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ON RADIOACTIVE DRUGS {*) 

by 

Bo M, Tolbert 

Radiation LaboratorY and Department ~f Che~istry, • 
University of California» Berkeley (**J · 

March 29., 1950 

{*) Abstract of an address by Dro Bo Mo Tolbert before the Biochemical and 
Organi~ Group meeting of the California Section of the American Chemical 
So©iety2 February 132 1950o 

(*:*~ The work desc;ribed in this paper was sponsored by the A·tomi© Energy C<Ommissiono 

\ 

The work on radioactive drugs that I am going to disc;uss is not a single 

personns workp but rather a collection of research and chemical problems all re= 

lated by the use of similar techniqueso It is the cooperative effort of several 

organizations which includeg Dr:so Hamilton Anderson2 Peter Po To Sah and Ho Wo 

Elliot2 Division of Pharmacology and Experimental Therapeutics of the University 

of California Medjr:aal Schoolll San Francisco~ Drso J o Ho Lawrence and John Weaver 

of the Division of Medical Physics 2 Berkeley, Dro Ho Rapoport2 Chemistry Depart= 

ment~ Berkeley~ and2 of course2 the Bio=OrganiG Group of the Radiation Laboratory 

in Berkeley o 

T~ date2 Methadone3 codeine~ Demerol3 stilbamidine and acetyl~holine have 

been prepared labeled with cl4 and others are being studiedo I would first like 

to review the synthesis of the .labeled comporulldso All preparations were (\:larried 

out on a 20 mmole or less scal~o 

Methadoneo Methadone2 4~4=diphenyl=6=dimethylamino=3=heptanone 3 is a~ 

analgesic used in pla©e of morphine as it is less habit formingo It was pre= 

pared as foll©wss 



* 
=-->~.. CH3C02Na 

* 
=~~-~~ CH3C02C2H5 

* =""""==->~ CH3CH2BJr 

2»2=diphenyl=4=dimethyl= 
aminopentane nitrile 

~ 

.. 
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* 
= m= > CH3CH20H 

[CH3)2-Nj~~H3-t~~~H2-C~ BBr 

Methadlc~ne 

* The yield based on C02 used to begin the synthesis was about 12o5% 

Codeineo Codeine is the mono=methyl ether of morphine»and of the opium 

alkaloids closely related to morphine it is the most importanto Morphine and 

~odeine have the following structuresg 

Morphine 

The dire©t methylation of morphine with methyl iodide (whi@h was available tagged 

with cl4) has been previously studied$ but the yields are smallo This is due to 

the fact that in the morphine molecule there are three a@tive groups capable of 

undergoing methylation» namelY» a phenolic group$ the tertiary amino group and 

an allYli© secondary alcoholo Dire©t methylation gives a mixt~re of compounds 

difficrult to purify and low in yieldo 

Since the group that intexoferes most in this reaction is the tertiary 
·'-'; 

amino group» the following procedure was developed to prevent reaction with 

this grou.pg 



Morphine 

Codeine 

1) 
2) 

NaOH 
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The yield was 63% based on methyl iodide=Gl4 or 49ol% based on ~02 used to begin 
. i 

the synthesiso 

Demerolo Demerol is the hydrochloride salt of N=methyl~4=phenyl~4-

carbethoxypiperidineo It is used as an analgesic similarly to morphine and is 

reported to be less toxic than morphineo The methylation of 4=phenyl=4=©ar~ethoxy­

piperidine»which was obtained from the Sterling=Winthrop Research Institute» was 
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undertaken as a convenient way to label this drugo Preliminary work with methyl 

iodide showed that the rate of quaternization of the tertiary compo1md» demerol3 

was very fast and it was impossible even under best conditions to get much more 

than 8=9% yieldo About this time~ formaldehyde-ci~ became available from the Iso-

topes Division of the Atomic Energy Commission and the reductive methylati.on of 

the intermediate was attempted. 

Demerol 

I~ was presumed that the probable sour:Je of the reducing power in this reaction 

would be the formic acid and the alde~vde would be converted to the N=alkyl gr~upo 

However!' there was some question about this for an amine c;an be alkylated by treat= 

ment with formaldehyde alone and previous experimenters have had difficulty in ob= 

taining a.satisfactory material balance. The preparation was 3 therefore!' carried 

out first with labeled formaldehyde and then with labeled formic acid. It was found 

that the reduction is not appreciably affected by formaldehyde going to carbon 

dioxide butcomes almost exclusively from tte formic a.;;id. Using this I'eaction.~ 

the deimerol was prepared in 78% yield based en labeled formaldehyde. 

§tilbamidi~. The aforementionsd drugs have all been .analgesics. S'til~ 

bamidine!l on the other hand~ is used in treatment of multiple myelomas a type of 

cancero It was prepared by Dr. JoG. Reid of this laboratory as follows~ 



Stilbamidine diisothicnate 
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The yield was 20% based on t.he c:yanide used· to begin the synthesis. 

Acetyl·'3holi..!!§o Acetylcholine was prepared by acetylation of choline as 

followsg 

* * 
. • C02 m =m ""> CH3l 

acetic anhydride 
~ 

(JcH3 ) 2 (~H3 )NCH2cH20~-CH3 ]+ ca= 

Acetylcholine chlorid~ 

* . The yield was about 40% based ~n C~2 ~s®d to begin the synthesis. No biological 

work has yet been done with this @©mp©~d. 



Biological Work with Radioa~tive Drugs 

.; 

Of some interest in a biological study and in the interpretation of data 

is the mode of excretion of a compounda If a molecule stays intact and is thus ex= 

creted~ a~ measurement of activity in the body will represent a real concentration 

of this molecule or a direct modifieation of ito 

Two of the drugs studied fall in this classifi~ation~ namely~ methadone and 

stilbamidineo Following intravenous or intramuscular injection no appreciable amount 

of radioactive c;arb.on dioxide is found in the breatho In the ©ase of the methadone~ 

the kidney excretion is secondary to the intestinal excretion; about 30% of the in= 

jected dose is excreted by the kidney and the remaining 10% in the feceso Practically 

all of the activity of the methadone is excreted in twenty=four hours» mostly by the 

liver through the bilea Stilbamidine is~ as is methadone9 excreted without appreciable 

metabolic o:.tidation» but the excretion is slowo Approximately equal quantities of 

aotivity (and presumably stilbamidine~ probably conjugated with a ribose nuclei© 

a©id) are excreted in the urine and fe©eso Again9 in this case~ the determination of 

the activity in any tissue is an excellent measure of the stilbamidine presento 

In the case of the other two analgesic drugs9 codeine and deme!'ol~ appreciable 

amounts of activity appear in expired breath in a short time intervale Thus9 in 

. * . demerol 14% of the activity ~s exp~red as co2 in two hours9 and in codeine in two 

hours 20% of the injected dose is eliminatedo 

An interesting observation made. in the study of methadone=Cl4 was that the con= 

©entration of a©tivity (and of methadone) is very high in the adrenal~ particularly 

during the period of maximum drug aetion and decreases as the animal recoverso This 

is also shown by the thyroid and may be due to vascularity, alternatively» this effect 

may be of prime importance ahd the drug may a,c:tually be acting by causing the adrenals 

to release a compound having drug action or the methadone may there be conjugated into 

soiDe more po~ent drugo This aspect of the concentration action deserves more studyo 



* 
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The sl©w :.rate of expiration of co2 in the codeine experiment reopens a very in~ 

teresting question9 n.amely9 the mode of action of c:odl8ine. A long time ago it was pro ... 

posed that this dFug operate~ by being demthoxylated to morphine and that this then 

produ.0ed the anagesia. Since that time the sentiment gradually cha.ngedg the de= 

methoxylat.io:o; of a compound was not a knovm biological pr©oess3 codeine is not a very 

habit forming d!17!g, and the molei()Jule probably has analgesic properties of its own. 

Thus9 it was thought that codeine itself was acting as an analgesic. HoweverD if one 

takes the rate at which radioactive carbon dioxide is expired from rats given the 

labeled codeine and estimates from the the rate that morphine would produce by a de= 

me·thoxyl.ation rea~~tion, the amount of analgesic: this morphine would give is ,about that 

whi~h 'the l(;:c\lJdeine produ~es. Maybe ~odeine really goes to morphi.ne. It is hoped this 

quest:Lon will be answered eventually with codeine labeled in another positiono 

s·til'i:.a:midine is of interest for use in multiple myeloma;; a cancer disease of 

the marrowo :In this disease9 the malignant cells in the marrow multiply very rapidlyJ> 

entending into the adjacent bone and taking over the bone marrow spaceo It has been 

v'bse.Fii(!;ld that stilbamid:lLne tends to localize in the myeloma ~CJells proper» and it is 

he:pod ''t'§' find something more about the use of the drug in this disease and» if' thi$ 

c:on©entration is a real effect» stilbamidine radiation could be concentrated in the 

cell itself o 




