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Synthesis of a Ring-Expanded Bryostatin Analogue
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The bryostatins are a family of marine natural products that Scheme 2 2
display a wide range of biological activities, most notably their Q
anticancer activity in vivé.This effect is attributed to their ability ﬁ\o : Ssteps HO%/\ ab TBSO\X/\/OH cd

to modulate the functions of protein kinase C isozymes within cells. . Opvi8 1§’P""B ™ /OT:;}
One of the members of this family, bryostatin 1, is currently in  (R-Pantolactone 1
several phase | and phase Il clinical trials for the treatment of several s s TBSO s 3,0TEDPS
cancers. The syntheses of bryostatins and their analogues have T8sb  GMBOH O CO?CHS%B: o | L
been an active research area since the structure elucidation of 12 Eff:;:;i";c:uz w 8 oreoes
bryostatin 1 in 1982.To date, three total and one formal syntheses Bu den

have been reported; and potent bryostatin analogédmve been 13

identified. In the analogue synthesis front, efforts have been centered' Y OTEOPS | |

on the simplification of the 26-membered macrolactone backbone. =~ © OPMBOL. 4

Herein, we report the synthesis of a ring-expanded analdgue 5 0

(Scheme 1), which retains all the functionalities in the bryostatins,
and their biological activities against several cancer cell lines.

Scheme 1
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a2 Reagents and conditions: (a) TBSOTf3IE,t—78 °C, 94%; (b) 9-BBN,
then HO,, NaOAc, 93%; (c) TEMPO, KBr, NaOCI, Gi€l,/H,0; (d) Ti(O-
i-Pr)Cly, 11, toluene,—78 °C, 69% over two stepsy10:1 dr at C(5); (e)
MesNBH(OAC)s, AcCOH/CHCN, —35°C, 96%, 15:1 dr at C(3); (f) 10 mol
% of Otera’s catalysiL3, hexane, reflux; (g) TBDPSCI, imidazole, DMF,
50°C, quantitative; (h) AcOH/BD (4:1), 69%,; (i) Dess Martin oxidation;

Bryostatin 1 (j) allyl iodide, In, DMF, rt, 66% over two steps; (k) DesMartin oxidation,
Higo TBSO_17_CHs 85%; (1) 10 mol % of [CpRu(CHCN)s]PFs, acetone, rt, 56% yield, dr 9:1;

HaCO5C \‘33 > A OAc B (m) NBS, DMF, 93%; (n) BE-OEt, 1,3-propanedithiol, CkCl,, 0°C, 98%;
0 o + O H (o) PPTS, CHOH, CH(OCH)s, reflux, 71%; (p) TESCI, DMAP, then

P, doon pyridine, AgO, 92%; (q) PPTS, MeOH, rt, 85%; (r) DMSO, (CO&IELN,

OTES CH,Cly, —78 °C to rt; (s) PRPCHBr, n-BuLi, 63% over two steps; (t)
ﬂRu-Catalyzed Tandem P Catalyzed Tand TBAF, THF, rt, 82%; (u) Me@SnOH, DCE, 140°C, microwave, 82%; (v)
Tetrahydropyran Formation Dih(y;,o;y?ay:io,::n:n'"ﬂ Pd(PPh)s, CO, DMF/CHOH, 85 °C, 94%; (w) TESOTY, 2,6-lutidine,

TMS =" /Y\)\ CH.Cl,, 68%.
¢ 0
4 1o

Hoome FsC0L o~ stage, &8,y-unsaturated ketone was introduced to giv@he key

+

L OTBDPS %oms Ru-catalyzed tandem coupling between enbrexd homopropar-
0 6PMBO 072 gylic alcohol4 furnished tetrahydropyraib in 56% yield as a 9:1
5 iy ® cis:trans diastereomeric mixture, and no double bond isomer was

observed. Although exce&s(2.2 equiv) was used in the reaction,
Shown in Scheme 1 is our retrosynthetic analysis. Inspired by 1.2 equiv was recovered and recycled. Subsequent bromination and
the B-ring and C-ring segments, we developed a Ru-catalyzed deprotection gave the corresponding diol, which was subjected to

tandem procedsfor the synthesis of 4-methylerss-2,6-tetra- a tandem lactone methanolysisetalization to affordl6. Com-
hydropyran and a Pd(ll)-catalyzed tandem reaéfiofor the poundl6was converted to vinyl bromide6 and then the northern
synthesis of dihydropyrans. Since our Pd(ll) catalysis necessitateshemisphere in eight steps.

an early installation of the sensitive-unsaturated methyl ester Our synthesis of the southern hemisph8reommenced with

at C(13), we decided to evaluate a ring-closing metathesis (RCM) p-glactonic acid 1,4-lactone (Scheme 3). Epoxide openintgbf
approach for the formation of the macrocytlé? The steric with methyl propionate delivered methyl ynoat8, which was
hindrance of the C(16)C(17) double bond (bryostatin numbering) coupled with alkyne20'® under our tandem Pd(Il) catalysis
made this approach risky, but we were encouraged by the potentialconditions to give dihydropyraB1 in 55% yield® At this stage,

to access ring-expanded analogties. the vicinal oxygens at C(19) and C(20) were introduced via an
Our synthesis of the northern hemisphiis outlined in Scheme epoxidation. Unfortunately, the stereochemistry of the newly
2. The alcohob'was converted to the hydroxyketoh2following introduced C(20) hydroxyl group was the opposite of that required
a procedure from Evans. Subsequent hydroxyl-directeati- for our synthesis. This undesired selectivity was overcome by a
reduction® lactonization'® and protection gave lactorig. At this Dess-Martin oxidatiort%Luche reductioft sequence. After intro-
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Supporting Information Available: Experimental details and

spectroscopic data (PDF). This material is available free of charge via
the Internet at http://pubs.acs.org.
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aReagents and conditions: (a)BuLi, methyl propionate, B§FOEb,
THF, —78 °C, 92%; (b) Pd(OAg) tris(2,6-dimethoxyphenyl)phosphine,
20, benzene, then Pd{OCR),, rt, 55%; (c) trifluoroperacetic acid,
NaHPOy, CH,CIl,/CH3CN/CH3OH, 0 °C; (d) Dess-Martin oxidation; (e)
NaBH,, CeCh-7H,0, —30°C; (f) Ac20, pyridine, DMAP, CHClIy, rt, 45%
over four steps; (g) BN-3HF, THF, rt, 54-77%; (h) DessMartin
oxidation, 94%; (i) CrGl, CHls, THF, rt, 26% (47% BRSM); (j) Pd(PRh,
22, THF, rt, 68%; (k) AcOH/HO (3:1); (I) TESCI, TEA, DMF,—35 to
—15°C, 60% over two steps; (m) g, DMAP, 2-methyl-6-nitrobenzoic
acid anhydride, CkCl,, 51%; (n) benzene, 580 °C, 17 mol % of
Grubbs-Hoveyda catalyst, 80%, 1:E:Z mixture; (0) PPTS, MeOH, rt,
36% of 1, 46% of 27.

ducing a terminal olefin via a Takai olefinati#nand a Negishi
cross-coupling? the resulting triene24 was hydrolyzed and
monosilylated to give the southern hemisph@revhich was then
coupled with2 in the presence of 2-methyl-6-nitrobenzoic acid
anhydridé*to give 25. Gratifyingly, treatment 025 with Grubbs-
Hoveyda cataly3t gave 31-membered lacto@6é as an inseparable
1:1 E:Z mixture in 80% yielc’® Final deprotection gave triols
and 27, which were separated by preparative TLC.

The compound4 and27 were tested against several cancer cell
lines. Particularly impressive and interesting is the abilityl ad
inhibit the growth of NCI-ADR-a breast cancer cell line with added
multi-drug-resistant pumpswith an 1G; of 123 nM2?

In summary, a ring-expanded bryostatin analogjwgth potent
antitumor activity against the NCI-ADR cancer cell line was
synthesized. Notable features include a Ru-catalyzed tandem
tetrahydropyran formation, a Pd-catalyzed tandem dihydropyran
formation, and a ring-closing metathesis. The chemistry reported
herein should be applicable to future syntheses of the bryostatins
and their analogues.
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