
Tetrahedron Lettera No. 17, pp 1491 - 1494, 1973. Pergamon Prorr. Printed in Great Britain. 

REACTION OF CUPRIC(II) HALIDES WITH ORGANIC COMPOUNDS-VIII 

PYRENE AND SOME 3-SUBSTITUTED PYRENES 

+ 
A D.Hosnaim,M.E.Wolf,I.Saavedra. A.M. Amaro, and G.Cordano 

Faculty of Medicine, University of Chile, Santiago,Chile 

D.C. Nonhebel , 

Department of Pure and Applied Chemlstry,University of 

Strathclyde, Glasgow, Scotland 

(Received in USA 7 December 1972; reoeived in UK for publioatian 19 lkroh 1973) 

Halogenation reactions of polycyclic aromatlc hydrocarbons and their derivatives have 

been of considerable Interest to chem’sts. Earlier work showed that halogenation of 

naphthalene, anthracene.and pyrene, among others, by molecular halogens, proceeded either 

via an ionic or a free rad’cal mechanism, or a mixture of both, depending on the conditions - 
I 

used. We have recently reported on the free radical nature of the Cupric(‘i) halides 

2.3 
halogenatlon of anthracene and some of its derivatives in anhydrous, non-polar solvents. 

On th’s paper we will discuss scme aspects of the halogenation mechanism of pyrene and scnne 

of its 3-substituted derivatives by Cupric(ll) halides, under similar conditions. 

Cormnercial pyrene was recrystallized from methanol to constant melting polnt. 3-Formylpyrene 
2 

(I) was obtained after Vilsma’er , m.p. 125’ (54%); 3-acetylpyrene(21, m.p. 89-90” (84%)) 

3-propionylpyrene(3). m p. 83-84’ (64%). 3_benzoylpyrene(4), m p. 126-128’ (88%). 3-&-chloroben- 
0 0 

roylpyrene(5). m.p. 165-168 (from pet. ether, b. 60-80 )(27%),ymax.C=0 (CC1 ) 
-1 

0 4 
1658 cm , 

elem anal fitted C2,H1,C10, and 3-g-chlorobenzoylpyrene(6), m p. 145-148 (from pet.ether, 
0 

b. 60-80)(25%),Ymax. C=O (CC14 ) 1654 cm” ,elem anal. fitted C,,H,,ClO, were synthesized 

by a Frledel-Crafts reaction involving pyrene and the corresponding acyl halide. 3-Hethylpy- 

rene(7), m.p 74-75’(86%), 3-ethylpyrene(8), m p. 92-93’(79%), and 3-propyipyrene(9). 
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m.p. 37” (from ethanol) (68%),v max. (aiiphatic C-H) 2915 cm-‘, eiem.anai. fitted CigHi6, 

were obtarned by a Huang-Minion 
4 

reduction of the corresponding acyi compound. 3-Benzyl- 

pyrene (lo), m.p. 89” (36%) was synthesized by a Friedel-Crafts reactron Involvcng pyrene 

and benzyl chlor’de. 3-Chioropyrene (1 I), m.p. 119” (98%) and 3-bromopyrene (12). m.p. 

95” (98%). were obtained by the react’on of pyrene and the corresponding Cupr’c (II) halide 

in refluxlng chiorobenzene, under anhydrous conditions. 

9 (1) II = CHO- (VI I ) R = CH3- 

8, 
14 

:I 

< 
13 

5 

(i I) R - CH3-CO- (VI I I) R = CH3-CH2- 

(I I I ) R = CH3-CH2-CO- (IX) R - CH3-CH2-CH2- 

(IV) R - C3H7-CO- (X) R - C6H5-CH2- 

(V) R = e-C’ -C6H4-CO- (XI) R - Ci- 

(VI ) R = 0-C 1 -C6Hq-CO- (XII) R = Br- 

In each case 0.2 rnM of either anhydrous CuC12 or CuBr2 was added to a stirred refluxing 

solution (0.1 mM) of the correspond’ng pyrene derivative, in either Ccl4 or PhCi, and the 

mixture further refiuxed for 4 hrs (Table 1). The inorganic salt was filtered out and the 

organic solvent flash evaporated to dryness under reduced pressure. The organic residue was 

analyzed by G.L.C. and T.L.C. As expected, on stereoelectronic grounds, haiogenation of 

pyrene by Cu(ll) halides proceeded via the corresponding 3-haiogenopyrene, the reaction 

postulated to mediate by an eiectrophliic mechanism‘. The rate of this reaction, as 

monitored by the evolution of the corresponding acid halide,has been found to be mainly 

depending on the halide used and temperature at which is carried out. The nature of the 

solvent has also been shown to have some effect on this rates. 

Accordrngiy, electron-w’thdrawn or electron-releasing substituents at positlon 3 would 

respectively decrease or enhance the rate of pyrene’s further haiogenation, as well as to 

drrect the posrtron of new substituents. Table I shows the amount of unchanged initial 

compound left after reacting with the Cu(l’) halide under the described conditions, as 

determtned by G.L.C.2, either from the crude organic residue or after being purified by 

T.L.C. 
6 

It also shows the number of products formed, again as determined by the above tech- 

nrcues, during the partlcuiar reactlons, as well as their concentration. When posstble, 
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they were ldentrfied by comparing their G.L.C. retention trme and T.L.C. Rf values with that 

of authentic compounds. In other instances, their elemental analysts were obtained (Table I ). 

The gas chromatographic response factor, i.e. the relationship between the molar concen- 

tratlon of a tested standard sample and the area under Its G.L.C. peak was calculated for each 

of the compounds reported in Table I. The results obtained showed that this ratio was fairly 

slmllar for all of the compounds studred, and It dld not experiment appreciable changes 

when these compounds were In mixture. However, In some of the reactions studied, we could not 

either purify and/or ldentlfy one or more compounds shown by G.L.C. to be present In the crude 

organic residue. For their quantitatlon, we assumed in every case their gas chromatographic 

response factor to be the same as that of pyrene. The number of these compounds obtained in 

the different reactions as well as their estimated total concentration IS given In Table I. 

As expected, substltutlon In pyrene’s 3 posctlon by either acetyl, proplonyl, benzoyl, 

and G- or g-chlorobenzoyl groups deactivate the ring to further electrophillc substitution. 

Thus, these compounds did not react to any significant extent with Cupric(ll) chloride or 

bromide even under refluxlng chlobenzene. NotwIthstandIng, 3-formylpyrene yielded, under 

these conditions, some 3-halogenated pyrene. On the other hand, electron-releasing groups 

substltutlng on pyrene’s 3 posltlon enhanced Its further halogenatlon by the Cuprtc(ll) halides. 

Thus (Table I), they form a number of dlsubstituted pyrenes, depending on the reaction con- 

dltlons. It is Important to note that the halogenatlon reaction did not, to any appreciable 

extent, occur on the 3-substrtuent group, as shown by NMR analysis of the products of these 

react ions. 
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-TABLE I- 

CONPOUNO HALIDE SOLVENT TIME -- REACTION MIXTURE PRODUCT(S) 

(cttx2) (REFLUXING) (Hr) (COHpDUND(S))(%)* 

Ii 

H 

H 

H 

CH3 

CH3 

CH 
3 

CH3 

C2H5 

'2"5 

C2H5 

C2H5 

C3H7 

C3H7 

'6"SCH2 

'gHgCH2 

CHO 

CHO 

CuC12 

WI2 

CuBr2 

CuBr2 

CuC12 

CuC12 

CuBr2 

CuBr2 

CuC12 

CuC12 

CuBr2 

CuBr2 

CuC12 

CuC12 

CuBr2 

CuBr2 

CuC12 

CuC12 

CuBr2 

CuBr2 

CuC12 

CuBr2 

cc14 

PhCl 

cc14 

PhCl 

cc14 

Phcl 

cc14 

PhCl 

cc14 

Phcl 

cc14 

PhCl 

cc14 

PhCl 

cc14 

PhCl 

cc14 

PhCl 

cc14 

PhCl 

PhCl 

PhCl 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

PYd b98) 

3-CIPya (40); 3,X-OlchloroPyb (47); 3,X'-DrchloroPyb 
(7) (2; 6%)= 

pYa b98) 

3-BrPy' (>98) 

3-llcPya (>98) 

3-Cl{'a :$i; 3-Me-x-CIPyb (44); 3,X-DlchloroPyb (>2) 
; 

3-MePya (>98) 

3-BrPya (60); 3-Me-X-BrPyb (38) (1; <2%)' 

3-EtPya (72); 3-Et-X-CIPyb (23) (2; 5%)' 

3-Et-X-CIPyb (90) (2; IO%)= 

3-EtPy' (80); 3-BrPya (<2), 3-Et-X-BrPyb (13) (2; 5%)C 

3-BrPYa (5); 3-Et-X-BrPyb (87) (2; 8%)' 

3-PrT3pyl;$y;c(63); 3-CIPya (4); 3-Propyl-x-CIPyb (26) 
, 

3-PropylPya (3; 15%)i5); 3-CIPya (7); 3-Propyl-X-CIPyb (73) 

3-ProPYIPYa (57); 3-Propyl-X-BrPyb (38) (2; 5%)' 

3-BrPya (4); 3-Propyl-X-BrPyb (88) (2; 8%)' 

3-BenzylPya (78); 3-clPya (16) (3; 6%)' 

3-Bey;yl;;‘)(5); 3-cIPya (60); 3-Benzyl-x-CIPyb (23) 
; c 

3-BenzylPya (58); 3-BrPya (14); 3-Benzyl-X-BrPyb (20). 
3-X-DIBromoPy (6) (1, ~2%)~ 

3-BenzylPya (4); 3-BrPya (27); 3-Benryl-X-BrPy (42) 
3-Benzyl-X'-BrPy (23), 3-X'-DtBrPy (4) (I; ~2%); 

3-FormylPya (61); 3-CIPy (29) (2; 10%)' 

3-FormylPya (53). 3-BrPya (45) (1, ~2%)' 

* 
Per cent ylelds determlned by gas-llquld chromatography, aCompounds ldentrfled by comparison 
of thelr G.L.C. and T.L.C. characterlstlcs with that of authentic samples, bSatlsfactory 
elemental analysts, after T.L.C. purlflcation, was obtalned for these compounds, 'Number of 
extra G.L.C. peaks corresponding to non-Isolated, unldentifled reactlon products and their 
total concentration expressed as percentage of the total crude organic residue as determIned 
by G.L.C.,usrng a gas chromatographrc response factor similar to that of PYrene. 


