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Synthesis of a Calicheamicin Deoxyaglycone Model
by an Imtramolecular Acetylide Cyclization
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Summary: Reaction of enediyne aldehyde 16 with l.iN(SiMeo%) leads to intramolecular acetylide cyclization to
the epimeric carbinols 17 comprising a deoxyaglycone m e’l for the calicheamicins. NOE studies permit
stereochemical assignments for these epimers, which in turn suggest that C-8 stercochemistry (calicheamicin
numbering) assigned for the calicheamicins may require revision.

Investigators at Bristol-Myers and at Lederle have recently assigned the structures of two series of
potent antitumor agents, the esperamicins (1)! and the calicheamicins (2)2, respectively. These structurally
remarkable natural products are glycosidic derivatives attached to a common aglycone framework, the
bicyclo[7.3.1)trideca-4,9-diene-2,6-diyne system. The aglycone core possesses an allylic trisulfide, a methyl
carbamate group, and the characteristic bridging 7-carbon enediyne chain believed responsible for the DNA-
damaging properties of these substances. The mechanism of DNA strand scission by these agents has been
proposedl’2 which involves the bioreductive conversion of the trisulfide to a thiol, triggering intramolecular
Michaeladdiﬁonofthethiolmtheenme.mdmbnqumtemydicmmgement3oftheenediyneunitto

a p-phenylene diradical which can abstract H atoms from the sugar phosphate backbone of DNA.
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With the minimum requirements of an enediyne bridge and a suitable nucleophilic trigger thus defined,
we selected as a target the deoxyaglycone structure 3 in which P is an appropriate protecting group. Schreiber
and Kiessling have recently employed the intramolecular Diels-Alder reaction to construct the ketoester 4, thus
providing the first synthesis of the bicyclic framework of this series."' Our strategy on the other hand
envisions the key macrocyclization to occur by an intramolecular addition of an acetylide anion to an aldehyde,
as elaborated below. The precursor for this approach would be a cyclohexane-1,3-dione such as § in which R
is a predecessor of an enediyne chain. The symmetry of 8, in principle, permits the incorporation of the
carbamate substituent by nitrosation at C—2.5 the allylic thiocether unit by Torii aldol condensation6 with
PSCH20H0 at C-4, and introduction of the aldehyde carbon at C-3 as discussed below. This paper
demonstrates the feasibility of the key macrocyclzation step within this overall strategy.
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Hydrolysis of the known 3,5-dimethoxy-14-dihydrobenzyl aloohol’ with Dowex SOW-X8 resin gave the
p-methoxyenone 6 in 63% yield (Scheme 1) Swern oxidation transformed 6 to the aldehyde 7, which with
CBr, and Ph,p produced the crystalline dibromoolefin 8, mp 84-85 °C, in 51% overall yield. Reaction of 8
with 1 equiv of LDA protected the ketone as its enolate, and subsequent addition of 2 equiv n-BuLi formed
on workup the acetylene 9, mp 72-73 °C, in 76% yield. Addition of 2.5 equiv. CH,=CHMgBr at 0° followed
by quenching with dilute HCl gave in 91% yield the conjugated dienone 10.

To stabilize subsequent intermediates, dienone 10 was converted in 61% yield to the dioxolane 11 with
HOCH CH OH and pyridinium p-toluenesulfonate catalysis; use of pTSA as catalyst produced significant
amounts of the isomeric A 3,4-diene. Catalytic osmylation followed by periodate cleavage produced aldehyde 12
which was reduced by Nn.BH to carbinol 13 in 61% overall yield. At this point, Castro-Stephans eouphng
of the acetylene with (Z)-l-chlom—mmethylmlyl- -buten—3—yne using Pd(PPh ) /Cul/n-BuNH, gave 59% of
the silyl enediyne 14, which was oxidized under Swern conditions to the aldehyde 15. Desllylatmn with
n-BuNFgavemw%ovemllyieldthekeycycliuumprecumr enedxymaldehyde 16. The structure 16 was
confirmed by deuiled analysul and decoupling of its 300 MHz H-NMR spectrum, and by IR and high
resolution mass specm
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Invemadditionofleysyringepumptoadilutesoxutionofl.iN(SiMes)zin'n{Fforshmat2o°c,
followed by aq. NH 4CI workup, led on SiO2 gel chromatography to the isolation of a presently inseparable 3:1
mixture of epimeric cyclized carbinols 17a and 17b in 42% yield (bued on 30% recovered 16). Structure 17
rests upon IR, MS, HRMS'3 as well as 300 MEz 'H-NMR' and 13C-NMR!® comparison with data for the
Schreiber ester 19. The stereochemistry of the major epimer 17a has been demonstrated by irradiation of H-8
at § 5.12 (benzene, degamsed) leading to a 25% NOE enhancement of the H-13f signal of § 2.90 but no effect
on the H-10 signal. Reaction of the mixture 17ab with p-PthH COCl1 (Et N, DMAP, 01{2012, 20°C, 3 h)
resulted in selective acylation of 17a to give predominantly ester 18&16 in which the H-10 is shifted § 0.21
downfield from 17a, and for which NOE results closely paralleled those cited for 17a. It is noteworthy that
neither 17a nor 18a exhibited long-range coupling >1.0 Hz for J5 P whereas in both the esperamicins and
calicheamicins, as well as in the model 19, J5 ¢ o 14-2.7 Hz. These data suggest that the stereochemistries

at C-8 for the last 3 systems are identical, but differ from that of our major carbinol epimer l‘Ia.17

Finally, we report that deketalization of mixture 17 (0.2 M HC), ag. acetone, 20°C, 90 min) gave 90% yield
oftheepnmenchydmxyenonaZO,fuﬂycharwtenudhym,NMR.MSandHRMsa'm
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References

Golik, J; Dubey, G.; Groenewold, G; Kawaguchi, H; Konishi, M.; Krishnan, B; Ohkuma, H; Saitoh, K;

Doyle, T.W,, J. Am. Chem. Soc. 1987, 109, 3462.

Lee, M.D.; Dunne, T.S; Chang, C.C; Ellestad, G.A; Siegel, M.M.; Morton, G.0; McGahren, W.J;; Borders,

DB, J. Am. Chem. Soc. 1987, 109, 3466.

Bergman, RG., Acc Chem. Res. 1973, 6, 25; sce also, Zein, N; Sinha, AM; McGahren, W.J; Ellestad, G.A.,

Science 1988, 240, 1198.

Schreiber, SL; Kicssling, L.L,, J. Am. Chem. Soc. 1988, 110, 631; see also Magnus, P; Carter, P.A. ibid,

1988, 110, 1626.

Touster, O., Org. Reac. 1953, 7, 327.

Torii, S; Inokuchi, T; Ogawa, H, Buil. Chem. Soc. Jpn. 1979, 52, 1233.

Chapmm.O.L,-Pmon.P..J.Am.Chem.ggl%&%u.

All Scheme 1 compounds gave 300 MHz "H-NMR, IR, MS and HRMS or combustion analyses in accord

with the reported structures. Dntnfg{nelectedcot&pwndlmgivmbelow.

Dienone 10: IR (film) 1660, 1580 em ; 300 MHz "H-NMR (CDCL,): § 650 (1 H, dd, J = 10.8, 17.5 Hz),

597 (1Hs),562(1 Hd, J =175 Hs), 551 (1 H, 4, ] = 108¥z), 308 (1 H, m), 283 (1 H, dd, J =

4.60, 17.52 Hz), 2.70 (1 H, dd, J = 4.60, 17.52 Hz), 2.60-246 (2 H, m), 2.16 (1 H, d, J = 2.28 Hz).

HRMS: Calcd for C 10O: 146.0732; Found 146.0730.

a) Stephans, R.D,; 10, CE, J. Org. Chem. 1963, 28, 3313; b) Ratovelomanana, V.; Linstrumelle, G.,

Tetrahedron Lett. 1981, 22, 315; ©) Guillerm, D.; Linstrumelle, G. Tetrahedron Lett. 1985, 26, 3811.

The chloroenyne 14 was prepared by coupling of Me,SiC=CH and Z-CICH=CHCI] according to the

dproeedum of reference 10c. Caled for C7H118iCl: C 5298; H, 699; C, 22.34. Pound: C, 53.09; H, 7.07;
22.08.

Aldehyde 16: IR (film): 1685 cm ’; 300 MHz 'H-NMR (CDCL)). § 6.42 (1 H, s), 9.51 (1 H, s), 590 (1

H.d.J-11.1Hz),5.77(1H.dd,J-2.0.11.1Hz),4.15—3.953(4H.m).3.33(1H.d,J-Z.OHZ). 3.01

(1 5, m), 277 (1 H, dd, J = 48, 181 Hz), 221 (1 H, dt, J = 1.3, 132 Hz), 2.13 (1 H, ddd, J = 2.3,

114, 137 Hz), 192 (1 H, t, J = 132 Hz). HRMS: Caled for C 0,: 242.0943. Found 242.0917.

Mixture of 17a and 17b: IR (CHCL: 3400, 1260, 1100 cm > HARMS (m/e): Caled for C, H, 0,

242.0943; Found 242.0920. 1

Major epimer 17a: 300 MHz "H-NMR (CDCL,): § 586 (H, dd, J = 96, 1.0 Hz); 5.76 (H-5, d, J = 9.6);

562 (H-10, 4, J = 2.6); 512 (H-8, 8); 4.07-3.91 (4H, m); 3.27(H-1, m); 2.90 (H-138, d, ] = 14.8);

249205 (4H, m). Ke; nlgm.la for Schreiber ester 19: & 583 (H-57, dd, J = 99, 24 Hz); & 5.74 (H-4?,

dd, J = 99, 12) § {H—O,brl);SM(H—S,I)-

Major epimer 17a: ““C-NMR (CDCls, partial): § 143.3 (C-10), 1224 and 121.5 (C-4/C-5), 67.7 (C-8).

Schreiber ester 19: § 142.5 (C-10), 1219 and 121.6 (C-4/C-5), 69.2 (C-8).

Ester 18a: HRMS: Ca.lcd1 for C, 8“220 ¢ 422.1518; Found: 422.1527.

Although most of the H—NMl?:ignahofepimerﬂbwmvinibhin:pectnofﬂ,thsyweretooweak

and overlapping with those of 17a to interpnt_}ong—rmge J of NOE data on this minor component.

Hydroxyenones 20: IR (CHCL,) 2200, 1675 cm . 300 MHz H-NMR (CDCL,): § 602 (1 H, d, J = 4.4

Hz), 5.89-579 (2 m), 52311 H, ), 360 1 H, m), 317 (1 H, 4, J = 1?.3 Hz), 2.80-2.50 (4 H, m).

MS (m/e) 198 (M HRMS (m/e) Caled. for Clil:}oozz 198.0681; Found: 198.0677.
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