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Ab&ast-Dimcthylncopcntylamine oxide w&n pyrolyzed produces nwpentane and dimcthyl- 
ncqcntoxyaminc. The product ratios and amounts provide cvidcna regarding the nature of the 
reaction; the rates of decomposition allow an afima~e of ca. 32 kcal/mok for the energy of the 
primary carbon-nitrogen bond in aliphatic amine oxide. 

INTRODUCTION 

THE thermal decomposition of tertiary amine oxides (I) has been extensively studied.* 
For amine oxides when R, is allylic or bcnzylic, the Meisenheimer rearrangement 

R,R,R,N + 0 

I 

occurs, yielding an alkoxyamine, Eq 1 .s This N to 0 migration is achieved readily, 

R,R,R.N -+ 0 w R,R,N&R, (1) 

and has been studied, for example, as a device for ring expansion.’ In the case where 
R, is allylic, the reaction has been shown to be intramolecular, presumably with a 
five-center transition state,’ Eq 2 

Me Me 

ph--N -*O - ph -.NaH<H=CH, (2) 
I 

CH, CH- CH-.Mc Me 

Although such a mechanism is not possible when R, is bcnzylic, the reaction 
nevertheless is still intramolecular and proczcds at a reasonable rate6 The relative 
rates of rearrangement of a number of substituted bcnzyldimethylamine oxides have 
been measured and p - I.6 was found for this reaction.’ These authors also found 
that the optically active a-&mu@ group racemizes to an extent of about 70 % during 
rearrangement,’ which they interpreted as being consistent with a radical reaction. 

The present study of the pyrolysis of dirntvhylneopenrykamine oxide (I, R, = 
neopcntyl, R, = R, = methyl) was undertaken for two reasons. First, it was 

’ We gratefully acknowkdge support in part by the National SC&X Foundation (NSF-GP-3888) 
and the National Institutes of Health of the U.S. Public Health service (GM-5248). 

’ A. C. Cope and E. R. Trumbull, Org. Reoctiu 11,317 (1960). 
’ J. Meisenheimcr. Chcm. &r. 52,1667 (1919); J. Meiacnheimcr, H. Circe&c and A. Wuorf, 

fbid. 55,513 (1922). 
’ L. D. Quin and F. A. Shelbume. J. Org. Ckm. 30.3135 (1965). 
’ R. F. Kkinachmidt and A. C. Cope, 1. Amer. Chrm. Sot. 6.1929 (1944). 
l A. H. Wragg. T. S. Stevens and D. M. Ostk. J. Sue. Chem. 4057 (1958). 
’ U. Schollkopf, M. Parsch and H. Schllfcr. Tetrukdron Letters 2515 (1964). 
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anticipated that this decomposition might shed some light on the observation* of the 
extraordinary stereospecific production of optically active 2-methyl-I-butene-3-d 
from active neopcntyl-1-dalcohol with bromoform and aqueous potassium hydroxide, 
JZq 3. An “anomalous” amine oxide pyrolysis rearrangement apparently involving a 

(3) 

concerted abstraction of a y-hydrogen and @-a hydride migration has been obscrved,e 
and it seemed possible that such a reaction might serve as a model for the neopcntyl 
alcohol reaction. Second, the decomposition of purely ahphatic amine oxides which 
cannot produce olefins directly by @hydrogen abstraction has not been studicd.*O 
Thus, it was also anticipated that the pathway and products of the decomposition of 
dimethylneopentylamine oxide would prove helpful in elucidating further the nature 
of amine oxides and their pyrolytic behavior. 

RESULTS 

Decompositions were accomplished in two ways: first, as usual, by heating a 
sample under reduced pressure and trapping the volatile products, and, second, by 
direct pyrolysis in a Pyrex glass lined inlet of a gas chromatograph.ll*lS With both 
techniques, the product mixture as analyzed by VPC was the same. 

The three major products of the pyrolysis were isolated by preparative VPC and 
characterized. The first, dimethylneopentylamine, was identical with the precursor 
of the N-oxide. The second was neopcntane as revealed by its NMR and JR spectra. 
The third was shown to bc ciimerh~lneopenrox,u~i~e (II) by its NMR,lS mass spectrum 
(see later), and elemental analysis. Only a trace of 2-methyl-1-butene was detected. 

0 

(Me),CCH,&) ’ , A (Me),CCH,ON(Me), ,+ (Me),C 
II 

The decomposition in the VPC inlet was carried out at inlet temperatures varying from 
160-350”. When the Pyrex glass insert was treated with silicone oil to minimize 
surface reactions,” no change was observed in the composition or amounts of the 
products. The ratios of the major products to a standard, 1,2dimethoxyethane, were 
measured as a function of the inlet temperature. At the higher temperatures the 
ratios were constant, falling to zero at the lower temperatures. At the same time, 
however, the ratio (ca. 6: 1) of alkoxyamine to neopentane remained essentially 
constant over the entire temperature range. 

’ W. A. Sanderson and H. S. Moshcr, /. Amer. Glum. Sot. 83.5033 (1961): and, to bc published. 
’ A. C. Cope. N. A. LeBel, H. H. Lee and W. R. Moon, J. Atwr. Chem. Sot. 79.4720 (1957). 

lo Y. Hattori, 1. fhurm. Six. Jqxu~ 60.24 (1940); Chem. Absrr. 34, 3387 (1940) has reported that 
trimethylamine oxide when pyrolymd gives O.N,N-trimcthylhydroxylaminc. 

*I J. C. Craig, N. Y. Mary and S. K. Roy. Ano&. Glum. 36, 1142 (1%). 
*’ We have also established that, for example, cyclohexene is produced when dimcthylcyclohcxyl 

oxide is subjected to identical treatment. 
I’ Starting material and major products showed only zero-order NMR spectra, no spin+@ coupling. 
“This technique has been demonstrated to inhibit reactions known to occur on glass surf-. 

Dr. David M. Golden personal communication. 
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DISCUSSION 

The results of the thermal decomposition exptrimcnts are revealing with regard 
to the pathway of the reaction and consequently to the strength of the C-N bond in 
amine oxides. The work of SchbllkopP provides evidence that, at least in the case 
of benzyl compounds, the Meisenheimer rearrangement is a radical process. This 
is indicated not only by the substituent effects (p - l-6) but also by the production, 
in some cases, of a stable r&oxide radical.’ Further, it has previously been demon- 
strate& that the reanangcment is intramolecular since in the mixed decomposition 
of two amine oxides crossed-over products were not observed. 

That the reaction should proceed by a radical pathway is eminently reasonable in 
view of the known stability of nitroxide radicals. Thus, a number of nitroxidc radicals 
have been synthesized, l6 and it has been demonstrated that such radical moieties are 
often sticiently inert not to interfere with chemical reactions carried out on other 
functional groups in the same molecule. to The stability of the &oxide radical 
manifests itself in a lowering of the bond dissociation energy of the C-N bond. 
This, coupled with the additional stabilization of the benzyl radical accounts for the 
great ease with which the reaction occurs. 

The pyrolysis of dime~ylneo~ntyla~ne oxide provides significant added 
~nfo~ation. Since the rearrangement proceeds relatively easily, the added beqlic 
resonance is not required for the reaction to occur. Thus, when &hydrogen atoms are 
present in the molecule, the favored reaction is olcfin formation. In the absence of 
,!I-hydrogens, the Meisenheimer rearrangement takes place, and this reaction is facile 
even without benzylic or allylic groups. Consequently, the important factor in the 
Meisenheimer d~om~sition is the nitroxidc radicat stabilization, and the benzylic 
resonance energy” of ca. 12.5 kc&/mole is not of overriding importance. The 
appearance of neopentanc as a major product is also highly suggestive of a radical 
reaction-the neopentyl radical presumably abstracts a hydrogen atom from some 
other species. Most important, however, is the constant product ratio of alkoxyamine 
to neopentane independent of temperature and reaction conditions. This indicates 
that both these products are formed after the rate determining step and from a common 
intermediate. Further, it might be expected that if neopcntane were formed from 
ncopentyl radicals which had escaped from a cage in solution, the extent of this escape 
should be greatly dependent upon the reaction conditions. However, the relative 
amount of ntopentane is not dependent on the conditions, since the gas phase and 
solution reactions give the same product ratios. Therefore, it seems reasonable that 
there arc at least two competing radical reactions, Eq 4, and that most of the neo- 
pentane is produced from them. Added evidence is the observation that treating the 
glass surface in order to reduce possible wall reactions has essentially no effect on 
the rate and products of the reaction. This too, indicates that the products may be 
formed from a radical pair. Also in support of this pathway is the predominance of 
N-neopentyl as opposed to N-methyl cleavage. The N-methyl bond is expected to 

ai A. K. Hoffmann and A. T. Hendemon, J. Amer. Chcm. Sm. 83.4671 (1961); A. K. Hoffmann. 
W. G. Hodgson and W. H. Jura. fbti. 83, 4675 (1961); A. K. Hoffmann. A. M. Feldman, 
E. Gclblum and W. G. Hodpon. ibid. 86, 639 (1964); A. K. Hoffman, A. M. Feldman and 
E. Gclblum, ibid. 866, 646 (1964). 

I* E. G. Ronntzv and L. A. KrinitzJuya, Tetrohetbon 21,491 (1965). 
I* R. Walsh, D. M. Golden and S. W. Renaon, J. Amer. Chm. Sot. 88,650 (1966). 
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0 

(MeXCCH.A(Me) hJr , __t [(Me),CCH,. -t (MehN-O-I 

0 

fast ,- (Me)& -!. CH,--A - Me (4) 

ti (Mc),CCH,ON(Me), 

be somewhat stronger, and this accounts largely for the products observed. However, 
methoxymethylneopentylamine may well be among the uncharacterized minor 
products. It is probable that the other expected major product, CH,=N(Me)O, 
is undetected because of its decomposition or long retention on the VPC column. 

The lack of a significant amount of olcfin in the products of this reaction makes 
it clear that the pathway involving y-hydrogen abstraction is not a particularly 
favorable one. Thus, the amine oxide pyrolysis as a model for the neopentyl alcohol- 
bromoform-potassium hydroxide reaction is poor. 

If the slow step is that postulated in Eq 4, it is possible to estimate the bond 
strength of the C-N bond in tertiary amine oxides from the decomposition data. 
We assume that the reaction which takes place in the VPC inlet is a true gas phase 
pyrolysis. Further, we assume that the materials are vaporized and reach thermal 
equilibrium immediately. That these assumptions are essentially correct is borne out 
by the internal consistency of the results obtained. The time during which reaction 
occurs in the inlet can be estimated. At a constant flow rate of 60 ml/min measured 
at the outlet (ca. 25”. 1 atm.) a constant mass flow of gas is maintained throughout 
the column. The velocity of gas passing through the inlet, and thus the residence 
time in the inlet then depends on the pressure (ca. 4 atm) and temperature (160-350”) 
there. With an inlet volume of 0.35 ml, the sample remains in the inlet for approxi- 
mately @85 set at 200”. At lower temperatures the time is slightly longer, and 
conversely.r* By making use of an unreactive, co-injected, internal standard, it is 
possible to measure the relative amount of products formed as a function of the inlet 
temperature. It was observed that when a mixture of dimethylneopentylamine oxide 
and dimethoxyethane was injected under varying inlet temperature conditions, the 
relative areas of alkoxyamine to dimethoxyethane varied from zero below 160” to 
about 0.8 at 300” and above .I* The ratios correspond to 0 and 100% reaction 
respectively. Since the time and extent of reaction are known, an integrated rate 
constant at each temperature can be determined assuming first-order kinetics: 

RD In - 
R, -R 

:: kr 

R, k=f;ln- 
R---R (5b) 

where R, is the constant ratio obtained at high temperature and R is the ratio at 
any given temperature. An Arrhenius plot of log k LX l/Tgives the activation energy 

I0 The authors thank a rcfacc for calling attention IO some of the effects of tcmp and p” on 
miderur timca. Asuming a constant miden= time for all temperaturn multa in an estimate 
of E. about 0.9 kc-al/mole lower. 

I@ The absolute arca of the dimcthoxyethanc war also roughly constlnt because the sampk sizt 
was fairly reproducible. showing that the dimcthoxycthane itself wan not reacting. 
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E, for reaction (4). A least-squares plot (Fig. 1) shows E. = 31.7 f 1.8 kcal/mole, 
A = 101s6*@e see-l (correlation coefficient = 09I4). By analogy with many other 
radical reactions, this activation energy may be taken as the bond dissociation energy 
of the C-N bond. The A factor is consistent with such a reaction,‘D particularly 
considering that the nitroxidc radical is highly stabilized and therefore has a relatively 
constrained geometry. 

Although an exact model for such a reaction is not available, it is instructive to 
compare it with a gas phase rearrangement of a molecule with formal charge to a 

C, 

a 
1.. 1.0 , * t. 

10001 T (OK”) 

FIO. 1. Arrhcnius plot for the thsmpl docomposition of dimcthylnboptntylamine 
oxide. 

formally neutral isomer. Schneider and Rabinovitch” have studied the rearrangement 
of methyl isocyanide to acetonitrile, Eq (6). 

+ - 
McNIC -. McCN (6) 

This reaction has Ea = 38 kcal/mole, A = lW” set-l. Thus, the preexponential 
factors are similar for the two reactions. The very reasonable value obtained for the 
A factor in the amine oxide pyrolysis lends support to the value of the activation 
energy. 

It should also be possible to determine the resonance energy of the nitroxide 
radical. However, it is necessary to know the heats of formation of amine oxides, 
and these are not readily available. Finally, it must be emphasized that the bond 
energy in amine oxides estimated by this technique is subject to error and should be 
used accordingly. 

EXPERIMENTAL 

Capillary m.p are uncomzcted. IR spectra: Perkin-Elmer 237-B grating spcctqhotometcr; 
NMR spectra: by Dr. L. Durham with Varian A-60 and HR-100 spcctrorncten; Man F: 
by Mr. R. G. Ross on an A.E.I. MS9 instrument with both direct and heated inkts; Microanalyacs: 

a S. W. Benson and W. B. De More. AM. REU. Phys. Chem. IS, 397 (l%S). 
” F. W. Schneider and B. S. Rabinovitd. /. Amrr. Gem. Sot. 84, 4215 (1962): 8!5, 2345 (1963). 
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FIG. 3. MUY spectrum of dimcthylocopcntoxyamine. 

by Messrs. E. Me&r and J. Consul at the Stanford Microanalytical Laboratory; Gas chromatog- 
raphy: a Wilktns Aerograph A-90-P3 whose injection block was fitted with a P~YCX glass insert; 
analysis with 20 ft, ) in Carbowax 20 M column; przparative work with a 20 ft, 8 in FFAP column. 

Dinefhy&wopentykvntne ox&k. This was prepared’ by treatment of a rncthanolic aoln of dimcthyl- 
oeopcntylaminea with 35 % H,O, followed by conantration at red. press. The dimethylncopeotyl- 
amine oxide had IR I=.= 960 cm-l (liquid film) characteristic vrnaX 970-950 cm-‘.- Tht NMR 
(CCl,) showed T 8.82 (9 protons), T 6% (2) and T 6.83 (6) all singlets. For the picrate (Found: 
C.4399; H. 579; N. 15.83. C,,H,,N,O.roquiru: C.4333; H. 5.60; N, lS.SS./) 

Pyrofyses. These were carried out neat in a flask heated under red. press. and connacttd to Dry- 
ICC trap. The volatile materials collaztcd in the traps were separated and isolated by preparative VPC. 
The same products were produced when the amine oxide was injaed directly into a hated glass lined 
inkt of the VPC.‘*‘* The three major components were charactcrited. 

A. Dimerhyfneopcnty/umine. This WBS identical with the starting material from which the 
N-oxide was made. 

B. Neopen/une. The structurz was co&rmcd by its NMR (CCl,) T 9X@ (singkt) and IR in 
CCl, which was idcntkd with that in the literature.” 

” H. C. Brown and W. H. Bonncr, /. Amer. Chcm. S&c., 75,14 (19S3). 
a L. J. Bellamy. T&e Inj+red Spectra of Compkx Mokcnles, p. 308. Wiley, New York (19S8). 
y E. R. Shull. T. S. Oakwood and D. H. Rauk. /. Chum. Phys. 21,20U (19S3). 
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C. Dimcrhylneoperuoxyum&u. The third major wmponcnt was &own to bc dimdhylnaopentoxy- 
amine by ita NMR (CC&) T 9.13 (9 protons), T 753 (6). T 6.73 (2), all dngkts; maas apcctrum mol 
wt M+ m/c 131. (Found: C, 63.87; H. 12.95: N, 1046. CH,,NO roquima: C. 6497; H. 13% 
N, 1068%.) 

KIncric rrudies. The extent of decomposition was fdlowcd by VF’C by injecting 5 ~1. samples 
of a solution of ca. equal amounts of 1,2dimcthoxycthane and dimcthylncopcntylamine oxide 
into the &ass lined VFC inkt. The rchtivc arcas of ncopcntane. dimcthylneoptntoxyamine. and 
dimcthoxycthanc wcrc then mcasurcd. The absolute arca of the dimcthoxycthane peak was constant, 
as wcrc the retention times. This ~~chniquc was used at different tanps, and the results wcrc 
rcprcducibk. When tbc glass lmer was hcatcd IO 200”. quenched in silicone oil, allowed to cool, 
riruod with CC& and then mplaccd in the VPC, no effect was obsuvcd on tk product composition 
or amounts. 

J%~USJ ~pcrru. The fragmentation bchaviour of the isomcric amine oxide and alkoxyamine under 
ekctron impact is enlightening with regard to their chemical structures. The amine oxide was 
introduad directly into the ion source bccausc of its lack of volatility and thermal instability; the 
thermally stabk alkoxyamine was introduced c/u a heated inlet. It might have been cxwcd that the 
isomcric compounds would fragment to identical products since ckavage to two radicals would 
appear to be the thermal, non-ionic path of lowest energy. In fact, the products wcrc almost cntircly 
diticrcnt (Figs 2 and 3), indicating that for the ionized molecules diffcrcnt bmakdown occutx. The 
diffcrcnt mass spectra also indicate that thermal isomcriration of the amine oxide did not occur 
prior to ionization. The products arc in complete accord with the parent structures. and application 
of straightforward electron impact rules for pndicting product? allows rationalization of the major 
ions from both isomcrs. 

Table I indicata likely s~rwtur~s for some of the amine oxide fragments; Tabk 2 indicates 
likely structures for the alkoxyaminc fragments. 

TAEU 1. AMINE OXIDE PRAGEYTS 

Formula mlc 
..- 

(Me),CCH --N-- 0 100 
Me 0 

‘\1/ 
N 

/\ 
MC CH* 74 

MC 

f&_-I; 
/ 

MC 

58 

TABU 2. Automm FRAOMEH~ 

Formula mlc 

(Mc),CCH--d 86 

(Mc),&H,CH, 71 

(Mc)&H 61 

(Me),;;:.. 0 60 

l ’ H. Budxikicwia, C. Djcmssi and D. H. Williams. Interprefutbn of Muu Specfra of Orpnic 
Compudr. Ho&n-Day. San Francisco, Calif. (1964). 
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Thus, it is dear that thu fragments rc&ct the structurea of their pruarrsc rs. CN bond ckavagc 
is not a favorable prw in the ion&d amine oxide. The mass spectra, in conjunction with the 
&mental analysis and NMR, serve as conclusive structure proofs. 

It has been reportcdy that the mass spectra of amine oxides show strong parent and M-16 ions 
(loss of oxygen). We have observed both of these peaka. but their intensities am relatively low. 
cOnsaqwntly. these peaks cannot be used spr&tically as diagnostic for amine oxides. 

Acknowfe&ncnf-We arc indebted to Professor Harry S. Moshcr for advia and encouragement 
and to Professor C. Djcrassi and Dr. A. M. DuSkId for the mass spectra. 

A&id in proo/-The rcarrangsmcnt of bcnxykiimethylaminc oxidc has recently been studied [G. P. 
Shulman, P. E. Ellgcn and M. Connor. Can. 1. Chum. 43, 34S9 (l%S)]. They found E. = 34.2 
kcal/mok. Since their compound was bcnxylic, a lower activation energy would have ban expected. 
The dixnpancy may be due to the method of decomposition of the amine oxide. Shulman’s reaction 
was carried out in solution, which would probably make the activation energy higher. 

y T. A. Bryce and J. R. Maxwell, Glum. Comm. 206 (I%!i). 


