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Although 75 years of study have proven that the Diléder Me Me
reaction is one of the most powerful tools for the construction of Me Me
complex molecules, particularly natural products, its full potential
has not yet been reaché&éor instance, no chiral, small molecule X
catalyst has yet proven capable of coaxing an achiral precursor to Me ii Me i
undergo an enantioselective Type | Dieilder-based macrobi- me  Me Me onme
cyclization. In this Communication, we report the first solution to )
. 1: X=H, B-araneosene 3: palominol
this problem as part of a broader research program to develop 2: X = 0, dolabellatrienone
effective synthetic pathways to bioactive dolabellane-type marine
natural productsg including the parentg-araneosenel( Figure Diels-Alder
1),% dolabellatrienone2),> and palominol 8). Ring . 0 | disconnection
The overall approach to these targets is summarized retrosyn- contraction

thetically in Figure 1, for the case of dolabellatrienor®. ( ’ A
Retrosynthetic 5~ 6 ring expansion and functional group introduc- Deoxygenation -3,

tion serve to convert this structure to one suitable for retrosynthetic

Diels—Alder disconnection. Since this disconnection would produce

an achiral precursor, any enantioselective synthesis would require H Ph l@p
the application of a chiral catalyst. We surmised that this key step f |.Ph

could proceed asymmetrically with the chicg-fused oxazaboro- @_}0 Me"N“;B =0 eNsz
lidinium cation4” by way ofendatransition state assemblywhose =B HO® T 2,

organization involves a formyl hydrogen bond ametr stacking
between the dienophile and the catalyst. Such a reaction course
would result in the required macrocyclic enantiorfer.

The manner in which this general plan was reduced to practice
is shown in Scheme 1. Synthetic efforts began with the stereospe-
cific coupling of building blocks® and7° through ar-allyl Stille
reaction induced by catalytic Riba, to form 8 in 96% vyield. of the tosylhydrazone derivative. Both the structure and absolute
Although this type of reaction has been employed on a number of configuration of12 are as predicted by the transition state model
occasions to fashion similar diene systems with high stereospeci-5 12 Remarkably, catalyst was unique in its ability to effect this
ficity, 2 to our knowledge, this example represents the first case in [4 + 2]-cycloaddition. Exposure dfl to standard achiral initiators,
which a farnesyl-derived fragment has been utilized succesdtully. such as MgAICI, MeAICl,, EtAICI,, or heat deprotected and/or
Subsequent exposure of this intermediate to HID1 equiv) and polymerized11, without detectable conversion 1@ or any other
NalO, (0.6 equiv) in aqueous THF at 2& for 1 h generated an  Diels—Alder-type product.
aldehyde that was then combined with the anion derived from the  With this critical operation complete, the task of deoxygenating
reaction of phosphona&(3.0 equiv) with KQ-Bu (2.5 equiv), to the aldehyde function that had enabled the enantioselective-Diels
provide methyl ketond0in 92% overall yield. This product was  Alder reaction was undertaken. After numerous unsuccessful
then converted into DietsAlder precursod1in 78% overall yield attempts, for example, involving reduction of arylsulfonylhydra-
via (1) TBAF-mediated deprotection of thert-butyldiphenylsilyl zones, the required reduction was accomplished in two steps using
(TBDPS) ether, (2) Mn@oxidation of the resultant alcohol, and  novel methodology that depended on dithiolane formation using
(3) triisopropylsilyl (TIPS) enol ether formation by brief exposure 12 and the reagent MAISCH,CH,SAIMe,!? (3 equiv, prepared
of the intermediate methyl ketone to TIPSOTf (1.1 equiv) &Rt- in situ from ethanedithiol and MAl) at 60 °C in dichloroethane
NEt (4.0 equiv) in CHCI, at —78 °C for only 3 min. solution for 12 h. After silyl ether cleavage, the dithiolane was

With the key Diels-Alder substrate in hand, we next undertook treated with deactivated Raney Ni (formed by stirring Raney Ni in
the study of Diels-Alder macrocyclization. To our delight, effecting  acetone for 30 min at 2%C prior to reaction) in THF at 258C for
this reaction required little scouting since in the first experiment 10 h to afford the required produiB in 65% overall yield from
we found that the slow addition of a solution of 20 mol % of the 125Many other reagents and methods were screened for thioacetal
(9-catalyst4 in toluene to a stirred solution of the highly acid formation, but all failed because of vinyl ether cleavage and further
sensitivell in toluene at-93 °C, followed ly 3 h at—93 °C and reaction. As indicated by the additional examples in Table 1, this
10 h at—78°C, resulted in the formation of macrocyd@in 74% method of nonacidic thioacetalization is quite general and mild as
yield and 90% enantiomeric excess (ee). The structure and absolutéetones 17), aryl aldehydes1(9), and hindered aldehydes containing
configuration ofl2 were verified by X-ray crystallographic analysis  tert-butyldimethylsilyl (TBS) ether subunit2$) are all smoothly

Figure 1.
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Scheme 1
Me Pdydbay, LiC, Me OTBDPS
i o,
OTBDPS . N“1e OAc Me FPrNEL NMP, 35 °C, 1h_ e Me
e -Allyl Stille Reacti e
SnMe, P n-Allyl s(; :%)eac ion P
(o] (o]
6 7 8
Q Me 1. HIO,, NalO,,
\/g (92% THF/H,0
[o] overall) 2. KOt-Bu, 9
4 (0.2 eq),
guene. 1. TBAF, AcOH
78°C 10 h 2. MnO,, CH,Cl,
Enantioselective 3. TIPSOTf (1.1 eq),
OTIPS Diels-Alder iPryNEt (4.0 eq),
Macrobicyclization CH,Cl,, -78 °C

(71-74%, 90% e.e.)
12 1

1. Me,AISCH,CH,SAIMe,,
CICH,CH,CI, 60 °C, 12 h;
TBAF, THF

2. Raney Ni, THF, 25 °C, 10 h

(65%
overall)

Me

1. NaHMDS, TMSCI;
IBX-MPO, DMSO

2. Trisyl azide,
18-Crown-6, Me'
BnEt;NCI, aq. KOH/
benzene, 40 °C

(62% overall)

13

Me

PDC,4 AM.S.

CH,Cly, 25 °C, 5 h

(67%) Me

2: dolabellatrienone

oTiPs (78% overall)

hv, MeOH,
25 °C, 2 h;
DBU, 115°C, 18 h
(68%)

j= of [T

CO,Me
15

MeLi, THF,
-20°C,1h

(51%

overall) 2.LDA, O,

3. LiAIH,; NalO,

1. L-Selectride
(92%)

Me

3: palominol 16

converted into the thioacetals in good yields. Additionally, it should ation, and (3) diol formation upon exposure to excess Lifdidd

be noted that alternative protocols, such as Wdffishner reduction
and Bartor-McCombie deoxygenation, failed to convéd into
13

The next strategic operation, ring contractiémyas achieved in
a single step by an unusual application of the Wolff rearrangeffient.
In the first stage, the synthesis @f-unsaturated diazoketorie

was carried out in 62% overall yield by the following sequence:

subsequent cleavage using Nali silica gel. Beyond accomplish-

ing the enantioselective total syntheses of these four natural product
targets, the developed sequence could also be employed to access
the parent structures of several additional dolabellanes. For instance,
the transformation of palominoBJ into the corresponding meth-
oxymethyl ether (MOM) using MOMI (4 equiv) andPrLNEt (6

equiv) in refluxing THF for 12 h followed by L+NH3 reduction

(1) o, p-desaturation using the oxidation conditions developed by [excess Liin NH/THF (1:1),—40°C, 2 h] provided trien®9 (95%
Nicolaou?” and (2) a phase-transfer-induced diazo transfer reaction yield),?? a regioisomer of3-araneosenelf and the core element

as described by the Mander grot¥pPhotoirradiation ofl4 in
MeOH for 2 h at 25°C, followed by solvent removal and heating
in neat 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU) at 2C5for
18 h, generated the required ring-contracted eiém 68% yield®

of several more highly oxidized dolabellane diterpenoids, such as
303

The success of this ring-contraction process, given the number of
potential side reactions of an intermediate carbene generated so
close to a neighboring olefinic linkage and ring junction, is note-
worthy; an additional exampl@7 — 28, is shown in Scheme 2.

The chiral dolabellane derivative5 was readily converted to
palominol @) and dolabellatrienon&) as indicated in Scheme?13
In addition to these target molecules, synthetic routes to both

B-araneosenel] and isoedunétwere established by the successful
conversion ofl5 into ketonel6 by a three-step sequence in 51%
overall yield (following earlier studies): (1) conjugate reduction
of 15 usingL-Selectride (4 equiv) in THF at 8C, (2) a-oxygen-

In summary, concise and stereoselective total syntheses of four
members of the dolabellane family of diterpenoids, as well as the
carbocyclic core of several more highly oxygenated natural
products, have been achieved by an efficient synthetic strategy
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Table 1. Me,AISCH,CH,SAIMe;-Induced Dithiane Formation2
Entry Starting material Product Yield (%)
1
>‘\(:\L j\o(s 83
o J
17 18 S
Me

? Me S—>
Me Me Me Me
19 20
OMe OMe
Me O Me O
3 ‘0 ‘o 79
o=/ e s—{ e
21 S 22

s, s
_0
4 72
OTIPS OTIPS
H H
23 24

aWith 3 equiv of sulfide reagent at 6 in 1,2-dichloroethane for-212
h.

Scheme 2

hv, MeOH,
25°C, 2 h;

DBU, 115°C, 18 h

(53%)

27 28

featuring a highly enantioselective intramolecular Diefdder
macrobicyclization of an achiral precursor in combination with

several key reactions: (1) the first example of a stereoselective

sr-allyl Stille coupling reaction involving a farnesyl-derived inter-
mediate, (2) a powerful new reagent for the formation of dithiolanes
with acid-sensitive molecules, and (3) a unique and highly efficient

ring-contraction sequence based on a modified Wolff photochemical

rearrangement. Additional synthetic studies pertaining to more
complex members of this class of diterpenoids, as well as studie
into the general ability of chiral oxazaborolidinium cations to
orchestrate enantioselective, intramolecular Diédlgler macro-
cyclizations, are underway.
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Supporting Information Available: Experimental procedures and
characterization data for all new products, list of abbreviations, selected
H NMR spectra of key intermediates and synthetic natural products,
and X-ray diffraction data (CIF). This material is available free of charge
via the Internet at http:/pubs/acs.org.
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