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Am--The dlrecl ammatlon of pcymcnc wtvlth tnchloramme alummum chlondc produced a mixture 

of bases in yields up to 61 T/.. The product was corn- of 2-. 3-, and 8-amino-pcymcnc, S-amino-m- 

cymcnc, and m andptoluldlne. A compound was also formal which appears IO be an N-chloro-E-ammo- 

pcymene. Several of the ammu muha! from prior rearrangement and disproportlonatloa of pcymcne. 

The product dlstnbutlon was qultc scmuvc IO changa in reactton condltlons (~crnp. time and added 

water). Nuclear amtnatton apparently cuzurs vti a a-substituuon mechanism. Side-chain aminalion can 

be ratlonalizzd by a sequence involving mtermcdlate formatton of p-methyl-a.~d~methylbnzyl callon 

which then suffers attack by a mtrogcn-conrammg nuclcophllc. 

INTRODUCTION 

As REVEALED in recent reports, the direct amination of aromatic compounds with 
N-halamines and Lewis acid catalysts leads to products of unusual orientation.‘- lo 
Monoalkylbcnzenes, for example, gave the corresponding m-alkylanilines with 
trichloramine and aluminum chloride or aluminum bromide.‘-’ Dialkylbenzenes 
behave-d similarly. Se6 Halobenzenes and anisole produced, in addition to the meto- 
substituted aniline derivatives, products resulting from replacement of the substituent 
by an amino group.** ’ 

In an extension of dialkylbcnzene amination, it was discovered that with p-cymene, 
a considerable amount of amination occurred at the acarbon of the isopropyl side 
chain.” This finding appeared to possess potential significance in relation lo the 
theoretical aspects of the amination reaction. In addition, it presented the possibility 
of a new synthesis of t-bcnzyl amines, a class of compounds which requires multistep 
procedures by classical techniques. This report deals with factors affecting nuclear 
and side-chain amination, and the theoretical implications. 

’ Paper VII. Chemistry of N-Halamma; from the Ph.D. thesis (1966) of R. 1. H. 

2 For a preliminary accoun1, see P. Kovacic R. J. Hopper. S. S Chaudhary. J A. Levisky. and V. A 

Liepkalns. Chum. c~mm NO. a 232 (I966). 
’ P. Kovacic. C. T. Goralskt, J. J. H~lla. Jr, 1. A. Levisky. and R M. Lange 1. Am Clam Sot. g7, 1262 

(1965). 
’ P. Kovaac R. M. Lange. J. L Foote. C T. Goralski J. J. H~lkr. Jr. and J. A. Levisky. 1. Am Chum. Sot 

86. 1650 (1964). 

’ P Kovacic. J. A. Levwky. and C. T Goralski 1. Am Ckm Sot, q IO0 (1966). 

’ P. Kovanc and J. A. Lcvisky. J. Am Chcm Sot., iB. 1000 (1966). 

’ P. Kovaac and A. K Harriaos 1. Org. Chem J1.207 (IW7). 

’ P. Kovacic. J. J. Hilla. Jr.. J. F. Gonnish and 1. A. Levisky. Chem Commwr. Na 22 SXI ( 1965). 
* P. Kovactc and J. F. Gormish 1. Am Chcm Sot. m 3819 (1966). 

” V. L. Hcasley. P Kovacic and R. M. Lange, J Org. Chum 31. 3050 (1966). 

’ ’ J A. Levtsky. M. S Thesis I IWS). Case Institute of Technology 
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Reaction variables 
chloride produced a 
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RESULTS AND DISCUSSION 

The amination of p-cymene with trichloramine-aluminum 
mixture of amines derived from pcymene itself or from its 

rearrangement and disproportionation products. An example reaction (Table 1, 

TABLI I. EFIWZT OF VARIATION IS AICI,-WI, RAno WITH O-DIWU)ROBWLEN SOLV~%~’ 

BaslC Producr’ 

Product distriburlon, mole % 

AICI,: Yield. ‘; Toltudlne 

WI,; (Y-CL Residue. 

molar Total I-APC 8-APC Z-APC 3-APC S-AMC mete pora (I-APC WI. T/, 
--.-- - - .- ____ _ _ ._ _ __. 

I 13 12 91 0 0 0 0 0 9 - 

I’ 16 13 83 0 0 0 0 0 I7 - 

2’ 44 I9 41 IS 18 19 5 2 trace 7 

2 46 I9 41 I3 IS 23 7 I trace 9 

3 61 2R 44 II I2 22 7 2 traa 8 

l NCl,.DI mole in ca. 2lOml of o-CIH,Q1: p-cymeoe. I mole; &lo”; NCI, add’n time. 45 min; total 

reaction timz 90 mm. 

* APC amino-pcymcne, - AMC - amino-m-cymene. 

’ Formed indirectly. 

’ Total reaaioo timz 135 min. 

’ F.xrra dry (see Expcrimenral). 

TAEU 2. EFFFCT OF VARIATlON IN AICl,-KCI, R~ll0 WITH LTHYLENE UICHLORIDE SOI.Ws~ 

&SIC FmducP 

Production dutribution. mole S: 

AICl,: Yield . 3’ 0 
NQ,. Toluidine or-Cl- Residue. 

molar Total (I-APC 8-APC 2-APC 3-APC S-AMC meta ppra I-APC WI. 04 
_--. .__ ~- _. ._-..-. - _._ - _ _ 

; 28 I8 17 I2 94 42 16 0 21 0 16 0 0 2 0 2 6 1 <m I7 

r 28 IO 36 I5 21 21 4 2 I IS 

2 36 I2 33 16 I9 23 6 3 0 I3 

3’ 32 IO 31 I7 19 24 6 3 trace 8 

3’ 46 II 24 27 41 traa 2 6 lraa II 

l NCl,. @I mok m u 160 ml olethyltac dichloride; p-cymenc. I mole; &IO’; NCI, add’s tmc 45 min; 

total reaction time. 90 min. 

’ APC = amlao-pcymcnc. AMC - amino-m-cymcne 
’ Formed iadlnctly. 

’ NCI,. 0025 mok in 36.5 ml of etbyleoc dichloride; pcytnenc DS mok; NCI, add-n tune = total 

maction rimz 22 min. 

’ p-Cymene, freshly distilkd from sodium 

J Ap~ara~w flushed with nitrogen during reaaion. 

’ 2s 10 35’ - - 
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entry 4), cited because it includes all the products in these categories, yielded the 
indicated compounds : 8-amino-p-cymene[Zamino-2Wmethylphenyl) propane or 
pmethyl-a,adimethylbenzylamine],2- and 3-amino-p-cymene, 5-amino-m-cymene, 
and m- and ptoluidine. An additional component, believed to be an Nchloro 
derivative of 8-amino-p-cymene, was also present. During GLPC of crude base 
containing this material, ar-chloro-&amino-p-cymene was formed. A number of 
different conditions were studied to determine their effect on the reaction course. 
Several variables exerted a significant effect on the overall yield (Tables l-.3). The 

TABI+ 3. t:FFF.CT Of TFMPERATIIRI? 

Basic Product’ 

Prcxh~ct dlstnbutlon. mole 9; 

AICI,: Yield, “/, Toluldine 

Temp.. NCl,. 

“C molar Total 8-APC 8-APC 2-APC 3-APC 5-AMC nwa para 
- . . ._ 

-3Ok5 I <8 5 57 0 0 0 0 0 

-3OfS’ I <9 6 6fJ 0 0 0 0 0 

O-IV I I7 I6 93 0 0 U 0 0 

3S38 I I9 I8 93 0 0 0 - .J 

-3025 2 37 21 58 I4 I9 0 0 7 

-3OfS’ 2 59 24 41 20 35 0 0 4 

& IO 2 46 I9 41 I4 17 24 6 2 

33,-38 2 24 IS 63 0 0 27 IO 0 

-30+5 3 55 I8 32 25 33 0 4 6 

Olti 3 58 26 44 I2 I4 22 7 2 

wCl- Raiduc 

8-APC WI :/, 
.-. 

43 

32 -- 

7 9 

4 9 

2 I3 

trace IS 

Iraa 8 

0 28 

lraa I6 

Irma 9 

’ NCl,. &I mole m ca 210 ml do-CIH,Clz; p-cymcnc I mole; NCl, add’n tlmc. 45 mm; total reactloo 

Ilme. 90 min. 

’ APC - ammo-pcymenc. AMC - amino-m-cymenc. 

’ Fonnai tndirectly. 

’ Total mcclon tlmc. 135 min. 

’ Average of 3 ~JMLS. 

’ Average of 2 runs 

more detailed aspects concerning product distribution are discussed later. One of 
the most important requirements concerned the catalyst. In the absence of a promoter 
none of the amine was formed An aluminum chloridctrichloramine ratio of at least 
two was n- y for efficient reaction.’ At a ratio of 1, littk or no heat was evolved 
after half the trichloramine was added, and unchanged halamine was present at the 
end of reaction. In contrast_ at higher ratios, exothetmicity characterized the entire 
addition period, and the final mixture was essentially devoid of halamine as evidenced 
by the potassium iodide test. The product from the equimolar catalyst-trichloramine 
reactions consisted of a mixture of 8-amino-p-cymene and presumably its Nchloro 
derivative. Apparently the absence of aromatic aminea was the result of destruction 
by excess trichloramine. This then suggests that the sidechain base is more resistant 
to attack by trichloramine than are the nuclear isomers. The effect of excess trichlor- 
amine was evaluated in the following manner. An experiment was carried out under 
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the same conditions as those employing equimolar catalyst-trichloramine except 
that reaction was terminated immediately after half of the halamine was added 
(Table 2, entry 3). The resulting product distribution and yield were similar to those 
obtained at higher ratios by the standard procedure. The increased yield and the 
presence of aromatic amines is consistent with the apparent destruction of nuclear 
amine by excess trichloramine. Further support is found in the observation that 
ptoluidine was almost completely consumed by treatment with excess halamine at 0” 
for several hours.9 

A slight solvent effect was operative since yields were about IO 3/, higher in odichloro- 
benzene than in ethylene dichloride. Amination proceeded best in the -35” to IO” 
range. The rate of formation of 8-amino-p-cymene appears to be faster than that of 
nuclear amination. Increasing the time of reaction from 90 to I35 min benefited the 
yield of nuclear isomers only (Table 3). 

SideduGn amination. We believe that the formation of sidechain amine occurs 
t&a abstraction of the isopropyl a hydrogen as hydride. The resulting carbonium 
ion then reacts with a nucleophilic nitrogen-containing moiety to form the amine 
eventually. This scheme is completely analogous to that proposed for side-chain 
attack in the presence of t-butyl cation as the hydride abstracting agent.” In the 
present case, chloronium ion is believed to be the precursor involved in carbonium 
ion generation. 

Cl N + AlCl # Cl”+CI Nd-. . . + . .> AlCl 3 3 2 3 (1) 

The same role for chloronium ion has been postulated for amination of methyl- 
cyclohexane leading to I-amino-I-methylcyclohexane in good yield.” In the alkane 
case, the halonium species appears to be the only reasonable electrophile available 
for hydride abstraction. Transfer of hydride to bromonium ion has previously been 
proposed as a mechanistic feature of the uncatalyzed bromination of adamantane. 

‘TABLE 4. EFFECT OF WAITR’ 

Basic Product’ 

ProductIon distribution. mole 3/. 

AICI, : YlCld, 7; Toluldinc 

H,O. NCI,. or-Cl- Residue. 

mola molar Total 8-APC I-APC 2-APC 3-APC S-AMC meta para 8-APC WI % 
-- . _~._ ~. - __~ -. 

v 2 46 I9 41 IS I8 I9 5 2 1raa 7 
01 2 32 I7 54 5 5 24 IO I I 14 

QI 3 42 17 41 7 n 33 10 I lraa 4 

’ NCl,. 01 mok in a 210 ml of o-C,H,Cl,; pcymcnc. I mole; 0 IO”. NCl, add’n 11me. 45 mm; total 
reaction lime, 90 mm. 

’ APC - amino-pcymcne. AMC - amino-mcymene. 

’ Fomxd mdwcctly 

’ Extra dry (see Ekpcrimcntall. 

” P. Kovacic and R. J. Hopper. Terraldron u, 39n (1967). 
” P. Koncic and S. S. Chaudhy. Terrahafra 23.3563 (1%7) 
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in which substitution occurs at the tertiary carbon. I4 On the other hand, other electro- 
philes capable of this type of interaction may be present in the p-cymene system. 
Although the isopropyl cation would Setm to be the most likely possibility, there was 
no evidence for its participation in the amination sequence. No apparent correlation 
could be detected between rearrangementdisproportionation and the yield of 
g-amino-pcymene. In one case, the eflluent gas was analyzed, with no Indication of 
the presence of propane. Furthermore, the addition of isopropyl bromide proved 
inimical to the formation of side-chain amine.” 

Nuclear uminurion. The route involved in this unusual mode of substitution has 
been discussed previously. ’ - * In the case of p-cymene, the same mechanistic picture 
(illustrated with a pdialkylbenzene) can be employed to account for the nuclear 
amino-p-cymenes. Since the actual nucleophile is not known with certainty, NCI; is 
used for simplicity. 

R 

- H’ 0 0 

Cl 
a 

R 

(3) 

The more hindered 3-amino-p-cymene was found to predominate over the corre- 
sponding 2-amino isomer. A fairly constant distribution of the two isomers, ca. 1.2, 
was obtained for the reactions at &lo*, with some increase in the ratio at lower 
temperatures. According to the proposed mechanism (Eq. 2) it is clear that the factors 
governing orientation are more complex than in classical electrophilic substitution. 
The intermediate arenonium ion can lead to either the amino (Eq. 2) or chloro deri- 
vative (Eq. 3). It is altogether tenable, therefore, to expect that variation in conditions 
would alfect the isomeric ratio. The predominance of 3-amino-pcymene is consistent 
with the postulated initial electrophilic attack resulting subsequently in a distribution 
of amine isomers determined in part by the composition of the o complexes. 

The orientation in chlorination of p-cymene with chlorine-iron-acetic acid was 
25 % of 3chloro- and 75 “/, of 2-chloro-p-cymene, i.e. 3 to 1 in favor of the less hindered 
component. Analysis of the chlorocymene by-product from amination showed the 
same distribution (other isomers apparently derived from mcymene were also 
present). In previous investigations of chlorination with this substrate. only the 2- 
chloro isomer was reported.“- ” 

From a straightforward extrapolation of the chlorination data the ratio of 3- 
to 2-amino-pcymene should be 3. However, the steric factor of the nitrogen-containing 

” H. Stetter, J. Mayer. M. Schwa= and K Wulft Chem Bcr. 93. 226 (IWO). 

” R J W LcFevre. J. Chem. Sot 980 (1933). 

” T Kuan. J (‘hem Sor Jupan 52.473 (1931): Chtm Ahsrr. 26. SORI 119321 

’ (i iI Swar! and G Ii Stempcl. Jr. Brtllsh Patent 687.267 I 1953). C’hrm Ahsrr 4. 33YO I 1954) 
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nucleophile and competing deprotonation of the intermediate cr complex must also 
be taken into account. Prior studies lead us to believe that the nucleophile involved 
possesses less bulk than trichloramine.’ Various possibilities are: CI,NH, CINH2, 
NH,. or the corresponding amide ions. The steric factor of the actual participating 
entity might well be sufiicient to interfere with entrance orrho to the isopropyl group, 
thus causing a reduction in the predicted amount of the more hindered isomer. 

Ekfore leavmg the nucleophile topic, we wish to refer to a pertinent analytical 
treatment by Edwards and Pearson. ” In a discussion of factors which affect nucleo- 
philicity, they dealt with the aspects of basicity. polarizability, and the influence of an 
adjacent atom possessing unshared electrons. Conceivably. the nucleophile in our 
amination system may be appropriately endowed in terms of these essential features. 

Additional elements of nuclear amination should be considered. notably the for- 
mation of 5-amino-m-cymene and m-toluidine. In the presence of a Friedel Crafts 
catalyst. p-cymene is susceptible to disproportionation,‘9-22 leading to toluene and 
diisopropyltoluene, as well as rearrangement. Depending upon the conditions. the 
latter process yields m-cymcne exclusively’ ’ - 2’ or a mixture of the three isomers.24 
Since m-cymenc and toluene can be generated initially. the presence of m-toluidine 
and 5-amino-m-cymenc in the reaction product is not surprising. The formation of 
m-toluidine cio toluenc amination is well established.’ In addition, m-dialkylbenzenes 
provide a particularly favorable situation in this reaction category. For example. 
the rate ofamination for m-xylenc is 49 times as fast as for tolucne, and 7 times that of 
p-xylenc6 Amination of m-cymene gave 5-amino-m-cymcne in 26”. yield. 

Previous work having established that rearrangement and disproportionation arc 
dependent on such variables as time. temperature and cocatalyst. it is to be expected 
that the quantities of m-toluidine and 5-amino-m-cymenc in the reaction products 
will be quite sensitive to changes in these conditions. Increases in the reaction time 
(Table 2) and temperature (Tables 2 and 3) enhanced the relative amounts of these 
bases. Table 4 shows that added water (co-catalyst) also facilitated rearrangement 
and disproportionation. In all cases the rearranged material is formed primarily 
at the expense of aromatic amine isomers derived from p-cymenc. 

These data shed some light on the question of the nature of the electrophile involved 
in the amination sequence. It appears logical that the amount of protonation and 
extent of rearrangement are directly related. However. no increase in the yield of 2- or 
3-amino-p-cymene was noted when water was added. Hence a u complex resulting 
from protonation does not seem a likely precursor for these two amines, which is in 
keeping with prior evidence of a similar nature in u amination.6. 2’ 

In contrast with the present study. no more than very minor proportions of p- 
toluidine were observed from tolucne amination in previous investigations under a 
variety of conditions including temperature variation. A possible mode of generation 

‘O J. 0. Fdwards and R. G. Pearsoh 1. Am. Chtm. Soc. 84. 16 tlW2). 

” A W. Sch0rga.J. Am. Chtm. SIX. 39.2671 (1917) 

” A. Lacoun. Bull. Sot. Chim. fIrIs. 38. 1 ( 1929) ; Chtm. Ahsfr. 23.243 I ( 1929) 

” D A McCauley and A. P Lien. LJ.S Parent 2.770.662 (1956). Chem. Absrr 51. 7410 (1957). 

I2 V’A Koptyug Isomcri:arion o/Aromurrc Compounds. p 17 D Davey. New York. h’.Y. (1965). 

*’ D E Pearson. R D Wysong and J M Fmkel. prlvale commumcal~on. 

” H. I. Enos, Jr.. U.S. Patent 2.744.149 (1956); Chem. Ahnr 51.468 (1957). 

” P Kovacic, K. W. Field P. D. Roskos. and F. V. Scal7~. J Org. Chcm. 32 5g5 (IW71. 
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is illustrated in Eq. 4.26 

(4) 

According to this mccharusm. the yield of p-toluidine should be somewhat related to 
2-amino-p-cymene production since both stem from the same intermediatea complex. 
At the same time the amount of toluidine isomers should be unrelated. These views 
arc consistent with the experimental facts (Tables 24). 

An unidcntiticd material, presumably an N-chloro- or N,N-dichloro-8-amino-p- 
cymene, was generally obtained. for the most part in small quantities. However, this 
comprised a significant portion of the basic product in low temperature reactions 
involving an equimolar ratio of catalyst to trichloramine (Table 3. entries 1 and 2). 
Large amounts of aluminum chloride should facilitate decomposition since halogcna- 
tion by N-halamines is subject to catalysis by Lewis acid.” 

It was noted that the crude basic products. particularly those containing appreciable 
amounts of this component, deposited 8-amino-p-cymene hydrochloride on standing 
Apparently the N-chloro compound is degraded slowly with formation of hydrogen 
chloride. In another cxpcrimcnt. the crude basic mixture (Table 3, entries I and 2) 
on GLPC yielded 8-amino-p-cymene and the derivative from nuclear chlorination 
(the position of attack was not ascertained). When the amination product was treated 
initially with potassium iodide and then subjected to GLPC, there was a 26”~ incrcasc 
in 8-amino-p-cymenc with no accompanying chlorinated material. Thus. it appears that 
the basic product bearing nuclear chlorine is not formed during the amination process. 
but is generated from an N-chloro intcrmcdiatc during gas chromatography. 
Aromatic halogenation by S-halo compounds has ample precedent.27’-‘2 

A more comprehensive treatment of side-chain amination is described in the 
subsequent publication.‘* 

EXPERIMENTAL” 

Mareriuls p-Cymne. fiamnan white label reagent, was used as supplied. o-Dlchlorobenzm (rcchmcal 

matenal contammg about IO”; of the puna isomer) was nrhcr rcdlstilled over calcium hydride. or used 

without further punficatlon (Fastman white label reagent) Tcchmcal ethylene dichloride was rcduilllcd 

from c&turn hydndc More use The other reagents WCR commercial materlab which were used as 

obtamcd 

.Ind~rrcd procedures IR spectra were taken with Beckman IR-SA and IR-8 spcctrophotomcters 

lb A slmdar scheme IS proposal by P. C Myhre. G S Owen and L L James lunpubhshal work) for 

IRK conventon of 1.3.5.In-t-butylbcnzcnc IO 35dl-t-buiylphenyl actlate on ireatmem with brommc m 

the prcsencz of acetate ton. 

” L. 0. Brown and F. G. Sopcr. 1. Chem Sot. 3576 (1953). 

” ‘I’. W. J. Taylor and W Baker. Sidgwtck’s Tb Organic Chmcsrry qf Nthugrn p. 67. Clarcndon Press. 

Oxford (1937). 

I9 G H. tikman and W. A Noyes I Am Chcm Sot. U 2211 (1921) 
” M. D. Can and B D. England. Proc. Chcm Sot. 350 (19%). 
” N. Stall Bull. SK Chim Berg 38. 71 (19b). Chrm Ahstr. 23.4456 (196). 
” P Habcrficld and D Paul. J. Am Chtm Sot. 87. 5502 (1965) 
” We arc grateful IO Mr Joseph A Lcvtsky for his conrrtbultons IO the scourmg work in this area 
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Quanrrlallvc analya were made on rhc IR-8 lnslrumcn1 GLPC was carned 0111 wl1h a home-made. 

rhcrmal-conducnvq um1 unless othcrwrse specrficd. The varloUc columns and condlllons are hs~ed m 

Table 5. 

TARIX 5. <;LPC C-OSDITIONS 

Procedure II 025 in Packing 
Temp. 

He 

SP flow raw. 

-.. -. 
A 12 

B 5 

c IO 

D 10 

E I2 

F I6 

G a 

H 14 

1 l(r 

J 9 

K 6 

L 12 

I5 9, Carbowax &IOO, 5 Yq NaOH. on Cbromosorb W. 

35.60 mesh 

30 O0 Carbowax 6ooo. 2 ‘?; NaOH. on Chromosorb G. 

60.80 mesh 

5% UCON SO-HE-5100.25% NaOH. on Chromosorb G. 

60 a0 mesh 

15% UCON SO-HB-5100. So,, NaOH. on Chromosorb W. 

35 60 mesh 

L 

ml:min 
_.~.. .~ -. ..~_ 

185 I90 85 

14s ,150 200 

I90 70 

I90 70 

55 I4 psi 

30 25 psi 

I20 I20 

140 7s 

I37 __’ 

150 R6 

IX8 42 

120 

107: sodium drxkcylbcnzenc sulfonate. 7% UCON 

HE2000.5 % NaOH, on Chromosorb W. 35’60 mesh 

30% Dowtherm A on Chromosorb P. 60 80 mesh 

14 ‘4 Carbowax do00 on Chromosorb P. 35:‘60 mesh 

IS 5; Carbowax @OO on Chromosorb P. 35,‘60 mesh 

IS% Apiezon L on acid-wasbed Chromosorb P’ 

20’; SF-% on and-washcd Cbromosorb P, 60 80 mesh 

2 5?; UCON HE-2000.5”” NaOH. on Chromosorb. W. 

60 X0 mesh 

2009, Sodium dodecylbcnzcnc sulfonate. 57, NaOH. on 

Chromosorb W. 35 60 mesh 

I65 

’ With Acrograph HI-PI ins1rumen1. 

‘MpsiofN,;2OmlofH,min 

NMR spectra were oblamal on a Varian A-60 or A-60-A umt. Elemental analyses were perforaxd by 

Dr. G. Wakr and Dr F. B Srraurs. Oxford. England o( Galbrarth Lsboralona Nashville. Term. M.ps 

and bps are uncorrected. 

Prcpmarion oj tr~chhmine sohtion A published procedure’ (method B) was usal with o-dichloro- 

benzene or ethyknc dichloride as solvcnr 

Gmcnd proccddwc The apparalus consisied of a I -I, 3-necked flask equipped wrlh a mechanical s1irrer. 

thermomcler. droppmg funnel and drying tube. The pcymeoc was [akcn wirh stlrnng IO the dearred remp 

which was mainrained throughout I& reamion After introduction of the AM,. rbe trichloramine soln 

(conlaining the requisite moles of halamine) was introduced through the dropping funnel. Stirring wax 

conunual unrd rhe 1o1al reaciion II~ was reached. Work-up was according IO a prior procedure ’ 

Occasionally the crude. basrc produa deposr1cd some amme hydrochloride on srandmg 

In one rcac1ron. addirional sleps went [aken IO ehmmaic moislure (“extra dry”) The apparatus was 

flamed and purged with dry N,. p_Cymene and the lrichloramme soln were dried over MgSO, prior IO use 

AICI,. from a prcvrously unopened bo11lc. was weighed under dry N, and inrroduozd through a solid- 

addlrlon funnel wrthout exposure IO [he atmosphere. 

When water was also employed. the additive was in1roduccd following the AICl,. The addillon was 

accomphshed as rapidly as possibk withm 1he dalrcd tcmp range. There was litrk change m rhc appearance 

of the reaction mixlure. 
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The efllucnt gas from an ammatton was analyzed by a techmque similar to that described elsewhere.” 

The IR spectrum of the trappa! material was identical to that of the solvent. ethylene dichloride. Evidently. 

no agnificant amount of propane was present. 

Bask producrsfro+n pcynunr cmrnrzrion Yield IS calculated from an qutmolar rclatlonship between 

tochlorammc and basr product Yteki data arc bake on the wclght of dtstllled product or on GLPC 

analysis wnh 2- or g-ammo-p-cymcnc as external standards Several reactton products were analyrcd 

by both methods: the GLPC tcchnlquc ga\c 3 S.‘,. hlghcr y~clds 

The product dlstnbutlons wcrc dctcrmtncd by ci1.K wtth prtxcdurcs A. B C. or D t’l’ablc 5) On croti- 

checking tbc methods, product drstrlbutlons were found to agree wlthm 3”., Procedures C and D were 

preferred baause of the greater thermal stablhty of the UCON oil. 

Standard mixtures of m-toluidinc. 2- and g-ammo-pcymene were gas chromatographed to dctcrmmc the 

relative peak arca:molc rauo for the components Esscntlally the same arcas were obtainai for qulmolar 

amounts of the ammo-p-cymcncs The peak area of m-toluldinc rcqulred a correction factor of 1.5; the 

same correction was applied for ptoluldmc. Other ammo-cymcnc ~sorners and or-chlor*g-amino-p- 

cymenc were auumcd to have the same peak arca ‘mok ratio. 1.e thermal conductinty. as 2. and R-amino- 

pcymcnc. Analyses were performed on the crude baste products since the disnllal matcriah showed a 

shght daxasc in the relative amounts ol higher-bolhng components The separation charactcristla were 

similar under all chromatographK procedura employed. 

Charactcrltatlon of g-ammo-pcymcnc IS dcscnlxd elsewhere ‘I The <iLPC rctcntlon twine and IR 

spectrum of pure 2-ammo-pcymenc. obtamed by GLPC. were ldcntlcal to those ol Abe authcnlr compound 

The authentic matcnal (Fastman. white label) rcqulraJ further punlicatlon by GLPC SIMX about IO”, 

of 3-ammo-pcymcnc was present ‘The rctcntlon time and IR spectrum (GLPC punfKatton) of 3-ammo- 

p-cymcnc were Identical IO those of the Impurlt) In ttw Juthcnttc ?-amino Isomer. Smcz the two isomers 

could not be ~pararcd h) dictlllatlon. lurthcr characrcnzatlon was carncd OUI with the mlrturc The 

combined product from three reactions (Tahk 3. cntne 5. 6. .md 9) was distilled with a 5@platc spmnmg- 

hand column 4 fraction ih p 90 94 ? 3 mm. III.” ?-l\omcr. b p. 110‘ 10 mm; III.” 3-lcomcr. h p 2M 

_‘J_’ 760 mmi wax collcc~cd which contalncd 47 ‘, ol ihc ?-lromcr and 53 ‘,, of ~hc 3.I\omcr by <il.lY’ 

Jnaly\l\ This m.rtcrnl ua\ ron\crtcd IO a mlsturc of the corrcspondlng phenols lsce belowl Pure S.amlno- 

m-c)mcnc. ohtamcd h) <;l.Pc’ collcctlon. dlsplaycd a rctcntlon tlmc and IR spectrum ldcnttcal IO those of 

the maJor product from ammation of mcymcnc. 

For NMR analysu of the nuclear cymylammes. the combined basic products from several aminatlonr 

was dlstlllal through a ?S-plate spinning hand column The NMR spectrum (TMS external standard) 

of a fraction (h p I JO I30 5.20 mm) which contained only 2. and 3-ammo-p-cymcnc.. and S-amino-m- 

cjmcnc thy GI PC‘ analysis) u-as ohtalncd lntcgratlon of the spectrum showed ~hc Indlcatcd band\ I~I 

ulth rclatlvc mtensltlcs. aromatic II (2 5 3 9). ammo H (6 3 6 5). methyl )I (7 5 7 X) Isopropyl II (6 5 7 3 

and X4 X7) = 3.2 3 7 

‘I he toluldmc Isomers (meta and petrol wcrc &ntlhed by comparison of thclr CiLPC retention times and 

IR spectra tfrom samples obtained by GLPC collection) with those of authcntlc materials 

.4minurwn ojm-cymcne m-Cymcnc wa prepared from rbe para isomer esscnually acsordmg to the method 

of Pearson cr a/.‘” (HF BF, at dry KX tcmpl The product. b.p. I73 I75 , proved IO be identical IO the 

authentic substance.“ 

The general procedure for amination was employed (similar to entry 4. Table I. 07 x scale). The crude 

basic product was dlstillcd (h p. 72 - I55 ‘3 mm) to give 2 74 g (26”, yield) of distlllatc with X’., residue by 

wl GLPC analysts ~‘l’ahle 5. procrdurc AI of the d~s~~llcd product showed the mdlcated composmon 

S-ammo-mcymcne. 72 “.; m-toluldmc, l4”,. ‘The rcmammg 14”, wasa mixture which was not charactcnr& 

‘The distlllcd mixture was further puriticd by fractionation through a 25-plate spinning band column. 

h p 103 IO5 4 X mm The dlstlllatc (X7”,, pure by GLPC) was then converted to the corresponding phenol 

(see below) An analytIcal sample colkctcd from the chromatograph was tdcnttcal to 5-ammo-mcymcnc 

obtamed from p-cymcne aminatlon (Found C Ro29; H. 1@13; N. 9.14. Calc for C,,H,,K. C, Ro46. 

H. 1615: N. 9 39T0.) The IR spectrum mdlcatcd 1.3.5-substcturion.” with ban&s at 697 and g2g cm ’ 

” C F H Allen and J Van Allan. Org Synrkscs 22.9 (19421. 

” 1; Rlchtcr and W Wolff. Brr Dtsch. Chrm Ges 63. 1714 119301 

” WC arc grateful IO Professor D E Pearson for maklng avallahlc this proccdurc see Rcl 23 

” We wish IO thank Dr. D A. McCaulay. American Oil Co. for thrs sample 

‘I L J Bellamy. The fnfrwed Sperrru o/Complex .Mo/ecules p 79. Wiley. New York. N Y (I%21 
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Chlorocymu~s. The neutral layer from work-up d the reaction mixture from p-cymcnc ammation 

Tabk I. entry 4) was washed with water and dried. wt 367 g A portion. 291 g was dutilkd at atm press 

through a 25-plaIc spuming-band column. A kw drops of material, bp ca 105”. were tdenttlicd as toluenc 

on the basts of the IR spaztrum. The rcmaintng 76g was fractionated with the same column The portion 

boihng at 45 52 7 5 mm confamcd unchanged pcymcnc The IR spectrum of the cymcnc peak trapped 

from GLPC (Table 5. procedure Gl showed r)o evidence for prescncc of the menx isomer The spectra of 

known mixIurcs tndicatcd that as htrle as I “0 of m-cymcnc could be dcIectai by this tcchntque. ‘Three 

fractions (6g total WI; 017 mok exIrapolatal to total wt of the neutral fraction; b p 80 84:7.5 mm) 

contained a mtxture of four chlorocymenc tsomers The NMR spectra of IWO of rbc fractions revealed the 

relative intensity. aromattc H. ahphaIic H = 3: IO. The spectra were quite complex but consistent wtth the 

predicted meIhyl ll singlet and tsopropyl H septet-doublet patlern. Tbc elemental composttton of one 

fracnon was deIermincd (Found: C. 71 36. H. 7.81; Cl. 2078. Calc. for C,oHl,Cl: C 71 19. H. 7.77; 

Cl2lO4”,) 

An aliquoi of the original neuIra1 fracbon was analyrcd by GLPC IO deiermmc the relaiive amounIs 

and retention Iimcs of the chlorocymene isomers. These were compared with the data from chlormatron of 

pcymenc with molecular chlorine and from the chlorocymenc fraction obtained m the ammalion of 

m-cymcne (Table 6). Sina resoluIton (GLPC) ol the chlorocymenc isomers was generally incomplete. 

no attempt was made IO isolate pure materials for posttive identification Structural assignmenu are thcrc- 

fore somewhat tentative, bcmg based primarily on GLPC retention times and analogy IO prior reports. 

Based on GLPC retention times. entncs 2 and 3 arc probably 3- and 2-chloro-p-cymcne. respectively. 

Entna I and 4 may well he derived from chlormation of m-cymene. 

The chlorocymcne fraction bp 95, 100 I8 mm ; 30 g 0 I7 mole. from m-cymenc amtnatton was isolated 

and analyzed by rhc same procedures usal for the neutral material from p-cymcne. Three isomers were 

separated by GLPC (Table 6). ‘The nmr spectrum of the mixed isomers was simtlar to the corresponding 

T~att 6. (;I.PC OF ~~HLORWYMEYE..V 

Retention Iimc, min Area, Y0 

From p-cymcnc From mcymcne From pcymcne From pcymenc From mcymenc From pcymm 
aminaIion amination chlorinaIion amination’ ammaIion’ chlorination 

_ ,- .-- _ .- - _-_ - .- _- - 

603 603 7 26 

63 3 634 644 I8 I3 25 

674 6R.3 50 75 
700 69.8 25 61 - 

l Tabk 5. proordure H. 

’ RelaIive peak areas: enIry 2 entry 3 = 26 74. cnIry I cnrry 4 = 7X 22 

’ Relative peak areas: entry I enlry 4 = 70 30 

specrra of the chlorocymmcs formed dunng pcymcnc amutation. Integration provided Ibc rclativc intenst- 

IIU aromatic H : ahphalic H 2 3.10. (Found: C. 71.42; ll. 7.87; CL 2077. Calc for C,,H,,Cl. C. 71 19; 

H 777, Cl 2104”‘.) . *. 
By analogy IO tf isomeric distribution m mtralron OT m-cymcne.‘* entries I and 4 arc tentatively dcsig- 

natal as 4 and 6chloro-mcymcnc respectively 

Pr~pparctricn ofchbro-pc~mcnnr pCymenc (I 57 ml. I mole). glaaal AcOH (1 SO mlL and Fe-lihngs (008 g) 

were placed in a I-I, 3.necked flask equipped with a dropping funnel, Ihcrmometer. gas outlc~. and mecha- 

meal stirrer A soln of about @I mok Cl, in 170 ml glacml AcOH was added dropwise tn the dark dunng 

I hr below 35’ After being slured overnight. work-up. mcludmg distillalion through a I-R hehas-packed 

column. gave material. bp. 180 210’. III.” b.p. 213-214’764 mm. Redistillation through a 25.plate. 

spinnmg-band column gave higher-puruy maIcnal. bp X7-90 ‘II mm Gl.PC analysts for lhc isomer 

” G A Olah and S. J. Kuhn. J. Am Chrm. Sot. 86. 1067 (1964) 
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dist~bution was performed on undlstil)~ product (Tabk 6). BasaJ on prior reports.” “ the major 
component is 2_ch)oro-pcymene. The other ‘is apparently the 3-ch)oro isomer 

Prrpararion o)‘carracrol ad fhy~~rom th corresponding anuses. A mtxturc, 4-S g. of 2. and 3-amino-p- 
cymcnc (47 and 53 “2 respectively) from pcyntcnc amination was converted to tbc corresponding phenols 
by a published proccdurc.’ After steam distillation. fractionation under Nr provided a 51”; yield of a 
~rvacrol-thymol mtxturt. b.p. I30 135 ‘6 mm. ~stiliat~on at atm press gave a hoihng range of229 232 ‘; 
ht.‘* (760 mm) carvacrol, bp 237.8’; thymol b.p. 233 An analyticai sampk was prepared by GLPC. 
(Found: C. 79.76: H. 9.78. Calc. for C,,H,,O: C, 7995; H. 9.40”;) 

GLPC analysis (Table 5, procedure I) showed the mixtum to bc 56”, thymoL43”, carvacrol.“ and I O. 
unknown. The composition and retention times were verified by chromatography of an authentic mixture 
of 56”, thymoM4”, carvacrol. The IR spectrum of the authentic mixture was tdenttca) IO that of the 
product mixture. The P*‘MR spectrum was a composite of the spectra of the mdtvidual components. 
Integration hy triangulation of the doublets characteristic of isopropyl &hydrogcns tcarvacrol. &89r. 
f A 7-25 c s; thymoL 8.82~. J - 7.25 c s; TMS internal rcfercncc) indtcatcd a composition of 56”, thymol 
and 44 ng carvacrol. 

frepararion of sym-fhyrfmf from S-amino-m-cynwne. 5. Amino-mqmenc f I.1 3 g RY nu pure) from 
m-cymenc amination was convert& to the corresponding phenol by the method used in the prcvtous section. 
The steam-distiikd product was analyzd by GLPC (Tabk 5, procedure JI and the major component fmp. 
46.49 , lit..” m.p. SO SO5’) was found to have the same rtttntton time and IR spectrum as for authcnnc 
material ” 

Chlorrnokm of&amino-p-rymene I-Amino-p.cymcnc was dissolved in glactal A&H. After addttion of a 
small quantity of Fe 6hng an undetermined amount of C!I was introduced and allowed IO react m the 
dark at room tcmp for 4 days. The rcsultmg mixtum was poured into cold water. made basic with SO”, 

NaOtfaq. and extracted with ether. Following evaporation of ether from IIK drmd extra& the crude 
producr was analyzed by GLPC fTahk 5, procedure D. Xft column at 200 1_ ‘3%~ nmr spectrum (TMS 
external rcfcrenct) showed the indicated resonance (I) and rclativc intensttia: aromatic H (2-2 3.1): 
methyl H (7,94): [amino H (8.67) t tsopropyl B-H (X.92)] - 3: 3: 8 An analytrcal sample was pqared by 
GLPC. (Found: C. 6521 ; 51, 8.21; SC. 7.32; CL t9.45. Caic. for C,oH,.NC). C, 65 3X; 1%. 7.68; pi. 7.62: 
CL 19.32”,.) 

The product displayed the same GLPC retention time and infrared spectrum as the corresponding 
produa dcrtvcd from the amination reaction. 

Actnnwledgemenr WC are grateful to the National Instituta of tiealth IJ.S. Public Health Service. 
for support of thts work 
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“ We arc grateful to Dr. Fred Koch Lubtizol Carp, for this sampk. 
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