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The actzon of stannic chloride on anthracene. A. A solution of 
1.78 g. (0.01 mole) of anthracene and 20.8 g. (0.08 mole) of 
stannic chloride in 100 ml. of nitrobenzene was heated a t  90" 
for 3 hr. The mixture turned red-brown as soon as the stannic 
chloride Kas added. It was hydrolyzed n-ith sodium hy- 
droxide solution and organic material was removed as well as 
possible by extraction with benzene. The solvent was re- 
moved by a steam distillation, during which some of the 
solids distilled also. When the nitrobenzene mas removed 
from the distillate by vacuum distillation, 0.12 g. of pale 
yellow crystals remained. The infrared spectrum showed it  
to be anthracene plus traces of I1 and 111. The residue con- 
sisted of 1.45 g. of dark brown solid in which the infrared 
spectrum corresponded to that of anthracene and a small 
amount of 11. 

B. The reaction was repeated under reflux for 24 hr. When 
6A' sodium hydroxide was added to  the dark brown solution, 
a black tar formed. The mixture did not separate and about 
half of i t  was steam distilled. Again, the products distilled as 
nell. A few milligrams of yellow crystals in the condenser 

was judged to be 111 on the basis of the infrared spectruni 
The residue was an intractable tar which was not examincd 
further 

Reactaon of anthracene wzth nzercuric chloride. A mixture of 
1.78 g. (0.01 molc) of mercuric chloride was heated in 100 ml 
of nitrobenzene a t  100" for 24 hr. The solvent was removed 
by steam distillation, and the residue was found to be un- 
changed anthracene on the basis of its melting point and in- 
frared spectrum. When the procedure was repeated, heating 
at 150" for 5 days, the anthracene, except for some tar forma- 
tion, was unchanged. When the components were heated a t  
reflux for 5 days, only a "tar," a high-melting black solid, 
was recovered. 
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A study of the products of the reaction of anhydrous cupric chloride with benzene, naphthalenc,, phenanthrene, anthrn- 
crne, tetracene, and pyrene has shown them to be consistent with those expected from an electrophilic substitution reaction. 
Perylene formed products which have not ae yet been characterized. 

In  the first paper of this series,' the halogenation 
of anthracene by anhydrous cupric chloride was 
investigated. It was of interest to learn whether 
the reaction would be of preparative value and its 
scope has been investigated by extension to other 
aromatic systems. 

RmULTS AND DISCUSSION 

The procedures were much the same as those 
described earlier.' Reaction of the solids seldom 
produced much product and so, usually, the hydro- 
carbon to be investigated was dissolved in nitro- 
benzene and treated with an excess of cupric chlo- 
ride. The products were frequently extremely 
difficult to  separate; chromatography was used 
often and with varying success. Reaction mixtures 
wherein either naphthalene or phenanthrene was 
dissolved in nitrobenzene were analyzed by frac- 
tional distillation. The results of these studies are 
presented in Table I. 

It is evident that complex mixtures frequently 
resulted. Such mixtures are often encountered in 
aromatic halogenations and often only the simpler 
halogenated derivatives have been characterized. 
Separations were further complicated by the fact 

that the chloroaromatics in most cases mere more 
soluble than the parent hydrocarbons and often 
differed little among themselves in physical propcr- 
ties. 

The sealed-tube reactions were particularly 
useful for the chlorination of the less reactive 
aromatics. Addition reactions, which often compli- 
cate polych1orinationsl2 apparently did not occur, 
or if they did, they were followed by dehydrohalo- 
genation. The preparation of hexachlorobenzer~e 
by this technique is the only single-step syiithesi:, 
of this compound that has been found. Considerahlr 
pressure developed during the reactions, however. 
and the tubes often broke. Since no suitable bomb 
was available, the iiivestigation could not be pui- 
sued. 

When a 2 :  1 mixture of cupric chloride-perylcnc 
was heated in nitrobenzene a t  100' for seventy-two 
hours, a yellow-orange product mas obtained which 
had the proper analysis for dichloroperylene (with 
increasing proportions of cupric chloride and highcl 
temperatures, even more complex mixtures werr 
obtained). The melting range was usually about 
215-245' and on vapor phase chromatography, 
two very poorly resolved peaks appeared. All 
attempts to separate the components by crystalli- 

(1) J. C. Ra re  and E. E. Borchert, J .  Org. Cheiiz., to be 
puhlished (1000). 

(2)  G. S. Badger, Structures and Reactions oj  the  droinotzc 
Compounds, University Press, Cambridge, 1054, p. 257. 
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TABLE I 
--I_- -- 

Molrs 
CUClZ 
Moles 

Hydro- Time, 

-_I 

Hydrocarbon carbon Solvent Temp. Hr. Nature of Product 

Benzene 
Benzene 
Naphthalenc 
Naphthalene 

Naphthalenc 

Anthracene 
Phenanthrene 
Phenanthrene 
Pyrene 
Pyrene 

Tetraccne 
Tetracene 
Perdene 

12.0 
12.0 
7.0 
6 .4  

12 .0  

8 . 4  
8 . 4  
4 . 1  
1 . 0  

16.5 

2 . 0  
8 . 4  
2 .0  

None-sealed tube 
None-sealed tube 
None 
Nitrobenzene 

None-sealed tube 

Nitrobenzene 
Chlorobenzene 
Kitrobenzene 
Nonc 
Nitrobenzene 

None 
Chlorobenzene 
Sitrobenzene 

300 72 
400 72 
100 0 . 5  
210 72 

300 72 

210 72 
132 96 
210 168 
100 0 . 5  
210 72 

100 I 
132 168 
100 72 

Mixture: 1,2,4,5- and 1,2,3,5-tetrachlorobenzenes 
Hexachlorobenzene 
None 
1-Chloronaphthalene and 1,4-dichloronaph- 

thalenea 
Unidentified yellow crystals, m.p. 118-128'; anal- 

ysis approximated that for a tetrachloronaph- 
tha,leneb 

9, 10-Dichloroanthracenee 
None 
Some 9,10-dichlorophenanthrened 
Small amount of 3-chloropyrene 
Mixture: 3,8- and 3,10-dichloropyrencs, small 

Some 5,l 1-dichlorotetracened 
Some 5,l 1-dichlorotetracened 
Dichloropervlene 

amount of 3,5, 10-trichloropyrenee 

Separation from solvent was incomplete. 2, The tip of the tube broke and the crystals remaining within the tube were 
Part of product was unidentified. e The products were not conipletely separated-the (only) examined. From ref. 1. 

separation (see ref. 13) of these isomers required over 400 melting point determinations. 

zation, column chromatography, and sublimation 
have failed. The usual dichlorination product of 
perylciie is the 3,g-derivative (A), m.p. 201°.3 A 
small amount of impure 3,lO-dichloroperylene (B), 
m.p. ca. 180°, has also been isolated.4 

C1 CI 

c; i C1 
A B 

It is likely that in thc present instance, the same 
products have bccn obtained although in different 
proportione. The problem is still under investiga- 
t1on. 

With the possible exception of perylene, the 
hydrocarbons investigated have yielded the same 
products as those to be expected from an electro- 
philic chlorination5 (under controlled conditions, 
in  the case of reactive hydrocarbons). No evidence 
has been obtained for an addition-elimination reac- 
tion path. As well as can be judged, the reactivities 
of the aromatic hydrocarbons (perylene, pyrene, 
tetraccne > anthracene, phenanthrene > naphtha- 
lene, benzene) fell in the order which might have 

(3) A. Zinke, 45. Funke, and N. Lorbes, Ber., 60, 577 
(1927). 
(4) A. Zinke, A. Pongratz, and K. Funke, Ber., 58, 330 

(1925). 
(5) The Monograph by E. Clar, iiromatische Kohlen- 

wassersto~~, Second Edition, Springer-Verlag, Berlin (1952), 
contains sections on all of the polynuclear hydrocarbons 
studied and describes their chlorination products. 

been anticipated for an electrophilic substitution.6 
The action of cupric chloride is less vigorous than 
that of chlorine or of the other mctal chloridcs, 
known to cause nuclear halogenation, which have 
been s t u d i ~ d . ~  Cupric chloride is easy to handle and 
stoichiometry is easily controlled. For that reason, 
it might be of utility for the chlorination of sensitive 
compounds provided that suitable conditions could 
be found. 

EXPERIMENTAL 

AI! melting points qrere taken in a heated copper block and 
are uncorrected. hlicroanalyses were by Micro-Tech Labora- 
tories, Skokic, Ill., and Huffman Microanalytical Laborato- 
ries, Denver, Colo. Infrared spectra were determined by J. 
Sehnell and N. E. Galer. 

Action of cupric chloride on benzene. A .  1,2,4,5- and 1,8,3,5- 
2'etrachlorobenzenes. A mixture of 1.56 g. (0.02 mole) of 
benzene and 32.3 g. (0.24 mole) of cupric chloride was placed 
in a heavy-walled tubel(l/p" I.D. X 11" with wall thickness 
3 mm. ). The tube was cooled in liquid nitrogen, evacuated, 
and sealed. An iron pipe n-ith perforated caps screwed on 
cach end wa.9 used as a shield. The tube was placed in an 
oven at 300" for 72 hr. When it wads opcned, a eonsidcrablc 
amount of hydrogen chloride wa8 evolvcd. The solid, then 
tan colored, was extracted with benzene in a Soxhlet cxt,rac- 
tor for 2 days. When the benzene had evaporated from tho 
extract, white crystals remained, some of which were lost by 
sublimation. These were recrystallized from alcohol-water, 
m.p. 122-138" (lit., m.p. of I ,2,4,5-tetrachlorobenzene, 138",8 
and m.p. of 1,2,3,.5-tetrachlorobcnzene, 51°9). The in- 
frarcd spectrum of the crystals contained maxima a t  G.79, 
8.lti, and 8.95 p, characteristic of 1,2,4,5-tetrachlorobenzenc, 
and one a t  14.43 p ,  characteristic of 1,2,3,6-tetra,chloro- 
b ~ n z e n e . ~  

(6) See reference (2), p. 242. 
(7) Cf. P. Kovacic and N. 0. Brace, J .  Am. Chem. Soc., 

16; 5493: (1954). 
(8) A. F. Holleman, Rec. trav. chim., 39, 736 (1020). 
(9) E. K. Plyler, H. C. ,411~11, Jr., and E. D. Tidwell, 

J .  Research Natl. Bur. Stds., 58,  255 (1057). 
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B. Hezachlorobenzene. The same quantities of ma,terials 
contained in a sealed tube ( 1 / 2 "  I.D. X 22'/2" and wall 
thickness 3 mm.) were heated a t  400" for 7 2  hr. White needles 
had sublimed onto the walls above the grayish mass of 
cuprous-cupric chloride. The material was extracted as be- 
fore and on evaporatioii of the benzene, 4.50 g. of a light 
ycllow solid remained. It was treated with Norit. and recrys- 
tallized from cyclohexane to yield white needles, m.p. 221- 
222" (lit.,1o m.p. of hexachlorobenzene, 226-227'). The 
yield was 80% and the infrared spectrum agreed with that 
of hexachloroben~ene.~ 

Anal. Calcd. for C6Cle: C, 25.30; C1, 74.70. Found: C, 
24.88; H, 0.40; C1, 74.55. 

The inorganic product was dried and analyzed. Calcd. for 
CuCl: Cu, 61.2. Found: Cu, 63.0. 

Action of cupric chloride on naphthalene. A. I-Chloronaph- 
thalene. A mixture of 3.85 g. (0.03 mole) of naphthalene and 
32.3 g. (0.24 mole) of cupric chloride was heated in refluxing 
nitrobenzene for 1 week. The nitrobenzene could not be 
removed by steam distillation because the products distilled 
as well and so the former was removed by distillation through 
a two-foot, helix-packed column. The residue (ca. 10 ml.) 
was thcn distilled in a spinning band column. 

Boiling Pressure, Weight, 
Range Mm. G. 

59 .2  0.6  1 .73  
44.2-44.5 0.15 2.14 
44.5-66.0 0.15 0.31 

All of the fractions contained 1-chloronaphthalene contam- 
inated wit>h nitrobenzene, according to their infrared 
spectra. The 66' dist,illate contained, in addition, another 
component which absorbed a t  10.15, 7.40, and 8.54 p. When 
1,4-dichloronaphthalene was added to a portion of the latter 
and the infrared spectrum retaken, there were no new peaks 
observed and the heights of the peaks mentioned were en- 
hanced. For the analysis, it  was estimated that l,.L-dichloro- 
naphthalene constituted one-third of the fraction by weight. 
A quant.itative estimate of the amount of l-chloronaphtha- 
lene present in the three fractions, based upon infrared peak 
height ratios at 2.99 and 9.77 p, was 2.78 g. The minimum 
yield then was 5770. 

B. A mixture of 1.28 g. (0.01 mole) of naphthalene and 
10.75 g. (0.08 mole) of cupric chloride was heated in a sealtd 
tube (22l/2" X '/2" I .D. )  at 300" for 72 hr. The tip broke 
off the tube sometime during this period, but a quantity of 
yellow crystalline material as well as tan solid remained in 
tlic tube. The whole mas extracted as before with benzene 
and the extract treated with Norit and recrystallized from 
cyclohexane. Yellow crystals, m.p. 118-128", were obtained. 

Anal. Calcd. for CIOH&I,: C, 45.16; 11, 1.52; CI, 53.32. 
Found: C, 43.99; 11, 1.91; C1, 54.1T. 

The action of cupric ch,loride on phenanthrcrie. A mixture 01 
5.34 g. (0.03 mole) of phtmmthreno and l(i.70 g. (0.124 mole) 
of cupric chloride was refluxed in 100 in!. of nitrolicrmvx for 
1 week. Since previous crperiments had sh0w.n that stcam 
distillation did not separate t,hc solvent from the products, 

Boiling Kcight, 
KO. Range 6. Nature of Distillate 

1 161-164 1 . 5  Red oil containing some 
white solid 

2 164-186 2 . 1  Yellow-orange solid 
3 186 0 . 8  Orange solid 
4 (Benzene- 0 .6  Dark orange solid 

soluble 
residue) 

(10) C. Willgerodt and K. 'CVilcke, Ber., 46, 2752 (1910). 

the copper salts were filtered off and the filtrat,c distilled. 
Most of nitrobenzene was removed a t  10 mm. through a two- 
foot, helix-packed column and the residue was distilled a t  
0.6 mm. in a spinning band column. Initial fractions con- 
sisted mostly of nit,robenzene which also contaminated the 
first product fraction. 

When solid from No. 1 was crystallized from alcohol, 
white crystals, n1.p. 135-15O0, were obtained. Nrithcr chro- 
matography nor further recryst,allization would separate the 
mixture. 

Anal. Calcd. for C,IMQCl: C, 70.06; H, 4.27; C1, 16.67, 
CI4HsCl2: C, 68.04; H, 3.26; CI, 28.70. Found: C1, 24.38. 

Fractions 2 and 3 were combined and chromatographed 
after recrystallization failed to achieve separation. First, 
about 1.5 g. of crystals, m.p. 130-150°, mere obtained. They 
mere recrystallized from cyclohexane and then from akohol, 
yielding white needles, m.p. 158-160' m.p. of 9,lO- 
dichlorophenanthrene, 160-161 "). The infrared absorption 
spectrum had long wave-length maxima a t  14.01, 13.42, 
11.10 aiid 10.27 j ~ .  

Anal. E'ouiid: C, 67.66; H, 3.51; C1, 28.02. 
Later fractions, again, consisted of oils arid solids with 

broad, low melting ranges. Fraction 4 could not bc separated 
by recrystallization or chromatography either. Thc infrared 
spectra of all foiw fractions contained alisorption maxima 
characteristic of 0,10-dichlorophenaathrene. 

Action of cupric chloride on pyrme. A.  3-Chloropyrene. A 
mixture of 2.02 g. (0.01 mole) of pyrene and 1.35 g. (0.01 
mole) of cupric chloride was heated without solvent a t  100' 
for 0.5 hr. When the product was chromatographed, it was 
found to be principally unchanged pyrene. The leading 
fractions, however, contained other materials. The first, 
m.p. 118-120", was rechrornat,ogrnphed arid after some 
higher melting matcrial had been eluted, a quantity of 
crystals, m.p. 119-120', was obtained. The material was 
assumed to be 3-chloropyrene (lit.,12 m.p. 119", m.p. of red 
picrate, 177-178'). Recrystallization of the material served 
only to widen its melting range; it gave a red picratc, m.p. 

Anal. Calcd. for C16H9C1: C, 81.19; 13, 3.83. Found: C, 
80.60; H, 3.98. 

B.  3,6,8-Trichloropyrene; 3,8- and 3,f 0-dichloiopyrenes. 
A mixture of 2.02 g. (0.01 mole) of pyrene and 32.3 g. (0.1G5 
mole) of cupric chloride was refluxed in 50 ml. of nitrobenzene 
for 3 dags. The tarry residue of t,hc steam distillation was ex- 
tracted with benzene. After treatment with Iiorit and suc- 
cessive recrystallizations from benzene (m.p. 175--200'), 
acetic acid (m.p. lW-250"), and toliIene, 0.1 g. of buff- 
colored needles, m.p. 247-231", remained (lit.,l3 m.p. of 
3,5,10-trichloropyrcnr, 256-257'). No further purification of 
this inaterial was attcmpt,ed. 

ilnal. Calcd. for ClsHiCls: C, 62.9; II, 2.3; C1, 34.8. 
Found: C, 61.2; H, 2.6; CI, 3 ~ 1 .  

The rest of tht: malwinl, ahu!. 1 .O g., was recrystallized 
from acetic arid, m,p .  1(;2-170", i i i i d  thc reninintlcr thcn 
from toluene, m.p. 154-1W" (lit.,13 n i ,p .  of 3,8-dichloro- 
pyrcne, 101-lOGo; m.p of 3,lO-tfic~iloroi)~r!~nt~, 154--I%jo). 
A scpnration of isonir:rs n ' : ~  not ai,tc.inptid since' i t ,  was 
found to  be t:xc:ccdinglg dif icul t  aiid tin~r-coiis!iiiiiiig. Tho 
crystals obt:tincd from acetic acid ~ e r c  aritilyzcd. 

Anal. Calcd. for C"lcH8C12: C, 70.87; II, 2.98; Cl, 26.15. 
Found: C, iO.54; H, 3.23; C1, 2j.6'3. 

Action 0.f cupric chloride on tetracene. 5,l  f-Uichlorotetra- 
cene. A mixture of 1.14 g. (0.006 mole) of tetracene and 1.35 
g. (0.01 mole) of cupric chloride was heat,ed without solvent 
a t  100" for 1 hr. Good con tact with the tetracene could not 
he achirved because the flaky crystals were not, easily broken 
up. When the product was chromatographed, it moved very 

150-178'. 

(11) J. Schmidt and C .  IJadner, Ber., 37, 4402 (1904). 
(12) H. Vollman, H. Beclier, AI .  Corell, and H. Streech, 

Ann., 531, l (1037) .  
(13) G. Goldschmiedt and It. IVegscheider, Ilionat., 4,  

666 (1883). 
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dowly ; thc first materid to be eluted consisted of red-orange 
crystab, m.p. 21 7-221". Recrystallization t'wice from methyl 
ethyl ketone afforded brick-red needles, m.p. 218-220' 
(lit.,14 m.p. of 5,ll-dichlorotetracene, 220"). When the reac- 
tion vas  repeated in refluxing chlorobenzene, an inseparable 
mixture of chlorinated products was obtained. 

Anal. Calcd. for C18H10C12: C1, 23.87. Found: C1, 24.04. 
Action of cupric chloride on perylene.  h mixture of 1.26 g. 

(0.005 mole) of perylene and 1.35 g. (0.01 mole) of cupric 
chloride was heated in 25 ml. of nitrobenzene a t  100" for 3 
days. A black precipitate which formed during the course of 
thc reaction was removed by filtration. It) disappeared on 
hydrolysis, yielding a yellow-orange organic product and, pre- 
sumably, copper salts. A small portion of the product, dis- 
solved in the solvent, had an infrared spectrum essentially 
the same as that obtained from t,he black precipitate and so 
t'he two were combined. No purification could be achieved 
by recrystallization from cyclohexane, benzene, acetone, or 

(14) C. Marschalk and C. Stumm, Bull. SOC. Chem. 
France, 15,418 (1948). 

ethyl alcohol When purification iyith Norit was attempted, 
the product could not be desorbed even by boiling chloro- 
benzene and the reaction had to be repeated The melting 
range was generally about 215-245". If the material mas 
chromatographed on alumina with cyclohexane, it rnovcd 
very slowly, but finallv yellow-orange crystals could be 01)- 
tained in R hich the melting range was about the same as 
before. Infrared absorption maxima occurred at 10.20, 
11.37, 12 15, 12.47, 12.75, 13.15, and 14.53 p .  Later fractions 
contained perylene contamination as well. There was o b  
tained 1.29 g. of the yellon-orange material. A portion of thc 
latter was recrystallized from cyclohexane, m.p. 218-245O. 

Anal Calcd. for C20H10C12: C, 74.78; €1, 3.14; C1, 22.08. 
Found: C, 74.84; H, 3.26; C1, 22.21. 

Tf dichloroperylrne had been formed, thcn 1 molr of 
cupric chloride introduced 1 mole of chlorine instead of 0 5 
mole as experienced previously. On this basis, the yield of 
dichloroperylene was 807' Oxidation by sulfuric acid 
yielded 110 distinct product. 
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. I  I richloronict hyl-s-triazines and tlerivat,ives of t,richloroacetic acid can be convcrtcd int'o the corresponding dichloro- 
nict hy1 coinpoundc: hy means of mercaptans in the presence of tertiary amines; mcrcaptale arc forincd as by-product's. 

In connec%on with a study on the reactivity of CCl, CHClz 
trichloroniethyl groups attached to  the s-triazine I I 

methyl-s-triazines with alcohols in the presence of i l  I 
nucleus we had found that the reaction of trichloro- 

certain tertiary amines led, depending on the reac- 
tion conditions, to the stepwise replacement of tri- 
chloromethyl groups by alkoxy groups.3 Further- 
more, me reported that the reaction of 2,4,6-tris(tri- 
chloromethy1)-s-triazine (I)  with vater and certain 
tertiary amines resulted in the formation of tertiary 
amine salts of 2-hydroxy-4,G-bis(trichloromethyl)- ci3c-c, ,c--cci, N(R')3 CI~HC-C, &-C:HC12 

II I H2S or RSH 

cc13-c, N 9c-Cc13 N(R')3 C1zHC-c\ N &-cHC1z 

I I1 
CH3 CH3 

RSH ~ 

N/C\N 
I 

I1 I I  1 

s-triaziiie. 3 N' N 
It was of interest to kno\v whether the reaction 

of trirhloromethyl-s-triazines with mercaptans cc13 CHC1, 
i i isted of alcohols n-ould proceed in the presencc I I 
of tertiary :milies correspondingly and result in the 

111 IV 

"CqN 
II I 

N N/ 
VI. R - Clla 

VI11 It = n-C,€I3 

/ I  I RSH formation of alkylthio-s-triaziiies. I t  also appeared 
desirable to determine whether the reaction of I RO-C, &--OR -N(R')~. RO-C, /C-c)R 
with hydrogen sulfide instead of mater would lead 

fashion. to the formation of tertiarv ainiiie salts of 

V. R = CH, 
1-11 11 = n-C4llo iii the presenw of tertiary amines, in an analogous 

Zmercapt o-4,G-bib (trichloromethy1)-s-triazine. 
I1 was surprisingly fouiid that 2,4,G-tris(tri- 

~hloroinethyl)-s-triazine (I) reacted with either 

cthaiiethiol or 1-butaiiethiol in the prcseiicc oi 
triethylamine to give 2,4,G-trisjdichloromethyl)-s- 
triazine (11). This result indicated that the reac- 

(1) This article is based on \vorl< performed ullder Project tion of compound 1 with mercaptans ill the pr(?sellce 
116-B of The Ohio State University Research Foundation of triethylamine took an entirely different coiirse 
sponsored bp the O h  Mathieson Chemical Corporation, as jvith the reactioil uf compound 1 

with alcohols; instead of being replaced by Xew York, N. Y. 

LXviFion, S e r  Haven, Conn. alkylthio groups, the tlrichloroinethyl groups were 
converted into dichloromethyl groups. 

(2) Olin Mathieson Chemical Corporation, Organics 

(:3) E. Koher, J .  078.  Chcna., 2 5 ,  IT28 (1960). 


