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Pure 1,6-, I ,S- and 4,+pyrenediones were needed as reference compounds in con- 
nection with studies conductecl in this laboratory on the photochemical oxidation of 
pyrenel.The procedure reported byVOT.LMANN and co-workers2 for the preparation and 
separation of I ,G- and I ,S-pyrenediones involves a laborious series of processes, namely 
reduction of the crude mixture of diones to a mixture of the corresponding dihydroxy 
derivatives, acetylation, fractional recrystallization of the acetates, separate hydrol- 
ysis of each acetate, ancl oxidation of each pyrenediol to the corresponding dione. 
From 250 g of the crucle oxidation mixture, they obtained 15 g of I,S-pyrenediol 
diacetate, from which they isolated an unstated amount of I,S-pyrenedione, 

After tests with a variety of adsorbents and solvents, we have founcl that 1,6- 
and I,S-pyrenediones are readily separated on a column of silica gel by use of glacial 
acetic acid as the solvent. Acetic acid apparently acts as a stabilizer for?he somewhat 
sensitive I ,S-pyrenedione ; in addition, it produces sharper bands than do the other 
solvents tested. The final purification of I,6-pyrenedione was accomplished on a 
column of a.ctivatecl. alumina, with benzene as the solvent. 

The composition of each fraction eluted from the column was checked by thin- 
ls.yer chromatography ; this proved to be a convenient method for ascertaining 
where overlapping of bands occurred. 

ESPERIMENThL 

Afq+aratm and reagents 
Standard chromatographic columns (50 x 5 cm, 45 x 4 cm, 35 x 3 cm and 

25 x z cm) were used. Each had a round-bottomed flask of the appropriate size 
sealed on top for use as an eluant reservoir. Commercial silica gel, 200 or IOO mesh, 
was used as received from the supplier. Commercial alumina for chromatography was 
rendered neutral either by soaking it overnight in IO o/O acetic acid at room tempera- 
ture, or by digesting it at 60” with 2.5 N HCl for 6 11. The filtered alumina, after 
thorough washing with water, was then activated by being heated at 12o-14o~ for 
24 11. Thin-layer chromatography was performed with a silica gel by use of microscope 
slides, with ethyl acetate as the solvent. 

IR spectra were measured in KC1 pellets, and UV and visible spectra in meth- 
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an01 solution, by means of commercial recording slxxtropl~otometcrs (Perlcin-Elmer 
“Infracorcl”, Model x37*, and Beckman DIG-z”, respectively). 

Cmde mCvtlcl*e cowtu.i92i7?g r,G-jby~enedione (I) and r,S-$yre92edio~ze (II). This was 
prepared by following, approximately, the procedure of GOLDSCHRZIEDT”. A mixture 
of finely ground pyrene (IO g) and K,Cr,O, (IS g) in IOO ml of cn. 4 N H,SO, was 
heated at go0 for one hour and then reflusecl for one hour. %he reaction mixture was 
cliluted Lvith cold water and iiltered, and the insoluble material Lvas washed and 
clried; yield, 1o.G g. 

d,_j-Pyr~enedio?ze (III). Thi- s dione was prepared by o.xiclation of pyrene in 
aqueous acetone with NaIO, ancl 0~0, according to the published procedure”. The 
crucle clione was purified on a column of alumina, with benzene as the developing 

solvent, A sample was recrystallized from chlorobenzene and then from glacial acetic 
acicl, yielding yellow-orange neeclles, m.p. 303-305”; lit. m.p. 304.5-306.5”“; 310~2. 
The dione produces a blue color in concentrated H,SO,l. 

I--Oxo-G,7-~~lze7tale~~,ed~c~y~o~~Z~c acid anhydride ( ‘gfiyenic acid anhydhde ‘> (ITT). 
A solution of a crude misture of 1,6- and I&pyrenecliones (550 mg) in glacial acetic 
acid (65 ml) was oxidized with chromic acicl (2.5 g of CrO,) in 3 ml of jvater by heating 
the mixture under reflux for 30 min. The dark solution was concentrated to about 
IO ml and poured into an escess of cold water. %he crucle, precipitated acid was sep- 
arated by Altration, thoroughly washecl on the funnel with cold water, and stirred 
with 500 ml of 5 O/” aqueous NaHCO, at 40” for one hour. The suspension was filtered, 
the insoluble portion was discarcled, and the filtrate was neutralized with HCl and 
kept overnight at room temperature. The resulting light-yellow crystals, on recrys- 
tallization from acetic anhydricle, yielded the anhyclricle of “pyrenic acid” (250 mg) ; 

* Certain commercial instrunlcnts arc idcntificcl in this paper in orclcr to specify aclequatclv 
the espcrimental proceclure. In no cast clots such iclcntification imply rccoriinlcriclntion or endor&- 
rncnt by the National Rnreau of Stanclarcls, nor clots it imply that the cquipmcnt iclcntifiecl is 
necessarily the best nvailablc for the purpose. _ 
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oxidation procedure, followed by column chromatography, gave only about a 50 o/0 
yield of the above mised diones. Also, the ratio of 1,6-pyrenedione .to r,&pyrenedione, 
as isolated by column chromatography, was approximately I :2; that previously 
reported” was I : 3. By the chromatographic procedure reported here, 4 g of the crude 
mixture yielded about 400 mg (IO O!4,) of pure I,G-pyrenedione and goo mg (22 Oh) of 
pure I ,S-pyrenedione. 

r-Oxo-G,7-phenalenedicarboxylic acid anhydride (“pyrenic acid anhydride”) 
was prepared and analyzed, in order to permit distinguishing between the desired 
products and the main impurity (that was always present in the mixture resulting 
from the oxidation of pyrene with chromic acid or other oxidizing agents). 

The required reference compound, 4,5-pyrenedione, was isolated in somewhat 
lower yield than that reported”; recrystallization of the dione from chlorobenzene was 
found to be important in elimination of an impurity absorbing in the infrared at 5.5 ,u. 

The product of oxidation of pyrene with 30 Y. I-I,O,, reported to be a mixture of 
r ,G- and 1 ,S-pyrenediones;, was found to be a comples mixture which could not be 
separated by column chromatography. 

For identification purposes, the complete infrared spectra of I,&, I,%, and 
4,S-pyrenediones and of x-oxo-6,7-phenalenedicarbosylic acid anhydride (“pyrenic 
acid anhydride”) are reproduced in Fig. I, The spectra of all three diones show no 
absorption, due to -C=O stretching, below 6 ,u, but show such absorption in the 
region (6.0 to 6.2 ,u) typical of polycyclic, aromatic quinones&. The absorption bands 
are in agreement with those previously reported (1,6- and I,&pyrenediones, 6.1 ,u*; 
4&pyrenedione, 6.0 ,&). Any contamination of the diones by “pyrenic acid” or its 
anhydride was indicated by absorption in the region below 6 ,u. Fig. I, IV shows a 
doublet at 5.6 and 5.7 ,D, in agreement with that reported for other acid anhydriclesl”. 
A transparent region is found between 9.0 ancl x1.0 ,u for both 1,6- and I,S-pyrene- 
diones, whereas strong absorption bands in this region are observed for 4,+pyrene- 
dione. The above diones show characteristic absorption bands in the “finger print” 
region between II ,o and 13.0 ,a 

The absorption bands of the pyrenediones and of “pyrenic acid anhydride” in 

TABLE I 

U.V. AND VISIBLE SPECTRA OP PYRENEDIONES IN METHANOL* 

I,&Pyrenedione I,&Pyrened~orae q,g-Pymnediom “Pymaic acid anhydvidc” 

237 23300 
243 (Sh) 20400 
2.51 W) 8700 

265 6900 

277 3300 
351 (sh) 3600 

379 (SW 9300 
400 15600 
42s 16700 
448 15600 

238 
241 (sh) 
248 (sh) 
2G8 (sh) 
2s2 (Sll) 

291 (W 
306 (sh) 

351 
366 (sh) 
395 
458 

30000 
29300 
24400 

9300 
6700 
4100 
3200 
9900 
ssoo 
5800 
9400 

23s 64900 *sG 16500 
254 24600 260 (sh) 15900 
280 11300 367 13100 
291 15300 396 (W 13100 
30s 5600 408 (sh) 9900 
322 7600 
365 (sh) 1400 
420 2500 

l Spectra were recorded 30 rnin after dissolution of the satnple. 
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Fig. 1. Spectrograms of materials in potassium chloriclc pellets. I = x,6-pyrenccliono; II = I,% 
pyrencclionc ; III = 4,5-pyrcncclionc; IV = I-oxo-6,7-phenslcncdicarboxylic acicl anhydride. 
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Uuz t’;‘V. and visible regions are listed in Table I. The U.V. spectra for I ,G- and I ,S- 
pyrenedione differ somewhat from those already published B, This is the Arst report- on 
the complete U.V. and visible spectra for 4,5-pyrenedione and “pyrenic acid anhy- 
dride”. 4,g-Pyrenedione shows sharp bands at 30s and 322 m/c, not eshibited by the 
two other diones. 

The author espresscs his appreciation to HORACE S. ISBEI,L for his counsel and 
interest, and to Ii. STUART TIPSON and HARRIET L. FRUSH for assistance in preparing 
the manuscript, 

The I ,6- and I ,S-pyrenediones were separated di’rectly on a column of silica gel 
by means of glacial acetic acid as the eluant:. The final purification of I ,G-pyrenedione 
was accomplished on a column of activated alumina by use of benzene as the solvent. 
The infrared and ultraviolet spectra of purified 1,6-, 1 ,S-, and 4,5-pyrenediones and of 
r-oxo-6,7-phenalenedicarboxylic acid anhydridc were recorded. 

REFEICENCES 

I IV. N. INscoE, AkmC. Chwt., 36 (1964) 2505. 
2 3-L VOLLMANN. H. I~ECKER, M. CORRELL AND I-1. STI~INX~, AJII~., 53I (1g37) 77. 
3 G. GOLDSCI-INIEDT, Mo~mlslz., 4 (xSS3) 309. 
4 I?. G. OBIZRIZNDER AND J. A. DIXON,,]. Orfi.Ciwm., 24 (1059) 122G. 
5 E. BAMBERGER AND M. ~'HILIP,~~z~~., 240 (1857) 1.47. 
6 E. 1. MORICONI. 13. RAKOCZY AND W. I?. O'CONNOR,.~. Vw. Chew.. at (rob21 2772. 

York, N .Y . 

(1953) 331. 


