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ABSTRACT

OMe

allocyathin B3

The synthesis of allocyathin B; from an advanced intermediate possessing the ring system and relative stereochemistry but lacking the
isopropyl and hydroxymethyl groups is reported. The isopropyl group was introduced by radical cyclization of a methyl propargyl acetal of
an a-bromo ketone, and the hydroxymethyl group was generated by Pd-catalyzed carbonylation of a vinyl triflate. The route provides functionalized
intermediates that could allow access to more complex members of the cyathin family of diterpenes.

The cyathins are a unique family of diterpenoids first isolated cyathins possess a trans 6-7 ring fusion as illustrated by
by Ayer et al. from cultures of bird’'s nest fungi of the genus cyathin A (1) and differ only in the degree of oxidation

Cyathus' With the exception of allocyathin B(3),'9 all
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around the five-memberédand seven-memberédings.

OR

CHO

R=H; allocyathin B, (3)
R =1-B-D-xylopyranosyl;
erinacine A (4)

19 cyathin A5 (1)
A"2; allocyathin By (2)

More recently, several fungal metabolites with structures
closely related to those of the cyathins have been reported.
For example, the striatifeind erinacinésare carbohydrate
conjugates of cyathins (e.d), the sarcodonifsare cyathins
with a C-19 alcohol, and the scabronifhase cyathins with

a C-17 carboxylic acid. Several cyathifsshow strong
antibiotic activity, and both the erinacirfeand scabroninés
stimulate the synthesis of nerve growth factor. The unique
5-6-7 ring system and biological activities associated with
this ever growing family of natural products has attracted
the attention of synthetic chemists® To date, total



syntheses of both4{)-3%1° and 4° have been reported; were less obvious. After considerable experimentation, a
however, modifications of these routes to provide targets with method was established to introduce a 3-carbon side chain
the much more common trans 6-7 ring fusion have not beenbased on radical cyclization (Scheme 2). Treatment®f
demonstrated and are far from certain. In this paper we report

the first synthesis of a cyathin diterpene with the trans 6-7 _

Scheme 2

ring fusion and fully functionalized seven-membered rihg.
Several years ago we reported the synthesisGjF an
intermediate possessing the ring system and relative stereo-
chemistry present in cyathin diterpenes f. The prepara-
tion of 10 was efficient, proceeding ir 10% overall yield
from 2,5-dimethylbenzoquinon&)(in 17 operations of which
only 6 required purification beyond normal workup including
only 4 chromatographic separations (Scheme 1).

Scheme 1

aReagents: (a) MeOH, HCI, (MegH, toluene, reflux. (b)

o]
NBS, propargyl alcohol, CkCl,, —78°C. (c) PhSnH, AIBN, GHs,
aReagents: (a) b+ 6, 140°C (92%); ii. allene hv; iii. TFA,; reflux (60% from10). (d) H,, Pd—C, EtOAc (90%). (e) 10% HCI,
iv. mMCPBA; v. 9-BBN; vi. PhSH, NaOH (50% frorg). (b) i. THF (85%). (f) NaBH, EtOH (85%).

PhCOOH, DEAD, PkP; ii. NaBH;, CH,Cl,, MeOH, —78 °C; iii.
NaOH, MeOH; iv. RaNi; v. NaOH, MeOH, reflux; vi. BzCl, g,

DMAP (60% from 7). (c) i. MsClI, pyridine, 50°C, then DBU, . . . :
toluene reflux (75%): ii. b, RhCI(PAP) (90%). (d) i. Q, Sudan with trimethyl orthoformate and methanolic HCI in toluene

Ill, then MesS; ii. TSOH, toluene; iii. Mel, AgO (50% from9). followed by azeotropic distillation of MeOH produced the
dienol etherl1l. Cohalogenatiof of 11 with N-bromosuc-
cinimide (NBS) and propargyl alcohol gave the somewhat
unstable12 as a single diastereometH NMR) which
8yclized3 to 13 (60% overall yield from10) on treatment
with PhsSnH and AIBN in refluxing benzeng:!®
3 Unmasking the isopropyl group presentliB proved to

be difficult. Treatment with protic or Lewis acids led to loss
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derivatives failed, the dioll7 was readily prepared by 18 has functionality that potentially can provide access to
reaction of15 with NaBH,. Unfortunately, all efforts to  any of the various oxidation patterns present on the A (i.e.,
deoxygenate one or both the alcohol groupslihwere five-membered) ring of cyathin and related diterpehEsr
unsuccessful, and several attempts at derivatization led tomany of the possible synthetic targets, deoxygenation of the
the tetrahydrofurai6.1° The serendipitous observation that C-19 alcohol group is required; this was readily accomplished
under very mild conditions hydrolysis df4 would occur by reaction ofl8 with Ph,PCI followed by b and reduction
without isomerization was crucial for our solution of this of the resulting iodid® 19 with H, over Pd-C to give 20
problem (Scheme 3). (65% overall from18).

Treatment o0 with NaOH in MeOH served to hydrolyze
the benzoate ester with concomitant isomerization of the
C-4,5 double bond into conjugation with the ketone, thereby
reestablishing the desired trans 6-7 ring fusibfo avoid
unnecessary protection/deprotection schemes, the resulting
alcohol was directly oxidized to keton2l with NMO/
TPAP2? (85% from 20). Selective deoxygenation of the
cyclopentenone carbonyl was achieved by reacti®iefith
triflic anhydride (T£O) in the presence of the hindered base
2,6-ditert-butyl-4-methylpyridiné® to give the dienol triflate
which was reduced to cyclopentadie?2 by Pd-catalyzed
reaction with B4SnH (50% from21).2425Finally, introduc-
tion of the vinyl hydroxymethyl group was achieved by Pd-
catalyzed carbonylatiéh of the vinyl triflate derived from
22 followed by DIBAL-H reduction of the resultin@3 to

Scheme 3

23 R=CO,Me

24 R=CH,OR 2 give (+)—24 (50% from22). Spectral data' and*C NMR,

+9 UV, MS) for (£)—24 closely matched that previously

2 reportedc?’for (—)—24. Hydrolysis of24 to allocyathin B

aReagents: (a) PPTS, acetoneCHrt, 12 d (75%; quantitative (2; a mixture of_ hydroxy ketong and hemiacetal tautomers)

based on conversion). (b) i. FCI, pyridine, toluene. ii.ol (c) proceeds readily in THF solution on exposure to aqueous
Hy, Pd-C (65% from18. (d) i. NaOH, MeOH, reflux; ii. NMO, HCIO,.1e
TPAP (85%). (€) i. TIO, 2,6-di tert-butyl-4-methylpyridine; ii. In conclusion, the synthesis of allocyathins B) was
BusSnH, LICl, Pd(PEP), THF (50%). (f) i. NaN(TMS}, THF, achieved by introduction of the required isopropyl and vinyl
—78 °Cy i, PANTE; iil. CO, DIEA, Pd(PRP), THF (50%); iv. hydroxymethyl groups onto an advanced intermedia@® (
DIBAL-H (50%). (g) 1 N HCIO,, THF (80%: see ref 1e). ydroxymetnyl group

already possessing the correct ring system and relative
stereochemistry. This is the first synthesis of a cyathin

Reaction ofL4 with pyridinium 4-methylbenzenesulfonate diterpene incorporating the trans 6-7 ring fusion and a fully
(PPTS) in agueous acetone for 12 days geE75%) along functionalized seven-membered ring. Although introduction
with recoveredl4 (25%) (Scheme 3). In contrast 165, 'H of the isopropyl group proved difficult (i.6.0— 21, 8 steps,
and’3C NMR (in CDCE) of 18indicated a 1.5:1 mixture of 35% yield), the reported solution provides intermediates with
the hydroxy ketonel@h) and hemiacetali8a) tautomers, potentially useful functionality. Indeed, simple modifications
respectively. Importantly, esters of the hydroxy ketone of the route reported herein can be contemplated that might

tautomer18b could be prepared in good yield. Intermediate €ad toany of the known cyathin diterpenes and several
related natural products.
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