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A Stereoselective Approach To The Angucyclinone Antibiotics: 
A Total Synthesis Of The C-l Epimer Of 

(f)-Rubiginone Bl. 

David S. Larsen* and Michael D. O’Shea 

University of Otago, P.O. Box 56, Dunedin 

New Zealand 

Abstnact: A smzoselective Lewis acid-promoted cycknddition reaction of S-hydroxy-1,4+aphthoquinone and 
dienol(12) gave a key inttmmiiate (14) which was traqformed into the ti& compound (18) in 35% overall 
yield. 

The discovery of new mmbers of the angucycliaone group of antibiotics’ in r#xnt years has stimulated 

intense interest in this area. Among these compounds are rubiginone Bl(1) and B2 (2)2, which have been 

shown to potentiate vincristine cytotoxicity, PO-116740 (3)s which has exhibited activity against L1210 

lymphocytic leukemia and human colon adenocarcinoma cell lines, and TAN 1085 (SF which has shown 

angio~nesis inhibitory activity. 
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!hxal synthetic approaches to these compounds have been de~loped~~*~** and have multed in the total 

synthesis of (i)-ochromychmne7~ (5). A very elegant Diels-Alder approach to (s) was utilised by Guingant aud 

Barreto* (Scheme 1). The power of their strategy was the direct formation of the angularly fused 

beoz[a]anthraquinone ring system. However, although the spontaueous aromatisation of the B-ring of the 

inmmediary~~isbeneficialiatheirs~gy,itliasitsthevaJatilityfarthesynthesisofawiderranged 

lheseantibiodcs. 
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Scheme 1 
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i, B(OAcb, CH2C12. 
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We felt a modification of of the intermediate 

us to utilisc 

A stereosclcctivc reduction of the carbonyl of diene 

to the dicnyl We now qort our pdminxy fhdiugs: 

Two dienol systems of cyclohexane-1,3- 

dione it 5-methyl analogue in 88 lH n.m.r. analysis of 

(12) confbmcd of the reduction of the 

by analogy aI of 5-mthyl-3~~9. 

i, HCXMgBr. TMP, 1M I-ICI, iii, 

benzene; iv, LiAlH4, THF, 3 h, then NaOH and H20. 

of the dienes 

in yields of 91 and 

1H n.m.r. analysis of the crude in each case 

of a single e 
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Scheme 3 
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(11) R=H (l3)R=H 
(l2)R=CH, (14)R=CH, 

i, 1 cquivaluu [(AcOhB]zO, CIQCl2, -5 - 0%. 

The high yields and stcrcosclcctivity achicvcd in the cycloaddition mahms make (l3) and (14) attmcrivc 

iutcrmcdiatcs for the syntheses of atqucyclinones such as (l), Q), and (4). Our initial aim was the synthesis of 

analogucs of rubiginom Bl(1) (S&me 4). The normally facile process for the aromatisation of the B-ring of 

cycloadducts such as (13) or (14) would provide the &s&d aromatic nucleus. Treatment of (13) and (14) 
under either basic or acidic conditions resulted instead in the formation of the anthraquinoncs 0.9 ad (U9 in 
high yields though ihgmctw.ion of the Cl-C12b bond. This pmblcm was ovucuim by matlwnt of (14) with 

tcua-O-acctyl d&orate in THF which gave the axqmding acetate (17) as a 6:l mixtum uf the tram and cis 

isomers19 Subsequent successive mtttylation and deacetylation gave the C-l epimr of (f)-rubigiaane Bl 

(18)11J4 in a yield of 48% ~IWXI (14). 

Scheme 4 

OH 0 0CH3 

(13) R=H (W)R=H 
(14)R=CH, (16) R&H3 

OH 0 OCHO 
(17) transxfs 6:l (II 8) 

rca@xUs: i. either acid or base; ii, [(AcOhB]20, THP; iii, MCI, 
K2CO3. acetone: iv, NaOMe, MeOH/rHp, v. rcctyrtxllisxtion Et2O/Hcx. 
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In conclusion, a stereoselective Diels-Alder reaction has been developed for the construction of the 

benZ[U]MdUaquinone B~SOfthe~gU~~inOne~aSSOf~ti~~CS,andtheCycloadduct (14)hasbeeQ 

transfarmcd into the C-l epimer of (f)-rubiginone Bl in an overall yield of 35% by way of commrcially 

available S-hydroxy-l&naphthoquinone. Further investigations into the syntheses of (l), (3). and (4) using this 

approa&, and an asymmetric synthesis of the dienes (11) and (12). aw cummly underway. 
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During the pmparadon of this manuscript a related stereoselective Diels-Alder reaction of 5-acetoxy-2- 

bromonaphthoquinone and 1-t-butyldimethylsiloxy-3-vinylcyclohex-2-ene was repot& Kim, IL; 

Reibenspies, J.; Sulikowski, G. J. Org. Chem. 1992,57,5557-5559. 

The structmes of new compounds were assigned on the basis of 300 MHz lH NMR, 75 MHz 13C NMR, 

in&at& and mass spccual data. All new compounds gave satisfactory ektmmtal analyses and/or patent ion 

identification by high nsolution mass spectromtry. 

1H NMR of (14); 8(300 MHz. CDC13 + D20) 1.00 (3 H, d, J 6 Hz, CH3). 1.11 (1 H, q, J 11.5. 11.5. 

and 11.5 Hz, H-2&, 1.71-1.82 (2 H, m, H-3,-4ax), 2.08 (1 H, dd, J 11.5 and 2.5 Hz, H+,), 2.15- 

2.23 (1 H, m, H-12b). 2.34 (1 H, dd, J 11, 2.5 Hz, H-4eq), 3.00 (3 H, s, GCH3). 3.16 (1 H, t, J 4.5 

and 4.5 Hz, H&I), 3.74 (1 H, t, J 5.5 and 5.5 Hz, H-12a), 4.03br (1 H, t, J 4 and 4 Hz, H-6). 4.90 (1 

H, dt, J 4.5, 11, and 11 Hz, H-l), 5.70-5.80 (1 H, m, H-5), 7.16 (1 H, dd, J 8 and 1 Hz. H-9), 7.35 (1 

H, dd, J7.5 and 1 Hz, H-11), 7.57 (1 H, t, J 8 and 8 Hz, H-10). 

On the basis of the lH NMR spechum of (17) the relative s~hemistry of the majar stertoisomr at C-l 

and C-3 was assigned as trans. The epimerisation at C- 1 is presumably dg by an SN~-like process 

and is the subject of further investigation. 

1H NMR of (18); 8(300 MHz, CDQ3) 1.12 (3 H, d, J 6 Hz, CH3). 1.45 (1 H, tdd, J 13,13,4 and 2 Hz, 

H-2,), 2.24 (1 H, dq, J 13,4.5 and 2.5 Hz, H-G), 2.26-2.40 (1 H, m, H-3). 2.44 (1 H, dd, J 17 and 

11.5 Hz, H-4&. 3.02br (1 H, dm, J 17 Hz, H-4eq), 4.04 (3 H, s, GCH3), 4.87 (1 H, dd, J 4 and 2 Hz, 

C-l OH). 5.17 (1 H, dt, 4,4, and 2 Hz, H-l), 7.31 (1 H, dd, J 8.5 and 1 Hz), and 7.82 (1 H, J 8, and 1 

Hz) (H-9 and -ll), 7.52 (1 H, d, J 8 Hz, H-5). 7.70 (1 H, t, J 8 and 8 Hz, H-10). and 8.16 (1 H, d, J 8 

Hz, H-6). 
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