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Perylene-3:9quinone 

(Rcrrivrd 3 f&?nr&!r 19%) 

THL chemistry of extended quinoncs has been I~ttlc studied owing possrbly to the diffiulty of their 
preparation in quantity. Todd and co-workers cxammcd the properties of peryknc-3:10-quinonc’ 
and 4:Y-dihydroxypcrykne-3:I@quinonc’ as an .aspcc~ of the chemical studies of aphid plgmcnts: 
the properties of ~ryknc-3:9quinone, (I. R H). have &n examined in an analogous manner. 

Pcrylcnc-3:9quinonc has ban prepared by a new method. namely the oxidation with Iodine m 
pyridinc of 3:Y-dikcIel:2:3:7:8:Y-hcxahydropcrylcn ,’ the o\crall yield from anthraccnc being 
40 per ant. Oxidation with chromtc ox~dc m sulphuric acid g~va anrhraqumonc-I :S-diwrboxylic 
acid‘ Identified as its mcthykstcr;’ rcductlbc aatylation gives 3 :9 dracctoxypcrylcne. Perylenc-3:9- 
quinonc reacts readily wrth plpcridinc and r.vc/ohcxylaminc at YO in presence of air IO ~IW 
dipipcridino and drc~rlohcxylamtno dcrivatrvcs. both of which arc hygroscopic. With alkali a 
dihydroxy dcrlbativc is probably formed bur rhts could only bc l.solaIcd as its drhydrotctracctyl 
derivative. This dtsubstlturion with nuclcophdic reagents contrasts with rhc montnubstuution of 
pcryknc-3:IO-quinonc where stcric factors prohibit the attack of a second subIiIucnI.* 

Quinone additton must occur on the 1:2 and 7:8 double bonds hecause of Ihelr rclaIi\c 
srablhsation m 1hc molecule and assuming normal addition as in pryknc-3:lO-quinonc the substitucnts 
must bc orientated at posltlons I and 7. (1. R NC&,,, or KC,H,,). This is borne out by the 

mfra-red data. thus pcrylcne-3:Y-quinonc has IIS carbonyl absorption at 1664 cm *--indiwIing kss 
clicctive conjugation than other extended quinona- -and those of its dlamino derivatives at C.B. 
1620 cm- I. This lowering is due to the changed electron drstribution in the cartx>nyl bonds under 
the influcna of the electron repelling amino groups* at I and 7. 

I II 

Pcrylcnc-3:9quinonc shows a bathychromic shift m its light absorption on change of solvent from 
chloroform to sulphuric acid and this IS due to the contribution of the new electronic forms (II etc.). 
following protonarion of the carbonyl groups. The spectra of the diamino dcrlvatrves is unchanged 

. 
on similar treatment, the electron attracting - -N}i - groups inhibit the mcsomerlc shifts leading to 
structures such as II. and also therefore protonation of the carbonyl groups. 

EXPERIMENTAL 

Since several of the compounds described do not have m.p., identification is based upon analysis 
and infra-red spectra. 

Pcry/enc-3:Y-guinonr. 3:9-Dikcto- I :2:3:7:8:Y-hcxahydroperykne (I.0 g) wasdissolved by warming 
in pyridinc (25 cc) and then cooled to IO’. Addition of an ice cold solution of iodine in pyridinc 
(0.5 g in 10 LX). gave G precipitate of pcry4enc-3:9-qumonc (0.9 g) which was filtered off after an hour. 
The quinonc was pur&d in portions by extraction into chloroform in a soxhlct apparatus, evaporation 
to a small bulk (5 cc) and addition of hot methanol (20 cc); on standing overnight the quinonc 

’ B. R. Broun and A. R. Todd, 1. Chrm. Sor 1280 (1954). 
* A. Caldcrhank. A. W. Johnson and A. R. Todd. 1. Chrm. Sot-. 1285 (1954). 
’ 1. Y. Posrovsklt and N. P. Bednyaglna. 1. Grn. Chrm. U.S.S.R. 1, 2919. 2924 (IY37). 
’ 1.. F. Feiscr and tl. Feiscr. 1. Amrr. Chrm. Sot. SS. 3010 (1933). 
a A. W. Johnson, J R. Ouaylc. T. S. Robinson. N. Sheppard and A. it. Todd, 1. Chrm. SW. 2633 (IY51). 
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separated in fmc black needles showing a vrokr reflex, m.p. ~350’. Matcrtal drred at I20 OGS mm 
for 20 hr (Found: C, 84.8, H. 3 3; Calc. for C,.H,,O,: C, 85.1. H. 3.60;). f’er)/enr-3:9-quinonc 
was sparingly soluble in organic solvents giving claret colourcd solutions. in cone ll,SO, rhc solution 
was bichromatic appearing blue by direct and red by reflected light. Light absorptton in CHCI,: 
max at 244, 276, 427. 529. and 570 m/r; log r 4.35, 490, 4.23. 464 and 4.78 rcspccttvely; min at 
253. 325. 446. and 546 mlr; log F 4.20, 3.45. 3.81, 4.33 rcsFcttvely; inflcxion at 365 m.u; log t 3.84. 
Light absorption in cone HJO,: max at 263, 292. 447, 575, and 636 m/r; log t 4.72.4 43.4 45.4.53 
and 468 rcspcctivcly; min at 279. 345-346, 485, and 596 my: log c 4.37. 3.62. 4.21. and 4.37 
rcspcctively. The infrared spectrum (KBr disk) showed max at 1098, 1149. 1193, 1212. 1271. 13%. 
1354. 1395. 1455. 1545. 1597. 1664. and 2902 cm”. 

3 :Y-Diucerox~perylenr. Pcrylcnc-3 :9-quinonc (250 mg), sodium acetate (30 mg), zmc dust (750 mg) 

and acetic anhydrtdc (25 cc) wcrc rcfluxed for 3 hr. The solution was filtered whilst still hot and the 
residue washed with acetic anhydrrdc (IO cc); the combmed washings and filtrate on cooling gave 
3:9-diclcerox,vper~l~e (IX, mg). The product ruzrystalliscd as fine yellow nccdlcs from the same 
solvent, mp. 2?2-273.,. (Found: C. 77 9; H. 4 2; C,,Ii,,O, rcquircs: C. 78.2; H, 4.47:). The 
compound dissolved in chloroform gaa\c a yellow solution unh a blue fluorescence. Light absorption 
m CHCI,: max at 253, 396. 416. and 446 m/c: log c 440, 4.16, 4.45, and 4.52 rcspcctivcly: min at 
318. 399, and 426 m/r; log t 3.92. 4.12. and 4 25 rcslsprtiwly. The infra-red spectrum (KBr disk) 
showed a max at 1760 cm I. 

1 17 Dicyclohe.~ylaminoperylene-3 :Y-yuinonr. Finely powdered pcrylcnc-3 :9-qurnone (200 mg) was 
hcared on a steam bath at 90 with pyrtdinc (25 cc) and c~r/ohexylaminc (IS cc) for 36 hr when the 
solution was a deep brown colour. The solvents wcrc rcmovcd under reducai prcrrure. the residue 
dissolved in chloroform (25 cc)and ftltercd fraof insolublcmatcrnl. Concentration of rhc chloroform 
solution and addition of hot methanol (I5 cc) gave on cooling I :7~~yclohexy/umi~pery/e~-3:9- 

quinone (170 mg) as small black nccdks. The compound was rccrystallisd from chloroform- 
methanol. m.p. -.3SOO”. (Found: 77.3. 77.4. H. 6.7, 64. N, 5.3; Calc. for C,,fL,,O,N,.H,O: C, 
77.7, H. 6.9. N, 5.7 “/.). After drying material at I IO”/0 OS mm for 24 hr: (Found: C. 80.4, H. 6.5; Calc. 
for C,,H,,O,N,: C. W7; H, 6,7D/;). Light absorption in CHCI,: max at 296. 455. and 481 rnp: 
log E 4.92. 4.46. and 4.50 respectively; min at 374 and 462 m/c; log c 4.32 and 4.45 respectively; 
inflcxions at 430435 and 472-474 m/r; log r 4.39 and 448. Light absorption m COIX Ii&J,: max 

at 256 and 487 m/c; log r 4.96 and 4.63; min at 394 rnp; log E 4.34. Infrared spectrum (KBr disk) 
showed max at 762. 821. 837. 886. 904. 927. Y82, 1030, 1102. 1146, 1182, 1234. 1250. 1341, 1360. 
1400, 1510. 1580. 1598. 1622. 2820, and 2880 cm *. 

I :7- Dipiperkitnoperylene-3 :9-quinone. Peryknc-3:Yquinonc (IS0 mg) was heated for 6 hr ac YO’ 
with pyridine (5 cc) and rcdtstillcd pipcrtdinc (100~). at which stage the solution was a deep red 
colour. The residue on removal of the solvents under rcduad pressure was dissolved in chloroform 
and filtered. Concentration of the chloroform and addition of hot methanol (20 cc) precipitated the 
product (100 mg) on cooling. I :7- D~ipedinoperyle-3 :9-quinone crystalliscd as a black micro- 
crystallmc powder wtth a broun reflex from pyrtdinc .mcthanol. mp. -350’. (Found: C, 71.2, 
71.6, 11. 6.4, 6.6, N, 53; Calc. for C,,H,,O,N,.3H,O: C, 71.7, H, 6.8. N, 567:<). Material dried 
at I20 /0,03 mm for 30 hr (Found: C. 80.1, H. 6.3, N, 6.2; C,,fi,,O,N, requires: C. 80.4, H, 6.2. 
N. 6.2 9;). Solutions of the compound m organic solvcnrs wcrc pak red. Light absorpuon on CHCI,: 
max at 251, 3X5, 404, 482, and 4% m/d; log c 4%. 448, 446. 4.50, and 4.50 rcspcctivcly; min at 
379, 395. 422, and 4% mlr; log c 446. 444, 444. and 446. Light absorption in cone H&O,: max 
at 270. 471. and 489 mlc; log c 4.66, 4.48. and 448 rcspcctively; min at 392 and 482 m/r; log E 4.35 
and 4.45. Infrared spectrum (KBr disk) showed max at 805.842. 1024. 1061. 1106. 1131. 1151. 1225. 
1242, 1410. 1430. 1510. 1578. 1600, 1621. 2810. 2875 cm”. 

I :3 :7 :9- Telra-arcIo.r~~r.~lene. A suspension of finely powdered pcrylcne-3 :9quinonc (600 mg) 

in dioxan (200~~) containmg sodmm hydroxide (2Wcc; IO:/.) was rcfluxcd for 12 hr u-hen the 
solution was a deep red. The solution was filtered and rcducrd IO SO cc bulk on a rotary evaporator. 
cooling to 0” overnight gave a black prccipitatc of the sodium salt which was filtered free and washed 
with water. The sodmm salt was dissolved by boiling in 50 per cent aqueous ethanol. filtered and 
ncidifxd with dil H&O,. The hydroxyquinonc separated as a black amorphous solid (IS0 mg). but 
was not amcnablc to rccrystallisation because of its insolubility. Its solution in cone H,SO, was 
violet in colour. 

The crude hydroxyquinonc (I50 mg) uas boiled under reflux with acetic anhydride (50~~). 
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sodium acetate (2s mg) and zinc dust (7SO mg) for 4 hr and the filtered solution poured into sodium 
acetate solution (2 N). After I hr the latter solution was extracted with chloroform (2 x WCC) and 
the chloroform extracts washed with sodium bicarbonate solution and water. Evaporation of the 
solvent gave a brown gum which was dusolvcd in bccwrnc (5 cc) and absorbed on a column of 
prccipitatcd srhca (1 ? x 4 cm, in bcnzcnc) and the yellow orange band clutcd with further bc~~ene 

(3SO cc). Evaporatcon of the bcnzenc gave a light orange solid whtch crystalliscd from acetic 
anhydrtdc as an orange poudcr (IS mg) m.p. 24S-2SO’ (d). (Found: C, 69 8. H. 4.4; Calc. for 
C,.H,,O,: C. 69.4. H. 4.19,). Ltghr absorption u-t CHCI,: max at 396,421. and 450 m/r; log t 4.15. 
4 40. and 4.51 rcspativcly ; min at 4@t and 432 m/r ; log c 4.13 and 4.23. 
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E. I~ASLAM 

Electron transfereme in the attack of atoms or radicals upon carboa-bydrogen bands 

(Ret-riced 3 Orrober 19S8) 

Prrot. J. K~SHEH has recently discussed a number of rcactrons wherctn carbon-hydrogen bonds arc 
broken and alkyl fra radtcals thereby generated.’ His intcrprctation is that this process should 
always be formulated as involving two or more steps with electron transference being the dominant 
and initial process. 

R-H . X.---t RIH X: ---t R, . H--X 

Although I agra in principk to the importance of electron transference in 0~ reaction of atoms 
and radicals having a high electron affinity. I bcl~cvc the &tails of the procas have been incorrectly 
interpreted by Prof. Kcnncr. It is my belief that ckctron transference should be considered as a 
stabilizing factor in the transition state rather than the demanded reaction path.’ 

TRANSJTION STATE 

R-IL . X. ----_t R:JJ X.4.-rR’H.X:. l . +R.H- X:- --t R. .r H--X 

I II 111 I 

In terms of compkte clcctron transfercncc 11 is diffkult to set why the relative rcactivitia of 
nuckar substttuted tolucncs or cumencs toward a free radical or atom should be dependent upon 
the structure of the radical or atom. 

Y- -C,H,- -C-H, ‘* X. L, Y - C,H,--CH,. c HX 

According to the Kenncr postulate the polar effect (the effect of the polar nature of Y on k,) in the 
reactions of atoms and radicals which have a high ckctron afftnity (e.g. Cl., Br) or a low ekctron 
affinity (e.g. CC&.) should bc cquivaknt. In actual fact an appreciable polar effect is observed for 
chlorine and bromine atoms (k, is reduced by electron-withdrawing substituents) whereas no polar 
effect has been detected in the reactions of trichloromethyl radicals.’ In terms of rcsonana 
stabilization of the transition state these facts can be rationalized easily smce the contribution of 
structure II should bc most important when X, has the highest electron at&thy. 
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(1950); C. Wallmg and E. A. McMhill. /. Amer. Chrm. SW. 73. 2927 (1951). 
’ E. C. Kooyman. R. van Helden and A. F. Rickel. Koninkl. h’ed. Akod. Wetrcmchap. Proc. 568, 7s (19s)); 

R. van Hcldcn and E. C. Kooyman. Rrc. Trot. Chlm. 73. 269 (19%); C. Walling md B. Miller. 
1. Amer. Chrm. Ser. 79.4181 (1957). 
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