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Abslmcl: The tide cow+xwnd is comwnie~~ly ~nksizcdfiom the known I2diketopyracene via NBS browdnadon followed 

by reactian with sikr nitrate in acelonitrilc, and treoo~lll with &km acewe trihydrate in DMSO. Its slrvctyrc de~erwdned by 

smiempirical PM3 and ab initio calculatians is in excellent agreemew with the x-ray analysis, and suggests rhat tk hmi 

Although there was an interest in the electronic pqerties of pyracylene (1),1 its synthesis remained 

elusive until reported by Trost and Bright in 1967. 2 A year earlier, Trost had reported the synthesis of 

pyracylocluinone (2L3 and remarked that naphthalene derivatives in whicli both sets of peri positions ate bridged 

by q? carbons were generally unknown. Indeed, such compounds have been difkult to synthesize, and have 

also proved dif’ficult to handle due to enhanced reactivity at the unsaturated, bridging positions. More recently, 

pyracylene has mceived attention as an impcrtant unit oftbe buckminsterfullen5ne structum that explains some of 

the chemistry of Gjo.4 

3 4 

Compounds containing the acenaphthenequinone moiety have recently been shown to he important 

synthetic intermediates since they can he convcdted to 7,10-bis(dihakinyl)&oranthenes which undergo llash 

vacuum pyrolysis to produce cora~uknes.~ Cora~ulene itself, whose carbon framework represents the polar 

cap of buckminsterfukrene, has hecn prepa& from accnaphthenequinone in this way.5 Although it is 

considerably cmved, corannulenc undergoes rapid bowl-to-bowl inversion; however, ethanocorannulene- 

p~tpatrxl in an analogous manner, but beginning with 3-is “kcked” into a howl conformation, at least on the 

NMR time de.6 ~encc our general intexest in the suuctute of pyracylene related compounds, coupled with 

3857 



3858 

their potmtial as intermediates in the SynthesiS of polynuclear enrmatics whose carbon frameworks are 

repnSClltCdOElthC~SlUftlCC,lCdUStOundertalre the synthesQ of 1~.5,6_tetraketopyracene (4). 

All of OUT initial attempts to plcpare 4 failed. Oxidation of 3 with dichmmate cleaves the diketo function 

rcsultingintheform&oinofaaanhydr&. Similarly,thercacdonof2tithtypicaldauMebo&xeagentslike 

epoxidatioa, halohydrin formation followed by oxidation, chromyl chloride oxidation and osmium 

dihydroxylation were all unsucceseful. However, we finally leaxned that the dibnnno derivative 5 could be 

converted to 4, generally in yields of 55-7096, by Qupncnt with aiIv= nioaa and sod&~ rcetabe. The typical 

NBS 

2. NaOAc~3H@/Dh+ISO 

3 5 4 

procedure is as folIows: A salt&a of silver nitrate (1.3 g. 8.8 mmol) in 25 mL of acetonitrilc was added to a 

solution of 53~7 (1.1 8.3 mmol) in 70 mL of acetonitrile, containing a drop of water, at reflux. Stking at 

reflux was continued for 1 hr followed by filtration and evaporation of the solvent under reduced pressum to 

afford the crude nitrate ester in 72-85% yield.8 The ester (0.7 g, 2.2 mol) was then dissolved in 20 mL of 

DMSO,~~aatPtetrihydrate(60mg,0.4mmol)was~gtdthemixtunwasstimdfor1~ratnnrm 

temperature. It wa8 then pound into 200 mL of brine; the @pitate was squat& washed thoroughIy with 

water, and dried in vacua (420 ma 80%).g 

Theultimate suuctmeprooffor4camefromthex-raydiffktionstudy. Omugecrystalswueobtaiaedby 

mcrystaIlization of the pmduct fnnn DMF. It turned out, however. that solvent mokules axe w into 

0 -N 

Figure 1: X-ray Ckystal Structure of 4.2DMF. 
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thtcrystal,andbeingonlywsrLlybo9nd,~desabrbwlyuroan~~,destroying~ayarl The 

&composition does not take place at low tempcraturc+ however. aad so an cicangt pla& (O.gg x 0.62 X 0.01 

mm)wuw~tox-rclydiffractionuutyrirat115K.l” IttcvcaWtwoDMF Ino&uluasaocirmodwith 

eachmolecukof4. Thaeissanedisa&iatbcaystakwodiffuwuorienPtianrofthcsolvcmtmo&uks 

wcrcfomuiwithpop&klsof85mdl5%. TheBolecuse of4licswthc~invusiorucen~,it 

isslightlydistu#tcdfiumtbrShighestpossibleD2, symmury tDC& Tkdismr&mxesultsinslightllaI~ 

ofthe~~~~~,withtbelngendeviationrrfiomthet-squarep~~o.~7Aforthe~yl 
oxygen atoms at C(1) and c(s) aad -0.059 A far the oxygen atoms at C(2) and C(6). The &v&ions of the 

carbon atams do not exceed 0.04 A. TSS slight diautioa fmm planarity may safely be atibuted to crystal 

psckingforces,espedrllyifm~thepresenceofthesolvtntmoEacuierintbecsystal. Thetheo&& 
calcllhuionspwfurmedat oemiempiricllpM3llandabiaitio221oleveltl2bothprcdicttheD2~s~~ 

lleprssentthemitdnlIlmalcrgyoonformstiand~4.13 

~~tbee&cgof~cryrtalfield,the~~tbetwearthebondlengthrandan~deaeaminedfor4 

in the crystal and the calculated pm by both theoretical methods is vay good (Table 1). with nns 

deviations of 0.005 @M3) or 0.006 A (ab initio) for lxmd lengths and 0.6 (PM3) or 0.40 (ab initio) for the bond 

s&s_ ThesedevietionslaeacatallywithintherPngeoCthertandardarorof~x-mywpaiment 

Table I. Sclcctal Bond Lengths (A) snd Bond Angles (dcg) in 4 as Found in the Gystal, snd as Calculated by 

PM3 and ah initio Methods. 

x-rap PM3 ab initio bond angle x-r@ PM3 abildi0 

c(l) - cm 1.579 1.581 1.580 c(Wc(2tWa) 106-o 106.4 105.8 

C(2) - C(2a) 1.501 1.497 1.492 C(l)_C@a~C!(8b) 104.4 104.9 105.4 

C(2@ - C(3) 1.376 1.373 1.365 CGaMX3)_W 119.8 120.7 120.0 

C(2a) - C(8b) 1.395 1.418 1.397 O@a)-C(8bM!@a) 119.2 117.4 117.7 

C(3) - C(4) 1.433 1.438 1.434 CQ&C(8b>c(&) 120.5 121.3 121.2 

C(8b) - C(k) 1.385 1.367 1.353 C(3)-co_C(8b) 120.1 118.0 118.8 

c(l) - o(1) 1.206 1.203 1.201 qlMXl)-c(2) 124.0 125.9 124.3 

Comparison of the crystal structum of 4 with accnaphthenaluinone (6) l4 reveals sigaifkant tiav. 

7%~ only visible effect of the additional strain introduced by the additional fivemcmhcred ring in 4 is the 
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elongation of the C(I)-WZ) bind (1.579 A) u compad to 1.53 A in 6. Otherwise, the bond ~csngths in 6 
difkhmtheanhgousbondsin4byIessrhan0.02A. 

Like 1 and 2.4 may be considered as an example of a system with a slightly pemubed antiaromatic 

periphery.* The results of early work by Trost and cow&ers suggested a significant degree of antiaromaticity 

inbothland2.1~78.I5 Itwasbelievedthatthecentralaranaticdoublebond~thcperipheryonlyvery 

slightly, and that steric constraints mduce the ability of the molecule to relieve unfavorable elecmmic inter&ons 

by bond altemation.1 However, a scent x-ray se determination of 1 found a quite pronounced bond 

lengthaltemationintheperiphery.16 andweobserveaverysimilarpauemofbondaltemationin4. Infact,the 

bond lengths in the periphery of 4 differ by less than 0.01 A from the adogous bonds in 1, with the obvious 

exception of the C( 1)-C(2) bond. As mentioned above, a similar pattern is found for the periphery of 6 which 

does not contain a 12-electron peripheral system. Thus it seems safe to conclude that the bond alternation 

patterns in pyracylene and related systems are not necessarily related to any antiaromaticity that exists in the 

periphery. Instead, the geometry of the periphery seems to be governed by the properties of the naphthalcnic 

unit permdxd by tht strain inuuduced by the bridging of the peri posifions. 
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