
Tdrdmron Lottera N0.13, pp. 137!M379, 1966. Pertwon Pr@m Ltd. 
Printed in Great Britain. 

TIiE SEIJKXIVE DEMETHYLATION OF QUATgRNAJtY AHWONIUM SALTS' 

Maurice Shamma, Norman C. Deno, and Joseph F. Remar 

Department of Chemistry, The Pennsylvania State University, 
University Perk, Pennsylvania 

(Beoelrod 20 Jamary 1966) 

The problem of the N-demethylation of quaternary ~onium salts has bee 

a perennial one in organic chemistry. The classical method for demethylatio 

Involves the pyrolysis of ammonium halides, which may however lead to extens 

deoomposition. 
2 

Refluxing ethanolamine has also been used for purpqeee of 

demethylation, 
3 but this reagent can lead to predominantly Hofmann elimlnatil 

and when methoxy groups arw present, 0-demethylation can also take place. 'D 

examples where these side reactions overshadow N-demethylation are the con- 

version of magnoflorine Iodide (I) and isocorydlne methiodlde (II) to the 

diphenolic phenanthrene derivative III. 
4 

Finally, N-demethylation conditions Involving the use of LIAlH, In a 

refluxing high boiling solvent such as THF or dioxane usually fail whenever 

one or more phenolic group Is present, so that salts I and II are recovered 

unchanged. 
5 

We now wish to report that the ideal method of N-demethylation.mey 

turn out to involve the use of thiophenoxide anion in refluxing 2-butonona. 

The reaction is of the simple SW2 type, and consists of attack by the thlo- 

phenoxlde anion on the N-methyl group. In Table I it con be seen that the 
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thiophenoxide method 18 preferable to the we of ethanolamine because of the 

greater ratio of demethylatlon to deethylation. Of further interest is the 

fact that deethylation, like demethyletlon, occurred by SN2 displacement so 

that C,Ii~SCH~Cli~ was the product, not ethylene. 

Table I6 

Dealkylation of (C,H, ),N& X8 

Nucleoohile Solvent Tamp.= Overall Yield 

Thiophenoxlde 2-Butanone I300 19 hrs. 96 % 
Uli0n 

Ethanolamine Ethanolamine 172O 5 hrs. 96 % 

The effect of solvent upon the thiophenoxide dealkylation 

amine methochloride is depicted in Table II, and It is evident 

reaotion 10 more #elective for demethylatlon when one operates 

temperature. 

Table II’ 

Dealkylatlon of (C~H.)&H, Cl’ using bSe 

Solvent a 

2-Butanone 600 

Time 

19 hrs. 

Overall Yield 

96 % 

Acetonltrile 

DMP 

320 

I540 

19 hrs. 

2 hrs. 

65 % 

36 % 

Pyrolysis of dry 130- 1400 2 hrs. 76 % 
thiophenoxide 
salt 

$s$$$q 
3.5 

1.63 

of triethyl- 

that the 

at low 

In the case of N,N-dimethyl-Fj-phenethylamine methoChloride.which is 

susceptible to Iiofmann elimination, 3 we have obtained by the thlophenoxide 

method an 85% gleld of N,N-dimethyl-p-phenethylan~ne. 
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A variety of N-methyl quaternsry alkaloids or alkaloidal derivatives 

have been demethylated in the prement etudy, using the thiophenoxlde anion 

(see Table III). The remctlons were carrled out in refluxiug 2-butanone 

over a period of 24 to 36 hours. 

Table III 

N-Demethylatlon Using Thiophenoxide Anion 

Alkaloid or Alkaloid Derivative 5 Yield of Tertiary Amine 

Canadine Methochloride 75 

3-Ethylmorphine Methochloride 70 

(t)-Laudanoslae Methochloride (IV) 35 

Yohimbyl Alcohol Methochloride 30 

Dulbocapnlne Methochloride al 
72 

Tropine Methochlorlde 63 

(+I-Tubocurarine Chloride al and bl 
70 

a1 Preparative TLC on silics gel was wed for the purification of the 
product. 

b) This is the first isolation of the free base from (+I-tubocurarine. The 
free base, tubocurine, analyzed correctly for CgsHagO~Na, and melted 
323.5-333.5°, [r& 221~ (c 1.15 in 0.1 N ml). 

Typical experimental conditions for demethylation are given below. It 

will be noticed that the iodide anion was first exchanged for chloride, 

since NaCl Is essentially insoluble In ethanol and could be filtered out. 

W-Laudanoslne methlodide (IV) (313 eg., 0.64 mmole1 was dissolved 

In 50 ml, methanol and stirred with 500 rg. bf freshly prepared AgCl for 

5 brs. The AgCl-AgI precipitate was filtered, and the nethanclic filtrate 

evsporsted to dryness under vscuo. ‘Ihe residue wss dissolved in 20 ?ol. 
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of l thxnol, and . rolution of 236 mg. of aodium thioPh.noxtd.’ (1.78 mmolws) 

in 20 ml. of ethanol wax added. After rtirring for 20 min., the NxCl 

formod wxm filtorod and rxmhed with l thxnol. Tbw othxnolic filtrmto and 

wxmhingr wwre combined, and the rolvent l vaporatwd under vxcuo. To the 

rwxiduo wx~ xddod 100 ml. of 2-butxnonw freshly distilled from zinc dust. 

The myatom wxa than hwxtti to rsflux under nitrogen for 30 hrx. Following 

removal of the rolvent, 20 ml. of water and 

The chloroform layer ‘IN xopuotod, and the 

times rith mote chloroform. Evxporxtlon of 

under vacua was followed by the addition of 

SO ml, of chloroform ware added. 

aqueous layor oxtractod threw 

the combined chloroform frxctiona 

lO$ hydrochloric acid. The 

aquoour xoid rolution wan then reportedly l xtrxctod with ether. Nwutraliex- 

tion of the xquwour l olution with sodium bicxrbonxto was followed by 

extraction into chloroform. Aftor drying over aodium rulfate, and wvapora- 

tion of the solvmt, 206 mg. of light yellow crystala, m.p. 112-114° warn 

obtained. Becryntallis&ion from petrol- other yielded 123 mg. t85$) 

of white cryatala of laudurorino, m.p. 11+116°; litoraturo m.p. 115O.’ 

0x10 limitation of the prarant method ir that wstor groups xrw attxckwd 

by the thiophanoxido anion, with formation of dwrivxtiver of the correrpond- 

ing cuboxylic acid. 7 
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