
This article was downloaded by: [FU Berlin]
On: 14 October 2014, At: 05:12
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Synthetic Communications: An
International Journal for Rapid
Communication of Synthetic
Organic Chemistry
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/lsyc20

A Convenient Synthesis of 2′-
OR 4′-Hydroxycocaine
Satendra Singh a , Garo P. Basmadjian a , Kwasi Avor
a , Buddi Pouw a & Thomas W. seale b
a Department of Medicinal Chemistry and
Pharmaceutics , College of Pharmacy
b Department of Pediatrics, Psychiatry and
Behavioral Science , College of Medicine, University
of Oklahoma Health Sciences Center , OK, Oklahoma
City, 73190, U.S.A.
Published online: 22 Aug 2006.

To cite this article: Satendra Singh , Garo P. Basmadjian , Kwasi Avor , Buddi Pouw
& Thomas W. seale (1997) A Convenient Synthesis of 2′- OR 4′-Hydroxycocaine,
Synthetic Communications: An International Journal for Rapid Communication of
Synthetic Organic Chemistry, 27:22, 4003-4012

To link to this article:  http://dx.doi.org/10.1080/00397919708005923

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the
information (the “Content”) contained in the publications on our platform.
However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness,
or suitability for any purpose of the Content. Any opinions and views
expressed in this publication are the opinions and views of the authors, and

http://www.tandfonline.com/loi/lsyc20
http://dx.doi.org/10.1080/00397919708005923


are not the views of or endorsed by Taylor & Francis. The accuracy of the
Content should not be relied upon and should be independently verified with
primary sources of information. Taylor and Francis shall not be liable for any
losses, actions, claims, proceedings, demands, costs, expenses, damages,
and other liabilities whatsoever or howsoever caused arising directly or
indirectly in connection with, in relation to or arising out of the use of the
Content.

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden. Terms & Conditions of access and use can be found at
http://www.tandfonline.com/page/terms-and-conditions

D
ow

nl
oa

de
d 

by
 [

FU
 B

er
lin

] 
at

 0
5:

12
 1

4 
O

ct
ob

er
 2

01
4 

http://www.tandfonline.com/page/terms-and-conditions


SYNTHETIC COMMUNICATIONS, 27(22), 4003-4012 (1997) 

A CONVENIENT SYNTHESIS OF 2’- OR 4’-HYDROXYCOCAINE 

Satendra Singh*, Ciaro P. Basmadjian, Kwasi Avor, Buddi Pouw, and Thomas W. 
Scale+ 

Department of Medicinal Chemistry and Pharmaceutics, College of Pharmacy, 
and ‘Department of Pediatrics, Psychiatry and Behavioral Science, College of 
Medicine, University of Oklahoma Health Sciences Center, Oklahoma City, OK 
73190, U S A .  

ABSTRACT 

A short, convenient and efficient synthesis of 2’- or 4’-hydroxycocaine is 
described. The key step involved selective hydrolysisttransesterification of the 
acetoxy group of 2’- or 4’-acetoxycocaine in methanol saturated with dry HC1 gas. 

Hydroxycocaines have been reported as cocaine metabolites in bile and 

urine samples from emergency cocaine overdose patients.’” It was shown that 3’- 

hydroxycocaine contributed to cocaine’s peripheral vasoconstrictive effects4 and 

4’-hydroxycocaine was equipotent to cocaine in locomotor stimulation and 

convulsant  action^.^ 2’-Hydroxycocaine has not yet been detected as a cocaine 

metabolite. Nevertheless, 2’-hydroxycocaine is an interesting compound because 

unlike 3’- and 4’-hydroxycocaines it can form an intramolecular hydrogen 

*To whom correspondence should be addressed. 
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4004 SINGH ET AL. 

bonding. As a result, 3P-benzoyl ester functionality in 2’-hydroxycocaine will be 

more stable to hydrolysis due to reduced electrophilicity and also the phenyl ring 

will be locked in the same plane as that of the carbonyl function. Therefore, 

synthesis of these hydroxycocaines is exceedingly important in exploring their 

pharmacological activities. 

Several procedures for the synthesis of 2’- and 4’-hydroxycocaines have 

been reported.33637 In these approaches ecgonine methyl ester (5 )  was coupled with 

either 2- or 4-hydroxybenzoic acid in the presence of thionyl chloride3 or DCC6, 

or 2- or 4-acetoxybenzoic acid in the presence of thionyl chloride followed by 

basic hydr~lysis.~ These methodologies for the preparation of hydroxycocaines are 

of rather limited use because they gave a mixture of products in typically less than 

milligram quantities. Recent synthesis of 3’-hydroxycocaine has utilized 3- 

benzyloxybenzaldehyde, which after oxidation and halodehydroxylation was 

coupled with ecgonine methyl ester. The advantage of this synthesis was that the 

benzyloxy group of 3’-benzyloxycocaine could be selectively hydrogenolyzed 

without affecting any of the other ester functiom8 The synthesis of 2’- or 4’- 

hydroxycocaine which we report in this publication is short, efficient, and highly 

convenient. 

As outlined in Scheme 1, commercially available 2- or 4-acetoxybenzoic 

acid (1 or 2) was refluxed in excess of thionyl chloride to afford 2- or 4- 

acetoxybenzoylchloride (3 or 4) in 80435% yield which without further 

purification was reacted with ecgonine methyl ester (5 )  in benzene containing 

triethylamine at 4OoC to gave 2’- or 4’-acetoxycocaine in high yield (80%). 
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2'-  OR 4'-HYDROXYCOCAINE 4005 

Scheme 1 

COCl 

BenzeneEt3N H3C" 

R' R q K H 3  

1; R = OAc, R = H 
2; R = H, R = OAc 

3; R =  OAC, R = H  
4; R = H, R = OAC 

8; R = OH, R = H 
9; R = H, R = OH 

6; R = OAc, R = H 
7; R = H, R = OAc 

The key step in the synthesis was to selectively hydrolyze the acetoxy 

group in 6 or 7 without hydrolyzing the other ester functions. Previous synthesis 

has utilized water or basic conditions to hydrolyze the acetoxy group of 

acetoxy~ocaine.~ This synthesis has produced a mixture of products, i.e., other 

ester functions were also hydrolyzed to a certain extent. In our synthesis we used 

methanol saturated with dry HCI gas to selectively remove the acetyl group. Thus 

2'- or 4'-acetoxycocaine (6 or 7) was refluxed in MeOH saturated with dry HCl 

gas for 24-48 h. The trace amount of water present in MeOH (0.02%) hydrolyzed 

the acetoxy group selectively, and there was nd observable hydrolysis of any other 

ester functions. It was possible that the carbomethoxy group at C-2 might have 

hydrolyzed to some extent. However, under the reaction conditions it was 
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4006 SINGH ET AL. 

reesterified. Another possible mechanism of the HCI gas-catalyzed selective 

cleavage of the acetoxy group could be the transesterification with MeOH as a 

nucleophile. The excess of MeOH facilitated the reaction in the forward direction 

to give 8 or 9 and the trace moisture present in MeOH dissolved enough HCl gas 

to act as an acid catalyst, but only enough to catalyze the transesterification of the 

relatively unhindered ester functional groups. Although transesterification of the 

2P-carbomethoxy group in 6 or 7 with MeOH would not change the character of 

this ester function, the 3P-benzoyloxy ester function did not undergo 

transesterification under the reaction conditions. No work up was required. The 

excess of methanol was removed and 2’- or 4’-hydroxycocaine hydrochloride salt 

(8 or 9) was precipitated out with ether in quantitative yield. 

In summary, a short (2 or 3 steps) and efficient (65-70%) synthesis of 2’- 

or 4’-hydroxycocaine was developed. This synthesis is more convenient than other 

syntheses of hydroxycocaines reported thus far, and can also be utilized to prepare 

3’-hydroxycocaine. In addition the synthesis could be extended to prepare 2’- or 

4’-hydroxybenzoylecgonine, metabolites of cocaine by refluxing the 2’- or 4’- 

hydroxycocaine free base in water8 or wateddioxane (1: l).9 These methods are 

known to selectively hydrolyze the carbomethoxy ester at C-2. 

EXPERIMENTAL 

Unless otherwise stated all starting materials were obtained from Aldrich 

Chemical Company (Milwaukee, WI) and used without further purification. 

Confiscated crude (-)-cocaine hydrochloride was obtained from the National 

Institute on Drug Abuse. 
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2'-  OR 4'-HYDROXYCOCAINE 4007 

'H NMR spectra were recorded on a Varian XL-300 MHz spectrometer. 

FAB/MS was carried out with VG instruments, ZAB-E spectrometer (Manchester, 

UK). Melting points were recorded on an Uni-melt Thomas Hoover capillary 

melting point apparatus in open capillary tubes and were uncorrected. Elemental 

analysis was performed by Midwest Micro Lab Ltd. (Indianapolis, IN). The 

purities of the final products (8,9) were checked using a Beckman Gold HPLC 

system equipped with dual Model 110 (A and B) pumps, a Rheodyne loop injector 

(20 pL loop was used), a 163 variable wavelength uv detector, and an Analog 

lnterface Module 406. A reverse phase column (4.6 x 100 mm; C-18; particle size 

3 micron, pore size 100 A') (Rainin Instruments Co., Woburn, MA) was used. A 

solvent system containing methanol/O.OSM phosphate buffer (80:20 v/v), pH 7.4 

was employed at a flow rate of 1.0 mWmin. The sample was dissolved in 

methanol (1 mg/mL,) and a volume of 5-10 pL was injected. 

4-Acetoxybenzoylchloride (4): 4-Acetoxybenzoic acid (2; 3.0 g, 16.6 

mmol) was dissolved in excess of thionyl chloride (15 mL) and refluxed with 

stirring for 2.5 h. The excess of thionyl chloride was removed under vacuum to 

obtain 2.6 g (80%) of 4 as a yellow viscous oil. 

Ecgonine methyl ester (5): Compound 5 was synthesized from crude (-)- 

cocaine hydrochloride in two steps. First, cocaine hydrochloride (50 g; 0.147 mol) 

was dissolved in IN aqueous HCl acid (500 ml) and heated to reflux. After 

refluxing for 16 h, the reaction mixture was cooled to room temperature, filtered 

to get rid of crystallized benzoic acid, and the filtrate was extracted with CH2C12 
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4008 SINGH ET AL. 

(3 x 50 mL) to remove any dissolved benzoic acid. The filtrate was evaporated 

under reduced pressure to obtain a sticky solid, which was dissolved in methanol, 

and ecgonine hydrochloride was precipitated out by adding acetone in 86.1 % yield 

(28.1 g), m.p. 240-242'C (lit." 240-244'C). Second, ecgonine hydrochloride (28.1 

g; 0.126 mol) was dissolved in 280 mL of dry methanol and dry HC1 gas was 

passed until saturation. The resultant mixture was heated to reflux under dry 

atmosphere. After refluxing for 30 min, the mixture was cooled and dry HCI gas 

was again passed through it until saturation. The clear solution was stirred at room 

temperature for 24 h under anhydrous conditions. The methanol/HClg, mixture 

was removed under vacuum. The last traces of moisturelHC1 were removed by 

azeotropic distillation with benzene. A white solid of ecgonine methyl ester 

hydrochloride was obtained, which was dissolved in methanol and precipitated 

out with acetone in 94.4% yield (28.2 g), m.p. 210'C (lit.'' 210-21I0C). 'H NMR 

(D20): 6 4.26 (ddd, J3.4== 11.1 Hz, 5 2 , ~  6.9 Hz, J3,4eq= 6.6 Hz, lH, 3-H), 4.0-3.9 

(m, lH, 1-H), 3.8-3.7 (m, lH, 5-H), 3.61 (s, 3H, OCH3), 3.12 (dd, J2.F 7.2 Hz, 

J1.2= 2.4 Hz, lH, 2-H), 2.64 (s, 3H, NCH3), 2.2-2.1 (m, 2H, 4-H2), 2.1-1.8 (m, 4H, 

6,7-H2) ppm. 

2'-Acetoxycocaine (6): Ecgonine methyl ester free base (5; 0.9 g; 4.5 

mmol) was dissolved in dry benzene (1 5 mL) and triethylamine (1 mL; 10 mmol) 

was added. To this stirred solution commercially available acetylsalicyloyl 

chloride (3; 1.4 g, 7.0 mmol) was added under dry N2. The resulting reaction 

mixture was stirred at 40+2'C overnight. It was then cooled, and the contents 

were transferred to a separatory funnel with the help of 5 mL of chloroform. The 
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2'- OR 4'-HYDROXYCOCAINE 4009 

combined organic phase was washed with water (5.0 mL), 5% aqueous Na2C03 

solution (3 x 5.0 mL), dried over anhydrous MgS04, and the solvent mixture was 

removed under vacuum to give an oil. The oily product was dissolved in ether and 

dry HCl gas passed to obtain hydrochloride salt. Recrystallization from 

MeOWether gave pure 6 (1 -24 g, 76%), m.p. 78-8OoC. FABMS (3-NBA matrix): 

362.1 (MH'; C19H24NOa). 'H NMR (D20): 6 7.78 (dd, J= 8.4, 1.2 Hz, lH, 6'-H), 

7.6-7.5 (m, lH, 4'-H), 7.26 (d, J= 8.7 Hz, lH, 5'-H), 7.05 (d, J= 8.7 Hz, lH, 3'- 

H), 5.4-5.3 (m. lH, 3-H), 4.1-4.0 (m, lH, 1-H), 3.9-3.8 (m, lH, 5-H), 3.5-3.4 (m, 

lH, 2-H), 3.45 (s, 3H, OCH3), 2.69 ( s ,  3H, NCH3), 2.18 (s, 3H, 2'-COCH3), 2.3- 

2.2 (m, 4H, 4,7-H2), 2.0-1.9 (m, 2H, 6-Hz) ppm. Anal. calcd for 

C19H23N06.HC1.1/2H20: C 56.12; H 6.14; N 3.44. Found: C 56.01; H 5.89; N 

3.68. 

4'-Acetoxycocaine (7): To a stirred solution of 4-acetoxybenzoyl chloride 

(4; 1.58 g, 8.0 mmol) in 10 mL of dry benzene, ecgonine methyl ester free base (5; 

1.0 g; 5.0 mmol) dissolved in 10 mL of dry benzene and triethylamine (2 mL; 20 

mmol) were added. The resultant reaction mixture was stirred at 40+2OC under 

dry NZ overnight. The mixture was cooled, added 5 mL of water, and the organic 

phase was separated. The organic phase was additionally washed with cold 

aqueous 5% Na2CO3 (3 x 5 mL), brine (5 mL), and dried over anhydrous Na2C03. 

The solvent was stripped of under vacuum to obtain an oil, which was dissolved 

in 5 mL of ether and dry HCl gas was passed to obtain pure hydrochloride salt of 7 

in 80% yield (1.59 g), m.p. 145-148OC . FABMS (3-NBA matrix): 362.1 (MH'; 
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4010 SINGH ET AL. 

C I ~ H Z ~ N O ~ ) .  'H NMR (DzO): 6 7.84 (d, .I= 8.7 Hz, 2H, 2',6'-H), 7.09 (d, J= 8.7 

Hz, 2H, 3',5'-H), 5.45 (dd, J= 16.2, 6.9 Hz, IH, 3-H), 4.1-4.0 (m, lH, 1-H), 4.0- 

3.9 (m, IH, 5-H), 3.5-3.4 (m, lH, 2-H), 3.45 (s, 3H, OCH3), 2.71 (s, 3H, NCH3), 

2.4-2.2 (m, 4H, 4,7-&), 2.17 (s, 3H, 4'-COCH3), 2.1-2.0 (m, 2H, 6-Hz) ppm. 

Anal. calcd for C1&3N06.HC1.2H20: C 52.63; H 6.45; N 3.22. Found: C 52.49; 

H 6.14; N 3.48. 

2'-Hydroxycocaine (8): 2'-Acetoxycocaine hydrochloride (6; 0.9 g, 2.5 

mmol) was dissolved in 40 mL of MeOH and dry HC1 gas was passed. The 

resulting solution was refluxed with stirring for 48 h under dry atmosphere. It 

was then cooled and the solvent was removed under vacuum to obtain a white 

solid. Recrystallization of the solid from MeOWether afforded pure 8 (0.75 g, 

94%), m.p. 104OC. FABMS (3-NBA matrix): 320.1 (MH'; C17HZzN05). 'H NMR 

(DzO): 6 7.58 (dd, J= 7.8, 1.5 Hz, IH, 6'-H), 7.4-7.3 (m, lH, 4'-H), 6.9-6.8 (m, 

2H, 3',5'-H), 5.5-5.4 (m, lH, 3-H), 4.1-4.0 {m, IH, 1-H), 4.0-3.9 (m, lH, 5-H), 

3.5-3.4 (m, lH, 2-H), 3.46 (s, 3H, OCH3), 2.70 (s, 3H, NCH3), 2.4-2.2 (m, 4H, 

4,7-H~), 2.1-2.0 (m, 2H, 6-H2) ppm. Anal. calcd for C17H21N05.HC1.1/2H20: C 

56.00; H 6.30; N 3.84. Found: C 56.34; H 6.38; N 3.55. HPLC showed a single 

peak at a retention time of 3.30 min (for HPLC conditions see experimental). 

4'-Hydroxycocaine (9): 4'-Acetoxycocaine hydrochloride (7; 1.59 g, 4.0 

mmol) was dissolved in 80 mL of methanol and dry HC1 gas was passed until 

saturation. The resultant clear solution was refluxed for 24 h under anhydrous 

conditions. The mixture was cooled to room temperature and the solvent removed 
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2 ' -  OR 4'-HYDROXYCOCAINE 401 1 

under reduced pressure to obtain a white solid. Recrystallization of the white solid 

from methanol/ether furnished pure 9 in 81% yield (1.15 g), m.p. 169-171OC. 

FABIMS (3-NBA matrix): 320.1 (MH+; C17H22N05). IH NMR (DzO): 6 7.68 (d, 

J =  8.7 Hz, 2H, 2',6'-H), 6.76 (d, J= 9.0 Hz, 2H, 3',5'-H), 5.35 (dd, J= 15.0, 6.9 Hz, 

lH, 3-H), 4.1-4.0 (m, IH, 1-H), 3.9-3.8 (m, 1H, 5-H), 3.5-3.4 (m, IH, 2-H), 3.43 

(s, 3H, OCH3), 2.67 (s, 3H, NCH3), 2.3-2.1 (m, 4H, 4,7-H2), 2.1-2.00 (m, 2H, 6- 

H2) ppm. Anal. calcd for C I ~ H ~ I N O ~ . H C ~ . H ~ O :  C 54.65; H 6.42; N 3.74. Found: 

C 54.28; H 6.28; N 3.97. The retention time of 9 on a C-18 column (as described 

under experimental) was 2.54 min and a single peak. 
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