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Figure 1.-A structural view of 10 as determined by X-ray 
analysis depicting conformation. 

5.0 Hz, J 1 9  = 10.0 Hz, HI), 7.25 (2 H, m, H7 + Hg), 

(3 H, s), S.79 (3 H,  s), 8 3 2  (3 H, s ) ] , ~  i.e., the product of 
symmetry-controlled [,a, + ,4,] cycloaddition of 8 
onto the cyclobutene doublc bond of 4a as a major con- 
stituent. It follows that thc mono-trans-azoninc rc- 
sponsiblc for thc formation of cycloadducts 9 and 10 in 
thc trapping of thermally activated 2a with 8 is derived 
directly from 2a, i.e., without prior isomerization of 
this substance to  4a. Thc question of whether the 
initially gencrated trans-asonine is trapped prior to its 
rotational conversion to 15 cannot be answered a t  pres- 
ent. r\'onctheless, the absence of 13 among the cyclo- 
adducts of thermally activated la  could be interpreted 
to mean that any participation of 15 in the formation of 
9 and/or 10 is minor. 

The thermal rcarrangemcnt of 2a can be dissected 
into symmetry-allowed (ICa) and forbidden (kt) compo- 
nents; i t  is instructive to contrast the thcrmal rcactions 
of 2a in thc presence and abscnce of 8 in terms of the 
ratio of ka/kf. Comparison of past' and prescnt 
findings reveals that this ratio increases from (4a)/(3a) - 0.8 in the absence of trapping agent to (9 + 10)/(11 
or 12) - 13 in thc prescnce of 8. Clcarly then, the use 
of isomer product ratios grossly undcrestimatcs thc con- 
trol imposed on thc various steps by orbital symmctry. 
Undoubtcdly, this misrepresentation is chiefly duc to the 
revcrsibility of various symmetry-allowed steps that 
generate fleeting intermediates, e.g., Scheme 111, pro- 
viding for eventual drain through less accessible but ir- 
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reversible symmetry-disallowed channels. This ratio- 
nale also accounts for the thermolytic behavior of the 
carbocyclic members of the family. It is readily seen for 
examplc that the k,/kf ratio associated with the thermal 
response of cis-bicyclo [6.1.0]nona-2,4,6-triene a t  SOo in- 
creases in magnitude from -0.1 in the absence of 
trapping agent16 to -3 in thepresence of 8.17 
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Selective Demethylation of Quaternary 
Salts with Lithium n-Propylpercaptide in 

Hexamethylphosphoramidel 

Summary: Lithium n-propylmercaptide in liexa- 
methylphosphoramide providcs a mild, rapid, and 
convenient system for dcalkylation of quaternary am- 
monium salts in excellent yield with high propensity 
for methyl group removal. 

Sir: The perennial problem of dealkylating quatcrnary 
ammonium salts has rcceived considerable attcntion 
and led to the developmcnt of sevcral rcagent systems 
for effecting such transformations. The most success- 
ful of these include alkyl displaccmcnt using lithium 
aluminum hydride,2a sodium in ammonia,2b ethanol- 
amine,2c thiophenoxide anion, *d lithium iodide, 2e or 
acetate anion.2f 

The recent disclosure of the exceptional nucleophilic 
displacement ability of lithium n-propylmercaptide in 
hexamethylphosphoramide (HMPA) prompts this 
report of the utility of this reagent system as an ef- 
fective, mild, and rapid method for dealkylation of 
aromatic and aliphatic quaternary ammonium salts 
wit'h superior select'ivity for displacement of methyl 
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American Chemical Society, Philadelphia, Pa. ,  Feb 1972. 
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groups. The procedure for the selective demethylation 
of phenyldimethylethylammonium iodide is illustra- 
tive. A solution of thc ammonium salt (376 mg, 2.5 
rnmol) and n-tridecane (235 mg, 1.25 mmol, internal 
standard) in 5 ml of HIMPA (distilled from CaH2) was 
cooled to  0-5" and lithium hydride (159 mg, 20 mmol) 
was added, followed by freshly distilled n-propyl- 
mercaptan (630 mg, 8.3 mmol, 0.75 ml). The solution 
was stirred under nitrogen at  0" for 30 min, then diluted 
with water, and extracted with cyclohcxane. Analysis 
of the cyclohexane solution by glpc indicated a 97% 
yield of phenylmcthylethylamine (1) and <0.5% 
deethylated product, phenyldimethylamine (2). A 

similar reaction conducted a t  85" gave a 94% yield of 
1 and 4% 2. With completely aliphatic salts, slightly 
more vigorous conditions (SO0, 2-3 hr) were required 
to  effect demethylation as expectcd since the departing 
amines arc stronger bases. The results for a variety 
of quaternary salts are presented in Table I. As evi- 
dent from the table, the reagent system offers several 
advantages including excellent yields of tertiary amines 
(93-99%), relatively short reaction times, and mild 
conditions. Furthermore, the method shows excep- 
tional selectivity for methyl group removal, especially 
a t  lower temperatures, and appears to surpass other 
 procedure^^^^ in this regard. Coupled with recent im- 
proved procedures for quaternary salt f ~ r m a t i o n , ~  the 

(4) For instance, the most selective reagent system previously developed 
appears to  be thiophenoxide anion in refluxing (80') 2-butanone which af- 
forded a 3.5: 1 ratio of demethylated to  deethylated product with methyl- 
triethylammonium halides in 19 hrZd while ethanolamine gave only a 1.6: 1 
ratio of the same products a t  172' for 5 hr." 
(5) H. Z. Sommer, H. I. Lipp, and L. J. Jackson, J .  Ow. Chem., 86, 824 

(1971). 

TABLE I 
DEALKYLATIONS OF QUATERNARY AMMONIUM SALTS WITH 

LITHIUM n-PROPYLMERCAPTIDE IN HEXAMETHYLPHOSPHORAMIDE 
-% yields'-- 
De- 

meth- De- Selec- 
Temp, Time, ylated alkylated tivity 

Quaternary salts 'C min product product ratio 

CBHI N(CHs) $1 25 15 9% 
85 5 95 

CaH4N (CHs)zCzHsI 
85 5 94 4 24:l 

CeHsN(CHa) zCH (CHs)zI 
CHs(CHz)iiN(CHs)zCzHsI 50 120 94 <3 >31:1 

85 15 92 4 23:l 

85 15 94 4 24: 1 

0 30 97 4 

n.0 0 30 93 

CHa(CHz)iiN(CMs)zCH(CHs)zI 50 180 99 4 -1OO:l 

CH:(CHz)iiN(CHa)z(CHz)ICHaI 50 180 99 4 -1OO:l 

predetermined detector response factors. 
averages of four-six samples. 

a Yields were determined by glpc using internal standards and 
The percentages are 

method offers a convenient method for preparing un- 
symmetrical tertiary amines via alkylation of methyl- 
amines and demethylation with n-propylmercaptide. 

The high nucleophilicity of the reagcnt system limits 
the procedure to compounds dcvoid of ester groups, 
which arc' readily clcaved, at least at higher tempcra- 
t u r m a  I n  addition, primary and secondary alkyl 
halides afford substitution and/or elimination products 
and aromatic nitro groups may be displaceda or give 
undefined, highly colored products. Most other func- 
tional groups such as cyano, amido, carboxylic acid, 
and carbonyls should be tolerable. We are currently 
further exploring the scope and limitations of the 
reagent system. 

(6) J. B. Bauman, zbad., 86, 396 (1971). 
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