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ABSTRACT 

.. * 
THE SYNTHESIS OF CODEINE LABELED IN THE 3-METHOXY GROUP WITH c14 

by 

** Fe No Chang ,Je Fe Oneto, Peter Po To Sah, Be Me Tolbert 
and Ho Rapoport 

Medical School~ Division of Pharmacology and Experimental Thera­
peutics and College of Pharmacy, University of California~ San 
Francisco~ and Radiation Laboratory and Department of Chemistry~ 

University of California, Berkeley 

October 19; 1949 

hlaSTRACT 

Codeine labeled in the 3-methoxy position with 014 has been pre­

pared on a 20 mmole scale in a yield· of 63% based on methyl-C14 iodideo 

For pUblication in The Journal of Organic-Chemistry 

* This work is sponsored~ in part, by the Atomic Energy Commission and, in part, 
by a grant from the National Institutes of Health. 

** Present address~ Department of Pharmacology~ WashingtonUni~ersity Medical 
School, Ste Louis, Missouri 
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THE SYNTHESIS OF CODEINE LABE!LED. IN THE 3~THOn GROUP WJ;TH ci4 * 
by 

Fo No Ghapg~, JoFo Oneto, Peter Po To Bah, B. M. Tolbert 
and He Rapoport 

Meqica~School,p~vision of Pharmacology and Experimental Therapeut~cs 
and College of Pharmacy, University of California, San Francisco, and 
Radiation Laboratory ahd Department of Chemistryjl University of 

. Oaliforn~a, Berkeley 

Of the opium alkaloids closely related to morphine in chemical structure, 

codeine is probably the most important because it possesses less addiction pro-

perties than morphine:and is very widely used in clinical work. 

In order to investigate the mechanism of analgesic reaction and addiction 

we have prepared. this compound labeled with c14 in the 3-methoxy group. It was 

felt that for pharmacological experiments labeling the molecule in the methoxy 

carbon would be more usefUl than in the N~methyl group, since biological systems 

appear able to effect Nlomethyl exchanges. 

A review of the literature (1) reveals that codeine ,has been .prepared from 

morphine by methylation with a nUmber of reagents such as dimethyl sulfate, diazo­

methane and phenyltrimethyl ammoniUm ethoxide. Although some of these methods are 

practical even for industrial production, they were not "readily ad~pted to the pre-
, 

paration of labeled codeine since the rilB.gents were not avaiiable labeled with C14 

or wo~d result in an'insufficient utilization of C14 0 

* 
** 
(1) 

This work is sponsored, in part, by the Atomic EnergyCominission:and" in part, 
by,agrant from the National Institutes of Health.' 
Present addressg Department of Pharmacology, Washington University Medical 
School, St. Louis.llMissourio 
Small,"Clliend.stry of the.Opium llkal,oids," p .. 175f (1932), Uo S .. Government 
Printing Office, Washington Do' Co ' 
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The methylation of morphine with me~l iodide (which is available tagged 

, with cU} has been studied independently by Grimaux (2,3) and by Hesse (4). Both 

workers repcrted an extremely small yield of codeineo This is due to the fact that 

in the morphine molecule, there are three reactive groups capable of undergoing 

the methylation reaction..l) namely.? the phenolic group, the tertiary amino group and 

the allylic: -secondary alcohol groupo An' active methylation' reagent like methyl 

iodide,when allowed to react with morphine in the presence ,of alkali, will methylate 

all three reactive groups such that the tinal product consists of a mixture of co-

deine:l codeine methyL ether and the methiodides of these alkaloids. 

Since the reactive group in the morphine molecule that interferes most with 

the preparation of codeine is the tertiary amino group rather than the allYlic se­

condar,y~lcoholic groupJ) it was believed that by decreasing the basicity of the 

tertiary amUhO group through oxide formation3 that is, by using morphine-R!"oxide 

instead of morphine for the methylation~ the entering methyl group oould ,be made 

to go almost exclusively to the phenolic group. The methylation of -morphine-N-oxide 

, with d;methyl sulfate and alkali and the reduction of the resulting codeine-N-oxide 

to codefne have been patented (5), althoUgh the use ~r me'thyl iodide in this pro-

tective methylation reaction does not seem to have been studied. 

In-ordar to obtain maximum yield based on methyl iodide,wedesired to use 

pure morphine=N=oxide as the starting material. The direct ,oxidation 'of morphine 

w1th,JO%, hydrogen peroxide to the N-oxide by the method desoribed'in',the·literature (6,7) 

Gl"~a~~ ~ompt. rend., ,2g, 1140 1~28 (1881)i .9..13 67, 217, 
Grimaux,ll Phil" J .Trans.~ (3), ,!g;"48 (188l). ' "':',. ' 
Hesse,\> Anno;\) ~, 203 (1883). ,,' "" .,,' 
Merck,9 DoRoPo 418391 (1928); Friedl, '12~ 1515. '", 
Freund and Speyer~ Ber., !J3 3310 (1910)0 
'Freund and Herminghaus, Bero, ~, 497 (1915)0 ... " 

" " 

- ~. -

591 (1881)0 

". -. ~. 

"\' .. 
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was studied" and although the crude morphine .. N=oxide could be obtained in good yield, 

the :loss of material' on recrystallization as the nitrate was excessive .. 

Therefore" the protective oxidation of Mannich (8) was adopted" Morphine 

was first converted to the mono~sodium derivative and then allowed to react with 

chloromethyl ethero The syrupy methoxymethyl ether of morphine thus obtained was 

oxidized with 30% hydrogen peroxide and the product~ the methoxymethyl ether of 

morphine-N-oxide, was isolated as the crystalline acetone derivative, from which 

pure morphine-N-oxide w~s obtained after hydrolysis with dilute sulfuric acid and 

subsequent alkalinization with ammonia (9)0 
: :' 

With this pure morphine-N-oxide as the starting material~ methylation was 

carried out. successfully with methyl~c14 iodide (10)0 The'codeine-N-oxide thus ob-

tained was immediately reduced by sulfur dioxide to codeine .. Afterpurification~ 

the free base was converted to both codeine-C14 sulfate and codeine-C14 hydrochloride. 

These salts possess properties i.dentical with the UoSoPo products described in the 

literature (II). 

Experimental 

Preparation of MethoXYmethY1 Ether of Morphines - Clean metallic sodium 

(4.6 g.~ 200 mmole) was added to 120 ml" of ethyl alcohol in a round-bottomed flask 

equipped with reflux condenser. When the reaction was completed, 56 mIo of water 

was added and then 57 g.(182 mmole) of pulverized morphine was dissolved portion 

wise. (The alkoxidesolution was placed in' an ice bath be'fore adding the morphine)" 

To the resUlting clear solutionj still chilied, 240 ml,. of ethyl ether was added 

with stirring .. After allowing the mixture to stand in the ice bath~ the precipitate 

(8) Mannich" Arch. Pharm., .a2!t, 358 (1916) 8 

(9) Small j UoSoPatent 2058521, October 27, 1936 .. 
(10) Tolbert, J. Am.Chem. Soc., £2, 1529 (1947)" 
(11) The Pharmacopoeia of the United States»pp 138,141 (1942), 12th edition~ 

Mack Printing Company~ Eastonj) Pennsylvania" 

It-, " 
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. ' .. " 
was filtered with suotion» washed twice with 160 ml .. of 50% ethyl alc'ohol", 50% , ethyl 

• • . ~. .... \.', .. f'"! . ;':;' >._ ' 

ether mixtureZ) then- once with 160 mloof ethyl ether and 'sucked .to,'dTyiies.s'o' The'; ,pro.-

duct was dl"ied at redu.~8d pressure over calcium chloride for 42 ho~s.o· T,h~yield .• 

was quantitativ6,l) mopo 126=12800 

Th~ sodium morphinatewas suspended in 140 mlo of dry chloroform in a' 500: mL 

thre6=necked flask equipped' with a stirrer$ dropping funnel and condenser; all pro~ 

tec:ted with cslt'Jium chloride tubeso The mixture was chilled in an ice bath and 

15 mlo .of ©hl©l"©metr.~l ether in 28 ml .. of dry chloroform was added dropwise with. 

stirring whi~h was continued for 45 minutes after the chloromethyl ether had been 

added 0 An insolubl;6 slurry: layer formed which was removed with suction filtration 

and washed with dry chloroform" The filtrate and washings were dried over potassium 

carbonate and filtered again" 

The solvent was removedfi'iOlm the dried filtrate under redu~ed pressure. in a 

40(f} water batho The yield of the methoxymethyl ether of morphine·wa.s42~3 go (63 .. 2% 

based on morphine)o 

Q;idat!,on of Methomethyl Ether of Morphineg "" To a 500 ml .. l"o'i:m.d=bottomed 

flask equipped with a reflux condenser was added the morphine metho:xYllletllyl ether and 

2405 mlo of' 30% hydrogen peroxide" The mixture was warmed gradually and:'~e+luxed for 

30 minutes in s\ water .bath not warmer than 5fJ©" Excess hydrogen peroxide and water, .~ 

were then removed u.rrler reduced pressure in a water bath at 40",,-,Ot\) to leave a glassy 
. • , I . 

residue in the flask" Hot aoetone (254 ml .. ) was added and th~ flask heat~d;with, 

vigorous stirring until a clear solution formed c The mixture wa s chilled in an . 

ice bath f©r 30 mirmtes and the crystals 01 morphine ether=N=oxideacetone filtered 

offs washed wi1M~ ©old a©etone and dried in a desiccator over calcium chloride for 

48 hourso The white ©:n:ystalline material weighed 37 go Yield.\l 45 0 8% bas;ed on 
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,ConverSion of , ,the Metho:x;ymeth.yl Ether of Morp~ine=N-Oxide Acetone Compound to 

Morphine ... N",Oxide: -: Methoxymethyl morphine-N-oxide acetone compound 07 go) was stirred 

with 180 5 mlo of cold 25% sulfuric acid am the solution was allowed to stand at room 

temperature for 2-1/2 hourso Then~ 75 mlo of water was added and the acid solution was . ' , 

~ neutralized with concentrated ammonium hydroxideo White crystals formed readily 0 The 

mixture was allowed to stand in an ice bath for one=half hour and the crystals were 
• 1._ :~ F ' 

filtered off, washed with a little cold water and then with cold acetone and dried in 
; 

a desiccatoro The yield was 2503 go (42 0 0% based on morphine).9 mopo 2110
0 

Preparation of Codeine (1) ~'- In a dry box 6 00 g. (20mm'oles) of pure morphine­

N~oxide was dissolved in chiiled sodium methoxide prepared from 0 046 go (20'mmole)of 

metallicsoditimand 20 mlo of absolute methyl aicohoL The flask containing the 
. , .' 

brownish orari.ige solution was connected to a vacuum manifold (12} 'throught,he "condenser 

and a stopc()ck arid the 'solution frozen with liquid nitrogen. Then, 2,,22 'g.'(::t5~6 mmoles) 

of methyl iodide containing 5.1 mc. of c14 (10) was distilled in vacuo !into 'the re~\ 

action flask. The flask containing the frozen mixture was moved to a hood and the 

mixture refluxedonthe steam bath for four hours. After cooling,l) 5 mlo of water was 

added and sulfur dioxide was passed into the solution for one hour to reduce the 

cOdeine-N ... oxide. To the fla>sk containing the codeine.jl 30 mlo of water was added and 

the methyl alcohol vacuum distilled. Then, 10 mlo of 6N sodium hydroxide was 'added 

to dissolve the morphine and the codeine was extracted with two 25 m!. and four 10 mlo 

portions of ,chforoform., The chloroform solution was washed with two 10 mloaliquots 

of distilled water, dried vlith anhydrous potassium carbonate, filtered and evaporated 

" to dryrief3's. ' 

(12) Calvi:g,He:l.delberger, Reid, Tolbert and Yankwich.\) 11 Isotopic Carbon,9 Ii John Wiley 
\ 

and Sons, Inc • .Il New York, 1949. 
" 



UCRL-428 
-9-

Purification of Codeineg - The impure codeine was dissolved in a minimum amount 

of benzene and petroleUm e'ther 'fb.:p~ . 30=6(0 ) added uhtii" no'~further l:Lhcf~e>~Ei:iIf"yellow~ 

ish-orange turbidity was oOserved.IJ and the turbidity was removed by ·filtration. Ex=' 

c~ss petroleum ether was then added to the filtr~te to precipitate the codei~e. The 

yellowish=orange turbidity was treated with benzene and petroleum ether once more. 

The turbidity appeared to be an impurity and wa~s discarded. The benzene"'petroleum . 

ether solution was allowed tp stand in an ice box for complete precipitati~no . The 

precipitate was filtered off and the filtrate reworked for a second crop; m.p. of 

the codeine.IJ 155°. 

The codeine was dissolved in a minimum amount of absolute ethyl alco~?l and 

hydrogen 0hloride gas passed into the solution to convert the free base .. to the hydro .. 

chloride salte The alcoholic solution of codeine hydrochloride was evaporated to . . : 

dryness on a steam bath and the residue dissolved in a minimum amount of 95% ethyl 
... ' : I l;" 

alcohol and filtered. The filtrate was allowed to stand in an ice boxforoJ?-e hour. 

The crystallin~ needles of codeine hydrochloride were collected by filtra1iion, . 

wa'shed with cold absolute ethyl alcohol and dried. 

After the vaFious fraction;:;. were thus purified, the combined yield was 30 65 g., 

which represents a 6208% yield based on methyl iodide or 4901% based on the radio-

8<etive barium carbonate used to begin the synthesise The specific activity: of. this 

material was 0091 ~ 0002 IJ.c/mg. while the calculated value was 0088z O~O~.!;tc/mg. 

Caled. for (hsH22N03Clg. C, 64.37; H, 6060; OCH3' 9.23. 

Foundg C.\l 64033, H.\l 60 55; OCH3, 9002. 

As an additional check, two~dimensional paper chromatograms (13) were made 

of this product and radioautographs made of the paper. Only one radioactive spot was 

found~ thus indicating the radiopurity of the product. 

<131 Benson, Bassham, Calvin, Haas~ Goodale and Stepka, J. Am. Chem. Soc., in press. 

.. 

.:l 
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§.ummary 

Codeine labeled in the 3~methoxy position with C14 has been prepared on a 

20 mmole scale in a yield of 63% based on methyl-CU iodidG o 




