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Tertiary smine oxides msy he dealkylated hy iron salts to vield the 

corres_um-dwtc &b.~@xe SZCI seeurt?m~ ekrre &a~~ WY&T sxxre -~a~~‘ra-r -ait*me. 

This reaction, first reported by Yomint? end coworkers (11, is potentially 

R&cl& - 

R 
R!$ + HCRO + lw2q2 

usritaL Cwz +%?_ &?_‘&?!Q&uX~~_ n_f aL%1&f.% en& t&P_ sJv.%a-c,Is at &f&~&s. A 

W! dependent ensyae in rouse liver howogenate will also catalyze this de- 

slkylation reaction (le,f). Since it has been aroTosed that the demethy- 

l&ion of emines (I.) in bioloSica1 syste!w proceeds via the amine oxide, a - 

d.udy of the nechsnion of the sinpler iron catalyzed reation may provide 

insight into the reaction in bioloSica1 systems. Our experimental results 

also knve a Zlirect 2X?,?riq- on recent tkeor&=s Of &.Xalnid EogC?&?sis w22iczI 

implicate the wine oxide function as an intemediate in the fonation of 

the berberine Y&&e (7). 

'iTe yrish to report the results of a studv of the demcthylation of tri- 

methylatine oxide and to suggest the following reaction senuence ths.t is 

consistent wLth our results (Table I) and w1tt grevious data (1). 

(cX3)$M + Re(I1) + H++ (C"3)3BT + Fe(IIT) + R,O (1) 

(CR& + Fe(I1) + H'- (IL!RS)~~I! + Fe(TII) (2) 

(C!131$' _, (Cr&%KX2' (31 

(Cii3)2hlCIf2. + (CJ3)SfiOH - (m3)$m,p + (cH3)$ (I) 
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We have confirmed that iron(II1) nitrate in the presence of oxalic, 

tartaric or citric acid will catalyze the decomposition of trimethvlsmine 

oxide to yield formaldehyde (la). However, when iron nitrate alone is 

used, we obtained no formaldehyde. Iron alone is an efficient catalyst 

for this reaction. These data suggest that iron is generated in situ -- 

when iron(II1) and a reducing acid is used as a catalyst. That oxalic acid, 

tartaric acid, or citric acid will convert iron(XI1) to iron was con- 

firmed by polarographic analysis after heating a solution of iron(III) and 

one of these acids at 95-100' for 40 minutes (3). 

Trimethylamine and dimethylsmine have been identified by vapor phase 

chromatography (4) as the emines produced in this reaction. It had been 

suggested previously that the trimethylamine is fol-led in a side reaction 

by the reduction of trimethylamine oxide with formaldehyde (la). However, 

we find that formaldehyde can be recovered quantitatively after heating 

with trimethylamine oxide under the reaction conditions. Furthermore, 

identical yields of formaldehyde and dimethylatine (run 4 - Table I) are 

obtained from the dealkylation reaction, a result that proves formaldehvde 

is not consumed in a side reaction with the amine oxide. 

It was assumed previously that this reaction proceeds via free radical - 

intermediates (la). The following results confirn this assumntionl 

(a) iron (II) is oxidized to iron(II1) during the course of the reaction; 

(b) cyclohexanone is the product when cyclohexanol is added to the reaction 

mixture; (c) ethylmethacrylate is polymerized when s.Aded to the reaction 

mixture. The one-electron transfer (a) suqgests the nresence of a free 

radical intermediate end this was confirmed hy the rolvnerization of the 

vinyl monomer. That the formaldehyde is aroduced only by WRV of this free 

radical intermediate was shown by the absence 0" fonalde'l~rde when cvclohex- 

81101 was added to the reaction mixture. "'he nresence oC the o,Ir-dinitro- 
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TABLE I 

Products from the Reaction of Iron(U) with Trimethylamine Oxidea 
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Film - 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

a. 

9. 

l.c. 

11. 

12. 

13. 

14. 

Iron Salt Added Salt 

Fe(c104)2 

Fe(C104)2 

FeS04 

FeS04 

FeSO4 

FeS04(3 

FeS04(10) 

FeS04 

FeS04 

FeS04 

FeSO4(2) 

FeSO4(3) 

EeC12 

PeC12(3) 

N%so4 
NaClf 

KI12p04 

I(H2p04 
KE2P04 

-- 

Yieldb (?+------ 

Time (hr.1 Cl-I20 Fe(II1) Amines 

0.67 13- 

24' 79 26 92d 

0.67 28 - 

9c 65 - 97e 

9.5 - 65 

5 39 -- 

5 11 -- 

0.67 50 -- 

0.67 7 - _- 

0.67 11 -- _- 

0.67' 6 -- 98 

10.5 4 175 

0.67 6 - 

4 - 188 96 

aTrimethylamine oxide dihydrate @.009 mole) was reflexed in a nitrogen at- 
mosphere with 0.0133 moles of the iron salt in 200 ml. of949 4 acid sol- 
ution. The anion of the acid and that of the iron fialt were always the 
same. A number in parenthesis next to the iron salt indicates that this 
multiple of the 0.0133 moles of iron was used. One-tenth mole of added 
salt was used unless otherwise indicated. The formaldehyde was deter- 
mined as it.6 2,4-DNP derivative, the iron(II1) by difference after ti- 
tration of iron with ceric sulfate, the total amines by titration 
with 0.1 N A2S04 and the relative amounts of dimethylamine and trimethyl- 
amine by The method described by J. S. Fritz, "Acid-Base Titrations in 
Non-aqueous Solvents", The G. F. Smith Cnemical Co., Columbus, Ohio 1952, 
pp. 13-20. 

b 
Based on trimethylamine oxide dihydrate 

'Optimum reaction tizre 

d 
9 hr. reaction time 

e62 2 3% dimethylsmine and 36 2 3% trimethylamine. Value determined after 
4 hr. reaction time. 

f 
0.16 moles added 
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phenylhydrszons (2,4-DNP) of cyclohexsnone and the absence of the ~,~-DDP of 

formaldehyde was shown by a comparison of infrared spectra end by thin layer 

chromatography (5). The yields of cyclohexenone are comparable to the yields 

of formaldehyde given in Table I. Cyclohexanone must be produced by the re- 

action of cyclohexanol with some free radical intermediate (see equations 5, 

6 and 7) (6). 

(5) 

+ Fe(II1) -Fe(X) + (7) 

The reaction rates and product ratios show a marked dependence on the 

anions present. The reaction rate decreases in the order P04n.>SO~, Cl->ClOL 

(compare runs 2, 4, 11). A similar sequence has been observed in other re- 

aCtiOnS involving the oxidation of iron to iron(II1) and has been ascribed 

to the increased esse with which iron(X) is oxidized in the presence of re- 

agents which coordinate strongly with lron(II1) (7). The yield of formal- 

dehyde decreases as the reaction rate increases as a consequence of the ac- 

* 
celeration of both reaction 1 and reaction 2 by the co-ordinating agent. 

-A referee has suggested that the observed anion effect mav be due to en- 
hanced electron transfer through the mediation of a bridged ion (8). Our 
studies do not rigorously exclude such a possibility. However the reaction 
rates follow the stability of the iron(II1) complexes so closely that ve feel 
coordination by the anion and not electron mediation by a bridged ion is the 
source of the snion effect. 

The effect of chloride ion may also be due to its oxidation to chlorine 
by the smminium radical ion and the subsequent reduction of the chlorine to 
chloride ion, a process which would yield two equivalents of iron(ITT) and 
one equivalent of trimethylamine (6). This possibility does not exist for 
the other anions used in this study. 
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Finally we observed that the yield of formaldehyde increases to a maxi- 

mm sad then decreases with increasing iron concsntratiou (compare runs 

4, 6 and 7. This suggests that the radical intensediate forned is reacting 

with iron(I1) (equation 2) in a reaction that competes with the production of 

formaldehyde. 

Cur results may be explained by equations (l-h). The emminium radical 

ion (equation 1) is the same intermediate formed in the reaction of N-chlor- 

mines with iron(X) and other reagents (9). The emminium radical ion is 

converted to tertiary amine by reduction with iron(X); a step that finds 

snalogy in the Hofmann-Loeffler reaction as well as many others (10. 11). 

Foxmnldehyde and dimethylamine are produced in a chain reaction between the 

amine oxide and a tautomer of the amminium radical ion. Equation 4 is simi- 

lar to the radical induced decomposition of peroxides and the free radical 

oxidation of alcohols to ketones (6, 12). 

Further studies on this reaction and the chemistry of smines oxides are 

in progress. 

The authors thank Professor C. K. Mann for advise and assistance with the 

polarographic studies. This work vas supported by a grant and a pre-doctoral 

fellowship (to R. G.) fran the U. 8. Public Health Service. 
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