi
77 2. xs. DMF 64

THF, -78 °C to RT

1. n-BuLi
2. xs. Ac,0

THF, -78 °C to RT

In the first three cases, the reaction temperature wasaised only to 6C to avoid
possible side reactions. In the last two cases, the reactionregmpewas warmed to room
temperature, after quenching with the electrophile. These conditimhsiot result in
significant side reaction as the debrominated compdishevas the only major product.

Different bases were also tried for the above reaction.
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Scheme 27

OMe OMe
Br Li, CHO
OOO - Complex Mixture
OMe THF,0°C
OMe

OMe OMe
Br 1. i-PrMgCl
Oee Starting Material
OMe 2. —CcHo
OMe THF, 0 °C

This clearly showed that the anion was formed when treatédnvdulLi, which did
not react with the electrophile. However, when an excessetdldehyde (20 equivalents)
was used as the electrophile, carbon-carbon bond formation occurred witkigjdsd The
debrominated compound was a side product.

Scheme 28
OMe OMe . OMe OMe OH
B 1. n-Buli
OOO r 2. 20 equivs. CH3CHO OOO
OMe THF, -78 °C to RT OMe
OMe (79%) OMe
77 78

When the same conditions were applied with other aldehydes, tii®mmnsaoccurred
with comparable yields. However, when ketones (acetone) or adéydacetic anhydride)
were used, the reaction failed. This showed that only aldehydes lwuiged. We tried to
optimize the above reaction by using ten and then five equivalents taldatyde. The
reactions still occurred, but with poorer yields.
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OMe OMe
CroC
OMe
OMe

77

OMe OMe
CoC
OMe
OMe

77
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1. n-BulLi

2. xs. Isobutyraldehyde

THF, -78 °C to RT

1. n-BuLi
2. xs. Crotonaldehyde

THF, -78 °C to RT

OMe OMe OH

I I I OMe
OMe

OMe OMe OH

/
I I I OMe
OMe

At this point, the synthesis was closer to the previous syntleésiGufolini and

coworkers if the electrophile used in the above reaction was f@dt8eoxobutanaBl as

shown in Scheme BThis reaction under the same conditions as shown in Scheme 29, gave a

63% yield of the corresponding alcohol.

Scheme 30

OMe OMe

OMe

77

1. n-BuLi
2.xs. 81

OMe OMe OHO’ O\

(20 equivs) OOO
(63%) OMe
OMe

The aldehyde81 used in Scheme 30 was made from ethyl acetoacetate as shown

Scheme 31.
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Scheme 31
OH
PTSA 3 o LAH o__0
Benzene, THF, 0 °C
COOE Reflux, 5h COOEt CH,OH

Swern .
Oxidation | (60%, 3 steps)

[
o)

O

The benzylic alcond82 was oxidized to the corresponding ket@&3eAmong the few
oxidizing agents tried, the Dess-Martin reagent was found to be dlse gonvenient one,
producing compoun8é3in excellent yield$?

Scheme 32
OMe OMe OHJ Dess-Martin OMe OMe O 4
Oxidaiton O O O
OO o
OMe
82 83

Compound83 was similar to the intermediagb made by Ciufolini and coworkers.
This compound could be oxidized to a quinone easily. This on treatmenH®ithvould

form the pyrone ring. Finally, deprotection would give the symh&fsa model compound of
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topopyrone-D. The same route has to be applied to 1,3,6,8-tetrahydroxgr@ht@quinone

51, to complete the formal total synthesis of topopyrone D.

First, the anthraquinon®l was brominated. The compoubd was only sparingly
soluble in dichloromethane. Hence, THF was used as the solvent. Howes/ezattion was
slower as compared with the model compound, which could be becausmerdguivalent

of dioxane-bromine complex could be used to avoid multiple brominations.

This product was taken for the next reaction, even though this wa®90% pure.
The methylation and reductive methylation were completed aspoheeactions. These

reactions proceeded with lower yields compared with the model compound.

Scheme 33
OH O OH
OH O OH
. . Br CSQCO3, MGQSO4
Dioxane-bromine O‘O _
HO O‘O oH THF HO OH Acetone, reflux
o) (0]
51 84
OMe O OMe TBAB, Na,S,0, OMe OMe OMe
Y S OO0
MeO OMe (21%, 3 steps) MeO OMe
(@) OMe

Few metal-halogen exchange reactions were tried with com@ritd was found,
even though the same conditions were applied, only complex mixturesol&ined from

this reaction. This step would be optimized to complete the total synthesis of togpyron

www.manaraa.com



55

Experimental Section
1,3,6,8-Tetrahydroxyanthracene-9,10-dione (51)

To a stirred solution of 2,6-dichloro-1,4-benzoquinone (0.18 g, 1 mmol) in dry THF
cooled to -78°C, was added 1,3-bis(trimethylsilyloxy)-1-methoxybuta-1,3-diene (0,78 g
mmol). The solution was warmed to room temperature and stirréavdonours. The solvent
was removed and the resulting mass was pyrolyzed af@26r 12 hours. The mass was
cooled to room temperature and 20 mL of 3:1 methanol/10% HCI (aq) ddzsl 4o the
mixture and boiled for one hour. After this the reaction mixturenagaoled to room
temperature and diluted with 20 mL of brine. The mixture exchetith 3x50 mL of ethyl
acetate. The combined organic layers were dried over anhydrous Mg8©entrated, and
the crude product was purified by silica gel flash chromaptyrdEtOAc/hexanes, 1:1) to
provide compoun&1 (0.09 g, 34% vyield).

'H NMR (300 MHz, CDCJ) 8 7.25 (d,J= 3 Hz, 2H), 6.65 (dJ = 3 Hz, 2H).
1,3,6,8-Tetramethoxyanthracene-9,10-dione (62)

To a stirred solution of 1,3,6,8-tetrahydroxyanthracene-9,10-d&dn€0.27 g, 1
mmol) in acetone (20 mL), cesium carbonate (2.6 g, 8 mmol) andrdihsalfate (0.76 g,
0.57 mL, 6 mmol) were added. The reaction mixture boiled for six hodrs@oled to room
temperature. The liquid was decanted and the solid was washed withm2x@0 acetone.
The acetone washings were combined and the solvent was removedudé@mduct was
taken as such for the next reaction. The crude product could alscskaizeg from ether to
give pure 1,3,6,8-tetramethoxyanthracene-9,10-d6@@.27 g, 82% vyield).

'H NMR (400 MHz, CDC)) & 7.27 (d,J= 4 Hz, 2H), 6.94 (dJ = 4 Hz, 2H), 3.98 (s, 3H),
3.94 (s, 3H).
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1,3,6,8,9,10-Hexamethoxyanthracene (63)

1,3,6,8-tetramethoxyanthracene-9,10-dioné2 (0.32 g, 1 mmol) and
tetrabutylammonium bromide (35 mg, 0.1 mmol) were taken in THF (10amdl water (4
mL). To this stirred solution was added aqueous solution of sodium dith{@ng, 6 mmol)
in 5 mL water. After 30 minutes of stirring at room temperapatassium hydroxide (1.6 g,
28 mmol) in 5 mL water was added. After 15 minutes dimethyl ®ulf266 g, 2 mL, 21
mmol) was added. The mixture was stirred for six hours and dilutdld 50 mL
dichloromethane. This was washed with 50 mL of sodium chloride solatidrthe organic
layer was separated. It was dried over anhydrous Mg&@centrated and the crude product
was purified by silica gel flash chromatography (EtOAc#mes, 1:4) to provide compound
63 (0.28 g, 78% yield).

'H NMR (400 MHz, CDCY) § 6.99 (d,J= 2.5 Hz, 2H), 6.41 (d] = 2.5 Hz, 2H), 3.99 (s, 3H),
3.98 (s, 3H), 3.97 (s, 3H), 3.96 (s, 3H).

1,3-Dihydroxyanthracene-9,10-dione (67)

A mixture of solid aluminum chloride (12 g, 90 mmol) and sodium chldBdg, 45
mmol) were taken in a dry argon-flushed 100 mL round bottom flagkl fitith a condenser
and the mixture heated to 13 to form a molten mass. To this stired mass, a
homogeneous mixture of phthalic anhydride (1.32 g, 9 mmol) and resoftigol9 mmol)
were added slowly (white fumes evolved during the addition) and itkterne heated to 165
°C for five hours. This mixture was cooled to -%D (dry ice + acetonitrile), 90 mL of 10%
aqueous HCl was added and then heated t&@@6r one hour. Finally the reaction mixture
cooled to room temperature and extracted with 3x100 mL of ethyhtac&the combined
organic layer was dried over anhydrous MgSEbncentrated and the crude product was
purified by silica gel flash chromatography (EtOAc/hexane®) thh provide compoun@7
(1.3 g, 62% yield).

'H NMR (400 MHz, CDCJ) & 8.29 (d,J= 8 Hz, 1H), 8.23 (dJ = 8 Hz, 1H), 7.94 — 7.91 (m,
2H), 7.28 (dJ= 2.5 Hz, 1H), 6.69 (d] = 2.5 Hz, 1H).
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1,3-Dimethoxyanthracene-9,10-dione (68)

To a stirred solution of 1,3-dihydroxyanthracene-9,10-d®n€0.24 g, 1 mmol) in
acetone (20 mL) were added cesium carbonate (2.6 g, 8 mmol) antiydiswdtate (0.76 g,
0.57 mL, 6 mmol). The reaction mixture refluxed for six hours and cotbdedoom
temperature. The liquid was decanted and the solid was washed withm2x@0 acetone.
The acetone washings were combined and the solvent was removedudé@mduct was
taken for the next reaction without further purification. The crude ymiodould also be
crystalized from acetone to give pure 1,3-dimethoxyanthracene-9,108di0el8 g, 68%
yield).

'H NMR (400 MHz, CDCJ) & 8.21 — 8.16 (m, 2H), 7.89 — 7.82 (m, 2H), 7.40)(d,3.2 Hz,
1H), 7.02 (dJ= 3.2 Hz, 1H), 4.03 (s, 3H), 4.01 (s, 3H).

1,3,9,10-Tetramethoxyanthracene (64)

1,3-dimethoxyanthracene-9,10-dioB8 (0.27 g, 1mmol) and tetrabutylammonium
bromide (35 mg, 0.1 mmol) were taken in THF (10 mL) and water (4 fithis stirred
solution was added aqueous solution of sodium dithionite (1 g, 6 mmol) invéater. After
30 minutes of stirring at room temperature potassium hydroxide (28 gimol) in 5 mL
water was added. After 15 minutes dimethyl sulfate (2.66 g, 2immol) was added. The
mixture was stirred for six hours and diluted with 50 mL dichlorommeth@his was washed
with 50 mL of sodium chloride solution and the organic layer wasratguh It was dried
over anhydrous MgSf the solvent was removed and the crude product was purified by
silica gel flash column chromatography (EtOAc/hexanes, 1:4)ovidge compound 1,3,9,10-
tetramethoxyanthracerg! (0.28 g, 93% yield).

'H NMR (400 MHz, CDCJ) & 8.35 (d,J = 8 Hz, 1H), 8.19 (d] = 8 Hz, 1H), 7.51 — 7.26 (m,
2H), 7.10 (dJ = 2 Hz, 1H), 6.49 (dJ= 2 Hz, 1H), 4.06 (s, 3H), 4.05 (s, 3H), 4.00 (s, 3H),
3.99 (s, 3H).
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1,3-Bis(methoxymethoxy)anthracene-9,10-dione (71)

First, MOMCI was prepared according to the JOC procetfuiimethoxy methane
(2.5 g, 1.76 mL, 20 mmol) and zinc acetate (4 mg, 0.015 mmol) were takeluene (20
mL). To this stirred mixture acetyl chloride (1.57 g, 1.42 mL, 20othiwas added at room
temperature for five minutes under stirring. This reaction mextuas warmed to 4% for
four hours. After this, the reaction mixture was cooled to room teatyrer and checked
NMR for reaction completion. This reaction mixture was used asthjiréor the next

reaction.

1,3-Dihydroxyanthracene-9,10-dio6& (0.18 g, 0.75 mmol) was taken in THF (10
mL) and diisopropylethylamine (0.4 g, 0.52 mL, 3 mmol) was added wtitkéng at room
temperature. After addition of the amine the reaction mixturenbeeaclear solution. To this
solution the MOMCI solution (2 mmol from 20 mmol) prepared as aboweadded. This
was kept under stirring for five hours and then reaction mixture ditaged with ethyl
acetate (100 mL). The organic layer was washed with ammocinlmnide solution (50 mL)
and then with brine (50 mL). The organic layer was dried over aabgdvigSQ and the
solvent was removed. The residue was purified by column chromplgg{@tOAc/hexanes,
1:2) to provide the product 1,3-bis(methoxymethoxy)anthracene-9,10-diof@el6 g, 65%
yield).

'H NMR (400 MHz, CDC}) & 8.41 (d,J = 8 Hz, 1H), 8.28 (d] = 8 Hz, 1H), 7.57 — 7.48 (m,
2H), 7.46 (dJ = 2.5 Hz, 1H), 6.99 (dJ= 2.5 Hz, 1H), 5.49 (s, 2H), 5.41 (s, 2H), 3.61 (s,
3H), 3.59 (s, 3H).

9,10-Dimethoxy-1,3-bis(methoxymethoxy)anthracene (72)

1,3-Bis(methoxymethoxy)anthracene-9,10-diomd (0.16 g, 0.5 mmol) and
tetrabutylammonium bromide (18 mg, 0.05 mmol) were taken in THF (10amd)vater (4
mL). To this stirred solution was added aqueous solution of sodiunordithi(0.5 g, 3
mmol) in 3 mL water. After 30 minutes of stirring at room pamature potassium hydroxide
(0.8 g, 28 mmol) in 3 mL water was added. After 15 minutes dimstlifdte (1.33 g, 1 mL,
10 mmol) was added. The mixture was stirred for six hours and diidd 50 mL
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dichloromethane. This was washed with 50 mL of sodium chloride solamtidrihe organic
layer was separated. It was dried over anhydrous Mg®® solvent was removed and the
crude product was purified by silica gel flash chromatograftAc/hexanes, 1:4) to
provide compound 9,10-dimethoxy-1,3-bis(methoxymethoxy)anthrageéng.16 g, 87%
yield).

'H NMR (400 MHz, CDCY) & 8.32 (d,J = 8 Hz, 1H), 8.19 (dJ = 8 Hz, 1H), 7.50 — 7.42 (m,
2H), 7.39 (dJ = 2.5 Hz, 1H), 6.87 (dJ= 2.5 Hz, 1H), 5.42 (s, 2H), 5.36 (s, 2H), 4.05 (s,
3H), 4.03 (s, 3H), 3.64 (s, 3H), 3.56 (s, 3H).

2-Bromo-1,3-dihydroxyanthracene-9,10-dione (75)

First dioxane-bromine complex in dioxane was prepared by addimgire (0.88 g,
10 mmol) to dioxane at @C. The solution was warmed to room temperature. This solution
was used for the bromination reaction. This reagent was alwasfdyfrerepared and used
immediately.

To the stirred solution of 1,3-dihydroxyanthracene-9,10-d&h@.24 g, 0.26 mL, 1
mmol) in THF (10 mL), the freshly prepared dioxane-bromine solutias added (2 mL, 2
mmol) at 0°C. The solution was warmed to room temperature and stirred fohfous.
After this the solvent was removed and crude product was used foexhesaction without
further purification. It can be purified by silica gel flash cotunchromatography
(EtOAc/hexanes, 1:3) to give 2-bromo-1,3-dihydroxyanthracene-9,10-do{@®26 g, 83%
yield).

'H NMR (400 MHz, CDCJ) § 8.31 (d,J= 8 Hz, 1H), 8.25 (dJ = 8 Hz, 1H), 7.96 — 7.93 (m,
2H), 7.45 (s, 1H).

2-Bromo-1,3-dimethoxyanthracene-9,10-dione (76)

To a stirred solution of 2-bromo-1,3-dihydroxyanthracene-9,10-dfén¢.31 g, 1
mmol) in acetone (20 mL) were added cesium carbonate (1.3 g, 4 rantlylimethyl
sulfate (0.38 g, 0.3 mL, 3 mmol). The reaction mixture refluxedifohsurs and cooled to

room temperature. The solvent was removed and the crude product waditak#y for the
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next reaction. The crude product could be crystallized from acetogiee@ure 2-bromo-
1,3-dimethoxyanthracene-9,10-diongé

'H NMR (400 MHz, CDCJ) § 8.16 - 8.11 (m, 2H), 7.96 — 7.93 (m, 2H), 7.67 (s, 1H), 4.16 (s,
3H), 3.96 (s, 3H).

2-Bromo-1,3,9,10-tetramethoxyanthracene (77)

To the crude 2-bromo-1,3-dimethoxyanthracene-9,10-di@@epared by the above
procedure, solid tetrabutylammonium bromide (35 mg, 0.1 mmol), 10 mL Bfard 4 mL
of water were added. To this stirred solution was added aqueousorsobdit sodium
dithionite (1 g, 6 mmol) in 5 mL water. After 30 minutes of stigriat room temperature
potassium hydroxide (1.6 g, 28 mmol) in 5 mL water was added. Astemidutes dimethyl
sulfate (2.66 g, 2 mL, 21 mmol) was added. The mixture was storesik hours and diluted
with 50 mL of dichloromethane. This was washed with 50 mL of soailoride solution
and the organic layer was separated. It was dried over anhydrds®,Mbe solvent was
removed, and the crude product was purified by silica gel flastomatography
(EtOAc/hexanes, 1:4) to provide 2-bromo-1,3,9,10-tetramethoxyanthrd@@gfe26 g, 69%

yield over three steps).

'H NMR (300 MHz, CDCJ) & 8.35 (d,J= 8 Hz, 1H), 8.20 (dJ = 8 Hz, 1H), 7.54 — 7.47 (m,
2H), 7.38 (s, 1H), 4.08 (s, 6H), 4.04 (s, 3H), 4.00 (s, 3H), 3.96 (s, 3H).

1-(1,3,9,10-Tetramethoxyanthracen-2-yl)ethanol (78)

To the stirred solution of 2-bromo-1,3,9,10-tetramethoxyanthragén@®.3 g, 0.8
mmol) in 8 mL THF,n-BuLi (2.5 M solution in hexane, 0.35 mL, 0.87 mmol) was added at -
78°C. This was stirred for 30 minutes at “T8and then the solution of acetaldehyde (0.7 g,
0.9 mL, 16 mmol) in 2 mL THF was added. The solution was warmed to temperature
and diluted with 50 mL dichloromethane and washed with 50 mL of ammortilonide
solution. The organic layer separated, dried with Mg®0ncentrated and the crude product
was purified by silica gel column chromatography (EtOAcdmes, 1:2) to providd-
(1,3,9,10-tetramethoxyanthracen-2-yl)ethar®(0.21g, 79% yield).
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'H NMR (300 MHz, CDCJ) & 8.35 (d,J= 8 Hz, 1H), 8.19 (dJ = 8 Hz, 1H), 7.52 — 7.45 (m,
2H), 7.37 (s, 1H), 5.55 (m, 1H), 4.07 (s, 6H), 3.99 (s, 3H), 3.94 (s, 3H), 1.69 (d, J = 7, 3H).

2-(2-Methyl-1,3-dioxolan-2-yl)acetaldehyde (81)

A solution of ethyl acetoacetate (10 g, 77 mmol), ethylene glycol,(28@mol), and
PTSA (0.65 g, 3.4 mmol) in 100 mL benzene was refluxed for five hourscerttinuous
azeotropic water separation (Dean-Stark). The mixture wasctiided to room temperature,
washed sequentially with sat. ag. NaHCO3 (2 x 100 mL) and brb@@ rfiL), dried with
MgSOQO;, filtered and concentrated to afford the ketal ester (12 g, 96kt s a colorless oil.

This material was for the next reaction without purification.

A solution of the above ketal ester (4.5 g, 26 mmol) in 10 mL THF wededato a
stirred suspension of LAH (1 g, 28.5 mmol) &t The suspension was stirred at the same
temperature for three hours. The solution was quenched with 100 nddiofrs tartarate
solution. The solution was extracted with 2x100 mL of ether, the ardagyers were
combined and washed with brine. The organic layer was separatedwithiedlgSQ, and

the solvent was removed to give the alcohol (3.1 g, 91% yield).

To a solution of oxalyl chloride (1.27 g, 0.87 mL, 9.9 mmol) in 30 mL
dichloromethane, dry DMSO (0.78 g, 0.7 mL, 9.9 mmol) was added 8C-7Bhis mixture
was stirred for 15 minutes and the solution of above alcohol (1 g, 7.6)nmm8&l mL
dichloromethane was added dropwise. This solution was stirred for oree mour and
triethylamine (3 g, 4 mL, 30 mmol) was added at “@8The solution was warmed to room
temperature and diluted with 50 mL of dichloromethane. This solution washed
successively with 50 mL of ammonium chloride and then with 50 mL of .bfine organic
layer was separated, dried with MgS©oncentrated to give the aldehygie (0.9 g, 91%

yield) which was pure enough to be used for further reactions.

'H NMR (300 MHz, CDCY) § 9.73 (s, 1H), 3.99 — 3.98 (m, 4H), 2.70 — 2.69 (m, 2H), 1.41
(s, 3H).
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Compound 82

To the stirred solution of 2-bromo-1,3,9,10-tetramethoxyanthracén®.1 g, 0.27
mmol)in 5 mL THF,n-BuLi (2.5 M solution in hexane, 0.12 mL, 0.3 mmol) was added at -
78°C. This was stirred for 30 minutes at “t8and then the solution of aldehy8ie(0.65 g,

5 mmol) in 2 mL THF was added. The solution was warmed to room tatopeand diluted
with 50 mL dichloromethane and washed with 50 mL of ammonium chlealigion. The
organic layer was separated, dried with MgS€&bncentrated and the crude product was
purified by silica gel column chromatography (EtOAc/hexanes, tb:drovidethe benzyl
alochol82 (0.07 g, 63% yield).

'H NMR (300 MHz, CDCY) & 8.35 (d,J= 7.5 Hz, 1H), 8.19 (d] = 7.5 Hz, 1H), 7.51 — 7.44
(m, 2H), 7.35 (s, 1H), 5.73 (m, 1H), 4.07 (s, 3H), 4.05 (s, 3H), 3.86 (s, 3H), 3.73 (s, 3H), 3.93
—3.85 (M, 4H), 2.31 — 2.1 (m, 2H), 1.42d; 7 Hz, 3H).

Compound 83

To a stirred solution of the dess-martin periodinane (0.3 g, 0.7 mma0 mL of
dichloromethane, the solution of benzyl alcol@® (0.1 g, 0.23 mmol) in 3 mL of
dichloromethane was added. The solution was stirred for six hours arekting mixture
was diluted with 50 mL ether. This suspension was treated with 16f . NaOH solution
and the layers separated. The organic layer was washed with 60 brine solution, dried
with MgSQ, and the solvent was removed. The crude product was purified ey galidlash
column chromatography to give pure ket&340.07 g, 76% yield).

'H NMR (300 MHz, CDCY) & 8.37 (d,J= 7.5 Hz, 1H), 8.24 (d] = 7.5 Hz, 1H), 7.55 — 7.46
(m, 2H), 7.31 (s, 1H), 4.05 (s, 3H), 4.04 (s, 3H), 3.86 (s, 3H), 3.81 (s, 3H), 3.91 — 3.86 (M,
4H), 3.53 (m, 2H), 1.61 (d,= 7, 3H).
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CHAPTER 3
An approach to the synthesis of rubianine

Introduction

Rubia is a genus of the family Rubiaceae that has about sixdiespé plants which
are present in Africa, Asia and America. These plants are ooigrknown as madder. The
three best examples of these plantsRubia tinctorum(common madderRubia peregrine

(wild madder) andRubia cordifolia(indian madder}.

It was used as a natural dye for leather, cotton, wool and $itkd¥e is fixed to the
cloth with the help of a mordant, most commonly alum. Early evidendgenfig came from
India where a piece of cotton dyed with madder was recovered from the aogjcadite at
Mohenjodaro (third millennium BCE). From the Viking age, remains of amidd (a natural
blue dye) and madder had been excavated. The oldest European tiyadesith madder
came from the grave of the Merovingian queen in a place ne& Which was dated
between 565 and 570 CE.

By the nineteenth century madder became an important dye and snmortthe
United Kingdom reached 1.25 million pounds per year. The main advawifagesider dye

were the following:

1. It was capable of producing a wide variety of colors and sHaolesblack to pink to
bright red, depending upon the mordant used.

2. It had little affinity towards the fiber, but had greatiraty towards the mordant,
making it possible to get just a white color in part of thenclahere mordant was not
applied.

3. The color was very stable and hence it was possible to trdatliffiérent reagents to

improve or to modify the shade.

The main component of madder was isolated, identified and namedzasna(l,2-

dihyroxyanthraquinone). Several other minor compounds were also dsaladeidentified.
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Seven of the anthraquinone compounds isolated by Schunck from the roBisbiaf
tinctorum were rubiretene, rubiagine, rubiacine, rubianine, chlorubian, chlorubiadine,
perchlororubiarf. Farrar analyzed these compounds and suggested that rubianine could be a
C-glycoside which was unique in madder. Vaidyanathan ascertainedrtieet structure of

the compound as shown in Figuré 1.

Figure 1: Rubianine (1)

Rubianine belongs to the class of compounds called C-glycosides whach a
derivatives of carbohydrates. Carbohydrates are of intereshhotlue to their abundance in
nature but also due to the synthetic challenges they pose becdhse& pblyhydroxylated
structures as well as their tendency to hydrolyze easiheaglycosidic bond. The discovery
of C-glycoside compounds in nature started the development of a eeeragon of
carbohydrate based produtt€-glycosides could be made by the replacement of exo-
glycosidic bond of an O-glycoside by a carbon atom. In recent gesarg C-glycosides have
been isolated from nature. The aryl C-glycosides exhibit margresting biological
activities such as antiviral, cytotoxic and DNA binding activjtiesaking them attractive
synthetic targets for organic chemiSts.
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Results and Discussion

The total synthesis of rubianine has not yet been reportedniriguing biological
activity and unique structural features prompted us to undertaketeesy study of this aryl
C-glycoside. The synthesis was envisioned as the C-glycosykdtithre 2 position of 1,3-
dihydroxy-9,10-anthraquinone.

Scheme 1

1 2
~A N oG
o 9Q GO, _~__oG
OOO o o~ 0"
o 0G
3 4

Our first synthetic strategy for rubianine is depicted in 8&hé&. Rubianind could
be prepared by reaction of the anion, made by the metal-halogemange of
bromotetramethoxyanthracen8, on the protected gluconic acid lactork The
bromotetramethoxyanthraceBecould be made by the same procedure used in the approach

to topopyrone-D which is shown in Scheme 2.
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Scheme 2

O OH
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O‘O OH Acetone, reflux O‘O OMe (69%, 3 steps)
(0] (0]
6 7
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1,3-Dihydroxyanthraquinonés was prepared by the Friedel-Crafts reaction of
phthalic anhydride and resorcinol. This was selectively bromiretéite 2-position to give
bromodihydroxyanthraquinor@’ The hydroxyl groups were protected by methyl groups to
give bromodimethoxyanthraquinorgé This was then converted to bromotetramethoxy-

anthracen® by a reductive methylation reactidn.

The benzyl protected gluconic acid lactone was prepared as shé&ameéme 3. The
hydroxyl groups of methy-D-glucopyranosid® were protected with benzyl groups to give
compound10. This compound was hydrolyzed to give glucopyranb&@ This was then

oxidized by Swern oxidation to give benzyl-protected gluconic acid ladaffe
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Scheme 3
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With the gluconic acid lactonE2 in hand, the reaction with the anion formed by the

metal-halogen exachange of bromotetramethoxyanthra&esme tried by using the standard
conditions as shown in Scheme 4. It was observed that the dehalogerasolind was

obtained as the major product.
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It was known earlier from the synthesis of topopyrone-D thatniendormed from
bromoanthracen8 reacted with aldehydes but not with anhydrides. To find out ihthen
formed above would react with other electrophiles, it was tleaith DMF, acetone and
ethyl acetate. In all cases it gave only the debrominateg@mamai 13. However, it reacted

with acetaldehyde as found during the synthesis of topopyrone-D.

Scheme 5
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o
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O | 78°C O
8
~o o ~o Yo
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Since the anion formed from bromoanthracéneeacted with aldehydes, it was
decided to treat it with pentabenzyl D-glucose. The aldehyde group-gificose was
protected by treating with 1,3-propanedithiol to form the cyclibio#cetall8. Then the
hydroxyl groups were protected with benzyl groups to give the protected Bsgli&™

Scheme 6
CHO S-S S-S
H——OH ) H——OH H——0OBn
H——0H conc. HCI H——OH BnBr H——O0Bn
H——OH H——OH H——OBn
CH,OH CH,OH (67%, 2 steps) CH,OBn
17 18 19

The deprotection of the cyclic dithioacetal grouplBwas then tried by different

methods. In all cases only complex mixtures were obtained.

Scheme 7

A Bi(NOy)yBICl;

S-S //O
H——oBn HgCl,/CdCO; ( H—0Bn

BnO——H BnO——H
H——O0Bn HgCl,/HgO H——0Bn
H——O0Bn - H——0Bn
H,OB
CH,OBn AGNO, CH,OBn

19 20
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The deprotection of compourd® was difficult which could be because of the cyclic
dithioacetal group. It could be because the cyclic protecting growpsnare stable as
compared to open chain groups. Hence, it was decided to do the proteithicemvopen
chain dithioacetal group as shown in Scheme 8. The aldehyde group latd3ey was
protected by treating with ethanethiol to form the dithioacztallrhe hydroxyl groups were
then protected with benzyl groups to give protected D-glu2dse

Scheme 8
CHO S\ S S\/S
H——OH \SH H——OH H——O0Bn
HO——H . HO—H NaH BnO——H
H——0H conc. HCI H——OH BnBr H——O0Bn
H——OH H——OH H——0Bn
CH,OH CH,OH CH,0Bn
17 21 22

The deprotection of the open chain dithioacetal group was tried byedifferethods.

In these cases also only complex mixtures were obtained.

Scheme 9

N Bi(NO3)4/BiCly
S._S _0
HgCl,/CdCO s
H——0Bn g s 4 H——0Bn
BnO——H BnO——H
H——0Bn H——0OBn
CH,OBn AGNO, CH,0Bn
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Since the anion reactions were not successful, other typesctibnsawere explored
to make the carbon-carbon bond between the anthraquinone moiety and the mloiebge
Electrophilic aromatic substitution reactions were tried. A®ag in Scheme 10, a coupling
reaction was reported in the literature for 6-methyltetrahydropgsaid® **

Scheme 10
0] OH NaHCO3
or
OO0, + o
OH HO™ O
(@]
13 23 24

Since hemiacetall was readily available, the reaction was attempted using both

sodium bicarbonate and S-proline. In both cases the reactions tailgide the desired

product.
Scheme 11
O OH OH NaHCO3
BnO,, >
OO G S
oH BnO - n S-Proline /
o) OBn
13 11

Next, Friedel-Crafts type reactions were tried. Thesestygfereactions had been

reported with similar substratésThe required glucose derivatives were prepared as shown
in Scheme 12.
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Scheme 12
OAc
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Pentaacetat29 and tetrabenzylmonoaceta?® were then subjected to a Friedel-
Crafts reaction as reported in the literature with similar substratese\own both cases the

desired product could not be obtained despite variations in temperature and solvent

Scheme 13
(0] OH Ac
LI+
OH I
(0] OBn
13 28
(0] OH Ac
AcO,, _ SnCly
OOt
OH :
e} OAc
13 29

No Desired
Reaction

No Desired
Reaction
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The failure of the reactions to make the carbon-carbon bond between the

anthraquinone and glucose moiety could be because of the steric hindtance, it was

decided to use a glucal. Quite a few reactions are known inténatlire in which Stille

coupling was used to form C-glycosid84dence, Stille coupling reactions of stannylated D-

glucal and bromoanthraceBevere tried.

Figure 2

ORrR

Stannylated glucal

OMe OMe

Ro/ ///J/\OJ/ SnR 3 ! ! Br
RO l OMe
OMe

8

Preparation of stannylated D-glucal was attempted by theothethown in Scheme

14. The commercially available D-glucal triacete8® was hydrolyzed with sodium

methoxide to form D-gluca1. The hydroxy groups were then protected with TBS groups to

form the trisilyl etheB2. This was then stannylated using the standard proc&dure.

Scheme 14
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Initially, the anion was formed from protected gludalat -78°C by addingt-BulLi
and quenching with tributyltin chloride at the same temperaturen The reaction was
warmed to room temperature and worked up. Since this resulted insy neestion, the
reaction was warmed only to°C. This also did not result in a successful reaction. It had
been reported in the literature that when the TBS protected §R2eads treated witlBulLli,
deprotonation at C-1 and alpha to silicon occutfefio prevent the formation af-silyl
carbanions, the protecting groups were changed from TBS to TBDPS gWitpsthis
glucal, the stannylation worked well. However, there were somealam-impurities which
were difficult to remove. This could be becati®uLi could react with THF above -4C.
To avoid this, the reaction was stopped at°@0This resulted in lower yields, but a purer

product. These results are summarized in Scheme 15.

Scheme 15
OAc OH OTBDPS
| J TBDPSCI |
/J/\OJ NaOMe _ O Imidazole N ’O
MeOH
AcO N HO p 72% TBDPSO ;
OAc OH OTBDPS
30 31 33
OTBDPS £-BuLi ?TBDPS
/J/\OJ n-BuzSnCl _ "'J/\OJ/S”B%
TBDPSO” ™ -7810-40 °C TBDPSO”
OTBDPS 25% OTBDPS
33 34

Before trying the Stille coupling of stannylated glugdlwith bromoanthracens,
coupling with commercially available 2-(tnHbutylstannyl)furan was performed to
standardize the reaction conditions. |Initially the reaction wased triwith
bis(triphenylphosphine)palladium dichlorides the catalyst and benzene under reflux
conditions which was not successful. However, the reaction workeédwtteltoluene as the

solvent under reflux conditiort$.
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Scheme 16
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- No Reaction
~a Benzene, reflux

O ©O

Br

CUOr + O
B

(lj (0] nbus \O \O 7 \
Ol Pd(PPh;),Cl, O O 0
8 Toluene, reflux (I)

N

61% o
35

When the Stille coupling was attempted with stannylated gl84althe reaction
failed. Use of different solvents and different temperature conditiichanot result in a

successful reaction.

Scheme 17
o o (I)TBDPS
OOO Br i, SOL_-SNBU3  Pd(PPh;),Cl,
<|) TBDPSO” ™
O OTBDPS

Since the Stille coupling with bromoanthrace@efailed, the Stille coupling of
iodoanthracen87 with stannylated gluca34 was attempted as iodine is more reactive than
bromine for Stille coupling reactions. The iodoanthrac8iewvas prepared as shown in
Scheme 18. lodination of dihydroxyanthraquine failed with iodine in dioxaneettwthis
reaction worked well with iodine monochloride in dioxane to give iodoanthragei36.*®
Stille coupling of iodoanthracen®7 with glucal 34 also failed to produce the desired

product.
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Scheme 18
o OH O OH |
ICl/Dioxane O‘O
O‘O OH 80% OH
o o}
5 36
o~ o~
1. Cs,CO3/ Me,SO, OOO '
2. TBAB, Na,S,0, o
KOH, Me2804 0 |
~
61%
37

According to a literature procedure, glyco-1-ynitol could be prodéroced protected
or unprotected aldoses by a two-step pathway shown in Schefflelflhese terminal
alkynes could be made, then they could be reacted with bromoanth&log@eSonogashira

reaction.
Scheme 19
® o Br
HO O +OH  PhPCHBr,Br o OH
) Zn - . . Br
HO™ “OH - HO" “OH
OH OH

Before making these glyco-1-ynitols, the Sonogashira reactiosn twad with
propargyl alcohol because that would be the simplest alkynol and wdpldohs&tandardize
the Sonogashira reaction conditidhddowever, this reaction failed under different solvent

and temperature conditions as shown in Scheme 20.
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Scheme 20

Et3N

OH
~A ~. ~

o o

Br L Et,NH G
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O\

Pyrrolidinone

AAN
o
/

+  Pd(PPhy),Cl, + Cul

NMP

Since many of the intermolecular reactions failed, the next plas to try the
intramolecular reactions. It is known from the literature @aglycosides could be converted
to C-glycosides by using Lewis acid cataly$t3o try this reaction on our substrate, the O-

glycoside41 was made as shown in Scheme 21.

Benzyl protected glucopyranosyl chlorid® was prepared from the glucopyranose

11.% This then was treated with dihydroxyanthraquinbne give the mono-O-glycosidgL
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Scheme 21

OBn

O OH

1
O OH
Bnoﬁ | CsCOs
(L1 | : ! Bno,,
OH B 51%
'e) BnO ; OBn
41 Bn

40

Om
Olu

The O-glycoside4l was treated with Lewis acids according to the literature
procedures. The thermal rearrangement was also tried by héatimgoluene from 100-200
°C.2* The isomerization from O-glycoside to C-glycoside failedaketplace under these

conditions.

Scheme 22
BF; OFEt,

O‘O TMSOTf
4
O BnO,,
: ,Q‘;
BnO _ OBn

Bn

4 A

Toluene

v

O||||
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Since many reactions to make the carbon-carbon bond between the anthraquinone and
glucose moiety failed, it was time to re-think our strategy. @aw plan was to make the
carbon-carbon bond between the carbon of a diene and the anomeric catimmylatose
moiety first and then assemble the anthraquinone moiety by a-Bldé¢r reaction. The

following Diels-Alder reaction was developed and reported by Kraus andWoo.

Scheme 23

o) 5 0  OR
R4
SOPh R Diels-Alder R
+ RO™X _—
OR
o OR3 o 3

The method shown in Scheme 23 could be applied for the preparation of makfani
R was the glucose moiety. Sulfinylquinodd was prepared as shown in Scheme 24. The
nucleophilic substitution of naphthoquinone by thiophenol gave the €dli@ewhich on
oxidation with MCPBA gave the sulfinylquinoda.?’

Scheme 24
(0] O (0]
SPh SOPh
() -2y e (O]
EtOH
o) ) o)

42 43

The methyl acetoacetate with the protected glucose unit at -phasition was
prepared as shown in Scheme 25. Methyl acetoacetate was convdhitedenamine, which
on treatment with glucopyranosyl chlorid® in the presence of silver triflate gave the keto

ester44,8
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Scheme 25

N
M/ H g MO/
@)

AgOSO,CF;
BnO OBn

78%

OBn

Compound44 was converted to two types of dienes, the dimethoxy diene andsthe bi
silyloxy diene as shown in Scheme 26. The intermediates werhaigcterized. During the
preparation of diend5 the monoene is shown as a ketal because according to a lderatur
procedure the 2-substitued methyl acetoacetate gave a ketedadbment with trimethyl
orthoformate, which on treatment with two equivalents of LDA gave the desired4fiéhe

Scheme 26

OTMS
~
- 2LDA
—_—
2TMSCI

OBn OBn
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OBn

Diels-Alder reactions were tried with these two dienes arfthgiguinone 43 under
different conditions, which were unsuccessful. The major drawbackhatthe dienes were
unstable. To overcome this, the Diels-Alder reaction with the dianiom €ompound4
was tried. The dianion could be stabilized by the oxygen atoms glubese ring as shown

in Scheme 27.

Scheme 27
OR
o O OH O OR
X .
O‘ 4 Diels-Alder OR
OR
OH
o o}
X = Br, SOPh
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Before trying the Diels-Alder reaction with the dianion, itsweecessary to identify
optimal conditions for dianion formation. Thus, 2-methyl methylacetateavas treated
with two equivalents of LDA and quenched with benzaldehydeNMR spectrum of the
reaction showed that the aldol reaction had occurred, confirming dianion formation.

Scheme 28

OH O O
o o 1.2 LDA

2.2 PhCHO
- Ph OEt
OFt 42%

The Diels-Alder reactions were tried with 2-bromonaphthoquinone 2and

phenylsulfinylnaphthoquinone. However, the reaction decomposed as soon a&ntphide
was added to the dianion. Even though this reaction failed, the-Alder reaction with the
dianion formed from compourg4 might work, because it could be stabilized by the oxygen
atoms in the glucose ring as shown in Scheme 27. Hence, the alcladmevas tried first to
standardize conditions for dianion formation, which failed. This suggésa¢dieneg4 and

45 might not have been formed.

Scheme 29

O (0] OH O (0]
OEt 1.2 LDA Ph OEt
BnO, 2.2 PhCHO BnO,
BnO _ OBn BnO _ OBn
OBn OBn
44

Hence, it was once again necessary to change the gtr8iage the substitution of
glucose unit at the two position of methyl acetoacetate waessial, this could be used to
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make the required C-glycoside bond. The treatment of sulfinylquinthevith the
Danishefsky diend7%° would give the enol silyl ethel8. This intermediate could be treated
with glucopyranosyl chloriddO in the presence of silver triflate to produce the required
glucose-substituted tricyclic system.

Scheme 30
(0] OMe
SOPh §
_|_
(@]
43 47 48 (R = SOPh)

However, when this reaction was tried, only 3-hydroxyanthraquinoneobtagmed.
The expected reaction (as depicted by a broken arrow) and the olvesaogdn (as depicted
by a solid arrow) are shown in Scheme 31. This could be becausadhmediatel8 was

unstable and formed the enone which aromatized easily to the anthraquinone.

Scheme 31

AgOSO,CF, G

o
AgOSO0,CF; l I l
40 OH
o)

48 (R = SOPh)
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The Diels-Alder adduct shown in Scheme 30 was unstable, which couldéeasbe
the phenylsulfinyl group is a very good leaving group. If that vegpéaced by a carboxyl
group, the adduct could be stable enough for the substitution to occunaphioquinone
was prepared as shown in Scheme 32. The carboxynaphthen@as oxidized with

silver(l) oxide to give the naphthoquinos@>!

Scheme 32

OH O
OH _ DIPEA */k _AgO _ */k
T Me;SO, “MgSO,
OH

49 50

With the dienophilés0 in hand, the Diels-Alder reaction with the Danishefsky diene
and subsequent reaction of the intermediate with glucopyranosylidehlarere tried.
However, this reaction produced only the enone and not the substitution prodisct. T
showed that the elimination of the methoxy group occurred before thigtids could take

place.
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Scheme 33
o OMe
CO,Me N
(X7
OTMS
(0]
50 47 51 (R = CO,Me)

Q R
AgOSO,CF, l I I
Cl 0]
BnO,, )
OBn

51 (R = CO,Me) BnO™

OBn

40

Since the intermediates from the Diels-Alder reactions ofitbeophiles43 and50
with the Danishefsky diene fell apart before the desired suthsti, it would be better to
treat the dienophile with butadie®?. This would solve the problems we faced with the
intermediates of the Diels-Alder reaction with the Danishetskpe. When this reaction was
tried as shown in Scheme 34, it was successful. Proton NMR and HRdfed that the
desired product was formed.
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Scheme 34
0 OMe
COMe TMsO™
DU
OTMS
(0]
50 52

AgOSO,CF,

BnO,, o
53 (R = COsMe) BnO OBn 54 (R = CO,Me)

However, the intermediat®é3 shown in Scheme 34 could undergo either C-
glycosylation or O-glycosylation and it would be very difficult tdfetentiate these two
compounds. To find out which product was formed, the reaction was tried 1ydth
cyclohexanedione as well as with the enol silyl ether of 1,3bgslanedione. The enol silyl
ether would give only the C-glycosylated product and the dione could bgitre The
products formed from these reactions were purified and analyzed fidaagions formed the
same type of products. However, the reaction with enol silyl ethsrclean and was easy to

purify. These reactions are summarized in Scheme 35.
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Scheme 35

0
ii AgOSO,CF;
—_——
0
Et;N | TMSCI
0

-
OTMS

To confirm the product of the reaction shown in Scheme 34, the enoetibi of
intermediate53 was prepared. This was reacted with glucopyranosyl chlatiieThe

products of these two reactions were the same as confirméti INMR spectroscopy.

Hence, this showed that we successfully achieved the desigbgb@sylation as shown in
Scheme 36.
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Scheme 36

O _ OTMS

O R 0] R
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O O

53 (R = CO,Me)

AgOSOZCF3

Cl

B n,
BnO ' OBn

OBn
40

Thus the carbon skeleton of rubianine could be made by treatingid¢te Alder
adduct53 with glucopyranosyl chloridd0 in presence of silver triflate. Decarboxylation and

then debenzylation reactions would result in the formation of rubidnine
Experimental Section

Methyl-2,3,4,6-tetra-O-benzyl-a-D-glucopyranoside (10)

To a solution of methyle-D-glucopyranosid® (2 g, 10 mmol) in DMF (50 mL) at O
°C, NaH (60%, 0.8 g, 20 mmol) was added. After 15 minutes, benzyl bromide @3mgL,
20 mmol) was added at°C and the mixture was stirred for one hour at room temperature.
After this, NaH and benzyl bromide (same amounts as above) werd addeagain the
mixture was stirred for one more hour. This step was repéatethore times and finally the
reaction mixture was allowed to stir for six hours at roompierature. The reaction mixture
was quenched by adding to 200 mL of ice-cold water and extracte @6t mL ether. The
ether layer was washed with 3x200 mL brine. The organic lagsrseparated, dried over

anhydrous MgS@and concentrated. The residue was purified by silica geh ftalumn
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chromatography (EtOAc/hexanes, 1:4) to provide methyl-2,3,4,6-teb@r@ylo-D-
glucopyranosidd0 (5.1 g, 92% vyield).

'H NMR (400 MHz, CDCY) & 7.37 — 7.12 (m, 20H), 4.99 (d= 14 Hz, 1H), 4.84 — 4.78 (m,
3H), 4.69 — 4.59 (m, 3H), 4.5 — 4.46 (m, 2H), 3.99&, 10 Hz, 1H), 3.74 — 3.58 (m, 5H),
3.38 (s, 3H).

2,3,4,6-TetraO-benzyl-a-D-glucopyranoside (11)

To a solution of methyl-2,3,4,6-tetra-O-benaybD-glucopyranosidelO (2.5 g, 4.5
mmol) in 100 mL acetic acid, 25 mL of 1 M sulfuric acid was addée@. fBaction mixture
was boiled at 128C for five hours. It was then cooled to room temperature and allowed to
stand for six hours. The solid product crystallized out which wagategaby filtration. The
solids were again dissolved in 250 mL dichloromethane and washed withl260 dilute
sodium bicarbonate solution and then with 250 mL of brine. The organic layer wastagpar
dried over anhydrous MgS@nd concentrated. The product was purified by recrystallization
from hexane : ethyl acetate (2:1) mixture to give 2,3,4,6-(@tbenzyle-D-glucopyranoside
11 (1.5 g, 62% yield). However, the product before crystallization was eaough to be
taken for the next reaction.

'H NMR (400 MHz, CDCJ) § 7.45 — 7.20 (m, 20H), 5.32 (d= 4 Hz, 1H), 5.00 — 4.40 (m,
8H), 4.21 — 4.17 (m, 2H), 4.00 — 3.90 (M, 2H), 3.67 — 3.50 (M, 2H).

3,4,6-Tri-O-tert-butyldiphenylsilyl-D-glucal (33)

To a solution of 3,4,6-tri-O-acetyl-D-glucal (2 g, 7.35 mmol) in 20 mdthanol was
added sodium methoxide solution in methanol (25% solution, 0.05 g, 0.18 mmol) at room
temperature and stirred for four hours. At the end of this iogatime the solvent was
removed to give crude D-gluc8ll which was taken for the next reaction without further

purification.

The crude D-gluca@l obtained as above was dissolved in 50 mL DMF and imidazole
(3 g, 44 mmol) was added to it and stirred for 10 minutes. Aftertdrishutyldiphenylsilyl

chloride (12 g, 11 mL, 44 mmol) was added dropwise at room temperathrstwing. The
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reaction was allowed to stir at SC for overnight. At the end of the reaction time the
reaction mixture was cooled, diluted with ether and washed withm®0®@/ater three times.
The organic layer was separated, dried over anhydrous Mag&0Oconcentrated. The residue
was purified by silica gel flash column chromatography (EtA&xanes, 1:9) to provide
pure 3,4,6-tri-Ctert-butyldiphenylsilyl-D-glucal33 (4.6 g, 72% yield).

'H NMR (400 MHz, CDCY) § 7.57 — 7.18 (m, 30H), 6.27 (d, 8.5 Hz, 1H), 4.43 — 4.394,
8 Hz, 1H), 4.24 — 4.12 (m, 2H), 3.95 (M= 2.4 Hz, 1H), 3.74 — 3.70 (m, 2H), 1.02 (s, 9H),
0.91 (s, 9H), 0.73 (s, 9H).

3,4,6-Tri-O -(tert -butyldiphenylsilyl)-1-(tributyl-Stannyl)-D-glucal (34)

To a solution of 3,4,6-tri-Qert-butyldiphenylsilyl-D-glucal33 (1 g, 1.2 mmol) in 20
mL THF, t-BuLi solution (1.7 M in pentane, 3.5 mL, 6 mmol) was added atG78his was
stirred for one hour at -7& and then the solution of tributylstannyl chloride (1.9 g, 1.6 mL,
6 mmol) in 5 mL THF was added. This reaction mixture was wartne-40°C and then
guenched by adding to 100 mL of ice-cold water and extracted with 200f rather. The
organic layer was separated, dried over anhydrous Mg8&@concentrated. The residue was
purified by silica gel flash column chromatography (EtOAc/inesa 1:20) to provide pure
3,4,6-tri-O-tert -butyldiphenylsilyl)-1-(tributyl-Stannyl)-D-gluca4. (0.35 g, 25% yield).

'H NMR (400 MHz, CDCJ) § 7.57 — 7.18 (m, 30H), 4.49 (d,= 2.4 Hz, 1H), 4.13 — 3.98
(m, 2H), 3.97 (s, 1H), 3.77 — 3.75 @z 8 Hz, 1H), 3.65 (dJ = 2.8 Hz, 1H), 1.57 — 1.45 (p,

J =8 Hz, 6H), 1.35 -1.23 (@ = 8 Hz, 6H), 0.99 (s, 9H), 0.95 — 0.89 (m, 6H), 0.91 (s, 9H),
0.76 (s, 9H).

2-(1,3,9,10-Tetramethoxyanthracen-2-yl)furan (35)

To a solution of bromotetramethoxy anthrac&@ g, 2.6 mmol) in 2 mL toluene
was added  2-tributylstannylffuran (1.8 g, 16 mL, 5 mmol) and
bis(triphenylphosphine)palladium(ll) chloride (0.09 g, 0.13 mmol) and thdéure was
boiled for six hours. After this the solvent removed and crude producpuvdied by silica
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gel flash column chromatography (EtOAc/hexanes, 1:3) to give pufg,33,10-
tetramethoxyanthracen-2-yl)fur&3 (0.58 g, 61% yield).

'H NMR (300 MHz, CDCJ) & 8.36 (d,J = 9 Hz, 1H), 8.21 (dJ = 9 Hz, 1H), 7.65 (m, 1H),
7.52 — 7.44 (m, 2H), 7.39 (s, 1H), 6.72 J& 3 Hz, 1H), 6.59 (dd] = 1.5 Hz and = 3 Hz,
1H), 4.09 (s, 3H), 4.04 (s, 3H), 3.99 (s, 3H), 3.81 (s, 3H).

1,3-Dihydroxy-2-iodoanthracene-9,10-dione (36)

lodine monochloride solution in dioxane was prepared first, by addih@1I®/1
solution in DCM, 10 mL, 10 mmol) to 10 mL dioxane at@ The solution was warmed to
room temperature and used for the iodination reaction. This reagsnalways freshly

prepared and used immediately.

To the stirred solution of 1,3-dihydroxyanthracene-9,10-d®@.24 g, 1mmol) in
10 mL THF, the freshly prepared ICI solution in dioxane was added (2mimol) at °C.
The solution was warmed to room temperature and stirred for fous.hAfter this the
solvent was removed and the crude product was used as such for treaogan. It can also
be purified by silica gel flash column chromatography (EtOA&hes, 1:3) to give 1,3-
dihydroxy-2-iodoanthracene-9,10-dio8é (0.25 g, 80% vyield).

'H NMR (400 MHz, CDCJ) & 8.32 (d,J = 8, 1H), 8.24 (dJ = 8, 1H), 7.97 — 7.93 (m, 2H),
7.41 (s, 1H).

2-lodo-1,3,9,10-tetramethoxyanthracene (37)

To a stirred solution of 1,3-Dihydroxy-2-iodoanthracene-9,10-di®®€0.37 g, 1
mmol) in 20 mL acetone were added cesium carbonate (1.3 g, 4 mmaotimethyl sulfate
(0.38 g, 0.3 mL, 3 mmol). The reaction mixture was refluxed forhsuurs and cooled to
room temperature. The solvent was removed and the crude product waditak#y for the

next reaction.

To the crude 2-iodo-1,3-dimethoxyanthracene-9,10-disokg tetrabutylammonium
bromide (35 mg, 0.1 mmol), 10 mL of THF and 4 mL of water were addethiF stirred
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solution was added an aqueous solution of sodium dithionite (1 g, 6 mmol) linvéater.
After 30 minutes of stirring at room temperature, potassiumoxyaie (1.6 g, 28 mmol) in 5

mL water was added. After 15 minutes, dimethyl sulfate (2.66 d,,2fhmmol) was added.
The mixture was stirred for six hours and diluted with 50 mL of drdmethane. This was
washed with 50 mL of sodium chloride solution and the organic layese@aated. It was
dried over anhydrous MgSQconcentrated, and the crude product was purified by silica gel
flash  chromatography  (EtOAc/hexanes, 1:4) to provide 2-iodo-1,3,9,10-
tetramethoxyanthracen& (0.26 g, 61% yield over two steps).

'H NMR (300 MHz, CDC}) 5 8.36 (d,J= 8 Hz, 1H), 8.20 (dJ = 8 Hz, 1H), 7.53 — 7.47 (m,
2H), 7.32 (s, 1H), 4.08 (s, 6H), 4.06 (s, 3H), 4.02 (s, 3H), 3.97 (s, 3H).

2,3,4,6-Tetra-O-benzyl-D-glucopyranosyl chloride (40)

To a solution of 2,3,4,6-tetra-O-benzybP-glucopyranosidd1 (1 g, 1.8 mmol) in 20
mL dichloromethane, DMF (0.36 mL) was added and the reaction mwasecooled to O
°C. To this oxalyl chloride (0.69 g, 0.46 mL, 3 mmol) was added dropwi€e°@t The
reaction mixture was warmed to room temperature and stirreédddamore hours. At the end
of this reaction time, the solvent was removed and the crude produgiuwied by silica
gel flash column chromatography (EtOAc/hexanes, 1:4) to give 2,3,4&®Ddbenzyl-D-
glucopyranosyl chloridd0 (0.86 g, 86% vyield).

'H NMR (400 MHz, CDCJ) § 7.45 — 7.21 (m, 20H), 6.07 (A= 4 Hz, 1H), 4.98 (dJ = 12
Hz, 1H), 4.83 (m, 2H), 4.71 (d,= 4 Hz, 2H), 4.51 (dJ = 12 Hz, 1H), 4.45 (t) = 12 Hz,
2H), 4.07 — 4.01 (m, 2H), 3.76 — 3.71 (m, 3H), 3.64)@,12 Hz, 1H).

2-(Phenylsulfinyl)naphthalene-1,4-dione (43)

To a solution of 1,4-naphthoquinone (1.58 g, 10 mmol) in 10 mL ethanol,
benzenethiol (1.1g, 10 mmol) was added the mixture was heated € 160G sealed tube
for overnight. At the end of this reaction time, the reaction unétwas cooled and the

solvent was removed. The crude product was purified by silica lgeh fcolumn
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chromatography (EtOAc/hexanes, 1:3) to give 2-(phenylthio)naphttdl@adione (1.6 g,
61% yield).

To a solution of 2-(phenylthio)naphthalene-1,4-dione (1 g, 3.5 mmol) in 10 mL
dichloromethane was added a solution of MCPBA (0.67 g, 3.9 mmol) in 5 mL
dichloromethane at @C. The reaction mixture was warmed to room temperature angdstirr
for two more hours. After this, it was diluted with 200 mL dichlordmee and washed with
200 mL water. The organic layer was separated, dried over antsydvigSQ and
concentrated. The residue was purified by silica gel flash columromatography
(EtOAc/hexanes, 1:2) to provide pure 2-(phenylsulfinyl)naphthalene-1,4-di@dn@.91 g,
92% yield).

'H NMR (400 MHz, CDCJ) § 8.10 (d,J = 8 Hz, 1H), 8.00 (dJ = 8 Hz, 1H), 7.85 (m, 2H),
7.76 (M, 2H), 7.65 (s, 1H), 7.49 (m, 3H).

Compound 44

The enamine was prepared first. To a solution of methyl amtite (1.16 g, 10
mmol) in 50 mL benzene, piperidine (0.7 g, 1.6 mL, 10 mmol) and PTSA (0.0%g) w
added. This solution was refluxed and water was removed continuouslingyDesan-Stark
apparatus for five hours. The reaction mixture was cooled to room raiunge and the

solvent was removed. The crude enamine was used as such for the next reaction.

To a solution of 2,3,4,6-Teti@-benzyl-D-glucopyranosyl chloridd0 (2 g, 3.6
mmol) in dichloromethane, dry #Amolecular sieves (approx 0.5 g) and a solution of the
above enamine (10 mmol) in dichloromethane were added. After thdssdwer triflate (1.9
g, 7.2 mmol) was added and the reaction mixture was stirred itattkefor one hour. The
reaction mixture was filtered through celite and the solvestnemoved. Finally, the crude
product was purified by silica gel column chromatography to giveatioeneric mixtureof
andp) of the compound4 (1.8 g, 78% yield).

MS: m/e: 675 (M + Na, 653, 562, 455, 412, 408, 346, 181, 91. HRMS: m/e calc 652.304,
m/e found: 652.306.
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2-Methoxycarbonyl-1,4-naphthoquinone (50)

To a solution of 1,4-dihydroxy-2-naphthoicacid (2 g, 10 mmol) in 20 mL THF,
diisopropylethylamine (1.4 g, 1.96 mL, 11 mmol) and dimethyl sulfate (238 gL, 22
mmol) were added and the mixture heated t8G€br four hours. The mixture was cooled to
room temperature and diluted with 200 mL of ethyl acetate. The orimmr was washed
with 200 mL of sodium bicarbonate solution and then 200 mL of brine. Thaiorigger
was separated, dried over anhydrous Mg&@d concentrated. The residue was purified by
silica gel flash column chromatography (EtOAc/hexanes, 1:2) twige methyl 1,4-
dihydroxynaphthalene-2-carboxylate (1.9 g, 90% yield).

'H NMR (400 MHz, CDC}) & 8.34 (d,J = 12 Hz, 1H), 8.21 (d] = 12 Hz, 1H), 7.69 () = 7
Hz, 1H), 7.63 (tJ = 7 Hz, 1H), 7.19 (s, 1H), 3.98 (s, 3H).

To a solution of 1,4-dihydroxynaphthalene-2-carboxylate (1.3 g, 6 mm@l) imL
THF, silver(l) oxide (2.8 g, 12 mmol) and magnesium sulfate (1.3 g¢ wdded and the
reaction mixture was stirred at room temperature for one hdutheAend of this reaction
time, the reaction mixture was filtered and the filtrates ve@ncentrated. The crude 2-
methoxycarbonyl-1,4-naphthoquinob@ was unstable for further purification and used as
such for further reactions. (1.2 g, 98% yield).

'H NMR (400 MHz, CDCJ) § 8.09 — 8.04 (m, 2H), 7.92 — 7.90 (m, 2H), 7.25 (s, 1H), 3.89
(s, 3H).

Compound 54

To a solution of 2-methoxycarbonyl-1,4-naphthoquin6@€0.4 g, 1.85 mmol) in 10
mL THF, a solution of 1,3-bissilyloxy-1-methoxy-1,3-butadiene (0.72 g, 2.8 inm& mL
THF was added at -7&. This mixture was warmed to°Q in 2 hours and then 2 mL of 1%
HCI solution in water was added and stirred for one more hour. Adritieof this reaction
time, the reaction mixture was diluted with 100 mL of ethyl @&teednd washed with water.

The organic layer was separated, dried over anhydrous Ma@&0Oconcentrated. The residue
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was purified by silica gel flash column chromatography (EtOA&heg, 1:1) to provide the
intermediatés3 (0.23 g, 42% yield).

'H NMR (400 MHz, CDCJ) § 11.8 (s, 1H), 8.36 (d] = 8 Hz, 1H), 8.86 (dJ = 8 Hz, 1H),
7.59 (t,J = 7 Hz, 1H), 7.49 (tJ = 8 Hz, 1H), 5.59 (s, 1H), 4.11 (d,= 7 Hz, 1H), 3.97 (s,
3H), 3.65 (d,J = 16 Hz, 1H), 3.51 (d] = 16 Hz, 1H), 3.03 (q] = 10 Hz, 2H).

The intermediat®3 (0.08 g, 0.27 mmol) prepared as above, was dissolved in 5 mL
THF and to this solution 2,3,4,6-tetra-O-benzyl-D-glucopyranosyl chlei@dé.3 g, 0.54
mmol) in 2 mL THF and silver triflate (0.14 g, 0.54 mmol) wereeatldnd the mixture
stirred for 1 hour at room temperature in the dark. The reactivtumaiwas filtered and the
solvent was removed. The residue was purified by silica géi takimn chromatography
(EtOAc/hexanes, 1:1) to give the prod&dt(0.13 g, 62% vyield).

MS: m/e: 861 (M + K), 845 (M + N4), 822, 566, 556, 417, 384, 319, 252. . HRMS: m/e
calc 822.865, m/e found: 822.868.
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CHAPTER 4

A flexible synthesis of indoles from ortho-substitted anilines

Introduction

Indoles have been an important topic of research for over a ceheysyntheses
and activities of indole derivatives appear in the chemicahtilez every year. The reason
for this prolonged interest in indole derivatives is mainly because of theaymabiological
activity.! The indole ring appears in many natural products. An indole ringegepr in the
amino acid tryptophaifl), which is very important for both plants and animals. Indole-3-
acetic acid(2) is a plant growth hormone and seroto(®) is the key neurotransmitter in
animals. The indole ring also appears in many natural products Kedoids, fungal
metabolites and marine natural products. Some examples among thémwpanynt indole
derivatives which are used as drugs are indometl§drina non-steroidal anti-inflammatory

agent, sumatriptas) - a drug for migraine headache and pindd®)l - a B-adrenerrgic

blocker?
NH2
CH,CHCOOH CH,COOH CH,CH,NH,
HO
A\ A\ A\
N N N
H H H
1 2 3
CH,COOH
HCO { OH
CH; CH,CH,NH, OCH,CHCH,NHCH(CHs),
N HsCNHSO,H,C
o N\ \
N N
H H
cl
4 5 6
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The first synthetic preparation for indole was reported by FisSohE83. Since, then
many methods for the preparation of indoles were reported initénatlre. The notable
among them are from Bartoli, Bischler, Hemetsberger, JulimckaMedelung, Nenitzescu,
Reissert and SundbetgAlthough, these reactions are synthetically useful, they sinéfier
one or more of the following disadvantages: i. high temperatum@dong reaction times, ii.
use of expensive transition metal catalysts, iii. methods involvgstep reactions which

resulted in moderate yields and iv. use of reagents which are highly semsitioesture.

Recently Kraus and Guo reported an efficient method for theaatpn of indoles
which is shown in Scheme®1? This method involved the condensation of an aromatic
aldehyde with (2-aminobenzyl)triphenylphosphonium bromide to form amniatBate

imine. This, on treatment with a base, underwent electrocyclg aiosure to form the

indole.
Scheme 1
® ©
@ o Ph; BrH
PPh; Br
1. AcOH, MeOH, MW H
e . A0
NH, OHC N
_ o _
PHPh; Br
q \
2. t-BuOK, THF H —_—
> —C N
N :

This method was very versatile and tolerant to both electron-ithidg and electron-
donating substituents on both the amine and the aldehyde compounds. Howeveainthe m

disadvantages of this method are listed below.
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1. The starting material contains both an amino group as wallpgg®sphonium group.
Depending on the substrate used, potentially both of these groups catiMitedhe
aldehyde group and could lower the overall yield of the reaction.

2. The starting material used was a salt. This resulted in padsikiyl in many organic
solvents.

3. The starting phosphonium salt compounds are expensive.

Due to these reasons it was important to evaluate other leadngsgwhich could work as

effectively as the triphenylphosphonium group without the above discussed disadvantages.
Results and Discussion

The general scheme for the formation of indoles is shown belpandRR could be
electron-releasing or electron-withdrawing groups. G could bdemvyng group which also

could assist the formation of a carbanion.

Scheme 2
G
1. AcOH, MeOH, MW — R
1 |
= = -~ = N
NH, OHC 2. t-BuOK, THF N

The first alternative substrate tried was aminophenylsuBpmewhich the G was the
sulfone group. This could be made easily from the commercially adeil 2-
aminobenzophenong&in two steps, as shown in Scheme 3. This appears to be a reasonably
general method for aminobenzyl sulfone synth®dike starting amino compound is more
soluble than the previously used phosphonium salt, and therefore would @evitdr range

of reaction conditions for the imine formation step.
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Scheme 3
0 SO,Ph
T hs0,
95% 204
NH, AcOH NH;
7 8 62% 9

With the phenylsulfoned in hand, indole formation was attempted with some
representative aldehydes using the procedure reported by KrauWSuandrhese reactions
proceeded smoothly to form the corresponding indoles in good to excelbdud. yThese
results are summarized in Table 1. The exceptions to this methect w-
thiomethylbenzaldehyde and 4-nitrobenzaldehyde. In the former bas&hiomethylindole
10 had the same:Rvalue as the phenylsulforte Hence, it was very difficult to purify this
compound. In the latter case, the nitrophenylinddidormed from the nitrobenzaldehyde

was unstable to purification.

Ph Ph
CL-Ooe oy
N N
H H
10 11
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Table 1 Reaction 0B with aldehydes to generate indoles.

SO,Ph R Ph
©\/Kph /@ 1. ACOH, MeOH, MW L =R
NH,  OHCT 2 tBUOK, THF N \_/
o 12
Entry Aldehyde Product Yield (%)
Ph
1 @L 12a| 85
N
CHO H
Ph
N
CHO H
Ph
N
CHO H
Ph
4 Me0:©\ O A\ O OM 12d 71
N
HO CHO H OH
CHO Ph
> @E\g O 3 \ 12¢| 74
N N NH
Ph
6 Xx_CHO N\ 12f 63
S ey
H
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Commercially available 2-cyanomethylaniline3 was studied next, with some

representative aldehydes using the usual

procedure.

These

reafionsd the

corresponding cyanoindoles in good to excellent yields. Thus in thess, ¢astead of the

elimination of the cyanide, oxidation to a 3-cyanoindole occurred, prédymaa

deprotonation of the benzylic hydrogen with the base, followeddmatization. Hence, the

atom economy of these reactions turned out to be excellent ayahe group stayed, and

only water was lost to form the indoles. These results are summarized irldienipltable.

Table 2 Reaction ofLl3 with aldehydes to generate indoles.

>R 1. AcOH, MeOH, MW { /=R
L - \ /
NH, OHC 2. tBUOK, THF N
13 14
Entry Aldehyde Product Yield (%
CN
1 ©\ O N\ O 14a 93
N
CHO H
CN
2 | Br O \ O s | 14b| 83
L ;
CHO H
MeO CN
3 OCHO Iy )ome | 102| 72
H
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O C
4 CHO O N\ O 14d| 87
N
H
~__CHO CN
5 Ej/V A\ 14e 69
(L0
H
OzN\©\ CN
H

The reason for the difference in reactivity between the bulkgtguents (G = S{Ph
and PYPhBr) and smaller substituents (G = CN) could be due to the sféeitt exerted
by them on the cyclization of the imine intermediate. This is shmwScheme 4. If G is

bulky, then it might orient itself in the plane perpendicular to the plane of thetaroimng to

avoid any non-bonded interactions. From this orientation it could easigrgo elimination

to form the final indole. However, if G is small group, then it mminent in the plane of the

aromatic ring. The benzylic hydrogen alpha to the nitrile wouldabmlic, allowing

deprotonation and oxidation to form the 3-cyanoindole.
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Scheme 4
G G G
© Base ©
_— = ) E—— o)—R
— ~
N/\R N/\R N

G perpendicular

G in the plane of .
to the aryl ring

the aryl ring

G =CN G = PPhj3, SO,Ph

Iz /§>\
P
Iz /i
P

Thus, use of cyano group in the starting material helped to improveatdime
efficiency of this indole preparation method. Also, the cyano grodipeaB-position of the
indole could be used as a handle for further reactions.

Experimental Section
2-(Phenyl(phenylsulfonyl)methyl)aniline (9)

To a stirred solution of (2-aminophenyl)phenylmethah@ g, 10 mmol) in 20 mL
acetic acid and 10 mL ethanol, sodium benzenesulfinate (2 g, 12 mnsojdaad. To this
solution concentrated sulfuric acid (4 g, 4 mmol) was added and therenixas heated to
100°C for 12 hours. At the end of this reaction time, the reaction mixture was cooled to room
temperature and diluted with water and the product was extradtedichloromethane. The
organic layer was separated, dried over anhydrous Mg®@ concentrated. The crude
product was purified by silica gel flash chromatography (Et@éxanes, 1:3) to provide
pure 2-(phenyl(phenylsulfonyl)methyl)anili®g2 g, 62% yield).
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'H NMR (400 MHz, CDC}) § 7.70 (d,J = 12 Hz, 2H), 7.61 (dJ = 12 Hz, 2H), 7.50 — 7.47
(m, 4H), 7.38 — 7.35 (m, 3H), 7.11 (= 8 Hz, 1H), 6.81 (tJ = 8 Hz, 1H), 6.76 (dJ = 12
Hz, 1H), 5.73 (s, 1H).

General procedure for the synthesis of indoles

In a 10 mL microwave reaction vessel (CEM Discover Systequipped with a
magnetic stir bar, the 2-substituted aniline (0.5 mmol), the atlde(.5 mmol) and glacial
acetic acid (11.4uL, 0.2 mmol) were added to 5 mL of distilled methanol. The vial was
capped properly and placed in the microwave. Microwave irradiation wasdcaut at 80 °C
for 10 min (temperature fixed). After cooling the vial to room terapge, methanol was
removed under vacuum. Methanol must be completely removed before tretepexrHF (4
mL) weas added to the mixture and 0.8 mL of a 1-BUOK solution in THF was added
dropwise. The resulting mixture was stirred at 25 °C under the aogooné hour. Then
saturated NELCI solution (10 mL) was added to quench the reaction. The aqueousvks/er
extracted with ethyl acetate (3 x 10 mL). The organic layerg combined and washed with
brine (2 x 10 mL). The organic layer was separated, dried witBQJ@nd filtered. The
filtrate was concentrated under vacuum and the residue waseguo¥i silica gel column

chromatography using a mixture of ethyl acetate and hexanes as the eluent.

Compoundsl2ato 12f were made by a different method and reported by Kraus and

Guo?

2,3-Diphenyl-1H-indole (12a)

'H NMR (400 MHz, CDCJ) 6 8.20 (s, 1H), 7.71 (d = 8 Hz, 1H), 7.48 — 7.38 (m, 7H), 7.35
—7.25 (m, 5H), 7.18 (] = 7 Hz, 1H).

*C NMR (100 MHz, CDGJ) § 132.6, 135.2, 134.2, 132.8, 130.3, 128.9, 128.8, 128.6, 128.3,
127.8, 126.3, 122.8, 120.5, 119.8, 115.1.

HRMS: m/e calc, 269.1205; m/e found, 269.12009.
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2-(4-Chlorophenyl)-3-phenyld1H-indole (12b)

'H NMR (400 MHz, CDCJ) & 8.21 (s, 1H), 7.75 (d = 8 Hz, 1H), 7.50 — 7.43 (m, 5H), 7.40
—7.30 (m, 6H), 7.24 (] = 8 Hz, 1H).

2-(4-Bromophenyl)-3-phenyld1H-indole (12c)

'H NMR (400 MHz, CDCJ) & 8.21 (s, 1H), 7.74 (d} = 8 Hz, 1H), 7.50 — 7.43 (m, 5H), 7.40
—7.36 (M, 6H), 7.24 (] = 8 Hz, 1H).

2-(3-Hydroxy-4-methoxyphenyl)-3-phenyliH-indole (12d)

'H NMR (400 MHz, CDCY) § 8.33 (s, 1H), 7.44 (d] = 8 Hz, 1H), 7.52 (dJ = 7 Hz, 2H),
7.45 — 7.19 (m, 5H), 7.09 (d,= 2 Hz, 1H), 6.92 — 6.90 (m, 1H), 6.73 (= 8.4 Hz, 1H),
3.83 (s, 3H).

3-Phenyl-lH,1'H-2,3'-biindole (12¢)

'H NMR (400 MHz, DMSO-g) 5 11.40 (s, 1H), 11.30 (s, 1H), 7.60 {ds 8 Hz, 1H), 7.50 —
7.39 (m, 5H), 7.31 (] = 8 Hz, 2H), 7.20 — 7.05 (m, 5H), 6.85Jt 7 Hz, 1H).

(E)-3-Phenyl-2-styryl-1H-indole (12f)

'H NMR (400 MHz, CDCY) & 8.29 (s, 1H), 7.76 (d] = 8 Hz, 1H), 7.62 — 7.17 (m, 11H),
6.90 (d,J = 16 Hz, 1H).

3-Cyano-2-phenyliH-indole (14a)

'H NMR (400 MHz, CDCJ) 5 8.83 (s, 1H), 7.89 (d] = 8 Hz, 2H), 7.78 (dJ = 8 Hz, 1H),
7.55 — 7.45 (m, 4H), 7.34 — 7.28 (m, 2H).

*C NMR (100 MHz, CDGJ) & 148.4, 136.4, 135.9, 128.9, 128.2, 128.1, 124.6, 124.1, 123.8,
122.8, 119.2, 115.9, 112.9, 54.3.

MS: m/e, 218, 190, 164, 96, 83, 71, 69, 57, 52. HRMS: m/e calc, 218.084; m/e found,
218.084.
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3-Cyano-2-(4-bromophenyl)d1H-indole (14b)

'H NMR (400 MHz, CDCJ) 5 8.63 (s, 1H), 7.98 (d] = 8 Hz, 2H), 7.73 (dJ = 8 Hz, 2H),
7.52 (d,J = 8 Hz, 1H), 7.43 (t) = 8 Hz, 1H), 7.32 (t) = 8 Hz, 1H), 7.27 (d] = 8 Hz, 1H).

*C NMR (100 MHz, CDGJ) & 159.8, 149.5, 135.7, 132.2, 130.9, 129.6, 129.3, 129.1, 127.0,
126.3, 125.8, 118.4, 118.1, 65.2.

MS: m/e, 298, 296, 219, 190, 165, 143, 116, 89. HRMS: m/e calc, 295.995;: m/e found,
295.995.

3-Cyano-2-(4-methoxyphenyl)iH-indole (14c)

'H NMR (400 MHz, CDCJ) § 8.77 (s, 1H), 7.84 (d] = 8 Hz, 2H), 7.74 (dJ = 8 Hz, 2H),
7.43 (d,J = 8 Hz, 1H), 7.33 — 7.22 (m, 2H), 7.04 {5 8 Hz, 1H), 3.88 (s, 3H).

¥C NMR (100 MHz, CDGJ) § 161.2, 145.1, 135.1, 129.1, 128.5, 122.1, 119.6, 115.1, 111.6,
67.5, 60.1, 55.7.

MS: m/e, 248, 233, 205, 178, 151, 124, 105, 86, 84, 49. HRMS: m/e calc, 248.096; m/e
found, 248.095.

3-Cyano-2-(3-methylphenyl)1H-indole (14d)

'H NMR (400 MHz, CDCJ) 5 8.61 (s, 1H), 7.77 (d] = 8 Hz, 1H), 7.69 (dJ = 8 Hz, 2H),
7.46 — 7.41 (m, 2H), 7.32 — 7.29 (m, 3H), 2.44 (s, 3H).

*C NMR (100 MHz, CDGJ) & 145.1, 139.5, 135.1, 129.6, 127.6, 122.6, 119.8, 116.9, 111.8,
67.2, 21.7.

MS: m/e, 232, 204, 190, 115. HRMS: m/e calc, 232.100; m/e found, 232.100.
3-Cyano-2-styryl-1H-indole (14e)

'H NMR (400 MHz, CDCY) § 8.71 (s, 1H), 7.72 (d] = 8 Hz, 1H), 7.57 (dJ = 8 Hz, 2H),
7.43 — 7.24 (m, 8H).
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3C NMR (100 MHz, CDGJ) 6 143.3, 135.6, 135.5, 133.2, 129.5, 129.2, 128.4, 127.3, 125.0,
122.6,119.7, 116.2, 115.5, 115.3, 111.6, 86.6.

MS: m/e, 244, 243, 231, 217, 191, 189, 115, 105, 84, 56, 49, . HRMS: m/e calc, 244.100; m/e
found, 244.101.

3-Cyano-2-(4-nitrophenyl)-LH-indole (14f)

'H NMR (400 MHz, CDCJ) § 8.63 (s, 1H), 8.49 (d] = 8 Hz, 2H), 8.30 (dJ = 8 Hz, 2H),
7.75 (d,J = 8 Hz, 1H), 7.62 (d] = 8 Hz, 1H). 7.40 () = 8 Hz, 1H), 7.35 () = 8 Hz, 1H),

*C NMR (100 MHz, CDGJ) & 147.1, 137.6, 135.1, 130.1, 129.5, 129.0, 127.2, 124.3, 122.3,
118.9, 116.5, 112.6, 57.0.

MS: m/e, 264, 263, 247, 241, 217, 211, 190, 163, 150, 123, 102. HRMS: m/e calc, 263.069;
m/e found, 263.069.
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GENERAL CONCLUSIONS

In this dissertation, direct and concise strategies for thi#nasgis of natural products

have been studied. Also, a flexible synthetic methodology for indoles has been developed.

Chapter one describes an efficient method for the total syntbieBitorachalcone.
This was the first synthetic pathway reported for littoraahvac Our route is significantly
more direct and operationally more convenient than the methods eelstwibstructurally
similar verbenachalcone, because, we started from comnhemialilablepara-tolyl ether,
thus avoiding the protection and deprotection steps necessary in thtssdsn One more
structurally similar compound, the phenoxydicarboxylic acid was agothesized.
Biological activity of littorachalcone and its intermediategrev studied. One of its
intermediates, the dialdehyde showed a potent antibacterial activity.

Chapter two outlines a synthetic approach towards topopyrone-D. Melalgen
exchange reactions on an anthracene moiety were investigated. Sineetheysuccessful,
they were replaced by selective and efficient metal-halegehange reactions and this was
applied for the synthesis of topopyrone-D. Synthesis of a model compmutaghdpyrone-D
was completed.

Chapter three presents a synthetic strategy towards theesimof rubianine which is
a C-glycoside. A complex Diels-Alder adduct was used effegtiteeintroduce the glucose

unit onto the anthraquinone carbon skeleton.

Chapter four reports the effect of different substituents abttie-position of the
starting aniline compound. Bulky substituents like phosphonium salts and fqiiéongs
tend to be lost to produce the final indole molecule. Small substitlienthie cyano group
stay in the final product and only water was lost to form thel findole molecule. This
makes the method more atom economical and more environmental frigvailythe

previously reported methods.
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