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Abstract. The electmraduc5ve cyctfzation reaction has been successfulfy applied to an efffslsti lomtal total 

synthesis of quadmne u). Two of the four rings were created elactmchemfcatfy. a third via a novel oxkfatfva- 

decarboxytatfon and cyclkatbn onto a remote nitrfle functional group @+2&). 

We are plaasad to report that the electmredudive cyckatfon reaction has been sucses&lly applfed to a format 

total synthesis of quadmns O2 This reactfon invokes the efactrochemkat mductfon of an akane, acltvatad by ons or 

more elsdrorrwithdrawing groups, and cycfkatfon of the resufting radfual anion onto an aldahyda or ketone tathered to 

the f3-carbon of the afkena (eq 1).3 We targeted the three sigma bonds lab&d A, B, and C ln the struulura of quadmna 

0 as strategic bonds, welCposttfonsd for formation uslng rsdox chemistry. Hlghffghts of the synthetfc sequence includa 

the stereoselectfve ekctmraduUive cydfzation of Bto L and B (bond A), creation of the quatemary canter and the 

bkyclo[3.2.1) ring system which fs common to many natural products through the efautmtacktfve uonverslon of stofi 

(bond B), and the oxidatlvedeua&oxylatbn-cyclfzatfon of 22 to 24 whkh sawed to form bond C and create the third of 

the required four rfnffs. Pragmatkalty, H is noteworthy that the efedroracbctfve cyctkatbn reactfons were uardsd oul 

routinely, repmducibfy and in excellent yield on quantitiss rangfn9 from 30 mg to 3.5 Q. 

+2e‘ 

MKjproton 

EWG - efsctronwfthdrawfng group 

Unsaturated ester B was prepared in a strafghtfomatd manner beginning wfth the aUyfatfon of dlmethyl3,3- 

dimethybfutarate 0 (LDA, THF, -79 “c; ally1 ttmmfda, THF mom temp. 2 h, 95%). Rsductbn of the pmduu (L&l, THF, 

O”c, + 8,95%), lotfowed by sefectfve monoprotectfon of tfte fess ftinderad pdmary alcohol gave 4 (TBDMSfCf, inMazola, 

DMF, -30 Oc, 95%): oxfdatbn (PCC, CH2Cf2, room terry. 94%). Homer-Emmons- Wadsworth oleftnatbn 
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](Me0)9PDCH9C02CH8, NaH, THF, 99%. two steps: 4 _*a], desllylation (HF. CH$N, mom temp), and a second 

oxidation (PCC, CH9C18, mom tenp, 88%. two steps: p + 8) afforded 2. 

CH,O,C CO,CH, 

Y ?.. , * z+ ‘s, 

2 
E 

2 z=a=ct&ai 
4, z=cH2oTBDMs.o~cH#H 

c” z~cl-l!@TBBN8,o-(E)-cf=HwzcH3 
k z-cHo.o-(EK+l-cfMJ#b 

The electroreckrctive cyclizatffn of fi proceeded in excellent yield (89%; eq 2) to afford 1 and # and 

generate the first of the four rings of quadrone (jJ. 

2 2 2 

i, 8 (Hg, BCE), CH2(CCsCH3)2, nBu4NBr. CH&N 

01 the four possfbts products, onlythose where the substltuents bcated at Cp and C8 are fransto one another 

were produced. This stereoselectivfty undoubtedfy arises because of the preference for the allyl unit to occupy a pseu& 

ecfuatodal, rather than a pseudoaxfal orientation In the transltlon state leading to ring formalion. We intend to test the 

notion that any substbent located gamma to the electron withdrawing group would sfmilarty lead to a stereocontrolled 

eleclroredudfve cycflzation, provided the substituent cannot function as a leaving group (gamma cleavage could occur 

prior to cyclization). 
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The lactone 8 and the rhydroxy ester Z were reduced (LAH, THF, 0 OC, Zg + j&95%), the resulting diols, 

ephWiC at Cl, were selectively monoprotected (TBOPSlCl, lmtdazole, CH8CI8,O “c, II-_) 12 98%) and the secondary 

alcohol oxidized (PCC, CH$& room temp. j.2 +13) to afford a single ketone. Homer-Emmons-Wadsworth oleffnatton 

[(EtO)8PDCH9CN. NaH, THF, room temp, J2 -+j& 78% over two steps] satisfactorily afforded an a,&unsaturated nitrile; 

R1=H,0H,P=OH,Rs=CHrCH2 

12 R’ = H. OH, P = DPTBS. R2 = CH=CH2 

I 
u R’ = 0, P = DPTBS, R2 = CH&H, 

14, R’ = CHCN. P = DPTBS. Rs = CH=CH2 
c fi, R’ = CHCN, P = DPTBS, R2 = CH,CHO 



surprkingly, the corresponding unsaturated ester could not be pmpared in this rnannere4 The allyl appendage was 

elaborated next WBN, MF. 0 ‘c to room tenlp; Ham NaOH 0 “c to room tenp, then PCC, CH$l2# mom temp, 14 + 

IS, 55%. two steps)* setting the staQe for formation of bond B (see 1) and the caffxcyclb six-membemd ringg. 

Electmchembally klitbted cycWitbn of the nitlfle-atdehyde M led in 90% yield to the rqulsite [3.2.1] framework 

16 as well as a quatWnaty center bsarin!J substituents suitable for elaboratbn. The mixture of diastereomerfc alcohols was 

UXW’ted, vii oxidation with PCC, to a single diastereomedc ketone l,Z. The result is of utility in conjundkn with the 

Present synthetic endeavor, and it si!JnifkatItly expands the scope of the electroredu&ve cyclizatbn reaction.3 

i 

90% 

J.5 fix-H.OH 
1L x-0 

I. -2.4 V (Hg; BCE), CH2(CO#i&. RBuNBT, CHs,CN, room tenp 

The steric demands placed upon the reaction (M + ls) were relatively severe, considering the need to close 

onto the fully substftuted &carbon of the u&unsaturated unit. That it did not fail, suggests that the tran&bn state for 

cbsure may cccur p&r to expressbn of the full stedc requirements for bond formation. 

Wnpadson of the material in hand UI) with the desired tricycle, 24. reveals the presence of an extra carbon. To 

set the sta9e for its removal, the silyl ether was cleaved (TBAF, THF. 0 ‘c, 92%), and the resulting ~rimafy alcohol was 

oxklized VW&, Nal04, CCWCH3CW20,l :l :1.5,0 “c to mom temp, 9Ct%)5 to a catboxy#c add 22. Treatment of 32 

with sodium pemxydisulfate and silver nitrate, in a 7:l mixture of water and acetonittfts as a cosoh~nt (50 “c). led to 

oxidative deaVa9e of the add and generation of a radical; it ck%ed onto the nittile to afford an imine which was hydrolyzed 

in sifu to provide diketone 24 in 70-90% yields. This reaction has received a reasonable amount of attention in the Soviet 

literatUre,6 but to our knowledge, has not been widely used in synthesis. lt is indeed a useful reaction, pattk~larly when 

run in the presence of a cosoivent.7 

The fomal total synthesis was completed by convettlng diketone 21 to enone-obfin ?k a compound which 

Kende and coworkers ~Mously converted to quadmne (I) in four steps.2*9 Fortunately, it was possible to selectively 

form the encne in the five-, rather than the sfx-membered tlng (LTMP, THF, -79 ‘c, 30 min) of 24, pregumably because 

abstradkndaPR%onfmmtheformerWat?prefenedkbtkMy. TheenolMewasireppedMthPhBeCl(THF,-79”Cto 

mom temp) and the resultin aphenylseleno ketone converted to the corresPoncarg enone with hydmgen peroxide (2.5 

M H202, CH2Ck, pyddbe, 0 Oc to room tenp, 3 h, 93% based on recovered starting matedal). Methylenatbn 

(m3p=Ct+2. THFlhexanes, 0 “C, 5 min, 97%) provided our talpet sttucture 2S materlal whose spctral data nicety 

matched those reported for this compound by Kende.219 



488 

L quadrone 

We beiieve that the success of this strategy argues effectively for the more widespread use of efectmchemistry as 

a routine tool in organic synthesis.9 The equipment necessary to conduct reactions efectmchemically is commercially 

available and is modestly p&d. The techniques are easy to learn, appBxbN to conducting reactbns on a wfde range of 

scales, and can be applied to the construction of reasonably complex moiscules. Additional studies are underway in 

these laboratories to demonstrate and discover further, the virtues of this under-utilized methodology. 
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