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The First Total Synthesis of the Antitumor Macrolide Rhizoxin:
Synthesis of the Key Building Blocks
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Summary: The construction in optically pure form of the key building blocks, arising from our
retrosynthetic analysis of the antitumor macrolide rhizoxin is described.

Rhizoxin, isolated in 1984 from Rhizopus chinensis Rh-2 as the pathogen of rice seedling blight!,
binds to B-tubulin at the same site as maytansine!d:2 causing either inhibition of polymerization or
depolymerizaton of tubulin. In addition to antifungal activity3, it exhibits remarkable antitumor activity.
Rhizoxin is a novel type of 16-membered ring macrolide differing from others previously known in its
biological activities2-3, biosynthesis1¢, and unprecedented structure!, which contains two epoxides, a 8-
lactone in the macrocyclic ring, and a chromophore terminating in an oxazole. These facts led us to undertake
a synthetic study of rhizoxin and homologues. We now wish to report the construction of the key fragments
required for the first total synthesis of the antitumor macrolide rhizoxin.

Scheme I shows our retrosynthetic analysis of rhizoxin 1 and bond disconnections to the Right-Wing
4, Left-Wing 3, and Chromophore-side-chain 2. The Right- and Left-Wings are ultimately derived from
readily available chiral starting materials. The numbering used in Scheme I represents the position of the
corresponding carbon atoms in 1.
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Scheme I Structure and Retrosynthetic Analysis of Rhizoxin
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As shown in Scheme II, synthesis of the Right-Wing started from the chiral half ester 4¢ (>91%ee)
generated by asymmetric hydrolysis of the corresponding meso-diester 4d using pig liver esterase?. We
planned to construct the remaining chiral centers of fragment 4, C7, C8, by 1,3- and 1,4-asymmetric
induction using cyclic hydroboration5 of the diene db. To synthesize 4b, 4¢ was transformed as follows.
Selective reduction of the ester 4¢ with LiBHg, followed by dehydration (Ac20, py) gave the crystaliine 8-
lactone § (mp.89°C, AcOEt-Hexane; [a]p+26.0%(C=2.40, CHCl3)). The recrystallized optically pure &-
lactone § was converted to selenide 6, which was then treated with O3 (-78°C), Me3S (-78°C tor.t.), and
TEA (CH;Cly, reflux) to afford aldehyde 7. The aldehyde 7 was reacted with the Z-selective phosphonate§
under the conditions shown in Scheme Il to afford 8 (Z : E =>20:1). The ester 8 was reduced to the
alcohol with DIBAL-H, and converted to its silyl ether 4b. Cyclic hydroboration of 4b was initially carried
out with BoHg in THF, but the selectivity was low (2:1). However, it could be raised, as shown, toa
reasonable level for synthetic purposes (7:1)7. Diol 4a was then converted to the Right-Wing 4 via 8-lactone
9. For the coupling of the fragments and subsequent transformations, the 8-lactone of 9 was protected as its
1,3-dithiolane8 and the primary hydroxyl group was protected as its 1-ethoxyethyl ether to complete the
synthesis of the Right-Wing 4.
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R = PhCHCHCH,, Bn = PhCH,-, TBDPS = -BuPh,Si-, EE = 1-ethoxyethyl. Conditions:(a)Pig Liver Esterase, 0.1M KPB(pH8.0),
10% Acetone, r.t., quant. (>91%ae); (b)LiBH,, MeOH, DME, reflux, 1h; Ac,0, py, CHCla, 12h, 81% from 4¢ ; (C)KOH, MeOH,
0°C, 1h; CH Ny MsCl, TEA, 0°C, 30min, 88% from 5 ; (d) (PhSe-)p, NaBH,, EtOH,0°C — reflux, 1h, 85%; (e)LiAlH,, EtL0, 0°C,
30min, 95%; ()BnBr, NaH, THF, DMF, r.t., 12h, 91%; (g)O3, CHLI,, -78°C, 45min; Me,S; TEA, CH,Cl, reflux, 1h, 50% from 6;
(h)(CF3CH0)P(O)CH(CH3)CHCO,EL, KNTMS,, 18-crown-6, THF, -78°C, 30min, 95%; (iDIBAL-H, CH,Cl,, -78°C, 20min, 98%;
()TBDPSC!, imidazole, 0°C - r.t., 2h, 98%; (k)thexylborane, THF ,-78 — 0°C 12h; NaOH, H0, 0°C, 30min, 70% (7 : 1); ())
Ag>COy/Celite,CgHg,reflux,12h,88%; (m)n-BuNF, AcOH, r.t, 12h, 96%; (n)MsCl, TEA, CH,Cl5 0°C - 1.1, 1h, 98%; (0)PhSO_Na,
DMF, 100°C, 12h, 86%; (p)Ha Pd(OH), AcOEL, 1.1, 12h, 100%,; (q)TBDPSCI, imidazole, 0°C — r.t., 6h, 39%; (r)MesAl, (CHSH),,
r1, 12h; ppTs, CHLCI,, r.t., 3h, 98%(2steps); (s)n-BuNF, THF, r.t., 3h, 98%; ()CHsOCHCH, ppTs, CHoCl; r.t., 12h, 100%

Scheme II Synthesis of the Right-Wing
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Scheme III shows the synthesis of the Left-Wing 3 starting from readily available 3¢, (S8)-methyl 3-
hydroxy-2-methylpropionate. The problem here was control of the three chiral centers, C13, C15, and C18.
We confirmed that all of them could be constructed by stereoselective reductions. To build the C18-C19
trisubstituted olefin by the Horner-Emmons reaction, 3¢ was converted to the phosphonate 10, and this was
then treated with MPMOCHCHO under the conditions® shown in Scheme I1I to afford seiectiveiy the E-

o, B-unsaturated ketone (72%). Selective reduction with Zn(BHy4)210 afforded the diol (>20:1)11, which was
tritylated, methylated, detritylated!2, then converted to the key intermediate 3b by Swern oxidation!3,
Expecting that addition to 3b would occur stereoselectively in a chelation controlled manner!4, a variety of
non-chiral enolates were reacted with 3b. Unfortunately, selectivity was not achieved in any of these cases,
and the diastercomeric mixtures!4 formed were difficult to separate by silica gel chromatography. Therefore,
the product mixture was at once oxidized!3 to the ketone and this was reduced under non-chelation controlled
conditions with L-Selectride®16 to afford 3a stereoselectively (>20:1). The amide 3a was reacted with the
appropriate vinyllithium!7 to afford 12. Selective reduction of 12 with Me4JNBH(OACc)3!9 and subsequent
transformation to 3 were accomplished as shown in Scheme III.

Now, the stage is set for the convergent and first total synthesis of rhizoxin, and in the following paper
we describe the coupling of the fragments, and the subsequent transformations leading to rhizoxin20.21,
including the stereoselective epoxidations of the macrocycle suggested by the proposed biosynthetic
pathway22,
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MPM = p-MeOPhCH,-, THP = tetrahydropyranyl-, TBS = $BuMe,Si-.Conditions:{a)PhCH,0CH,CI, DIPEA, 0°C — rt., 12h,
100%; (b)(EtO)2P(O)CH,CH3, n-butylithium, THF, -78°C, 10min, 86%; (c)H,, Pd, E1OH r.t., 12h, 100%; ()MPMOCH,CHO,
LiCl, DIPEA, CHyCN, r.t., 24h, 72%; {8)Zn(BHy)a, Et,0, 0°C, 30min, 94%; (TrBr, py, CHoCly, r.t., 12h, 87%; (g)Mel, NaH,
THF, r.t., 12h, 100%; (h)CSA, MeOH, CH2Ch, r.t., 12h, 87%; (i)(COCl)o, DMSO, DIPEA, CH,Ch, -60°C, 98%; ()
CH/LCONMe(OMe), LDA, THF, -78°C, 20min, 92%; (k) (COCI)2, DMSO, DIPEA, CH.Cl,, -60°C, 88%; ()L-Selectride, THF,
-78°C, 30mmin, 91%; (m) E-CHLCHBrCHCH,OTHP, -butyliithium, pentane, Et,0, THF, -100°C — -78°C, 20min, 75%; (n)

Me NBH(OAC)s, CHyCN, ACOH, -20°C, 24h; ppTs, MeOH, .., 12h, 78%{>15:1); (0)Me;CCOC!, py, CHCly, rt., 12h, 90%;
(P)TBSOTY, 2,6-lutidine, CH,Cl,, 0°C, 15min, 81%; (Q)LIAIH,, E4O, 0°C, 30min, 99%; (MO, CH,Cl, 1., 30min, 7%

Scheme III Synthesis of the Left-Wing
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