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ABSTRACT

A facile synthesis of 1-(9H-carbazol-4-yl oxy)-3-halopropan-2-ol, (6) and 5-
((9H-carbazol-4-yloxy) methyl)oxazolidin-2-one, (5) intermediates is de-
scribed. These intermediates are utilized for the synthesis of Carvedilol.
While synthesizing the new intermediate (5), observed formation of major
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impurity characterized as4-((9H-carbazol-4-yloxy)methyl)-1,3-dioxol an-2-
one, (9) and confirmed by its preparation. Reaction conditionswere identi-
fied to minimize the impurity 9 formation to achieve good reaction conver-
sionwhilemaking (5). Thisapproach avoidsthe formation of biscompound
(disclosedin EUROPEAN PHARMACOPOEIA 6.0, volume 2.0 asimpurity
B). This approach could be useful for the preparation of many 3-amino

al coholswithout formation of bisimpurity.
© 2010 TradeSciencelnc. - INDIA

INTRODUCTION

Carvedilol (Figure 1) isanon-selective 3-adrener-
gic blocking agent with a,-blocking activity.
B-Adrenergic blocking agents*4 mostly comprising of
[3-amino dcoholsareof pharmaceutica sgnificanceand
havereceived mgor attention dueto their utility inthe
management of cardiovascular disorders® including
hypertension®, anginapectoris, cardiac arrhythmiasand
other disorderd” rel ated to the sympathetic nervous
sysem.

Severa synthesesof Carvedilol arereported. The
innovator, Boehringer Mannheim GmbH, synthetic ap-
proach for the preparation of Carvedilol describesthe
opening of oxiranering of 4-(oxiran-2-yl methoxy)-

9H-carbazol e, (3) with 2-(2-methoxyphenoxy)ethan-
amined. Intheinnovator process, the formation of
impurity B (Figure 1) isobserved about 35-40% in
thereaction mixtureand even after isolation, it isabout
10-15%. A major concern in thisisthe formation of
impurity B in cond derablelevel sand significant amount
of yield loss was observed during purification of
carvedilol.

Wealtered various parametersto theinnovator ap-
proach such assolvent, temperature, reactiontime, mole
ratio and modeof addition to minimizetheformation of
impurity B. None of these parameters played signifi-
cant roletominimizetheformation of impurity B which
would beunderstandablewhileopening of epoxideswith
primary amine.
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Figurel: Sructuresof Carvedilol (1),and Impur|ty B

In order to avoid theformation of impurity B, other
attemptsare performed and documented inthelitera-
ture. One of the report describes the opening of
oxiranering of 4-(oxiran-2-ylmethoxy)-9H-carba-
zole, 3 with N-benzyl-2-(2-methoxyphenoxy)
ethanamine instead of 2-(2-methoxyphenoxy)
ethanaminefollowed by debenzylation®. Thisprocess
produces no impurity B and also involvesthe cata-
Iytic N-debenzylation at thefinal stage. Accordingto
theliterature knowledge, N-debenzyl ation reaction
never goesfor 100% completion, leading the traces
of N-benzyl Carvedilol asmgjor impurity infina prod-
uct. European pharmacopoeiahas covered thelimit
of thisN-benzyl carvedilol impurity not more than
0.02% duetoitstoxic natureand practicaly itisvery
difficult to achievethislevel. Aswell asthe process
a so suffersfrom the usage of an expensive palladium
catalyst for N-debenzylation. Asan alternative, the
opening of oxirane ring of 3 with 2-(2-methoxy-
phenoxy)ethanamine which isused in an excessto
reduce the formation of impurity B[%. Thisprocess
could not remove or avoid completeformation of im-
purity B. Inaddition, thisprocess suffersfrom thelow
price competitiveness due to the excess usage of ex-
pensi ve ethylaminecompound and difficult toremove
the aminecompound whileisolation of Carvedilol. An-
other approach al so described to prepare Carvedilol
without formation of impurity B via oxazolidinonein-
termediate*¥. Even though theformation of Impurity
B was not observed, but the preparation of thisinter-
mediateismulti step and tedious.
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Figure2: Retrosynthesisof Carvedilol (1)

RESULTSAND DISCUSSION

Asasummary, practical preparation of Carvedilol
consists of varioushurdles such asimpurity B forma:
tion, purification, poor yieldsand usageof excessamount
of substrates.

In continuation of our research on development on
syntheses of 1,3-oxazolidi-2-nones!*?d and
Carvedilol"®! and 5-substituted-2-oxazolidinones*®,
synthesized 5-((9H-carbazol -4-yl oxy)methyl ) oxazo-
lidin-2-one 5 asakey intermediate towards the syn-
thesisof Carvedilol 1 without formation of impurity B
(Figure2).

Initially, the synthesis of 5-((9H-carbazol-4-
yloxy)methyl)oxazolidin-2-one (5) isachieved by con-
ventiona method which involvesthe reaction of 9H-
Carbazol-4-ol 2 with epichlorohydrintoyielded corre-
sponding epoxide (3). Opening of oxiranering of 4-
(oxiran-2-ylmethoxy)-9H-carbazol e (3) with agueous
ammoniagave the corresponding amino a cohol (4).
This amino alcohol (4) on reaction with ethyl
chloroformate, whichisused asone carbon sourcein
bridging thehydroxyl and amino functionsof amino a-
cohol, gaverequired oxazolidinoneintermediate (5)
(Schemel). Inthis process, theformation of seriesof
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impuritieswas observed while opening of oxiranering
in(3) by usngammonia.

To achieve good yield and purity of the
oxazolidinoneintermediate(5), dterndiverdevant syn-
thetic approaches were searched in the literature.
Amongthosg, it hasbeen identified that the a-hydroxy
isocyantescould serveasanin-stuintermediateinthe
preparation of 2-oxazolidinones. Cyanateionisac-
cepted asnucleophileto react with halohydrinstoyied
2-oxazolidononesvia a-hydroxy isocyantes®®. This
method isapplied to prepare 2-oxazolidioneinterme-
diate (5) from halohydrin (6).

The epoxideof 4-(oxiran-2-yl methoxy)-9H-car-
bazol e (3) isopened with aqueoushydrochloricacidto
produce corresponding chlorohydrin (6a) with good
yield. The halohydrin (6) was further treated with
KOCN in DMFtoyield corresponding 2-oxazolidinone
(5) (Scheme2).

Thereectionhasdower ratea thetemperature 80°C,
we have attempted various other temperaturesto im-
provetherateof reaction aswell asyied. Seriesof reac-
tionswere conducted at arange of temperatures 80°C-
120°C and theamount of product formationaswell as
timefor reaction completionin each condition wereob-
served at regular timeintervas(TABLE 1). According

to TLC, reaction didn’t progressed at any temperature
lower than 80°C, hasthe enhanced reaction rate with
incremental in thetemperature and thereisnot much
further improvement beyond 120°C.

Moreover, decreasein reaction timewas a so ob-
served with respect to raisein temperature. Thereac-
tion didn’t complete even after 50hr. at the tempera-
tures 80°C and 100°C, completed in 24hr. at 120°C
and just within 6.0 hr at 120°C with DAMP (Table-1)
and proves hugeimpact of temperature on rate of the
reaction aswell astheyield of product of formation.

Though, thereaction hasn’t completed in both the
cases at 80°C and 100°C, improvement in theyield
was observed at 100°C (40%), over thereaction per-
formed at 80°C (20%). In case of 120°CwithDMARP,
therequired product 5 was obtained amost instanta-
neoudly, without much amount of timeand 55%vyield
wasobtained (TABLE 1). Further higher temperatures
(>120 °C) was screened using high boiling solvent
DM SO, has made much impact neither on further re-
actionratenor onyield. Inall the cases, observed the
formation of onemajor impurity inthesereaction con-
ditions. However, whilethereaction temperaturein-
creases |ower amount of impurity formation was ob-
served. Thisimpurity wasisolated and characterized as
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4-((9H-carbazol-4-yloxy)methyl)-1,3-dioxolan-2-one,
9. Thiswas confirmed by the preparation of 9 by the
opening of oxiraneringin 3with sulfuricacid followed
by carbonyl insertion between diols of 8 with
carbonyldiimidazole (CDI) (Scheme3).

To enhancereactivity of compound (6), theleaving
group was changed from chloro to bromo. Theoxirane
ring of compound (3) was opened with 48% ag. HBr
at 40-45°C to obtain corresponding bromohydrin (6b)
with 85% yield. The bromohydrine was al so treated
with KOCN at optimized conditions such asKOCN/
DMF/120°Ctoyied oxazolidinone(5). Moreover, the
reactivity of theha ohydrin hasn’t much differed, while
comparing the reactivity of chlorohydrin (6a) with
bromohydrin (6b) to form oxazolidinone (5). But the
reaction was completed one hour before in case of
bromohydrin and much yield differencewasnot found.
Thisexercise has concluded that temperature playsa
key roleover theleaving group ability of haloatomin
hal ohydrin (6) on reaction with KOCN.

Various attempts were done to condense 2-
oxazolidinone intermediate (5) with 1-(2-
chloroethoxy)-2-methoxybenzenetoyield final pre-
cursor moiety (7). Initidly, wehave attempted K.CO,
in DMF at reflux temperature gave poor yields, to
improve the yield Cs,CO,/DMF at reflux was at-
tempted but not succeeded enough. Strong base NaH
was used in THF, to akylate the carbamate nitrogen
of (5), endedwithformation of multipleimpuritieseven
at lower temperatureslike -5°C. Among the numer-
ousattempts, finally optimized condition to produce
(7) from corresponding oxazolidinone (5) isCs,CO,/
KI/DMF at reflux temperature and theisol ated yield
1S 70%.

The condensed product (7) wastreated with so-
dium hydroxide in ethanol, hydrolyzed the 2-
oxazolidinoneof (7) to providerequired amino a cohol
and afforded thetitlemoiety carvedilol 1 with out for-
mation of impurity B (Scheme4).
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CONCLUSION

In conclusion, an efficient and commercial viable
preparative method isdeveloped for carvedilol 1 with
high purity (without impurity B) by choosingasmple
1-(9H-carbazol -4-yloxy)-3-hal opropan-2-ol and 5-(
(9H-carbazol-4-yl oxy) methyl)oxazolidin-2-one.

EXPERIMENTAL

Médlting pointswere determined on Buchi 540 melt-
ing point apparatus and are uncorrected. FT-IR spec-
trawererecorded asKBr pellet on Nicolet 380 FT-IR
ingrument (Mode Thermo Electron Corporation-Spec-
trum One), *H and *C NMR (proton decoupl ed) spec-
trawere recorded on Varian 400 MHz spectrometer
using DMSO-d, and CDCI, as solvent, and
tetramethylsilane (TMS) asinternal standard. Mass
spectrawere recorded on Agilent triple quadrupole
mass spectrometer equi pped with turboion spray inter-
faceat 375°C.

Thedry reactionswere carried out under nitrogen
atmospherewith magnetic/mechanical stirring. Unless
otherwise mentioned, dl the solventsand reagentsused
wereof LR grade. TLC was performed on precoated
slica-ge plates, whichwerevisuaized usngUV light
and sul phuric acid/ethanol (5:95) charring. FHlash col-
umn-chromatography wascarried out onsilicage (230
400 mesh) unless otherwise stated.

Prepar ation of 4-(oxiran-2-ylmethoxy)-9H-car ba-
zole(3)

To astirred solution of 300mL water and sodium
hydroxide (22.9 g, 0.573 mole), 9H-carbazol-4-ol, 2
(100g, 0.546 mole) isadded over 10 min followed by
drop wise addition of 150mL DM SO over 30 min at
15°C. After 10 min, tothissolutionisadded epichloro-
hydrin (75.7g, 0.818 mole) at 15°C over 1 hr. The
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TABLE 1: Impact of temperatureto prepare(5) from (6a)

S.No Temperature Reactiontime(hrs) Yield (%)

1 80°C 52* 20
2 100 °C 52* 30
3 120°C 24 35
4 120°C 06** 55

* = no completion, ** With DMAP

suspensionisplaced in aconstant temperature bath at
50°C and themixtureisstirred for 8 hr. After comple-
tion of thereaction, added 400mL water, filtered and
washed withwater. Thecrude product wasrecrystallised
inisopraponal gave glycidyl aryl ether, (3) asapae
brown solid; yield 76.6%; mp 121-126°C; *H NMR
(CDCL,): 6 11.3 (s, -NH, carbazole), 8.16 (d, -CH,
carbazole), 7.3 (m, -CH, carbazole), 7.3 (m, -CH,
carbazole), 7.46 (d, -CH, carbazole), 7.18 (t, -CH,
carbazole), 7.1 (d, -CH, carbazole), 6.9 (d, -CH, car-
bazole),4.6 (m,-CH2) 4.1 (m,1H, -CH2),3.6 (m, -
CH,),3.0(m,-CH), 2.9 (m,-CH,). MS: m/z (M*+1)
240.

Prepar ation of 1-(9H-car bazol-5-yloxy)-3-chloro-
propan-2-ol (6a)

A mixture4-(oxiran-2-ylmethoxy)-9H-carbazole
(3) (50.0g) in 5N hydrochloric acid (250.0 ml) was
stirred for 5 hrsat 40-45°C until to get complete con-
verson asindicated by TLC. Thereaction mixturewas
cooled to room temperature. The obtained solid was
filtered and washed with water to produce (6) as of f
white solid; 51.0g, yield 88.5%; mp 102-106°C; *H
NMR (DM SO0): 6 11.3 (s, -NH), 8.2 (d, -CH, carba-
zole), 7.5 (d, -CH, carbazole), 7.2-7.4 (m, -CH, car-
bazole), 7.15 (m, -CH, carbazole), 7.1 (d, -CH, car-
bazole), 6.7 (d, -CH, carbazole), 5.8 (s, -CH), 4.2
(dd,-CH,), 3.8-4.0 (dd, -CH2-); IR (Neat, cm'’):
3401, 2933, 1585,1499; MS: m/z (M*+1) 276.

Preparation of 1-(9H-car bazol-5-yloxy)-3-bromo-
propan-2-al (6b)

A mixture4-(oxiran-2-ylmethoxy)-9H-carbazole
(3) (25.09) in 48% ag. hydrobromic acid (125ml) was
stirred for 8 hrsat 40-45°C until to get complete con-
verson asindicated by TLC. Thereaction mixturewas
cooled to room temperature. The obtained solid was
filtered and washed with water to produce (6b) aslight
brown white solid; 30.0g, yield 89.8%. 'H NMR (
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DMSO): 6 11.3 (s, -NH), 8.2 (d, -CH, carbazole),
7.5(d, -CH, carbazole), 7.2-7.4 (m, -CH, carbazole),
7.15 (m, -CH, carbazole), 7.1 (d, -CH, carbazole),
6.7 (d, -CH, carbazole), 5.8 (b, -CH-), 4.2(m, -CH, ),
3.6-3.8(dd, -CH,-), IR (Neat, cm™): 3405,1584; MS:
m/z (M*+1) 319.

Prepar ation of 5-((9H-car bazol-4-yloxy)methyl)-
oxazolidin-2-one(5)

A solution of 1-(carbazl oe)-3-chloropropan-2-ol
(4) (10g, 0.036 mole), potassium cyanate (5.89g, 0.072
mole) and 4-dimethylaminopyridine(0.44g, 0.003mole)
in N,N-dimethylformamide (30mL) was heated to
120°Cfor 6.0 h. After complete conversion reaction
mixturewasfiltered to remove excesspotassium cyan-
ate. Solventisremoved from thefiltrate under vacuum
a 65-70°C. Theresulted residueispartitioned between
ethyl acetate and water. Thereaction mixtureisstirred
for 20 min. and boththelayersareseparated. Theague-
ouslayer isextracted with ethyl acetate. Combined or-
ganiclayersaredried over sodium sulfate, filtered and
washed with ethyl acetate. Solvent isremoved fromthe
organic layer by distilling at 40-45°C under vacuumto
obtaintitlecompound, 5-(carbazl oe)methyl)oxazolidin-
2-one(5) asasolid.; yield 55% m.p. 247-249°C; 'H
NMR (CDCl,): 6 11.3(s, -NH, carbazole), 8.16 (d, -
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CH, carbazole), 7.7 (s, -NH, oxazole), 7.4 (d, -CH,
carbazole), 7.3 (m, -CH, -CH carbazole), 7.18 (t, -
CH, carbazole), 7.1 (d, -CH, -CH carbazole), 6.7 (d,
-CH, carbazole), 5.1 (s, -CH), 4.42 (d, -CH), 4.3 (d,
-CH), 3.7 (t, -CH), 3.56 (t, -CH). MS: m/z (M*+1)
283.

Prepar ation of 5-((9H-car bazol-4-yloxy)methyl)-3-
(2-(2-methoxyphenoxy)ethyl)oxazolidin-2-one (7)

Toastirred solution of compound (5) (10.0g, 0.035
mole) and 50mL N,N-dimethylformamide, cesum car-
bonate (28.67 g, 0.088 mmoal), 1-(2-chl oroethoxy)-2-
methoxybenzene (9.91g, 0.0531 mole) and potassium
iodide (0.2g) are added at 25°C. Reaction massis
heated to 120°C. After completion of the reaction,
cooled thereaction massto 25°C and water wasadded
to thereaction mixture. Thereaction masswasfiltered
and the obtai ned product was purified using n-hexane
to givecompound (6) asapdeyelow solid; 70%yield;
'HNMR (CDCI,): 6 11.3(s,-NH, carbazole), 8.1 (d, -
CH, carbazole), 7.5 (d, -CH, Carbazole), 7.3 (q, -CH,
carbazole), 7.3(q, -CH carbazole), 7.1 (t, -CH, carba-
zole), 7.1(t,-CH, -CH carbazole), 7.0 (m, -CH carba-
zole), 6.9 (d, -CH), 6.9 (d, -CH), 6.85 (m, -CH), 6.7
(d,-CH), 5.1 (d, -CH oxazole), 4.4 (m,-CH); 4.3 (t, -
CH,), 4.0 (t, -CH), 3.8 (m, -CH,); 3.7 (s, -CH,), 3.6
(m,-CH) 3.6 (m,-CH); MS. m/z(M*+1) 431.

Preparation of 1-(9H-car bazol-4-yloxy)-3-(2-(2-
methoxyphenoxy)ethylamino)propan-2-ol (1)
(Carvedilal)

Thestirred solution of compound 6 (10.0g, 0.023
mole) isrefluxed in 100mL 96% ethanol containing so-
dium hydroxide (4.0 g, 0.10 mole) under anitrogen
atmosphere. After completion of thereaction, reaction
mixtureis cooled to RT and a50mL 1:1 mixture of
tolueneand THF followed by 100mL water are added
to thereaction mixture. The phasesare separated and
the aqueous phaseisextracted thricewith 1:1 mixture
of tolueneand THF. Theorganiclayersare combined,
dried over Na,SO,, filtered and the solvent isremoved
by evaporation under reduced pressureto dryness. The
crude product isrecrystalized from ethyl acetateto give
Cavedilol (1) ssawhitesdlid; yidd 70%; m.p. 114-116°C;
'HNMR(CDCL,): 5 11.2(s,-NH), 8.2(s,-CH), 7.4 (d,
-CH), 7.2-7.3 (m, -CH), 7.1 (m, -CH), 6.9 (m, -CH),
6.7 (d, -CH), 5.2 (s, -OH), 4.2 (d, -OCH,), 4.1 (m, -
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CH,), 4.0 (s, -CH), 3.75 (s, -OCH,), 2.97 (m, -CH,),
2.8(m, -CH,), 20 (s,-NH); MS: miz(M*+1) 407.

Prepar ation of 3-(9H-car bazol-4-yloxy) propane-
1, 2-diol (8)

Toastirred solution of compound (3) (10.0g, 0.041
mole) and 1,4-dioxane (10mL) wasadded 5% sulphuric
acid. Thereaction masswas heated to 95°C for 1.0 h.
After completion of reaction, the solvent wasdistilled
off to dryness under reduced pressure. The obtained
residue wastriturated with water and filtered to give
(8) asasolid. 6.59, yield 60.7%. 'H NMR (DM SO):
0 11.2 (s, -NH, carbazole), 8.2 (d, -CH, carbazole),
7.5(d, -CH, Carbazole), 7.3 (m, -CH, carbazole), 7.1
(t,-CH, carbazole), 7.05 (d, -CH, carbazole), 6.7 (d,
-CH, carbazole), 4.2 (m, -CH,), 4.0 (m, -CH-), 3.6
(m,-CH,), 3.2 (s, -OH) MS: 'z (M*+1) 256.13.

Prepar ation of 4-((9H-car bazol-4-yloxy)methyl)-
1,3-dioxolan-2-one(9)

Toadtirred solution of 1,1’-cabonyl diimidazole
(8.2g, 0.050 mole) and dry dichloromethane (50mL)
was added a sol ution of compound (8) (10.0g, 0.038
mole) in dry dichloromethane (100mL ) at 25°C under
nitrogen amosphere. Thereaction masswasmantained
18 hr at 25°C. Theobtained solid wasfiltered and pu-
rified with n-hexaneto give compound (9) asasolid.
8.6, yield 74.7%. m.p.: 195-98°C; *H NMR (DM SO):
0 11.3 (s, -NH, carbazole), 8.1 (d, -CH, carbazole),
7.5(d, -CH, Carbazole), 7.3 (m, -CH, carbazole), 7.1
(m, -CH, carbazole), 6.7 (d, -CH, carbazole), 5.3 (m,
-CH-), 4.8 (dd, -CH,), 4.4-4.7 (dd, -CH,), MS: m/z
(M*+1) 282.
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