
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 27 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Organic Preparations and Procedures International
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t902189982

THE SYNTHESIS OF PEROPYRENE-TYPE POLYCYCLIC AROMATIC
HYDROCARBONS
J. C. Fetzera; W. R. Biggsa

a Chevron Research Company, Richmond, CA

To cite this Article Fetzer, J. C. and Biggs, W. R.(1988) 'THE SYNTHESIS OF PEROPYRENE-TYPE POLYCYCLIC
AROMATIC HYDROCARBONS', Organic Preparations and Procedures International, 20: 3, 223 — 230
To link to this Article: DOI: 10.1080/00304948809355814
URL: http://dx.doi.org/10.1080/00304948809355814

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t902189982
http://dx.doi.org/10.1080/00304948809355814
http://www.informaworld.com/terms-and-conditions-of-access.pdf


ORGANLC PREPARATIONS AND PROCEDURES INT. 20(3 ) ,  223-230 (1988) 

THE SYNTHESIS OF PEROPYRENE-TYPE 

POLYCYCLIC AROMATIC HYDROCARBONS 

J. C. Fetzer" and W. R. Biggs 

Chevron Research Company, Richmond, CA 94802-0627 

The paucity of research on the health effects and envir- 

onmental occurrence of the large polycyclic aromatic hydro- 

carbons (PAHs) is mainly due to a lack of pure compounds to be 

used as standards. We now report synthesis of several new 

PAHs (V-X). 

The synthesis of peropyrene (I, dibenzo[cd,lmlperylene) 

through the condensation of perinaphthenone ( 1 1 ,  1-phenalenone) 

occurs in a melt of zinc powder and zinc chloride and other 

similar ketones, such as benzanthrone (111, 7H-benz[del 

anthracen-7-one) and naphthanthrone (IV, 4H-benzo[delpyren-4- 

one) yield several 9- or 11-ring isomeric PAHs, respectively. 

Since the reaction conditions used 

condensations, it was thought that 

I II 111 IV 

are similar for all these 

using mixtures of two 

$& / 

\ ' ,  
\ '*' % , 

V VI  

ketones as starting materials would yield PAHs resulting from 

"cross-reactions" of one ketone with another, in addition to 

the previously known products. The variable that determines 

the cross-product yields is the proportion of each ketone 
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FETZliK AND B I G G S  

appear to be vigorous enough to cause rearrangements, the 

reaction has been widely studied and the product PAHs are only 

combinations of the starting ketones. 5 

Six previously unreported PAHs (V-X) were found from 

f i  

\ '  , 
I & \ ,  

\ I  , B? \ '  , 
\ 8 1 ,  

was formed. 

trace levels 

The ass 

very similar 

lels between 

VII  Vl l l  IX  X X I  XI1 

cross-reactions of different ketones. In addition, one previ- 

ously unknown isomer (XI) from the condensation of two naph- 

thanthrone molecules was identified. Ultraviolet absorbance 

spectra for V-XI are shown in Figures 1-4. The spectra are 

shown with linear absorbance scales. 

Compound V was the only 8-ring PAH found in the product 

mixture from condensation of I1 with 111, with no indication 

that any dinaphtho[8,1,2cde8',1',2',3'pqrst]pentaphene (XII) 

If it was formed, the yield would have been at 

(less than 0.5%) 

gnment of a spec 

10-ring isomers, 

their properties 

fic structure to each of the two 

VIII and IX, was through paral- 

and those of the two similar 

9-ring products from benzanthrone condensation.6 

matographic elution orders, wavelengths of highest absorbance, 

and relative yields in the condensation reactions were all 

consistent with the suggested assignments. The assignment of 

the structure of XI was produced by comparison to the four 

known isomers that have previously been isolated from naph- 

The chro- 

thanthrone condensation.' Prior to these syntheses, the 
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T H E  S Y N T H E S L S  O F  P E R O P Y R E N E - T Y P E  P O L Y C Y C L I C  AROMATIC HYDROCARBONS 

since the relative reactivities of the three ketones are dif- 

ferent.' Since perinaphthenone (11) is the most reactive, if 

proportionally less of it were used, the yield of peropyrene 

would be less and that of the cross-products would increase. 

Equal portions of benzanthrone (111) with naphthanthrone (IV), 

were used because their reactivities are similar. 

Earlier work described the synthesis of three 8-ring 

isomers that resulted from condensation of I1 with III.2 The 

isolation of the individual compounds in that work relied 

heavily on advanced separation techniques: shape-sensitive, 

reversed-phase high performance liquid chromatography with "UV 

spectrum" photodiode-array detection. In order to character- 

ize the PAH products, both the power of a high efficiency 

column that separated the PAHs by their shapes and a detector 

that collected an isomer-specific absorbance spectrum were 

utilized. This combination allowed isolation of the three 

similar 8-ring isomers, as well as one previously unreported 

9-ring isomer from benzanthrone condensation. 

As in the previous work, the UV absorbance spectra of the 

new PAHs were used to identify specific isomeric structures. 

The molecular weights (which were used to limit the number of 

possible structures) were determined by high resolution mass 

spectrometry. The number of possible structures was further 

limited by the known reactivities of the ketones.' 

spectral interpretations and structure correlation relied on 

Clar's annellation theory3 and Aoki's resonance count theory14 

as well as on comparisons to spectra of known structures. 

Although the reaction conditions of a zinc dust melt might 

The UV 
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THE SYN':'HES I S  O F  I'I:KOI'YRENE-TYPE I'OLY CYCL I C r4ROMATIC HYDROCARBONS 

number of PAHs for each of these molecular weights was: 400, 

5 isomers; 448, 2 isomers; 450, 7 isomers; and 474, 4 isomers. 

This work greatly increases the number of known compounds for 

each isomeric set. 

8 

The molar absorption of the trio of 8-ring products of 

condensation of 11 with I1 previously reported2 is given in 

the Experimental Section. 

EXPERIMENTAL SECTION 

All three condensations were performed under almost identical 
conditions, and the isolation and identification procedures 
for each product were the same. The relative amounts of each 
ketone used varied as shown in Table I. The zinc dust mixture 
was a thoroughly ground and mixed combination of 35.80 g zinc 
dust, 36.11 g sodium chloride, and 185.66 g zinc chloride (all 
from J. T. Baker, Phillipsburg, NJ). The materials were mixed 
in 50-mL beakers which were used as the reaction vessels. The 
reactions were carried out on a high wattage hot plate, with 
an initial period of 10-min. heating at 250-235O to activate 
it by removing any surface zinc oxide from the zinc dust. The 
temperature was then raised to 330-350°C and kept there for 
30-45 min. Constant stirring with a glass rod ensured homoge- 
neous heating of the liquefied mixture, as well as complete- 
ness of the reaction. A change in color from yellow to 
reddish-orange indicated formation of the large PAHs. 

After cooling, each reaction beaker and its contents were 

ground and placed in a 250-mL cellulose thimble (since the 

amorphous solid product mixture was difficult to break up and 

remove completely from the beaker). The material was extrac- 

ted for 75 hrs in a Soxhlet apparatus using 500 mL dichloro- 

methane. For column loading, each extract was concentrated to 

50 mL and then diluted with 450 mL toluene to minimize the 

effect of the dichloromethane on the elution of the first 

fraction. The extracts were fractionated by adsorption chro- 

matography on basic alumina (125 g, 60-100 mesh, Activity 

Grade 1 packed in a 75-cm x 1-cm I.D. glass column) using 1 L 
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FETZEK AND BI(X:S 

each of toluene, dichloromethane, ethyl acetate, and 

1:l dichloromethane/methanol. Each fraction was dried under 

nitrogen on a steam table and redissolved in 50 mL dichloro- 

methane. 

Each product PAH was isolated by using reversed-phase 

high performance liquid chromatography (HPLC). The separation 

conditions consisted of a Vydac 201TP column with 5-p par- 

ticle-size packing, 25 cm x 2.0 cm I.D., with various 

m e t h a n o l - d i c h l o r o m e t h a n e  solvent gradients. The chromatograph 

was a Du Pont Model 8800 quaternary solvent HPLC. A Valco C 6 U  

injector valve with a 200-pL sample loop was used for sample 

introduction. A Hewlett-Packard Model 1040A Photodiode Array 

Detector was used to monitor the effluent and collect UV 

absorbance (250-600 nm) spectra of each peak. High resolution 

mass spectrometry (R = 40,000) was used to determine molecular 

weights. Melting points were determined through differential 

scanning calorimetry. The crystal forms reported are those 

from a 80% dichloromethane in methanol solution of the PAH, 

gently warmed to remove the dichloromethane. Since the pure 

PAHs were isolated only by HPLC, the total yield f o r  each PAH 

could not be obtained directly. The yields were determined by 

weighing the amounts isolated, proportionalizing the amounts 

injected into the chromatograph to the total volume of each 

fraction, and adding the amounts found in each fraction (Since 

the alumina adsorption chromatography did not cleanly frac- 

tionate the PAHs). 

The logarithms of the molar absorptivities, in chloro- 

form: V, 474 nm (4.85) and 346 nm (4.46); VI, 478 nm (4.84) 
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THE S Y N T H E S I S  OF PEROPYRENE-TYPE P O L Y C Y C L I C  AROMATIC HYDROCARBONS 

and 354 nm (5.02); VII, 522 nm (4.91) and 363 nm (4.820); 

VIIIr 507 nm (4.86) and 361 nm (4.77); IX, 496 nm (5.08) and 

376 nm (4.60); Xr 437 nm (5.24) and 360 nm (4.38); and XI, 

529 nm (4.82) and 495 nm (4.28). Tribenzo[a,cd,lm]perylene, 

437 nm (5.04)r 341 nm (5.29), and 266 nm (5.10); phenaleno 

[1,9,ablperylene, 469 nm (5.21), 353 nm (4.89), and 267 nm 

(5.08); and dibenzo[j,lmlnaphtho-[l,8ablperylene, 464 nm 

(5.12)r 354 nm (4.78), and 303 nm (5.20). 

TABLE 1. Quantity of Reactants in Grams 
React ion I1 I11 IV Zinc Melt 

1 5.73 17.02 - 125.87 
2 1.09 - 3.46 33.29 
3 - 2.46 2.58 36.77 

Benzo[lm]phenanthro[4,5,6abcd]perylene (V), mp. 289-291; 

orange-yellow platelets, MS: found, 400.14; calc., 400.13, 

blue-green fluorescence, and 825 mg (estimated yield). 

Dibenzo[j,lm]phenanthro[4,5,6abcd]perylene (VI): m.p. 

328-332; orange platelets, mass: found, 450.12; calc., 

450.14, green fluorescence, and 420 mg (estimated yield). 

Dibenzo[rs,vwxlnaphtho[2,l,8,7klmn]hexaphene (VII): m.p. 341- 

344; orange platelets, mass: found, 450.14; calc., 450.14, 

green fluorescence, and 90 mg (estimated yield). 

Benzo[rstlpyreno[3,4,5cdelpentaphene (VIII): m.p. 302-307; 

orange platelets, mass: found, 450.13; calc., 450.14, green 

fluorescence, and 15 mg (estimated yield). 

Tribenzo[jk,qr,uv]naphtho[2,1r8,7defg]pentacene (XX): m.p. 

357-360; orange-red platelets, mass: found, 450.14; calc., 

450.14, green fluorescence, and 230 mg (estimated yield). 

2 2 9  
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Benz[2,10]anthra[1,9,8abcdIcoronene (X): m.p. 456-461; pale 

yellow platelets, mass: found 448.14; calc., 448.13, blue 

fluorescence, and 110 mg (estimated yield). 

Naphth[7',8',1',2',3'vwxyz]anthra[2,1,9,~klmno]hexaphene (XI): 

m.p. 413-416; reddish-purple needles, mass: found 474.16; 

calc., 474.14, yellow-green fluorescence, and 85 mg (estimated 

yield) from the condensation of 2.08 g naphthanthrone. 
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