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(+ }Cacaine has been prepared frem commercially available 3-tropinone in four steps. Synthetic pro-

cedures and experimental details are provided.
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Abuee of {(—) cocaine |(—) 1], an alkcloid obtained from
the leaves of Erythrazylan ¢oca, has grown ffom a relative.
ly minor problem 12-15 years ago to a major public health
threat today [1]. As a consequence there has been increas-
éd interest in both the natural [{(—)}1] and unnatural
{{ +)>1] cnantiomers. The need for unnatural cocaine
[(+)-1] prompts us to report our syntheais, which combines
several reported procedures. It is our hope that the availa-
bility of a relatively straightforward synthetic sequence 10
(+)}cocaine wiil promote research in comparative behay
1orzl studies between rhe enantiomeric cocaines, in identi-
Feation and investigation of a cocaine receptor and will
aid in the legal prosecuiion of cerigin drug abuse vases.

The first total synthesis of {+}cocaine, reported by
Wilstatter in 1923 (2], involved condensation of acetonedi-
varboxylic ueid monvwethyl ester, methylamine and suc-
cindialdehvde to give {£)}2{carbomethoxy}-3-tropinone
(2), whict waz reduced by sedium amalgam to & mixture of
(= jecgonine methyl ester (3) and (& )pseudoecgonine
methyl ester (4). The latter, 4, being less soluble, was
separated by erysaliization; the mother liquor yielded
ecgonine methyl ser (3) hydrachloride. Benzoylaton of
the free bace 3 with benzoic anhydride gave racemic co-
caine which was rezolved wia its bitartrate salt to give
(+ ycocaine [(+F1).

In addition to this specific synthesis of (+)cocaine,
there are three reports of the synthesis of (£ )cocaine,
which, in principle, could be resolved to give (+ }cocaine.
A Russian group reported [3,4] the synthesis of (+ }eo-
eaine following the Wilstatter 12] pathway hut utilizing an
alternative synthesis of (£ )}2{carbomethoxyl3-tropinone
(2). They reported a 35% yield of (4 )ecgonine methyl
ester (3) from (£ )2«{carbomethoxy)3-tropinone (2) and
utilized benzoyl chlovide at 100° either neat [3] or in
benzene with sodium carbonate [4) to prepare (£ kcocaine
in 84% [3] and G1% [4] yield, respeetively.

More recently Tufariello [5] reported & multistep syn-
thesis of (& )cocaine which involved the preparation of
hexahydropyrrolo[1,2-blisoxazole (5) us a key in-
termediate. When 5 was refluxed in xylene, methyl
acrylate was expalied and the resultiog nitrone spontans-
vusly cyclized to 6. Mzthylation of 6 with methyl iodide
gave the methiodide 7 which on treatment with sctivated
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zine in aguesus acetic acid provided, stersospecifically,
(£Yecgonine methyl ester (3). Benzovlation of 3 afforded
( # Yeocaine (1),

Even though the Tularieilo [5 svnthesis provides an ef-
ficient and highly stereoselective synthesis of {+ )-cacaine,
two factors led us to investigate the origina] Willatarter ap.
proach for the synthesis of gram quantities of { + J-cocaine.
Firat, it appeared to involve less steps, and second, it held
the promise of higher yield. Thus, whereas the Tufariello
synthesis involved six steps and gave (  }ecgonine methyl
ester (3) in 18% overall yield, uamng from commercially
available 3tropinone wud fulluwmg the Wilstatter route
involves two steps proceeding in 80% and 35% yield,
respectively, to give (& lecgonine methyl ester (3) in 28%
vverall yield. In fsct, using commercially available 3-tropi-
none, our initial synthesis followed the Wilstatter pro-
cedure, Specifically, (& )-2{carbomethoxy)-3-tropinene
was prepared in 80% yield by the sodium hydride catalyz-
ed carbomethoxylation of 3-tropinone [6], and reduction
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with sodium amalgam provided (= )-ecgonine methyl ester
(3) and (£ )}-pseudoecgonine methyl ester (4), as reported
(2} Tt was tempting; however, to explore other, more
modern, reduction procedires to establish whether
greater selectivity could be achieved. In faet, a predomi-
nance of (& }allopacudoecgonine methyl ester was obtain-
ed by the use of sodium borohydride in methanol at -30°
[6]. Strikingly, none of the other reagents which were tried
gave eny of the ecgonine methyl ester isumers [T Similar-
ly, attempts to reduce the known [2] O-benzoyl derivative
of 2{carbomethoxy}-3-tropinone failed to produce any of
the cocaine isomers (8] It thus appears that sodium
amalgam reduction is still the viable synthetic route from
2{earbomethoxy)}-3-tropinone (2) to ecgoninc methyl cster
(3). T our hands, the ratio of (+ }pseéudoecgonine methyl
ester (4) to (+ }ecgonine methyl ester (3) varied from 1:2 ta
2:3, and the overall yicld ranged between 50% and 70%.

Banzaylation of the produot mixture [(+)ccgonine
methyl esier (3) and (£ )}pseudoecgonine methyl ester (4))
with benzoic wchydvide in the presence of DBU gave a
mixture of (& )cocaine (1) and (+ »-pseudococaine (8) in
75% yield. The isomers were separated by fractional
erystallization or chramatographicslly, and (+)<cocaine
was subsequently resolved wiu its tarurate salt w give
(+ )cocaine in 24% yield. Since the overall yield from
3-tropinone was only about 5% {or 10% correcting for the
resulutivn), this meant that large amounts of material
would have to be handled, particularly through the sodium
amalgam reduction step, in order to prepare gram quan.
tities of (+ }-cocaine. We therefors conzldered the possibil-
ity of performing a resolution at the earliest possible stage
of the synthesis, i.e. of (+)2(carbomethoxy)-3-tropinone.
Indeed, the resolution of (#)2{carbomethoxy)-3-tropi-
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none wia its bitarirate salt is known [9,10], and since
Findlay had shown [10] that natural cocaine could be
degraded to (+)}2{carbumethoxy)}3-tropinone, it was vb-
vious that the (~)enantiomer would be the required
precurser for (+)-cocaine. In addition, since the separa-
tion of cocaine (1) from pseudococaine (8) had proven 1o
be tedious, it was decided to separate ecgonine methyl
ester (3) from pseudoecgonine methyl cster (4) prior to
benzoylation. A final modification of the synthesis was the
utilization of the benzoylation procedure of Sinnema [11]
to convert ccgonine methyl ester to cocaine.

An outline of the preferred synthetic route from 3-tropi-
none to (+ keocaine is shown in Chart 1. Resolution of
(2 »2{carbomethoxy)3-tropinone with (= )-tartaric acid
gave (—)2{carbomethoxy)-3-tropinone [(—)}2] in ubout
35% yield, [Treatment of the free base from the mother li-
quors with (+ +lartaric avid followed by free busing of the
mother liquor from the (+ }tartrate salt and retreatment
with (—)tartaric acid raises the actual recovery to about
50%.] Ecgonine methyl ester [(+)3] was separated from
the product mixture of the sodium amalgam reduction by
column chromatography in overall yield of 30%. Ben-
zoylation with benzoyl chloride in pyridine afforded 89%
of (4 }cocaine which, after purification had physical pro-
perties matching those of (= )cocaine.

EXPERIMENTAL

Mslting poinw were determined va o ThumosHuover expillary wbe
spparuyes vr on & Kolfler hot stage. All optical rotatlons were rezorded
at the sodlum D line with & Perkin-Elmer Model 141 polarimeter (1-dm
cell).

(# )2.Larhomethoxy34ropinone (2).

The title compound was prepared by 1he peeviously reported [6] pro-
cedure.

(5)24{Carbomethoxy)3-tropinone [( - )2}

To a sclution of (=)2{carbomethoxy)3-tropinone (33,8 g, 0.172 wol)
in absofuts ethanol (100 ml) was sdded a svlutivi of (=)tarwric scid
(25.7 g, 0,171 mule) in sbsvlute ethanol (100 mI) Eventually, erystaliiza.
ton to give (SH{—)2{carbomehoxy)d-teopinone batarirate took place.
The salid, after fltraison and drying, weighed 124 g and had |off® -
15.1% {¢ 2, water), Findly [10] ropsct=d 1o} — 15.4° (c 2, water) while
Clarke and co-workers [9] reported [all + 16.4° for the opposite enan-
tiomer. The free base was obtained by dissolution in aqueows sodium car-
bonate and extraction with dichloromethane. After solvent evaporation
and drying, 5.7 g (34%) of (S} —)2{carbamathoxy}Itrapinons [(—)2)
ot = 20.29 (e 1, mashanal) lit (10] = 120 (c 1, methanol)] was obtained,
In snother experiment, 11 g (S2% yield) of the title sompound was ok
tained from 42.2 g of (£ )}3{(earbomethoxy) 3 tropinone.

:( +}Ecgonine Methyl Ester [ +)3] and (~}Purudoscgonine Methyl Ester
- M}

The sodium-amalgem reduction [2,3} of {(SH—)2{carbomethoxy)3-
tropinone was carried out on 88 g batches. A typical procedure is as
follows, To an ice-cold solution of (5){—)2{carbomethoxy}3-tropinone
(7.0 g, 0.036 mole) in pH 3.4 sulfuric acid (100 ml) was sdded 1100 gof
15% sodium mmalgam over & 3.5 hour period. Throughaut the
temperature was maintained betwsen ~2% and +7° and the P" wis
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maintsined between 3 and 4 (bromophenol blue indicator) by periodic ad-
dition of 30% sulfuric acid. Water was also added to dissolve some of the
salts which precipitated. After the addition of the amalgam was com-
plete, stirring at pH about 3.5 was continued for 35 minutes. After
separation of the mercury, the solution was brought 10 pH 11 with am-
monium hydroxide and extracted with chloroform (7 x 200 mi}. Analysis
of the extract by ge showed it to coatain a 2:1 mixture of (+ )ecgonine
methyl ester [(+)3] and (=)pseudoecgonine methyl ester [(—)4)
Evaporation of the dried (sodium sulfate) extract afforded 8.24 g of a
greenish syrup. This material was chromatographed on a silica gel-60

(230-400 mesh, 300 g) low pressure column (6 em i d.) ehuting with chlo-
roform-r-butylmethyl etherammonium hydroxide (95:5:1) to give 2.39 g
of slightly impure (+ hecgonine methyl ester [(+)3] and 1.79 g (25%) of
(—)pseudoecgonine methyl ester [(~)}4]. Treatment of a diethyl ether
solution of [{+)3] with methanolic hydrochloric acid and recrystalliza-
tion of the resultant [(+ )3 hydrochloride from methanol-diethylether
(2:1) gave 2.33 g (28%) of pure (+)-ecgonine methyl ester [(+)}3] hydro-
chloride, mp 213.5-214.5°, [al* + 52.3° (c 1, methanol) The literature
values [12] for the (—)}enantiomer are 213-213.5° and [afp* ~ 50° (c },
methanol). Recrystallization of [(— 4] from diethylether gave crystalline
solid, mp 114-115°, [af3' — 22.5% (c 1, water). The literature [13] values
for the (+ }enantiomer are: mp 114-116° and [ol’ + 22.8° (¢ 1.7, water).

(+)}Cocaine [{+ M1}

To u sluery of (+)ecgonine methyl ester {( +)3] hydrochloride (7.8 g,
0.0332 mole) in 70 mi of dry pyridine cooled in an ice bath was added,
slowly and with stirring, & solution of benzoyl chloride (5.8 g, 0.0457
mole) in dry pyridine (30 ml). After overnight stirring at ambient
temperature, the solid was removed by filtration and dried thoroughly.
The crude yield of (+ Jcocaine hydrochloride was 14.5 g. The salt was
dissolved in agueous potassium carbonmate and the solution extracted
with chloroform (6 x 200 ml). The organic phase was dried and evape-
rated to give 9.9 g (98%) of {+ }1] as an off-white solid. Purification by
elution through a short silica gel 60 (230400 mesh, 200 g) ¢column (7 cm
i. d.) with hexane-t-butyl methyl ether.ammeonia (50:50:1) gave 8.9 g (89%)
of white solid; mp 96-98°, [afi* 4+ 15.5% (¢ ], chloroform), [ali* 4 35.7° (¢
1, 50% aqueous ethanol). Reported [12] values for [(~)}1] are: mp 98°;
[al® < 16° (¢ 4, chloroform); [all® = 357 {c |, 50% squeous ethanol).

(~)}Pseudococaine [(~)8].

To a solution of (= ppseudoscgonine methyl ester (260 g, 0.013 mole)
in dry pyridine (25 ml) was added dropwise in L& hour & solution of ben-
20yl chloride (3.48 g, 0.0225 mole) in dry pyridine (100 ml) and stirred at
ambient temperature for 24 bours. The volatiles were evaporated affor-
ding 4.5 g of crude (=)pseudococaine hydrochloride. The salt was
dissolved in aqueous potassium carbonate and exteacted with chloroform
(6 x 200 ml). The exiract was dried over sodium sulfate, filtered and
evaporated, yielding 3.56 g of syrupy material which was converted to the
hydrochloride salt in diethyl ether with methanolic hydrochloric acid.
Crystallization from methanol-diethyl ether (1:1) gave 4.1 g (93%), mp
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210-212°, [afd* = 43° (c I, methanol) and [afd' — 42.3° (¢ 1, water). For
the (+ }eanntiomer the reported [12] values are: mp 210° and (o’ +
41° (¢ S, water).
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