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1. Introduction biologically active carbazole alkaloids have beswlated

Carbazole derivatives are well known for thelrfrom natural sources!!

pharmacological activities. Due to dfieir biclogicahd Carbazole alkaloids and its derivatives are having

pharmacological activitie, carbazoles are important extensive potential applications in the field of dicinal

targets for natural product synthesis. Carbazolg. (E) chemistry as anti-tumdr? antiplatelet aggregativé,

was isolated first from coal tar in 1872 by Graebel 4,14,15

antibiotic’ anti-viral 118

anti-plasmodiat?  anti-
2

Glazer. convulsant® and sigma receptor antagofigt properties.

Because of their importance, a large number of

methodologies have been developed to construct the

skeleton of substituted carbazole analogues. Tinetale

Fig. 1. Structure of Carbazole Fischer—Borsche syntheéisGraebe—Ullmann synthesi,

Carbazole ring is present in a variety of natwrall 5nq conversion of indole derivatives to carbazBies.

occurring medicinally active substances. A largmber of Although numerous synthetic approaches to substitut
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34,36

e*34 glycozolicine®® glycozoline?®

carbazoles have been reported, improvement imstitled  K,**' glycoborine®
to provide a step economic and regioselective nietho  mukolidine, mukoline, 3-methoxyt8carbazole-1-
the synthesis of carbazoles, regioselective irsdtafi of carboxylic acid methyl ester, (3-methoxi@arbazol-1-
appropriate substituents on the eight differentilabke  yl)-methanol, 3-methoxy{9-carbazole-1-carbaldehyde, 3-
sites in the aromatic ring systems is a challentasg. methoxy-$H-carbazole-1-carboxylic acid, 2-methyH9
One of the most common methods for carbazolearbazole and anti-inflammatory drug carprofen ésd
synthesis involves the reductive cyclization of 2-derivatives from commercially available simple Stay
nitrobiphenyl derivatives in the presence of suéab materials utilizing a Suzuki-Miyaura cross coupling
organophosphorus reagefitsThis method is commonly reaction, followed by Cadogan reductive cyclizatimn
referred to as the Cadogan cyclization and hasydbauof good to excellent yields (see Fig. 2). This methogip
advantages, which include increased substrate sapnge provides an efficient route to carprofen with nsddoro
functional group tolerance, and more precise regitrol  impurity and its derivatives.
of functional group placement within the productamy The first carbazole alkaloid to be isolated fraant
substituents are tolerated in this reductive cgtiim, source was murrayaning)(extracted from the stem bark
which represents the best procedure for the cyidizaof  of the small treeMurraya Koenigii (Fam. Rutaceaé’ an
the 2-nitrobiphenyls to the carbazole derivativdhie Indian medicinal plant commonly known as “curryflea
starting materials 2-nitrobiphenyl derivatives aasily tree”. It exhibits antimicrobial properties agaifaiman
prepared by the Suzuki-Miyaura cross-coupling ofpathogenic fungi® Since then, the field has expanded
haloarenes with arylboronic acids. enormously large due to the promising biologicaivites
Suzuki-Miyaura reaction is a palladium catalyopedss- of many of the carbazole alkaloids.
coupling reaction between organic boron compoumds a Mukoeic acid §), isolated from the bark of the Murraya
organic halided”° This is relatively simple and versatile koenigii. It represents the first carbazole carlioxgcid
C-C bond formation reaction can be extended toouari isolated from a plant souré®The corresponding methyl
substrates and therefore finds wide application tier  ester of mukoeic acid, mukoning) (was isolated in 1978
synthesis of pharmaceuticals and total synthesis dfy Chakraborty et al. fronMurraya koenigif® and later
complex natural products. also by Wu et al. fronClausena excavatd** The shrub
Herein, we report a concise and efficient totaltegais clausena excavaté traditionally used in China for the
of carbazole alkaloids mukonifé, koenoline, treatment of snakebites, abdominal pain and as a

murrayafoline A, murrayanine, mukoeic acid, clalismo detoxification agent.
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Koenoline B), a carbazole alkaloid, has been isolatedoots. It shows the biological activities such gotoxic,

from the root bark oMurraya koenigiifor the first time as antiproliferative

activities

against MCF-7 breast

a natural product by M.Fiebig et 4lLlts structure was adenocarcinoma cell liff€.

established as 1-methoxy-3-hydroxymethylcarbazoje b Murrayafoline A 4) exhibited strong fungicidal activity

analysis of spectroscopic data and was confirmegbipyal

against Cladosporium cucumerinunwhich was isolated

synthesis from murrayanine isolated frdvh siamensis from the root of several species of the Murrél/&.



Chakravarty and co-workers isolated glycoborig, (
from the root ofGlycosmis arbored® This was the first 5-
oxygenated tricyclic natural carbazole ever isaldte

In 1992, Bhattacharyya et al. isolated glycazdné Q)
from the roots ofzlycosmis pentaphyfiand its structure
assigned as the isomeric 5-methoxy-3-mettyd-9
carbazole, but in 2001, Chakravarty et al. reassigits
structure as 8-methoxy-3-methylcarbazd@g dn the basis
of the total syntheses of both isomeric compoumtkthe
comparison of spectroscopic data with those ofnieral
i

produc

synthesis via Fischer indolization of
methoxyphenylhydrazine and 4-methylcyclohexanbBrie.
exhibits moderate antimicrobial activit{.

Carbazoles Mukolidine1{) and mukoline 12) were

isolated from the root, leaves, and fruit dfurraya

4
The spectroscopic data confirmed that glycozoiin6-

methoxy-3-methylcarbazofé>* Chemical support for this
structural assignment was derived through transdtiom
into known carbazole derivativdand total synthesfs.

In 1997, Ito et al. described the isolation atrictural
elucidation of clauszoline K8[*° from the stem bark of the
Chinese medicinal plafitlausenaexcavata

Carprofen is a non-narcotic, non-steroidal anti
inflammatory drug (NSAID) with characteristic anesic

and antipyretic activity’>® NSAIDs are classified as

This structural assignment was confirmed byarylpropionic acid derivates, with the charactaristf an

2- iso-propionic acid group bound on an aromatic caumnplo

NSAIDs are commonly used to treat acute andrcbro
pain. NSAIDs produce their beneficial action byibiting
the two isoforms of the cyclooxygenase (COX) enzyme
COX-1 and COX-22%

These enzymes convert

koenigii Sprend?® whose extracts exhibit antibacterial arachidonic acid into prostaglandins and thrombexan

activity.*® Chakraborty et al. confirmed the structures forwhich are important physiological and pathological

11 and 12 by their total syntheses, which included
Fischer—Borsche cyclization as the key step. Tanral.
described the total syntheses Hf and 12 by using a
Diels—Alder of

cycloaddition a

oxazolidin-2-one and acrolein as the key step.

4,5-dimethylene enzyme of the conversion of arachidonic acid

aeffectors.
The anti-inflammatory effect of Carprofen is cadisgy
an inhibition of the COX-2 activity. COX-2 is thend
to

prostaglandin H2 (PGH2), which is the first stepthe

A wide range of 6-oxygenated carbazole alkaloids haprostanoid synthesis that causes pain and inflarom&t

been isolated from natural sources. Glycozolit@ (vas
the first member of this class of alkaloids andyiolly
isolated from the stem bark Gllycosmispentaphylld" and
later also by Chakravarty et al. from the roots
It exhibits

G.arborea®? antibacterial,

antifeedant and antiinflammatory propertiés.

antifungal,

Carprofen binds as a competitive inhibitor in ticé\ee site

of COX-25

ofy Results and discussion

Carbazole natural product mukoning)®t®*®®is an

alkaloid from the Indian curry-leaf treeM(rraya



Koenigii).”® We synthesize mukonin@)(starting from 3-
bis(pinacolato)
diboron (L7)

bromo-5-hydroxybenzoic acid, which is convertediBt &r COH Br COMe  PdCL(PPh),
\Q/ %— CH,COOK
bromo-5-methoxybenzoic acid methyl est&6)(in 99% DMF, Lardioxane
OH  12hRT, 99% OMe paSA
yield. This ester 16 was treated with 1 10
CO,Me
Bis(pinacolato)diboroni(7) in 1,4-dioxane under nitrogen o C[Br
O/\B COZMe NOZ O
atmosphere to get 3-methoxy-5-(4,4,5,5-tetramethyl- _ 197 O OMe
K,CO;,, Toluene NO
. . . . Pd(PPh), 2
[1,3,2]dioxaborolan-2-yl)-benzoic acid methyl esfE8) in OMe g 15h, reflux 20

88%

66% vyield. We carried out Suzuki-Miyaura cross-dmngp

COZMe
reaction of compound8 with commercially available- PPh, 0-DCB O d
—_—
10h, reflux COMe

bromonitrobenzenel®), followed by reductive cyclization 93%
of compound20, synthetic route is shown in Scheme 1.

Two possibilities exist irR0, which gives a mixture o2 . ) ) o
Scheme 1. Synthesis of mukonine and its regioisomer 3-

and its regioisomer 3-methoxy{Scarbazole-1-carboxylic Methoxy-$H-carbazole-1-carboxylic acid methyl ester
acid methyl este2a (combined yields of 93%, 2/2a, 2.5:1);

Mukonine @) is the major product as a white, crystalline
CO.H

solid in 66% yield. The regioisom@a is obtained in 27% O

yield as an off-white solid. The spectroscopic dafa O N OMe

synthetic2 are in full agreement with those reported for the mukoeic acics

5 _ Aq.KOH| EtOH
natural product® The structure ofa was assigned on the 4hreflux ggos
basis of HRMS'H and**C NMR spectroscopic data. COMe

Starting from mukonine 2f, the alkaloids3-6 were d _ LiAH, O O
“EtO/CH,CI,
o o dhrt N  OMe
synthesized in a few steps (Scheme 2). Reducti@wnath 79% H
murrayafollne A mukonine2
diisobutylaluminum hydrid&“**provided Koenoline3) in 1M DIBAL-H
84% 2
78 C, 2h
84% yield. Reduction of este&t with lithium aluminum
S . . . CH,OH
hydridein diethyl ether gavd in 79% vyield. Murrayanine
_Mno, col, O
(5)° was obtained by oxidation o8 with manganese YT O
81% H OMe
dioxide. Saponification o2 with potassium hydroxide in ““”“’M““”‘5 Koenoline3

water and ethanol gave Mukoeic aci®).¥ " The

spectroscopic data of synthet®6 were identical with Scheme 2. Synthesis of koenoline, murrayanine, mukoeic
acid and murrayafoline A.

those reported in the literatufe®"%%¢72
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At OMe acetate in 1,4-dioxane to afford 2-(2-methoxypheny

Aq.KOH
O O Eion O O 4,45 5-tetramethyl-[1,3,2]dioxaborolane23) in  80%
H CO,Me  4h reflux N COH

85% H yield. We carried out a Suzuki-Miyaura cross cauplof

2a 6a
1M DIBAL-H 23 and 2-chloro-4-methyl-1-nitrobenzer#b) by treatment
75%| EtO
78 C, 2h . . o
with  catalytic amounts  of tetrakis(triphenyl
OMe OMe

phosphine)palladium in the presence of potassium

O O MnOs CCl, O O carbonate in toluene afforded-rAethoxy-5-methyl-2-

5hrt

N CHOH  gon N CHO
3a 5a nitrobiphenyl £6) in 56% vyield. The reductive cyclization
Scheme 3. Synthesis 08a, 5a and6a. of 26 provided glycoborine?) in 93% yield. The spectral

Starting from regioisomela, the alkaloids3a, 5a and  data of7 agree with those described for the naftirfdand

6a were synthesized in a few steps (Scheme 3). Rieduct synthetié*products.
of 2a with the milder reducing agent diisobutylaluminum For the synthesis of clauszoline 8),( we carried out a
hydride gave (3-methoxyr8carbazol-1-yl)-methanoBg) ~ Porlyation  reaction of p-bromoanisole 22) with
in 75% yield. Oxidation of3a with manganese dioxide Bis(pinacolato)diboron1(7), this reaction afforded 2-(4-
provided 3-methoxy4d-carbazole-1-carbaldehyd&aj in ~ Methoxy-phenyl)-4,4,5,5-tetra methyl-[1,3,2]dioxatlane
80% vyield. Mukoeic acid6) regioisometba was obtained (24) in 80% yield. The subsequent Suzuki-Miyaura
by saponification oPa with potassium hydroxide in water reaction of24 with 2-chloro-4-methyl-1-nitrobenzen@s)
and ethanol. The structures &, 5a and 6a were afforded 4methoxy-5-methyl-2-nitrobiphenyP{) in 51%
determined by MaséH and**C NMR spectroscopic data. yield. The reductive cyclization of compougd, followed
The glycoborine §) was prepared by treating 2- Py oxidation of methyl group of 2-methoxy-6-meti9#-
bromoanisole Z1) with bis(pinacolato)diboron1y) and carbazolg28) at C-6 by treatment with DDQ in methanol-

bis(triphenylphospine)palladium(il)dichloride, pssum  Water mixture provided clauszoline B)(in 75% yield.

1

1 RZ R1
R
Br bis(pinacolato)diboronl{) 5
PACH(PPRY, @ _ PR oDCB _ O R
CH,COOK Pd(PPB)4 T e O
R? Y NO, N

90°C K,COs, Toluene
Reflux
21R'= OMe, R=H 23 R'= OMe, R = H, 80%, 5h 26 R'= OMe, R = H, 56%, 80h 7R'= OMe, R = H, 93%, 10h
22R'=H, R=0OMe 24R'=H, R = OMe, 80%, 7h 27R'=H, R = OMe, 51%, 25h 28R'=H, R = OMe, 77%, 10h
MeOH H20 10:1 N
7hrt, 75% H

e}

Scheme 4. Synthesis of glycoboring) and clauszoline K§).
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Synthetic route is shown in Scheme 4. Theeductive cyclization of32 provided two products

spectroscopic data of synthe8are in full agreement with glycozolicine @) and glycozoline X0) in 76% yield
those reported for the natural prodefct? (combined yield of 76%, 9/10, 1:1).

Our approach to the carbazole alkaloids glydoi We found that the reaction of-Bethoxy-5-methyl-2-
(9), glycozoline 10), mukolidine (1), and mukoline12)  nitro-biphenyl 82) provided two product® and 10 in
started with methylation of 3-bromophenc29) (see equal amounts.

Scheme 5). Methylation, followed by boronic acidgmol Starting from glycozolicinedj, the alkaloids mukolidine
ester synthesis providedl in 74% yield. The subsequent (11) and mukoline 12) were synthesized in a few st&p¥
Suzuki—-Miyaura cross coupling d31 and 2-chloro-4- (Scheme 5). The oxidation of the methyl group & Gf
methyl-1-nitrobenzene 2p) by treatment with catalytic glycozolicine @) by treatment with 2,3-dichloro-5,6-
amount of tetrakis(triphenylphosphine)palladium time  dicyano-1,4-benzoquinone (DDQ) provided mukolidine
presence of potassium carbonate in toluene affoBle (11) in 85% vyield. The reduction ofll with sodium

methoxy-5-methyl-2-nitrobiphenyB@) in 53% yield. The borohydride gave mukolind?) in 91% vyield.

Cl
bis(pinacolato) o \C[
diboron @7,
Mel ) é\ NO,
__PdCL(PPh), o0 T— 25
2h rt 1,4- ~14-dioxane « %jéz?r@f
92% CH,COOK ,CO,, Toluene
o ot e oo a1 35 h reflux
53%

OMe
O :
ome _PPRo-DCB_ O O
10h reflux N OMe N
NO, 76% o N 10

MeOH/H2Q5h r.t
DDQ 85%

NaBH, HOHzC
_MeOH
OMe 0°C 2h

74% OMe

Scheme 5. Synthesis of glycozolicined), glycozoline 10), mukolidine (1) and mukoline 12).

NO,
bis(pinacolato)diboronl{y) ©:
PdCL(PP
CH <L:(oor}}<)Z 9B _ PPho-DCB DCB O

1,4-dioxane B Pd(PPQ)4 6h reﬂux N
5h at 96C oo K,CO,, Toluene NO

33 34 60h, reflux
91% , 13
Br ATAN 86%

Scheme 6. Synthesis of 2-methyl¥®-carbazole 13)



COH methanol CO,Me _ LDA, THF CO,Me
a) CF Mel
Br 2hreflux Br -78C 1h, 12 hrt By
0, 0,
36 94% 37 66% 38
o OH Br
methanol PBr; T}QA(S:CN
b) NaBH, CHCI £
4 3 30 h reflux
Br 2hrt Br 0 22hrt  Br ACN
39 99% 84% 41 63%
CN COH
Ag.NaOH Methanol
EtOH __soch CO,Me
16 h reflux 2 h reflux
Br 55% Br 75%
42 13
Co,Me coMe _ X% X=FClorer
Bis(pinacolato)diboranel{) R > R=HorCl
Pd(dppf)C} NO,
1,4-dioxane O. B Pd(PPh),
CH,COOK o
6 h reflux 7&(0 a4 Toluene
92%
CO,Me
0, I CcoH
R CO,Me R _
0-DCB, PPh N Ag.NaOH N
reflux H 6N HCI, MTBE
45a-d R=H or Cl 46a-d R=H or Cl l4ad R=HorCl
Scheme 7. a) Synthesis of Methyl 2-(4-bromophenyl) proyte 388).

b)Synthesis of Methyl 2-(4-bromo phenyl) propiona8) (by an alternate route.
¢) Synthesis of Carprofen and its anasg

The spectroscopic data of the synthetic carlea®I10, nitrobiphenyl 85) in 86% yield. The reductive cyclization

11 and 12 were in full agreement with those reported forof 35 provided 2-methyl-Bl-carbazole 13) in 94% yield.

the corresponding natural produtts® Carprofen was synthesized starting with readily

Synthesis of alkaloid 2-methyH9carbazole 13) started available 4-bromophenyl acetic aci@6); the acid was

with borylation of 4-bromotoluene38). The palladium converted to its methyl esteB7 with methanol and

catalyzed boronic acid pinacol ester synthesis of 4catalytic amount of thionyl chloride. Treatmentester37

bromotoluene with bis(pinacolato)diboroi7) provided with LDA and methyl iodide gave the methyl derivati

4,45 5-tetramethyl-P-tolyl-[1,3,2]dioxa borolane3) in  38.”

91% yield. The subsequent Suzuki—Miyaura reactiod4o Methyl derivative38 was also prepared by an alternative

with 1-bromo-2-nitrobenzend9) afforded 4methyl-2- route, starting from commercially available - 4



9
bromoacetophenone8q). Reduction of the acetophenone The cyanation of compourtl with TMS cyanid€’?’

gave 1-(4-bromophenyl)ethanal0), which was converted and hydrolysis of the resulting nitrilédd) provided 2-(4-
into 1-bromo-4-(1-bromoethyl)benzentl) using PBs"° bromo phenyl)propanoic acid43). Esterification of43

afforded Methyl 2-(4-bromophenyl)propionagsy.
Tablel Table?2

2-Nitrobiphenyls prepared by Suzuki-Miyaura crossReductive cyclization of nitrobiphenyls to carbazol
coupling

o /@/LC‘?ME N i coe coue
B R Toluene TN TN __PPh Ry coMe
o NO, k,co, N R 0-DCB N
NO, H

N
=
NO,
44 X=F, Bror Cl 45a-d reflux
R=HorCl 45a-d R=H or Cl 46a-d
Entry Nitrobiphenyl? Carbazole Time(h) Yield (%)°
Entry Halonitro Nitrobiphenyl Time (h) vYield (%)°

benzne*

O COMe
Cl Cl O 9 89
1 CO,Me

(L 7w U °

NO, 46a

Iz

O Cco,Me
cl 28 54
45a cl O CoMe ¢
2 £
O coMe 6 77

45h
cl O coMe
20 56

NO,
450

O coMe
20 58

45¢

z
o
~

I=z

46b

O coMe 10 88

H 46¢

O coMe 9 81

46d

2 COMe

45¢c

4
S
w
o
P4 :

Cl Cl
NO.
Cl
NO.
Cl
« X
Cl NO.

CO,Me

Q

z

(o]
&

d

~N
I
=z
@]
N
Iz

CO,Me

2
2
2
100 71
O.

0

X
.o

(X

(X

4
8&0
ey
al
o

N

%General conditions: Substrate 456-d, 1.0 eq),
triphenylphosphine (2.5 egp-dichlorobenzene (15 mL),
180-185 °C, 6-10 K, Isolated yields.

Br

O CcoMe
40 81

NO, 45d

z
o

N

Ester38 was treated with bis(pinacolato)diboron and
[1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium,

E CO,Me
O 120 10 potassium acetate in 1,4-dioxane to give phenyl
NO, 45d

z
(@]
N

dioxaborolane este®.”’

“General conditions: Halonitrobenzene (1.0 eq), Meth  Nitrobiphenyls45a-d (Scheme 7 and Table 1) were

2-[4-(4,4,5,5-tetramethyl-[1,3,2]dioxaboralan-2phgnyl] ) i o )
propionate (1.11 eq), Pd(Pfh (0.01leq), potassium synthesized via Suzuki-Miyaura cross coupling oémpf
carbonate (2.24 eq), toluene (20 mL), water ( 2,mMi00

°C. Plsolated yields. dioxaborolane4 and halonitrobenzenés.



Reductive cyclization of the 2-nitro bipheny$a-d

using triphenylphosphine

10
drug carprofen J4a) and its analogues via Suzuki-

ino-dichlorobenzene gives Miayura cross coupling, followed by Cadogan reaxctio

carbazole ester6a-d (Scheme 7 and Table 2), which wasOur route also provided alkaloids, 2-methif-Barbazole

hydrolyzed to carbazole acidda-d in excellent yields by

(13), 3-methoxy-#-carbazole-1-carboxylic acid methyl

aqueous NaOH (Scheme 7 and Table 3). These camlitioester a), (3-methoxy-#$-carbazol-1-yl)-methanoBg), 3-

provided carprofenléa) in high yield, with no deschloro methoxy-#H-carbazole-1-carbaldehyde 5aj

impurity.

Table3
Hydrolysis of carbazole ester to acid

N Ag.NaOH(2e
RqQ/éone AaNaorGes) RF - coH
Z N Z N
H

H
14 a-d

Time(h) Yield (%)°

46ad R=HCI

£ L
COMe O O COH 4, 86

COH 4 95

N N
N H 14c

4 O O CO,Me O O COH 4 86
N 4ed N 14d

%General conditions: Substrat#6(a-d, 1.0 eq), ag.sodium
hydroxide solution (2.0 eq), reflux, 4h
® |solated yields.
3. Conclusion
In conclusion, we have reported a convenienhoutkfor
the total synthesis of eleven natural carbazolalaidts
mukonine ), koenoline 8), murrayafoline A 4),
murrayanine %), mukoeic acid &), glycoborine T),

clauszoline K @), glycozolicine 9), glycozoline (0),

mukolidine (1), mukoline @2) and anti-inflammatory

and 3-
methoxy-$H-carbazole-1-carboxylic acid 6&). These
carbazole alkaloids24, 3a, 5a and6a) are regioisomers of

mukonine ), koenoline 8), murrayanine¥) and mukoeic

acid ©).

4. Experimental section
4.1 General Description
Solvents and chemicals were purchased from
commercial sources and used without further puatiioe.
Reverse-phase HPLC analysis was carried out usmig Y
pack C18 (5um), 250x4.6 mmH and**C NMR spectra
were recorded on Bruker AV 300 & 400-MHz instrument
Chemical shiftsq) are reported in parts per million (ppm),
and coupling constants))( are reported in Hertz (Hz).
Splitting pattern are described as follows; br,dokos,
singlet; d, doublet; t, triplet; g, quartet; m, piet.
Column chromatography was performed on silica §@0¢{
200 mesh). IR spectra were recorded on a PerkinElme
Spectrum 100 FTIR spectrophotometer as KBr pelhets
with the neat product. Mass spectra (MS) were diEmbon
an APl 2000 LCMS/MS AB Sciex spectrometer. HRMS
(ESI) were taken on an AB Sciex tripleTOF 5600+ and
Bruker Daltonics MicrOTOF mass analyzers. Analytica

thin-layer chromatography was carried out using &rd®

60F254 aluminum-packed plates of silica gel (0.2mm)
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Developed plates were visualized by using UV light ' reaction mixture was cooled to room temperature and

potassium permanganate solution. diluted with ethyl acetate (50 mL). After the dibn, the

mixture was filtered through a short pad of celand the

4.2. 3-Bromo-5-methoxybenzoic acid methyl 4@
filtrate was concentrated. The residue was purifisd

To a mixture of 3-Bromo-5-hydroxybenzoic acid (8.5
chromatography on a silica gel column (only hexane)

11.52 mmol) and cesium carbonate (7.5 g, 23.04 nimol 0
provided compound8'” as a white solid (2.0 g, 66%), mp

DMF (20 mL) was added methyl iodide (4.08 g, 28.8

94.8-100.5 °C*H NMR (400 MHz, CDC}J) 5 8.06 (s, 1H),
mmol) at 0 °C. After 10 min. the ice bath was reethand

7.64 (s, 1H), 7.51 (d] = 2.40 Hz, 1H), 3.90 (s, 3H), 3.86
the reaction allowed to warm to room temperaturee T

(s, 3H), 1.35 (s, 12H)**C NMR (100 MHz, CDG)
reaction mixture was stirred at room temperaturelfh.

167.03, 159.16, 131.01, 128.13, 124.55, 117.561334.
The reaction was quenched with water (50 mL) and

55.53, 52.09, 24.86; IR (KBrymax 2996.88, 2975.45,
extracted with methy-butyl ether (30 mL x 3), combined

_ _ _ _ 1716.95, 1597.34, 950.98, 702.29°%rWS: m/z 293.1 (M
organic layer was dried over sodium sulfate. Cotraéion

+ H)".
of the organic layer in vacuo followed by silicd gelumn )

chromatographic purification of the resulting resdising

4.4. 5-Methoxy-2nitrobiphenyl-3-carboxylic acid methyl
hexane as an eluent gave the prodichs a brown syrup

ester(20).

(2.8 g, 99%)H NMR (400 MHz, CDC}) 5 7.75 (s, 1H),
To a stirred solution of 1-bromo-2-nitrobenzéb®) (1.2

7.48 (s, 1H), 7.23 (s, 1H), 3.91 (s, 3H), 3.8334); °C

g, 5.94 mmol) in toluene (20 mL) was added PdgRPh
NMR (100 MHz, CDCJ) & 165.69, 160.23, 132.69,

(343 mg, 0.297 mmol)18 (1.73 g, 5.94 mmol) and
124,91, 122.70, 122.18, 113.47, 55.76, 52.48; IRafN

potassium carbonate (1.64 g, 11.88 mmol), and the
Vmax 2952.04, 1727.14, 1678.80, 1286.68, 1049.20, 466.9

resulting mixture was refluxed for 15 h. under ogn

cm; MS: m/z 245.2 (M + H) _
atmosphere. After cooling to room temperature sthigent

4.3. 3-Methoxy-5-(4,4,5,5-tetramethyl-[1,3,2]diogabian was evaporated. Purification of the residue by mwolu

-2-yl)benzoic acid methyl ests), chromatography (silica gel, 2—3% ethyl acetatedrame)

To a stirred solution of6 (2.5 g, 10.2 mmol) in 1,4- provided20 as a light green solid (1.5 g, 88%), mp 108.2—

dioxane (30 mL) under nitrogen atmosphere was addett1-4 °C:'H NMR (400 MHz, CDCY) 3 7.92 (d,J = 8.0
bis(pinacolato)diboron (2.58 g, 10.2 mmol), PgePh), 1z, 1H), 7.63-7.52 (m, 4H), 7.44 (diiF 7.6, 1.2 Hz, 1H),
(0.36 g, 0.51 mmol) and potassium acetate (2.00g 2 7-03 (s, 1H), 3.91 (s, 3H), 3.87 (s, 3HJC NMR (100
mmol) at room temperature, and the reaction mixtuae MHz, CDCE) 8 166.47, 159.67, 148.98, 139.07, 135.43,

stirred at 90 °C for 6 h under nitrogen atmosphd@tee  132.53, 131.91, 131.87, 128.72, 124.29, 121.59,9B]8



113.85, 55.64, 52.34; IR (KBNWmax 2924.68, 1708.46,

1521.88, 1343.61 cm MS: m/z 287.9 (M + H)

4.5. Mukoning?2) and its regioisomer 3-methoxy-9H-
carbazole-1-carboxylic acid methyl es(@a).

To a stirred solution 020 (1.5 g, 5.22 mmol) in 1,2-
dichlorobenzene (10 mL) was charged triphenylphivgph
(2.74 g, 10.44 mmol) at room temperature, and ¢aetron

mixture was refluxed for 10 h. The reaction mixtuvas

12
1H), 7.58 (dJ = 2.4 Hz, 1H), 7.43 () = 7.8 Hz, 1H),

7.18 (t,J = 7.4 Hz, 1H), 4.00 (s, 3H), 3.90 (s, 3HjC
NMR (100 MHz, DMSOds) & 166.67, 152.62, 141.41,
134.36, 126.85, 125.71, 122.00, 120.94, 119.37,38]4
112.47, 112.26, 111.06, 56.46, 52.53; IR (KBrax
3415.11, 2925.43, 1681.89, 1485.93 tnMS: m/z 256.2
(M + H)"; HRMS (M)" calcd for GdHiaNO; 255.0893,

found 255.0895.

concentrated in vacuo, and the obtained residue waSg, Koenolind3).

purified by column chromatography to provide pragaa
(2% ethyl acetate in hexane) aaf’°®® (7-8% ethyl

acetate in hexane).

4.5.1. Mukoning?2).

(887 mg, 66%), as a white solid, mp 192.4-19&8
(lit.*° mp.198-200 °C), (Iif° 169-170 °C)*H NMR (400
MHz, DMSO-dg) 8 11.80 (s, 1H), 8.45 (s, 1H), 8.22 (=
7.6 Hz, 1H), 7.54-7.52 (m, 2H), 7.43 {t= 7.6 Hz, 1H),
7.21 (t,J = 7.4 Hz, 1H), 4.05 (s, 3H), 3.89 (s, 3HiC
NMR (100 MHz, DMSOds) 6 167.46, 145.62, 140.64,
133.27, 126.61, 123.43, 123.21, 121.09, 121.04,0820
116.24, 112.26, 106.54, 56.00, 52.28; IR (KBnr)ax

3319.28, 1697.73, 1351.49 ¢nMS: m/z 256.3 (M + H)

4.5.2. 3-Methoxy-9H-carbazole-1-carboxylic acid iyt
ester(2a).

(350 mg, 27%), off-white solid, mp 163.8-164Q: *H
NMR (400 MHz, DMSO#¢g) 6 11.16 (s, 1H), 8.18 (dl =

7.6 Hz, 1H), 8.08 (d) = 2.8 Hz, 1H), 7.69 (d] = 8.0 Hz,

To a stirred solution o2 (100 mg, 0.392 mmol) in
diethylether (15 mL) under nitrogen was added DIBAL
(25% in toluene) (335 mg, 0.587 mmol) at -78 °QJ &re
resulting solution was stirred for 2 h. at the same
temperature. The reaction was quenched with waer (
mL), and extracted with dichloromethane (25 mL x 3)
The combined organic layers dried over sodium geilfa
and the solvent was evaporated. The residue wafsedur
by column chromatography (silica gel, hexane—ethyl

acetate, 80:20) to give71,66a,c

as a white solid (75 mg,
84%), mp 127.8-129.4 °C (r€f127 °C), (ref® 142 °C):

'H NMR (400 MHz, CDCJ) 5 8.27 (br s, 1H, exchangeble
with D,O, NH), 8.04 (d,J = 8.0 Hz, 1H), 7.65 (s, 1H),
7.46-7.39 (m, 2H), 7.24-7.20 (m, 1H), 6.95 (s, 1#R4

(d, J = 4.0 Hz, 2H), 4.02 (s, 3H), 1.69 (br s, 1H,
exchangeble with D, -OH); *C NMR (100 MHz,
CDCl) 5 145.78, 139.46, 132.88, 129.46, 125.80, 124.08,
123.56, 120.51, 119.49, 111.70, 111.05, 105.6949%6.
55.57; IR (KBr)Vmax 3447.73, 3238.13, 2918.02, 1586.88,

1226.14, 735.13 crh



4.7. Murrayafoline A4).

A mixture of 2 (40 mg, 0.156 mmol) and LiAIH(18
mg, 0.47 mmol) in a mixture of GBl,—diethylether (20
mL, 1:1) was stirred at 25 °C under nitrogen fdn.4The
reaction was quenched with 2N HCI (10 mL). The tieac
mixture was extracted with dichloromethane (20 mB)x

and combined organic layer was dried over sodiulfatsu

13
Hz, 1H), 7.51-7.47 (m, 2H), 7.32 @,= 7.4 Hz, 1H),

4.11 (s, 3H):C NMR (100 MHz, Acetonek) & 190.93,
146.41, 140.40, 134.15, 130.29, 126.35, 123.65,4923
120.48, 120.14, 119.54, 111.93, 103.34, 55.25;KRr)
Vmax 3149.46, 1659.05, 1342.26, 1136.97, 847.24 cm

MS: m/z226.0 (M + HJ.

The solvent was removed under vacuum and the ®esidy 9. Mukoeic acids).

was purified by column chromatography (silica g&¥p

To a solution of (100 mg, 0.391 mmol) in water (10

ethyl acetate in hexane) to git' (26 mg, 79%) as a pale mL) and ethanol (2 mL) mixture was added potassium

yellow syrup,"H NMR (400 MHz, CDC}) & 8.06 (br s,

hydroxide (44 mg, 0.783 mmol) at 25 °C, and thetiea

1H), 7.93 (dJ = 8.0 Hz, 1H), 7.38 (s, 1H), 7.33-7.27 (M, mixture was refluxed for 4 h. The reaction mixtwes

2H), 7.14-7.08 (m, 1H), 6.64 (s, 1H), 3.89 (s, 344 (s,

3H); *C NMR (100 MHz, CDG) & 144.29, 138.42,

filtered through celite and concentrated in vacibca gel

column chromatographic purification of the obtained

128.40, 126.95, 124.45, 123.28, 122.49, 119.40,1018 residue using ethyl acetate-hexane (1:1) as anntelue

111.48, 109.86, 106.64, 54.42, 20.88; IR (Neat)
3037.36, 2978.16, 1605.85, 1030.91, 831.93'cMS: m/z

212.0 (M + HJ.

4.8.Murrayanine(5).

To a solution of3 (50 mg, 0.22 mmol) in dry C¢(20

provided product®*®

as a light brown solid (90 mg,
96%), mp 226.5-228.8 °C (& 215 °C), (ref' 242 °C):

'H NMR (400 MHz, Acetonel) & 10.77 (br s, 1H), 8.52
(s, 1H), 8.23 (dJ = 7.6 Hz, 1H), 7.65-7.63 (m, 2H), 7.48
(t, J = 7.6 Hz, 1H), 7.29 (t) = 7.6 Hz, 1H), 4.09 (s, 3H);

3C NMR (100 MHz, Acetonel) & 167.58, 145.45,

mL) was added Mn©(382 mg, 4.4 mmol) at r.t., and the 140.43, 133.14, 126.12, 123.47, 121.87, 120.42,7619

reaction mixture was stirred at room temperaturelfbh.

The reaction mixture was filtered through celitad ahe

116.03, 111.69, 106.58, 55.17; IR (KBV)x 3418.95,

2928.28, 1685.61, 1585.88, 1384.81tnMS: m/z 242.0

solvent was removed under vacuum. Purificationfef t \ + H)*,

residue by chromatography on a silica gel columbp42

ethyl acetate in hexane) provids¥®° (40 mg, 81%), as a 4-10. (3-Methoxy-9H-carbazol-1-yl)-methai(gs).

white solid, mp 169.7-171.3 °C (f&.154-156 °C):H

To a stirred solution ofa (107 mg, 0.419 mmol) in

NMR (400 MHz, Acetonet) & 10.94 (br s, 1H), 10.08 (s, diethylether (20 mL) was added DIBAL-H (25% in

1H), 8.37 (s, 1H), 8.25 (d,= 8.0 Hz, 1H), 7.68 (d] = 8.0

toluene) (357 mg, 0.628 mmol) under nitrogen at *Z8
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and the resulting solution was stirred at same é&atpre  7.32 (t,J = 7.6 Hz, 1H), 7.09 (1] = 7.4 Hz, 1H), 3.84 (s,

for 2 h. The reaction was quenched with water (89 amd ~ 3H); **C NMR (100 MHz, Acetonel) & 192.56, 153.41,
extracted with dichloromethane (25 mL x 3). Thei141.47, 132.73, 126.52, 125.51, 121.70, 120.36,0120
combined organic layers were dried over sodiumasellf 11956, 117.94, 112.04, 111.64, 55.75; IR (KBF)ax
and the solvent was removed under vacuum. Theuesidz343 0o, 1671.18, 1490.26, 1117.40 tnHRMS (M +

was purified by column chromatography (silica geI,H)+ calcd for GaH,,NO, 226.0868, found 226.0861.
hexane-ethyl acetate, 9:1) to gi8a (72 mg, 75%) as a

off-white solid, mp 139.2-140.4 °CH NMR (400 MHz, 4 15 3-Methoxy-9H-carbazole-1-carboxylic ag6d).
CDCl;) 5 8.63 (brs, 1H), 8.02 (d,= 7.6 Hz, 1H), 7.48 (d, 19 a stirred solution & (30 mg, 0.117 mmol) in water
J =20 Hz, 1H), 7.42-7.36 (m, 2H), 7.21-7.17 (M),1H (10 mL) and ethanol (2 mL) mixture was added patass
6.87 (d,J = 2.0 Hz, 1H), 5.00 (s, 2H), 3.90 (s, 3H), 1.97 (b pydroxide (13 mg, 0.235 mmol) at 25 °C, and theiltisy
s, 1H); ®C NMR (100 MHz, CDG) & 153.52, 140.25, mixture was refluxed for 4 h. The reaction mixtwras
133.28, 125.88, 124.17, 123.51, 123.05, 120.24,99]18 allowed to room temperature and concentrated inivac
113.21, 110.98, 102.56, 64.37, 56.15; IR (KBRax The residue was purified by column chromatography
3446.98, 3237.06, 2915.96, 1587.29, 1226.78, 1033.8(silica gel, ethyl acetate—hexane, 1:1) to gbae(24 mg,
735.99 cm'; MS: m/z226.1 (M - H); HRMS (M + Naj ~ 85%) as a pale yellow solid, mp 201.2-202.8 % CNMR
calcd for G4H13NNaG, 250.0843, found 250.0841. (400 MHz, Acetoneds) 6 10.58 (br s, 1H), 8.17 (d,= 7.6
Hz, 1H), 8.03 (s, 1H), 7.73-7.71 (m, 2H), 7.45)& 7.4

4.11. 3-Methoxy-9H-carbazole-1-carbaldehyfa). Hz, 1H), 7.23 (tJ = 7.4 Hz, 1H), 3.96 (s, 3H}*C NMR

To a stirred solution da (38 mg, 0.167 mmol) in dry (100 MHz, Acetoneds) 5 152.96, 141.06, 135.15, 126.30,
CCl; (10 mL) was added Mn{291 mg, 3.38 mmol) at 25 125.38, 122.20, 120.25, 119.03, 114.74, 111.71,66]11
°C, and the reaction mixture was stirred for Sththa same  110.02, 55.62; IR (KBr)may 3411.82, 2930.74, 1672.41,
temperature. The reaction mixture was filtered uigio a 1582.66, 1107.73 cth MS: m/z240.2 (M - H); HRMS

short pad of celite and the filtrate was conceattainder (M + H)" calcd for GeH1,NO; 242.0817, found 242.0812.

vacuum. The residue was purified by chromatograghg

silica gel column (3% ethyl acetate in hexane) iovige ~ 4.13. 2-(2-Methoxyphenyl)-4,4,5,5-tetramethyl-[2]3,

5a as a light green solid (30 mg, 80%), mp 178.3-980.dioxaborolang(23).

°C: 'H NMR (400 MHz, Acetonek) 3 10.75 (br s, 1H), To a stirred solution of 1-Bromo-2-methoxybenze®@ (
10.06 (s, 1H), 8.05 (d = 7.6 Hz, 1H), 7.95 (d] = 2.0 Hz, 9, 16.04 mmol) in 1,4-dioxane (30 mL) was added

1H), 7.62 (d,J = 8.0 Hz, 1H), 7.49 (dJ = 2.4 Hz, 1H), bis(pinacolato)diboron (4.06 g, 16.04 mmol), P4ePh),
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(0.56 g, 0.802 mmol) and potassium acetate (3.B2®8 ' 4.15. Glycoboring€7).

mmol) at room temperature, and the resulting m&iuas To a stirred solution 026 (0.5 g, 2.05 mmol) in 1,2-
stirred at 90 °C under nitrogen for 5 h. The remcti dichlorobenzene (10 mL) was added triphenylphosphin
mixture was diluted with ethyl acetate (50 mL) ditdred  (1.35 g, 5.13 mmol) at room temperature, and thaltiag
through celite. The filtrate was concentrated und@uum  mixture was refluxed for 10 h. The reaction mass wa
and the residue was purified by column chromatdgyagm  concentrated under vacuum and the residue puried
silica gel (hexane) to give3® (3.0 g, 80.0%) as a off- column chromatography (silica gel, 1% ethyl acefate
white solid, mp 76.5-77.8 °C (r880-81 °C):'"H NMR  hexane) to giv&’* as a off-white solid (0.4 g, 93%), mp
(400 MHz, CDC}) 7.68 (dd,J = 7.2, 1.2 Hz, 1H), 7.39 (t, 133.4-137.9 °C (r¢f. 135 °C):'H NMR (400 MHz,
J=7.2 Hz, 1H), 6.95 (t) = 7.2 Hz, 1H), 6.86 (dJ = 8.4 CDCl) & 8.11 (s, 1H), 7.94 (br s, 1H), 7.33-7.28 (m, 2H),
Hz, 1H), 3.83 (s, 3H), 1.35 (s, 12H); IR (Neat)., 7.20 (d,J=8.0 Hz, 1H), 7.03 (d] = 8.0 Hz, 1H), 6.66 (d,
2979.20, 1576.49, 1356.44, 1145.35%cm J = 8.0 Hz, 1H), 4.08 (s, 3H), 2.52 (s, 3H)C NMR (100
MHz, CDCk) 6 156.27, 141.24, 136.92, 128.92, 126.49,

4.14. 2-Methoxy-5-methyl-2-nitrobiphen(as). 126.23. 122.97, 122.85, 112.48, 109.61, 103.57,1800

To a stirred solution of 3-chloro-4-nitrotoluefieg, 5.83 55.43, 21.50; IR (KB 3400.95, 2913.91, 1586.90,

mmol) in toluene (20 mL) was added Pd 36 mg,
) in toluene (20 mL) w @36 Md. 1102 60 crif: MS: m/z212.0 (M + H.

0.29 mmol), 23 (1.36 g, 5.83 mmol) and potassium

carbonate (1.61 g, 11.65 mmol), and the reactioturé  4.16. 2-(4-Methoxyphenyl)-4,4,5,5-tetramethyl-[2] 3,

was refluxed under nitrogen for 80 h. The reactioxture  dioxaborolane24).

was cooled to room temperature and filtered throzegite. To a stirred solution of 1-Bromo-4-methoxybenzehé (
The filtrate was concentrated under vacuum followgd g, 26.73 mmol) in 1,4-dioxane (50 mL) was added
silica gel column purification of the obtained ks using  bis(pinacolato)diboron (6.77 g, 26.73 mmol), P4RPh),
ethyl acetate (0-1%) in hexane as an eluent prdvidg0.94 g, 1.33 mmol) and potassium acetate (5.23¢}65
product26 as a yellow solid (0.8 g, 56%), mp 88.2-92.8mmol) at room temperature, and the reaction mixwas
°C: '"H NMR (400 MHz, CDCJ) & 7.87 (d,J = 8.4 Hz, stirred at 90 °C under nitrogen atmosphere for e
1H), 7.35 (t,J = 8.0 Hz, 1H), 7.30 (dd] = 7.6, 1.6 Hz, reaction mixture was diluted with ethyl acetate (7k)
1H), 7.25 (dJ = 7.6 Hz, 1H), 7.19 (s, 1H), 7.07 §t= 7.6  and filtered through celite. The filtrate was camicated
Hz, 1H), 6.90 (dJ = 8.0 Hz, 1H), 3.69 (s, 3H), 2.45 (s, under vacuum and the residue was purified by column
3H); IR (KBr) Vimax 2930.22, 1609.77, 1522.7, 1354.94 cm chromatography (silica gel, only hexane) to gi4 (5.0

L MS:m/z244.1 (M + HJ. gm, 80%) as a pale yellow syrufd NMR (400 MHz,
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CDCl;) 6 7.76 (d,J = 8.4 Hz, 2H), 6.88 (d) = 8.4 Hz, 125.82,123.29, 121.21, 119.59, 116.51, 110.76,9207

2H), 3.77 (s, 3H), 1.31 (s, 12H}*C NMR (100 MHz, 94.86, 55.68, 21.58; IR (KBrymax 3399.99, 2937.25,
CDCly) 5 162.22, 136.56, 113.34, 83.52, 55.03, 24.89; IR1471.78, 1211.25, 808.56 cmMMS: m/z212.0 (M + HJ.

(Neat) vimax 2978.67, 1605.71, 1361.37, 1248.39, 1144.45

4.19. Clauszoline .
cm’; MS: m/z235.2 (M + HjJ. k&)

To a stirred solution 028 (100 mg, 0.473 mmol) in

4.17. 4-Methoxy-5-methyl-2-nitrobiphen{27). methanol (10 mL), and water (1 mL) mixture was ablde
To a stirred solution of 3-chloro-4-nitrotoluene (¢ DDQ (451 mg, 1.987 mmol) at 25 °C, and the reaction

11.65 mmol) in toluene (30 mL) were added Pd@pPh mixture was stirred for 7 h. at the same tempegatlihe

(0.67 g, 0.583 mmol)24 (2.73 g, 11.65 mmol) and solvent was removed under vacuum and the residige wa
potassium carbonate (3.22 g, 23.3 mmol) at 25 °@eun purified by column chromatography (silica gel, 2%y
nitrogen, and the reaction mixture was refluxed 46rh. ~ acetate in hexane) to gi@&® (80 mg, 75%) as a off-white
The reaction mixture was allowed to reach roonsolid, mp 169.3-174.3 °C (r&1.170-171 °C), (ref’ 184~
temperature and concentrated under vacuum to Zive 185 °C):'H NMR (400 MHz, DMSO#dg) & 11.70 (s, 1H),
(crude)as light green syrup (1.45 g, 51%). 10.02 (s, 1H), 8.60 (s, 1H), 8.12 (M= 8.4 Hz, 1H), 7.86

(dd,J = 7.6, 1.2 Hz, 1H), 7.58 (d,= 8.4 Hz, 1H), 7.05 (d,

4.18. 2-Methoxy-6-methyl-9H-carbaz¢ks). J=2.0 Hz, 1H), 6.89 (dd] = 8.4, 2.0 Hz, 1H), 3.86 (s

To a stirred solution o027 (0.3 g, 1.23 mmol) in 1,2- 3H): °C NMR (100 MHz, DMSOde) 5 192.43, 159.67,

dichlorob 10 mL harged triphenylphiveph
ichlorobenzene (10 ml) was charged triphenylphweph ) o 115 39 12875 125.90, 123.40, 123.33,0222

(0.81 g, 3.08 mmol) at room temperature, and thaltiag
116.57, 111.50, 109.53, 95.56, 55.84; IR (KBr}ax

mixture was refluxed for 10 h. The solvent was reetb
3288.53, 2925.00, 1673.56, 1161.66, 808.55 cMS: m/z

under vacuum and the residue was purified by column
226.0 (M + HJ.

chromatography (silica gel, 1-2% ethyl acetateerame)

to provide 28™***as a white solid (0.2 g, 77%), mp 4.20. 2-(3-Methoxyphenyl)-4,4,5,5-tetramethyl-[2] 3,
226.8-228.0 °C (Iit* 228-229 °C), (lif*229-231 °C)*H dioxaborolane(31).
NMR (400 MHz, DMSO¢) 6 10.94 (s, 1H), 7.91 (dl = To a stirred solution of 1-Bromo-3-methoxybenzene
8.4 Hz, 1H), 7.77 (s, 1H), 7.30 @~ 8.0 Hz, 1H), 7.11 (d, (30) (3.0 g, 16.04 mmol) in 1,4-dioxane (30 mL) were
J=8.0Hz 1H), 6.92 (d = 1.6 Hz, 1H), 6.74 (ddl = 8.4, added bis(pinacolato)diboron (4.06 g, 16.04 mmol),
2.0 Hz, 1H), 3.82 (s, 3H), 2.43 (s, 3HJC NMR (100 PdCL(PPh), (0.563 g, 0.802 mmol) and potassium acetate

MHz, DMSOdg) o 158.84, 141.81, 138.41, 127.57,(3.14 g, 32.08 mmol) at 25 °C, and the reactiontuméx
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was stirred at 90 °C under nitrogen atmospheré forThe: ' 138.08,135.28, 131.41, 128.56, 127.66, 123.20,2019

reaction mixture was diluted with ethyl acetate (80) 112.56, 112.50, 54.21, 20.29; IR (Neat)., 2958.89,

and filtered through a short pad of celite. Thadte was 1599.49, 1519.98 ¢l MS: m/z244.1 (M + HJ.

concentrated under reduced pressure and the regidsie

. . 4.22. Glycozolicine (8-methoxy-3-methylcarbaz{®and
purified by column chromatography (silica gel, hesato

Glycozolineg(10).
give 31** (2.8 g, 74%) as a pale yellow oftf NMR (400 Y 10

To a stirred solution 082 (1.2 g, 4.933 mmol) in 1,2-
MHz, CDCk) & 7.41 (d,J = 7.2 Hz, 1H), 7.32-7.25 (m,

dichlorobenzene (10 mL) was added triphenylphosphin
2H), 7.01 (ddJ = 8.4, 2.6 Hz, 1H), 3.83 (s, 3H), 1.34 (s,

(3.2 g, 12.33 mmol) at room temperature, and thaetien
12H); **C NMR (100 MHz, CDGJ) & 159.09, 134.76,

mass was refluxed for 10 h. The reaction mass was
128.95, 127.71, 127.21, 118.81, 117.88, 83.82, %5.2

concentrated under vacuum and the residue wasqulby
24.88; IR (NeatVnyax 2979.17, 1356.52, 1145.52, 706.51

column chromatography (silica gel, 0—0.5% ethyltaiee
cmi’.

in hexane) to provide compourg®®®*° and (1-2% ethyl

L acetate in hexandp?*®with 50:50 ratio.
4.21. 3-Methoxy-5-methyl-2-nitrobiphen{32). I xandp w I

To a stirred solution of 3-chloro-4-nitrotoluene 4.22.1. Glycozoliciné9)

11.65 mmol) in toluene (30 mL) were added PdgpPh (400 mg, 38%), as a white solid, mp 130.8-132.7 °C

(673 mg, 0.582 mmol)31 (2.73 g, 11.65 mmol) and . ss 145 146 °C), (IF* mp 137-138 °C), (IF 129—

otassium carbonate (3.22 g, 23.31 mmol), andehetion
potassiu (3229 ) PN 130 °C):'H NMR (400 MHz, CDC}) & 8.15 (br s, 1H),

mixture was refluxed for 35 h. under nitrogen atphese.
7.84 (s, 1H), 7.65 (dl = 8.0 Hz, 1H), 7.35 (d, 8.4 Hz, 1H),

The reaction mixture was allowed to reach room
7.23 (d,J=8.0 Hz, 1H), 7.13 ({] = 7.8 Hz, 1H), 6.89 (d]

temperature and diluted with water (30 mL), stirfed15
= 8.0 Hz, 1H), 4.00 (s, 3H), 2.52 (s, 3HJc NMR (100

min. The reaction mixture was filtered through &glithe
MHz, CDCk) 6 145.69, 137.46, 130.14, 128.67, 127.08,

filtrate extracted with toluene (30 mL x 3), ane tplvent
124.22, 123.86, 120.44, 119.50, 112.82, 110.59,7¥05

removed under vacuum. The residue was purified by

55.51, 21.44; IR (KBrymax 3414.12, 2931.15, 1577.33 tm
column chromatography on silica gel (0-0.5% etlogtate

L MS: m/z 212.0 (M + HJ; HRMS (M) calcd for
in hexane) to givé2 (1.5 g, 53%) as pale yellow syruipi

C14H13NO 211.0992, found 211.0997.
NMR (400 MHz, CDC}) 6 7.79 (d,J = 8.4 Hz, 1H), 7.31

(t, J = 7.8 Hz, 1H), 7.26-7.22 (m, 2H), 6.93 (dds 8.4, 4.22.2. Glycozolin€l0).
2.4 Hz, 1H), 6.87-6.83 (m, 2H), 3.82 (s, 3H), 2(453H); (400 mg, 38%), as a off-white solid, mp 174.2-17&4

3C NMR (100 MHz, CDGJ) & 158.58, 145.91, 142.29, (lit.*® 176-179 °C) (lit* 181-182 °C):'H NMR (400



18
MHz, CDCk) & 7.82 (s, 1H), 7.79 (br s, 1H), 7.52 =  4.24. Mukoline (3-hydroxymethyl-8-methoxy carbgzole

2.4 Hz, 1H), 7.31-7.28 (m, 2H), 7.22 @z 8.0 Hz, 1H), (12).
7.05 (dd,J = 8.4, 2.4 Hz, 1H), 3.92 (s, 3H), 2.51 (s, 3H); To a stirred solution ofl (60 mg, 0.266 mmol) in
¥C NMR (100 MHz, CDGJ) & 153.77, 138.58, 134.78, methanol (15 mL) was added sodium borohydride (30.2

128.35, 127.20, 123.67, 123.55, 120.14, 114.89,2811 Mg, 0.799 mmol) at 0 °C and stirred for 2 h. at shene

110.43, 103.14, 56.09, 21.42; IR (KBUjna 3399.91 temperature. The solvent was removed under vacuun a

2937.99. 1458.93, 1211.08 ¢rMS: m/z212.0 (M + HJ. the residue was purified by column chromatograiicé

0,87

gel, hexane—ethyl acetate, 7:3) to gl as a off-white

. ° 7
4.23. Mukolidine (8-methoxycarbazole-3-carbaldehyde solid (55 mg, 91%), mp 146.2-148.1 °C (fe155-157

(10). °C), (ref>* 125-126 °C)'H NMR (400 MHz, CDC)) &

To a stirred solution 0P (100 mg, 0.473 mmol) in 830 (brs, 1H), 8.03 (s, 1H), 7.66 (= 7.6 Hz, 1H), 7.41
methanol (10 mL) and water (1 mL) mixture was addedS: 2H), 7.15 (tJ = 7.8 Hz, 1H), 6.90 (d] = 7.6 Hz, 1H),
DDQ (451 mg, 1.987 mmol) and stirred for 5 h. atThe 482 (S, 2H), 4.00 (s, 3H), 1.74 (br s, 1 NMR (100
reaction mass was diluted with ethyl acetate (50 amd MHz, CDCk) 6 145.73, 138.86, 132.10, 130.22, 125.52,
the organic layer was washed with sat. sodium bawaate 124.24, 123.80, 119.88, 119.59, 112.88, 111.02,0806
solution (30 mL x 2) and water (30 mL x 2) and draver  66.13, 55.54; IR (KBrvmax 3509.04, 3293.24, 2924.21,
sodium sulfate. The solvent was removed under vacuu 1574.77, 1097.80, 821.55 ¢cm

Purification of the residue by column chromatogsaph

. _ , N 4.25. 4,4,5,5-Tetramethyl-2-p-tolyl-[1,3,2]dioxalbtane
(silica gel, hexane-ethyl acetate, 92:8) provid&td*‘ (90

. _ . (34).
mg, 85%) as a off-white solid, mp 167.6-168.7 °&f§t

0 4 To a stirred solution of 4-bromotoluene (5 g, 29.23
175-176 °C), (ref’ 148-150 °C):'H NMR (400 MHz,

mmol) in 1,4-dioxane (50 mL) were added
CDCls) 6 10.09 (s, 1H), 8.60 (br s, 1H), 8.58 (s, 1H), 7.98

bis(pinacolato)diboron (7.41 g, 29.23 mmol), P4EPh),
(dd,J=8.8, 1.2 Hz, 1H), 7.73 (d,= 8.0 Hz, 1H), 7.54 (d,

(1.02 g, 1.56 mmol, 5 mol%) and potassium ace&fed,
J=28.4 Hz, 1H), 7.24 (t) = 7.8 Hz, 1H), 6.97 (d] = 8.0

58.46 mmol) at 25 °C, and the reaction mixture stased
Hz, 1H), 4.02 (s, 3H)**C NMR (100 MHz, CDG) &

at 90 °C under nitrogen atmosphere for 5 h. Theti@a
191.86, 145.86, 142.82, 130.31, 129.14, 127.05,5424

mixture was diluted with ethyl acetate (50 mL) difiered
124.27, 123.87, 121.22, 113.02, 111.26, 106.983B3R

through celite. The filtrate was concentrated urrdduced
(KBr) vmax 3322.59, 2925.18, 1674.26, 1572.70, 1242.00,

pressure and the residue was purified by column

1091.95, 817.15 crfy MS: m/z226.0 (M + HjJ.
chromatography (silica gel, hexane) to give pro@®4d.8



g, 91%) as a light brown oifH NMR (400 MHz, CDCJ)
57.62 (d,J= 7.6 Hz, 2H), 7.09 (dl = 7.6 Hz, 2H), 2.26 (s,
3H), 1.23 (s, 12H)**C NMR (100 MHz, CDCJ) 5 141.38,
134.88, 128.55, 83.62, 24.90, 21.75; IR (Neat)

2979.33, 1613.77, 1361.25, 1145.86, 859.94.cm

4.26. 4-Methyl-2-nitrobipheny(35).
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obtained residue using 0-1% ethyl acetate-hexama as

eluent provided produdi3 (120 mg, 94%) as a white solid,
mp 256.7-259.7 °C (Iff mp. 258-260 °C)*H NMR (400
MHz, DMSO-dg) 8 11.08 (br s, 1H), 8.04 (d, = 8.0 Hz,
1H), 7.97 (d,J = 8.0 Hz, 1H), 7.44 (d) = 8.0 Hz, 1H),
7.32 (t,J = 7.6 Hz, 1H), 7.26 (s, 1H), 7.11 &= 7.4 Hz,

1H), 6.98 (dJ = 8.0 Hz, 1H), 2.46 (s, 3H}°C NMR (100

To a solution of 1-bromo-2-nitrobenzene (0.2 ¢,90.9 MHz, DMSOds) & 140.66, 140.17, 135.43, 125.39

mmol) in toluene (10 mL) were added Pd(PPRI(57 mg,

0.495 mmol), 34 (0.21 g, 0.99 mmol) and potassium

carbonate (0.27 g, 1.98 mmol) at 25° C, and theltieg

solution was refluxed for 60 h. under nitrogen apitere.

122.95, 120.63, 120.48, 120.30, 120.23, 118.81,34]11
111.25, 22.16; IR (KBr)max 3399.96, 2914.05, 1439.51,

1327.31 cnt; MS: m/z 182.0 (M + H)

The reaction mixture was allowed to reach r.t. andi.28. Methyl 2-[4-(4,4,5,5-tetramethyl-[1,3,2]did@olan

concentrated in vacuo. The obtained residue waisiqalir
by column chromatography on silica gel using 1%yleth
acetate in hexane to gi@s (0.18 g, 86%) as a pale yellow
oil: *H NMR (400 MHz, CDC)) & 7.83 (d,J = 8.0 Hz,
1H), 7.61-7.57 (m, 1H), 7.47-7.42 (m, 2H), 7.250712,
4H), 2.39 (s, 3H)**C NMR (100 MHz, CDG)) 5 149.42,
138.18, 136.29, 134.41, 132.20, 131.95, 129.47,9927
127.77, 124.03, 21.25; IR (Neat).x 2924.80, 1527.84,

1358.87, 818.93 crh

4.27. 2-Methyl-9H-carbazol@3).

To a stirred solution of 4'-methyl-2-nitrobiphenids)
(150 mg, 0.703 mmol) in o-dichlorobenzene (10 migsw
added triphenylphosphine (461 mg, 1.76 mmol) af@5
and the reaction mixture was refluxed for 6 h. Téwmction
mixture was allowed to reach r.t. and concentrateder

vacuum, followed by silica gel column purificatiarh the

-2-yl)phenyl]propionatg44).

A mixture of Methyl 2-(4-bromophenyl)propionatgs]
(5 g, 20.56 mmol), potassium acetate (4.04 g, 4tibl),
Bis(pinacolato)diboron (10.45 g, 41.13 mmol) andlfL
bis(diphenylphosphino)ferrocene]dichloropalladiumn(l
(0.84 g, 1.03 mmol) in 1,4-dioxane (100 mL) waswefd

for 6 h. under nitrogen atmosphere. The reactioxture

was cooled to 60 °C and concentrated under reduced

pressure. Water (50 mL) and ethyl acetate (50 méjew
charged, stirred for 30 minutes and filtered thioaglite.
Organic layer was separated, dried over sodiumhatdp
and concentrated. The residue was purified usitgnoo
chromatography (silica gel, 3-5% ethyl acetate éxame)
to afford Methyl 2-[4-(4,4,5,5-tetramethyl-
[1,3,2]dioxaboralan-2-yl)phenyl]propionated4) (5.5 g,
92%) as a colourless syrujpd NMR (400 MHz, CDCJ) &

7.78 (d,J = 7.6 Hz, 2H), 7.32 (d] = 8.4 Hz, 2H), 3.73 (g,



J=6.8 Hz, 1H), 3.63 (s, 3H), 1.50 (= 7.2 Hz, 3H), 1.32
(s, 12H);*C NMR (100 MHz, CDG)) & 174.72, 143.73,
135.18, 134.97, 126.89, 124.98, 83.76, 52.02, 424685,
18.50; IR (KBr) Vmax 2980.90, 1740.69 cy MS: m/z

291.1 (M + HJ.

4.29. General procedure for the preparation of mitr
biphenyls45a-d

To a stirred solution dflethyl 2-[4-(4,4,5,5-tetramethyl-
[1,3,2]dioxaboralan-2-yl)phenyl]propionaté4j (2 g, 6.89
mmol) in toluene (20 mL) under nitrogen atmospheeee
added halonitrobenzene ( 6.2 mmol), potassium catieo
(2.92 g, 13.89 mmol), Pd(PRh(80 mg, 0.069 mmol) and
water (2 mL). The reaction mixture was stirred 20100
h at 100 °C, TLC had

until indicated complete

consumption of the aryl halide. The reaction migtuwas

evaporated, and the residue was purified by colum

chromatography.

4.29.1. Methyl 2-{5'-chloro-2'-nitro-[1,1'-bipherjyd-yl}
propionate(45a).

Yield: 1.08 g (54%) pale yellow syruftd NMR (300
MHz, CDCL) & 7.84 (d,J = 8.4 Hz, 1H), 7.46 (d] = 10.2
Hz, 2H), 7.38 (dJ = 8.1 Hz, 2H), 7.27-7.24 (m, 2H), 3.79
(9,J=7.1 Hz, 1H), 3.69 (s, 3H), 1.54 @@= 6.9 Hz, 3H);
*C NMR (100 MHz, CDG)) 5 174.68, 149.43, 140.95,
135.05, 134.38, 133.98, 133.02, 132.38, 128.14,0028
124.22, 52.16, 45.13, 18.51; IR (Neat).x 2982.71,

1738.60, 1732.74 ¢ MS: m/z 320 (M + H).
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4.29.2. Methyl 2-{2'-chloro-6'-nitro-[1,1'-bipherjydyl}

propionate(45b).

Yield: 1.12 g (56%), pale yellow syrufd NMR (300
MHz, CDCE) & 7.73-7.68 (m, 2H), 7.46-7.36 (m, 3H), 7.22
(d,J = 8.1 Hz, 2H), 3.77 (q] = 7.1 Hz, 1H), 3.70 (s, 3H),
1.55 (d,J = 7.8 Hz, 3H);**C NMR (100 MHz, CDG)) &
174.72, 151.26, 140.95, 135.82, 134.39, 133.28,6B32
129.04, 128.91, 128.80, 127.69, 127.54, 121.931452.
45.21, 18.55; IR (Neatymax 3022.43, 1733.07, 1534.11,

758.14 crit; MS: m/z 320.0 (M + H)

4.29.3. Methyl 2-{4'-chloro-2'-nitro-[1,1'-bipherjydyl}
propionate(45c).

Yield: 1.16 g (58%) light green color liquitti NMR
(300 MHz, CDC}) 5 7.84 (d,J = 1.8 Hz, 1H), 7.60 (dd] =
8.1, 1.8 Hz, 1H), 7.39-7.35 (m, 3H), 7.26-7.23 @H),
ﬁ.?S (9,d = 7.0 Hz, 1H), 3.69 (s, 3H), 1.54 @ = 7.2 Hz,
3H); ®C NMR (100 MHz, CDGCJ) & 174.68, 149.43,
140.95, 135.05, 134.38, 133.98, 133.02, 132.38,1128
128.00, 124.22, 52.16, 45.13, 18.51; IR (Neah)x

2981.99, 1735.69, 1534.67, 738.15¢MS: m/z 320.0

(M + H)".

4.29.4. Methyl 2-{2'-nitro-[1,1'-biphenyl]-4yl}prapnate

(45d).

Yield: 1.25 g (71%), pale yellow solid, mp 86.8-89.
°C: 'H NMR (300 MHz, CDCJ) 5 7.85 (d,J = 8.1 Hz,
1H), 7.60 (tJ = 7.5 Hz, 1H), 7.50-7.41 (m, 2H), 7.37 (4,
= 7.8 Hz, 2H ), 7.29 (d] = 8.4 Hz, 2H ), 3.78 (q] = 7.0

Hz, 1H), 3.69 (s, 3H), 1.54 (d,= 6.9 Hz, 3H):*C NMR
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(75 MHz, CDC}) & 174.90, 140.66, 136.29, 136.05, MHz, CDCk) 6 8.51 (d,J = 8.1 Hz, 1H), 8.16 (br s,

132.39, 132.09, 128.31, 127.98, 126.19, 124.192752. 1H), 7.39 (s, 1H), 7.32-7.30 (m, 2H), 7.23-7.18 @),

45.26, 18.66; IR (Neatynax 2981.59, 1735.85, 1527.98 3.91 (q,J = 7.0 Hz, 1H), 3.67 (s, 3H), 1.60 @7 7.2 Hz,

cm’; MS: m/z286.1 (M + HjJ.

4.30. General procedure for the preparation of cable
esters46a-d

To a stirred solution of compountd (2-nitrobiphenyl

derivative) (0.01 mol) iro-dichlorobenzene (50 mL) was

added triphenylphosphine (0.025 mol) under nitrogeﬁ"

atmosphere at room temperature, and the reactintumai
was refluxed for 6-10 h. The solvent was evaporateter
reduced pressure at 75 °C, and the residue wafseplubly
column chromatography (silica gel, hexane-ethyltatee

8.5:1.5).

4.30.1. Methyl 2-(6-chloro-9H-carbazol-2-yl)propéate
(46a).

Yield: 2.55 g (89%), pale yellow solid, mp 97.5-89.
°C; HPLC (239 nm)¢21.74 min, 96.20%'H NMR (300
MHz, CDCk) & 8.11 (br s, 1H), 7.97 (s, 1H), 7.95 (U=
8.1 Hz, 1H), 7.35-7.28 (m, 3H), 7.18 @@= 8.1 Hz 1H),
3.89 (q,J = 7.1 Hz, 1H), 3.68 (s, 3H), 1.59 @@= 6.9 Hz,
3H); *C NMR (100 MHz, CDG) & 174.36, 139.32,
138.13, 137.03, 124.76, 123.86, 123.22, 120.60,5¥19
118.89, 118.56, 110.53, 108.50, 51.13, 44.78, 171R1

(KBF) Vmax 3410.62, 1732.94 ¢

4.30.2. Methyl 2-(5-chloro-9H-carbazol-2-yl)propéate
(46b).
Yield: 2.2 g (77%), off-white solid, mp 112.4-113GC,;

HPLC (239 nm), £ 21.88 min, 97.03%H NMR (300

3H); *C NMR (100 MHz, CDG) & 175.38, 140.82,
139.83, 139.02, 128.59, 126.08, 123.18, 121.47,5020
120.23, 119.66, 109.08, 108.95, 52.17, 45.80, 18R4

(KBF) Vmax 3354.09, 1719.23 ¢l MS: m/z 288 (M + H).

.30.3. Methyl 2-(7-chloro-9H-carbazol-2-yl)propate
(46¢).

Yield: 2.52 g (88%), off-white solid, mp 123.1-127.
°C; HPLC (239 nm),#21.88 min, 97.09%'H NMR (300
MHz, CDCk) & 8.05 (br s, 1H), 7.97-7.91 (m, 2H), 7.40 (d,
J=8.7 Hz, 2H), 7.19 (d] = 8.1 Hz, 2H), 3.89 (q] = 7.05
Hz, 1H), 3.67 (s, 3H), 1.59 (d,= 7.2 Hz, 3H):*C NMR
(100 MHz, CDC}) o 175.28, 140.24, 140.01, 138.86,
131.38, 121.95, 121.76, 121.06, 120.41, 120.11,7819
110.68, 109.51, 52.17, 45.79, 19.01; IR (KBr)ax

3402.56, 1735.87 ¢ MS: m/z 287.9 (M + H).

4.30.4. Methyl 2-(9H-carbazol-2-yl)propiong#cd).

Yield: 2.3 g (81%), white solid, mp 61.7-64.5 °C;
HPLC (235 nm), ¢ 13.99 min, 96.72%*H NMR (300
MHz, CDCL) & 8.05-7.99 (m, 3H), 7.41-7.38 (m, 3H),
7.22-7.16 (m, 2H), 3.90 (d, = 6.8 Hz, 1H), 3.67 (s, 3H),
1.60 (d,J = 7.2 Hz, 3H);**C NMR (100 MHz, CDG)) &
175.51, 139.85, 138.46, 125.77, 123.11, 122.51,4420
120.26, 119.47, 119.22, 110.65, 109.38, 52.14, 946.8
19.04; IR (KBr) Vmax 3404.28, 1735.26 ch MS: m/z

254.1 (M + HJ.



22

4.31. General procedure for the preparation of Gble MHz, DMSO-dg) & 12.30 (br s, 1H), 11.56 (s, 1H), 8.34
acidsl4a-d

(d,J=8.4 Hz, 1H), 7.47-7.38 (m, 2H), 7.36 Jt= 8.0 Hz,
To the sodium hydroxide solution (50 mL, 0.021mo 1H), 7.19-7.15 (m, 2H), 3.86 (4= 7.0 Hz, 1H), 1.46 (d]
sodium hydroxide) was added carbazole eg@r(0.01 =72 Hz, 3H)"*C NMR (100 MHz, DMSQds) & 175.97,

mol), and the reaction mixture was refluxed for.4Jpon 141 60, 140.56, 140.18, 127.34, 126.56, 122.41,3020
complete consumption of the ester starting matetiad 119.62, 119.47, 119.35, 110.33, 110.19, 45.55,019R

reaction was cooled to room temperature, and @ity (KBF) Vinax 3408.70, 1703.19 ¢fn MS: m/z272.1 (M - H)

6 N HCI (4 mL). The reaction mixture was extracteith . HRMS (M + H) calcd for GsH1sCINO, 274.0635, found

methyl t-butyl ether (2 x 20 mL), and the combined 274.0658
organic layer was dried over sodium sulfate, and

concentrated under vacuum. The product was purlfied 4 39 3 2-(7-Chloro-9H-carbazol-2-yl)propanoic acid

column chromatography (silica gel, hexane-ethyltateg (14c)

7:3). Yield: 2.53 g (95%), white solid, mp 252.7-256C;

HPLC (239 nm), ¢ 11.79 min, 98.31%'H NMR (300
4.31.1. 2-(6-Chloro-9H-carbazol-2-yl)propanoic acid

MHz, DMSO-dg) & 12.31 (s, 1H), 11.36 (s, 1H), 8.10-8.03
(carprofen)(14a).

(m, 2H), 7.50 (s, 1H), 7.40 (s, 1H), 7.17-7.10 #H), 3.83

Yield: 2.34 g (88%), off-white solid, mp 186.3895 °C;

(q,J = 6.6 Hz, 1H), 1.44 (d) = 6.9 Hz, 3H);"*C NMR
HPLC (239 nm), ¢ 11.21 min, 99.29%'H NMR (300

(100 MHz, DMSO+dg) 6 176.00, 140.99, 140.80, 139.88,
MHz, DMSO-ds) 6 12.34 (br s, 1H), 11.39 (s, 1H), 8.17 (s,

130.16, 121.87, 121.66, 121.12, 120.71, 119.37,1819
1H), 8.10 (d,J = 8.1 Hz, 1H), 7.49 (dJ = 8.7 Hz, 1H),

111.05, 110.31, 45.57, 19.43; IR (KBUhax 3411.21,
7.40-7.34 (m, 2H), 7.11 (d, = 7.8 Hz, 1H), 3.84 (qJ =

1698.11 crit; MS: m/z272.1 (M - H) ; HRMS (M+H)"
6.9 Hz, 1H), 1.44 (d] = 6.9 Hz, 3H)*C NMR (100 MHz,

calcd for GsH13CINO, 274.0629, found 274.0641.
DMSO-ds) o 174.62, 139.65, 138.85, 137.43, 124.17,

122.69, 121.95, 119.70, 119.51, 118.73, 117.83,4B]1
4.31.4. 2-(9H-carbazol-2-yl)propanoic aditi4d).
108.89, 44.21, 18.05; IR (KBKmax 3425.24, 1696.92 cm
Yield: 2.27 g (86%), white solid, mp 238.4-2A2C;
L MS:m/z272.1 (M - H).
HPLC (239 nm),7.34 min, 99.53%'H NMR (400 MHz,

4.31.2. 2-(5-Chloro-9H-carbazol-2-yl)propanoic acid DMSO-dg) 3 12.24 (br s, 1H), 11.16 (s, 1H), 8.07 &=

(14b). 7.6 Hz, 1H), 8.03 (d) = 8.0 Hz, 1H), 7.47 (d] = 8.0 Hz,

Yield: 2.28 g (86%), off-white solid, mp 179.8215 °c;  H)» 7.38-7.33 (m, 2H), 7.13 @,= 7.4 Hz, 1H), 7.09 (d

HPLC (239 nm), ¢ 11.93 min, 98.38%H NMR (400 - o4 Hz, 1H), 3.82 (@) = 7.2 Hz, 1H), 1.44 (d) = 7.2



Hz, 3H); °C NMR (100 MHz, DMSOds) & 176.12,

140.39, 139.32, 125.79, 122.70, 121.70, 120.52,4920

118.98, 118.75, 111.34, 109.99, 45.58, 19.49; IRr{K 5.

Vmax 3413.46, 1697.91 cfp MS: m/z 238.1 (M - H) ;
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