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SUMMARY. This report describes the total synthesis ofphletchrome, calphostbn A and calphostin D - three 
protein kmase C tnhlblrory perylenequlnones The present route affords the targets zn enantlomerlcally 
pure form and represents the first successful approach to this biologically important class of metabohtes 

Phleichrome (1) is a phytotoxic pigment isolated from the mycehum of Cladosporium phlet. Its 

gross structure WRS elucidated by Yoshthara’ and its absolute stereochemtstry was determined later by 

Nasini 2 More recently, calphostms A (2a), B, C, D (2b), and I were isolated from the related organism c 

cludospariuide~ by Tamaokt et a1.,3” and also by Nasun. 3b The calphostins and phleichrome share the same 

axial chirality but differ in side chain stereochemistry. Intrigued by reports4 of their ability to selectively 

inhabit protein kmase C -- an enzyme cructal to cellular proliferation and dtfferenttatton -- we decoded to 

undertake the total synthesis of the calphostins and of the related compound phleichrome. 
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Few synthetic studies directed towards naturally occurring perylenequinones have appeared to date. 

Dallacker and L&dig’ prepared an oxygenated perylenequinone but this compound lacked the three-carbon 

side chains found in phleichrome and the calphosttns. An oxygenated perylenequtnone bearing acetic ester 

side chains in their place was later synthesized in two different ways by Chao and Zhang.6 In the first of 

their routes, and in that of Dallacker, a biphenyl was elabordted into the desired pentacycle. The second 

route developed by Zhang utilized a novel one-step dimenzation of a 5bromo-1,2naphthalenedtol, brought 

about by FeCl,, to generate the perylenequinone nucleus. None of these routes, however, seemed ideally 

suited to the preparation of perylenequinones bearing the chiral Z-propanol side chains of 1 and 2a,b. Since 

1 and 2a,b are symmemcal dimers it was decoded to first prepare naphthalene monomers possessing the 

requisite three carbon stde chains and to then examme the coupling of these monomers to afford our targets. 
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The synthesis of naphthalene (S)-10 from 2-bromo-3,5-dimethoxytoluene (3)’ is outhned below 

(Scheme 1) The crmcal step mvolved the condensation 8 between (S)-6methyl-5,6-drhydropyran-2-one’ 

and the at-non derived from 5. Interestingly, attempts to effect the orsellmate condensation of 5 (as well as 

analogous phthalide condensations) with suitably functionalized acyclic a$-unsaturated esters led to failure 

Scheme 1 
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(a) n_BuLl, Et&l (O’, 30 mm), (b) CO,, (c) (COCI), (0’ lo 209, (d) EtO>H. pyr, (e) BBr,. CH,Cl, (O’, 30 mm), (0 MOM-Cl, NaH, DMF, 

(6) LDA (4 es). THF (-78*, 10 mm), (h) h-methyl-5,6-dlhydropyran-2-one, (I) DDQ, dmxane (60’. 10 mm), (J) BnBr. K&O,, DMSO (Zoo, 16 br: 

(k) LAH, THF (0’. 1 hr): (1) DMT-Cl, pyr, 1 day, (m) (t-Bu)Ph,SiCl (1 eq). mudazole, DMF (0’ 10 20’. 

(0) PCC, CH,CI,. 20°, (p) NBS, CH,Cl, (20*, 30 
16 hr), (n) T&H, CH,CI,-MeOH, 5 mm 

mm), (q) MCPBA (2 eq), Na.$O,, 4,4’-methylenebis(2.6.dl-f-butyl)phenol, C,H, (20°, 1 hr), 
(I) aq NaOH m MeOHnHF (20°, mm), (s) MeI, K&O,. DMSO (20’. 16 hr) 

With the necessary side chain stereochemistry establrshed, attentron now turned to the task of 

drmenzmg the choral naphthalene fragment. The original intention had been to use Ito’s enantioselective 

variantlo of the Kumada-Tamao reaction” to produce from (S)-10 an axially chnal bmaphthyl whrch could 

perhaps be carned on to 1. Unfortunately, attempts to bnng about such nickel mediated couphngs never 

succeeded in producing more than traces of the desired bmaphthyl. Moreover, we could not employ 

Zhang’s remarkable one-step dimerization6 since the debenrylation of 10 was accompamed by extenstve 

debrominatron and decomposition. However, treatment of (Q-10 with t-BuLi (2 eq., THF, -78’, 1 hr) 

followed by addition of anhydrous FeC13 (1 2 eq.)12 to the resulting lithionaphthalene (S)-11 produced the 

brnaphthyls (+)-12a and (-)-12b in the indicated yrelds after PTLC on silrca gel (Scheme 2). 

2 Scheme 
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The only major by-product of this reaction was the debrominated naphthalene resultmg either from 

promnation of the intennedrate organolithrum or hydrogen abstraction by the correspondmg radical. Since 

thrs compound could be reconverted into (S)-10 (NBS, CH2Cl,, 83%), the overall yrelds of 12a and 12b 
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could be raised to 63% and 19% respectively. As yet, no explanation can be offered for the surpnsmglY 

htgh (ca 3 1) diastereoselecttvtty exhibited by this couplmg and there would appear to be no obvious 

Precedent for such selectivity m the literature. Regarded m the context of our phletchrome synthesis this 

stereochemical outcome was perhaps unfortunate since tt was the “unnatural” atropdiastereomer (+)-12a 

which predominated. 13 At thts stage, however, it was still unclear whether the axial chirality of (+)-I2a and 

(-)-12b would be carried over into the perylenequinones we hoped to generate from them by ox&me 

phenolic coupling In the event, deprotectlon of (-)-12b ]i) excess TBAF, THF, 3 days; ii) &-WC, 111 

THF/MeOH, 3 hr] gave rrse to (-)-13b (98%) which, upon treatment with K3Fe(CN)r+6*14 gave 

perylenequmone 14 as the only stereoisomer (Scheme 3). Removal of the MOM protecting groups, which 

are rendered labile by their proximity to the qumone carbonyls, was achieved using HCl (0 3 N) in aqueous 

MeOH-THF. The yreld in the deprotection step was essentially quantitative and the progress of the reaction 

could be monitored easily by noting the solution’s change of color from orange-red (14) to dark red (1). The 

resulting product proved to be identical in all respects including its CD spectrum with a natural sample of 

I Is ‘I he stereoisomer (+)-12a, trcatcd snnilarly, gave isophlerchrome (the enantlonler of 2b) accompanied 

by no more than traces of 1 

Scheme 3 

(-)-S HCI. t&OH-H,0 THF (4 1 1). 
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The ox&ttrve couphng Ieachng to 14 proceeds m two steps, the uuttaI product being the dtketone or 

bis-phenolic tautomer of dthydro-14. t4,16 The second axtdauon, which converts this intermediate into 14, 

most likely proceeds through the correspondtng drradical. It has been reported alreadyI that treatment of 

cercosporin, a perylenequinone similar to 1, with Zn and Ac,O yrelds the acetate derivative of (bis-phenohc) 

drhydrocercosponn and that this compound exists as two nonmterconverting atropdiastereomers at 2V. 

Therefore the stereospecificity demonstrated m the conversion of (-)-12b Into 1 and (+)-12a into 

isophleichrome was not entirely unexpected, 

The StereoselecttvttY of the FeCl, reaction, whtch worked against us in the synthesis of 1, could be 

turned to advantage in the synthesis of calphostins A and D. In this case, however, we requtred the 

mmomer of (S)-10. This compound could of course be prepared using the sequence outlined m Scheme 1 

beginning with (R)-6-methyl-j&dihydropyrone. But, in the Interest of convenience, tt was decoded to 

\rmPlY invcn the stereocenter of (S)m10 ustng Mttsunobu chemistry [i) TBAF, n) DEAD, PPh,, BzOH; ilt) 

NaOH; IV) (t-Bu)PhLSiC1 (52% overall yield)] t8 Converston of (R)-10 to the hthronaphthalene (R)-11 and 

FeCl3 coupling led, in thts case, to a major bntaphthyl (-)-12a possessing the axtal chirabty found in 2a,b 

After separatmg it from the mmor dtastereomer (+)-12b, thts compound was subjected to &protection 

(64%) and K$WCN&, oxidation (65%) whereupon the bis-MOM ether of calphostrn D was obtained wIt]t 

near total stereoselectivity 
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Treatment of thus compound with aqueous HCl as rn the previous case now furnished calphostm D 

(2b) identical with an authentic sample For the synthesis of calphostm A (2a) the bts-MOM ether was first 

benzoylated (Bz,O, DMAP, pyr, 54%) and then treated wtth aqueous HCI. The spectra of 2a obtained in 

this manner matched those reported in the literature.4h 
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