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Anal. Calcd. for C~HI,N&: C, 40.41; H, 7.91; N, 15.71; 
S,35.06. Found: C ,  40.58; H ,  7.94; N ,  t5.79; S,36.17. 

1- [Z-( N-Phenylthiolcarbamoy1)ethyll-3-phenylurea .-To a sus- 
pension of 6.8 g. (0.05 mole) of 2-mercaptoethylamine hydro- 
chloride in 50 nil. of acetonitrile was added 5.1 g. (0.05 mole) of 
triethylamine. A new solid came out of solution. To the result- 
ing suspension was added 6.0 g. (0.05 mole) of phenyl isocyanate. 
The t,emperature rose rapidly from 25' to 53",  then dropped bark 
to 25" over about 90 niin. The reaction mixture was poured into 
200 nil. of ice water and a solid separated. After recovery by 
suction filtration and drying, the 1-[2-( S-phenylthiolcarbarni~y1)- 
ethyl]-3-phenplurea amounted to 7.6 g.  (96(,6), m.p. 165-18!)0. 
A portion of this solid was recrystallized three times from 9552 
ethanol to give material melting a t  196.5-200". 

Anal. Calcd. for Cl6HliO4N38: C, 60.03; H, 5.43; S, 13.3'2; 
S, 10.17. Found: C, 60.76; H, 5.58; N ,  13.31; S, 10.19. 

1-(2-Mercaptoethyl)-3-phenylurea.-In a solution of 4.6 g.  
(0.0457 mole) of triethylamine in 7.5 ml. of acetonitrile was sus- 
pended 14.4 g.  (0.0457 mole) of 1-[2-(N-phenylthiol~~arbaii i~~,~I)-  
ethyl]-3-phenylurea. T o  the suspension was added a solution of 
7.8 g. (0.0437 mole) of silver nitrate in 25 nil. of acetonitrile. 
The niisture was triturated for an hour, an intense odor of phenyl 
isocyanate becoming apparent. The pH a t  this point was about 
six. When 2 ml. of triethylamine was added, bringing the pH to 
7 . 5 ,  the isocyanate odor rapidly disappeared. 

The solid silver mercaptide was recovered by swtion filtrat,ion 
and washed with 25 nil. of acetonitrile. While still damp i t  was 
added to a solution of 18.0 g.  (0.075 mole) of sodium sulfide non- 
ahydrate in 75 nil. of water. Black silver sulfide appeared rapidly 
when the mixture was triturated. When conversion appeared to 
be complete, the silver sulfide was recovered by suction filtration, 
washed with 25 ml. of water, and air-dried. The aqueous fil- 
trate was made strongly acid with .5 N hydrochloric acid, and a 

copious cream colored precipitate came down. This wa8 re- 
covered by suction filtration, washed with 25 ml. of water, and 
air-dried. The acetonitrile filtrate from the original reaction was 
poured into 300 nil. of water, and a white solid, presumably by- 
product 1,3-diphenylurea, came out.  It was recovered by suc- 
tion filtration and dried. 

The silver sulfide recovered amounted to 6.2 g .  (theory 5.7 g.) .  
The by-product 1,3-diphenylurea amounted to 3.7 g. (775&), m.p. 
221-228'. After recrystallization from ethanol i t  melted 
a t  236-243". The crude 1-(2-mercaptoethyl)-3-phenylurea 
aniounted to 8.9 g. (9YCx). Recrystallization from 75 ml .  of 
ethanol gave 7.2 g. of relatively pure material, m.p. 141-143". 
Two more recrystallizations from ethanol gave an analyticaal 
sample, ni. p.  141.5-143'. 

dnal .  Calcd. for CyH,,0S2S: C, 55.07; H, 6.16; S ,  14.28; 
S, 16.33. Found: C, 55.18; H,6.23;  N ,  14.22; S, 16.19. 

l-(Z-Mercaptoethyl)-3-carboxymethylurea.-To 16.8 g.  (0.0.5 
niole) of 1-[2-( S-ethosycarbonylniethylthiolcarbamoyl~ethyl] -7- 

rbonylmethylurea was added 80 nil. of l0'x sodium 
hydroxide solution (0.20 mole). The solid went into solution 
rapidly, and the solution became warm. After an hour the solu- 
tion was filtered and cooled in ice, and 40 nil. of 5 hydrochloric 
acid was added slowly. Gas evolved vigorously, and a svlid 
rrystallized. It, was recovered hy.suction filtration and dried in a 
va('uuii1 oven. The crude 1-( %-niercapt,oethyl)-3-carboxymeth~I- 
urea amounted to 6.3  g. (719;), 1n.p. 143-147". The crude prod- 
uct was dissolved in 60 ml. of hot ethanol, and the solution was 
filtered to remove a small amount of sodium chloride. Cooling 
brought, down 3.7 g. of purified urea, m.p. 147-149". A portion 
was recrystallized a second time from ethanol to give an analytical 
sample, in .p. 149.5- 1 30 .So. 

i lnal.  Calcd. for C,HloO,?r'&: C ,  33.70; H, 5.66; S ,  15.7%; 
R, 17.99. Found: C ,  33.76; H,  5.70; N ,  15.83; S, 17.99. 

The Dealkylation of Aromatic Amines 

RALPH 1-2. CHANBEKR' A N D  I). E. I'EARSOX~ 
Ilepartriienf of ('he>iizstry, l'ancl~rbzll I'nzverszty, Sashvzlle 5,  Tennessee 

Recezved Aprzl 22, 1063 

Tertiary aromatic amines were dealkylsted smoothly to secondary aromatic amines a t  about 150" by passing 
Secondary aromatic amines were converted to anilines at about 

All the rates followed pseudo first-order kineticas which made possible a comparative study among a 
hydrogen bromide through the molten salt. 
200". 
number of tertiary amines under v:trying mnditions. 

We observed the rather iiiiusual results of ail attemp- 
ted Friedel-Crafts rcactioii. para Substitutiou iir di- 
methylaiiiline was anticipated hut iiistead the product 
I was isolated in good yield. Obviously a dealkylatiori 

I NH I a Y1 CH3NCH3 

had occurred prior to the coiipliiig process, aiid this 
paper reports our study of the dcalkylatioii procesb. 

Many inethods of dealkylatioii are available.:'-" 

Oiily a few methods deal with the direct action of a 
niineral acid on an alkylamine, stemniing mainly from 
the work of FIickiiibottom,lJ li who found that N- 
methylaniliiie, heated in a slow stream of hydrogel1 
chloride, yields aiiiline. 1Ionoalkylaiiiliiie hydrobro- 
midcs decompose between 250-300 O with thc elimiiia- 
tioii of the alkyl group as olefin arid alkyl bromide. 
l'crtiary alkyl groiips arc removed readily by acids a t  
110 -lL100.15 Treatment of N-mrthylatiiline uiider 
Zeisel coiiditions results in a yield of oiily 3% methyl 
iodidc. N-Biitylaidiiie is uiiaffected by 10 N sulfuric 
acid at  140" for 30 horirs. An iuterrstiiig applicatioii 

(6) Siliron tc.trahroiiiidr: H. Ri~redcsvelri, Rei .  fmv. rh im, . ,  18 ,  580 
(1 !].->!I j .  

($1)  l'i,tratrits,1i1irtlianr: I < .  S c l i i i i i d t  anti 11. I:ischcr, B e r . ,  53, 1537, (19200) 
(10) Orrasional nitmtion or hnlonenatiun: b;. E. .\yling, .I. H .  Oorvin. 

anti L. 1%:. Ilinkrl, .I. Clrrm. S O C . .  7.5; (1442). 
(11) Zinc o r  robalt I ia l i i les :  C. I<. l y o l d .  "Strnctrire anti ~ ~ t ~ c l i u n i s ~ i i  

in Osnnnir Cliriiiistry," Curnrll L n i \ r r s i t y  Press, I t l i a c a ,  N.  Y., 1933, 1 ~ 1 1 .  

61.5-616. 
f l 2 )  Tlir IIi~fii iann-~Inrti iIs rearsanaenientll concerns t h e  dirract action 

o f  a ininrriil arid,  hiit, s inr r  it I S  carried 011t in a s w 1 t . d  ttrhe a t  a liigli tetli- 
1wriit:ise a n d  i n v d v r s  rrnricinyriiirnt, it is not incl~i( l rd  in th(2 (IiRrussion. 

(13) IT .  . I .  Ilickinhottoin, "Renrtions of Organic C ~ ~ ~ T i p i ~ i i t ~ i I s , "  I.one- 
iiiRns G w e n  and  Co., Sr \r  York, S .  Y. ,  1!)48. 11. 306.  

(14) P. Sahatier and  G .  Garidion, Compt. T e n d . .  166, 3O!l ( l ! l l i ) .  
(15) \V. ,I. Hickinhottoin, J .  Chem. Sur.. 1070 (1'333). 
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HRr 
CBHJH2.HBr -t 3 CeH,SH( CH,),SHC6HO 

tetrahydroquinoline hydrobromide 

of dcalkylation in preparative work has been reported 
recently.16 

The purpose of this paper is to determine the mildest 
coditions under which dealkylation occurs with mineral 
acid and to run several comparative studies to under- 
stand the scope of the reaction. Without going into the 
details of the development of the procedure, the follow- 
ing cotiditions were found most useful: hydrogen bro- 
mide as a gas WRS introduced into the molten salt maiti- 
tained at ca. 150"; tlie rate of dealkylation of tertjary 
alkyl amines a t  this temperature was qiiite rapid and in- 
dependent of the flow rate of hydrogen bromide above 
200 ml. 'inin. Remarkably, the rates in this medium of 
molten aromatic amine-hydrobromide salt through 
which hydrogen bromide was passing to  maintain the 
hydrogen bromide concentration and to sxeep out alkyl 
bromide, followed pseudo first-order kinetic laws a s  
shown in Experiinental and in Table I. The rates of 
dealkylation of secondary aromatic amines were suffi- 
ciently slow a t  this temperature so that pure secondary 
ainincs could be isolated. Severtheless, secondary 
aromatic amines could be dealkylated smoothly a t  a 
higher temperature, ca. 195". All the facts established 
in this study are listed below: 

TABLE I 
1iATES OF ~ E A L K Y L A T I O N  OF TERTIARY TO SECONDARY AMINES 

BY HYDROGEN BROMIDE AT 156'" 
N,N-Amines k ,  riiin.3 t i / * ,  min. 

Dimethy laniline 0.012 58 

I)inietliyl-n~-chloroaniline 0 .016 43 
I )irnethvl-p-toluidine 0,0058 119 
I )inicthyl-o-toluidine 0 .021  34 

I )i-n-propylaniIineh 0.0031 223 

I~ietliylaniline" Very slow, 20% 
dealkylation 
in 2 hr .  

Pseudo first-order rates a t  flow rate of hydrogen bromide 
207, silicone gum rubber used for 
10% Carbowax used for stationary 

425 ml./min. + 25 1111. 

stationary phase in g.1.c. 
phase. 

1. 

2 .  

3. 

Tertiary aromatic amines are dealkylated more 
readily than secondary aromatic amines. 

Hydrogen bromide is more effective than hydro- 
gen chloride. 

The sequence of ease of elimination of alkyl 
groups is in the order: methyl > n-propyl > ethyl in 
tertiary aromatic amines. 
4. small biit apprec,iable amount of isopropyl 

bromide was isolated in additlion to n-propyl bromide 
in the dealkylation of di-n-propylaniline. 

Electron-attracting groups in the aromat,ic ring 
increase the rate of dealkylation and vice i!ersa. 

drtho Substituents increase the rate of dealkyla- 
tion to a greater extent than any other factor. 

Aliphatic amines are inore resirtaiit to dealkyla- 
tioii and are not dealkylated in any useful manner by 
tJhis procedure. l 7  Cyclic amines such as S-metliyl- 
piperidine and nicotine gave polynieric products, and 
tri-n-butylamine was largely unaffected. 

-5. 

6. 

7. 

(16) Q. R .  Russell. G .  . I .  Sotherland, R. D. Topsorn, and J .  Vaughan, 
.I. Org. Chem.. 27,4375 (1962). 

The preceding facts were accumulated under condi- 
tions to  stress the synthetic rather than the mechanistic 
aspects of dealkylation. Severtheless, the facts are 
suggestive of a simple mechanism which has been useful 
in carrying out the preceding work aiid in predicting 
these and other results. We believe that the reaction 
is remarkably akiu to  a solvolytic reactioii of the S\2 
type reverting to the Ss l  type as t h e  alkyl group is 
changed. 

I 
H I 

H 
I1 I11 

The nitrogen atom in I1 is tetrahrdral and in I11 is 
teiiding toward the trigonal plaiiar strurture, z . Y . ,  R 
and H in the same plane as the benzene rbg .  Thus, 
a driving force exists in I1 to be transfornied to the 
resonance-stabilized 111. The dri1 ing force pmsibly 
could explaiii the more facile dealkylation of aromatic 
amines compared to aliphatic amines. If the R group 
in I1 i q  an alkyl group rathcr than a hydrogen atom, 
some steric crowding may exist, and this would csplain 
the niore facile dealkylatioii of tertiaiy aniiiies com- 
pared to secondary amines.18 O!)viously, the rcactiL ity 
sequencrs: HBr > HCI > H2S04 for acids aiid m-chloro 
> hydrogen > p-niethyl for aromatic substitrieiits, 
should hold as long as the mechanism is S\?. X nwthyl 
group should dealkylate in preferciice to an ethyl or 
other primary alkyl groups, aiid this predictioii has been 
found to be true in the demethylation of kairoliiie (see 
Experimental). In our interpretation, the S Y ~  mecha- 
nism reverts in part to the s N 1  mechanism with the 
introduction of a propyl group, judging from the 
faster rate of dealkylation aiid the isolation of a small 
amount of isopropyl bromide in  the  reaction of di-n- 
propylaiiilinr with hydrogen bromide.. Unquestion- 
ably, tlic tertiary alkyl group must dealkylate by the 
Su l  mechanism. l5 l 9  

Whether the working hypothesis can be accepted as a 
mechanism remains to  be seen. Rut disregarding this 
point, we were impressed in this work by the ease of 
cleavage of the carbon-nitrogcn bond and the resem- 
blance of the cleavage to that of the carbon-oxygen 
bond. 

The experimental work was facilitated greatly by the 
gas chromatographic techniques described i n  the next 
section. 

(17)  Other coiiiriients on dealkylation of aliplratic amines arc to  be found 
in C. n. Hur t i ,  "The Pyrolysis of Carbon C(~nipounds," A.C.S. hlono- 
graph .io, Cheiiiical Catalog Co.,  N e w  Yorli. N. Y., 1999, pp. 310-3?9, and 
in reference by C. .\insworth and N .  R .  Easton, . I .  0 1 g .  C h e m . ,  a7, 4118 
(1962). 

(18) I f  steric crowding esi i ts  in I1 !\hen R is a n  alkyl group, a greater 
steric crondinr  effcct aliori ld be Ilrrsent in a qiiaternary aniiiionilinl salt 
n hieh slioirld thrrcforr dealkylate I I I O I ' C  easily with liydrogen bromide than 
11. \Ye propose to  tes t  this ~rreciiction, altliuugti an exauiple has been 
noted: .\. T. Babayan, AI. G .  Indzhikyan, Z. C;. Geeelyan. and .\, .I. 
Grigoryan, Dokl. Akad .  S n u k  ..lrm.. S S R ,  36, 67 (1062); Chem. A b s t r . .  6 8 ,  

CeHjN(CHI)C€I,CH=CII1 + R.<NH 
(19) .\nclriiiirrically assisted groups also slioiild be cleared easily from 

Sucli a cleavare has been ob- 
L. H.  Zalkow 

the nitroeen atoiil by tlie S s l  ~iieclianisiii. 
served nitli a norhoinane lactaru tisine 5% hydrochloric acid: 
and C .  1). Kennedy, J .  0i.g. Chem., 28,  852 (1963). 
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Aromatic amine 

Aniline 
S-Methy laniline 
S ~ S-llinieth ylaniline 
o-Toluidine 
S-Methyl-o-toluidine 
N.S-I )iniethyl-o-toluidine 
p-Toluidine 
?;-Methyl-p-toluidine 
N ,  K- Dimethyl-p-toluidine 
?;-Ethylaniline 
Y',S-I)iethylaniline 

B.P . ,  o c .  

184 
196 
193 
201 
208 
185 
200 
21 1 
21 1 
205 
215 

TABLE TI 
RETENTION TIMES OF AROMATIC AMINES~ 

Retention t ime, 
sec. .iromatic amine 

122 m-Toluidine 
138 ?j ,N-r)ini~thyl-,,2-toluidine 
98 o-Chloraniline 

142 S,S-Dimethyl-o-chloroaniline 
178 m-C hloroaniline 

172 3 ,N- 1 )imetliyl-m-chloroaniline 
196 2,g-Xylidene 
132 K,S-l)imethyl-2,6-xvlidene 
160 N-n-Propy laniline 
124 N,S-l)i-n-propylaniline 

.56 Y-hle thyl-ni-c.hloroaniline 

S-hleth ylpiperidine 

R.P., "C. 

203 
212 
209 
206 
230 
235 
232 
214 
196 
222 
245 
107 

Retention time 
sec. 

184 
132 
242 
120 
484 
492 
300 
242 
,i 2 

210 
210 

26 
a The conditions are given in g.1.c. analysis section. Most curves are Gaussian in shape with about 1-cm. width at base of curve. 

Experimental 
The Reaction of Dimethylaniline and 4,7-Dichloroquinoline .*o- 

This experiment led to the subsequent results reported here. 
S N-Dimethylaniline (0.3 mole) and 4,i-dichloroquinoline (0.1 
mole) were heated to 100" whereupon a slow stream of hydrogen 
chloride was passed beneath the surface. The temperature 
climbed rapidly to 160" and after heat of neutralization had 
spent itself external heating was applied to maintain a tenipera- 
ture of 385". After 2 hr. the mixture was cooled, poured into 
water, filtered, and washed with more water. The brown 
precipitate (26.2 9.)  was recrystallized from ethanol containing an 
equal volume of hydrochloric acid. The crystalline hydrochloride 
(m.p.  295-300"; neut. equiv., 293) was converted to the free 
base by dissolving in ethanol and adding 0.1 N sodium hydroxide 
solution until the solution was basic. The white platelets were 
collected hy filtration, washed thoroughly with water, air-dried 
and sublimed under reduced pressure, m.p. 207-207.5", mixture 
melting point with 4-phenylamino-7-chloroquinoline, synthesized 
from aniline and 4,7-dic~hloroquinoline, the same. 

Apparatus and General Procedure for Dealkylation.-The 
constant temperature bath was a three-necked two-piece 2-1. 
resin kettle equipped with thermometer, condenser, and a 200 X 
25 mm. test tube. The test tube, inserted in one of the necks of 
the resin flask, was long enough to be bathed in the vapors of the 
refluxing liquid. ,A  gas inlet, tube for hydrogen halide entered the 
side of the test tube and terminated a t  the bottom in a sintered 
glass disk to give a well distributed flow of hydrogen halide. 
Temperatures in the apparatus could be maintained within 
0.5" over long periods of time. 

The pure amine (0.25 mole) was placed in the test tube to 
which a drying tube was attached. Dry hydrogen halide was 
passed through the amine until the hydrohalide had precipitated. 
The heat was dissipated with a water bath. T o  prevent pressure 
building up when the hydrohalide solidified, the hydrogen halide 
was by passed by opening t,he closed end of a Y tube in the piping 
system. The test tube was now plared in the constant tem- 
temperature bath, the drying tube being replaced by a condenser. 
The temperature of the bath fell about 15' but was regained in 
about 3-5 min. When the hydrohalide melted, the safety valve 
was closed again to pass hydrogen halide through the molten 
salt. 

To obtain rates an aliquot was removed from the test tube a t  
appropriate intervals with a I-ml. glass dipper and dissolved in 
water. The aliquot was made strongly basic and thoroughly 
extracted with ether. The ether layer was dried with solid potas- 
sium hydroxide and evaporated by means of a Rinco evaporator. 
The amine residue, about 0.5 g., was analyzed by gas-liquid 
rhromatography when all aliquots had been arcuinulated. It 
wae unnecessary to withdraw exavt amounts of aliquot as analy- 
sis was based on the ratio of t,ertiary to secondary or primary 
amines. 

G.1.c. Analysis.-Temperatures: column 230'; Gowniac 
detector, 217". Column: 6 f t . ,  I/, in. copper tubing packed 
with 60-XO-mesh Chromosorb W,  containing 5Yc polyethylene- 

The exit hydrogen halide was led to a water trap. 

(20) We are indebted to  R I r .  W, Carl Dyer for  making the  initial run on  
this reaction. 

benzonitrile as a stationary phase.21 90 ml. of He/ 
min. Detector rurrent: 100 ma. Sample volume: 5 p l .  
The retention times are given in Table 11. 

Where separation was not brought about by the polyethylene 
benzonitrile resin, such a mixture of dipropylaniline and propyl- 
aniline, other resins that, are specified were utilized. 

Considerable study was done on calibration curves using known 
percentages of tertiary amine dissolved in secondary amine.' 
In all cases, the approximate area (peak height X 0.5 peak width 
a t  base of peak) was linear with respect to the concentration of 
tertiary amine. Therefore, rates were obtained by plotting log 
area of the tertiary amine peak us .  tiine.22 

Results of Kinetic Studies Using Optimum Conditions for 
Dealkylation.-Hydrogen bromide was found to be more reactive 
than hydrogen chloride. A temperature of 156" (b.1). of 3-hep- 
tanol) and 'a  flow rate of hydrogen bromide of 400 ml./min. 
were selected for comparison conditions. (The rate of dealkyla- 
t)ion was independent of flow rate as low as 200 ml./min.; below 
this flow rate, however, the rate of dealkylation was dependent on 
flow rate.) All rates followed pseudo first-order rate kinetics. 
A typical rate is shown with N,N-dimethylaniline ( k  = 0.012 
min.-'; t11z = 58 min.). 

Flow rate: 

Time (min.) 

17 
30 
43 
59 
73 
90 

Log area 

0 89 
0 82 
0 76 
0 67 
0 .61  
0 52 

At this temperature, negligible amounts of primary amines 
were formed, perhaps amounting to a few per cent in the case of 
the fastest dealkylating amine. Thiis the dealkvlation rate is 
mainly that of tertiary aromatic amine degrading to sevondary 
amine. The comparative results using optiiniim conditions are 
shown in Table I .  

Direct Comparison of Hydrogen Chloride and Hydrogen 
Bromide as Dealkylating Agents.--A direct comparison w:t8 
made on diniethylaniline at a temperature of 177' and a flow 
rate of 146 nil./min. 

HCI: k = 0.015 min.-'; t 1 , 2  = 46 min. 
HRr: k = 0.021 min.-'; t i l 2  = 33 min. 

Dealkylation of N-methylaniline .-.4s stated earlier, the 
rates of dealkylation of secondary amines are much slower than 
tertiary amines. A comparison was made a t  195' a t  :tn :i;)priixi- 
mate flow-rate of 100 nil./inin. of hydrogen chloride. 

(21) The resin u a s  made by the condensation of equiniolecular iitianti- 
ties of benaonitrile and ethylene bromide followinu the conditions for 
bromination of acetophenone reported by D. E. Pearson, H. W. P o ~ P .  and 
W. W. Hararove, Orq. St/n.. 40, 7 (1960). 

(22) This method of analysis placed emphasis on accurate delivery of  
Rpg, sninples for g.1.c. Therefore, tu-o or  three samples uere injertpd and 
the average area for the tert iary amine n-as used to  obtain rates.  Csiially, 
all areas were identical. 
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K,X-Dimethylanilinez3: k = 0.014 min.-l; t l / ~  = 50 min. 
N-Methylaniline: Very slow; kinetics complicated by appear- 

ance of N,N-dimethylaniline, reaching 10% by weight of total 
amine fraction a t  end of 1 hr .  This means that rate of alkylation 
of ?j-methylaniline is faster than its rate of dealkylation, the 
latter being extremely slow. To demonstrate this, methyl 
chloride was passed through molten K-methylaniline hydrochlo- 
ride a t  195' and a t  a flow rate af 154 ml./min. After 3 hr.,  an 
aliquot contained 20%; tertiary amine. This experiment demon- 
strates that  the reverse reaction, alkylation, is slow under the 
conditions of dealkylation. Besides being slow it does not be- 
come important until the concentration of secondary amine is 
high. 

The Isolation of the Alkyl Bromide from Dealkylation of 
N,N-Di.n-propylani1ine.-The effluent hydrogen bromide con- 
taining alkyl bromide was passed through an efficient trap cooled 
with ice-water-salt mixture. The condensate was washed with 
cold water, separated, and dried. Analysis by gas chromatog- 

(23) One notes t h a t  the rate of dealkylation a t  195' is about the  same a s  
the rate a t  177'. P a r t  of this similarity is caused by different flow rates. 
But ,  another factor is tha t  hydrogen chloride i s  not a s  soluble a t  higher tem- 
peratures in the melt. Thus,  a n  increase in temperature does not neces- 
sarily increase the rate appreciably. An experiment t o  determine the 
amount of hydrogen chloride dissolved showed tha t  1 equivalent of hydrogen 
chloride dissolved per 1 equivalent of amine. 

raphy (oven temperature, 93"; 10 yo SE-30 stationary phase, 
32 ml./min. He flow rate, retention time for n-propyl bromide 
= 154 sec., retention time for isopropyl bromide = 126 sec.) 
showed 96% n-propyl bromide, 4% isopropyl bromide, and no 
propylene bromide. Pure n-propyl bromide did not isomerize 
when subjected to conditions identical with isolation procedure. 

Demethylation of N-Methyltetrahydroquinoline (Kairoline) to 
Tetrahydroquino1ine.-To show that  methyl groups are removed 
preferentially, kairoline (0.2 mole) was treated with hydrogen 
chloride a t  195' for 13 hr. Recovery of the basic product gave 
tetrahydroquinoline (0.19 mole, free from tertiary amine as 
denoted by g.l.c., benzenesulfonamide m.p. 65.6-66.5", lit. 
m.p.  67"). 

Attempts to Dealkylate Aliphatic Amines.-Regardless of 
changes in conditions and irrespective of the addition of catalysts 
or trapping agents such as 4,7-dichloroquinoline or 2,4-dinitro- 
chlorobenzene, the dealkylation of nicotine and of S-methyl- 
piperidine led only to black, polymeric tars. The attempted 
dealkylation of tri-n-butylamine a t  195' for 6 hr. gave approxi- 
mately 1 % n-butyl bromide. 

Acknowledgment.-The authors are indebted to the 
National Science Foundation for a grant in support of 
this work. 
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A study of the halogenation of the aluminum chloride complexes of acid derivatives using excess aluminum 
chloride was undertaken. All the following acid derivatives were halogenated as aluminum chloride complexes. 
Methyl benzoate gave 867, methyl 3-bromobenzoate on monobromination and 89% methyl 2,5-dibromo- 
benzoate on dibromination. p-Toluyl chloride gave 857, methvl 3,5-dibromo-4-toluate on dibron ination. 
Meth? 1 p-toluate gave 71 % 3-chloro-4-toluic acid on chlorination and 65% methyl 3-iodo-4-toluate on iodina- 
tion. Benzonitrile gave 647, 3-bromobenzonitrile on monobromina- 
tion and 797, 2,5-dibromobenzonitrile on dibromination. N-Methyl- and l;,?i-dimethylbenzaniides gave poor 
yields in bromination. Methyl o-toluate gave a mixture of halogenated products which could not be separated 
easily. The preceding procedure 1s probably the best method of direct introduction of chlorine or bromine into 
aromatic acid derivatives 

Coumarin gave 747, 6-bromocoumarin. 

One may ask the question : how is m-bromobenzoic 
acid obtained? The immediate answer would seem 
to be direct bromination of benzoic acid. This path- 
way is fraught with obstacles. The halogenation is 
w r y  slow and incomplete, and the temperature of 
halogenation is high enough to bring about sublima- 
tion of unrearted benzoic acid.4 To quote one s o u r ~ e , ~  
"direct halogeiiation is seldom successful and scarcely 
ever used" with aroniatic acids. 

We have now fouiid that direct halogenation of the 
aromatic acid esters or chlorides can be carried out with 
eminent siicccss iising the swamping catalyst effect as 
shown. 

C6H,COOCH3 + 2A1Cla + Br2 + 
65 ' 

m-BrG,H4C0OCH3(86%) + HBr 

The swamping catalyst effect entails halogenation 
of the aluminum chloride complex with a highly reac- 
tive halogeiiatioii species, eithcr Xi- itself, or the ion 

pair, X+AIClnX. The halogenating species cannot 
i l l  Par t  I V :  
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be obtained unless more than one equivalent, and pref- 
erably two equivalents, of aluminuih chloride are 
used.6 S o  solveiit is employed. 

(6) In  a n  earlier paper,' u e  stated t h a t  a unique par t  of the swainping 
catalyst effect u-ith ketones was the formation of a n  eight-meinhered ring 
berween tn-o moles of acetophenone and  tn-o moles of aluniinuiii chloride. 
From fur ther  s tudy  of the  l i terature on  coiiigleses,8 w e  believe tha t  these 
structures are somen-hat variables and it is best to  consider the coniplex 

simply a s  a Lewis salt :  RzC=O AlCh f--) RL'-OAlC13 or 
+ -  

, which may associate to  give coniplexes 

0 AlCls 

f3 RC-0 
// 
\ \ 

R C  

OR OR 
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